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Preface  
The National Environmental Justice Advisory Council (NEJAC) is a federal advisory committee that 
was established by charter on September 30, 1993, to provide independent advice, consultation, 
and recommendations to the Administrator of the U.S. Environmental Protection Agency (EPA) on 
matters related to environmental justice. 

As a federal advisory committee, NEJAC is governed by the Federal Advisory Committee Act  (FACA) 
enacted on October 6, 1972. FACA provisions include the following requirements: 

• Members must be selected and appointed by EPA. 

• Members must attend and participate fully in meetings. 

• Meetings must be open to the public, except as specified by the EPA Administrator. 

• All meetings must be announced in the Federal Register. 

• Public participation must be allowed at all public meetings. 

• The public must be provided access to materials distributed during the meeting. 

• Meeting minutes must be kept and made available to the public. 

• A designated federal officer (DFO) must be present at all meetings. 

• The advisory committee must provide independent judgment that is not influenced by 
special interest groups.  

EPA’s Office of Environmental Justice and External Civil Rights (OEJECR) maintains summary reports 
of all NEJAC meetings, which are available on the NEJAC website at 
https://www.epa.gov/environmentaljustice/national-environmental-justice-advisory-council-
meetings. All EPA presentation materials for this meeting are available in the public docket. The 
public docket is accessible at www.regulations.gov/. The public docket number for this meeting is 
EPA-HQ-OEJECR-2024-0146.  

About This Summary 
The NEJAC convened via Zoom on August 8, 2024. This summary covers NEJAC presentations, 
discussions, and public comment.   

The Federal Register notice for this meeting is at 
https://www.federalregister.gov/documents/2024/07/18/2024-15800/national-environmental-
justice-advisory-council-notice-of-public-meeting/. 

The meeting agenda is at https://www.epa.gov/system/files/documents/2024-08/nejac-august-8-
2024-meeting-agenda.pdf/. 

See appendix A for a list of NEJAC members and their affiliations.  

The presentation slides are in appendix B. 
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Welcome  
Paula Flores-Gregg | NEJAC Designated Federal Officer, U.S. EPA 
Na’Taki Osborne Jelks, PhD | NEJAC Co-Chair 
Jerome Shabazz | NEJAC Co-Chair 
April Karen Baptiste, PhD | NEJAC Vice Chair  
 
Paula Flores-Gregg opened the meeting and welcomed participants. She explained the meeting 
format and shared opportunities to provide public comments.  

The NEJAC co-chairs and vice chair thanked NEJAC members and other meeting attendees and 
highlighted the necessity of the NEJAC’s work in the changing environmental conditions. 

The DFO took roll call. 
 

NEJAC Member Introductions 
Cemelli De Aztlan, not present Richard Mabion, present 
April Karen Baptiste, PhD, present Nina McCoy, not present 
Sandra Bonilla, present Ayako Nagano, Esq., present 
Joy Britt, not present Na'Taki Osborne Jelks, PhD, present 
Rev. Ambrose Carroll, Sr., PhD, present Sofia Owen, not present 
Ximena Cruz Cuevas, present Briana Parker, Esq., present 
Scott Clow, present Benjamin J. Pauli, PhD, present 
Leticia Colon de Mejias, not present Jonathan Perry, not present 
Laprisha Berry Daniels, not present Rosina Philippe, present 
Jarod Davis, not present Millie Piazza, PhD, present 
John Doyle, not present Jerome Shabazz, present 
Jan Marie Fritz, PhD, C.C.S., present Jacqueline Shirley, MPH, present 
Yvonka M. Hall, not present Pamela Talley, DNP, present 
Loren Hopkins, PhD, present Brenda Torres Barreto, present 
Lisa Jordan, present Sandra Whitehead, PhD, present 
Andy Kricun, present Lynn Zender, present 

 

Opening Remarks 
Laura Ebbert | Acting Deputy Assistant Administrator for Environmental Justice, Office of 
Environmental Justice and External Civil Rights, U.S. Environmental Protection Agency 

Laura Ebbert said she appreciated NEJAC member participation, given all the other things going on 
in their lives. She said environmental justice communities are struggling with several layered 
challenges, and she is happy the EPA has the NEJAC’s expertise to draw on. She said that EPA is 
eagerly awaiting the NEJAC’s recommendations on Cumulative Impacts. She iterated EPA’s 
allocation of historic amounts of funding to environmental justice efforts. 

Laura Ebbert said EPA has recently selected its first cohort of 21 Community Change Grant 
awardees. EPA will make more announcements in the upcoming months and will ultimately award 
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more than $2 billion under the grant. She said the application period is rolling and long-term, so 
grant applications will be accepted through Nov. 21, 2024. Pre-award technical assistance to 
develop a high-quality application is also available to communities.  

She said that in July, EPA launched EJScreen 2.3, which includes updates such as new indicators and 
mapping layers, updated demographic and environmental data, colonias, and interface 
improvements, among others. 

Laura Ebbert said EPA has held stakeholder meetings in Colonias in Texas and California, focusing on 
engagement. She said the field visits were eye-opening to some EPA staff. She said EPA Region 6 
has already drafted an action plan and has begun engaging Colonias and unincorporated 
communities in the lower Rio Grande Valley and Texas. She said that EPA is setting aside 
Community Change Grant dollars for the first time for these communities.  

 

EPA Presentation – EJScreen Update 
Matthew T. Lee | Environmental Protection Specialist, Office of Environmental Justice and External 
Civil Rights, U.S. Environmental Protection Agency 

Matthew Lee gave an overview of EJScreen, which combines environmental and socioeconomic 
data to highlight areas across the United States and territories that may be disproportionately 
impacted by pollution. The tool also includes indicators on health, climate change, and critical social 
gaps. He said EPA updates the tool annually.  

Matthew Lee said the census block group is the most refined unit the Census Bureau uses for 
demographic data. EJScreen produces maps, graphs, and reports, all of which can be downloaded. 
He said that, for the first time, EJScreen marks noncompliance with the Safe Drinking Water Act. 
The new version of the tool also includes satellite data and superfund site boundaries, and the tool 
better represents cancer risk and respiratory hazard. He said the climate change category now 
includes an indicator on extreme heat. He said the tool also includes environmental justice grants 
awarded from the Office of Environmental Justice and External Civil Rights. He noted several other 
improvements and pointed to training videos available on the site. He said in the most recent 
month, the four trainings attracted 2000 participants. He then provided a brief demonstration on 
features of the updated tool. 

A NEJAC member asked for more information about the indicator on people of color. Matthew Lee 
demonstrated how to look up the definition of each indicator. 

A member remarked on EJScreen’s tendency to show zero population in some less populated areas. 
She also said that some pollutant scores should be higher to account for high concentrations in 
some areas. She also noted that asthma prevalence is not the same as asthma attacks, which are 
associated with pollution. 

Another member asked about efforts to show better data for Alaska Native communities. 
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Matthew Lee said that EPA is aware of the many limitations of particular data sources, particularly 
as they want to maintain a nationally consistent tool, which limits the datasets they can use. He said 
that several states have made their own mapping tool, which may provide more state-specific 
information. He said suggestions can be emailed to ejscreen@epa.gov/. 

 

EPA Presentation — Online Library, the Environmental Justice Clearinghouse 
Stacey Lobatos | Programming and Learning Specialist, Office of Environmental Justice and External 
Civil Rights, U.S. Environmental Protection Agency 

Stacey Lobatos said that EO14906 required the establishment of an Environmental Justice (EJ) 
Clearinghouse. She clarified that it is not a publishing house, so any information included has 
already been publicly available on a federal agency website or a website of a funded federal 
partner. She said that to populate the clearinghouse, they rely on submissions, which they review 
and upload. She briefly described the process undertaken for developing the clearinghouse. She 
said the website has a submission form that users can fill out to make suggestions. She then gave a 
brief demonstration of the website and how to fill out submission forms.  

A NEJAC member asked if peer-reviewed articles could be submitted. Stacey Lobatos said they 
could be sent; however, at the moment they are focusing on federal agencies and funded partners, 
so they would consider publications produced from those partnerships.  

Note: the Environmental Justice Clearinghouse URL is 
https://www.epa.gov/environmentaljustice/forms/ej-clearinghouse/. 

 

EPA Presentation — Grants Update 
Benjamin Johnson | Grants Project Officer, Office of Environmental Justice and External Civil Rights, 
U.S. Environmental Protection Agency 

Benjamin Johnson said EPA has $3 billion in Inflation Reduction Act funding for environmental 
justice as well as $100+ million in FY23 to support OEJECR activities. He provided overviews of EPA’s 
various grant programs, including their histories, as well as background on the Thriving 
Communities Technical Assistance Centers (TCTACs) 

A NEJAC chairperson asked if any updates on the TCTACs or grant programs were available, 
particularly updates related to performance. Michael Petroni said that 800–900 Technical 
Assistance (TA) requests have been completed out of about 1200 total. 

Jerome Shabazz asked if EPA knows whether the program is working as planned to distribute 
resources to target communities. Michael Petroni replied that EPA is designing a protocol for 
assessing the delivery of TA.  

Jerome Shabazz said there has never been this amount of resources targeting environmental 
justice, yet EPA has not been able to track whether this program is delivering on its promise. Jerome 

mailto:ejscreen@epa.gov/
https://www.epa.gov/environmentaljustice/forms/ej-clearinghouse/
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Shabazz asked for measures that would allow the NEJAC to let their respective communities know 
whether the program is working or not. 

Laura Ebbert said the TCTACs are in the process of submitting their first round of reporting, which 
will help EPA assess the program. She said the Grantmakers Program will begin distributing grants 
later this year; they are currently setting up their infrastructure. 

A chairperson asked if EPA will be looking at specific measures when assessing the TCTACs and 
asked for clarification about the national versus regional TCTACs.  

A NEJAC member asked about support to communities who may want TA but not necessarily grant 
funding. 

Laura Ebbert replied that all EPA grantees have an upfront understanding of the performance 
assessment framework, and she will share the framework with the NEJAC at a future meeting. She 
said the national TCTACs support the TCTAC network as a whole. She said that TCTACs already 
somewhat provide support for TA not related to grants, and she will share the NEJAC members’ 
suggestion with EPA. 

A NEJAC member asked how EPA will evaluate the effectiveness of the Community Change Grants 
because the process for communities is complicated. Another member wondered if communities 
that used TCTACs would have an advantage in getting funding, whether communities and Tribes 
that apply near the deadline have a fair chance of being awarded, and whether the removal of the 
presentation requirement might lessen the change that some communities will be able to share 
their lived experiences. 

Laura Ebbert said EPA is discussing how to assess performance daily, and she will share more at 
another time. She said she believes that the success of applicants is not a TCTAC performance factor 
and does not influence funding decisions. Regarding the presentation requirement, she said that 
EPA weighed the pros and cons and did not make the decision lightly. 

 

NEJAC Cumulative Impact Workgroup Recommendations Presentation 
(Note: See appendix A for the presentation.) 

A workgroup member introduced other members of the Cumulative Impacts Workgroup as well as 
EPA staff who supported the effort. She shared the charge questions and background on how the 
recommendations were developed. She emphasized that the workgroup was not charged with 
examining the cumulative impacts framework itself. She reminded the NEJAC that they’ve had the 
full draft of the recommendations for about a month, and she believes the workgroup has all 
comments from the full NEJAC. 

She shared the workgroup’s overarching themes and, with another workgroup member, walked 
through the major themes. A workgroup member said that if any public comments address the 
recommendations, they will be incorporated. After that, the document will be copyedited, and the 
final draft will be submitted to the EPA Administrator. 
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Several NEJAC members congratulated the workgroup for its work. 

A NEJAC member asked if the workgroup thought about the challenges of enacting policies 
regarding lived experience. A workgroup member said that defining lived experience is a challenge; 
however, some of that work is already being done at the federal level, particularly in HHS.  

A NEJAC member suggested borrowing the concept of a total maximum daily load for water and 
applying it to pollution impacting an environmental justice community’s most vulnerable person. 

A co-chair confirmed there was a quorum for a vote. A co-chair called for a vote on accepting the 
recommendations. It passed with a majority vote.  

Laura Ebbert thanked the group for their work. Charles Lee thanked the workgroup and the NEJAC 
and noted the workgroup has been working on recommendations for about two years. He said it is 
a hard topic and that there is a lot of progress within EPA on the issue. He said EPA needs to offer 
an agencywide response. He added that there is discussion about bringing the chairs of several 
FACAs together to discuss addressing the issue in a coordinated way. He said he believes EPA can 
provide a written response in the spring or summer. 

 

Public Comment 
Dr. Lisa Nagy | Environmental Health Alliance, recommended that the NEJAC include medical 
professionals certified by the American Academy of Environmental Medicine. She said mold 
exposure can cause neurologic diseases such as MS and Parkinson’s, and the NEJAC should include 
people who have done research on the health issues. 

Milagros Elia | Alliance of Nurses for Healthy Environments, said she is a board-certified 
nurse practitioner. She said that heat exposure is associated with many health impacts, including 
preterm birth and mental health impacts. She said extreme heat combined with extreme pollution 
is especially dangerous and increases risk of death by 21 percent. She said the Alliance of Nurses 
urges the NEJAC to consider the importance of heat as a factor to be considered among cumulative 
impacts.  

Sarah Bucic | Alliance of Nurses for Healthy Environments, said the Alliance applauds NEJAC for its 
work on cumulative impacts. She said that addressing extreme heat is important for environmental 
justice communities because extreme heat can allow harmful chemicals to form more readily, in 
addition to contributing to heart disease, respiratory complications, and kidney damage. Residents 
of environmental justice communities are also more likely to be affected by extreme heat. She 
encouraged the inclusion of nurses in the cumulative impacts conversation.  

Vernice Miller Travis | Metropolitan Group, LLC, said she served on the NEJAC for 14 years and 
worked a lot on Title VI. She said EPA is prioritizing the issue, but states are pushing back. She said 
there is a concerted effort to attack the Civil Rights Act itself, so there needs to be consistent 
enforcement and better trained staff, not just in the OEJECR but at the regional level in the program 
offices, as well as better work with communities on the ground. She said EPA needs not only a 
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framework for Title VI but also a willingness to deny federal assistance when states have allowed 
violations of the core values of Title VI.  

Stephanie Reese | Moms Clean Air Force, highlighted the impact of climate change and extreme 
weather, particularly extreme heat, on black maternal and infant health. She said that for the last 
25 years, black women in the United States have been dying from pregnancy-related complications 
at rates three to four times higher than white women; additionally, black infants die at rates one 
and a half to three times higher than infants of other races, regardless of socioeconomic status. 
Climate change is disproportionately affecting black mothers and infants and amplifies disparities 
by increasing exposure to toxic pollutants and extreme weather events. She said that extreme heat, 
which many recognize as a concern, can lead to heat exhaustion and heat stroke. Stress and anxiety 
are also linked to more complications that can negatively affect outcomes. She asked the NEJAC to 
advocate for more robust policies and funding to address the impacts of climate change and 
extreme weather on maternal and infant health. 

Skye Wheeler | Human Rights Watch, said that science continues to grow showing that fossil fuel 
and other chemicals are undermining maternal health and fetal development, and far too little is 
being done by federal and state authorities to reduce unjust and exposures. She said not enough is 
being done to educate people on the dangers of wildfire smoke. Furthermore, some advice to limit 
exposure such as staying home, is not actionable for low-income people. She said there are deep 
inequalities between the maternal health of white women versus women of color. Pollutants are 
contributing to health inequities. She said they would like to see reproductive experts in the EPA 
and other agencies work on a national survey on how environmental health is impacting 
reproductive justice, followed by recommendations. She said HRW would also like to see federal 
agencies officially recognize an Environmental Day of Action, or an environmental week of action. 
She said they’d also like to see all health workers, including doctors, nurses, midwives, community-
based health workers, and perinatal health workers such as doulas, to be adequately paid for their 
work and to be able to provide actionable information and advice, but also to work to building a 
more sustainable world.  

Amy Laura Cahn | Title VI Alliance, shared numerous comments and recommendations, including 
that underfunding and understaffing OEJCRC undermines EPA’s commitment to civil rights; EPA 
should initiate investigations of serial violators where violations are most severe; EPA should 
improve transparency, communication, tools and training; EPA should provide clear benchmarks 
and timelines, with clear communication; EPA should create a “Know Your Rights” document; build 
on EPA’s Civil Rights docket and provide FOIA-conformant information without requiring the FOIA 
process; update the case resolution manual to include information about informal resolution. 
Further, community groups need meaningful participation in the investigation, resolution, and 
enforcement process. She said EPA should also find ways to shift the nexus of power from the state 
to community groups so they have a stake and a mechanism for enforcement; where there is no 
cooperative recipient, EPA should use the full power of Title VI to withhold or deny federal funding 
and refer to DOJ for enforcement. 

Omega Wilson | West End Revitalization Association, said he is a former NEJAC member and a 
current member of the Title VI Alliance. He encouraged the NEJAC to support three initiatives. The 
first is an American Public Health Association policy statement, which calls for assessment and 
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oversight of health care waste. The second is support for ensuring that Stericycle complies with 
clean air standards, and the third is support for an environmental justice model in North Carolina 
that incorporates environmental justice into county health assessments. 

Linda Karr | Residents Against Wood Smoke Emission Particulates, spoke about the risks 
associated with indoor wood burning. Her organization combats the adverse effects of breathing 
wood smoke and help to pass laws against it. She said monitors show PM2.5 levels above EPA’s 
National Ambient Air Quality Standards. She said that during the June 23 wildfire, solar panels in 
New York state were 50% less effective. She said residential wood burning produces the same 
emissions as wildfires. 

Rola Masri | Environmental Health Trust, said that wireless radio frequency radiation exposure 
from cell towers and Wi-Fi routers has caused some individuals to become disabled. She cited 
testimony from a ten-year old, who experienced a burning sensation in his hear after several wi-fi 
access points were installed in his local library; another child experienced neurological symptoms 
after a cell tower was placed near her home. She said a recent review of cell towers found an 
association with cancer. She said that radiation is a pollutant, and she asked EPA for programs that 
measure and monitor levels nationwide and quantify adverse effects associated with cumulative 
exposure and to hold industry accountable. She added that EPA has studies from the 1980s that 
show health effects of human exposure, and Congress defunded the program. She said EPA has no 
way of knowing who is not following the rules. In the meantime, people are getting sick.  

Dionna Brown | Young, Gifted & Green, urged NEJAC to recommend that EPA significantly increase 
funding for educational programs for black and brown youth to educate them about environmental 
issues affecting their communities. Secondly, she asked for funded platforms so black and brown 
youth can voice their opinions and concerns about climate change and other environmental issues. 
She also asked for more resources to support black and brown youth-led advocacy groups and 
initiatives. She said young people are eager to learn, engage, and lead but need support and 
resources. She asked EPA to adopt her recommendations and allocate funding. 

John Mueller | private citizen, acknowledged WHEJAC’s letter to Administrator Regan that included 
fluoride among a list of chemical and emerging contaminants of concern. He read an excerpt from a 
letter to the editor in a local newspaper about the Tosca lawsuit in which EPA is being sued to end 
water fluoridation. He cited research suggesting that mothers with high fluoride exposure during 
pregnancy had nearly double the odds of neurobehavioral problems in their children, including 
emotional reactivity, anxiety, depression, somatic symptoms, and autism-related symptoms. He 
asked water systems to suspend fluoride in water and encourage parents to educate themselves on 
fluoride exposure. He said adding fluoride to water is a deliberate contamination of tap water with 
a toxic hazardous waste. He added that the CDC and the American Dental Association are partners 
is promoting the practice, which is promoted with taxpayer money.  

Shiv Srivastava | Fenceline Watch, said the Title VI process is currently extremely insular, focused 
primarily on intra agency communication. He recommended that OEJECR provide a public portal in 
which the public and impacted communities can receive regular updates on enforcement actions, 
IRAs, VCAs, and other agreement information currently not available on the Civil Rights docket web 
page. He said OEJECR should hold regular stakeholder engagement meetings with communities 
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involved in Title VI complaints. He also noted that there is no easy way for the public to reach 
officials about informal resolution agreements (IRAs), problems related to Title VI. Specific contact 
information to DCROs should be provided. In addition, the OEJECR Civil Rights docket needs to be 
updated to include all documents for Title VI complaints, such as IRAs. People who speak languages 
other than English need documents provided in other languages. Finally, he said, more transparency 
is needed on DOJ actions on Title VI complaints, and there should be a formalized process in which 
DOJ and EPA meet with communities and offer opportunities to comment and to respond to 
comments.  

Yvette Arellano | Fenceline Watch, said that the Global Plastics Treaty is not aligned with the 
environmental justice commitment of the current administration. She said that 99 percent of plastic 
is derived from fossil fuels, and current production accounts for one-third of our carbon budget. She 
said communities like hers in Houston are suffering as a result of the expansion of the plastics 
industry, including hormone changes, children with neurological developmental issues, and harm to 
unborn children. She said the treaty will harm environmental justice communities in the Global 
South.  

Shaina Oliver | Moms Clean Air Force/EcoMadres Colorado, said that, due to the climate crisis, 
many Native community members have lost their homes and have migrated inland. Repeat 
violators of the Clean Air Act are not being held accountable for their ozone pollution and other 
pollution. She said environmental justice funding is being used for false solutions such as the 
burning of plastics, which is being greenwashed as a clean energy. Funding should be used to 
remediate damage that industry has done to ancestral Tribal lands degraded by the oil and gas 
industries. She said there also needs to be stronger protocols around hauling contaminants like 
uranium illegally and unsafely across state lines. She said uranium has impacted the Navajo Nation 
for decades, damaging maternal health and increasing cancer in the region. There should be 
stronger protocols regarding hauling contaminants, as well as enforcement and remediation for the 
damage that has been done.  

Richard Grow | private citizen, said that as a formal EPA staff person, his involvement with Title VI 
was a tipping point for him professionally and personally. He said the last two decades of his work 
at EPA was on environmental justice and Title VI policy and implementation, including complaint 
investigation and resolution. He said the Title VI workgroup must continue its work beyond the 
change in administrations. He said that intentional discrimination needs a higher profile in the work 
and has suffered from insufficient attention at EPA for too long. He said it is an artificial line that 
differentiates unintentional from intentional discrimination. He said our shared understanding of 
institutional and systemic racism, legacy impacts, and so on need to be brought into the intentional 
framework. Finally, he said, for too long the discussion of cumulative impacts has not included Title 
VI, but now there are documents and decisions that discuss cumulative impacts and disparate 
impacts and disproportionality. He said he hopes the Title VI workgroup will work with the 
Cumulative Impacts workgroup.  

Jo Banner | The Descendants Project, said she lives in Cancer Ally, where they continue to fight 
major industrial projects that add to pollution burdens, they already suffer. She said that activism 
recently stopped the development of the Grand Export Terminal proposed for Greenfield, LA, and 
while she’s happy about that, it took three years of fighting hard, and it should not take that long. 
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She said environmental statements or assessments are helpful but should come out sooner in the 
process. She said that many federal agencies are not doing due diligence to ensure communities are 
protected. For example, the port of south Louisiana, the port of Cancer Alley, is giving tax breaks to 
companies and receiving federal dollars while at the same time polluting communities. 

 

NEJAC Business Meeting 
Karen Martin introduced Deeohn Ferris, a former NEJAC member, the newest employee in the 
Office of Environmental Justice and External Civil Rights. 

Deeohn Ferris shared a bit of her long background in environmental justice work. She said her door 
is open to hearing from NEJAC members. 

The NEJAC agreed to move its business meeting to a meeting already scheduled for Tuesday. 

Paula Flores-Gregg adjourned the meeting.  

 

__________________________________ 

April Karen Baptiste, PhD, Chair    
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Appendix A. NEJAC Members  
Cemelli De Aztlan | La Mujer Obrera, Region 6 

April Karen Baptiste, PhD | Colgate University, Region 2 

Sandra Bonilla | Urban Conservation Corps of the Inland Empire, Region 9 

Joy Britt | Chignik Bay Tribal Council, Region 10 

Ximena Cruz Cuevas | Oregon Department of Environmental Quality, Region 10 

Rev. Ambrose Carroll, Sr., PhD | Green the Church, Region 9 

Scott Clow | Ute Mountain Ute Tribe, Region 8 

Leticia Colon de Mejias | Green ECO Warriors, Region 1 

Laprisha Berry Daniels | Detroiters Working for Environmental Justice, Region 5 

Jarod Davis | Dow, Inc., Region 6 

John Doyle | Little Big Horn College, Region 8 

Jan Marie Fritz, PhD, C.C.S. | University of Cincinnati, Region 4 

Yvonka M. Hall | Northeast Ohio Black Health Coalition, Region 5 

Loren Hopkins, PhD | City of Houston Health Department, Region 6 

Lisa Jordan | Tulane Environmental Law Clinic, Region 6 

Andy Kricun | Moonshot Missions, Region 2 

Richard Mabion | Building A Sustainable Earth Community, Region 7 

Nina McCoy | Martin County Concerned Citizens, Region 4 

Ayako Nagano, Esq. | Common Vision, Region 9 

Na'Taki Osborne Jelks, PhD | West Atlanta Watershed Alliance/Proctor Creek, Region 4 

Sofia Owen | Alternatives for Community & Environment, Region 1 

Briana Parker, Esq. | Elevate Energy, Region 5  

Benjamin J. Pauli, PhD | Kettering University, Region 5 

Jonathan Perry | Becenti Chapter, Region 6 

Rosina Philippe | Atakapa Ishak Chawasha Tribe, Region 6 

Millie Piazza, PhD | WA Department of Ecology, Region 10 

Jerome Shabazz | JASTECH Development Services Inc. and Overbrook Environmental Education 
Center, Region 3 

Jacqueline Shirley, MPH | Rural Community Assistance Corporation. Region 6 

Pamela Talley, DNP | Lewis Place Historical Preservation, Inc., Region 7 

Brenda Torres Barreto | San Juan Bay Estuary Program, Region 2 

Sandra Whitehead, PhD | George Washington University, Region 3 

Lynn Zender | Zender Environmental Health and Research Group, Region 10 
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Appendix B. Presentations 

 



National Environmental 
Justice Advisory Council 
Virtual Public Meeting

August 8, 2024



August 8, 2024 Agenda 1:00 PM –6:30 PM Eastern Standard Time

2

1:00 PM – 1:05 PM  Public Meeting Opens 

1:05 PM – 1:15 PM  Welcome 

1:15 PM – 1:30 PM  NEJAC Member Introductions 

1:30 PM – 1:45 PM  Opening Remarks

1:45 PM – 2:15 PM  EPA Presentation  –  EJScreen Update

2:15 PM – 2:45 PM  EPA Presentation – Online Library, The Environmental Justice Clearinghouse

2:45 PM – 3:15 PM  EPA Presentation – Grants Update

3:15 PM – 3:30 PM  Break 

3:30 PM – 4:30 PM  NEJAC Cumulative Impacts Workgroup Recommendations Presentation 

4:30 PM – 5:30 PM  Public Comment Period

6:30 PM   NEJAC Public Meeting Adjourns



3

Reminders 
Meeting attendees are in listen/view mode only

The chat feature will not be available in this virtual 
meeting

Attendees who pre-registered for public comment will be 
given access to speak as time allows, today from 4:30pm 
to 5:30pm Eastern Standard Time. 

If you do not get a chance to speak during the allotted 
time, please submit your comments in writing

Written comments can be submitted to nejac@epa.gov 
until Thursday, August 22, 2024. 

mailto:nejac@epa.gov


Na’Taki Osborne Jelks, NEJAC Co-Chair  
West Atlanta Watershed Alliance and 
Proctor Creek Stewardship Council

Jerome Shabazz, NEJAC Co-Chair  
Executive Director, JASTECH Development 
Services Inc. and Overbrook Environmental 
Education Center

April Karen Baptiste, NEJAC Vice Chair  
Professor, Environmental Studies and 
Africana and Latin American Studies  
Colgate University

Welcome



National Environmental Justice 
Advisory Council Member 

Introductions



NEJAC MEMBERS
A

April Karen Baptiste, PhD
Colgate University 
Region 2 - New York

Jan Marie Fritz, PhD, C.C.S
University of Cincinnati
Region 4 - Florida

Benjamin J. Pauli, PhD
Kettering University
Region 5 - Michigan

Sandra Whitehead, PhD,
George Washington University
Region 3 - District of Columbia

ACADEMIA

NEJAC VICE-CHAIR 

Lisa Jordan
Tulane Environmental Law Clinic
Region 6 – Louisiana 



NEJAC MEMBERS
ABUSINESS & INDUSTRY

Jarod Davis
Dow Inc.  

Region 6 - Texas



Rev. Dr. Ambrose F. Carroll
Green The Church
Region 9 - California

Leticia Colon de Mejias
Green ECO Warriors
Region 1 – Connecticut

Cemelli De Aztlan
La Mujer Obrera
Region 6 – Texas

NEJAC MEMBERS
ACOMMUNITY BASED ORGANIZATIONS

Laprisha Berry Daniels 
Planet Detroit
Region 5 - Michigan

Sandra Bonilla
Urban Conservation Corps 
of the Inland Empire
Region 9 - California

Yvonka M. Hall, MPA
Northeast Ohio Black 
Health Coalition
Region 5 - Ohio



Richard Mabion
Building A Sustainable Earth 
Community
Region 7 - Kansas

Nina McCoy
Martin County Concerned 
Citizens
Region 4 - Kentucky 

CO-CHAIR OF NEJAC

Na’Taki Osborne Jelks, PhD
West Atlanta Watershed 
Alliance and Proctor Creek 
Stewardship Council
Region 4 - Georgia
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ACOMMUNITY BASED ORGANIZATIONS (continued)

Sofia Owen, JD
Alternatives for Community & 
Environment (ACE)
Region 1 - Massachusetts

Pamela Talley, DNP
Lewis Place Historical Preservation Inc.
Region 7 - Missouri

CO-CHAIR OF NEJAC

Jerome Shabazz
JASTECH Development Services Inc
Region 3 - Pennsylvania



Brenda Torres Barreto 
San Juan Bay Estuary Prog.
Region 2 - Puerto Rico

Andy Kricun, P.E.
Moonshot Missions
Region 2 - New Jersey

Ayako Nagano, Esq.
Clean Water Fund
Region 9 - California

Jacqueline Shirley, MPH
Rural Community 
Assistance Corporation
Region 6 - New Mexico
 

NEJAC MEMBERS
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Lynn Zender, PhD 
Zender Environmental 
Health and Research Group
Region 10 - Alaska

Briana Parker, Esq.
Elevate Energy
Region 5 - Illinois



Millicent Piazza, PhD
Washington State 
Department of Ecology
Region 10 – Washington

Loren Hopkins, PhD
City of Houston Health 
Department 
Region 6 - Texas

NEJAC MEMBERS
ASTATE & LOCAL GOVERNMENT

Ximena Cruz Cuevas 
Oregon Department of 
Environmental Quality 
Region 10 - Oregon 



Joy Britt, MPH 
Chignik Bay 
Tribal Council
Region 10 – Alaska

Scott Clow
Ute Mountain
Ute Tribe
Region 8 - Colorado

John Doyle 
Little Big 
Horn College
Region 8 – Montana

Jonathan Perry 
Becenti Chapter
Region 6 - New Mexico

NEJAC MEMBERS
ATRIBAL & INDIGENOUS GOVERNMENT & ORGANIZATIONS

Rosina Philippe 
Atakapa Ishak Chawasha Tribe
Region 6 – Louisiana 



Opening Remarks

Laura Ebbert                                        
Acting Deputy Assistant Administrator for Environmental Justice

 Office of Environmental Justice and External Civil Rights                  
U.S. Environmental Protection Agency



EPA Presentation - EJScreen Update

Matthew T. Lee

Environmental Protection Specialist
Office of Environmental Justice and External Civil Rights

U.S. Environmental Protection Agency



EJScreen 2.3 

Updates to 
EPA’s Environmental Justice 

Screening Tool



EJSCREEN Overview Presentation 16

What is EJScreen?

• EPA’s web-based GIS tool for nationally 

consistent EJ screening and mapping

• Combines environmental and 

socioeconomic data to highlight areas 

where vulnerable populations may be 

disproportionately impacted by pollution

• Starting point for agency considerations of 

environmental justice



Primary EJScreen Datasets

• EJ Indexes (13)

• Supplemental Indexes (13)

• Environmental (13 indicators)

• Socioeconomic (7 indicators)

• Health (5 indicators)

• Climate (5 indicators)

• Critical Service Gaps (5 indicators)



EJScreen Key Features
• Annually updated environmental data

• Annually updated demographics – from 
most recent U.S. Census Bureau 
American Community Survey (ACS)

• Highest resolution data available

• Locations of community interest can be 
overlayed via the “Places” tab

• Produces maps, graphs & reports

• Ability to download data

• Accessibility / ease of use
% Persons with Disabilities – Philadelphia Metro Area



Main EJScreen v2.3 Updates

• New Indexes & Indicators
• Drinking water non-compliance 
• Satellite NO2 data 
• Better representation of Cancer Risk and 

Respiratory HI
• New Map Layers

• Superfund boundaries
• Extreme heat 
• Private domestic wells 
• DW service area boundaries
• EJ Grants

• Calculation Changes
• Disabilities included in the Supplemental 

Index 
• Proximity indicator cut off at 10 km (zero 

scores beyond that)

• Interface Enhancements & Other Changes

• Revamped Website, New Video & 

Enhanced Popups

EJ Index for NO2



U.S. Environmental Protection Agency 20

Drinking Water Non-Compliance

• Number of SDWA violations not returned to compliance that community water 
systems have received over the past five years; violations are weighted based age and 
severity

• Leverages the first national dataset on community water system service areas
• Uses OECA Enforcement Targeting Tool for curating SDWA violations in creating a 

single metric, from hundreds of violations types, that broadly describes public drinking 
water quality

M o d e l e d  S e r v i c e  B o u n d a r i e s D r i n k i n g  W a t e r  N o n - C o m p l i a n c e  I n d e x



Use of Polygons for NPL Sites

U.S. Environmental Protection Agency

21

• Formerly, EJScreen used superfund point locations
• Some NPL sites can cover large areas, which is not well represented by a point
• The use of superfund polygons provides more accurate representation of potential risk

Superfund Proximity (using points) Superfund Proximity (using polygons)

NPLNPL

MissouriKansas

Oklahoma

MissouriKansas

Oklahoma



EJScreen v2.3 Updates: 
Interface & Other Enhancements

Interface Changes

• Splash screen upon entering EJScreen 

for the first time

• New base map

• New %ile Color-scheme

• Enhanced pop ups 

• Add raw scores 

• Added customizable place names to the 

community reports 

• Added ACS Reports back into the tool

Other Changes:

• Revamped Website

• Webpages for each 

environmental indicator

• “EJScreen in 5” mins 

overview video

• Improvements to the tech doc

https://www.youtube.com/watch?v=HZp3AWDJt5A


EJScreen Resources

• EJScreen website

• Trainings and Office Hours
• July 10th at 12pm EST (Public Training) 
• July 17th at 12pm EST (EPA Training)
• July 24th at 12pm EST (Public Training)
• August 7th at 12pm EST (EPA Training)
• August 21st at 12pm EST (Public Office Hours)
• Sept. 18th at 12 pm EST (EPA Office Hours)

• EJScreen Technical Document

• Download EJScreen Data

• EJScreen Map Services

• EJScreen API
Click to access EJScreen Tool

https://www.epa.gov/ejscreen
https://www.epa.gov/ejscreen/ejscreen-office-hours
https://www.epa.gov/ejscreen/technical-information-about-ejscreen
https://catalog.data.gov/dataset?q=ejscreen&sort=score+desc%2C+name+asc
https://ejscreen.epa.gov/mapper/


Questions?

Contact Information

Matthew T. Lee (Lee.Matthew@epa.gov)

Office of Environmental Justice and External Civil Rights

mailto:Lee.Matthew@epa.gov


EPA Presentation – Online Library, The Environmental 
Justice Clearinghouse 

Stacey Lobatos

Program and Learning Specialist
Office of Environmental Justice and External Civil Rights

U.S. Environmental Protection Agency



The EJ Clearinghouse



Background
• As part of Executive Order 14096, Revitalizing Our Nation’s 

Commitment to Environmental Justice for All, the EPA 
Administrator was tasked with establishing:  “a public, 
internet-based, whole-of-government clearinghouse 
composed of culturally and linguistically appropriate and 
accessible materials related to environmental justice.”

• The Clearinghouse will assist in ensuring that environmental 
justice resources from across the country are readily available 
and accessible to the public. 



What’s in the EJ Clearinghouse?
The EJ Clearinghouse is an online library of resources to assist 
partners advancing EJ. 

Preliminary submissions of resources from across the federal 
government and partners

• Urban Waters Learning Network

• U.S. Fish and Wildlife Service

• EPA Regional Environmental Justice Coordinators

EPA relies on the continued submission of proposed resources 
to be added to this online library.

https://urbanwaterslearningnetwork.org/urban-waters-impacts-on-racial-equity-environmental-justice-and-equitable-development/
https://www.fws.gov/program/environmental-justice
https://www.epa.gov/environmentaljustice/forms/contact-us-about-environmental-justice#local


Development of the Clearinghouse

During the development process EPA collaborated with: 

• Council on Environmental Quality (CEQ)

• Members of the Interagency Council (IAC)

• Federal agencies focused on advancing environmental 
justice across the federal government 



The Clearinghouse was piloted with 12 anonymous 
participants from EPA, CEQ, IAC, and members of WHEJAC and 
NEJAC. 

Some of the suggestions required short term/immediate 
changes to the tool, like adding a rest button. 

Others required more time to address/were more long term in 
nature, like including local filtering.

Clearinghouse Pilot



• Information and resources will be added to the Clearinghouse 
on a rolling basis.

• EPA anticipates that the Clearinghouse will be refined over 
time, as resources allow:  

− The longer-term suggestions from the pilot members will 
be addressed.

− Feedback from the users of the Clearinghouse will be 
considered and addressed if determined to be appropriate. 

Future Plans



Thank you!



EPA Presentation – Grants Update

Benjamin Johnson

Grants Project Officer
Office of Environmental Justice and External Civil Rights

U.S. Environmental Protection Agency



OVERVIEW: 
Environmental and 
Climate Justice 
(ECJ) Communities 
Grant Program
A U G U S T  2 0 2 4



EPA  ENVIRONMENTAL JUSTICE

EPA received $3 billion in the Inflation Reduction Act (IRA)

$2.8 billion for grants, $200 million for technical assistance.

EPA received $100 million in the FY-22 and $108 million in the 
FY-23 budgets to support EJ activities in OEJECR.

Over half of those funds are planned to be allocated to grants 
and technical assistance.

35



IRA – E&CJ COMMUNITY GRANT PROGRAM
STATUTORY LANGUAGE / DEFINITIONS

(a) APPROPRIATION.—In addition to amounts otherwise available, there is appropriated to the 

Administrator for fiscal year 2022, out of any money in the Treasury not otherwise appropriated—

‘‘(1) $2,800,000,000 to remain available until September 30, 2026, to award grants for the activities 

described in subsection (b); and ‘‘(2) $200,000,000 to remain available until September 30, 2026, to 

provide technical assistance to eligible entities related to grants awarded under this section.

‘‘(b) GRANTS.— ‘‘(1) IN GENERAL.—The Administrator shall use amounts made available under 

subsection (a)(1) to award grants for periods of up to 3 years to eligible entities to carry out 

activities described in paragraph (2) that benefit disadvantaged communities, as defined by the 

Administrator.

36



IRA – E&CJ COMMUNITY GRANT PROGRAM
STATUTORY LANGUAGE / DEFINITIONS

‘‘(3) ELIGIBLE ENTITIES.—In this subsection, the term ‘eligible entity’ means—

‘‘(A) a partnership between—

‘‘(i) an Indian tribe, a local government, or an institution of higher education; and

‘‘(ii) a community-based nonprofit organization;

‘‘(B) a community-based nonprofit organization; or

‘‘(C) a partnership of community-based nonprofit organizations.

37
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GOALS  OF  THE  ECJ  GRANTS  PROGRAM

• Deliver resources on the ground to communities and their partners 
with efficiency.

• Meet communities at their needs and where they are in their 
journey.

• Prove that investments in communities are the best investments to 
solve the toughest problems in places with the biggest challenges.

• Achieve lasting, meaningful change on the ground.

• Be the bottom-up to all the other top-downs!



Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM

39



Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM

40

Step One = Fundamental Technical Assistance. TCTACs are 
taking requests and providing fundamental technical 
assistance to communities and CBOs now



STEP ONE – FUNDAMENTAL SUPPORT
EJ Thriving Communities Technical Assistance Centers (TCTACs)

• Background/Purpose: 
• TCTACs provide fundamental technical assistance (TA) services to communities, 

community-based organizations (CBOs), and other eligible entities.

• Access: Free of charge. Front door entry point for communities. No barrier to entry.

• Number of TCTACs, Structure, and Funding Levels
• 16 TCTACs total – 13 Regional TCTACs + 3 National TCTACs
• Each TCTAC is unique but modeled after a hub & spoke structure
• Over 160 partners nationwide
• Each TCTAC receives $10 million over a 5-year period to support communities

• Operation Status
• TCTACs are taking requests and providing technical assistance to CBOs now
• Click here to access TA requests forms, TCTAC websites, and 1-800 hotline numbers

41

Backbone of 
the EJ Grants 

Program

https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-technical-assistance-centers
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ALL TCTACS IN OPERATION
• West Harlem Environmental Action, Inc. (EPA Region 2)

• Inter-American University of Puerto Rico-Metro Campus (EPA Region 2)

• National Wildlife Federation w/ the Center for Community Engagement and Environmental Justice  (EPA Region 3)

• Deep South Center for EJ (EPA Regions 4 and 6)

• Research Triangle Institute (EPA Region 4)

• Blacks in Green (EPA Region 5)

• University of Minnesota (EPA Region 5)

• New Mexico State University (EPA Region 6)

• Wichita State University (EPA Region 7)

• University of Arizona (EPA Region 9)

• San Diego State University (EPA Region 9)

• Willamette Partnership (EPA Region 10)

• University of Washington (EPA Region 10)

• International City/County Management Association (National TCTAC)

• Institute for Sustainable Communities (National TCTAC)

• National Indian Health Board (National TCTAC)



JUNE 2024
 TCTACS MAP



Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM
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Step Two = Accessible Financial Assistance. EJ Thriving 
Communities Grantmakers (i.e., pass-through funders) will issue 
thousands of subgrants over the next three years. 



STEP TWO - ACCESSIBLE  FUNDING
EJ Thriving Communities Grantmaking Program

• Description: EPA is funding 11 pass-through entities (Grantmakers) nationwide to provide 
thousands of (sub)grants to community-based nonprofits and other eligible subrecipients 
for assessment, planning, and project development activities.  

• Timing: 
• Grantmakers were selected in December 2023  
• Most Grantmakers have received their initial awards Spring/Summer 2024
• When should communities be able to apply for subgrants? 

• Target: Fall/Winter 2024 

• Grant Funding: 
• Grantmakers will be funded at $50 million each. 80% of Regional Grantmaker funds 

must go to communities for subgrants.
• Subawards range in size from $75,000 - $350,000 per subgrant.
• Click here for a list of the selected Grantmakers 

46

Applications 
currently 

under review

https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-grantmaking-program
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Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM
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Step Three = Legacy EJ Grant Programs. 217 EJ Grant 
Recipients were selected to receive $128 million 
collectively ($104 million of IRA funds)!



STEP 3 - LEGACY  EJ  GRANT  PROGRAMS

EJ Collaborative Problem-Solving Grants (EJCPS)

• Description: Cooperative agreement grants to CBOs. Expansion of EPA’s legacy EJ 
community grant program with larger awards to pilot implementation activities through 
community-centered collaborative partnerships

• Grant Funding: $43.8 million of IRA funds. Up to $500K per project.

• Number of Projects Selected: 120

• Target Timing of Awards: Awards made February  ‘24 - December '24

EJ Government to Government Grants (EJG2G)

• Description: Grants to government agencies partnered with CBOs. Expansion of EPA’s legacy 
EJ government grants program with larger awards to gov. agencies partnering with 
communities to develop plans, projects, and pilot implementation activities

• Grant Funding: $84.2 million total of IRA and baseline funds. Up to $1 million per project. 

• Number of Projects Selected: 97

• Target Timing of Awards: Awards made February ‘24 - December '24

49

186 selectees 
announced 

on 
10/24/2023



EJCPS/EJG2G  PROJECTS FUNDED WITH  IRA  

❑ Consistent with section 138(b)(2) of the Clean Air Act, selected projects must address one of the following 

five broad categories:

◼ community-led air and other pollution monitoring, prevention, and remediation, and investments in low- and zero-emission and resilient 

technologies and related infrastructure and workforce development that help reduce greenhouse gas emissions and other air pollutants;

◼ Example projects: Solar panel installations, community air monitoring networks, and green jobs and infrastructure  

◼ mitigating climate and health risks from urban heat islands, extreme heat, wood heater emissions, and wildfire events;

◼ Example projects: wood burning stove replacements, wildfire-focused resilience hubs, and cooling system 

replacements

◼ climate resiliency and adaptation;

◼ Example projects: stormwater infrastructure installations, equitable transportation and mobility, and land reuse

◼ reducing indoor toxics and indoor air pollution; or

◼ Example projects: home electrification, indoor air quality monitoring, and lead, asbestos, and radon testing, 

remediation, and mitigations 

◼ facilitating engagement of marginalized communities in Local, State and Federal public processes, such as advisory groups, workshops, 

and rulemakings

◼ Example projects: Health Impact Assessment (HIA), community-lead EJ integration plans, and “Complete Streets” 

transportation plan 
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Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM
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Step Four = Transformational Implementation Projects. Community 
Change Grants opportunity released on 11/21/23 for $2 Billion in IRA 
funding! Rolling application deadline closing 11/21/24. Each award is 
for up to $20 million for a three-year project.  



STEP 4 – LARGE  IMPLEMENTATION  GRANTS

Environmental and Climate Justice (ECJ) Community Change Grants
• Background/Purpose:

• Change grants will provide levels of funding to communities to change the reality on the 
ground (i.e., infrastructure, revitalization work, and significant implementation 
activities) related to EJ issues

• Grant Funding: 
• Up to $2 Billion of IRA funds
• Two Tracks for applications 

• Track I: Infrastructure and implementation projects (between $10-20 million)
• Track II: Community engagement projects to help disadvantaged communities 

become more involved in governmental processes (between $1-3 million)
• Timing: 

• Grant competition window open for one year. Rolling application process. Proposals 
scored on a monthly basis. First selections announced July 25, 2024.

• Innovative Application Process: 
• Rolling application period, resubmission process, indirect cost cap, technical assistance

52

Competition 
launched on 
11/21/2023
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STEP 4 – LARGE  IMPLEMENTATION  GRANTS

Environmental and Climate Justice (ECJ) Community Change Grants

• Types of Change Grant Projects we can fund (not all inclusive):
1) Climate resiliency and adaptation

2) Mitigating climate and health risks from urban heat islands, extreme heat, and wildfire events

3) Community-led air and other (including water and waste) pollution monitoring, prevention, and 
remediation

4) Investments in low- and zero-emission and resilient technologies and related infrastructure

5) Workforce development that supports the reduction of greenhouse gas emissions and other air 
pollutants

6) Reducing indoor toxics and indoor air pollution
7) Community Greening

8) Enhanced Mobility (active transportation, transit, carshare)

9) Sustainable Housing (energy and water resilience)
10) Community Health (Food access, parks, open space)

11) Waste Reduction and Circular economy

12) Clean Drinking water
13) Improved Wastewater Systems

14) Address Hazardous Waste and Pesticides

54

Competition 
launched on 
11/21/2023



Assessment
• Thriving Community 

Technical Assistance 
Centers (TCTACs)

• Assessment Grants

Planning & Project 
Development
• Planning Grants

• Project Development Grants

• Technical Assistance

Pilots and 
Partnerships
• EJ Collaborative Problem-

Solving Grants (EJ-CPS) 

• EJ Government to 
Government Grants (EJ-
G2G)

Implementation
• CCG Community Change 

Grants

• Evaluation and Reporting 
Technical Assistance

ENVIRONMENTAL & CLIMATE JUSTICE 
COMMUNITIES GRANT PROGRAM
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Specialized Technical Assistance: An EPA 
Contractor is available to support Community 
Change Grant applicants and EJ grantees until 
8/16/2024! 



SPECIALIZED  TECHNICAL  ASSISTANCE

Community Change Technical Assistance 
• More specialized contractor-led technical assistance to support eligible entities to 

apply for Community Change Grants
• More specialized TA than EJ TCTACs – focus on planning, project development, 

multipart financing, etc.
• EJ TCTACs direct communities with sufficient capacity and interest in applying for the 

Community Change Grant to the Community Change TA provider
• Communities can contact Community Change TA provider directly as well
• Launched in conjunction with Community Change Grants NOFO
• Also providing implementation support for Community Change grantees (e.g., 

project implementation, reporting, tracking, communications, storytelling)

56

Technical 
Assistance 
available 

now!!

Request technical assistance today. The last day to request TA is August 16th, 2024!

Fill out a form found at: https://communitychangeta.org/ 

https://communitychangeta.org/
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ENVIRONMENTAL & CLIMATE JUSTICE  PROGRAMS
Name Funding Description Timing

Thriving 
Communities 
Technical Assistance 
Centers (TCTACs)

$177 
million

16 awards to establish technical assistance centers across the 
nation to support communities with environmental justice 
concerns access federal funding.

All TCTACs awarded and in 
operation. Currently 
providing fundamental TA 
and services. Open now!

EJ Collaborative 
Problem-Solving 
Grants (EJ-CPS)

$54.6 
million

120 awards to assist recipients in building collaborative 
partnerships with other stakeholders (e.g., local businesses, 
government, medical providers) to develop solutions to 
environmental or public health issues at the community level.

Awards made February 
‘24 - December '24

EJ Government to 
Government Grants 
(EJ-G2G)

$95.1 
million

97 awards to state, local, territorial and tribal governments to 
support and/or create model government activities (existing 
program).

Awards made February 
‘24 - December ‘24

EJ Grantmakers (EJ-
TCGM)

$600 
million

11 Grantmakers who will each make thousands of subgrants 
collectively to communities over the next three years

Target: Communities should 
be able to apply in 
Fall/Winter 2024

Technical Assistance 
(TA) For IRA Funded 
Grants

$200
million

To provide TA to eligible entities and grantees for the IRA 
funded grants. TA request form currently available on EPA 
website.

Available now!

Community Change 
Grants

$2 
billion

Transformational, catalytic community-level projects ( 
Announced $325 million in initial selections on July 25th). 

Application period is open 
now and closes in Nov ‘24

Over $1 
Billion are 
being 
deployed 
quickly to 
build the 
project 
pipeline by 
funding 
technical 
assistance, as
sessments, 
planning, and 
pilots.

$2 Billion are 
allocated for 
the new 
Community 
Change 
Grants 
opportunity!!

5
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RESOURCES  &  WEBLINKS
(a) EJ Thriving Communities Technical Assistance Centers (TCTAC) Webpages: 

➢ https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-technical-assistance-centers 

(b) EJ Thriving Communities Grantmaking Program (EJ TCGM) Webpage:

➢ https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-grantmaking-program 

(c) ECJ Community Change Grants Program Webpage:

➢ https://www.epa.gov/inflation-reduction-act/inflation-reduction-act-community-change-grants-program 

(d) EJ Collaborative Problem-Solving (EJCPS) Program:

➢ https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-
agreement-5 

(e) EJ Government-to-Government (EJG2G) Program:

➢ https://www.epa.gov/environmentaljustice/environmental-justice-government-government-program 
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https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-agreement-5
https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-agreement-5
https://www.epa.gov/environmentaljustice/environmental-justice-government-government-program


IRA – E&CJ COMMUNITY GRANT PROGRAM
STATUTORY LANGUAGE / DEFINITIONS
Subtitle B—Hazardous Materials

SEC. 60201. ENVIRONMENTAL AND CLIMATE JUSTICE BLOCK GRANTS.

The Clean Air Act is amended by inserting after section 137, as added by subtitle A of this title, the following: ‘‘SEC. 138. ENVIRONMENTAL AND CLIMATE JUSTICE BLOCK GRANTS.‘‘

(a) APPROPRIATION.—In addition to amounts otherwise available, there is appropriated to the Administrator for fiscal year 2022, out of any money in the Treasury not otherwise appropriated—

‘‘(1) $2,800,000,000 to remain available until September 30, 2026, to award grants for the activities described in subsection (b); and ‘‘(2) $200,000,000 to remain available until September 30, 2026, to 
provide technical assistance to eligible entities related to grants awarded under this section.

‘‘(b) GRANTS.— ‘‘(1) IN GENERAL.—The Administrator shall use amounts made available under subsection (a)(1) to award grants for periods of up to 3 years to eligible entities to carry out activities 
described in paragraph (2) that benefit disadvantaged communities, as defined by the Administrator.

‘‘(2) ELIGIBLE ACTIVITIES.—An eligible entity may use a grant awarded under this subsection for—

‘‘(A) community-led air and other pollution monitoring, prevention, and remediation, and investments in low- and zero emission and resilient technologies and related infrastructure and workforce 
development that help reduce greenhouse gas (as defined in section 211(o)(1)(G) (as in effect on the date of enactment of this section)) emissions and other air pollutants;

‘‘(B) mitigating climate and health risks from urban heat islands, extreme heat, wood heater emissions, and wildfire events; 

‘‘(C) climate resiliency and adaptation;

‘‘(D) reducing indoor toxics and indoor air pollution; or

‘‘(E) facilitating engagement of disadvantaged communities in State and Federal public processes, including facilitating such engagement in advisory groups, workshops, and rulemakings.

‘‘(3) ELIGIBLE ENTITIES.—In this subsection, the term ‘eligible entity’ means—

‘‘(A) a partnership between—

‘‘(i) an Indian tribe, a local government, or an institution of higher education; and

‘‘(ii) a community-based nonprofit organization;

‘‘(B) a community-based nonprofit organization; or

‘‘(C) a partnership of community-based nonprofit organizations.

‘‘(c) ADMINISTRATIVE COSTS.—The Administrator shall reserve 7 percent of the amounts made available under subsection (a) for administrative costs to carry out this section.’’
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Charge Questions



Charge 
Questions

Critical steps and methods for cumulative 
impacts assessment, including use of HIA 

Better utilization of community knowledge to 
account for their lived experience

Building capacity within overburdened 
communities during assessment process

Better consideration of historical and 
structural drivers for concentration of 
environmental burden

Incorporating the impacts of concern regarding 
climate change



Our Process

Met biweekly since May 2023
EPA staff shared internal CI work 
including:

Work being done at headquarters 
and in the regions
Demonstration projects
Learning from researchers and 
state practitioners

Developed draft 
recommendations

Final workgroup review

Full NEJAC review Workgroup meeting in Puerto Rico July 2023



Recommendations



Theme 1: 
EPA should use cumulative 
impact assessments to reduce 
disproportionate exposures and 
impacts in overburdened 
communities



U.S. EPA’s cumulative impacts work should center the following four key 
principles:  
▪ Decrease disproportionate cumulative burden
▪ Move beyond traditional risk assessments
▪ Take historic burden seriously
▪ Prioritize precaution over a high burden of proof for action



Excerpt – 
“Cumulative impact assessments 
that are disconnected from 
pollution reduction actions are a 
means, not an end, and are 
certainly not a replacement for 
pursuing civil rights infractions.”



Theme 2: 
EPA should workshop, translate, 
and improve the Office of 
Research and Development 
definition of cumulative impact 
before full-agency adoption



Social determinants of health should 
be clearly communicated in the EPA 
cumulative impacts definition to 
support a broader understanding

EPA should engage the NEJAC and 
frontline community partners to 
ensure that its cumulative impacts 
definition is culturally competent, 
useful to EJ communities, and 
relevant to communities’ lived 
experience

The definition should be agency wide 
and applied broadly 

This Photo by Unknown Author is licensed under CC BY

https://www.frontiersin.org/articles/10.3389/fpubh.2020.00406/full
https://creativecommons.org/licenses/by/3.0/


Excerpt –

“While the term “non-chemical 
stressors” can be inclusive of 
the social determinants of 
health, it is a field-specific term 
and not clearly understood 
outside of EPA. “



Theme 3: 
EPA should accelerate the 
progress of innovative 
approaches to cumulative 
impacts implementation



Incentivize the expansion of cumulative impacts programs 

and applications

Expand and connect monitoring to improve multi-source 

assessments while moving toward CIA

Enhance polluter accountability and transparency using 

CIA 
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Expand EPA multi-source standard attainment 

methods (TMDLs, SIPs) to incorporate multiple 

pollutants and advance cumulative impacts practice

Apply the precautionary principle and a 

presumptive approach to permitting

N
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 c
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Use all available regulatory authority to address the 

cumulative impacts of upstream drivers of risk 

Incorporate a cumulative impact modification factor in default 

risk-based screening levels

Use existing and historical health conditions to inform 

assessments (regardless of cause) and to determine clean up 

level

N
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Integrate cumulative impacts across offices, programs, 
assessments, and decision-making and make this work 
public

Use existing cumulative impact mapping tools and develop 
new ones for regulatory decision-making and not only for 
information or prioritization

Develop training on cumulative impacts and cumulative 
impact assessment for all agency staff and expand to 
partners and other federal agencies

C
u
lt
u
re

 c
h

a
n
g
e



Excerpts –
“Twenty years between a cumulative 
risk assessment framework and 
guidance on planning and problem 
formulation is too long… 

…Incorporating a cumulative impact 
approach is continuous work and 
requires cultural and systemic 
changes. “



Theme 4: 
EPA should determine and 
communicate a set of principles 
to guide the practice of 
cumulative impact assessment



Cumulative impacts assessments must:

Be distinguishable from other types of assessment

Be aligned with the principles of equity and justice

Restorative and distributive

Substantive equity

Procedural equity



Cumulative impacts assessments must:

Include a regulatory toolkit

Acknowledge community harm and trauma 

Build upon Health Impact Assessment which is 

established as a practice in the US and the world

EPA must acknowledge analyses and decisions that 
do not address or assess cumulative impacts



Excerpts –

“A set of principles will be the foundation 
to guide the development, 
operationalization, and implementation 
of cumulative impacts guidelines, 
methods, and decision-making criteria…

 …These principles are not a set of values, 
but rather serve as guardrails around the 
overarching “what and how” of 
cumulative impacts.“



Theme 5: 
EPA should validate lived 
experience and incorporate it 
into assessments and processes 
through co-design and shared 
leadership



Define Lived Experience (LE) and other related terms

Specify who has LE and where to find it

Explain the value of LE

Develop and institutionalize guidance and training around 

LE

Educate (internally) and increase use of the tools for 

capturing LE



Excerpt –

“Leveraging the strength of ORD’s 
research capacity to integrate 
experiential knowledge into 
environmental assessments will 
be critical in the implementation 
of cumulative impacts 
assessments agency-wide.“



Theme 6: “EPA should 
support comprehensive, 
solution oriented, community 
driven programs”



Advance comprehensive community approaches by 

integrating the regulatory toolkit into pollution prevention 

and reduction initiatives

Accelerate approaches that align with its structure and 

culture

Use the idea of management zones to address cumulative 

impacts

Embed accountability to the impacted community in EPA’s 

comprehensive community approaches



Require metrics to track the outcomes of comprehensive community 

approaches

Improve inter- and intra-agency coordination so that comprehensive 

community approaches result in pollution reductions

Move forward with comprehensive community approaches while 

avoiding unintended and negative outcomes

Continue to work in community engagement, co-design, and shared 

leadership



Excerpts –

“The NEJAC strongly recommends that EPA 
expand community-driven approaches, 
implement community-driven approaches 
with environmental justice principles in 
mind, and link these approaches to 
regulatory actions to avoid the back-sliding 
that can occur when pollution prevention is 
purely voluntary….

 …EPA and other agencies need to develop 
mechanisms to track the work of multiple 
agencies in one community to better 
coordinate services. “



Theme 7: 
EPA should incorporate structural 
drivers such as colonialism and 
racism into its cumulative impacts 
practice and framework for 
implementation



Acknowledge and evaluate the root causes and structural drivers 

of disproportionate and cumulative impacts

Incorporate root causes and structural drivers of injustice into 

strategic and program planning

Incorporate structural drivers and root causes of inequality into 

cumulative impact assessments, and support index development



Apply an anti-racist lens to its work and support 

recruitment and retention related to DEIA

Acknowledge and address power imbalances in 

cumulative impacts work

Avoid erecting barriers to laws and policies that attempt 

to repair past harm and repair justice



Excerpts –

“The NEJAC has framed this 
recommendation around 
improving how barriers and 
biases related to race and 
ethnicity (exposure to racism) are 
understood and integrated in EPA 
strategic planning, and how EPA 
assesses and addresses 
cumulative impacts.”



Theme 8: EPA should 
promote climate justice



Make more transparent, holistic, and connected 

decisions

Learn about and acknowledge historic and currently 

biased policies

Work to mitigate and adapt to the impacts of climate 

change so as not to prolong or amplify chemical 

stressors



Excerpt:

“EPA must consider how corrective actions 
and acts toward resilience may 
inadvertently and unjustly magnify 
disproportionate impacts…

…EPA policymaking and analyses must not 
always be focused on the temperate 
mainland. While there are common 
threads, every community will be 
different.” 



Next Steps

We (the work group) will incorporate 
your feedback into the document

We (the work group) will present 
final recommendations for your 
approval at the July 2024 NEJAC 
meeting 

Process, the Decision at 
Hand, and Next Steps

Final draft was reviewed by the full NEJAC

After today’s public presentation, we will 
address any verbal comments from the 
NEJAC and the public

Written comments are open for the next 2 
weeks 

We (the work group) will incorporate 
public comments into the 
recommendations

The document goes through copyedit

The recommendations are transmitted to 
the Administrator



A big thanks to EPA 

and the NEJAC for 

supporting our work



Questions and DiscussionQuestions and Discussion



If you do not get a 
chance to speak 

during the allotted 
time, please submit 
your comments in 

writing

Attendees who        
pre-registered for 

public comment will 
be given access to 

speak as time allows

Each commenter has 
three (3) minutes to 

speak

For the benefit of 
interpreters, please 
speak clearly and 

slowly

Written 
comments can be 

submitted until     
August 22, 2024  

Comments will help  
the NEJAC form better 

recommendations

Public Comment 
Period 

For the benefit of 
interpreters, please speak 

clearly and slowly



Meeting Adjourn



Public Comments 

National Environmental Justice 

Advisory Council  

August 2024 Public Meeting 

Virtual 



 

 

 

 

 

 

 

Region 1 

CT, ME, MA, NH, RI, and VT 
  



 

 

 

 

 

Region 2 

NJ, NY, Puerto Rico, U.S. Virgin 

Islands and 8 federally 

recognized Indian Nations 
  



 

 

 

 

 

Region 3 

DE, DC, MD, PA, VA, WV and 7 

federally recognized tribes 
  



To: EPA
● Charles Lee - lee.charles@epa.gov
● Surabhi Shah – shah.surabhi@epa.gov
● Adriana Hochberg - Hochberg.Adriana@epa.gov
● OGC Marianne Engelman Lado - Engelman-Lado, Marianne

EngelmanLado.Marianne@epa.gov
● ORD Bruce Rodan - rodan.bruce@epa.gov
● OEJECR Theresa Segovia - Segovia.Theresa@epa.gov
● OECA Stacey Geis - Geis.Stacey@epa.gov
● OAR Betsy Shaw -Shaw.Betsy@epa.gov
● OCSPP Rick Keigwin - Keigwin.Richard@epa.gov
● OLEM Cliff Villa - Villa.Clifford@epa.gov
● OW Benita Best Wong - Best-Wong.Benita@epa.gov
● OITA Rafael Deleon - Deleon.Rafael@epa.gov
● OMS Daniel Coogan - Coogan.Daniel@epa.gov
● OFCO Lek Kadeli - Kadeli.Lek@epa.gov

CC:
● Jerome Shabazz - jshabazz jshabazz@overbrookcenter.org
● Dr. Na'Taki Jelks, NEJAC co-chairs - Na'Taki Jelks nojelks@wawa-online.org
● Kristie Ellickson – Kellickson@ucsusa.org
● Sandra Whitehead - Whitehead, Sandra swhitehead@email.gwu.edu

The Coming Clean Network’s Cumulative Impacts/Mandatory Emission Reductions (CI/MER)
Team is deeply appreciative of and supports the National Environmental Justice Advisory
Council’s Cumulative Impact Workgroup recommendations about how EPA can address and
eliminate cumulative impacts, submitted to EPA for consideration on August 8, 2024.. We have
some further recommendations, points of clarification, and a request for follow up as detailed
below.

The CI/MER Team (comingcleaninc.org/projects/ci-mer) is a collaborative working group of the
Coming Clean network. We support and mobilize environmental organizations and directly
impacted community members to speak and submit comments to the EPA and other
governmental agencies tasked with regulating pollution, to ensure that these bodies hear from
people most affected by new methods and policies, listen to their concerns and implement their
recommendations. Our long-term goals are to reduce harm from cumulative impacts and to
require mandatory emissions reductions, in alignment with the Louisville Charter for Safer
Chemicals.

As Team Leaders, Kathleen Curtis and Sophia Longsworth submit these comments on behalf of
the Team. First, we’ll address two areas which require clarification and further emphasis. Then,
we’ll urge EPA to use their existing authority to protect people and communities from cumulative
impacts.

http://comingcleaninc.org/projects/ci-mer
https://comingcleaninc.org/louisville-charter
https://comingcleaninc.org/louisville-charter


A. Ensuring that exposure to extreme heat and related conditions are accounted for in
cumulative impacts assessments:

1. A single, scientifically valid definition would facilitate inclusion of the impacts of
extreme heat in cumulative impacts analyses. There is not a uniform definition of
“extreme heat” in the U.S. Government. EPA defines an extreme heat event or a heat
wave as “a persistent period of unusually hot days,” 1 using a much longer reference
period than CDC.2,3,4 Other agencies, such as the U.S. Department of Homeland
Security5 and OSHA6 have their own definitions. Any definition of extreme heat must
be rooted in the best possible science, in accordance with medical findings and
community validation and must include those who are already at risk in order to
prevent further harm.

2. Due to heat interacting with pollution, EPA must go beyond validating that heat is
a non-chemical stressor. Two climate-related health risks are converging with alarming
frequency: record high temperatures, and air pollution. Separately, these health
conditions can make people acutely sick7 and exacerbate existing health problems.8

Scientists at the University of Southern California published research this year in the
American Journal of Respiratory and Critical Care Medicine, indicating the combined
mortality risk of extreme temperatures and thick pollution is significantly more than the
sum of their individual effects.9

Heat can impact and worsen many health conditions and we already know that certain
populations are more likely to face adverse outcomes from extreme heat, including
people of color, people living in poverty, children, and the elderly.10 Heat can exacerbate
the health impacts of particle pollution and other pollutants that EPA is responsible for
regulating.11 Recent studies found that “exposure to air pollution when modified by high

11 Rahman, M., et al. (2022). The effects of coexposure to extremes of heat and particulate air pollution on mortality in
California: Implications for climate change. Am J Respir Crit Care Med, 206(9), pp 1117–1127.
https://pubmed.ncbi.nlm.nih.gov/35727303/

10 Declet-Barreto, J., Herrera, C., Huang, A., & Corbin-Mark, Cecil. (June 2021). WeACT & NRDC. Summer in the
city: Improving community resilience to extreme summertime heat in northern Manhattan Report.
https://www.nrdc.org/sites/default/files/community-resilience-summertime-heat-nomanhattan-report.pdf

9 Rahman, M., et al. (2022). The effects of coexposure to extremes of heat and particulate air pollution on mortality in
California: Implications for climate change. Am J Respir Crit Care Med, 206(9), pp 1117–1127.
https://pubmed.ncbi.nlm.nih.gov/35727303/

8 Baker, A. (July 13, 2022). How heat waves could have long-term impacts on your health. TIME.
https://time.com/6196564/climate-change-obesity-long-term-health-impacts/

7 Baker, A. (June 13, 2022). What extreme heat does to the human body. TIME.
https://time.com/6186988/extreme-heat-human-body-impact/

6 OSHA. Overview: Working in outdoor and indoor heat environments. https://www.osha.gov/heat-exposure
5 U.S. Department of Homeland Security. Last updated July 30, 2024. Extreme heat. https://www.ready.gov/heat
4 CDC. Heat and health tracker. https://ephtracking.cdc.gov/Applications/heatTracker/

3 ATSDR. (2024). CDC/ATSDR heat and health index 2024 release technical documentation.
https://www.atsdr.cdc.gov/placeandhealth/hhi/docs/technical_documentation/

2 EPA. (Last updated June 27, 2024). Climate change indicators: High and low temperatures.
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures

1 EPA.(Last updated June 27, 2024). Climate change indicators: Heat waves.
https://www.epa.gov/climate-indicators/climate-change-indicators-heat-waves

https://pubmed.ncbi.nlm.nih.gov/35727303/
https://www.nrdc.org/sites/default/files/community-resilience-summertime-heat-nomanhattan-report.pdf
https://pubmed.ncbi.nlm.nih.gov/35727303/
https://time.com/6196564/climate-change-obesity-long-term-health-impacts/
https://time.com/6186988/extreme-heat-human-body-impact/
https://www.osha.gov/heat-exposure
https://www.ready.gov/heat
https://ephtracking.cdc.gov/Applications/heatTracker/
https://www.atsdr.cdc.gov/placeandhealth/hhi/docs/technical_documentation/
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
https://www.epa.gov/climate-indicators/climate-change-indicators-heat-waves


temperature is likely to increase the odds of respiratory mortality and hospital
admissions.”12

B. Ensuring that lived experience is accounted for in the recommendations and all
cumulative impacts analyses:

1. EPA must include actionable community-based science that includes and
demonstrates lived experience. It is also important to ensure less resilient populations,
such as the elderly, disabled, and very young are included in any analysis, validation and
definition processes.

2. EPA must foster and support community-based research that is a collaboration
between community residents and other researchers. Communities can advise and
validate the research through the creation of community advisory boards,13 collaborate14

with impacted individuals to map the research focus, help conduct the research,
identify15 research priorities, and ensure the research is action and results-oriented.

C. Ensuring that EPA use its existing authority to address cumulative impacts and risks:

We urge EPA to begin implementation immediately and stop listening to the “it’s too
complicated” narrative. EPA has been voicing its intention to consider cumulative impacts and
risk for nearly thirty years, but its actions have not matched its rhetoric. For example, as is
apparent from EPA’s history of its work to develop cumulative risk assessment methodologies
(set forth in Appendix A to EPA’s Draft Guidelines for Cumulative Risk Assessment Planning and
Problem Formulation,16 and published for public comment on June 16, 2023, that still have not
been finalized), this nearly thirty-year effort has been characterized by repeated expressions of
urgent need, followed by limited or no action. This delay is inexplicable both because the
underlying science is increasingly well-developed and many statutes EPA is charged with
implementing require EPA to consider cumulative impacts and/or risk. Further, there is a history
of cumulative impacts implementation or written protocols for implementation, including the
State of New Jersey’s rule, a publication on susceptible subpopulations for a formaldehyde
TSCA risk evaluation, the development work coming out of Region 7, the Massachusetts rule,
the first Minnesota law’s process document, and inclusion of chemical and non-chemical

16 EPA, May 2023, Guidelines for Cumulative Risk Assessment Planning and Problem Formulation
https://www.epa.gov/risk/guidelines-cumulative-risk-assessment-planning-and-problem-formulation

15 Tariq S, Grewal EK, Booth R, Nat B, Ka-Caleni T, Larsen M, Lawson J, Whaley A, Walsh CA, Campbell DJT. (July
2023). Lessons learned from a virtual Community-Based Participatory Research project: prioritizing needs of people
who have diabetes and experiences of homelessness to co-design a participatory action project.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10320889/

14 Campbell DJT, Campbell RB, DiGiandomenico A, et al. (September 2021). Using a community-based participatory
research approach to meaningfully engage those with lived experience of diabetes and homelessness
https://pubmed.ncbi.nlm.nih.gov/34493497/

13 Nelson G, Kettaneh H, Knox B, et al. (2024). Engaging people with lived experiences on community advisory
boards in community-based participatory research: a scoping review protocol
https://pubmed.ncbi.nlm.nih.gov/38458780/

12 Areal A.T., et al. (2022). The effect of air pollution when modified by temperature on respiratory health outcomes: A
systematic review and meta-analysis. Sci Total Environ, 811:152336. https://pubmed.ncbi.nlm.nih.gov/34914983/

https://dep.nj.gov/wp-content/uploads/rules/rules/njac7_1c.pdf
https://pubmed.ncbi.nlm.nih.gov/34205009/
https://www.youtube.com/watch?v=YL9p5Y-Zhtg
https://www.mass.gov/info-details/cumulative-impact-analysis-in-air-quality-permitting#regulations-
https://www.pca.state.mn.us/business-with-us/air-permitting-in-south-minneapolis
https://www.epa.gov/risk/guidelines-cumulative-risk-assessment-planning-and-problem-formulation
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10320889/
https://pubmed.ncbi.nlm.nih.gov/34493497/
https://pubmed.ncbi.nlm.nih.gov/38458780/
https://pubmed.ncbi.nlm.nih.gov/34914983/


stressors considerations in EPA’s own Integrated Science Assessment for Ozone (i.e. heat,
ozone exposure, and increased mortality). This is certainly not an exhaustive list, and
demonstrates a large body of work that deserves continued attention and growth, and
implementation in overburdened communities.

The NEJAC correctly notes that “environmental laws and regulations allow consideration of
cumulative risk and impacts” in the broad range of decisions that EPA staff make every day. As
set forth in prior comments,17 many of those laws affirmatively mandate the consideration of
cumulative effects, whether expressly18 or through requirements that EPA apply the “best
available science”19 and protect the public health “with an ample margin of safety.”20

The NEJAC has been calling for EPA to address cumulative impacts in its regulatory, permitting,
policy and budgeting decisions for more than 20 years,21 and EPA has acknowledged the need
to do so for equally long. Following NEJAC’s August 8th 2024 Cumulative Impact Workgroup
Recommendations, which provide concrete examples and recommendations for how EPA can
take action to address cumulative impacts, there is no cause for further delay. EPA has the
authority, expertise, and tools it needs to address cumulative impacts. We call on EPA to use
that authority, to heed its statutory mandate, and to normalize the consideration of cumulative
exposures and impacts across all of EPA’s programs. This is an environmental health and
justice crisis. People and communities can’t wait.

1. Prioritize actions throughout the agency to advance the Biden Administration’s national
commitment to an “all government” approach to redress disproportionate impacts on
communities and individuals from cumulative impacts of environmental and social
factors, as reflected in the Justice40 initiatives and other elements of environmental
justice Executive Orders22 that EPA is bound to comply with;

2. Finalize cumulative impact guidance documents that have been in development for
decades;

3. Develop metrics that better reflect the environmental, social, and health status of
communities and populations, including climate change, as informed by the White House
Environmental Justice Advisory Council. EPA is a key contributor to this work and must

22 Exec. Order 12898, https://www.archives.gov/files/federal-register/executive-orders/pdf/12898.pdf; Exec. Order
13990,
https://www.federalregister.gov/documents/2021/01/25/2021-01765/protecting-public-health-and-the-environment-and
-restoring-science-to-tackle-the-climate-crisis; and Exec. Order 14096,
https://www.federalregister.gov/documents/2023/04/26/2023-08955/revitalizing-our-nations-commitment-to-environme
ntal-justice-for-all

21 NEJAC. (December 2004). Ensuring Risk Reduction in Communities with Multiple Stressors: Environmental Justice
and Cumulative Risks/Impacts
https://www.epa.gov/sites/default/files/2015-02/documents/nejac-cum-risk-rpt-122104.pdf

20 42 U.S.C § 7412(f)(2) (Clean Air Act); U.S. Sugar Corp. v. EPA, 830 F.3d 579, 626 (D.C. Cir. 2016) (“The EPA’s
consideration of the cumulative impacts from these emissions is also relevant to the Agency’s statutory mandate to
ensure that a health threshold would protect health with an ‘ample margin of safety.’”)

19 15 U.S.C. § 2525 (h) (Toxic Substances Control Act).

18 21 U.S.C. § 346a(b)(2)(C), (D) (Food Quality Protection Agency).

17 Comment by Alaska Community Action on Toxics et al. on EPA's Cumulative Risk Assessment Guidelines for
Planning and Problem Formulation (Aug. 30, 2023),
https://www.regulations.gov/comment/EPA-HQ-ORD-2013-0292-0198.

https://www.epa.gov/isa/integrated-science-assessment-isa-ozone-and-related-photochemical-oxidants
https://www.archives.gov/files/federal-register/executive-orders/pdf/12898.pdf
https://www.federalregister.gov/documents/2021/01/25/2021-01765/protecting-public-health-and-the-environment-and-restoring-science-to-tackle-the-climate-crisis
https://www.federalregister.gov/documents/2021/01/25/2021-01765/protecting-public-health-and-the-environment-and-restoring-science-to-tackle-the-climate-crisis
https://www.federalregister.gov/documents/2023/04/26/2023-08955/revitalizing-our-nations-commitment-to-environmental-justice-for-all
https://www.federalregister.gov/documents/2023/04/26/2023-08955/revitalizing-our-nations-commitment-to-environmental-justice-for-all
https://www.epa.gov/sites/default/files/2015-02/documents/nejac-cum-risk-rpt-122104.pdf


incorporate stressors regulated by other state and federal agencies, including but not
limited to toxicants in food, consumer products, and occupational settings;

4. Aggressively include cumulative impacts in actions for standard-setting, pre-market
review of chemicals, permitting, technology standards and practices, guidance for
state-delegated programs and other such actions, as well as the analyses that inform
such actions; and

5. Implement cross-agency methods to move beyond the chemical-by-chemical approach
reflected in current guidance for “risk assessment,” building on past analysis for
“cumulative risk assessment,” as well as technical methods to support this.

Harm to Environmental Justice (EJ) communities cannot be measured without accounting for
cumulative impacts. As science increasingly directs, all statutory authorization must be
interpreted to encompass cumulative impacts. EPA should use its full authority now,
including but not limited to the statutes and regulations described below, to protect
workers, consumers, infants and children, and EJ communities from cumulative impacts
associated with toxic substances and pollution.23

Under the Clean Air Act’s Air Toxics Program, EPA should:

1. Update its program for hazardous air pollutants, as well as other media, to include all of
the air toxics being emitted today and not continue to rely on the outdated, insufficient list
adopted by the 1990 Clean Air Act. EPA’s list of 188 hazardous air pollutants is only a
small portion of those toxic air pollutants actually emitted.

2. Apply the most current information available to address health risks and impacts in the
manner that a person experiences them in reality – not singularly or in isolation, but in
the aggregate and synergistically, including lived experience, facing the greatest total
level of exposure.

3. Implement the mandate under the Clean Air Act to achieve maximum feasible
reductions in emissions of air toxics, including zero discharge technologies.

4. Address cumulative exposure to Hazardous Air Pollutants from all sources, not just
major sources, in the residual risk reviews,

5. Ensure that state-submitted Federally Enforceable Synthetic Minor permits are not used
to allow facilities that emit significant air toxics to escape major source emission
restrictions.

6. Use modern technologies to provide consolidated information to communities about air
toxics emissions from facilities. At present, information about emissions is organized by
sector but not available for individual facilities, making it difficult or impossible to see the
cumulative releases.

Under the Toxic Substances Control Act’s (TSCA ) New & Existing Chemicals Programs

23 EJ Legal Tools CI addendum -
https://www.epa.gov/system/files/documents/2022-12/bh508-Cumulative%20Impacts%20Addendum%20Final%2020
22-11-28.pdf

https://www.epa.gov/system/files/documents/2022-12/bh508-Cumulative%20Impacts%20Addendum%20Final%202022-11-28.pdf
https://www.epa.gov/system/files/documents/2022-12/bh508-Cumulative%20Impacts%20Addendum%20Final%202022-11-28.pdf


1. Fulfill EPA’s duty under TSCA to eliminate unreasonable risks from toxic chemicals,
including aggregate and cumulative risks. EPA must determine unreasonable risk to any
“potentially exposed or susceptible subpopulation.” When EPA evaluates a single
chemical, it must evaluate all factors that can render people more exposed to or more
susceptible to harm from that chemical. People exposed from multiple sources
experience “greater exposure,” and thus greater risk. When people are exposed to
multiple chemicals with the same health effects, they have “greater susceptibility” to the
effects of each chemical. Poverty, racial discrimination, lack of access to adequate
healthcare, housing or healthy foods, and many pre-existing health conditions – “may …
affect vulnerability of subpopulations” to chemicals.

2. Consider risks of chemicals across their lifecycle, which TSCA refers to as the
“conditions of use.” If a chemical is released along with or in the same locations as other
toxic chemicals, or is frequently found in products containing combinations of toxic
chemicals, those form part of the circumstances under which the chemical is used or
disposed of, and are thus part of the chemical’s conditions of use that EPA must
consider in assessing risk.

3. Prioritize action on chemicals with characteristics that predict high impacts and risks,
particularly highly persistent, bioaccumulative and mobile in environmental media,
such as PCBs, mercury, and dioxin. Chemicals with such traits should not be approved
for any uses that allow any release into the environment. An example is the
Perfluoroalkyl substances (PFAS) class of chemicals that will cost several billions of
dollars in cleanup and treatment costs and present a highly unreasonable risk to
communities across the US and the globe.

Thank you for your consideration and careful review of these public comments. The
CI/MER team requests the opportunity to meet with EPA to discuss these
recommendations in more detail and work together with EPA to forge a path forward that
ends the delays and starts the more fair and just practice of a full and robust cumulative
impact regulatory approach that demonstrably results in healthier and safer people and
communities.



Full Name: Sophia Longsworth  
Name of Organization or Community: Coming Clean Network’s Cumulative Impacts/Mandatory 
Emissions Reduction team  
City and State: Albany, NY  
Subject of Comment is Relevant to:: NEJAC Title VI Charge 
 Brief description about your recommendation relevant to your selection above: 
Topline recommendations: 
1. Ensuring that exposure to extreme heat and related conditions are accounted for in cumulative 
impacts assessments. 
2. Ensuring that lived experience is accounted for in the recommendations and all cumulative impact 
analyses. 
3. Ensuring that EPA use its existing authority to address cumulative impacts and risks. 
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“Cherish every drop of water you drink, Cherish every leaf that’s green, Cherish every hand keeping it clean.” 

August 15, 2024   

Co-Chair Na’Taki Osborne Jelks, PhD, West Atlanta Watershed Alliance/Proctor Creek 
Co-Chair Jerome Shabazz, JASTECH Development Services Inc. 
National Environmental Justice Advisory Council (NEJAC) nejac@epa.gov 
Environmental Protection Agency (EPA) 
Washington, DC 
 
RE: August 8, 2024, NEJAC Public Comments (virtual) from West End Revitalization 
Association (WERA) by Co-Founder/Director Omega R Wilson 

In 1995, the West End Revitalization Association (WERA) was incorporated as non-profit 501(c)3 
to address the denial of “basic public health amenities” (clean air, safe drinking water, sewer 
service access, paved streets, stormwater infrastructure, and displacement by highway 
construction of Black and Indigenous communities in Mebane, NC). In 1999, WERA filed an 
“administrative compliant” under Title VI of the Civil Rights Act of 1964 and reference 
Environmental Justice EO-12898 at the US Department of Justice to get compliance and 
enforcement. DOJ attorneys call it “denial of basic amenities due a historic pattern of racial 
discrimination” by the City of Mebane, Alamance County, and NC Department of Transportation. 
WERA adversely impacted communities have since received over $150-million in mitigation. 

Omega R Wilson is former NEJAC Community Perspective Member (2007 – 2010) that provided 
input to workgroups including “Good Movement-2009” and “EJ SCREEN-2010”. WERA is a current 
member of the Title VI Alliance for Accountability and Transparency (2011-present), and the WE 
ACT / Environmental Justice Leadership Forum. Recognition: Omega and Brenda Wilson 
appreciate their President Biden-Harris Lifetime Achievement Award for over thirty years of 
civil rights and environmental justice service in Mebane, NC, North Carolina, and beyond. 

WERA’s recommendations to support local/state/federal  corrective actions to address health 
disparities in environmental justice communities, per the Biden-Harris Administration’s Executive 
Order 14096 - Revitalizing Our Nation's Commitment to Environmental Justice for All (FACT 
SHEET: President Biden Signs Executive Order to Revitalize Our Nation’s Commitment to 
Environmental Justice for All | The White House) April 2023. 

WERA request that the Environmental Protection Agency’s National Environmental Justice 

Advisory Council endorse and adopt the following recommendations to reduce cumulative impacts 

to help address health disparities in people of color and low wealth communities in all fifty states 

and US Territories. These are unresolved legacy issues that violate Title VI of the Civil Rights 

Act of 1964 and subsequent environmental justice executive orders since 1994.  

1. Endorse and Adopt: American Public Health Association (APHA) Policy Statement on 
“Advancing Environmental Health and Justice: A Call for Assessment and Oversight of 
Healthcare Waste - 2022” (web link - Okoh M, et al. Advancing Environmental Health and 
Justice: A Call for Assessment and Oversight of Healthcare Waste. J Ecol & Nat Resour 

http://www.weranc.org/
mailto:nejac@epa.gov
https://www.whitehouse.gov/briefing-room/statements-releases/2023/04/21/fact-sheet-president-biden-signs-executive-order-to-revitalize-our-nations-commitment-to-environmental-justice-for-all/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/04/21/fact-sheet-president-biden-signs-executive-order-to-revitalize-our-nations-commitment-to-environmental-justice-for-all/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/04/21/fact-sheet-president-biden-signs-executive-order-to-revitalize-our-nations-commitment-to-environmental-justice-for-all/
https://medwinpublishers.com/JENR/advancing-environmental-health-and-justice-a-call-for-assessment-and-oversight-of-healthcare-waste.pdf
https://medwinpublishers.com/JENR/advancing-environmental-health-and-justice-a-call-for-assessment-and-oversight-of-healthcare-waste.pdf
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2022, 6(4): 000311. (medwinpublishers.com). Due massive medical waste incineration 
pollution (soot, PM2.5, PM10, and metals), WERA led a nationwide team to draft this cutting-
edge APHA policy statement. NEJAC Co-Chair Na’Taki Osborne Jelks, PhD, was a member of 
this APHA policy statement team. Collaborating partners include: Attorney Michele Okoh, PhD, 
Louis & Clark Law School, Portland, OR, and Natalie Sampson, PhD, Associate Professor of 
Public Health, University of Michigan-Dearborn, and Detroit, MI, EJ leader Vincent Martin.  
 
Vi Lyles, Mayor of Charlotte NC, and Michael Regan, EPA Administrator, invited Omega and 
Brenda Wilson to an Environmental Justice Roundtable in Charlotte, NC, June 2021.The 
featured discussions were about the safe disposal of COVID-19 hazardous and medical waste. 
 
In 2023, WERA, Southern Environmental Law Center (SELC) attorneys in North Carolina, and 
others environmental justice organizations participated in public hearings in support of Clean 
Air Act compliance for violations by international medical waste incinerator Stericycle Inc that 
has sites all fifty states, including Alamance County, NC. WERA spoke face-to-face and via 
ZOOM with Stericycle national and international corporate officials. North Carolina Department 
of Air Quality (NCDAQ) notices of violations (NOVs) resulted in Stericycle investing over $8-
million to upgrade it Haw River, NC plant to reduce soot, PM2.5, PM10, and metal emissions. 
The Haw River incineration plant is adjacent and exposures nearby people of color residents, 
Alamance Community College students and staff, and Interstate 85/40 with tens of thousands 
of cars per day. Access this link: NC Health News article by Will Atwater - As hospitals 
grapple with waste, critics call for tighter regulations (northcarolinahealthnews.org) – 
October 27, 2023. Collaborating partners include: SELC-NC Attorney Nick Torrey, Haw River 
Assembly River Keeper Emily Sutton, and Environmental Justice Community Action Network-
NC Director Sherri White-Williamson (retired from EPA’s Office of Environmental Justice). 

 
2. Endorse and Adopt: All 3,100 U.S. counties and territories should incorporate 

“Environmental Health and Justice” chapters in their “County Heath Assessment” to 
address health disparities for people of color in their respective geographic boundaries. 
To received federal funding from Health and Human Services (HHS), each county health 
department must submit periodic health assessments, while failing to address 
“environmental justice health disparities.” 
 
The Alamance County Health Department invited WERA to write an “environmental justice” 
chapter that would address “health disparities for people of color” its “County Health 
Assessment-2021”. Of one hundred counties in North Carolina, this was the first instance of EJ 
inclusion. NC Governor Roy Cooper directed the North Carolina Department of Health and 
Human Services (NCDHHS) to start training all NC health departments to replicate the WERA / 
Alamance County model to address health disparities for people of color communities. WERA 
is currently collaborating with Alamance County Health Department and NCDHHS officials for 
input on the “2024 County Health Assessment” that will be submitted to the HHS Headquarters 
in Washington, DC. Access this link: Chapter 6: Environmental Health and Justice (page 57 
and appendix pages 167-174 and 181-182) Alamance County - County Health Assessment 
CHA Report 2021.pdf. Collaborating partners include: Alamance County Health Department’s 
Health Education Supervisor Arlinda Ellison, PhD, NCDHHS Occupational and Environmental 
Epidemiology Branch Director Virginia Guidry, PhD, NCDHHS Emergency Preparedness and 
Environmental Health Nurse Consultant Joe Bowman, and NCDHHS Communications 
Outreach Specialist & Environmental Public Health Tracking Director Aminah Keys, MPH. 

These public health partners were invited to discuss this issue with ADM Rachel Levine, MD, 
Assistant Secretary for US HHS at the Gillings School of Global Public Health, University of 
North Carolina – Chapel Hill, September 2022. 

https://medwinpublishers.com/JENR/advancing-environmental-health-and-justice-a-call-for-assessment-and-oversight-of-healthcare-waste.pdf
https://www.northcarolinahealthnews.org/2023/10/27/as-hospital-systems-begin-to-grapple-with-medical-waste-environmentalists-call-for-tighter-regulations/
https://www.northcarolinahealthnews.org/2023/10/27/as-hospital-systems-begin-to-grapple-with-medical-waste-environmentalists-call-for-tighter-regulations/
file:///C:/Users/Owner/OneDrive/Documents/WERA%20-%20Initiatives%20-%20Projects/Alamance%20County%20Health%20Department%20FOLDER/Alamance%20County%20-%20County%20Health%20Assessment%20CHA%20Report%202021.pdf
file:///C:/Users/Owner/OneDrive/Documents/WERA%20-%20Initiatives%20-%20Projects/Alamance%20County%20Health%20Department%20FOLDER/Alamance%20County%20-%20County%20Health%20Assessment%20CHA%20Report%202021.pdf
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3. Endorse and Adopt: Remediation/Removal/Clean-up and Repurpose military-industrial 

sites in residential/urban areas in all fifty states and US Territories to eliminate legacy 
contamination of air, water, soil, and human and wildlife exposures. All of government 
includes federally funded Department of Defense (DOD) military legacy sites that are 
often unknown to the local public and with little public health research or mitigation.  
 
Western Electric / Tarheel Army Missile Plant (Bing Videos) is an ‘All of government’ 

approach. The Western Electric/Tarheel Army Missile Plant (WE/TAMP) is a sprawling 

industrial complex where telephone equipment and later anti-aircraft missiles were once 

manufactured in the eastern side of Burlington, NC (Alamance County). Constructed in 1920s 

and abandoned in 1992, this 32-acre site (three stories above ground and two stories below 

ground) is in a historic and predominantly Black, Latinx, and Indigenous community. 

 

WERA, 7-Directions of Service (Indigenous), and the National Institute of Environmental Health 

Sciences (NIEHS) lead the Environmental Justice Forum convening EJ Action Forum NC 

2023 (nih.gov) in Mebane, NC, November 30, 2023. The forum of over one hundred 

community organizers, local/state/regional/federal government officials, and legal advisors 

discussed and planned strategies to remediate/remove/clean up and re-purpose the WE/TAMP 

site Environmental Justice Action Forum. Multiple federal and state funding sources are 

necessary to continue to address decades of failures to address public health risks from known 

and unknown chemicals, including trichloroethylene (TCE) used to degrease metals. TCE and 

PFAS have been detected in groundwater and a stream running through WE/TAMP site beside 

old low-income rental housing units. TCE causes kidney cancer in humans, according to the 

National Toxicology Program’s (NTP) Report on Carcinogens. At the EJ Action Forum, 

NIEHS and NTP Director Rick Woychik, Ph.D., explained the institute’s role in providing the 

scientific basis for health effects of exposures at legacy sites like WE/TAMP in Burlington, NC. 

 

On June 27, 2024, WERA collaborative partners, legal advisors, and a NIEHS representative 

attended a DOD/Army public hearing for a progress report on the removal of over 300 tons of 

contaminated soil and organization of a WE/TAMP community advisory board. Collaborative 

partners include: Crystal Cavalier Keck, PhD of Occaneechi Saponi Tribe-NC, Jason Keck 

(Choctaw Tribe), Alamance County Soil & Water District Supervisor Rev Donna Vanhook, 

NIEHS Director of Human Research Joan Packenham, NIEHS Director Worker Training 

Program Sharon Beard, NIEHS Chief Mechanist Toxicology Branch Darlene Dixon, NIEHS 

Health Science Specialist Liam O’Fallon, and NC Environmental Justice Network.  

 

Environmental investigative report Lisa Sorg continues to document the horrible neglect of 

local/state/federal agencies in removing the mega-polluting Western Electric / Tarheel Army 

Missile Plant in a series of articles: Former Army missile plant has polluted a Black, Latino 

neighborhood for more than 30 years • NC Newsline, US Army to begin excavating up to 

300 tons of contaminated soil at former missile plant in Burlington • NC Newsline, and 

PFAS found beneath Tarheel Army Missile Plant, military failed to tell DEQ • NC 

Newsline. 

 

On April 19, 2024, a White House webinar celebrate the first anniversary of the Biden-Harris 

Administration’s “Executive Order 14096 - Revitalizing Our Nation's Commitment to 

https://www.bing.com/videos/riverview/relatedvideo?&q=western+electric+burlington+nc+youtube+videos&qpvt=western+electric+burlington+nc+youtube+videos&mid=0B756D401E2D9446209D0B756D401E2D9446209D&&FORM=VRDGAR
https://tools.niehs.nih.gov/wetp/public/hasl_get_blob.cfm?ID=14283&file_name=FACT_SHEET___Western_Electric___Tarheel_Army_Missile_Plant___Burlington_NC___9_20_2023_508.pdf
https://tools.niehs.nih.gov/wetp/public/hasl_get_blob.cfm?ID=14323&file_name=EJ_Action_Forum_Agenda_final_508.pdf
https://tools.niehs.nih.gov/wetp/public/hasl_get_blob.cfm?ID=14323&file_name=EJ_Action_Forum_Agenda_final_508.pdf
https://tools.niehs.nih.gov/wetp/events.cfm?id=2635
https://ntp.niehs.nih.gov/sites/default/files/ntp/roc/content/profiles/trichloroethylene.pdf
https://www.niehs.nih.gov/about/od/director/
https://ncnewsline.com/2021/09/08/clear-and-present-danger-burlington-missile-plant-english/
https://ncnewsline.com/2021/09/08/clear-and-present-danger-burlington-missile-plant-english/
https://ncnewsline.com/briefs/us-army-to-begin-excavating-up-to-300-tons-of-contaminated-soil-at-former-missile-plant-in-burlington/
https://ncnewsline.com/briefs/us-army-to-begin-excavating-up-to-300-tons-of-contaminated-soil-at-former-missile-plant-in-burlington/
https://ncnewsline.com/2024/04/17/pfas-found-beneath-tarheel-army-missile-plant-military-failed-to-tell-deq/
https://ncnewsline.com/2024/04/17/pfas-found-beneath-tarheel-army-missile-plant-military-failed-to-tell-deq/
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Environmental Justice for All” (FACT SHEET: President Biden Signs Executive Order to 

Revitalize Our Nation’s Commitment to Environmental Justice for All | The White House).  

During the webinar, the collaborative “partnership and relationship” of NIEHS and WERA was 

praised as a national model of EO-14096 by Sharunda Buchanan, PhD (Interim Director, Office 

of Environmental Justice, U.S. Department of Health & Human Services) and Jalonne White-

Newsome, PhD (Federal Chief Environmental Justice Officer, White House Council on 

Environmental Quality). Buchanan and White-Newsome were both presenters at the EJ Action 

Forum on WE/TAMP in Mebane, NC, November 30, 2023.  

 

The West End Revitalization Association and collaborative partners look forward to NEJAC actions 

on the above environmental justice recommendations. Approval of WERA’s should strengthen our 

“all of government” commitment to reduce adverse exposures and health disparities in BIPOC 

communities throughout the nation. Feel free to contact us for additional and information. 

 

With great respect,  

 

Omega and Brenda Wilson, Co-Founders / Directors 

Ayo B Wilson, Co-Directors & Director of Clean Energy & Climate Justice 

Evon P Connally, WERA Board Chair & 30-year Healthcare Professional at Alamance Regional 

Medical Center – Cone Health 

 

CC: 

• Michael Regan, EPA Administrator 

• Charles Lee, EPA Senior Policy Advisor 

• Rischard Woychik, NIEHS Director, Research Triangle Park-NC 

• Jalonne White-Newsome, Federal Chief Environmental Justice Officer, White House Council 

on Environmental Quality 

• Sharunda Buchanan, Interim Director, Office of Environmental Justice, U.S. Department of 

Health & Human Services 

• Peggy Shepard, WE ACT & White House Environmental Justice Advisory Council 

• Susan Park, EPA, Region 4 Director Strategic Programs, Atlanta, GA 

• Attorney Cynthia M Ferguson, Director Office of Environmental Justice, US DOJ 

• Nathaniel Edwards, DOD/US Army 

• Amy Laura Cahn, Title VI Alliance for Accountability and Transparency 

• Richard Grow, Title VI Alliance for Accountability and Transparency (retired EPA) 

• Vernice Miller Travis, Title VI Alliance for Accountability and Transparency 

• Sacoby M Wilson, PhD, Director of Community Engagement, Environmental Justice and 

Health, University of Maryland-College Park 

• Chandra Taylor-Sawyer, Senior Attorney at Southern Environmental Law Center (SELC) 

• Marilyn Marsh-Robinson, Environmental Defense Fund (EDF) North Carolina 

• Natalie Bullock Brown, Documentary Accountability Working Group – Media Producer 

• Lisa Sorg, NC Newsline – Media Environmental Investigative Reporter 

• Will Atwater, North Carolina Health News – Media Health Reporter 

• Leoneda Inge, “Due South Series” WUNC-FM Radio – Media Race & Southern Culture 

https://www.whitehouse.gov/briefing-room/statements-releases/2023/04/21/fact-sheet-president-biden-signs-executive-order-to-revitalize-our-nations-commitment-to-environmental-justice-for-all/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/04/21/fact-sheet-president-biden-signs-executive-order-to-revitalize-our-nations-commitment-to-environmental-justice-for-all/


 
 

                                                34 East Pine Street 
Orlando, FL 32801 

 
Corporate Headquarters 

6575 West Loop South, Suite 300 
Bellaire, TX 77401 

Main: 713.520.5400 
 

        res.us 

July 30, 2024 
 
Mrs. Laura Ward, Executive Director 
Mrs. Wanda Washington, Executive Director 
FOCUS 
PO Box 28 
Tallevast, FL 34270-0038 
la1law@aol.com 
washingtonwd@aol.com 
 
Subject: Review of SWFWMD Request for Additional Information Response 
  Lockheed Martin Tallevast Site, Manatee County, FL 
  RES PRJ Number: 108482 
 
Dear Mrs. Ward and Mrs. Washington:  
 
RES Florida Consulting, LLC (RES) is pleased to submit this review of the Response to Request for Additional Information 
from the Southwest Florida Water Management District prepared for the Lockheed Martin Tallevast Site by AECOM, dated 
April 26, 2024.  

 

SWFWMD COMMENTS 
1. The 2022 Annual Wetlands Monitoring Report indicated that monitoring ceased for Reference Wetland 

3 (RW-3) following the sale of the property. There are currently no monitored reference wetlands in 
the monitoring network. The permitted wetland network was part of the reasonable assurance that activities 
would not impact environmental features presented in the original water use permit application. A 
Request for Additional Information (RAI) Letter was sent out on December 9, 2022, notifying the permittee 
that an application to modify the Water Use Permit is required to amend the Environmental Monitoring Plan 
(EMP). A paper application was also delivered during the November 29, 2023 site visit to the property. 
Please apply to modify the Water User Permit to update the EMP to reflect the changes and provide 
reasonable assurance that  permitted  activities  have  and  will  not  impact environmental features. 
The application to modify the Water Use Permit should include analysis of potential replacement 
wetlands outside of the project area. The online application portal is linked here for your 
convenience. Refer to WUP Applicant’s Handbook Section 3.3.1.1.4 40D-2.091, F.A.C. and Rule 40D-
2.301(1), F.A.C. 
 

Lockheed Martin Response: 
A completed Water Use Permit Letter Modification Short Form Application and an updated Wetlands 
Monitoring Plan (WMP) are provided in Attachment A for continued protection of environmental features 
during active remediation. The updated WMP provides a summary of historical changes that have occurred in 
the wetland monitoring program, provides details of the current monitoring program, and recommends an 
alternate reference wetland to replace former RW-3. 

 
RES Response:  

While an updated Water Use Permit Application was provided by the respondent in the April 26, 2024 response, 
reasonable assurance has not been provided to ensure that permitted activities have not impacted and will not impact 
wetlands. Reference Wetland RW-3 was abandoned for monitoring, prior to SWFWMD permit modification submittal 
and approval. Lockheed Martin indicated that they reviewed the possibility of using RW-1 and RW-2 as a reference 
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wetland and the report indicated that they are not suitable due to them having water levels influenced by stormwater 
control features. Wetlands TW-1 and TW-18 were also evaluated as a potential replacement for RW-3, but the 2024 
Wetland Monitoring Plan states that they are too near recharge gallery RC-7001 and have elevated water levels. 
Lockheed Martin then evaluated TW-2 as a potential suitable replacement for RW-3. The RAI response package and 
updated Wetland Monitoring Plan indicated that TW-2 would be an acceptable replacement reference wetland to 
monitor because their former target wetland TW-2 was outside of the one foot drawdown of system capture as 
presented in the 2009 RAPA and no discharge from RC-7002 occurred in 2019 to 2023 to supplement water levels at 
TW-6. We note that the hydrodynamics of the groundwater capture zone have been modified over the years and 
differ from the model presented in the 2009 RAPA document.  SWFWMD evaluated 10 years of water levels and other 
indicators and conducted a field visit with Lockheed Martin to evaluate if wetland TW-2 would suffice as a 
replacement reference wetland. Former station TW-2 is now considered to be reference wetland RW-6 and is replacing 
reference wetland RW-3 to continue monitoring levels per the SWFWMD Water Use Permit Number 20020198.002.  
RES reviewed the water pumping volumes from the EW-4010 and EW-4001 which are nearest to the proposed RW-
6 (formerly TW-2) reference wetland in the 2023 RASR.  The RASR indicates that the actual monthly pumping volumes 
far exceeds the pumping allowances approved for those extraction wells per SWFWMD permit (No. 200020198.001). 
Total quantities authorized by the previous permit and the recent SWFWMD permit modification (No.200020198.002) 
have not changed, 230,200 gpd annual average and 251,400 gpd peak month. Regardless of the 2009 RAPA’s one 
foot drawdown Lockheed’s most recent data per the 2023 Remedial Action Status Report indicates that target wetland 
TW-2 located is within the cone of influence of the groundwater recovery system per the 2023 Remedial Action Status 
Report and therefore should not be considered a viable reference wetland as it is hydrologically inundated and does 
not reflect previously established or unaffected wetlands within the community. This pumping is expected to cause 
significant impact of water elevations in RW-6 (formerly TW-2) due to the large pumping volumes from nearby 
extraction wells EW-4010 and EW-4001 and the resulting documented groundwater elevation depression in that 
area.   Lockheed Martin has not provided justification that TW-2 should be considered a reference wetland to meet 
the requirements of the original SWFWMD permit (No. 200020198.001) per these concerns. We request that the 
SWFWMD require an unaffected wetland be used as a reference wetland in order to meet the permitting requirements 
of SFWMD permit number 200020198.001.  We also request that SWMFMD note that Lockheed Martin has 
consistently violated the allowable individual well pumping volumes outlined in the permit. 

  
2. The 2023 Annual Wetland Monitoring Report indicated the ground cover, shrubs/small trees, and trees strata 

WAP scores at TW-6 were a 3, 4, and 4, respectively. Please review the WAP Ranking Scale Guidance Sheet 
(linked below) and the submitted WAP forms and re-score the strata. For example, 35% cover of Eupatorium 
capilifolium, an adaptive plant in the deep zone, would constitute at most a score of 2, for having moved in 
two zones in high numbers and distribution (above 25%). The pictures submitted in support of the WAP 
forms also appear to have more than 10% cover of Urena lobata. This was verified on a recent site visit by 
District Staff. Please review and resubmit the scoring of all strata and ensure that the explanations provided 
match the score sheets appropriately. Please visit the following link to reference the WAP Instruction Manual 
and WAP Ranking Scales. Refer to Rules 40D-2.091, 40D-2.101 and 40D-2.301, FAC. 

 
Lockheed Martin Response: 

After reviewing the WAP field data sheets, a score of 2 is applicable for groundcover due to the increase in cover 
of Eupatorium capilifolium in two zones. The zonation scoring explanation provided in the WAP field data sheet 
states this observation, however an incorrect scoring value of 3 was used. A revised WAP scoring sheet for 
groundcover is provided in Attachment B. 

 
RES Response:  

The WAP Form was revised to reflect SWFWMD assessment of WAP scores. Based on the photographs provided in 
the report, RES agrees with the revised WAP score of vegetation coverage at wetland TW-6. This reduced WAP score 
shows species have moved in two zones in high numbers and distribution and are species with an upland 
classification that have moved into the deep zone in enough numbers and distribution to be of concern. The 
migration of these invasive upland species into the deep zone shows higher degradation in the overall wetland 
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quality than was previously reported. If the continued migration of these upland species into the deep zone of the 
wetland occurs, TW-6 will cease to be a functioning wetland. It is RES recommendation that Lockheed Martin be 
required to provide adequate hydrological measures to ensure TW-6 is a functioning wetland and that invasive 
species management become a part of the Wetlands Monitoring Plan to confirm TW-6 is meeting the required goals 
of SWFWMD permits (No. 200020198.001). 

 
3. Review of the 2023 Remedial Action Plan (RAP) in parallel with the 2023 Wetland Monitoring Report 

indicated that water quality monitoring occurs on property where wetland monitoring has been deemed 
inaccessible. Please clarify how the permittee has access to take water level/quality readings at Staff Gage 8 
on parcel ID 1985310000; and MW 97 and 162-166 on parcel ID 1986400008, but not at the wetlands located 
on the same parcels. Please investigate and report the feasibility of establishing vegetation monitoring 
transects at these locations and include this information in your permit modification application. Refer to 
Rules 40D-2.091, 40D-2.101 and 40D-2.301, FAC. 

 

Lockheed Martin Response: 

The above referenced monitoring locations MW-97 and MW-162 through 166 are located within the Manatee 
County public right-of-way of 19th St East. Staff gauge SG-8 and former TW-2 are located on an adjacent property 
to the east of the right-of-way. Former target wetland TW-18 is located on an adjacent property to the west of the 
right-of-way. Monitoring of target wetlands TW-2 and TW-18 was discontinued as they were determined to be 
outside of the groundwater recovery and treatment system influence. The recommendation to remove these 
wetlands from the monitoring program was acknowledged by FDEP on September 27, 2019, in association with the 
five-year review of the wetlands monitoring program as allowed in Section 13.6.1 of the 2009 RAPA. As requested 
by the SWFWMD, an investigation was conducted to locate a suitable replacement for former reference wetland 
RW-3. The results of this search indicated former TW-2 was the best alternative for a replacement reference wetland. 
Henceforth, former target wetland TW-2 will be redesignated as reference wetland RW-6. The search process details 
are included in the updated WMP provided in Attachment A. 

 
      RES Response: 

This comment does not address why the staff gauges were accessible, but wetland monitoring was not completed in 
the 2023 Wetlands Monitoring Plan. While the recommendation for these locations to be removed was acknowledged 
by FDEP, it was not requested in a modification for the existing Water Use Permit 20020198.002.  Both agencies should 
be consulted as their technical purviews are distinctly different.  In order for a responsible decision to be made both 
must weigh in with their expertise. Staff gauge 8 located on former TW-2 is designated to be monitored as RW-6 within 
the 2024 Wetlands Monitoring Plan.  

 
4. Table 9-2 of the 2020-2023 Wetland Monitoring Reports indicate that water levels in TW-6 were below the 

land surface from September 2020-May 2023. District Staff also observed a dry staff gage in November 
2023. The dry period coincided with the decrease in WAP scores and does not appear to have been corrected 
by turning on adjacent RC-7002, as there has not been an above surface water level reading since restarting 
utilization of the recharge gallery. Section 13.6.2 of the 2009 Remedial Action Plan Addendum states that 
DEP must be notified if the water levels are below the p50 for three consecutive monitoring periods within 
a target wetland. This threshold has been surpassed. Please notify FDEP of this occurrence and provide the 
District with proof of this report and any subsequent correspondence with FDEP. Refer to Rules 40D-2.091, 
40D-2.101 and 40D-2.301, FAC. 

 

Lockheed Martin Response: 

The 2022 and 2023 WMRs submitted to the FDEP and SWFWMD discussed the water level elevation in TW-6 being 
below the normal pool (NP) threshold during their respective reporting periods. The 2022 WMR stated that the 
monitoring period of June 2021 through June 2022 was the first monitoring period in which the water level elevation 
was below the NP threshold throughout the entire monitoring period and that implementation of a mitigation plan 
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would be discussed with FDEP if the water level elevation remained below the NP threshold throughout the entirety 
of the next two monitoring periods. The review letter provided by FDEP on October 22, 2022, which is included in 
Attachment C, acknowledged that the hydroperiod was showing influence due to the RAPA treatment system, with 
no further comments provided. 
 
The 2023 WMR stated that the water levels were above the NP threshold for approximately two weeks in September 
and October 2022 and that implementation of a mitigation plan would be discussed with the FDEP if the water level 
elevation remains below the NP threshold throughout the entirety of the next monitoring period or if the health of 
TW-6 declines. Correspondence provided by FDEP dated September 27, 2023, included in Attachment C, 
acknowledged that water levels reported were relatively higher in the June 2022 to June 2023 monitoring period 
than observed in the previous reporting period (June 2021 to June 2022). 
 

As previously mentioned, flow to recharge gallery RC-7002 was re-started in January 2023 at minimal flow rates. 
During 2024, discharge flow rates to RC-7002 have been incrementally increased based on operational conditions 
observed. As observed during our March 15, 2024 visit, water levels observed at TW-6 in March 2024 were 
approximately 2 feet higher than observed in March 2023, and 4 feet higher than observed in December 2023. The 
operation of the recharge gallery has contributed to the replenishment of water in the wetland. This information 
will be included in the 2024 WMR. 

 
RES Response: 

FDEP was not notified that water levels were below the p50 threshold for the monitoring periods outside of the 2022 
and 2023 Wetland Monitoring Report submittals. Incorporating this information into a comprehensive annual report 
does not meet Lockheed’s obligation of reporting this to FDEP. This reporting requirement exists to allow for more 
timely intervention to assure that permittees can continue meeting their permitting goals of maintaining the wetland. 
Although penalties on failing to report are discretionary to SWFWMD, the community may want to evaluate its role in 
addressing this for the past violations as well as ongoing failures if Lockheed continues to fail to perform this obligation. 
Additionally, this comment does not address if additional information was provided to FDEP regarding the water 
elevation levels nor the dry staff gauge reported by SWFWMD in November 2023. The new permit modification notes 
there is no change in the annual average quantity (230,200 gallons per day), yet there is no reference to the excess 
pumping from individual wells and their potential impact on RW-6 in comparison to TW-6. The 2024 Wetlands 
Monitoring Report to be submitted September 1, 2024, will be reviewed by RES to confirm discharge flow rates and 
surface water levels at TW-6. Additionally, if the water levels do remain higher the report will need to be reviewed for 
a change in health at TW-6.   

 

Additional Historic Comments/Concerns: 

Lockheed Martin submitted the response to request for additional information April 26, 2024.  SWFWMD issued a memorandum 
dated May 21, 2024 identifying the changes to the Wetland Monitoring Plan and the modification to the existing Water Use 
Permit. SWFWMD then issued the permit modification on May 23, 2024. Total quantities authorized by the revised SWFWMD 
Water Use Permit modification (No. 20020198.002) have not changed and Reference Wetland 6 will now be monitored in 
conjunction with Target Wetland 6.  

Lockheed Martin is monitoring selective staff gauges and stilling wells associated with wetlands and other surface waters as 
part of the Remedial Action System monitoring.  However, a limited amount of this information is provided to the SWFWMD 
as part of its wetlands monitoring reports.  An example is the spring fed pond located northwest of RW-6 which currently has 
a staff gauge that is being monitored by Lockheed Martin as part of the remediation action plan reporting, but not included in 
the Wetlands Monitoring Report. RES recommends including monitoring data from staff gauges and stilling wells and inclusion 
of this data in the future Wetlands Monitoring Reports to better understand impacts of pumping on wetlands and other surface 
waters within the project area. 
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Per the letter provided by RES dated October 19, 2023, there are concerns regarding the 2023 Wetlands Monitoring Report and 
the newly identified Reference Wetland 6. No field monitoring has occurred at RW-6 (TW-2) since 2019 and Lockheed Martin 
has yet to provide sufficient scientific justification as to why a previous target wetland will now be an acceptable reference 
wetland per the revised Wetlands Monitoring Plan. 

Sincerely, 

RES Florida Consulting, LLC 
 

 
 

Megan Reising, M.S.       Nadia Locke, P.E. 
Scientist IV        Senior Engineer 
mreising@res.us        nlocke@res.us  
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Full Name: Dionna Brown  
Name of Organization or Community: Young, Gifted & Green  
City and State: Flint, MI  
Subject of Comment is Relevant to: Other Brief description about your recommendation relevant to your 
selection above: 
 
Hello, my name is Dionna Brown, and I am the National Director of Youth Environmental Justice 
Programs and Policy at Young, Gifted & Green. I am a proud alumna of Howard University and a recent 
graduate of Wayne State University, where I earned my Master’s degree in Sociology. I stand before you 
as a living testimony of the resilience and potential of Flint’s youth, having overcome the adversity of 
being poisoned by the Flint Water Crisis ten years ago. 
 
My journey into environmental justice was not immediate. It wasn’t until my senior year of college that I 
began to deeply engage with the issues that had affected my community for so long. While taking a 
course on Environmental Inequalities, I met the co-founder of Young, Gifted & Green. After reviewing my 
resume, she invited me to interview for an intern position with the organization. Three years later, 
following a contract position, I am now a full-time staff member dedicated to empowering Black and 
Brown youth in fighting environmental justice. 
 
However, my story is not the norm for many students in Flint. Not every young person in my community 
has had the same opportunities, resources, or guidance I was fortunate to receive. This disparity is 
precisely why I am here today: to advocate for increased support and engagement for Black and Brown 
youth, particularly those from disadvantaged communities like Flint. 
 
Firstly, I strongly urge the NEJAC to recommend that the EPA increase funding for educational programs 
specifically targeted at Black and Brown youth. These programs should be designed to educate young 
people about environmental issues, particularly those affecting their communities. Integrating such 
education into school curricula and community centers will ensure it is accessible to all students, 
regardless of socioeconomic background. 
 
Educational programs provide the knowledge and tools for youth to understand climate change and its 
impacts. By tailoring these programs to the unique experiences of marginalized communities, we can 
empower a generation of informed and proactive environmental advocates. 
 
Secondly, it is vital to develop and fund platforms where Black and Brown youth can voice their concerns 
about climate change and other environmental issues. These platforms could include youth councils, 
advisory boards, and public forums designed to amplify their voices. While initiatives like the NEYAC 
exist, they have not been as effective as they could be in ensuring meaningful youth engagement in 
decision-making processes. 
 
Engaging youth in discussions about climate change ensures their perspectives are included in decision-
making processes. Providing platforms for youth to express their concerns can lead to more inclusive and 
effective climate policies. 
 
Lastly, I recommend allocating more resources to support Black and Brown youth-led advocacy groups 
and initiatives. This can include grants for grassroots organizations, training programs for young activists, 
and resources for youth-led campaigns and projects. Youth-led advocacy groups can drive meaningful 



change by bringing fresh perspectives and innovative ideas. Supporting these initiatives fosters 
leadership skills and a sense of ownership over climate action among young people. 
 
I have heard their concerns in my work directly with Flint youth through the summer camp and Youth EJ 
Council. They are worried about their water quality, the air they breathe, and the lack of green spaces in 
their communities. They feel their voices are not heard in the more extensive environmental discussions. 
These young people are eager to learn, engage, and lead but need the support and resources to do so 
effectively. 
  
By prioritizing educational programs, creating dedicated platforms for youth input, and supporting 
youth-led advocacy, the EPA can ensure that the next generation of environmental leaders is well-
equipped to tackle the challenges ahead. I urge NEJAC to advise the EPA to adopt these 
recommendations and allocate the necessary funding and resources to empower Black and Brown youth 
in environmental justice efforts. 
 
Thank you for your time and consideration. 
 
 
In Truth and Service, 
Dionna Brown 
National Director of Youth Environmental Justice Programs and Policy Young, Gifted & Green 
 



My name is Kameron Motley, a creative and motivated rising junior at Morehouse College majoring in 
Sociology from the resilient city of Flint Michigan. I am also a representative of the Young Gifted and 
Green Environmental Justice Council.  
 
I have firsthand experienced the devastating impact of the water crisis on my community and was 
inspired to become actively involved in environmental justice. Through my work with various youth 
organizations, I have seen the power of youth engagement in driving positive change. To further 
enhance youth involvement in environmental initiatives, I encourage the Environmental Protection 
Agency to focus on three key areas.  
 
The EPA should develop and fund educational programs in schools and community centers that focus on 
environmental stewardship, climate change, and sustainable practices. These programs should be 
specifically tailored to address the unique challenges and needs faced by communities like Flint, which 
plant a seed in young people to advocate for environmental justice in their own neighborhoods.  
 
It is imperative that the EPA supports and funds youth-led environmental projects that directly address 
local issues. Speaking from firsthand experience as a youth, programs that allowed me to learn and lead 
in environmental issues helped foster a sense of understanding and confidence in my ability to establish 
change in our environment. Providing grants, mentorship, and time will help enable young leaders to 
take the lead in creating and implementing solutions for their communities.  
 
The EPA should be highly selective in choosing those that cater to communities most impacted by 
environmental issues, like Flint. By focusing on schools and organizations in underserved areas, the EPA 
can help bridge the gap in access to environmental knowledge and resources. These targeted 
partnerships are important, ensuring that the youth who have been disproportionately affected by 
environmental injustices are given the tools and opportunities to advocate for their communities 
effectively.  
 
The EPA has the opportunity to play a crucial role in inspiring young people, particularly those from 
underserved areas, to become active participants in environmental justice efforts. I urge the agency to 
focus on these strategies to ensure that the next generation is equipped to lead in the fight for a more 
sustainable and equitable future. Thank you for the opportunity to speak. 
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August 8, 2024 
 

VIA E-MAIL 

Michael Reagan, Administrator 
USEPA William Jefferson Clinton Building 
Mail code: 1101A  
1200 Pennsylvania Avenue N.W. 
Washington, DC 20004 
regan.michael@epa.gov  

 

 

Re: Proposed Reorganization of the National Tribal Caucus Under the 
Federal Advisory Committee Act  

 

Dear Administrator Regan: 
 

The Region 5 Regional Tribal Operations Committee Tribal Caucus writes to 
oppose EPA’s proposed reorganization of the NTC under the Federal Advisory 
Committee Act (“FACA”).  The Region 5 Regional Tribal Operations Committee 
Tribal Caucus has identified multiple issues with EPA’s proposal, not least of 
which is the lack of information regarding what problem EPA is attempting to 
address through the proposed reorganization.  The Consultation and 
Coordination Plan (“Consultation Plan”) that EPA sent to Tribes on April 11, 2024 
presents the reorganization of NTC under FACA as a foregone conclusion, and 
merely asks Tribes to answer questions regarding how best to implement this 
plan.  To be clear—the NTC is an exclusively Tribal organization, comprised solely 
of representatives from sovereign Tribes.  The EPA has no authority to propose 
its reorganization or dictate the terms of its representation.1  The National Tribal 
Operations Committee (“NTOC”) is the forum through which Tribes advise the 
EPA and is conceivably within EPA’s purview.  But EPA has no authority to tell 
Tribes how we may organize ourselves, through a Tribal caucus or otherwise.  
Any EPA proposed “consultation” about how Tribes are permitted to organize  

                                                           
1 The Consultation Plan also proposes to increase the proportion of elected or 
traditionally appointed Tribal leaders to serve on the NTC.  EPA lacks the 
authority to determine NTC structure or mandate how Tribes designate their 
NTC representatives.  Tribes retain the right to appoint their designees and 
determine how best to represent their interests at the NTC.   

mailto:regan.michael@epa.gov
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can only be understood to be a misguided and paternalistic Federal attempt to meddle in inter-
Tribal self-governance. 

EPA’s Policy on Consultation with Indian Tribes requires that “‘Tribal concerns and interests are 
considered whenever EPA’s actions and/or decisions may affect’ Tribes.”2  Further, “[e]ffective 
consultation means that information obtained from Tribes be given meaningful consideration 
and EPA should strive for consensus or a mutually desired outcome.”3  EPA’s apparent decision 
to reorganize the NTC pursuant to FACA prior to engaging Tribal leaders on the issue abjectly 
fails to satisfy these requirements.   

The questions outlined in the Consultation Plan are the wrong questions.  EPA skipped the initial 
step of asking Tribes whether they agree with EPA’s view that changes needed to be made to 
the NTOC and seeks to impose a solution to a problem which EPA defined without any Tribal 
input.  If EPA is serious about meaningful government-to-government consultation with Tribes, 
the first step is to engage Tribal leaders in a discussion regarding EPA’s concerns with the 
existing NTOC structure to ensure that any modifications are reasonable and address Tribal and 
EPA interests.  Had EPA consulted with Tribes earlier, it would have realized that reorganizing 
NTC under FACA offends fundamental principles of Federal-Indian policy favoring Tribal 
sovereignty and self-governance.  

I. The EPA Lacks Statutory Authority to Apply FACA to the NTC and NTOC 

The NTOC is composed of the NTC and EPA Senior Management across the EPA, including the 
American Indian Environmental Office (“AIEO”).  The NTOC Charter explicitly states that NTOC is 
exempt from FACA, pursuant to 2 U.S.C. § 1534(b).4  The Consultation Plan does not explain  

                                                           
2 EPA Policy on Consultation with Indian Tribes (“EPA Consultation Policy”), at 1, Dec. 7, 2023, 
https://www.epa.gov/tribal/epa-policy-consultation-indian-tribes (quoting EPA Policy for the 
Administration of Environmental Programs on Indian Reservations (“EPA Indian Policy”) at 3, 
Nov. 8, 1984, https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-
indian-reservations-epa-indian-policy).  
3 EPA Consultation Policy, at 3.  
4 This statutory provision, known as the Unfunded Mandates Reform Act (“UMRA”) exemption, 
provides that FACA “shall not apply to actions in support of intergovernmental communications 
where—(1) meetings are held exclusively between Federal officials and elected officers of 
State, local, and tribal governments (or their designated employees with authority to act on 
their behalf) acting in their official capacities; and (2) such meetings are solely for the purposes 
of exchanging views, information, or advice relating to the management or implementation of 
Federal programs established by public law that explicitly or inherently share 
intergovernmental responsibilities or administration.”  2 U.S.C. § 1534(b).  The UMRA exception 
applies to NTOC because it is the mechanism through which the Tribal caucus advises Federal 

https://www.epa.gov/tribal/epa-policy-consultation-indian-tribes
https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-indian-reservations-epa-indian-policy
https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-indian-reservations-epa-indian-policy
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why EPA proposes to reorganize the NTC, but not the NTOC.  Nor does it identify how EPA 
proposes to apply FACA to the NTC when NTOC is exempt.  In any event, EPA lacks the authority 
to implement this proposal.  The NTC is a Tribal caucus organization solely comprised of non-
Federal representatives of Tribal governments.  It is constituted pursuant to the sovereign 
authority of each Tribal representative to the NTC and is completely exempt from FACA.5   

II. FACA Reorganization is Inappropriate for the NTC  

1. Imposing FACA Would Inappropriately Exert Federal Authority Over Tribal Coordination 
and Cooperation 

FACA provides that “the function of advisory committees should be advisory only, and all 
matters under their consideration should be determined, in accordance with law, by the 
official, agency, or officer involved.”  5 U.S.C. § 1002(b)(6) (emphasis added).  Accordingly, 
FACA mandates that advisory committees “not hold any meetings except at the call of, or with 
the advance approval of, a designated officer or employee of the Federal Government 
and…with an agenda approved by such officer or employee.”  Id. § 1009(f).  Reorganizing the 
NTC pursuant to FACA’s requirements would prohibit Tribal representatives from meeting 
together without approval from EPA leadership, which plainly undermines Tribes’ sovereign 
authority to establish their own procedures, protocols, and grounds for coordination.  FACA 
would also impose an additional layer of Federal control over the NTC by requiring regular 
reporting to the General Services Administration (“GSA”), which is empowered to reframe the 
committee’s mandate or abolish it altogether.  Id. § 1006(b)(1).  

                                                           
officials regarding the management or implementation of Federal EPA programs, in accordance 
with the intergovernmental responsibilities shared between Tribes and the Federal 
government.  See NTOC Charter at 2; NAACP Legal Def. & Ed. Fund., Inc. v. Barr, 496 F. Supp. 3d 
116, 137 (D.D.C. 2020) (UMRA exemption applies to committees subject to FACA, where 
meetings adhere to the two prongs of 2. U.S.C. § 1534(b)). 
5 FACA defines an advisory committee as a committee “established or utilized to obtain 
recommendations for the President or one or more agencies or officers of the Federal 
Government” and is established by statute or reorganization plan, established or utilized by the 
President, or established or utilized by one or more Federal agencies.  5 U.S.C. § 1001(2).  
Groups established pursuant to sovereign Tribal authority do not fall within this definition.  See 
Wash. Leg. Fund v. U.S. Sentencing Comm’n, 17 F.3d 1446, 1450–51 (D.D.C. 1994) (interpreting 
the word “utilized” in FACA to “encompass[] a group … so closely tied to an agency as to be 
amenable to strict management by agency officials.” (quotation omitted)); Food Chem. News v. 
Young, 900 F.3d 328, 332 (D.D.C. 1990) (“[E]stablished indicates a Government-formed advisory 
committee…” (quotation omitted)); Pub. Citizen v. U.S. Dep’t of Justice, 491 U.S. 440, 463–64 
(1989) (“A literalistic reading [of the term ‘utilized’ in FACA] would catch far more groups and 
consulting arrangements than Congress could conceivably have intended.”).   
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Not only is EPA’s effort to impose FACA on the NTC, a Tribal caucus, paternalistic and 
misguided, it is completely contrary to the letter and spirit of the Biden Administration’s 
policies of respect for the integrity of Tribal self-determination and self-governance.6  Because 
advisory committees “shall be utilized solely for advisory functions,” id. § 1008(b), and the 
NTOC is the mechanism through which the NTC advises the EPA, FACA is plainly inapplicable to 
the NTC as an exclusively Tribal entity. 

2. FACA Contemplates Advisory Committees with Narrower Scope and Undercuts the NTC’s 
Broad Mandate  

FACA was implemented to limit the scope and duration of committees advising officers and 
agencies in the executive branch of the Federal government.  5 U.S.C. § 1002(a).  Pursuant to 
FACA, “new advisory committees should be established only when they are determined to be 
essential and their number should be kept to the minimum necessary” and “should be 
terminated when they are no longer carrying out the purposes for which they were 
established.”  Id. § 1002(b)(2), (3).  As such, FACA contemplates discrete committees that are 
created to fulfill a particular purpose and are designed to sunset after two years, unless 
extended.  See id. § 1004(b)(1), (c) (requiring agency heads or Federal officials to have a “clearly 
defined purpose for the advisory committee”); id. § 1013(b), (c) (setting two-year expiration 
period for advisory committees, with options for renewal).  

The NTC and NTOC have a much broader mandate to address environmental issues impacting 
Indian country, and are not issue-specific.  In particular, the NTOC works with “EPA Senior 
Leadership on policy and resource matters related to tribal capacity building, environmental 
program development, and implementation in Indian country” and “identifies mechanisms for 
Federally recognized tribes and EPA to facilitate actions that protect human health and the 
environment in Indian country.” NTOC Charter §§ 3–4.  Reorganizing under FACA would limit 
the scope and function of the NTC and hamstring its ability to broadly address Tribal interests 
across the full range of environmental impacts.  Tribes are not a special interest and Tribal 
engagement is critical to the EPA’s ability to operate effectively in Indian country.  Limiting the 
NTC’s scope to fit the FACA framework undermines “EPA’s fundamental objective in carrying 
out its responsibilities in Indian Country…to protect human health and the environment.”7   

                                                           
6 See, e.g. Executive Order 14058, Reforming Federal Funding and Support for Tribal Nations to 
Better Embrace Our trust Responsibilities and Promote the Next Era of Tribal Self-
Determination, Dec. 6, 2023, https://www.federalregister.gov/documents/2023/12/11/2023-
27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust.  
7 Consultation Policy at 2. 

https://www.federalregister.gov/documents/2023/12/11/2023-27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust
https://www.federalregister.gov/documents/2023/12/11/2023-27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust
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3. FACA’s Public Notice and Reporting Requirements will Discourage Sharing of Tribal Data 
and Information  

FACA requires that each advisory committee meeting be opened to the public, 5 U.S.C. § 
1009(a)(1), and that—unless national security is implicated—timely notice of each meeting be 
published in the Federal  

Register and all interested parties be notified of meetings, id. § 1009(a)(2).  Any “interested 
person” must be “permitted to attend, appear before, or file statements with any advisory 
committee,” id., §1009(a)(3), and all “records, reports, transcripts, minutes, appendixes, 
working papers, drafts, studies, agenda, or other documents which were made available to or 
prepared for or by each advisory committee shall be available for public inspection and 
copying,” id. § 1009(b).  Further, each advisory committee must keep detailed minutes and a 
complete description of “all matters discussed and conclusions reached,” id., § 1009(c), and 
transcripts of advisory committee meetings must be made available to any person, id. § 
1010(b). 

The public notice and disclosure requirements of the FACA fundamentally intrude upon the 
government-to-government relationship between Tribes and EPA.  Further, these requirements 
present grave concerns for the protection and preservation of sensitive Tribal data and will 
significantly hamper the NTC’s ability to utilize sensitive Tribal data in advising the NTOC and 
EPA on critical environmental matters.  

4. Imposing FACA on the NTC Would Require Non-Tribal Perspectives to be Represented in 
Inter-Tribal Strategic Discussions 

FACA establishes guidelines for agency heads and other Federal officials creating an advisory 
committee, 10 U.S.C. § 1004(c), including that advisory committee membership “be fairly 
balanced in terms of the points of view represented and the functions to be performed by the 
advisory committee,” id. § 1004(b)(2).  These requirements are not discretionary.  Id. § 1004(c) 
(“To the extent they are applicable, the guidelines set out in subsection (b) shall be 
followed…”).  Tribal advice to the EPA via the NTC and NTOC is advice between governments.  
This provision in FACA could be read to require the NTC to include industry representatives or 
other non-Tribal groups’ perspectives in its deliberations and advising.  EPA, as trustee for Tribal 
beneficiaries, is obligated by its Federal trust responsibility to pursue the best interests of its 
Tribal beneficiaries.  EPA cannot impose some pseudo “balance” between the interests of Tribal 
beneficiaries and the general public, but FACA appears to require just that. 

5. FACA Makes the NTC More Vulnerable to Changes in Administration  

Contrary to EPA’s assurances that reorganization under FACA would somehow elevate and 
protect the NTC, the plain language of FACA makes the NTC significantly more vulnerable to  
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elimination.  Because FACA is designed to streamline and eliminate unnecessary advisory 
committees that are no longer serving a public purpose, it devotes significant focus to the 
termination of advisory committees.  See 5 U.S.C. § 1013.  Unless the two-year period is 
affirmatively extended by an officer of the Federal Government prior to the end of the two-year 
period, the advisory committee is terminated. Id. §§ 1013(a)(2), (c).  

FACA also requires the GSA to determine annually whether the committee “is carrying out its 
purpose,” whether the committee’s assigned responsibilities should be revised, whether the 
committee should be merged with another committee, or whether it should be abolished.  Id. § 
1006(b)(1).  The GSA and other Federal officials thus have wide latitude to recommend the 
termination of any advisory committee.  Because Tribal interests have historically served as 
political flashpoints, these provisions make any advisory committee focused on Tribal issues 
susceptible to the whims and priorities of each administration.  Should the GSA recommend 
abolition of a Tribal advisory committee that replaced the NTC, it is unclear how EPA would 
continue to carry out the mandates of the Agency’s 1984 Indian Policy, fulfill its trust 
responsibility, or otherwise satisfy the mission articulated in the existing NTOC Charter.  Far 
from strengthening the operations of the NTC and increasing collaboration with the other EPA 
Tribal Partnership Groups (as the EPA asserts in its Consultation Plan), reorganizing under FACA 
would make the NTC significantly more vulnerable and increases the likelihood that the NTC 
and NTOC do not continue as an institutional forum for Tribal coordination with the EPA.  

III. EPA Should Immediately Abandon this Misguided Proposal and Consultation Effort 

EPA’s proposal to reorganize the NTC under FACA attempts to use a square peg to fill a round 
hole without first determining whether the hole even exists.  If EPA wishes to consult on how 
the NTC might more effectively fulfill the goals of the EPA’s Consultation Policy and the trust 
responsibility, it should first engage Tribes on that question.  The Region 5 Regional Tribal 
Operations Committee Tribal Caucus urges the EPA to abandon its efforts to impose FACA 
where it does not belong and to instead begin this process on solid footing with true 
consultation on any concerns EPA has with the existing NTOC structure.  Only then can EPA and 
the Tribes design a solution that has legitimacy and Tribal support.   

Summary 

The Region 5 Regional Tribal Operations Committee Tribal Caucus provides these comments, as 
well as comments and concerns raised at the recent Region 5 RTOC meeting where Mr. 
Kenneth Martin attended in person to hear our concerns, that EPA fully hears our Tribal voice.  
A voice that is NOT in favor of this proposal.  We fully expect EPA to take these comments and 
understand that a process was NOT followed, it was flawed to the point this proposal needs to 
be scraped completely and a new process started, a process fully engaging the National Tribal 
Caucus and Tribes to identify and adopt new bylaws and charter for the National Tribal Caucus.  
This proposal process was problematical and upsetting to Tribes, as EPA was trying to pound a 
nail with a wrecking ball.  The FAC process is the polar opposite proposal to addressing  
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concerns with the National Tribal Caucus.  We look forward as the R5 Regional Tribal 
Operations Committee Tribal Caucus to engaging in the process to identify opportunities that 
are conducive to protecting and improving the conduit for the Tribal voice from the Regions to 
the National level. 

We recommend this proposal to be completely abandoned with a collaborative and engaging 
process to identify a proactive and progressive approach that doesn’t remove or minimize the 
Tribal voice, rather amplifies it and provides a stronger tie between the regions and the 
National Tribal Caucus. 

 

Regards, 

 
Region 5 RTOC Co-Chair, Tribal Caucus 
 
 
 

cc: Janet McCabe, mccabe.janet@epa.gov (EPA Deputy Administrator) 
Jane Nishida, nishida.jane@epa.gov (EPA OITA) 
Rafael DeLeon, deleon.rafael@epa.gov (EPA OITA) 
Kenneth Martin, martin.kenneth@epa.gov (EPA AIEO) 
Daniel Vaught, vaught.daniel@epa.gov (EPA AIEO) 
Rose Petoskey, rose.n.petoskey@who.eop.gov (White House Intergovernmental Affairs) 
Anthony Morgan Rodman, whcnaa@bia.gov (White House Council on Native American 
Affairs) 
Karen Martin, martin.karenl@epa.gov (EPA OEJECR) 
Theresa Segovia, segovia.theresa@epa.gov (EPA OEJECR) 
Sharri Venno – Region 1 RTOC Tribal Co-chair  
Shavonne Smith – Region 2 RTOC Tribal Co-Chair  
Dana Adkins – Region 3 RTOC Tribal Co-Chair  
Jerry Cain – Region 4 RTOC Tribal Co-Chair  
Tabitha Langston – Region 6 RTOC Tribal Co-Chair  
Alisha Bartling – Region 7 RTOC Tribal Co-Chair  
Jason Walker – Region 8 RTOC Tribal Co-Chair 
Roman Orona – Region 9 RTOC Tribal Co-Chair  
Raymond Paddock, III – Region 10 RTOC Tribal Co-Chair 
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RTOC  
Tribal 

Representatives 
 
 
Michigan 
Doug Craven 
Little Traverse Bay Bands of 
Odawa Indians 
 
Grant Poole 
Pokagon Band of Potawatomi 
 
Sally Kniffen 
Saginaw Chippewa Indian Tribe 
of Michigan 
Alternate 
 
 
 
 
Minnesota 
Brandy Toft 
RTOC Co-Chair 
Leech Lake Band of Ojibwe 
 
Krishna Woerheide 
Grand Portage Band of Ojibwe 
 
Renee Keezer 
White Earth Band of Ojibwe 
Alternate 
 
 

 
Wisconsin 
Linda Nguyen 
Red Cliff Band of Lake Superior 
Chippewa 
 
James Snitgen 
Oneida Nation 
 
Sarah Slayton 
Saint Croix Chippewa Indians of 
Wisconsin 
Alternate 

 

  
 

August 8, 2024 
 

VIA E-MAIL 

Michael Reagan, Administrator 
USEPA William Jefferson Clinton Building 
Mail code: 1101A  
1200 Pennsylvania Avenue N.W. 
Washington, DC 20004 
regan.michael@epa.gov  

 

 

Re: Proposed Reorganization of the National Tribal Caucus Under the 
Federal Advisory Committee Act  

 

Dear Administrator Regan: 
 

The Region 5 Regional Tribal Operations Committee Tribal Caucus writes to 
oppose EPA’s proposed reorganization of the NTC under the Federal Advisory 
Committee Act (“FACA”).  The Region 5 Regional Tribal Operations Committee 
Tribal Caucus has identified multiple issues with EPA’s proposal, not least of 
which is the lack of information regarding what problem EPA is attempting to 
address through the proposed reorganization.  The Consultation and 
Coordination Plan (“Consultation Plan”) that EPA sent to Tribes on April 11, 2024 
presents the reorganization of NTC under FACA as a foregone conclusion, and 
merely asks Tribes to answer questions regarding how best to implement this 
plan.  To be clear—the NTC is an exclusively Tribal organization, comprised solely 
of representatives from sovereign Tribes.  The EPA has no authority to propose 
its reorganization or dictate the terms of its representation.1  The National Tribal 
Operations Committee (“NTOC”) is the forum through which Tribes advise the 
EPA and is conceivably within EPA’s purview.  But EPA has no authority to tell 
Tribes how we may organize ourselves, through a Tribal caucus or otherwise.  
Any EPA proposed “consultation” about how Tribes are permitted to organize  

                                                           
1 The Consultation Plan also proposes to increase the proportion of elected or 
traditionally appointed Tribal leaders to serve on the NTC.  EPA lacks the 
authority to determine NTC structure or mandate how Tribes designate their 
NTC representatives.  Tribes retain the right to appoint their designees and 
determine how best to represent their interests at the NTC.   

mailto:regan.michael@epa.gov
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can only be understood to be a misguided and paternalistic Federal attempt to meddle in inter-
Tribal self-governance. 

EPA’s Policy on Consultation with Indian Tribes requires that “‘Tribal concerns and interests are 
considered whenever EPA’s actions and/or decisions may affect’ Tribes.”2  Further, “[e]ffective 
consultation means that information obtained from Tribes be given meaningful consideration 
and EPA should strive for consensus or a mutually desired outcome.”3  EPA’s apparent decision 
to reorganize the NTC pursuant to FACA prior to engaging Tribal leaders on the issue abjectly 
fails to satisfy these requirements.   

The questions outlined in the Consultation Plan are the wrong questions.  EPA skipped the initial 
step of asking Tribes whether they agree with EPA’s view that changes needed to be made to 
the NTOC and seeks to impose a solution to a problem which EPA defined without any Tribal 
input.  If EPA is serious about meaningful government-to-government consultation with Tribes, 
the first step is to engage Tribal leaders in a discussion regarding EPA’s concerns with the 
existing NTOC structure to ensure that any modifications are reasonable and address Tribal and 
EPA interests.  Had EPA consulted with Tribes earlier, it would have realized that reorganizing 
NTC under FACA offends fundamental principles of Federal-Indian policy favoring Tribal 
sovereignty and self-governance.  

I. The EPA Lacks Statutory Authority to Apply FACA to the NTC and NTOC 

The NTOC is composed of the NTC and EPA Senior Management across the EPA, including the 
American Indian Environmental Office (“AIEO”).  The NTOC Charter explicitly states that NTOC is 
exempt from FACA, pursuant to 2 U.S.C. § 1534(b).4  The Consultation Plan does not explain  

                                                           
2 EPA Policy on Consultation with Indian Tribes (“EPA Consultation Policy”), at 1, Dec. 7, 2023, 
https://www.epa.gov/tribal/epa-policy-consultation-indian-tribes (quoting EPA Policy for the 
Administration of Environmental Programs on Indian Reservations (“EPA Indian Policy”) at 3, 
Nov. 8, 1984, https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-
indian-reservations-epa-indian-policy).  
3 EPA Consultation Policy, at 3.  
4 This statutory provision, known as the Unfunded Mandates Reform Act (“UMRA”) exemption, 
provides that FACA “shall not apply to actions in support of intergovernmental communications 
where—(1) meetings are held exclusively between Federal officials and elected officers of 
State, local, and tribal governments (or their designated employees with authority to act on 
their behalf) acting in their official capacities; and (2) such meetings are solely for the purposes 
of exchanging views, information, or advice relating to the management or implementation of 
Federal programs established by public law that explicitly or inherently share 
intergovernmental responsibilities or administration.”  2 U.S.C. § 1534(b).  The UMRA exception 
applies to NTOC because it is the mechanism through which the Tribal caucus advises Federal 

https://www.epa.gov/tribal/epa-policy-consultation-indian-tribes
https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-indian-reservations-epa-indian-policy
https://www.epa.gov/tribal/epa-policy-administration-environmental-programs-indian-reservations-epa-indian-policy
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why EPA proposes to reorganize the NTC, but not the NTOC.  Nor does it identify how EPA 
proposes to apply FACA to the NTC when NTOC is exempt.  In any event, EPA lacks the authority 
to implement this proposal.  The NTC is a Tribal caucus organization solely comprised of non-
Federal representatives of Tribal governments.  It is constituted pursuant to the sovereign 
authority of each Tribal representative to the NTC and is completely exempt from FACA.5   

II. FACA Reorganization is Inappropriate for the NTC  

1. Imposing FACA Would Inappropriately Exert Federal Authority Over Tribal Coordination 
and Cooperation 

FACA provides that “the function of advisory committees should be advisory only, and all 
matters under their consideration should be determined, in accordance with law, by the 
official, agency, or officer involved.”  5 U.S.C. § 1002(b)(6) (emphasis added).  Accordingly, 
FACA mandates that advisory committees “not hold any meetings except at the call of, or with 
the advance approval of, a designated officer or employee of the Federal Government 
and…with an agenda approved by such officer or employee.”  Id. § 1009(f).  Reorganizing the 
NTC pursuant to FACA’s requirements would prohibit Tribal representatives from meeting 
together without approval from EPA leadership, which plainly undermines Tribes’ sovereign 
authority to establish their own procedures, protocols, and grounds for coordination.  FACA 
would also impose an additional layer of Federal control over the NTC by requiring regular 
reporting to the General Services Administration (“GSA”), which is empowered to reframe the 
committee’s mandate or abolish it altogether.  Id. § 1006(b)(1).  

                                                           
officials regarding the management or implementation of Federal EPA programs, in accordance 
with the intergovernmental responsibilities shared between Tribes and the Federal 
government.  See NTOC Charter at 2; NAACP Legal Def. & Ed. Fund., Inc. v. Barr, 496 F. Supp. 3d 
116, 137 (D.D.C. 2020) (UMRA exemption applies to committees subject to FACA, where 
meetings adhere to the two prongs of 2. U.S.C. § 1534(b)). 
5 FACA defines an advisory committee as a committee “established or utilized to obtain 
recommendations for the President or one or more agencies or officers of the Federal 
Government” and is established by statute or reorganization plan, established or utilized by the 
President, or established or utilized by one or more Federal agencies.  5 U.S.C. § 1001(2).  
Groups established pursuant to sovereign Tribal authority do not fall within this definition.  See 
Wash. Leg. Fund v. U.S. Sentencing Comm’n, 17 F.3d 1446, 1450–51 (D.D.C. 1994) (interpreting 
the word “utilized” in FACA to “encompass[] a group … so closely tied to an agency as to be 
amenable to strict management by agency officials.” (quotation omitted)); Food Chem. News v. 
Young, 900 F.3d 328, 332 (D.D.C. 1990) (“[E]stablished indicates a Government-formed advisory 
committee…” (quotation omitted)); Pub. Citizen v. U.S. Dep’t of Justice, 491 U.S. 440, 463–64 
(1989) (“A literalistic reading [of the term ‘utilized’ in FACA] would catch far more groups and 
consulting arrangements than Congress could conceivably have intended.”).   
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Not only is EPA’s effort to impose FACA on the NTC, a Tribal caucus, paternalistic and 
misguided, it is completely contrary to the letter and spirit of the Biden Administration’s 
policies of respect for the integrity of Tribal self-determination and self-governance.6  Because 
advisory committees “shall be utilized solely for advisory functions,” id. § 1008(b), and the 
NTOC is the mechanism through which the NTC advises the EPA, FACA is plainly inapplicable to 
the NTC as an exclusively Tribal entity. 

2. FACA Contemplates Advisory Committees with Narrower Scope and Undercuts the NTC’s 
Broad Mandate  

FACA was implemented to limit the scope and duration of committees advising officers and 
agencies in the executive branch of the Federal government.  5 U.S.C. § 1002(a).  Pursuant to 
FACA, “new advisory committees should be established only when they are determined to be 
essential and their number should be kept to the minimum necessary” and “should be 
terminated when they are no longer carrying out the purposes for which they were 
established.”  Id. § 1002(b)(2), (3).  As such, FACA contemplates discrete committees that are 
created to fulfill a particular purpose and are designed to sunset after two years, unless 
extended.  See id. § 1004(b)(1), (c) (requiring agency heads or Federal officials to have a “clearly 
defined purpose for the advisory committee”); id. § 1013(b), (c) (setting two-year expiration 
period for advisory committees, with options for renewal).  

The NTC and NTOC have a much broader mandate to address environmental issues impacting 
Indian country, and are not issue-specific.  In particular, the NTOC works with “EPA Senior 
Leadership on policy and resource matters related to tribal capacity building, environmental 
program development, and implementation in Indian country” and “identifies mechanisms for 
Federally recognized tribes and EPA to facilitate actions that protect human health and the 
environment in Indian country.” NTOC Charter §§ 3–4.  Reorganizing under FACA would limit 
the scope and function of the NTC and hamstring its ability to broadly address Tribal interests 
across the full range of environmental impacts.  Tribes are not a special interest and Tribal 
engagement is critical to the EPA’s ability to operate effectively in Indian country.  Limiting the 
NTC’s scope to fit the FACA framework undermines “EPA’s fundamental objective in carrying 
out its responsibilities in Indian Country…to protect human health and the environment.”7   

                                                           
6 See, e.g. Executive Order 14058, Reforming Federal Funding and Support for Tribal Nations to 
Better Embrace Our trust Responsibilities and Promote the Next Era of Tribal Self-
Determination, Dec. 6, 2023, https://www.federalregister.gov/documents/2023/12/11/2023-
27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust.  
7 Consultation Policy at 2. 

https://www.federalregister.gov/documents/2023/12/11/2023-27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust
https://www.federalregister.gov/documents/2023/12/11/2023-27318/reforming-federal-funding-and-support-for-tribal-nations-to-better-embrace-our-trust
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3. FACA’s Public Notice and Reporting Requirements will Discourage Sharing of Tribal Data 
and Information  

FACA requires that each advisory committee meeting be opened to the public, 5 U.S.C. § 
1009(a)(1), and that—unless national security is implicated—timely notice of each meeting be 
published in the Federal  

Register and all interested parties be notified of meetings, id. § 1009(a)(2).  Any “interested 
person” must be “permitted to attend, appear before, or file statements with any advisory 
committee,” id., §1009(a)(3), and all “records, reports, transcripts, minutes, appendixes, 
working papers, drafts, studies, agenda, or other documents which were made available to or 
prepared for or by each advisory committee shall be available for public inspection and 
copying,” id. § 1009(b).  Further, each advisory committee must keep detailed minutes and a 
complete description of “all matters discussed and conclusions reached,” id., § 1009(c), and 
transcripts of advisory committee meetings must be made available to any person, id. § 
1010(b). 

The public notice and disclosure requirements of the FACA fundamentally intrude upon the 
government-to-government relationship between Tribes and EPA.  Further, these requirements 
present grave concerns for the protection and preservation of sensitive Tribal data and will 
significantly hamper the NTC’s ability to utilize sensitive Tribal data in advising the NTOC and 
EPA on critical environmental matters.  

4. Imposing FACA on the NTC Would Require Non-Tribal Perspectives to be Represented in 
Inter-Tribal Strategic Discussions 

FACA establishes guidelines for agency heads and other Federal officials creating an advisory 
committee, 10 U.S.C. § 1004(c), including that advisory committee membership “be fairly 
balanced in terms of the points of view represented and the functions to be performed by the 
advisory committee,” id. § 1004(b)(2).  These requirements are not discretionary.  Id. § 1004(c) 
(“To the extent they are applicable, the guidelines set out in subsection (b) shall be 
followed…”).  Tribal advice to the EPA via the NTC and NTOC is advice between governments.  
This provision in FACA could be read to require the NTC to include industry representatives or 
other non-Tribal groups’ perspectives in its deliberations and advising.  EPA, as trustee for Tribal 
beneficiaries, is obligated by its Federal trust responsibility to pursue the best interests of its 
Tribal beneficiaries.  EPA cannot impose some pseudo “balance” between the interests of Tribal 
beneficiaries and the general public, but FACA appears to require just that. 

5. FACA Makes the NTC More Vulnerable to Changes in Administration  

Contrary to EPA’s assurances that reorganization under FACA would somehow elevate and 
protect the NTC, the plain language of FACA makes the NTC significantly more vulnerable to  
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elimination.  Because FACA is designed to streamline and eliminate unnecessary advisory 
committees that are no longer serving a public purpose, it devotes significant focus to the 
termination of advisory committees.  See 5 U.S.C. § 1013.  Unless the two-year period is 
affirmatively extended by an officer of the Federal Government prior to the end of the two-year 
period, the advisory committee is terminated. Id. §§ 1013(a)(2), (c).  

FACA also requires the GSA to determine annually whether the committee “is carrying out its 
purpose,” whether the committee’s assigned responsibilities should be revised, whether the 
committee should be merged with another committee, or whether it should be abolished.  Id. § 
1006(b)(1).  The GSA and other Federal officials thus have wide latitude to recommend the 
termination of any advisory committee.  Because Tribal interests have historically served as 
political flashpoints, these provisions make any advisory committee focused on Tribal issues 
susceptible to the whims and priorities of each administration.  Should the GSA recommend 
abolition of a Tribal advisory committee that replaced the NTC, it is unclear how EPA would 
continue to carry out the mandates of the Agency’s 1984 Indian Policy, fulfill its trust 
responsibility, or otherwise satisfy the mission articulated in the existing NTOC Charter.  Far 
from strengthening the operations of the NTC and increasing collaboration with the other EPA 
Tribal Partnership Groups (as the EPA asserts in its Consultation Plan), reorganizing under FACA 
would make the NTC significantly more vulnerable and increases the likelihood that the NTC 
and NTOC do not continue as an institutional forum for Tribal coordination with the EPA.  

III. EPA Should Immediately Abandon this Misguided Proposal and Consultation Effort 

EPA’s proposal to reorganize the NTC under FACA attempts to use a square peg to fill a round 
hole without first determining whether the hole even exists.  If EPA wishes to consult on how 
the NTC might more effectively fulfill the goals of the EPA’s Consultation Policy and the trust 
responsibility, it should first engage Tribes on that question.  The Region 5 Regional Tribal 
Operations Committee Tribal Caucus urges the EPA to abandon its efforts to impose FACA 
where it does not belong and to instead begin this process on solid footing with true 
consultation on any concerns EPA has with the existing NTOC structure.  Only then can EPA and 
the Tribes design a solution that has legitimacy and Tribal support.   

Summary 

The Region 5 Regional Tribal Operations Committee Tribal Caucus provides these comments, as 
well as comments and concerns raised at the recent Region 5 RTOC meeting where Mr. 
Kenneth Martin attended in person to hear our concerns, that EPA fully hears our Tribal voice.  
A voice that is NOT in favor of this proposal.  We fully expect EPA to take these comments and 
understand that a process was NOT followed, it was flawed to the point this proposal needs to 
be scraped completely and a new process started, a process fully engaging the National Tribal 
Caucus and Tribes to identify and adopt new bylaws and charter for the National Tribal Caucus.  
This proposal process was problematical and upsetting to Tribes, as EPA was trying to pound a 
nail with a wrecking ball.  The FAC process is the polar opposite proposal to addressing  
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concerns with the National Tribal Caucus.  We look forward as the R5 Regional Tribal 
Operations Committee Tribal Caucus to engaging in the process to identify opportunities that 
are conducive to protecting and improving the conduit for the Tribal voice from the Regions to 
the National level. 

We recommend this proposal to be completely abandoned with a collaborative and engaging 
process to identify a proactive and progressive approach that doesn’t remove or minimize the 
Tribal voice, rather amplifies it and provides a stronger tie between the regions and the 
National Tribal Caucus. 

 

Regards, 

 
Region 5 RTOC Co-Chair, Tribal Caucus 
 
 
 

cc: Janet McCabe, mccabe.janet@epa.gov (EPA Deputy Administrator) 
Jane Nishida, nishida.jane@epa.gov (EPA OITA) 
Rafael DeLeon, deleon.rafael@epa.gov (EPA OITA) 
Kenneth Martin, martin.kenneth@epa.gov (EPA AIEO) 
Daniel Vaught, vaught.daniel@epa.gov (EPA AIEO) 
Rose Petoskey, rose.n.petoskey@who.eop.gov (White House Intergovernmental Affairs) 
Anthony Morgan Rodman, whcnaa@bia.gov (White House Council on Native American 
Affairs) 
Karen Martin, martin.karenl@epa.gov (EPA OEJECR) 
Theresa Segovia, segovia.theresa@epa.gov (EPA OEJECR) 
Sharri Venno – Region 1 RTOC Tribal Co-chair  
Shavonne Smith – Region 2 RTOC Tribal Co-Chair  
Dana Adkins – Region 3 RTOC Tribal Co-Chair  
Jerry Cain – Region 4 RTOC Tribal Co-Chair  
Tabitha Langston – Region 6 RTOC Tribal Co-Chair  
Alisha Bartling – Region 7 RTOC Tribal Co-Chair  
Jason Walker – Region 8 RTOC Tribal Co-Chair 
Roman Orona – Region 9 RTOC Tribal Co-Chair  
Raymond Paddock, III – Region 10 RTOC Tribal Co-Chair 
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Episode 56WQ. August 8 2024. Comment to National Environmental Justice Advisory Committee NEJAC 

My name is Linda Karr. I live in Madison, Wisconsin. I am a canary in a coal mine, because of my proximity 
to indoor residential wood burning. I would prefer that the air pollution monitor be a PurpleAir PM2.5 
monitor, not my human lungs. As a member of Residents Against Wood Smoke Emission Particulates, a 
501c3 nonprofit organization, the focus of our group is combatting the adverse health effects of breathing 
wood smoke because we are near neighbors of indoor residential wood burners, whose wood smoke 
infiltrates our yards and sickens us. Our group was formed in self-defense with the aim of first educating 
the general public about the health effects of wood smoke and then helping pass laws (federal laws, 
state laws, or local ordinances) that shut down polluting indoor residential wood burning using evidence 
from resident-owned hyper-localized, low-cost laser PurpleAir PM2.5 monitor data showing PM2.5 levels 
above Environmental Protection Agency National Ambient Air Quality Standards (EPA NAAQS) or above 
World Health Organization PM2.5 “safe” level, of 5 micrograms per cubic meter, in the yards of near 
neighbors of indoor residential wood burners. The reliable, accurate PurpleAir PM2.5 monitor is used side 
by side with $100,000 EPA regulatory monitors on US EPA AirNow Maps of Smoke and Fire. During the 
June 7, 2023, incursions of Canadian wildfire smoke into the United States, residents were advised by 
governments to stay inside their sealed homes with multiple air purifiers running. That is how near 
neighbors of indoor residential wood burners have lived for years. That is no way to live. A statewide 
network of solar panels in New York state also registered a loss of 50% efficiency across New York state 
during that June 2023 wildfire incursion. Crippling a clean renewable makes the United States weaker, 
seemingly wasting an investment in a new technology by allowing unnecessary polluting indoor 
residential wood burning side by side with a modern clean air solution. Flights were also stopped or 
delayed because of wildfire smoke during that period, which also endangers National Security. An 
individual resident can initiate collection of hyper-localized data, but an individual cannot enforce laws, 
only governments can. That is why Residents Against Wood Smoke Emission Particulates is reaching out 
to you today, because our aim of self-defense of our health can be shown to also coincide with National 
Defense aims of the United States. Fires caused by intentional individual human activities such as indoor 
residential wood burning produce the same PM2.5 emissions as fires sometimes caused by intentional 
human activities such as campfires burning out of control and starting wildfires. But all wood burning 
fires produce very similar toxic emissions, whether they are wildfires caused by lightning strikes or simply 
spontaneous combustion caused by the feedback cycle of global warming. Wood burning is 90% PM2.5, 
particulate matter of 2.5 micrometer size, the perfect size to infiltrate the human lung, setting off a 
cascade of human health problems and early deaths. Wood burning in the most clean burning wood 
stove in the United Kingdom, the EcoDesign wood burning stove has been tested for PM2.5 emissions. 
The EcoDesign emits 450 times the PM2.5 as the fossil fuel natural gas burning. The EcoDesign emits 2.8 
times the PM2.5 and CO2 as the fossil fuel coal burning. In the United States, the wood stove certification 
program called New Source Performance Standards (NSPS) for PM2.5 is deeply flawed, in the words of 
the Office of the Inspector General (O I G) Watchdog of the EPA, which in a February 2023 report used the 
phrase “deeply flawed” to describe a program where most if not all of the wood stoves certified by NSPS 
are highly polluting, being non-compliant with even the lax standards of the EPA, because of giant 
loopholes to compliance lobbied for by the wood stove industry. Burnwise, a mouthpiece of the wood 
stove industry has shown through influence on government websites promoting wood burning, even 
providing subsidies for indoor residential wood burning stoves, that Burnwise is only interested in selling 



wood stoves, without considering the human health effects of using wood burning in the home when 
today in 2024 there are truly clean energy sources for home heating and home cooking. As a modern 
country, we should not be promoting heating strategies that increase human illnesses and early deaths. 
The 2024 rebates of up to $8,000 based on a sliding income scale for Heat Pumps that work down to 40 
degrees below zero are the best alternative for any indoor residential wood burner who claims to be 
indigent as the reason to continue an unnecessary practice when we all, in rural as well as urban America 
have been connected to an electric grid since shortly after World War Two ended over 75 years ago. The 
Biden Administration has and will continue to strengthen the electrical grid and extend it if necessary. 
That would also improve our National Security. Environmental Justice for residents, who are fighting for 
clean air in their communities can be looked at as justice for the underdog, because the importance of 
the health of these near neighbors has been discounted and overlooked in the face of lobbying and 
advertising by the indoor residential wood burning industry. Residents may not have the option to move 
because of lack of money or may have made a bad bet on their choice of neighborhood to spend their 
retirement years. It is known that indoor residential wood burners are often more affluent than their near 
neighbors that bear the brunt of the air pollution, like “canaries in a coal mine” a harbinger for the rest of 
society if there is no change, and many people burn wood because it is fashionable. There is no hardship 
in giving up a fad or fashion, and the government can eliminate this superficial folly done thoughtlessly at 
the expense of the health and lives of near neighbors, knowing that by enforcing laws against air 
pollution, they are strengthening the health, and resilience of American people. Residents Against Wood 
Smoke Emission Particulates also covers news about other ways of burning wood which cause air 
pollution, such as Industrial wood burning which replaces Coal Burning (but, as mentioned earlier, emits 
2.8 times the PM2.5 and CO2 as coal burning). Human activities have caused massive losses of soil 
organic carbon. The use of fire removes soil cover and leads to immediate and continuing losses of soil 
organic carbon. Farmers could adjust practices to maintain or increase the organic component in the 
soil. Practices that hasten oxidation of carbon, such as burning crop stubbles, a solid fuel with emissions 
similar to wood burning emissions, should be discouraged. 
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August 9, 2024 

Honorable Administrator Michael S. Regan 
U. S. Environmental Protection Agency 
Mail Code 28221T 
1200 Pennsylvania Avenue NW 
Washington, DC 20460 

RE: The Leech Lake Band of Ojibwe’s comments on the Proposed Establishment of the 
National Tribal Caucus (NTC) Under the Federal Advisory Committee Act (FACA). 

Dear Honorable Administrator Regan, 

The Leech Lake Band of Ojibwe is pleased to submit this letter to provide comments on 
the U.S. Environmental Protection Agency’s (EPA) proposed reorganization of the 
National Tribal Caucus (NTC). 

The Leech Lake Band of Ojibwe is very concerned about the American Indian 
Environmental Office’s (AIEO) proposed reorganization of the National Tribal Caucus. 
Leech Lake Band has policy concerns and believes that AIEO failed to follow the 1984 EPA 
Indian Policy1 and the EPA Policy on Consultation with Indian Tribes2, which require 
involving the Tribes “early and often” in the development of policy, rules, and programs 
that impact Tribes.  The AIEO gave no warning of this drastic change in the structure of 
Tribal input until it launched its plan to reorganize the NTC to a Federal Advisory 
Committee (FAC) under the Federal Advisory Committee Act (FACA).  There was no early 
discussion to determine the impacts on Tribes, Tribal leadership, and the ongoing 
relationship with Tribes. 

Leech Lake Band of Ojibwe is very concerned that changing the NTC to a FAC would have 
detrimental impacts on Tribal involvement with the EPA. The AIEO states that the goal of 
the effort would be to:  

• Increase the proportion of elected or traditionally appointed Tribal Leaders
that serve on the NTC.

1 EPA Indian Policy of 1984. 
2 EPA Policy on Consultation with Indian Tribes, December 2023. 

https://www.epa.gov/sites/default/files/2015-04/documents/indian-policy-84.pdf
https://www.epa.gov/system/files/documents/2023-12/epa-policy-on-consultation-with-indian-tribes-2023.pdf
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• Review the characteristics of the NTC to strengthen the operations of the 
group and increase collaboration with the other EPA Tribal Partnership Groups 
(TPG). 

• Clarify the process by which the EPA receives Tribal leadership 
recommendations on technical programs and budget planning. 

• Elevate the NTC as the preeminent group of Tribal representatives that 
provides advice directly to EPA leadership on items of national significance 
under the EPA’s purview. 

• Strengthen the EPA’s ongoing commitment to collaboration and partnership 
with Tribes and the government-to-government relationship. 

• Reflect the commitment of the EPA to engage directly with Tribal Leaders and 
ensure that Tribal Leaders engage at the highest levels of the Agency on 
environmental issues that impact Indigenous communities. 
 

AIEO also states that reorganizing the NTC as a FAC would formalize the group’s advisory 
role with the EPA and distinguish the NTC from the almost twenty other TPGs with whom 
the EPA engages. They state compliance with FACA is necessary and the law applies 
whenever a federal agency seeks collective advice from an external group. As the NTC 
provides advice on an ongoing basis to the EPA Administrator and other senior leadership 
regarding budget recommendations and the implementation of environmental programs 
in Indian Country, reorganizing the group as a FAC would formalize an advisory structure 
that ensures transparency, public access, and public participation, and compliance with 
FACA. 
  
AIEO further discusses that FACA requires that committees provide advice that is 
independent, relevant, and developed using a process that is open to the public, and FACs 
serve an invaluable function in informing the operations of the EPA. AIEO continues that 
the transition to a FAC would allow for greater awareness of the work of the group while 
following a formal, defined process for elected Tribal Leaders to transmit 
recommendations to EPA leadership. A number of federal agencies have previously 
formed either FACs or similar advisory groups comprised of Tribal Leaders and 
representatives, and since January 2021, the U.S. Department of Veterans Affairs and the 
U.S. Department of Agriculture have created new Tribal FACs under the FACA.3 
 

                                                 
3 April 11, 2024, Consultation and Coordination Plan Proposed Reorganization of the National Tribal 
Caucus (NTC) Under the Federal Advisory Committee Act (FACA) 
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However, Leech Lake Band of Ojibwe believes that because of the requirements of a FAC 
as directed by the Federal Advisory Committee Act, changing the NTC to a FAC would be 
detrimental.  Congress passed the Federal Advisory Committee Act (5 U.S.C. 10) in 1972 
to create an orderly procedure by which federal agencies may seek collective advice from 
“diverse customers, partners, and stakeholders.” 

Information from the Agency’s FACA website and the OPM guidance states that FACA 
establishes procedures for the management of federal advisory committees, ensures 
transparency of advisory committee decision-making, and ensures balanced 
representation. 

The guidance further states that FACA ensures the federal advisory committees convened 
to give group advice are accountable to the public by maximizing public access to advisory 
committee deliberations and minimizing the influence of special interests through 
balanced committee membership. FACA seeks to reduce wasteful expenditures and 
improve the overall administration of federal advisory committees. FACs can be created 
by the president, Congress, or federal departments or agencies and must meet these 
basic requirements: 

• Meetings must be open to the public and the public must be permitted to present
their views.

• All meeting minutes and reports must be available for public access.
• The public must be notified of meetings by advertisement in the Federal Register.
• Committee membership must be balanced by points of view.

The guidance goes on with further information on FACA which calls upon federal agencies 
to carefully consider the necessity of a new committee before establishing it. Under FACA, 
discretionary and non-discretionary committees are terminated after two years unless 
the agency renews the committee's charter prior to the two-year expiration date. Further, 
FACA requires agencies to terminate a committee once it has completed its function. 

Leech Lake Band of Ojibwe has the following concerns with the proposed Reorganization 
with the Tribe and as part of the R5 Regional Tribal Operations Committee and Tribal 
Caucus:   

• The current Charter for the NTC establishes that the NTC is exempt from FACA.
What law or fact has changed to modify that exemption?
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● By establishing a FAC, the NTC would be driven by the EPA. The EPA would 
appoint members to the FAC, whereas currently Tribes (via the RTOCs) 
determine the composition of the NTC organization. 
 

● Under FACA, the EPA would provide the “charge” to the FAC so that the EPA 
determines the issues they want recommendations on, whereas now the Tribes 
identify issues for discussion with the EPA. This not only reduces the opportunity 
for on-going dialogue on issues that are important to Tribes but also undermines 
the government-to-government relationship with the EPA as equal partners in 
the dialogue.  

 
● Because the FAC must represent balanced viewpoints, the EPA can determine 

the representation of the FAC to include other entities. Currently, the EPA is 
focused on Tribal leadership and partnership groups. However, FACs could allow 
for Tribal leadership to include Tribal Consortia or Alaska Native Corporations, 
established by the Alaska Claims Settlement Act. These Corporations and 
Consortia may have different mandates than those that represent the needs of 
the Tribal leadership and citizens.   
 

● Additionally, given the current Agency emphasis on Environmental Justice, the 
FAC could include state recognized Tribes and Tribal advocacy organizations, 
further diminishing the American Indian Nations as Sovereign.  
 

● Historically, the NTC was composed of Tribal leadership. However, given the 
overwhelming workload and demands on Tribal leadership’s time, many of these 
positions were eventually delegated to their environmental directors. Even still, 
currently approximately half of the members of the NTC are Tribal leaders. 
Establishing a FAC does not resolve the issue of competing demands on 
leadership’s time. In addition, Tribal leaders have such an array of 
responsibilities, that having a mix of Tribal leadership and environmental 
program representatives helps provide support in the understanding of the 
technical environmental issues that are being discussed.   
 

● Currently, the NTC has TPG Liaisons who meet regularly with each TPG. Meetings 
are coordinated to offer communication between the NTC and the TPGs. If the 
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NTC was a FAC and only Tribal leadership was on the NTC, it is unreasonable to 
expect Tribal leaders to liaise with the TPGs. As such, a valued mechanism for 
communication between the NTC and TPGs would be lost. 
 

● EPA has other examples of ongoing dialogue with other government 
organizations outside of the FACA process, such as the Environmental Council of 
States (ECOS).  Creating a FAC of the NTC further erodes the government-to-
government status of Tribes as co-regulators if the NTC is treated inconsistently 
with that of the state organizations. 
 

● FAC meetings are open to the public and the public has time to express its views, 
meaning that States, Industry, and others will be able to sit in the meetings and 
make public statements during the public comment. This could have a chilling 
effect on open dialogue between Tribes and the EPA on sensitive issues and 
allow the introduction of topics that could be detrimental to Tribes. 
 

● The FAC can be dissolved after the two-year Charter expires leaving the Tribes 
with further limited access to EPA management.  How does this “protect” the 
NTC?  How does this promote Tribal engagement? 

 
Other Issues and Concerns 
  

● The AIEO failed to follow the EPA’s Consultation process and the EPA’s Indian 
Policy which require involving the Tribes “early and often” in the development of 
policy, rules and programs that impact Tribes. The AIEO gave no warning that 
this drastic change in the structure of Tribal input was even being considered, 
until it launched its reorganization plan changing the NTC to a FAC. There was no 
early discussion to determine the impacts on Tribes, Tribal leadership, and the 
ongoing relationship with Tribes. 
  

● As stated above, the AIEO states that the Reorganization of the NTC as a FAC 
would formalize the group’s advisory role with the EPA and distinguish the NTC 
from the almost twenty other TPGs with whom the EPA engages. However, this 
goal could be accomplished without making NTC a FAC. Additionally, in its plan, 
the AIEO says that the Tribal Program Groups will be part of the FAC, which 
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would have the opposite effect of “distinguishing the NTC from almost twenty 
other TPGs.”   
 

● In addition, this would add work to the TPG’s that is not currently covered in 
workplans and would demand already limited resources of the groups to address 
the work for which they are currently responsible.   As a former Vice Chair of 
National Tribal Air Association, I am concerned on the role of the TPGs and their 
engagement with NTC with this current proposal. 

  
● Many FACs include other interested entities, such as industry and states with 

issues or interest in Indian Country. How does the EPA plan to protect Tribal 
interest in developing the FAC?  This is of great concern to Leech Lake in how 
NTC would be representative and selected.  How will it be truly representative of 
Tribal environmental work from across the nation, not one focused area or 
sector? 

  
● In discussions with some EPA staff which support the partnership groups, it has 

been implied that the partnership groups may also be reorganized as FACs. This 
is very concerning and will dilute the access and support for Tribes in both 
working with the EPA as well as providing technical and policy support to Tribal 
Environmental Programs.  As a result, how would the policy groups that provide 
policy support to Tribes identify priorities independently, if they are 
“restructured to a FAC”? They would only be allowed to develop policy review in 
areas of the EPA’s charge.  
 
This is particularly inappropriate for NTAA which was created by resolution of 
the National Congress of American Indians in 2000 and the Bylaws which were 
approved by NCAI in 2002. In addition, NTAA is a membership organization with 
157-member Tribes representing Tribal Environmental Programs from across the 
country.  Priorities and policy direction are determined by the Executive 
Committee and informed by Tribes.  This also holds true for other partnership 
groups with or without ties to the National Tribal Caucus. 
 

• Addressing these issues as stated above, talking with other Tribes both as a 
Leech Lake representative and as the R5 RTOC Tribal Co-Chair has taken a 



LEECH LAKE BAND OF OJIBWE 
 

Faron Jackson Sr, Chairman 
Leonard “Lenny” Fineday, Secretary-Treasurer 

Kyle Fairbanks,, District I Representative 
Steve White, District II Representative 

Leon Staples, District III Representative 
 

 
 

 
190 Sailstar Drive NW, Cass Lake, MN 56633 
Telephone: 218-335-8200 • Fax: 218-335-8309 

massive amount of time and resources away from other important matters.  This 
also holds true for TPGs in taking time from commenting on regulations or 
providing updates to their Tribal Members to working on response to comments 
for a proposal that is flawed and wasn’t addressed with Tribes prior to the 
release. 

In summary, we appreciate the opportunity to comment on this proposal and voice our 
concerns at the July Region 5 RTOC where Mr. Kenneth Martin attended.  Leech Lake Band 
of Ojibwe is very disappointed in AIEO’s proposal for the reorganization of the NTC since 
it will undermine important ongoing dialogues with Tribes, erode Tribal Sovereignty and 
an equitable partnership with EPA.  In addition, the announcement of this proposal did 
not follow the Agency’s guidance on working with Tribes. Leech Lake Band of Ojibwe 
believes the problems that the reorganization was designed to address can be addressed 
through the existing structure of the NTC and with ongoing engagement with the NTC and 
the 10 Regional Tribal Caucuses. Leech Lake Band of Ojibwe agrees that communications 
between the NTC and the TPGs can be improved, however this can be accomplished 
outside of a FAC.  Leech Lake Band of Ojibwe strongly encourages that this ill-advised and 
arbitrary “proposal” be immediately withdrawn. Until then, there is needed clarifications 
and further discussions with Tribal Leaders or their representatives, the NTC, the RTOCs, 
and the other impacted Tribal Partnership Groups.  
 
Also, of note, it was stated at the Region 5 RTOC meeting in July that template letters, 
such as this from NTAA as well as from National Water Council and the National Tribal 
Caucus themselves will be treated as individual letters and NOT lumped into letter 
categories and treated as a single comment.  Mr. Kenneth Martin confirmed each letter 
received on this matter from a Tribal Sovereign Nation will be taken in as individual 
letters.  This is especially important to not only respect the efforts these TPGs and the 
NTC have put into the process as well as the time constraints of Tribes.  These are thought 
out and collective comments that Tribes have come together to relay and rightfully need 
to be addressed. 
 
Regards, 
 

 
Brandy Toft 
Environmental Director 
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Cc:   Janet McCabe, Deputy Administrator, EPA 

Jane Nishida, Assistant Administrator, OITA 
Raphael DeLeon, Principal Deputy Assistant Administrator, OITA 

 Kenneth Martin, Director, AIEO 
 Felicia Wright, Deputy Director, AIEO 

Andrew Byrne, Senior Advisor, AIEO 
Daniel Vaught, Program Analyst, AIEO 

 Rose Petoskey, White House Intergovernmental Affairs 
Anthony Morgan Rodman, White House Council on Native American Affairs 
Karen Martin, Director, Partnerships and Collaboration Division, OEJECR 
Theresa Segovia, Principal Deputy Assistant Administrator, OEJECR 
Gerald Wagner, NTC, Chair 
Tabitha Langston, NTC, Vice Chair 
Kenneth Fox, DRM Director Leech Lake Band of Ojibwe 
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Is Fluoridation an Environmental Racism Issue? 
Most likely, yes. Here’s why... 
Current data shows that water 
fluoridation disproportionately 
h a r m s l o w - i n c o m e a n d 
minority communities. In 
r e s p o n s e t o t h i s d a t a , 
a growing number of civil 
rights advocates have begun 
calling for a moratorium on 
fluoridation programs. This 
includes L.U.L.A.C. ( the 
largest Hispanic civil rights 
organization), Andrew Young 
(the former Mayor of  Atlanta 
and Ambassador to the United 
Nat ions ) , and Reverend 
Bernice King (the daughter of  
Dr. Martin Luther King). 
Water fluoridation has, in 

short, become an issue of  
environmental justice. 

What Is Environmental 
Racism? 

Environmental racism is the 
disproportionate impact of  
environmental hazards on 
people of  color. Environmental 
justice is the movement’s 
response to environmental 
racism. Environmental racism 
refers to the institutional rules, 
r e g u l a t i o n s , p o l i c i e s o r 
government and/or corporate 
dec i s ions that re su l t in 
communities of  color being 
disproportionately exposed to 

environmental hazards such as 
toxic chemicals. Largely a 
r e s u l t o f  u n i n t e n d e d 
consequences, environmental 
racism negatively affects the 
health and environment of  low 
income and/or communities 
of  color at a disparate rate 
than affluent communities. 

What’s Being Done? 

A growing chorus of  leaders in 
communities of  color are 
calling for federal and state 
hearings and investigations 
into new revelations about risks 
from drinking fluoridated 
water. 

ENVIRONMENTALJUSTICE
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The Fluoride Action Network (FAN) seeks to broaden awareness about the toxicity  
of fluoride compounds among citizens, scientists, and policymakers alike.
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Civil Rights Leaders Call For An 
End To Water Fluoridation

“Fluoridation won’t fix the dental problems facing low-income children.”  
Clifford Walker, Chair of  the Portland NAACP’s Veteran’s Committee.

Is Water Fluoridation An 
Environmental Racism Issue? 
Reason #1: Urban Water 

Urban drinking water is more likely to be 
fluoridated than suburban and rural 
water systems, affecting blacks and 
Hispanics more than whites. 

Reason #2: Lead Uptake 

Fluoridation chemicals can cause 
increased absorption of  lead, and this 
lead-absorbing effect is more pronounced 
in black & Hispanic populations (which 
are already over-exposed to lead). 
Increased lead exposure is connected to 
increases in learning disorders. 

Reason #3: Fluorosis 

Studies have found that in fluoridated 
communities, Mexican-American and 
African-American children are at greater 
risk for dental fluorosis (damaged tooth 
enamel caused by over-exposure to 
fluoride). 

Reason #4: Diabetes & Kidneys 

Scientists have identified kidney patients 
and diabetics as being especially 
susceptible to harm from ingested 
fluorides. Blacks suffer disproportionate 
amounts of  kidney disease and diabetes 
in America. 

Reason #5:  Infant Formula 

The American Dental Association and 
the CDC have recommended that 
parents avoid using fluoridated water 
when mixing infant formula for their 
babies.  

Reason #6:  Preterm Births 

A potent ia l l ink be tween water 
fluoridation and preterm births has been 
shown to be most prominent among the 
poor and people of  color.

Is There fluoride 
coming out of  

your tap? 
help us help you 

get it out
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Rethinking Water 
Fluoridation 
Water fluoridation is routinely proposed 
by public health officials as an effective 
way of  preventing the high rates of  
tooth decay now found in low-income 
populations throughout the United 
States. But current data show that there 
are at least three problems with this 
position: 

First, most of  the oral health crises 
occurring in the U.S. right now are 
taking place in low-income urban areas 
that have been fluoridated for decades. 
Yet this has not prevented low-income 
neighborhoods in these areas from 
suffering what numerous state and local 
health officials describe as an oral 
health crisis. It is unclear, therefore, 
how fluoridation can be expected to 
prevent oral health crises when it has 
failed to prevent such crises in areas 
that have been fluoridated for 30 to 60 
years. 

Second, published studies have 
repeatedly found that fluoridation does 
not prevent the type of  tooth decay 
(baby bottle tooth decay) that is the 
hallmark of  the current oral health 
crises. 

Third, evidence of  disproportionate 
harm to communities of  color turns on 
its head the notion that fluoridation is a 
b e n e fi t t o t h e e c o n o m i c a l l y 
disadvantaged. 

Fluoridation Is Not Dental Care 

It has become obvious that the addition 
of  cheap industrial chemicals to the 
water supply has never been, and will 
never be, an effective form of  dental 
care. If  we really care about the oral 
health of  our children we should 
instead advocate for better oral hygiene 
a n d nu t r i t i o n e d u c a t i o n , f r e e 
toothbrush/toothpaste programs, 
reduced sugar intake, and affordable 
d e n t a l c a r e f o r e c o n o m i c a l l y 
disadvantaged communities.
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There are several possible explanations 
for why the black community may be 
disproportionately impacted by 
fluoride exposures. According to the 
Centers for Disease Control, the 
increased risk could be the result of  
either “biologic susceptibility or greater 
fluoride intake.” (CDC 2005). Risk 
factors for fluoride toxicity in the black 
community include: poor nutrition, 

high rates of  infant formula use; 
reduced milk consumption due to a 
high prevalence of  lactose intolerance; 
depressed nutrient intake (including 
calcium and anti-oxidants) vis-a-vis 
other racial groups; high levels of  lead 
exposure; and higher rates of  health 
conditions (e.g., kidney disease and 
diabetes) that render the body more 
vulnerable to fluoride intake. 

Low-Income 
Communities 
At Heightened Risk of 
Fluoride Toxicity 

Low-income communities are more 
susceptible to fluoride’s toxicity for 
several reasons. Health conditions that 
render people more vulnerable to 
fluoride exposure (e.g., kidney disease 
and diabetes) are more prevalent among 
low-income populations. Nutrient 
deficiencies are also more prevalent in 
low-income communities, as voluminous 
research spanning back to the 1930s 
clearly shows that populations with 
nutrient deficiencies suffer greater harm 
from fluoride exposure. As but one 
example, a 1952 study in the Journal of  
the American Dental Association 
warned: “The data from this and other 
investigations suggest that malnourished 
infants and children, especially if  
deficient in calcium intake, may suffer 
from the effects of  water containing 
fluorine while healthy children would 
remain unaffected…Thus low levels of  
fluoride ingestion which are generally 
considered to be safe for the general 
population may not be safe for 
malnourished infants and children. 
Therefore, the nutritional status must be 
carefully assessed and guarded in areas 
with endemic fluorosis. Nutritional 
studies should be included in any 
comprehensive program of  fluoridation 
of  water with special attention to 
chronically ailing infants and children.” 

Communities of Color 
Disproportionately 
Harmed 

In 2005, the U.S. Centers for Disease 
Control (CDC) published the results of  a 
national survey of dental fluorosis 
conducted between 1999 and 2002 that 
show that African-American and 
Mexican-American children suffer 
significantly higher rates of  dental 
fluorosis compared to white children. 
Dental fluorosis is a defect of  teeth 
enamel caused by too much fluoride 
exposure, which can cause disfiguring 
stains and pitting on the teeth. Not only 

do African-American and Mexican-
American children suffer higher rates of  
fluorosis, they suffer more severe forms of  
the condition. The CDC’s national survey 
found that the rate of  the most 
disfiguring form of  fluorosis is nearly 
twice as high in the black community as 
the white community.  

The CDC’s survey is not the first study to 
find that black children suffer higher 
rates of  dental fluorosis. The nation’s first 
pilot study of  water fluoridation in 1945 
in Grand Rapids, MI, reported that black 
children suffered dental fluorosis at twice 
the rate of  white children.

FL
U
O
R
ID
E
A
C
TI
O
N
N
E
TW

O
R
K

  2
01

7

“First and foremost, water 
fluoridation takes away 
people’s choice… 

Second, fluoridation 
disproportionally harms 
members of the black 
community… 

Third, we cannot control 
the dose of fluoride people 
ingest when we put 
fluoride in drinking water 

Reverend Dr. Gerald Durley

“Water fluoridation needs to end.”  
Rev. Bernice A. King, a pastor, 
attorney, and daughter of Dr. 
Martin Luther King Jr.

Fluoride Risks Factors  
in the Black Community 



fluoridealert.org 

Black and Hispanic 
Leaders Call to Action
Hispanic leaders speak out  
The League of United Latin American 

Citizens (LULAC) is the oldest Hispanic 
civil rights organization in the United 
States. In September 2011, LULAC passed 
a resolution opposing fluoridation which 

states that: 1) Current science shows that 
fluoridation chemicals pose increased risk 
to sensitive subpopulations, including 

infants, the elderly, diabetics, kidney 
patients, and people with poor nutritional 
status. 2) Minority communities are more 

highly impacted by fluorides as they 
historically experience more diabetes and 
kidney disease . 3) Minorit ies are 
disproportionately harmed by fluorides as 

documented by increased rates of dental 
fluorosis.

WATER FLUORIDATION IS A 
CIVIL RIGHTS ISSUE

Black leaders speak out 

Andrew Young, former Atlanta mayor and 
U.N. Ambassador during the Clinton 

administration, has called for an end to 
water fluoridation. “My father was a 
dentist. I formerly was a strong believer in 
the benefits of water fluoridation for 

preventing cavities. But many things that 
we began to do 50 or more years ago we 
now no longer do, because we have 

learned further information that changes 
our practices and policies. So it is with 
fluoridation.”

Share this information with your 
friends and loved ones. 

To find out more, visit: 

fluoridealert.org

Special thanks to Dan Stockin of the Lillie 
Center for Energy & Health Studies and 
Mike Ewall of the Energy Justice Network 

for their contributions to this issue.

HENRY RODRIGUEZ 
LULAC’S TEXAS CHAIRMAN

“THE HISPANIC COMMUNITY IS 
NO LONGER GOING TO BE SILENT 
ON THIS ISSUE…(FLUORIDATION) 
IS ABOUT FORCING US TO BE 
MEDICATED THROUGH OUR 
DRINKING WATER WITHOUT OUR 
CONSENT OR FULL DISCLOSURE 
OF THE RISKS.”

DR. ALVEDA KING 
CILVIL RIGHTS LEADER

“THE FLUORIDEGATE SCANDAL 
CONTINUES TO UNRAVEL. ALL 
W A T E R F L U O R I D A T I O N 
L E G I S L AT I O N S H OU L D B E 
REPEALED IN ALL STATES THAT 
ENACT FLUORIDATION.”
“THIS IS A CIVIL RIGHTS ISSUE. 
NO ONE SHOULD BE SUBJECTED 
TO DRINKING FLUORIDE IN 
THEIR WATER...”

ANDREW YOUNG 
FORMER U.N. AMBASSADOR

“I AM MOST DEEPLY CONCERNED FOR 
POOR FAMILIES WHO HAVE BABIES: IF 
THEY CANNOT AFFORD UNFLUORIDATED 
WATER FOR THEIR BABIES MILK 
FORMULA, DO THEIR BABIES NOT 
COUNT? OF COURSE THEY DO. THIS IS 
AN ISSUE OF FAIRNESS, CIVIL RIGHTS, 
AND COMPASSION. WE MUST FIND 
BETTER WAYS TO PREVENT CAVITIES, 
SUCH AS HELPING THOSE MOST AT 
RISK FOR CAVITIES OBTAIN ACCESS TO 
THE SERVICES OF A DENTIST.”
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Long-Delayed NTP Fluoride Report Key To TSCA Suit 

May Arrive ‘This Month’ 
August 8, 2024  

The National Toxicology Program (NTP) is reportedly preparing to release its long-delayed 

scientific report on fluoride’s association with developmental neurotoxicity risks, potentially 

before the end of August -- a move that could reshape litigation where environmental groups 

are seeking a TSCA ban on drinking water fluoridation due to those risks. 

“As of this month the publication of this monograph is still pending. My understanding from 

talking to people at NTP is it is in progress, but still pending. We are still waiting to see those 

final documents,” Virginia Guidry, a toxicologist with North Carolina’s health department, told an 

Aug. 7 meeting of the state’s Secretaries’ Science Advisory Board. 

“I was originally told August 1, so I think it’s pretty close but there are a lot of pieces in play 

there,” she added. 

And in response to a request for comment on the document’s status, an NTP spokeswoman told 

Inside TSCA on Aug. 7 that its release “could be sometime later this month.” 

Publication of the final monograph would not only be a landmark in its own right but would 

likely also have an immediate impact on the pending Toxic Substances Control Act (TSCA) suit 

over drinking water fluoridation, known as Food and Water Watch (FWW), et al. v. EPA. 

The two sides in that case are awaiting a decision from Senior Judge Edward Chen of the U.S. 

District Court for the Northern District of California on whether EPA was right to reject the 

plaintiffs’ TSCA petition for a ban on drinking water fluoridation, and he has focused on NTP’s 

findings as key evidence on whether current science supports their claims. 

Chen presided over a two-week trial that concluded in early February -- the second such 

proceeding in FWW after a 2020 trial ended with no conclusive result. The case generally centers 

on whether the agency was right to deny the plaintiff groups’ 2017 TSCA petition claiming that 

drinking water fluoridation poses “unreasonable risk” -- the law’s trigger for regulation -- based 

on evidence of the chemical’s neurotoxic effects on children and infants. 

Both trials have focused in large part on NTP’s report on fluoride and its association with 

neurodevelopmental risks. After the original proceeding, Chen decided not to hand down a 

https://insideepa.com/node/244258


decision and instead paused the litigation to await pending information on the chemical, 

including the hotly anticipated final NTP report. He later admitted a pre-publication draft as 

evidence in this year’s trial. 

The 2022 draft, which NTP unsealed in March 2023, concluded with “moderate confidence” that 

exposure to fluoride levels in line with the World Health Organization’s (WHO) targets for 

drinking water are associated with decreases in childhood IQ. 

Despite the document’s draft status, Chen was clearly focused on its findings, asking attorneys 

to address issues from NTP’s analysis and juxtaposing them with witness testimony regarding 

levels of certainty associated with neurodevelopmental effects some studies have tied to 

fluoride exposure. 

There is still no schedule for Chen to hand down a ruling in the case. He signaled in February 

that it would not come quickly, but did not specify whether he would wait longer for a final NTP 

report. 

Winding Process 

NTP’s report, originally intended to be a monograph on fluoride’s neurotoxicity, has gone 

through several rounds of revision including two separate, critical peer reviews by the National 

Academy of Sciences (NAS), internal reviews by experts in other parts of the National Institutes 

of Health (NIH), and a review of its responses to recommendations by NTP’s external Board of 

Scientific Counselors. 

That is an unusual level of scrutiny and delays for a single NTP document -- which FWW and its 

allies argued was the result of interference by pro-fluoridation interests including some 

government entities within NIH. Many American public health officials have praised drinking 

water fluoridation for decades for its dental benefits. 

Last year, Chen agreed with FWW and its allies that because NTP had repeatedly delayed its final 

report, he should accept the most recent draft as evidence and consider it at the 2024 trial 

unless a final version emerged by that time. 

The second trial focused on research testing the link between fluoride exposure and IQ loss 

published since 2020, including the draft 2022 NTP review of the “state of the science” in that 

field, following NTP’s decision to downgrade its report from a monograph. 

More specifically, experts testified on whether various studies show fluoride poses a risk of IQ 

loss to infants and children at levels found in U.S. drinking water. That question has been 

especially thorny because research on the subject generally looks at fluoride levels higher than 

the 0.7 milligrams per liter (mg/L) fluoridation standard used in the United States. 



Other testimony dealt with reports from an ongoing Health Canada review of that country’s 

fluoridation standard, published just days before the trial. During the trial, EPA witnesses and 

attorneys touted those reports’ conclusions that while evidence of fluoride neurotoxicity is 

concerning, what has been published to date is too uncertain to justify changing existing 

policies. -- Maria Hegstad (mhegstad@ipwnews.com) 
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Civil Rights Violation Regarding Forced Medication 

WHEREAS, the League of United Latin American Citizens is this nation’s oldest and largest 

Latino organization, founded in Corpus Christi, Texas on February 17, 1929; and  

 

WHEREAS, LULAC throughout its history has committed itself to the principles that Latinos 

have equal access to opportunities in employment, education, housing and healthcare; and  

 

WHEREAS, LULAC advocates for the well-being of, but not exclusively of, Hispanics 

throughout our country; and  

 

WHEREAS, safe drinking water is a necessity for life; and  

 

WHEREAS, the purpose of a public water supply is to supply water to the entire community 

which is composed of people with varying health conditions, in varying stages of life, and of 

varying economic status; not to forcibly mass medicate the population which is a civil rights 

violation; and  

 

WHEREAS, fluoridation is mass medication of the public through the public water supply; and  

 

WHEREAS, current science shows that fluoridation chemicals pose increased risk to sensitive 

subpopulations, including infants, the elderly, diabetics, kidney patients, and people with poor 

nutritional status; and  

 

WHEREAS, minority communities are more highly impacted by fluorides as they historically 

experience more diabetes and kidney disease; and  

 

WHEREAS, minorities are disproportionately harmed by fluorides as documented by increased 

rates of dental fluorosis (disfiguration and discoloration of the teeth); and  

 

WHEREAS, the National Research Council in 2006 established that there are large gaps in the 

research on fluoride’s effects on the whole body; a fact that contradicts previous assurances 

made by public health officials and by elected officials, that fluorides and fluoridation have been 

exhaustively researched; and  

 

WHEREAS, a growing number of cities and health professionals have rejected fluoridation 

based on current science and the recognition of a person’s right to choose what goes into his/her 

body; and  
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WHEREAS, the CDC now recommends that non-fluoridated water be used for infant formula (if 

parents want to avoid dental fluorosis – a permanent mottling and staining of teeth), which 

creates an economic hardship for large numbers of families, minority and otherwise; and  

 

WHEREAS, the League of United Latin American Citizens (LULAC), founded in 1929, has 

historically been a champion of the disenfranchised and a leader in the fight for social and 

environmental justice; and  

 

WHEREAS, City Council Districts I-6 of San Antonio (predominantly minority districts) voted 

overwhelmingly that the public water supply should not be contaminated with fluoridation 

chemicals; and  

 

WHEREAS, the election to fluoridate the water, essentially disenfranchised the right of these 

minority Districts to safe drinking water for all; and  

 

WHEREAS, the U.S. Health and Human Services and the EPA (January 2011) have recently 

affirmed the NRC Study results that citizens may be ingesting too much fluoride and that the 

exposure is primarily from drinking water; and  

 

WHEREAS, the proponents of fluoridation promised a safe and effective dental health additive, 

but the San Antonio Water System’s (SAWS) contract for fluoridation chemicals proves a “bait 

and switch”; as SAWS is adding the toxic waste by-product of the phosphate fertilizer industry, 

that has no warranty for its safety and effectiveness for any purpose from the supplier (PENCCO, 

Inc.) or the source (Mosaic Chemical); and  

 

THEREFORE, BE IT RESOLVED, that LULAC commends efforts by organizations that oppose 

forced mass medication of the public drinking supplies using fluorides that are industrial grade, 

toxic waste by-products which contain contaminants (arsenic, lead, mercury) which further 

endanger life; and  

 

BE IT FURTHER RESOLVED, that LULAC supports efforts by all citizens working to stop 

forced medication through the public water system because it violates civil rights; and  

 

BE IT FURTHER RESOLVED, that LULAC opposes the public policy of fluoridation because 

it fails to meet legislative intent; and  

 

BE IT FURTHER RESOLVED, that LULAC demands to know why government agencies 

entrusted with protecting the public health are more protective of the policy of fluoridation than 

they are of public health.  

Approved this 1st day of July 2011. 

Margaret Moran 

LULAC National President 
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Preface

In 1986, the U.S. Environmental Protection Agency (EPA) established a 
maximum-contaminant-level goal (MCLG) of 4 milligrams per liter (mg/L) 
and a secondary maximum contaminant level (SMCL) of 2 mg/L for fluoride 
in drinking water. These exposure values are not recommendations for the 
artificial fluoridation of drinking water, but are guidelines for areas in the 
United States that are contaminated or have high concentrations of natu-
rally occurring fluoride. The goal of the MCLG is to establish an exposure 
guideline to prevent adverse health effects in the general population, and 
the goal of the SMCL is to reduce the occurrence of adverse cosmetic con-
sequences from exposure to fluoride. Both the MCLG and the SMCL are 
nonenforceable guidelines.

The regulatory standard for drinking water is the maximum contami-
nant level (MCL), which is set as close to the MCLG as possible, with the 
use of the best technology available. For fluoride, the MCL is the same as the 
MCLG of 4 mg/L. In 1993, a previous committee of the National Research 
Council (NRC) reviewed the health effects of ingested fluoride and EPA’s 
MCL. It concluded that the MCL was an appropriate interim standard, 
but that further research was needed to fill data gaps on total exposures to 
fluoride and its toxicity. Because new research on fluoride is now available 
and because the Safe Drinking Water Act requires periodic reassessment of 
regulations for drinking water contaminants, EPA requested that the NRC 
evaluate the adequacy of its MCLG and SMCL for fluoride to protect public 
health. In response to EPA’s request, the NRC convened the Committee on 
Fluoride in Drinking Water, which prepared this report. The committee was 
charged to review toxicologic, epidemiologic, and clinical data on fluoride, 
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particularly data published since 1993, and exposure data on orally ingested 
fluoride from drinking water and other sources. Biographical information 
on the committee members is provided in Appendix A.

This report presents the committee’s review of the scientific basis of 
EPA’s MCLG and SMCL for fluoride, and their adequacy for protecting 
children and others from adverse health effects. The committee consid-
ers the relative contribution of various sources of fluoride (e.g., drinking 
water, food, dental hygiene products) to total exposure, and identifies data 
gaps and makes recommendations for future research relevant to setting 
the MCLG and SMCL for fluoride. Addressing questions of economics, 
risk-benefit assessment, or water-treatment technology was not part of the 
committee’s charge.

This report has been reviewed in draft form by individuals chosen for 
their diverse perspectives and technical expertise, in accordance with pro-
cedures approved by the NRC’s Report Review Committee. The purpose 
of this independent review is to provide candid and critical comments that 
will assist the institution in making its published report as sound as possible 
and to ensure that the report meets institutional standards for objectivity, 
evidence, and responsiveness to the study charge. The review comments and 
draft manuscript remain confidential to protect the integrity of the delibera-
tive process. We wish to thank the following individuals for their review of 
this report: Kenneth Cantor, National Cancer Institute; Caswell Evans, Jr., 
University of Illinois at Chicago; Michael Gallo, University of Medicine and 
Dentistry of New Jersey; Mari Golub, California Environmental Protection 
Agency; Philippe Grandjean, University of Southern Denmark; David Hoel, 
Medical University of South Carolina; James Lamb, The Weinberg Group 
Inc.; Betty Olson, University of California at Irvine; Elizabeth Platz, Johns 
Hopkins Bloomberg School of Public Health; George Stookey, Indiana Uni-
versity School of Dentistry; Charles Turner, University of Indiana; Robert 
Utiger, Harvard Institute of Medicine; Gary Whitford, Medical College of 
Georgia; and Gerald Wogan, Massachusetts Institute of Technology.

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions 
or recommendations, nor did they see the final draft of the report before its 
release. The review of this report was overseen by John C. Bailar, University 
of Chicago, and Gilbert S. Omenn, University of Michigan Medical School. 
Appointed by the NRC, they were responsible for making certain that an 
independent examination of this report was carried out in accordance with 
institutional procedures and that all review comments were carefully con-
sidered. Responsibility for the final content of this report rests entirely with 
the authoring committee and the institution.

The committee gratefully acknowledges the individuals who made pre-
sentations to the committee at its public meetings. They include Paul Con-
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nett, St. Lawrence University; Joyce Donohue, EPA; Steve Levy, University of 
Iowa; William Maas, Centers for Disease Control and Prevention; Edward 
Ohanian, EPA; Charles Turner, Indiana University; and Gary Whitford, 
University of Georgia. The committee also wishes to thank Thomas Burke, 
Johns Hopkins University; Michael Morris, University of Michigan; Bernard 
Wagner, Wagner and Associates; and Lauren Zeise, California Environmen-
tal Protection Agency, who served as consultants to the committee.

The committee is grateful for the assistance of the NRC staff in prepar-
ing the report. It particularly wishes to acknowledge the outstanding staff 
support from project director Susan Martel. We are grateful for her persis-
tence and patience in keeping us focused and moving ahead on the task and 
her expertise and skill in reconciling the differing viewpoints of committee 
members. Other staff members who contributed to this effort are James 
Reisa, director of the Board on Environmental Studies and Toxicology; Kul-
bir Bakshi, program director for the Committee on Toxicology; Cay Butler, 
editor; Mirsada Karalic-Loncarevic, research associate; Jennifer Saunders, 
research associate; and Tamara Dawson, senior project assistant.

Finally, I would like to thank all the members of the committee for their 
efforts throughout the development of this report.

 John Doull, M.D., Ph.D., Chair
 Committee on Fluoride in Drinking Water

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


x�ii

Contents

Summary 1

1	 Introduction 13
 Fluoride in Drinking Water, 14
 History of EPA’s Regulation of Fluoride, 16
 Committee’s Task, 18
 Committee’s Approach, 21
 Structure of the Report, 22

2	 Measures	of	Exposure	to	Fluoride	in	the	United	States	 23
 Sources of Fluoride Exposure, 24
 Recent Estimates of Total Fluoride Exposure, 54
 Total Exposure to Fluoride, 55
 Summary of Exposure Assessment, 64
 Biomarkers of Exposure, Effect, and Susceptibility, 69
 Findings, 81
 Recommendations, 87

3	 Pharmacokinetics	of	Fluoride 89
 Overview of Fluoride Chemistry, Units, and Measurement, 89
 Short Review of Fluoride Pharmacokinetics: Absorption, 
  Distribution, and Elimination, 90
 Pharmacokinetic Models, 92
 Fluoride Concentrations in Human Bone Versus Water 
  Concentration, 93

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


x�iii CONTENTS

 Fluoride Concentrations in Bones after Clinical Studies, 96
 Comparative Pharmacokinetics of Rats and Humans, 98
 Organofluorine Compounds, 99
 Factors Modifying Pharmacokinetics and Their Implications 
  for Potentially Susceptible Populations, 99
 Findings, 101
 Research Recommendations, 101

4	 Effects	of	Fluoride	on	Teeth 103
 Enamel Fluorosis, 103
 Other Dental Effects, 126
 Findings, 127
 Recommendations, 130

5	 Musculoskeletal	Effects 131
 Chemistry of Fluoride As It Relates to Mineralizing Tissues, 131
 Effect of Fluoride on Cell Function, 133
 Effects of Fluoride on Human Skeletal Metabolism, 138
 Effect of Fluoride on Chondrocyte Metabolism and Arthritis, 177
 Findings, 178
 Recommendations, 180

6	 Reproductive	and	Developmental	Effects	of	Fluoride	 181
 Reproductive Effects, 181
 Developmental Effects, 193
 Findings, 204
 Recommendations, 204

7	 Neurotoxicity	and	Neurobehavioral	Effects 205
 Human Studies, 205
 Animal Studies, 214
 Neurochemical Effects and Mechanisms, 218
 Findings, 220
 Recommendations, 222

8	 Effects	on	the	Endocrine	System 224
 Thyroid Follicular Cells, 224
 Thyroid Parafollicular Cells, 236
 Parathyroid Glands, 238
 Pineal Gland, 252
 Other Endocrine Organs, 256
 Summary, 260
 Recommendations, 266

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


CONTENTS xix

	 9	 Effects	on	the	Gastrointestinal,	Renal,	Hepatic,	
	 and	Immune	Systems 268
 GI System, 268
 The Renal System, 280
 Hepatic System, 292
 Immune System, 293
 Findings, 295
 Recommendations, 302

10	 Genotoxicity	and	Carcinogenicity 304
 Genotoxicity, 304
 Carcinogenicity, 316
 EPA Guidelines and Practice in Setting MCLGs Regarding 
  Carcinogenicity, 334
 Findings, 335
 Recommendations, 338

11	 Drinking	Water	Standards	for	Fluoride 340
 Current Methods for Setting Standards for Drinking Water, 340
 New Risk Assessment Considerations, 342
 Fluoride Standards, 345
 Findings and Recommendations, 352

References  354

Appendixes

A  Biographical Information on the Committee on Fluoride in 
Drinking Water, 411

B  Measures of Exposure to Fluoride in the United States: 
Supplementary Information, 416

C  Ecologic and Partially Ecologic Studies in Epidemiology, 439
D  Comparative Pharmacokinetics of Rats and Humans, 442
E  Detailed Information on Endocrine Studies of Fluoride, 447

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


Fluoride 
in drinking water

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


1

Summary

Under the Safe Drinking Water Act, the U.S. Environmental Protection 
Agency (EPA) is required to establish exposure standards for contaminants 
in public drinking-water systems that might cause any adverse effects on 
human health. These standards include the maximum contaminant level 
goal (MCLG), the maximum contaminant level (MCL), and the secondary 
maximum contaminant level (SMCL). The MCLG is a health goal set at a 
concentration at which no adverse health effects are expected to occur and 
the margins of safety are judged “adequate.” The MCL is the enforceable 
standard that is set as close to the MCLG as possible, taking into consider-
ation other factors, such as treatment technology and costs. For some con-
taminants, EPA also establishes an SMCL, which is a guideline for managing 
drinking water for aesthetic, cosmetic, or technical effects.

Fluoride is one of the drinking-water contaminants regulated by EPA. In 
1986, EPA established an MCLG and MCL for fluoride at a concentration 
of 4 milligrams per liter (mg/L) and an SMCL of 2 mg/L. These guidelines 
are restrictions on the total amount of fluoride allowed in drinking water. 
Because fluoride is well known for its use in the prevention of dental car-
ies, it is important to make the distinction here that EPA’s drinking-water 
guidelines are not recommendations about adding fluoride to drinking water 
to protect the public from dental caries. Guidelines for that purpose (0.7 to 
1.2 mg/L) were established by the U.S. Public Health Service more than 40 
years ago. Instead, EPA’s guidelines are maximum allowable concentrations 
in drinking water intended to prevent toxic or other adverse effects that 
could result from exposure to fluoride.

In the early 1990s at the request of EPA, the National Research Council 
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2 FLUORIDE IN DRINKING WATER

(NRC) independently reviewed the health effects of ingested fluoride and 
the scientific basis for EPA’s MCL. It concluded that the MCL was an ap-
propriate interim standard but that further research was needed to fill data 
gaps on total exposure to fluoride and its toxicity. Because new research on 
fluoride is now available and because the Safe Drinking Water Act requires 
periodic reassessment of regulations for drinking-water contaminants, EPA 
requested that the NRC again evaluate the adequacy of its MCLG and 
SMCL for fluoride to protect public health.

Committee’s task

In response to EPA’s request, the NRC convened the Committee on 
Fluoride in Drinking Water, which prepared this report. The committee was 
charged to review toxicologic, epidemiologic, and clinical data on fluoride—
particularly data published since the NRC’s previous (1993) report—and 
exposure data on orally ingested fluoride from drinking water and other 
sources. On the basis of its review, the committee was asked to evaluate 
independently the scientific basis of EPA’s MCLG of 4 mg/L and SMCL of 
2 mg/L in drinking water and the adequacy of those guidelines to protect 
children and others from adverse health effects. The committee was asked to 
consider the relative contribution of various fluoride sources (e.g., drinking 
water, food, dental-hygiene products) to total exposure. The committee was 
also asked to identify data gaps and to make recommendations for future 
research relevant to setting the MCLG and SMCL for fluoride. Addressing 
questions of artificial fluoridation, economics, risk-benefit assessment, and 
water-treatment technology was not part of the committee’s charge.

the Committee’s eValuation

To accomplish its task, the committee reviewed a large body of research 
on fluoride, focusing primarily on studies generated since the early 1990s, 
including information on exposure; pharmacokinetics; adverse effects on 
various organ systems; and genotoxic and carcinogenic potential. The col-
lective evidence from in vitro assays, animal research, human studies, and 
mechanistic information was used to assess whether multiple lines of evi-
dence indicate human health risks. The committee only considered adverse 
effects that might result from exposure to fluoride; it did not evaluate health 
risk from lack of exposure to fluoride or fluoride’s efficacy in preventing 
dental caries.

After reviewing the collective evidence, including studies conducted 
since the early 1990s, the committee concluded unanimously that the 
present MCLG of 4 mg/L for fluoride should be lowered. Exposure at the 
MCLG clearly puts children at risk of developing severe enamel fluorosis, 
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a condition that is associated with enamel loss and pitting. In addition, the 
majority of the committee concluded that the MCLG is not likely to be pro-
tective against bone fractures. The basis for these conclusions is expanded 
upon below.

Exposure to Fluoride

The major sources of exposure to fluoride are drinking water, food, 
dental products, and pesticides. The biggest contributor to exposure for 
most people in the United States is drinking water. Estimates from 1992 
indicate that approximately 1.4 million people in the United States had 
drinking water with natural fluoride concentrations of 2.0-3.9 mg/L, and 
just over 200,000 people had concentrations equal to or exceeding 4 mg/L 
(the presented MCL). In 2000, it was estimated that approximately 162 mil-
lion people had artificially fluoridated water (0.7-1.2 mg/L).

Food sources contain various concentrations of fluoride and are the sec-
ond largest contributor to exposure. Beverages contribute most to estimated 
fluoride intake, even when excluding contributions from local tap water. The 
greatest source of nondietary fluoride is dental products, primarily tooth-
pastes. The public is also exposed to fluoride from background air and from 
certain pesticide residues. Other sources include certain pharmaceuticals and 
consumer products.

Highly exposed subpopulations include individuals who have high con-
centrations of fluoride in drinking water, who drink unusually large volumes 
of water, or who are exposed to other important sources of fluoride. Some 
subpopulations consume much greater quantities of water than the 2 L 
per day that EPA assumes for adults, including outdoor workers, athletes, 
and people with certain medical conditions, such as diabetes insipidus. On 
a per-body-weight basis, infants and young children have approximately 
three to four times greater exposure than do adults. Dental-care products 
are also a special consideration for children, because many tend to use more 
toothpaste than is advised, their swallowing control is not as well developed 
as that of adults, and many children under the care of a dentist undergo 
fluoride treatments.

Overall, the committee found that the contribution to total fluoride 
exposure from fluoride in drinking water in the average person, depending 
on age, is 57% to 90% at 2 mg/L and 72% to 94% at 4 mg/L. For high-
water-intake individuals, the drinking-water contribution is 86% to 96% 
at 2 mg/L and 92% to 98% at 4 mg/L. Among individuals with an average 
water-intake rate, infants and children have the greatest total exposure to 
fluoride, ranging from 0.079 to 0.258 mg/kg/day at 4 mg/L and 0.046 to 
0.144 mg/kg/day at 2 mg/L in drinking water. For high-water-intake indi-
viduals exposed to fluoride at 4 mg/L, total exposure ranges from 0.294 
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mg/kg/day for adults to 0.634 mg/kg/day for children. The corresponding 
intake range at 2 mg/L is 0.154 to 0.334 mg/kg/day for adults and children, 
respectively.

Dental Effects

Enamel fluorosis is a dose-related mottling of enamel that can range 
from mild discoloration of the tooth surface to severe staining and pitting. 
The condition is permanent after it develops in children during tooth for-
mation, a period ranging from birth until about the age of 8. Whether to 
consider enamel fluorosis, particularly the moderate to severe forms, to be 
an adverse health effect or a cosmetic effect has been the subject of debate 
for decades. In previous assessments, all forms of enamel fluorosis, includ-
ing the severest form, have been judged to be aesthetically displeasing but 
not adverse to health. This view has been based largely on the absence of 
direct evidence that severe enamel fluorosis results in tooth loss; loss of tooth 
function; or psychological, behavioral, or social problems.

Severe enamel fluorosis is characterized by dark yellow to brown stain-
ing and discrete and confluent pitting, which constitutes enamel loss. The 
committee finds the rationale for considering severe enamel fluorosis only 
a cosmetic effect to be much weaker for discrete and confluent pitting than 
for staining. One of the functions of tooth enamel is to protect the dentin 
and, ultimately, the pulp from decay and infection. Severe enamel fluorosis 
compromises that health-protective function by causing structural damage 
to the tooth. The damage to teeth caused by severe enamel fluorosis is a toxic 
effect that is consistent with prevailing risk assessment definitions of adverse 
health effects. This view is supported by the clinical practice of filling enamel 
pits in patients with severe enamel fluorosis and restoring the affected teeth. 
Moreover, the plausible hypothesis concerning elevated frequency of caries 
in persons with severe enamel fluorosis has been accepted by some authori-
ties, and the available evidence is mixed but generally supportive.

Severe enamel fluorosis occurs at an appreciable frequency, approxi-
mately 10% on average, among children in U.S. communities with water 
fluoride concentrations at or near the current MCLG of 4 mg/L. Thus, the 
MCLG is not adequately protective against this condition.

Two of the 12 members of the committee did not agree that severe 
enamel fluorosis should now be considered an adverse health effect. They 
agreed that it is an adverse dental effect but found that no new evidence has 
emerged to suggest a link between severe enamel fluorosis, as experienced in 
the United States, and a person’s ability to function. They judged that dem-
onstration of enamel defects alone from fluorosis is not sufficient to change 
the prevailing opinion that severe enamel fluorosis is an adverse cosmetic 
effect. Despite their disagreement on characterization of the condition, these 
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two members concurred with the committee’s conclusion that the MCLG 
should prevent the occurrence of this unwanted condition.

Enamel fluorosis is also of concern from an aesthetic standpoint because 
it discolors or results in staining of teeth. No data indicate that staining 
alone affects tooth function or susceptibility to caries, but a few studies have 
shown that tooth mottling affects aesthetic perception of facial attractive-
ness. It is difficult to draw conclusions from these studies, largely because 
perception of the condition and facial attractiveness are subjective and cul-
turally influenced. The committee finds that it is reasonable to assume that 
some individuals will find moderate enamel fluorosis on front teeth to be 
detrimental to their appearance and that it could affect their overall sense 
of well-being. However, the available data are not adequate to categorize 
moderate enamel fluorosis as an adverse health effect on the basis of struc-
tural or psychological effects.

Since 1993, there have been no new studies of enamel fluorosis in U.S. 
communities with fluoride at 2 mg/L in drinking water. Earlier studies indi-
cated that the prevalence of moderate enamel fluorosis at that concentration 
could be as high as 15%. Because enamel fluorosis has different distribu-
tion patterns among teeth, depending on when exposure occurred during 
tooth development and on enamel thickness, and because current indexes 
for categorizing enamel fluorosis do not differentiate between mottling of 
anterior and posterior teeth, the committee was not able to determine what 
percentage of moderate cases might be of cosmetic concern.

Musculoskeletal Effects

Concerns about fluoride’s effects on the musculoskeletal system histori-
cally have been and continue to be focused on skeletal fluorosis and bone 
fracture. Fluoride is readily incorporated into the crystalline structure of 
bone and will accumulate over time. Since the previous 1993 NRC review 
of fluoride, two pharmacokinetic models were developed to predict bone 
concentrations from chronic exposure to fluoride. Predictions based on these 
models were used in the committee’s assessments below.

Skeletal Fluorosis

Skeletal fluorosis is a bone and joint condition associated with prolonged 
exposure to high concentrations of fluoride. Fluoride increases bone density 
and appears to exacerbate the growth of osteophytes present in the bone and 
joints, resulting in joint stiffness and pain. The condition is categorized into 
one of four stages: a preclinical stage and three clinical stages that increase 
in severity. The most severe stage (clinical stage III) historically has been 
referred to as the “crippling” stage. At stage II, mobility is not significantly 
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affected, but it is characterized by chronic joint pain, arthritic symptoms, 
slight calcification of ligaments, and osteosclerosis of the cancellous bones. 
Whether EPA’s MCLG of 4 mg/L protects against these precursors to more 
serious mobility problems is unclear.

Few clinical cases of skeletal fluorosis in healthy U.S. populations 
have been reported in recent decades, and the committee did not find any 
recent studies to evaluate the prevalence of the condition in populations 
exposed to fluoride at the MCLG. Thus, to answer the question of whether 
EPA’s MCLG protects the general public from stage II and stage III skeletal 
fluorosis, the committee compared pharmacokinetic model predictions of 
bone fluoride concentrations and historical data on iliac-crest bone fluoride 
concentrations associated with the different stages of skeletal fluorosis. The 
models estimated that bone fluoride concentrations resulting from lifetime 
exposure to fluoride in drinking water at 2 mg/L (4,000 to 5,000 mg/kg ash) 
or 4 mg/L (10,000 to 12,000 mg/kg ash) fall within or exceed the ranges 
historically associated with stage II and stage III skeletal fluorosis (4,300 to 
9,200 mg/kg ash and 4,200 to 12,700 mg/kg ash, respectively). However, 
this comparison alone is insufficient for determining whether stage II or III 
skeletal fluorosis is a risk for populations exposed to fluoride at 4 mg/L, 
because bone fluoride concentrations and the levels at which skeletal fluoro-
sis occurs vary widely. On the basis of the existing epidemiologic literature, 
stage III skeletal fluorosis appears to be a rare condition in the United Sates; 
furthermore, the committee could not determine whether stage II skeletal 
fluorosis is occurring in U.S. residents who drink water with fluoride at 4 
mg/L. Thus, more research is needed to clarify the relationship between 
fluoride ingestion, fluoride concentrations in bone, and stage of skeletal 
fluorosis before any conclusions can be drawn.

Bone Fractures

Several epidemiologic studies of fluoride and bone fractures have been 
published since the 1993 NRC review. The committee focused its review on 
observational studies of populations exposed to drinking water containing 
fluoride at 2 to 4 mg/L or greater and on clinical trials of fluoride (20-34 mg/
day) as a treatment for osteoporosis. Several strong observational studies in-
dicated an increased risk of bone fracture in populations exposed to fluoride 
at 4 mg/L, and the results of other studies were qualitatively consistent with 
that finding. The one study using serum fluoride concentrations found no 
appreciable relationship to fractures. Because serum fluoride concentrations 
may not be a good measure of bone fluoride concentrations or long-term 
exposure, the ability to show an association might have been diminished in 
that study. A meta-analysis of randomized clinical trials reported an elevated 
risk of new nonvertebral fractures and a slightly decreased risk of vertebral 
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fractures after 4 years of fluoride treatment. An increased risk of bone frac-
ture was found among a subset of the trials that the committee found most 
informative for assessing long-term exposure. Although the duration and 
concentrations of exposure to fluoride differed between the observational 
studies and the clinical trials, bone fluoride content was similar (6,200 to 
more than 11,000 mg/kg ash in observational studies and 5,400 to 12,000 
mg/kg ash in clinical trials).

Fracture risk and bone strength have been studied in animal models. 
The weight of evidence indicates that, although fluoride might increase bone 
volume, there is less strength per unit volume. Studies of rats indicate that 
bone strength begins to decline when fluoride in bone ash reaches 6,000 to 
7,000 mg/kg. However, more research is needed to address uncertainties 
associated with extrapolating data on bone strength and fractures from 
animals to humans. Important species differences in fluoride uptake, bone 
remodeling, and growth must be considered. Biochemical and physiological 
data indicate a biologically plausible mechanism by which fluoride could 
weaken bone. In this case, the physiological effect of fluoride on bone qual-
ity and risk of fracture observed in animal studies is consistent with the 
human evidence.

Overall, there was consensus among the committee that there is scien-
tific evidence that under certain conditions fluoride can weaken bone and 
increase the risk of fractures. The majority of the committee concluded that 
lifetime exposure to fluoride at drinking-water concentrations of 4 mg/L 
or higher is likely to increase fracture rates in the population, compared 
with exposure to 1 mg/L, particularly in some demographic subgroups that 
are prone to accumulate fluoride into their bones (e.g., people with renal 
disease). However, 3 of the 12 members judged that the evidence only sup-
ports a conclusion that the MCLG might not be protective against bone 
fracture. Those members judged that more evidence is needed to conclude 
that bone fractures occur at an appreciable frequency in human popula-
tions exposed to fluoride at 4 mg/L and that the MCLG is not likely to 
be protective.

There were few studies to assess fracture risk in populations exposed to 
fluoride at 2 mg/L in drinking water. The best available study, from Finland, 
suggested an increased rate of hip fracture in populations exposed to fluo-
ride at concentrations above 1.5 mg/L. However, this study alone is not suf-
ficient to judge fracture risk for people exposed to fluoride at 2 mg/L. Thus, 
no conclusions could be drawn about fracture risk or safety at 2 mg/L.

Reproductive and Developmental Effects

A large number of reproductive and developmental studies in animals 
have been conducted and published since the 1993 NRC report, and the 
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overall quality of that database has improved significantly. Those studies 
indicated that adverse reproductive and developmental outcomes occur 
only at very high concentrations that are unlikely to be encountered by 
U.S. populations. A few human studies suggested that high concentrations 
of fluoride exposure might be associated with alterations in reproductive 
hormones, effects on fertility, and developmental outcomes, but design 
limitations make those studies insufficient for risk evaluation.

Neurotoxicity and Neurobehavioral Effects

Animal and human studies of fluoride have been published reporting 
adverse cognitive and behavioral effects. A few epidemiologic studies of Chi-
nese populations have reported IQ deficits in children exposed to fluoride at 
2.5 to 4 mg/L in drinking water. Although the studies lacked sufficient detail 
for the committee to fully assess their quality and relevance to U.S. popula-
tions, the consistency of the results appears significant enough to warrant 
additional research on the effects of fluoride on intelligence.

A few animal studies have reported alterations in the behavior of 
rodents after treatment with fluoride, but the committee did not find the 
changes to be substantial in magnitude. More compelling were studies on 
molecular, cellular, and anatomical changes in the nervous system found 
after fluoride exposure, suggesting that functional changes could occur. 
These changes might be subtle or seen only under certain physiological or 
environmental conditions. More research is needed to clarify the effect of 
fluoride on brain chemistry and function.

Endocrine Effects

The chief endocrine effects of fluoride exposures in experimental ani-
mals and in humans include decreased thyroid function, increased calcitonin 
activity, increased parathyroid hormone activity, secondary hyperparathy-
roidism, impaired glucose tolerance, and possible effects on timing of sexual 
maturity. Some of these effects are associated with fluoride intake that is 
achievable at fluoride concentrations in drinking water of 4 mg/L or less, 
especially for young children or for individuals with high water intake. 
Many of the effects could be considered subclinical effects, meaning that 
they are not adverse health effects. However, recent work on borderline 
hormonal imbalances and endocrine-disrupting chemicals indicated that ad-
verse health effects, or increased risks for developing adverse effects, might 
be associated with seemingly mild imbalances or perturbations in hormone 
concentrations. Further research is needed to explore these possibilities.
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Effects on Other Organ Systems

The committee also considered effects on the gastrointestinal system, 
kidneys, liver, and immune system. There were no human studies on drink-
ing water containing fluoride at 4 mg/L in which gastrointestinal, renal, 
hepatic, or immune effects were carefully documented. Case reports and in 
vitro and animal studies indicated that exposure to fluoride at concentra-
tions greater than 4 mg/L can be irritating to the gastrointestinal system, 
affect renal tissues and function, and alter hepatic and immunologic param-
eters. Such effects are unlikely to be a risk for the average individual exposed 
to fluoride at 4 mg/L in drinking water. However, a potentially susceptible 
subpopulation comprises individuals with renal impairments who retain 
more fluoride than healthy people do.

Genotoxicity and Carcinogenicity

Many assays have been performed to assess the genotoxicity of fluoride. 
Since the 1993 NRC review, the most significant additions to the database 
are in vivo assays in human populations and, to a lesser extent, in vitro 
assays with human cell lines and in vivo experiments with rodents. The 
results of the in vivo human studies are mixed. The results of in vitro tests 
are also conflicting and do not contribute significantly to the interpretation 
of the existing database. Evidence on the cytogenetic effects of fluoride at 
environmental concentrations is contradictory.

Whether fluoride might be associated with bone cancer has been a 
subject of debate. Bone is the most plausible site for cancer associated with 
fluoride because of its deposition into bone and its mitogenic effects on bone 
cells in culture. In a 1990 cancer bioassay, the overall incidence of osteo-
sarcoma in male rats exposed to different amounts of fluoride in drinking 
water showed a positive dose-response trend. In a 1992 study, no increase in 
osteosarcoma was reported in male rats, but most of the committee judged 
the study to have insufficient power to counter the evidence for the trend 
found in the 1990 bioassay.

Several epidemiologic investigations of the relation between fluoride 
and cancer have been performed since the 1993 evaluation, including both 
individual-based and ecologic studies. Several studies had significant meth-
odological limitations that made it difficult to draw conclusions. Overall, 
the results are mixed, with some studies reporting a positive association and 
others no association.

On the basis of the committee’s collective consideration of data from 
humans, genotoxicity assays, and studies of mechanisms of action in cell 
systems (e.g., bone cells in vitro), the evidence on the potential of fluoride 
to initiate or promote cancers, particularly of the bone, is tentative and 
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mixed. Assessing whether fluoride constitutes a risk factor for osteosarcoma 
is complicated by the rarity of the disease and the difficulty of characterizing 
biologic dose because of the ubiquity of population exposure to fluoride and 
the difficulty of acquiring bone samples in nonaffected individuals.

A relatively large hospital-based case-control study of osteosarcoma and 
fluoride exposure is under way at the Harvard School of Dental Medicine 
and is expected to be published in 2006. That study will be an important 
addition to the fluoride database, because it will have exposure information 
on residence histories, water consumption, and assays of bone and toenails. 
The results of that study should help to identify what future research will 
be most useful in elucidating fluoride’s carcinogenic potential.

drinking-Water standards

Maximum-Contaminant-Level Goal

In light of the collective evidence on various health end points and 
total exposure to fluoride, the committee concludes that EPA’s MCLG of 4 
mg/L should be lowered. Lowering the MCLG will prevent children from 
developing severe enamel fluorosis and will reduce the lifetime accumulation 
of fluoride into bone that the majority of the committee concludes is likely 
to put individuals at increased risk of bone fracture and possibly skeletal 
fluorosis, which are particular concerns for subpopulations that are prone 
to accumulating fluoride in their bones.

To develop an MCLG that is protective against severe enamel fluorosis, 
clinical stage II skeletal fluorosis, and bone fractures, EPA should update the 
risk assessment of fluoride to include new data on health risks and better es-
timates of total exposure (relative source contribution) for individuals. EPA 
should use current approaches for quantifying risk, considering susceptible 
subpopulations, and characterizing uncertainties and variability.

Secondary Maximum Contaminant Level

The prevalence of severe enamel fluorosis is very low (near zero) at fluo-
ride concentrations below 2 mg/L. From a cosmetic standpoint, the SMCL 
does not completely prevent the occurrence of moderate enamel fluorosis. 
EPA has indicated that the SMCL was intended to reduce the severity and 
occurrence of the condition to 15% or less of the exposed population. The 
available data indicate that fewer than 15% of children will experience 
moderate enamel fluorosis of aesthetic concern (discoloration of the front 
teeth) at that concentration. However, the degree to which moderate enamel 
fluorosis might go beyond a cosmetic effect to create an adverse psychologi-
cal effect or an adverse effect on social functioning is not known.
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other PuBliC health issues

The committee’s conclusions regarding the potential for adverse effects 
from fluoride at 2 to 4 mg/L in drinking water do not address the lower 
exposures commonly experienced by most U.S. citizens. Fluoridation is 
widely practiced in the United States to protect against the development 
of dental caries; fluoride is added to public water supplies at 0.7 to 1.2 
mg/L. The charge to the committee did not include an examination of the 
benefits and risks that might occur at these lower concentrations of fluoride 
in drinking water.

researCh needs

As noted above, gaps in the information on fluoride prevented the 
committee from making some judgments about the safety or the risks of 
fluoride at concentrations of 2 to 4 mg/L. The following research will be 
useful for filling those gaps and guiding revisions to the MCLG and SMCL 
for fluoride.

•	 Exposure assessment
 — Improved assessment of exposure to fluoride from all sources is 

needed for a variety of populations (e.g., different socioeconomic condi-
tions). To the extent possible, exposures should be characterized for indi-
viduals rather than communities, and epidemiologic studies should group 
individuals by exposure level rather than by source of exposure, location of 
residence, or fluoride concentration in drinking water. Intakes or exposures 
should be characterized with and without normalization for body weight. 
Fluoride should be included in nationwide biomonitoring surveys and nutri-
tional studies; in particular, analysis of fluoride in blood and urine samples 
taken in these surveys would be valuable.

•	 Pharmacokinetic studies
 — The concentrations of fluoride in human bone as a function of ex-

posure concentration, exposure duration, age, sex, and health status should 
be studied. Such studies would be greatly aided by noninvasive means of 
measuring bone fluoride. Information is particularly needed on fluoride 
plasma and bone concentrations in people with small-to-moderate changes 
in renal function as well as in those with serious renal deficiency.

 — Improved and readily available pharmacokinetic models should 
be developed. Additional cross-species pharmacokinetic comparisons would 
help to validate such models.

•	 Studies of enamel fluorosis
 — Additional studies, including longitudinal studies, should be done 

in U.S. communities with water fluoride concentrations greater than 1 mg/L. 
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These studies should focus on moderate and severe enamel fluorosis in 
relation to caries and in relation to psychological, behavioral, and social 
effects among affected children, their parents, and affected children after 
they become adults.

 — Methods should be developed and validated to objectively assess 
enamel fluorosis. Consideration should be given to distinguishing between 
staining or mottling of the anterior teeth and of the posterior teeth so that 
aesthetic consequences can be more easily assessed.

 — More research is needed on the relation between fluoride exposure 
and dentin fluorosis and delayed tooth eruption patterns.

•	 Bone studies
 — A systematic study of clinical stage II and stage III skeletal fluoro-

sis should be conducted to clarify the relationship between fluoride inges-
tion, fluoride concentration in bone, and clinical symptoms.

 — More studies of communities with drinking water containing 
fluoride at 2 mg/L or more are needed to assess potential bone fracture risk 
at these higher concentrations. Quantitative measures of fracture, such as 
radiologic assessment of vertebral body collapse, should be used instead 
of self-reported fractures or hospital records. Moreover, if possible, bone 
fluoride concentrations should be measured in long-term residents.

•	 Other health effects
 — Carefully conducted studies of exposure to fluoride and emerging 

health parameters of interest (e.g., endocrine effects and brain function) 
should be performed in populations in the United States exposed to various 
concentrations of fluoride. It is important that exposures be appropriately 
documented.
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Introduction

Under the Safe Drinking Water Act, the U.S. Environmental Protection 
Agency (EPA) is required to establish the concentrations of contaminants 
that are permitted in public drinking-water systems. A public water system 
is defined by EPA as a “system for the provision to the public of water for 
human consumption through pipes or other constructed conveyances, if 
such system has at least fifteen service connections or regularly serves at least 
twenty-five individuals” (63 Fed. Reg. 41940 [1998]). Section 1412 of the 
act, as amended in 1986, requires EPA to publish maximum-contaminant-
level goals (MCLGs) and promulgate national primary drinking-water 
regulations (maximum contaminant levels [MCLs]) for contaminants in 
drinking water that might cause any adverse effect on human health and that 
are known or expected to occur in public water systems. MCLGs are health 
goals set at concentrations at which no known or expected adverse health 
effects occur and the margins of safety are adequate. MCLGs are not regu-
latory requirements but are used by EPA as a basis for establishing MCLs. 
MCLs are enforceable standards to be set as close as possible to the MCLG 
with use of the best technology available. For some contaminants, EPA also 
establishes secondary maximum contaminant levels (SMCLs), which are 
nonenforceable guidelines for managing drinking water for aesthetic, cos-
metic, or technical effects related to public acceptance of drinking water.

Fluoride is one of the natural contaminants found in public drinking 
water supplies regulated by EPA. In 1986, an MCLG of 4 milligrams per 
liter (mg/L) and an SMCL of 2 mg/L were established for fluoride, and an 
MCL of 4 mg/L was promulgated. It is important to make the distinction 
that EPA’s standards are guidelines for restricting the amount of naturally 
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occurring fluoride in drinking water; they are not recommendations about 
the practice of adding fluoride to public drinking-water systems (see below). 
In this report, the National Research Council’s (NRC’s) Committee on Fluo-
ride in Drinking Water reviews the nature of the human health risks from 
fluoride, estimates exposures to the general public from drinking water and 
other sources, and provides an assessment of the adequacy of the MCLG 
for protecting public health from adverse health effects from fluoride and 
of the SMCL for protecting against cosmetic effects. Assessing the efficacy 
of fluoride in preventing dental caries is not covered in this report.

This chapter briefly reviews the sources of fluoride in drinking water, 
states the task the committee addressed, sets forth the committee’s activities 
and deliberative process in developing the report, and describes the organi-
zation of the report.

Fluoride in drinking Water

Fluoride may be found in drinking water as a natural contaminant or 
as an additive intended to provide public health protection from dental 
caries (artificial water fluoridation). EPA’s drinking water standards are 
restrictions on the amount of naturally occurring fluoride allowed in public 
water systems, and are not recommendations about the practice of water 
fluoridation. Recommendations for water fluoridation were established by 
the U.S. Public Health Service, and different considerations were factored 
into how those guidelines were established.

Natural

Fluoride occurs naturally in public water systems as a result of runoff 
from weathering of fluoride-containing rocks and soils and leaching from 
soil into groundwater. Atmospheric deposition of fluoride-containing emis-
sions from coal-fired power plants and other industrial sources also contrib-
utes to amounts found in water, either by direct deposition or by deposition 
to soil and subsequent runoff into water. Of the approximately 10 million 
people with naturally fluoridated public water supplies in 1992, around 6.7 
million had fluoride concentrations less than or equal to 1.2 mg/L (CDC 
1993). Approximately 1.4 million had natural fluoride concentrations be-
tween 1.3 and 1.9 mg/L, 1.4 million had between 2.0 and 3.9 mg/L, and 
200,000 had concentrations equal to or exceeding 4.0 mg/L. Exceptionally 
high concentrations of fluoride in drinking water are found in areas of 
Colorado (11.2 mg/L), Oklahoma (12.0 mg/L), New Mexico (13.0 mg/L), 
and Idaho (15.9 mg/L).

Areas of the United States with concentrations of fluoride in drinking 
water greater than 1.3 mg/L are all naturally contaminated. As discussed 
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below, a narrow concentration range of 0.7 to 1.2 mg/L is recommended 
when decisions are made to intentionally add fluoride into water systems. 
This lower range also occurs naturally in some areas of the United States. 
Information on the fluoride content of public water supplies is available 
from local water suppliers and local, county, or state health departments.

Artificial

Since 1945, fluoride has been added to many public drinking-water 
supplies as a public-health practice to control dental caries. The “optimal” 
concentration of fluoride in drinking water for the United States for the 
prevention of dental caries has been set at 0.7 to 1.2 mg/L, depending on the 
mean temperature of the locality (0.7 mg/L for areas with warm climates, 
where water consumption is expected to be high, and 1.2 mg/L for cool 
climates, where water consumption is low) (PHS 1991). The optimal range 
was determined by selecting concentrations that would maximize caries 
prevention and limit enamel fluorosis, a dose-related mottling of teeth that 
can range from mild discoloration of the surface to severe staining and pit-
ting. Decisions about fluoridating a public drinking-water supply are made 
by state or local authorities. CDC (2002a) estimates that approximately 162 
million people (65.8% of the population served by public water systems) 
received optimally fluoridated water in 2000.

The practice of fluoridating water supplies has been the subject of 
controversy since it began (see reviews by Nesin 1956; Wollan 1968; Mc-
Clure 1970; Marier 1977; Hileman 1988). Opponents have questioned the 
motivation for and the safety of the practice; some object to it because it 
is viewed as being imposed on them by the states and as an infringement 
on their freedom of choice (Hileman 1988; Cross and Carton 2003). Oth-
ers claim that fluoride causes various adverse health effects and question 
whether the dental benefits outweigh the risks (Colquhoun 1997). Another 
issue of controversy is the safety of the chemicals used to fluoridate water. 
The most commonly used additives are silicofluorides, not the fluoride 
salts used in dental products (such as sodium fluoride and stannous fluo-
ride). Silicofluorides are one of the by-products from the manufacture of 
phosphate fertilizers. The toxicity database on silicofluorides is sparse and 
questions have been raised about the assumption that they completely dis-
sociate in water and, therefore, have toxicity similar to the fluoride salts 
tested in laboratory studies and used in consumer products (Coplan and 
Masters 2001).

It also has been maintained that, because of individual variations in 
exposure to fluoride, it is difficult to ensure that the right individual dose 
to protect against dental caries is provided through large-scale water fluo-
ridation. In addition, a body of information has developed that indicates 
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the major anticaries benefit of fluoride is topical and not systemic (Zero et 
al. 1992; Rölla and Ekstrand 1996; Featherstone 1999; Limeback 1999a; 
Clarkson and McLoughlin 2000; CDC 2001; Fejerskov 2004). Thus, it has 
been argued that water fluoridation might not be the most effective way to 
protect the public from dental caries.

Public health agencies have long disputed these claims. Dental caries is 
a common childhood disease. It is caused by bacteria that colonize on tooth 
surfaces, where they ferment sugars and other carbohydrates, generating 
lactic acid and other acids that decay tooth enamel and form a cavity. If the 
cavity penetrates to the dentin (the tooth component under the enamel), the 
dental pulp can become infected, causing toothaches. If left untreated, pulp 
infection can lead to abscess, destruction of bone, and systemic infection 
(Cawson et al. 1982; USDHHS 2000). Various sources have concluded that 
water fluoridation has been an effective method for preventing dental decay 
(Newbrun 1989; Ripa 1993; Horowitz 1996; CDC 2001; Truman et al. 
2002). Water fluoridation is supported by the Centers for Disease Control 
and Prevention (CDC) as one of the 10 great public health achievements in 
the United States, because of its role in reducing tooth decay in children and 
tooth loss in adults (CDC 1999). Each U.S. Surgeon General has endorsed 
water fluoridation over the decades it has been practiced, emphasizing that 
“[a] significant advantage of water fluoridation is that all residents of a 
community can enjoy its protective benefit. . . . A person’s income level or 
ability to receive dental care is not a barrier to receiving fluoridation’s health 
benefits” (Carmona 2004).

As noted earlier, this report does not evaluate nor make judgments about 
the benefits, safety, or efficacy of artificial water fluoridation. That practice 
is reviewed only in terms of being a source of exposure to fluoride.

history oF ePa’s regulation oF Fluoride

In 1975, EPA proposed an interim primary drinking-water regulation 
for fluoride of 1.4-2.4 mg/L. That range was twice the “optimal” range 
of 0.7-1.2 mg/L recommended by the U.S. Public Health Service for water 
fluoridation. EPA’s interim guideline was selected to prevent the occurrence 
of objectionable enamel fluorosis, mottling of teeth that can be classified as 
mild, moderate, or severe. In general, mild cases involve the development 
of white opaque areas in the enamel of the teeth, moderate cases involve 
visible brown staining, and severe cases include yellow to brown staining 
and pitting and cracking of the enamel (NRC 1993). EPA considered ob-
jectionable enamel fluorosis to involve moderate to severe cases with dark 
stains and pitting of the teeth.

The history of EPA’s regulation of fluoride is documented in 50 Fed. 
Reg. 20164 (1985). In 1981, the state of South Carolina petitioned EPA 
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to exclude fluoride from the primary drinking-water regulations and to set 
only an SMCL. South Carolina contended that enamel fluorosis should be 
considered a cosmetic effect and not an adverse health effect. The American 
Medical Association, the American Dental Association, the Association of 
State and Territorial Dental Directors, and the Association of State and Ter-
ritorial Health Officials supported the petition. After reviewing the issue, the 
U.S. Public Health Service concluded there was no evidence that fluoride in 
public water supplies has any adverse effects on dental health, as measured 
by loss of teeth or tooth function. U.S. Surgeon General C. Everett Koop 
supported that position. The National Drinking Water Advisory Council 
(NDWAC) recommended that enamel fluorosis should be the basis for a 
secondary drinking-water regulation. Of the health effects considered to be 
adverse, NDWAC found osteosclerosis (increased bone density) to be the 
most relevant end point for establishing a primary regulation.

EPA asked the U.S. Surgeon General to review the available data on the 
nondental effects of fluoride and to determine the concentrations at which 
adverse health effects would occur and an appropriate margin of safety to 
protect public health. A scientific committee convened by the surgeon gen-
eral concluded that exposure to fluoride at 5.0 to 8.0 mg/L was associated 
with radiologic evidence of osteosclerosis. Osteosclerosis was considered 
to be not an adverse health effect but an indication of osseous changes that 
would be prevented if the maximum content of fluoride in drinking water 
did not exceed 4 mg/L. The committee further concluded that there was 
no scientific documentation of adverse health effects at 8 mg/L and lower; 
thus, 4 mg/L would provide a margin of safety. In 1984, the surgeon gen-
eral concluded that osteosclerosis is not an adverse health effect and that 
crippling skeletal fluorosis was the most relevant adverse health effect when 
considering exposure to fluoride from public drinking-water supplies. He 
continued to support limiting fluoride concentrations to 2 mg/L to avoid 
objectionable enamel fluorosis (50 Fed. Reg. 20164 [1985]).

In 1984, NDWAC took up the issue of whether psychological and be-
havioral effects from objectionable enamel fluorosis should be considered 
adverse. The council concluded that the cosmetic effects of enamel fluorosis 
could lead to psychological and behavioral problems that affect the over-
all well-being of the individual. EPA and the National Institute of Mental 
Health convened an ad hoc panel of behavioral scientists to further evalu-
ate the potential psychological effects of objectionable enamel fluorosis. 
The panel concluded that “individuals who have suffered impaired dental 
appearance as a result of moderate or severe fluorosis are probably at in-
creased risk for psychological and behavioral problems or difficulties” (R. 
E. Kleck, unpublished report, Nov. 17, 1984, as cited in 50 Fed. Reg. 20164 
[1985]). NDWAC recommended that the primary drinking-water guideline 
for fluoride be set at 2 mg/L (50 Fed. Reg. 20164 [1985]).
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On the basis of its review of the available data and consideration of the 
recommendations of various advisory bodies, EPA set an MCLG of 4 mg/L 
on the basis of crippling skeletal fluorosis (50 Fed. Reg. 47,142 [1985]). 
That value was calculated from an estimated lowest-observed-adverse-effect 
level of 20 mg/day for crippling skeletal fluorosis, the assumption that adult 
water intake is 2 L per day, and the application of a safety factor of 2.5. This 
factor was selected by EPA to establish an MCLG that was in agreement 
with a recommendation from the U.S. Surgeon General. In 1986, the MCL 
for fluoride was promulgated to be the same as the MCLG of 4 mg/L (51 
Fed. Reg. 11,396 [1986]).

EPA also established an SMCL for fluoride of 2 mg/L to prevent objec-
tionable enamel fluorosis in a significant portion of the population (51 Fed. 
Reg. 11,396 [1986]). To set that guideline, EPA reviewed data on the inci-
dence of moderate and severe enamel fluorosis and found that, at a fluoride 
concentration of 2 mg/L, the incidence of moderate fluorosis ranged from 
0% to 15%. Severe cases appeared to be observed only at concentrations 
above 2.5 mg/L. Thus, 2 mg/L was considered adequate for preventing 
enamel fluorosis that would be cosmetically objectionable. EPA established 
the SMCL as an upper boundary guideline for areas that have high concen-
trations of naturally occurring fluoride. EPA does not regulate or promote 
the addition of fluoride to drinking water. If fluoride in a community water 
system exceeds the SMCL but not the MCL, a notice about potential risk 
of enamel fluorosis must be sent to all customers served by the system (40 
CFR 141.208[2005]).

In the early 1990s, the NRC was asked to independently review the 
health effects of ingested fluoride and EPA’s MCL. The NRC (1993) found 
EPA’s MCL of 4 mg/L to be an appropriate interim standard. Its report iden-
tified inconsistencies in the fluoride toxicity database and gaps in knowledge. 
Accordingly, the NRC recommended research in the areas of fluoride intake, 
enamel fluorosis, bone strength and fractures, and carcinogenicity. A list of 
the specific recommendations from that report is provided in Box 1-1.

Committee’s task

The Safe Drinking Water Act requires that EPA periodically review ex-
isting standards for water contaminants. Because of that requirement and 
new research on fluoride, EPA’s Office of Water requested that the NRC 
reevaluate the adequacy of the MCLG and SMCL for fluoride to protect 
public health. The NRC assigned this task to the standing Committee on 
Toxicology, and convened the Committee on Fluoride in Drinking Water. 
The committee was asked to review toxicologic, epidemiologic, and clinical 
data, particularly data published since 1993, and exposure data on orally 
ingested fluoride from drinking water and other sources (e.g., food, tooth-
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BOX 1-1 
Recommendations from NRC (1993) Report

Intake, Metabolism, and Disposition of Fluoride
	 •	 Determine	 and	 compare	 intake	 of	 fluoride	 from	 all	 sources,	
including	fluoride-containing	dental	products,	 in	communities	with	fluo-
ridated	 and	 nonfluoridated	 water.	That	 information	 would	 improve	 our	
understanding	of	trends	in	dental	caries,	enamel	fluorosis,	and	possibly	
other	disorders	or	diseases.
	 •	 Determine	 the	 effects	 of	 factors	 that	 affect	 human	 acid-base	
balance	and	urinary	pH	on	the	metabolic	characteristics,	balance,	and	
tissue	concentrations	of	fluoride.
	 •	 Determine	 the	 metabolic	 characteristics	 of	 fluoride	 in	 infants,	
young	children,	and	the	elderly.
	 •	 Determine	prospectively	the	metabolic	characteristics	of	fluoride	
in	patients	with	progressive	renal	disease.
	 •	 Using	 preparative	 and	 analytical	 methods	 now	 available,	 de-
termine	soft-tissue	fluoride	concentrations	and	 their	 relation	 to	plasma	
fluoride	concentrations.	Consider	the	relation	of	tissue	concentrations	to	
variables	of	interest,	including	past	fluoride	exposure	and	age.
	 •	 Identify	the	compounds	that	compose	the	“organic	fluoride	pool”	
in	human	plasma	and	determine	their	sources,	metabolic	characteristics,	
fate,	and	biological	importance.

Enamel Fluorosis
	 •	 Identify	 sources	 of	 fluoride	 during	 the	 critical	 stages	 of	 tooth	
development	in	childhood	and	evaluate	the	contribution	of	each	source	
to	enamel	fluorosis.
	 •	 Conduct	studies	on	the	relation	between	water	fluoride	concen-
trations	and	enamel	fluorosis	in	various	climatic	zones.
	 •	 Determine	the	lowest	concentration	of	fluoride	in	toothpaste	that	
produces	acceptable	cariostasis.
	 •	 Conduct	 studies	 on	 the	 contribution	 of	 ingested	 fluoride	 and	
fluoride	applied	topically	to	teeth	to	prevent	caries.

Bone Fracture
	 •	 Conduct	 a	 workshop	 to	 evaluate	 the	 advantages	 and	 disad-
vantages	 of	 the	 various	 doses,	 treatments,	 laboratory	 animal	 models,	
weight-bearing	versus	non-weight-bearing	bones,	and	 testing	methods	
for	bone	strength	that	can	be	used	to	determine	the	effects	of	fluoride	on	
bone.
	 •	 Conduct	 additional	 studies	 of	 hip	 and	 other	 fractures	 in	 geo-

continued
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20 FLUORIDE IN DRINKING WATER

paste, dental rinses). On the basis of those reviews, the committee was asked 
to evaluate independently the scientific basis of EPA’s MCLG of 4 mg/L and 
SMCL of 2 mg/L in drinking water and the adequacy of those guidelines to 
protect children and others from adverse health effects. The committee was 
asked to consider the relative contribution of various fluoride sources (e.g., 
food, dental-hygiene products) to total exposure. The committee also was 
asked to identify data gaps and make recommendations for future research 
relevant to setting the MCLG and SMCL for fluoride. Addressing questions 
of economics, risk-benefit assessment, and water-treatment technology was 
not part of the committee’s charge.

The committee is aware that some readers expect this report to make 
a determination about whether public drinking-water supplies should be 
fluoridated. That expectation goes beyond the committee’s charge. As noted 
above, the MCLG and SMCL are guidelines for areas where fluoride con-

graphic	areas	with	high	and	low	fluoride	concentration	in	drinking	water	
and	make	use	of	individual	information	about	water	consumption.	These	
studies	also	should	collect	 individual	 information	on	bone	fluoride	con-
centrations	and	intake	of	fluoride	from	all	sources,	as	well	as	reproductive	
history,	past	and	current	hormonal	status,	intake	of	dietary	and	supple-
mental	calcium	and	other	cations,	bone	density,	and	other	 factors	 that	
might	influence	the	risk	of	hip	fracture.

Carcinogenicity
	 •	 Conduct	one	or	more	highly	focused,	carefully	designed	analyti-
cal	studies	(case	control	or	cohort)	of	the	cancer	sites	that	are	most	highly	
suspect,	based	on	data	from	animal	studies	and	the	few	suggestions	of	a	
carcinogenic	effect	reported	in	the	epidemiologic	literature.	Such	studies	
should	be	designed	 to	gather	 information	on	 individual	 study	subjects	
so	that	adjustments	can	be	made	for	 the	potential	confounding	effects	
of	 other	 risk	 factors	 in	 analyses	 of	 individuals.	 Information	 on	 fluoride	
exposure	from	sources	other	than	water	must	be	obtained,	and	estimates	
of	exposure	 from	drinking	water	should	be	as	accurate	as	possible.	 In	
addition,	analysis	of	fluoride	in	bone	samples	from	patients	and	controls	
would	be	valuable	in	inferring	total	lifetime	exposures	to	fluoride.	Among	
the	disease	outcomes	 that	warrant	separate	study	are	osteosarcomas	
and	cancers	of	the	buccal	cavity,	kidney,	and	bones	and	joints.

BOX 1-1 
Continued
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INTRODUCTION 21

centrations are naturally high. They are designed with the intent to protect 
the public from adverse health effects related to fluoride exposure and not 
as guidelines to provide health benefits.

Committee’s aPProaCh

To accomplish its task, the committee held six meetings between Au-
gust 2003 and June 2005. The first two meetings involved data-gathering 
sessions that were open to the public. The committee heard presentations 
from EPA, CDC, individuals involved in fluoride research, fluoridation sup-
porters, and antifluoridation proponents. The committee also reviewed a 
large body of written material on fluoride, primarily focusing on research 
that was completed after publication of the 1993 NRC report. The avail-
able data included numerous research articles, literature reviews, position 
papers, and unpublished data submitted by various sources, including the 
public. Each paper and submission was evaluated case by case on its own 
merits.

Unless otherwise noted, the term fluoride is used in this report to refer 
to the inorganic, ionic form. Most of the nonepidemiologic studies reviewed 
involved exposure to a specified fluoride compound, usually sodium fluo-
ride. Various units of measure are used to express exposure to fluoride 
in terms of exposure concentrations and internal dose (see Table 1-1 and 
Chapter 3). To the extent possible, the committee has tried to use units that 
allow for easy comparisons.

In this report, the committee updates information on the issues consid-
ered in the 1993 review—namely, data on pharmacokinetics; dental effects; 
skeletal effects; reproductive and developmental effects; neurological and 
behavioral effects; endocrine effects; gastrointestinal, renal, hepatic, and 
immune effects; genotoxicity; and carcinogenicity. More inclusive reviews 
are provided on effects to the endocrine and central nervous systems, be-
cause the previous NRC review did not give those effects as much attention. 
The committee used a general weight-of-evidence approach to evaluate 
the literature, which involved assessing whether multiple lines of evidence 

TABLE 1-1 Units Commonly Used for Measuring Fluoride

Medium Unit Equivalent

Water 1 ppm 1 mg/L
Plasma 1 µmol/L 0.019 mg/L
Bone ash 1 ppm 1 mg/kg

1% 10,000 mg/kg

ABBREVIATIONS: mg/kg, milligrams per kilogram; mg/L, milligrams per liter; µmol/L, 
micromoles per liter; ppm, parts per million.
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22 FLUORIDE IN DRINKING WATER

indicate a human health risk. This included an evaluation of in vitro assays, 
animal research, and human studies (conducted in the United States and 
other countries). Positive and negative results were considered, as well as 
mechanistic and nonmechanistic information. The collective evidence was 
considered in perspective with exposures likely to occur from fluoride in 
drinking water at the MCLG or SMCL.

In evaluating the effects of fluoride, consideration is given to the expo-
sure associated with the effects in terms of dose and time. Dose is a simple 
variable (such as mg/kg/day), and time is a complex variable because it 
involves not only the frequency and duration of exposure but also the 
persistence of the agent in the system (kinetics) and the effect produced by 
the agent (dynamics). Whether the key rate-limiting events responsible for 
the adverse effect are occurring in the kinetic or in the dynamic pathway is 
important in understanding the toxicity of a chemical and in directing future 
research (see Rozman and Doull 2000). The committee also attempts to 
characterize fluoride exposures from various sources to different subgroups 
within the general population and to identify subpopulations that might be 
particularly susceptible to the effects of fluoride.

struCture oF the rePort

The remainder of this report is organized into 10 chapters. Chapter 2 
characterizes the general public’s exposure to fluoride from drinking water 
and other sources. Chapter 3 provides a description of the chemistry of fluo-
ride and pharmacokinetic information that was considered in evaluating the 
toxicity data on fluoride. In Chapters 4-9, the committee evaluates the sci-
entific literature on adverse effects of fluoride on teeth, the musculoskeletal 
system, reproduction and development, the nervous system, the endocrine 
system, the gastrointestinal system, the kidneys, the liver, and the immune 
system. Chapter 10 evaluates the genotoxic and carcinogenic potential of 
fluoride. Finally, Chapter 11 provides an assessment of the most significant 
health risks from fluoride in drinking water and its implications for the 
adequacy of EPA’s MCLG and SMCL for protecting the public.
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2

Measures of Exposure to Fluoride 
in the United States

The major sources of internal exposure of individuals to fluorides are 
the diet (food, water, beverages) and fluoride-containing dental products 
(toothpaste, fluoride supplements). Internal exposure to fluorides also 
can occur from inhalation (cigarette smoke, industrial emissions), dermal 
absorption (from chemicals or pharmaceuticals), ingestion or parenteral 
administration of fluoride-containing drugs, and ingestion of fluoride-con-
taining soil. Information on the pharmacokinetics of fluoride are provided 
in Chapter 3.

The National Research Council’s (NRC’s) 1993 review of the health ef-
fects of ingested fluoride reported estimates of average daily fluoride intake 
from the diet of 0.04-0.07 milligrams per kilogram (mg/kg) of body weight 
for young children in an area with fluoridated water (fluoride concentration 
in drinking water, 0.7-1.2 mg per liter [L]; NRC 1993). Dietary intake of 
fluoride by adults in an area with fluoridated water was variously estimated 
to be between 1.2 and 2.2 mg/day (0.02-0.03 mg/kg for a 70-kg adult). 
The fluoride intake from toothpaste or mouth rinse by children with good 
control of swallowing, assuming twice-a-day use, was estimated to equal 
the intake from food, water, and beverages. The review acknowledged that 
“substantially” higher intakes of fluoride from consumption of fluoridated 
water would result for individuals such as outdoor laborers in warm cli-
mates or people with high-urine-output disorders, but these intakes were not 
quantified. Similarly, children and others with poor control of swallowing 
could have intakes of fluoride from dental products that exceed the dietary 
intakes, but these intakes also were not quantified. Other factors cited as 
affecting individual fluoride intakes include changes in the guidelines for 
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24 FLUORIDE IN DRINKING WATER

fluoride supplementation and use of bottled water or home water purifi-
cation systems rather than fluoridated municipal water. The NRC (1993) 
recommended further research to “determine and compare the intake of 
fluoride from all sources, including fluoride-containing dental products, in 
fluoridated and nonfluoridated communities.”

This chapter provides a review of the available information on fluoride 
exposures in the United States, including sources of fluoride exposure, in-
takes from various fluoride sources, and factors that could affect individual 
exposures to fluorides. Population subgroups with especially high exposures 
are discussed. The major emphasis of this chapter is on chronic exposure 
rather than acute exposure. The use of biomarkers as alternative approaches 
to estimation of actual individual exposures is also discussed.

In practice, most fluorine added to drinking water is in the form of fluo-
silicic acid (fluorosilicic acid, H2SiF6) or the sodium salt (sodium fluosilicate, 
Na2SiF6), collectively referred to as fluorosilicates (CDC 1993); for some 
smaller water systems, fluoride is added as sodium fluoride (NaF). Fluoride 
in toothpaste and other dental products is usually present as sodium fluo-
ride (NaF), stannous fluoride (SnF2), or disodium monofluorophosphate 
(Na2PO3F). Fluorine-containing pesticides and pharmaceuticals also con-
tribute to total fluorine exposures and are considered separately. Fluoride 
in food and drinking water usually is considered in terms of total fluorine 
content, assumed to be present entirely as fluoride ion (F–). Information on 
exposures to fluorosilicates and aluminofluorides is also included.

sourCes oF Fluoride exPosure

Drinking Water

General Population

The major dietary source of fluoride for most people in the United States 
is fluoridated municipal (community) drinking water, including water con-
sumed directly, food and beverages prepared at home or in restaurants from 
municipal drinking water, and commercial beverages and processed foods 
originating from fluoridated municipalities. On a mean per capita basis, 
community (public or municipal) water constitutes 75% of the total water 
ingested in the United States; bottled water constitutes 13%, and other 
sources (e.g., wells and cisterns) constitute 10% (EPA 2000a). Municipal 
water sources that are not considered “fluoridated” could contain low 
concentrations of naturally occurring fluoride, as could bottled water and 
private wells, depending on the sources.

An estimated 162 million people in the United States (65.8% of the 
population served by public water systems) received “optimally fluori-
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dated”1 water in 2000 (CDC 2002a). This represents an increase from 144 
million (62.1%) in 1992. The total number of people served by public water 
systems in the United States is estimated to be 246 million; an estimated 
35 million people obtain water from other sources such as private wells 
(CDC 2002a,b). The U.S. Environmental Protection Agency (EPA) limits 
the fluoride that can be present in public drinking-water supplies to 4 mg/L 
(maximum contaminant level, or MCL) to protect against crippling skeletal 
fluorosis, with a secondary maximum contaminant level (SMCL) of 2 mg/L 
to protect against objectionable enamel fluorosis (40CFR 141.62(b)[2001], 
40CFR 143.3[2001]).

Of the 144 million people with fluoridated public water supplies in 
1992, approximately 10 million (7%) received naturally fluoridated water, 
the rest had artificially fluoridated water (CDC 2002c). Of the population 
with artificially fluoridated water in 1992, more than two-thirds had a water 
fluoride concentration of 1.0 mg/L, with almost one-quarter having lower 
concentrations and about 5% having concentrations up to 1.2 mg/L (CDC 
1993; see Appendix B).

Of the approximately 10 million people with naturally fluoridated pub-
lic water supplies in 1992, approximately 67% had fluoride concentrations 
≤ 1.2 mg/L (CDC 1993; see Appendix B). Approximately 14% had fluoride 
concentrations between 1.3 and 1.9 mg/L and another 14% had between 2.0 
and 3.9 mg/L; 2% (just over 200,000 persons) had natural fluoride concen-
trations equal to or exceeding 4.0 mg/L.2 Water supplies that exceeded 4.0 
mg/L ranged as high as 11.2 mg/L in Colorado, 12.0 mg/L in Oklahoma, 
13.0 mg/L in New Mexico, and 15.9 mg/L in Idaho (see Appendix B, Table 
B-3).3 States with the largest populations receiving water supplies with 
fluoride at ≥ 4.0 mg/L included Virginia (18,726 persons, up to 6.3 mg/L), 
Oklahoma (18,895 persons, up to 12.0 mg/L), Texas (36,863 persons, up to 
8.8 mg/L), and South Carolina (105,618 persons, up to 5.9 mg/L).

Little information is available on the fluoride content of private water 
sources, but the variability can reasonably be expected to be high and to 

1The term optimally fluoridated water means a fluoride level of 0.7-1.2 mg/L; water fluoride 
levels are based on the average maximum daily air temperature of the area (see Appendix B).

2More recently (2000), CDC has estimated that 850,000 people are served by public water 
supplies containing fluoride in excess of 2 mg/L; of these, 152,000 people receive water contain-
ing fluoride in excess of 4 mg/L (unpublished data from CDC as reported in EPA 2003a). Based 
on analytical data from 16 states, EPA (2003a) estimates that 1.5-3.3 million people nationally 
are served by public water supplies with fluoride concentrations exceeding 2 mg/L; of these 
118,000-301,000 people receive water with fluoride concentrations greater than 4 mg/L.

3High-fluoride municipal waters are generally found in regions that have high fluoride 
concentrations in the groundwater or in surface waters. ATSDR (2003) has reviewed fluoride 
concentrations in environmental media, including groundwater and surface water. Fleischer 
(1962) and Fleischer et al. (1974) reported fluoride concentrations in groundwater by county 
for the coterminous United States.
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26 FLUORIDE IN DRINKING WATER

depend on the region of the country. Fluoride measured in well water in one 
study in Iowa ranged from 0.06 to 7.22 mg/L (mean, 0.45 mg/L); home-fil-
tered well water contained 0.02-1.00 mg/L (mean, 0.32 mg/L; Van Winkle et 
al. 1995). Hudak (1999) determined median fluoride concentrations for 237 
of 254 Texas counties (values were not determined for counties with fewer 
than five observations). Of the 237 counties, 84 have median groundwater 
fluoride concentrations exceeding 1 mg/L; of these, 25 counties exceed 2 
mg/L and five exceed 4 mg/L. Residents in these areas (or similar areas in 
other states) who use groundwater from private wells are likely to exceed 
current guidelines for fluoride intake.

Duperon et al. (1995) pointed out that fluoride concentrations reported 
by local water suppliers can be substantially different from concentrations 
measured in water samples obtained in homes. Use of home water filtration 
or purification systems can reduce the fluoride concentration in community 
water by 13% to 99%, depending on the type of system (Duperon et al. 
1995; Van Winkle et al. 1995; Jobson et al. 2000). Distillation or reverse 
osmosis can remove nearly all the fluoride. The extent of use of home wa-
ter filtration or purification systems nationally is not known but obviously 
would affect the fluoride intake for people using such systems. Van Winkle et 
al. (1995) reported that 11% of their study population (in Iowa) used some 
type of home filtration either for well water or for public water.

Fluoride concentrations in bottled water4 are regulated by law to a 
maximum of 1.4-2.4 mg/L if no fluoride is added and a maximum of 0.8-1.7 
mg/L if fluoride is added (the applicable value within the range depends on 
the annual average of maximum daily air temperatures at the location of 
retail sale; 21CFR 165.110[2003]). Maximum fluoride concentrations for 
imported bottled water are 1.4 mg/L if no fluoride is added and 0.8 mg/L 
if fluoride is added (21CFR 165.110[2003]). Fluoride concentrations are 
required on labels in the United States only if fluoride is added. Fluoride con-
centrations listed on labels or in chemical analyses available on the Internet 
for various brands range from 0 to 3.6 mg/L (Bartels et al. 2000; Johnson 
and DeBiase 2003; Bottled Water Web 2004); of those without added fluo-
ride, most are below 0.6 mg/L. Most brands appear to list fluoride content 
only if they are specifically advertising the fact that their water is fluori-
dated; fluoride concentrations of these brands range from 0.5 to 0.8 mg/L 
(for “nursery” or “infant” water) up to 1.0 mg/L. Several reports indicate 

4The term “bottled water” applies to water intended for human consumption, containing 
no added ingredients besides fluoride or appropriate antimicrobial agents; the regulations ap-
ply to bottled water, drinking water, artesian water, artesian well water, groundwater, mineral 
water, purified water, demineralized water, deionized water, distilled water, reverse osmosis 
water, purified drinking water, demineralized drinking water, deionized drinking water, distilled 
drinking water, reverse osmosis drinking water, sparkling water, spring water, and well water 
(21CFR 165.110[2003]).
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that fluoride concentrations obtained from the manufacturer or stated on 
labels for bottled waters might not be accurate (Weinberger 1991; Toumba 
et al. 1994; Bartels et al. 2000; Lalumandier and Ayers 2000; Johnson and 
DeBiase 2003; Zohouri et al. 2003).

Measured fluoride concentrations in bottled water sold in the United 
States have varied from 0 to 1.36 mg/L (Nowak and Nowak 1989; Chan et 
al. 1990; Stannard et al. 1990; Van Winkle et al. 1995; Bartels et al. 2000; 
Lalumandier and Ayers 2000; Johnson and DeBiase 2003). Van Winkle et 
al. (1995) reported a mean of 0.18 mg/L for 78 commercial bottled waters 
in Iowa. Johnson and DeBiase (2003) more recently reported values ranging 
from 0 to 1.2 mg/L for 65 bottled waters purchased in West Virginia, with 
57 brands having values below 0.6 mg/L. Measured fluoride concentrations 
in bottled waters in other countries have similar ranges: 0.05-4.8 mg/L in 
Canada (Weinberger 1991), 0.10-0.80 mg/L in the United Kingdom (Toum-
ba et al. 1994), and 0.01-0.37 mg/L more recently in the United Kingdom 
(Zohouri et al. 2003).5 Bartels et al. (2000) found significant variation in 
fluoride concentrations among samples of the same brand with different bot-
tling dates purchased in the same city. In general, distilled and purified (re-
verse osmosis) waters contain very low concentrations of fluoride; drinking 
water (often from a municipal tap) and spring water vary with their source, 
as do mineral waters, which can be very low or very high in fluoride. Most 
spring water sold in the United States probably has a low fluoride content 
(<0.3 mg/L). Typical fluoride concentrations in various types of drinking 
water in the United States are summarized in Table 2-1.

Average per capita ingestion of community or municipal water is es-
timated to be 927 mL/day (EPA 2000a; see Appendix B6). The estimated 
90th percentile of the per capita ingestion of community water from that 
survey is 2.016 L/day. Estimated intakes by those actually consuming com-
munity water (excluding people with zero ingestion of community water) 
are higher, with a mean of 1.0 L/day and a 90th percentile of 2.069 L/day 
(EPA 2000a). Thus, if national estimates of water intake (see Appendix B) 

5The European Commission has set a maximum limit of 5.0 mg/L for fluoride in natural 
mineral waters, effective January 1, 2008 (EC 2003). In addition, natural mineral waters with 
a fluoride concentration exceeding 1.5 mg/L must be labeled with the words “contains more 
than 1.5 mg/L of fluoride: not suitable for regular consumption by infants and children under 
7 years of age,” and for all natural mineral waters, the actual fluoride content is to be listed on 
the label. England has essentially the same requirements (TSO 2004), applicable to all bottled 
waters (natural mineral waters, spring water, and bottled drinking water).

6As described more fully in Appendix B, the values from EPA (2000a) are from a short-
term survey of more than 15,000 individuals in the United States. Although these values are 
considered reasonable indicators both of typical water consumption and of the likely range 
of water consumption on a long-term basis, they should not be used by themselves to predict 
the number of individuals or percentage of the population that consumes a given amount of 
water on a long-term basis.
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are assumed to be valid for the part of the population with fluoridated wa-
ter supplies, the intake of fluoride for a person with average consumption 
of community water (1 L/day) in a fluoridated area ranges from 0.7 to 1.2 
mg/day, depending on the area. A person with consumption of community 
water equivalent to the 90th percentile in that survey (2.069 L/day) would 
have a fluoride intake between 1.4 and 2.5 mg/day, from community water 
alone. Table 2-2 provides examples of fluoride intake by typical and high 
consumers of municipal water by age group.

The estimates of water consumption described in Appendix B are in 
keeping with recently published “adequate intake” values for total water 
consumption (including drinking water, all beverages, and moisture in food; 
IOM 2004; see Appendix B, Table B-10). Note that these estimates are 
national values; the range of values for optimal fluoridation was intended 
to account for expected regional differences in water consumption due to 
regional temperature differences (see Appendix B). A separate study based 
on the same data used by EPA (2000a) found no strong or consistent as-
sociation between water intake and month or season (Heller et al. 1999). 
Another recent study of American children aged 1-10 years also found no 
significant relationship between water consumption and mean temperature 
in modern conditions (perhaps due to artificial temperature regulation) and 
suggested that the temperature-related guidelines for fluoride concentrations 
in drinking water be reevaluated (Sohn et al. 2001).

Actual intakes of fluoride from drinking water by individuals depend 
on their individual water intakes, the source or sources of that water, and 
the use of home water purification or filtration systems. As described earlier, 
fluoride concentrations in community water might vary from their reported 
concentrations; fluoride content of bottled water also varies considerably 
with brand or source, with packaging date for a given brand, and from 

TABLE 2-1 Typical Fluoride Concentrations of Major Types of Drinking 
Water in the United States

Source Range, mg/La

Municipal water (fluoridated) 0.7-1.2
Municipal water (naturally fluoridated) 0.7-4.0+
Municipal water (nonfluoridated) <0.7
Well water 0-7+
Bottled water from municipal source 0-1.2
Spring water 0-1.4 (usually <0.3)
Bottled “infant” or “nursery” water 0.5-0.8
Bottled water with added fluorideb 0.8-1.0
Distilled or purified water <0.15

 aSee text for relevant references.
 bOther than “infant” or “nursery” water.
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information (if any) given on the labels or provided by the manufacturer. 
Private water sources (e.g., wells and cisterns) probably are even more vari-
able in fluoride content, with some regions of the country being especially 
high and others very low. A number of authors have pointed out the dif-
ficulty doctors and dentists face in ascertaining individual fluoride intakes, 
just from drinking water (from all sources), for the purpose of prescribing 
appropriate fluoride supplementation (Nowak and Nowak 1989; Chan et 
al. 1990; Stannard et al. 1990; Levy and Shavlick 1991; Weinberger 1991; 
Dillenberg et al. 1992; Jones and Berg 1992; Levy and Muchow 1992; 
Toumba et al. 1994; Duperon et al. 1995; Van Winkle et al. 1995; Heller 
et al. 1999; Bartels et al. 2000; Lalumandier and Ayers 2000; Johnson and 
DeBiase 2003; Zohouri et al. 2003).

High Intake Population Subgroups

EPA, in its report to Congress on sensitive subpopulations (EPA 2000b), 
defines sensitive subpopulations in terms of either their response (more 
severe response or a response to a lower dose) or their exposure (greater 
exposure than the general population). Hence, it is appropriate to consider 
those population subgroups whose water intake is likely to be substantially 
above the national average for the corresponding sex and age group. These 
subgroups include people with high activity levels (e.g., athletes, workers 
with physically demanding duties, military personnel); people living in 
very hot or dry climates, especially outdoor workers; pregnant or lactating 
women; and people with health conditions that affect water intake. Such 
health conditions include diabetes mellitus, especially if untreated or poorly 
controlled; disorders of water and sodium metabolism, such as diabetes in-
sipidus; renal problems resulting in reduced clearance of fluoride; and short-
term conditions requiring rapid rehydration, such as gastrointestinal upsets 
or food poisoning (EPA 2000a). (While the population sample described in 
Appendix B [Water Ingestion and Fluoride Intakes] included some of these 
individuals, the study did not attempt to estimate means or distributions of 
intake for these specific subgroups.)

As shown in Appendix B (Tables B-4 to B-9), some members of the U.S. 
population could have intakes from community water sources of as much as 
4.5-5 L/day (as high as 80 mL/kg/day for adults). Some infants have intakes 
of community water exceeding 200 mL/kg/day. Heller et al. (1999), using 
the same data set as EPA (2000a), reported that 21 of 14,640 people (of all 
ages) had water intakes over 6 standard deviations from the mean (greater 
than 249 mL/kg/day). Whyte et al. (2005) describe an adult woman who 
consistently consumed 1-2 gallons (3.8-7.6 L) of fluid per day (instant tea 
made with well water); no specific reason for her high fluid consumption 
is given.
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Fluid requirements of athletes, workers, and military personnel depend 
on the nature and intensity of the activity, the duration of the activity, and 
the ambient temperature and humidity. Total sweat losses for athletes in 
various sports can range from 200 to 300 mL/hour to 2,000 mL/hour or 
more (Convertino et al. 1996; Horswill 1998; Cox et al. 2002; Coyle 2004). 
Most recommendations on fluid consumption for athletes are concerned 
with matching fluid replacement to fluid losses during the training session 
or competition to minimize the detrimental effects of dehydration on athletic 
performance (Convertino et al. 1996; Horswill 1998; Coris et al. 2004; 
Coyle 2004). Depending on the nature of the sport or training session, the 
ease of providing fluid, and the comfort of the athlete with respect to con-
tent of the gastrointestinal tract, fluid intake during exercise is often only a 
fraction (e.g., one-half) of the volume lost, and losses of 2% of body weight 
or more might occur during an exercise session in spite of fluid consump-
tion during the session (Convertino et al. 1996; Cox et al. 2002; Coris et 
al. 2004; Coyle 2004).

Total daily fluid consumption by athletes generally is not reported; for 
many athletes, it is probably on the order of 5% of body weight (50 mL/
kg/day) or more to compensate for urinary and respiratory losses as well 
as sweat losses. For example, Crossman (2003) described a professionally 
prepared diet plan for a major league baseball player that includes 26 cups 
(6.2 L) of water or sports drink on a workout day and 19 cups (4.5 L) on an 
off-day; this is in addition to 9-11 cups (2.1-2.6 L) of milk, fruit juice, and 
sports drink with meals and scheduled snacks (total fluid intake of 6.8-8.8 
L/day, or 52-67 mL/kg/day for a 132-kg player7). While some players and 
teams probably use bottled or distilled water, most (especially at the amateur 
and interscholastic levels) probably use local tap water; also, sports drinks 
might be prepared (commercially or by individuals) with tap water.

The U.S. Army’s policy on fluid replacement for warm-weather training 
calls for 0.5-1 quart/hour (0.47-0.95 L/hour), depending on the tempera-
ture, humidity, and type of work (Kolka et al. 2003; USASMA 2003). In 
addition, fluid intake is not to exceed 1.5 quarts/hour (1.4 liter/hour) or 
12 quarts/day (11.4 L/day). The Army’s planning factor for individual tap 
water consumption ranges from 1.5 gallons/day (5.7 L/day) for temperate 
conditions to 3.0 gallons/day (11.4 L/day) for hot conditions (U.S. Army 
1983). Hourly intake can range from 0.21 to 0.65 L depending on the tem-
perature (McNall and Schlegel 1968), and daily intake among physically 
active individuals can range from 6 to 11 L (U.S. Army 1983, cited by EPA 
1997). Nonmilitary outdoor workers in hot or dry climates probably would 
have similar needs.

7The player’s weight was obtained from the 2003 roster of the Cleveland Indians baseball 
team (http://cleveland.indians.mlb.com).
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Water intakes for pregnant and lactating women are listed separately 
in Appendix B (Tables B-4 to B-9). Total water intake for pregnant women 
does not differ greatly from that for all adult females (Table B-9), while total 
water consumption by lactating women is generally higher. For the highest 
consumers among lactating women, consumption rates approximate those 
for athletes and workers (50-70 mL/kg/day).

Diabetes mellitus and diabetes insipidus are both characterized by high 
water intakes and urine volumes, among other things (Beers and Berkow 
1999; Eisenbarth et al. 2002; Robinson and Verbalis 2002; Belchetz and 
Hammond 2003). People with untreated or poorly controlled diabetes 
mellitus would be expected to have substantially higher fluid intakes than 
nondiabetic members of the population. The American Diabetes Associa-
tion (2004) estimates that 18.2 million people in the United States (6.3% of 
the population) have diabetes mellitus and that 5.2 million of these are not 
aware they have the disease. Other estimates range from 16 to 20 million 
people in the United States, with up to 50% undiagnosed (Brownlee et al. 
2002; Buse et al. 2002).

Diabetes insipidus, or polyuria, is defined as passage of large volumes 
of urine, in excess of about 2 L/m2/day (approximately 150 mL/kg/day at 
birth, 110 mL/kg/day at 2 years, and 40 mL/kg/day in older children and 
adults) (Baylis and Cheetham 1998; Cheetham and Baylis 2002). Diabetes 
insipidus includes several types of disease distinguished by cause, including 
both familial and acquired disorders (Baylis and Cheetham 1998; Cheetham 
and Baylis 2002; Robinson and Verbalis 2002). Water is considered a thera-
peutic agent for diabetes insipidus (Beers and Berkow 1999; Robinson and 
Verbalis 2002); in addition, some kinds of diabetes insipidus can be treated 
by addressing an underlying cause or by administering vasopressin (antidi-
uretic hormone) or other agents to reduce polyuria to a tolerable level. The 
Diabetes Insipidus Foundation (2004) estimates the number of diabetes 
insipidus patients in the United States at between 40,000 and 80,000.

Someone initially presenting with central or vasopressin-sensitive diabe-
tes insipidus might ingest “enormous” quantities of fluid and may produce 
3-30 L of very dilute urine per day (Beers and Berkow 1999) or up to 400 
mL/kg/day (Baylis and Cheetham 1998). Most patients with central diabetes 
insipidus have urine volumes of 6-12 L/day (Robinson and Verbalis 2002). 
Patients with primary polydipsia might ingest and excrete up to 6 L of 
fluid per day (Beers and Berkow 1999). Pivonello et al. (1998) listed water 
intakes of 5.5-8.6 L/day for six adults with diabetes insipidus who did not 
take vasopressin and 1.4-2.5 L/day for 12 adults who used a vasopressin 
analogue. An estimated 20% to 40% of patients on lithium therapy have a 
urine volume > 2.5 L/day, and up to 12% have frank nephrogenic diabetes 
insipidus characterized by a urine volume > 3 L/day (Mukhopadhyay et al. 
2001).
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Five papers described enamel fluorosis in association with diabetes in-
sipidus or polydipsia (Table 2-3). Two of the papers described cases of enam-
el fluorosis in the United States resulting from fluoride concentrations of 1, 
1.7, or 2.6 mg/L in drinking water (Juncos and Donadio 1972; Greenberg 
et al. 1974). The two individuals drinking water with fluoride at 1.7 and 
2.6 mg/L also had roentgenographic bone changes consistent with “systemic 
fluorosis”8 (Juncos and Donadio 1972). These patients and four other renal 
patients in the U.S. “in whom fluoride may have been the cause of detect-
able clinical and roentgenographic effects” were also reported by Johnson 
et al. (1979); most of the patients had urine volumes exceeding 3 L/day and 
drinking water with fluoride concentrations around 1.7-3 mg/L.

Moderate and severe enamel fluorosis have been reported in diabetes 
insipidus patients in other countries with drinking water containing fluoride 
at 0.5 mg/L (Klein 1975) or 1 mg/L (Seow and Thomsett 1994), and severe 
enamel fluorosis with skeletal fluorosis has been reported with fluoride at 
3.4 mg/L (Mehta et al. 1998). Greenberg et al. (1974) recommended that 
children with any disorder that gives rise to polydipsia and polyuria9 be 
supplied a portion of their water from a nonfluoridated source.

Table 2-4 provides examples of fluoride intake by members of several 
population subgroups characterized by above-average water consumption 
(athletes and workers, patients with diabetes mellitus or diabetes insipidus). 
It should be recognized that, for some groups of people with high water 
intakes (e.g., those with a disease condition or those playing indoor sports 
such as basketball or hockey), there probably will be little correlation of 
water intake with outdoor temperature—such individuals in northern states 
would consume approximately the same amounts of water as their counter-
parts in southern states. However, fluoridation still varies from state to state 
(Appendix B), so that some individuals could consume up to 1.7 times as 
much as others for the same water intake (1.2 versus 0.7 mg/L).

Background Food

Measured fluoride in samples of human breast milk is very low. 
 Dabeka et al. (1986) found detectable concentrations in only 92 of 210 
samples (44%) obtained in Canada, with fluoride ranging from <0.004 to 
0.097 mg/L. The mean concentration in milk from mothers in fluoridated 

8These two individuals also had impaired renal function, which could have increased their 
retention of fluoride (see Chapter 3).

9Greenberg et al. (1974) listed “central diabetes insipidus, psychogenic water ingestion, 
renal medullary disease, including hypercalemic nephropathy, hypokalemic nephropathy and 
anatomic and vascular disturbances and those diseases causing solute diuresis” as disorders 
associated with “excessive” consumption of water and therefore the possibility of “fluoride 
toxicity in a community with acceptable fluoride concentration.”
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communities (1 mg/L in the water) was 0.0098 mg/L; in nonfluoridated 
communities, the mean was 0.0044 mg/L). Fluoride concentrations were 
correlated with the presence of fluoride in the mother’s drinking water. 
Spak et al. (1983) reported mean fluoride concentrations in colostrum of 
0.0053 mg/L (0.28 µM/L) in an area in Sweden with fluoride at 0.2 mg/L 
in drinking water and 0.0068 mg/L (0.36 µM/L) in an area with fluoride at 
1.0 mg/L in the drinking water; in the fluoridated area, the mean fluoride 
concentration in mature milk was 0.007 mg/L (0.37 µM/L). No statistically 
significant difference in milk fluoride concentration between the two areas 
was found.

Hossny et al. (2003) reported fluoride concentrations in breast milk of 
60 mothers in Cairo, Egypt, ranging from 0.002 to 0.01 mg/L [0.1-0.6 µM/L; 
median, 0.0032 mg/L (0.17 µM/L); mean, 0.0046 mg/L (0.24 µM/L)]. Cairo 
is considered nonfluoridated, with a reported water fluoride concentration 
of 0.3 mg/L (Hossny et al. 2003). Opinya et al. (1991) found higher fluoride 
concentrations in mothers’ milk (mean, 0.033 mg/L; range, 0.011-0.073 
mg/L), but her study population was made up of mothers in Kenya with an 
average daily fluoride intake of 22.1 mg. However, even at very high fluo-
ride intakes by mothers, breast milk still contains very low concentrations 
of fluoride compared with other dietary fluoride sources. No significant 
correlation was established between the fluoride in milk and the intake of 
fluoride in the Kenyan study (Opinya et al. 1991).

Cows’ milk likewise contains very low fluoride concentrations, com-
pared with other dietary sources such as drinking water. Dairy milk samples 
measured in Houston contained fluoride at 0.007 to 0.068 mg/L (average, 
0.03 mg/L) (Liu et al. 1995). Milk samples in 11 Canadian cities contained 
0.007-0.086 mg/L (average, 0.041 mg/L) (Dabeka and McKenzie 1987). A 
sample of soy milk contained much more fluoride than a sample of dairy 
milk, with a measured concentration of 0.491 mg/L (Liu et al. 1995).

Infant formulas vary in fluoride content, depending on the type of 
formula and the water with which it is prepared. Dabeka and McKenzie 
(1987) reported mean fluoride concentrations in ready-to-use formulas of 
0.23 mg/L for formulas manufactured in the United States and 0.90 mg/L 
for formulas manufactured in Canada. Van Winkle et al. (1995) analyzed 
64 infant formulas, 47 milk-based and 17 soy-based. For milk-based for-
mulas, mean fluoride concentrations were 0.17 mg/L for ready-to-feed, 0.12 
mg/L for liquid concentrates reconstituted with distilled water, and 0.14 
mg/L for powdered concentrates reconstituted with distilled water. Mean 
fluoride concentrations for soy-based formulas were 0.30, 0.24, and 0.24 
mg/L for ready-to-feed, liquid concentrates, and powdered concentrates, 
respectively (the latter two were reconstituted with distilled water). Obvi-
ously, the fluoride concentration in home-prepared formula depends on 
the fluoride concentrations in both the formula concentrate and the home 
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drinking water. Fomon et al. (2000) have recommended using low-fluoride 
water to dilute infant formulas.

Heilman et al. (1997) found 0.01 to 8.38 µg of fluoride per g of prepared 
infant foods. The highest concentrations were found in chicken (1.05-8.38 
µg/g); other meats varied from 0.01 µg/g (veal) to 0.66 µg/g (turkey). Other 
foods—fruits, desserts, vegetables, mixed foods, and cereals—ranged from 
0.01 to 0.63 µg/g. The fluoride concentrations in most foods are attributable 
primarily to the water used in processing (Heilman et al. 1997); fluoride 
in chicken is due to processing methods (mechanical deboning) that leave 
skin and residual bone particles in the meat (Heilman et al. 1997; Fein and 
Cerklewski 2001). An infant consuming 2 oz (about 60 g) of chicken daily 
at 8 µg of fluoride per g would have an intake of about 0.48 mg (Heilman 
et al. 1997).

Tea can contain considerable amounts of fluoride, depending on the 
type of tea and its source. Tea plants take up fluoride from soil along with 
aluminum (Shu et al. 2003; Wong et al. 2003). Leaf tea, including black tea 
and green tea, is made from the buds and young leaves of the tea plant, the 
black tea with a fermentation process, and the green tea without. Oolong 
tea is intermediate between black and green tea. Brick tea, considered a 
low-quality tea, is made from old (mature) leaves and sometimes branches 
and fruits of the tea plant (Shu et al. 2003; Wong et al. 2003). Fluoride 
accumulates mostly in the leaves of the tea plant, especially the mature or 
fallen leaves. Measured fluoride concentrations in tea leaves range from 170 
to 878 mg/kg in different types of tea, with brick tea generally having 2-4 
times as much fluoride as leaf tea (Wong et al. 2003). Commercial tea brands 
in Sichuan Province of China ranged from 49 to 105 mg/kg dry weight for 
green teas and 590 to 708 mg/kg dry weight for brick teas (Shu et al. 2003). 
Infusions of Chinese leaf tea (15 kinds) made with distilled water have been 
shown to have fluoride at 0.6-1.9 mg/L (Wong et al. 2003). Brick teas, which 
are not common in the United States, contain 4.8-7.3 mg/L; consumption 
of brick teas has been associated with fluorosis in some countries (Wong 
et al. 2003).

Chan and Koh (1996) measured fluoride contents of 0.34-3.71 mg/L 
(mean, 1.50 mg/L) in caffeinated tea infusions (made with distilled, deion-
ized water), 1.01-5.20 mg/L (mean, 3.19 mg/L) in decaffeinated tea infu-
sions, and 0.02-0.15 mg/L (mean, 0.05 mg/L) in herbal tea infusions, based 
on 44 brands of tea available in the United States (Houston area). Whyte et 
al. (2005) reported fluoride concentrations of 1.0-6.5 mg/L in commercial 
teas (caffeinated and decaffeinated) obtained in St. Louis (prepared with 
distilled water according to label directions). Warren et al. (1996) found 
fluoride contents of 0.10-0.58 mg/L in various kinds and brands of coffee 
sold in the United States (Houston area), with a slightly lower mean for 
decaffeinated (0.14 mg/L) than for caffeinated (0.17 mg/L) coffee. Instant 
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coffee had a mean fluoride content of 0.30 mg/L (all coffees tested were pre-
pared with deionized distilled water). Fluoride concentrations of 0.03 mg/L 
(fruit tea) to 3.35 mg/L (black tea) were reported for iced-tea products sold 
in Germany primarily by international companies (Behrendt et al. 2002).

In practice, fluoride content in tea or coffee as consumed will be higher 
if the beverage is made with fluoridated water; however, for the present 
purposes, the contribution from water for beverages prepared at home is 
included in the estimated intakes from drinking water, discussed earlier. 
Those estimates did not include commercially available beverages such as 
fruit juices (not including water used to reconstitute frozen juices), juice-
flavored drinks, iced-tea beverages, carbonated soft drinks, and alcoholic 
beverages. Kiritsy et al. (1996) reported fluoride concentrations in juices and 
juice-flavored drinks of 0.02-2.8 mg/L (mean, 0.56 mg/L) for 532 different 
drinks (including five teas) purchased in Iowa City (although many drinks 
represented national or international distribution); frozen-concentrated 
beverages were reconstituted with distilled water before analysis. White 
grape juices had the highest mean fluoride concentration (1.45 mg/L); upper 
limits on most kinds of juices exceeded 1.50 mg/L. Stannard et al. (1991) 
previously reported fluoride concentrations from 0.15 to 6.80 mg/L in a 
variety of juices originating from a number of locations in the United States. 
The variability in fluoride concentrations is due primarily to variability in 
fluoride concentrations in the water used in manufacturing the product 
(Kiritsy et al. 1996). The high fluoride content of grape juices (and grapes, 
raisins, and wines), even when little or no manufacturing water is involved, 
is thought to be due to a pesticide (cryolite) used in grape growing (Stannard 
et al. 1991; Kiritsy et al. 1996; Burgstahler and Robinson 1997).

Heilman et al. (1999) found fluoride concentrations from 0.02 to 1.28 
mg/L (mean, 0.72 mg/L) in 332 carbonated beverages from 17 production 
sites, all purchased in Iowa. In general, these concentrations reflect that of 
the water used in manufacturing. Estimated mean intakes from the analyzed 
beverages were 0.36 mg/day for 2- to 3-year-old children and 0.60 mg/day 
for 7- to 10-year-olds (Heilman et al. 1999). Pang et al. (1992) estimated 
mean daily fluoride intakes from beverages (excluding milk and water) for 
children of 0.36, 0.54, and 0.60 mg, for ages 2-3, 4-6, and 7-10, respec-
tively; daily total fluid intake ranged from 970 to 1,240 mL, and daily 
beverage consumption ranged from 585 to 756 mL.

Burgstahler and Robinson (1997) reported fluoride contents of 0.23-
2.80 mg/L in California wines, with 7 of 19 samples testing above 1 mg/L; 
the fluoride in wine and in California grapes (0.83-5.20 mg/kg; mean, 2.71 
mg/kg) was attributed to the use of cryolite (Na3AlF6) as a pesticide in the 
vineyards. Martínez et al. (1998) reported fluoride concentrations from 0.03 
to 0.68 mg/L in wines from the Canary Islands; most fluoride concentrations 
in the wines were in the range of 0.10-0.35 mg/L. A maximum legal thresh-
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old of 1 mg/L for the fluoride concentration in wine has been established by 
the Office International de la Vigne et du Vin (OIV 1990; cited by Martínez 
et al. 1998). Warnakulasuriya et al. (2002) reported mean fluoride concen-
trations of 0.08-0.71 mg/L in beers available in Great Britain; one Irish beer 
contained fluoride at 1.12 mg/L. Examples of fluoride intakes that could be 
expected in heavy drinkers (8-12 drinks per day) are given in Table 2-5.

R.D. Jackson et al. (2002) reported mean fluoride contents from 0.12 
µg/g (fruits) to 0.49 µg/g (grain products) in a variety of noncooked, nonre-
constituted foods (excluding foods prepared with water). Fluoride contents 
in commercial beverages (excluding reconstituted and fountain beverages) 
averaged 0.55 µg/g; those in milk and milk products averaged 0.31 µg/g. 
In the same study, fluoride contents in water, reconstituted beverages, and 
cooked vegetables and grain products (cereals, pastas, soups) differed sig-
nificantly between two towns in Indiana, one with a water fluoride content 
of 0.2 mg/L and one with an optimally fluoridated water supply (1.0 mg/L). 
Bottled fruit drinks, water, and carbonated beverages purchased in the two 
towns did not differ significantly. The mean daily fluoride ingestion for 
children 3-5 years old from food and beverages (including those prepared 
with community water) was estimated to be 0.454 mg in the low-fluoride 
town and 0.536 mg in the fluoridated town.

Dabeka and McKenzie (1995) reported mean fluoride contents in vari-
ous food categories in Winnipeg, ranging up to 2.1 µg/g for fish, 0.61 µg/g 
for soup, and 1.15 µg/g for beverages; the highest single items were cooked 
veal (1.2 µg/g), canned fish (4.6 µg/g), shellfish (3.4 µg/g), cooked wheat 
cereal (1.0 µg/g), and tea (5.0 µg/g). Estimated dietary intakes (including 
fluoridated tap water) varied from 0.35 mg/day for children aged 1-4 to 3.0 
mg/day for 40- to 64-year-old males. Over all ages and both sexes, the esti-

TABLE 2-5 Examples of Fluoride Intakes by Heavy Drinkers from 
Alcoholic Beverages Alone

Beverage
Fluoride 
Concentration, mg/L

Fluoride Intake, mg/day

8 drinks per day 12 drinks per day

Beer (12-oz. cans or bottles) 0.5
1.0

1.4
2.8

2.1
4.3

Wine (5-oz. glasses) 0.3
1.0

0.35
1.2

0.53
1.8

Mixed drinks (1.5 oz. liquor 
+ 6.5 oz. mixer and ice)

0.7a

1.0a
1.1
1.5

1.6
2.3

 aIn carbonated soda and ice.
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mated average dietary intake of fluoride was 1.76 mg/day; the food category 
contributing most to the estimated intake was beverages (80%).

Rojas-Sanchez et al. (1999) estimated fluoride intakes for children (aged 
16-40 months) in three communities in Indiana, including a low-fluoride 
community, a “halo” community (not fluoridated, but in the distribution 
area of a fluoridated community), and a fluoridated community. For fluoride 
in food, the mean intakes were 0.116-0.146 mg/day, with no significant dif-
ference between communities. Intake from beverages was estimated to be 
0.103, 0.257, and 0.396 mg/day for the low-, halo, and high-fluoride com-
munities; differences between the towns were statistically significant.

Apart from drinking water (direct and indirect consumption, as de-
scribed earlier), the most important foods in terms of potential contribution 
to individual fluoride exposures are infant formula, commercial beverages 
such as juice and soft drinks, grapes and grape products, teas, and processed 
chicken (Table 2-6). Grapes and grape products, teas, and processed chicken 
can be high in fluoride apart from any contribution from preparation or 
process water. Commercial beverages and infant formulas, however, greatly 
depend on the fluoride content of the water used in their preparation or 
manufacture (apart from water used in their in-home preparation); due to 
widespread distribution, such items could have similar fluoride concentra-
tions in most communities, on average.

TABLE 2-6 Summary of Typical Fluoride Concentrations of Selected 
Food and Beverages in the United States

Source Range, mg/L Range, mg/kg

Human breast milk
Fluoridated area (1 mg/L) 0.007-0.01 —
Nonfluoridated area 0.004 —
Cow’s milk ≤0.07 —
Soy milk 0.5 —
Milk-based infant formulaa ≤0.2 —
Soy-based infant formulaa 0.2-0.3 —
Infant food—chicken — 1-8
Infant food—other — 0.01-0.7
Teaa 0.3-5 —
Herbal teaa 0.02-0.15 —
Coffeea 0.1-0.6 —
Grape juicea ≤3 —
Other juices and juice drinksa ≤1.5 —
Grapes — 0.8-5
Carbonated beverages 0.02-1.3 —
Wine 0.2-3 —
Beer 0.08-1 —

 aNot including contribution from local tap water.
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Because of the wide variability in fluoride content in items such as tea, 
commercial beverages and juices, infant formula, and processed chicken, 
and the possibility of a substantial contribution to an individual’s total fluo-
ride intake, a number of authors have suggested that such fluoride sources be 
considered in evaluating an individual’s need for fluoride supplementation 
(Clovis and Hargreaves 1988; Stannard et al. 1991; Chan and Koh 1996; 
Kiritsy et al. 1996; Warren et al. 1996; Heilman et al. 1997, 1999; Levy and 
Guha-Chowdhury 1999), especially for individuals who regularly consume 
large amounts of a single product (Stannard et al. 1991; Kiritsy et al. 1996). 
Several authors also point out the difficulty in evaluating individual fluoride 
intake, given the wide variability of fluoride content among similar items 
(depending on point of origin, etc.), the wide distribution of many prod-
ucts, and the lack of label or package information about fluoride content 
for most products (Stannard et al. 1991; Chan and Koh 1996; Behrendt et 
al. 2002).

Dental Products and Supplements

Fluoridated dental products include dentifrices (toothpastes, powders, 
liquids, and other preparations for cleaning teeth) for home use and various 
gels and other topical applications for use in dental offices. More than 90% 
of children ages 2-16 years surveyed in 1983 or 1986 used fluoride tooth-
paste (Wagener et al. 1992). Of these children, as many as 15% to 20% in 
some age groups also used fluoride supplements or mouth rinses (Wagener et 
al. 1992). Using the same 1986 survey data, Nourjah et al. (1994) reported 
that most children younger than 2 years of age used fluoride dentifrices.

Most toothpaste sold in the United States contains fluoride (Newbrun 
1992), usually 1,000-1,100 parts per million (ppm) (0.1-0.11%).10 The 
amount of fluoride actually swallowed by an individual depends on the 
amount of toothpaste used, the swallowing control of the person (especially 
for young children), and the frequency of toothpaste use. Ophaug et al. 
(1980, 1985) estimated the intake of fluoride by small children (2-4 years) 
to be 0.125-0.3 mg per brushing; a 2-year-old child brushing twice daily 
would ingest nearly as much fluoride from the toothpaste as from food 
and fluoridated drinking water combined (Ophaug et al. 1985). Levy and 
Zarei-M (1991) reported estimates of 0.12-0.38 mg of fluoride ingested 
per brushing. Burt (1992) and Newbrun (1992) reported estimates of 0.27 

10Equivalent to 1-1.1 mg fluoride ion per gram of toothpaste. This may be expressed in 
various ways on the package, e.g., as 0.24% or 0.243% sodium fluoride (NaF), 0.76% or 
0.8% monofluorophosphate (Na2PO3F), or 0.15% w/v fluoride (1.5 mg fluoride ion per cubic 
centimeter of toothpaste).
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mg/day for a preschool child brushing twice daily with standard-strength 
(1,000 ppm) toothpaste.

Levy (1993, 1994) and Levy et al. (1995a) reviewed a number of stud-
ies of the amount of toothpaste people of various ages ingest. Amounts of 
toothpaste used per brushing range from 0.2 to 5 g, with means around 
0.4-2 g, depending on the age of the person. The estimated mean percent-
age of toothpaste ingested ranges from 3% in adults to 65% in 2-year-
olds. Children who did not rinse after toothbrushing ingested 75% more 
toothpaste than those who rinsed. Perhaps 20% of children have fluoride 
intakes from toothpaste several times greater than the mean values, and 
some children probably get more than the recommended amount of fluoride 
from toothpaste alone, apart from food and beverages (Levy 1993, 1994). 
Mean intakes of toothpaste by adults were measured at 0.04 g per brushing 
(0.04 mg of fluoride per brushing for toothpaste with 0.1% fluoride), with 
the 90th percentile at 0.12 g of toothpaste (0.12 mg of fluoride) per brush-
ing (Barnhart et al. 1974).

Lewis and Limeback (1996) estimated the daily intake of fluoride from 
dentifrice (products for home use) to be 0.02-0.06, 0.008-0.02, 0.0025, 
and 0.001 mg/kg, for ages 7 months to 4 years, 5-11 years, 12-19 years, 
and 20+ years, respectively. Rojas-Sanchez et al. (1999) estimated fluoride 
intake from dentifrice at between 0.42 and 0.58 mg/day in children aged 
16-40 months in three communities in Indiana. Children tend to use more 
toothpaste when provided special “children’s” toothpaste than when given 
adult toothpaste (Levy et al. 1992; Adair et al. 1997), and many children do 
not rinse or spit after brushing (Naccache et al. 1992; Adair et al. 1997).

Estimates of typical fluoride ingestion from toothpaste are given by age 
group in Table 2-7; these estimates are for typical rather than high or upper-
bound intakes, and many individuals could have substantially higher intakes. 
A number of papers have suggested approaches to decreasing children’s in-
take of fluoride from toothpaste, including decreasing the fluoride content in 

TABLE 2-7 Estimated Typical Fluoride Intakes from Toothpastea

Age Group, years Fluoride Intake, mg/day Age Group, years Fluoride Intake, mg/day

Infants < 0.5b 0 Youth 13-19 0.2
Infants 0.5-1 0.1 Adults 20-49 0.1
Children 1-2 0.15 Adults 50+ 0.1
Children 3-5 0.25 Females 13-49c 0.1
Children 6-12 0.3

 aBased on information reviewed by Levy et al. (1995a). Estimates assume two brushings 
per day with fluoride toothpaste (0.1% fluoride) and moderate rinsing.
 bAssumes no brushing before 6 months of age.
 cWomen of childbearing age.
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children’s toothpaste, discouraging the use of fluoride toothpaste by children 
less than 2 years old, avoiding flavored children’s toothpastes, encourag-
ing the use of very small amounts of toothpaste, encouraging rinsing and 
expectorating (rather than swallowing) after brushing, and recommending 
careful parental supervision (e.g., Szpunar and Burt 1990; Levy and Zarei-M 
1991; Simard et al. 1991; Burt 1992; Levy et al. 1992, 1993, 1997, 2000; 
Naccache et al. 1992; Newbrun 1992; Levy 1993, 1994; Bentley et al. 1999; 
Rojas-Sanchez et al. 1999; Warren and Levy 1999; Fomon et al. 2000).

Topical applications of fluoride in a professional setting can lead to 
ingestion of 1.3-31.2 mg (Levy and Zarei-M 1991). Substantial ingestion 
of fluoride also has been demonstrated from the use of fluoride mouth rinse 
and self-applied topical fluoride gel (Levy and Zarei-M 1991). Heath et al. 
(2001) reported that 0.3-6.1 mg of fluoride (5-29% of total applied) was in-
gested by young adults who used gels containing 0.62-62.5 mg of fluoride.

Levy et al. (2003a) found that two-thirds of children had at least one 
fluoride treatment by age 6 and that children with dental caries were more 
likely to have had such a treatment. Their explanation is that professional 
application of topical fluoride is used mostly for children with moderate 
to high risk for caries. In contrast, Eklund et al. (2000), in a survey of in-
surance claims for more than 15,000 Michigan children treated by 1,556 
different dentists, found no association between the frequency of use of 
topical fluoride (professionally applied) and restorative care. Although these 
were largely low-risk children, for whom routine use of professionally ap-
plied fluoride is not recommended, two-thirds received topical fluoride at 
nearly every office visit. The authors recommended that the effectiveness of 
professionally applied topical fluoride products in modern clinical practice 
be evaluated.

Exposures from topical fluorides during professional treatment are un-
likely to be significant contributors to chronic fluoride exposures because 
they are used only a few times per year. However, they could be important 
with respect to short-term or peak exposures.

Heath et al. (2001) found that retention of fluoride ion in saliva after 
the use of dentifrice (toothpaste, mouthrinse, or gel) was proportional to the 
quantity used, at least for young adults. They were concerned with maximiz-
ing the retention in saliva to maximize the topical benefit of the fluoride. 
Sjögren and Melin (2001) were also concerned about enhancing the reten-
tion of fluoride in saliva and recommend minimal rinsing after toothbrush-
ing. However, fluoride in saliva eventually will be ingested, so enhancing the 
retention of fluoride in saliva after dentifrice use also enhances the ingestion 
of fluoride from the dentifrice.

Fluoride supplements (NaF tablets, drops, lozenges, and rinses) are in-
tended for prescriptions for children in low-fluoride areas; dosages generally 
range from 0.25 to 1.0 mg of fluoride/day (Levy 1994; Warren and Levy 
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1999). Appropriate dosages should be based on age, risk factors (e.g., high 
risk for caries), and ingestion of fluoride from other sources (Dillenberg et 
al. 1992; Jones and Berg 1992; Levy and Muchow 1992; Levy 1994; Warren 
and Levy 1999). Although compliance is often considered to be a problem, 
inappropriate use of fluoride supplements has also been identified as a risk 
factor for enamel fluorosis (Dillenberg et al. 1992; Levy and Muchow 1992; 
Levy 1994; Pendrys and Morse 1995; Warren and Levy 1999).

The dietary fluoride supplement schedule in the United States, as revised 
in 1994 by the American Dental Association, now calls for no supplements 
for children less than 6 months old and none for any child whose water con-
tains at least 0.6 mg/L (Record et al. 2000; ADA 2005; Table 2-8). Further 
changes in recommendations for fluoride supplements have been suggested 
(Fomon and Ekstrand 1999; Newbrun 1999; Fomon et al. 2000), includ-
ing dosages based on individual body weight rather than age (Adair 1999) 
and the use of lozenges to be sucked rather than tablets to be swallowed 
(Newbrun 1999), although others disagree (Moss 1999). The Canadian 
recommendations for fluoride supplementation include an algorithm for 
determining the appropriateness for a given child and then a schedule of 
doses; no supplementation is recommended for children whose water con-
tains at least 0.3 mg/L or who are less than 6 months old (Limeback et al. 
1998; Limeback 1999b).

Fluoride in Air

Fluoride (either as hydrogen fluoride, particulate fluorides, or fluorine 
gas) is released to the atmosphere by natural sources such as volcanoes11 and 
by a number of anthropogenic sources. In North America, anthropogenic 
sources of airborne fluoride include coal combustion by electrical utilities 
and other entities, aluminum production plants, phosphate fertilizer plants, 
chemical production facilities, steel mills, magnesium plants, and manufac-
turers of brick and structural clay (reviewed by ATSDR 2003). Estimated 
airborne releases of hydrogen fluoride in the United States in 2001 were 
67.4 million pounds (30.6 million kg; TRI 2003), of which at least 80% was 
attributed to electrical utilities (ATSDR 2003). Airborne releases of fluorine 
gas totaled about 9,000 pounds or 4,100 kg (TRI 2003). Anthropogenic 
hydrogen fluoride emissions in Canada in the mid-1990s were estimated at 
5,400 metric tons (5.4 million kg or 11.9 million pounds), of which 75% 
was attributed to primary aluminum producers (CEPA 1996).

11Volcanic activity historically has been a major contributor of HF and other contaminants 
to the atmosphere in some parts of the world, with some volcanoes emitting 5 tons of HF 
per day (Nicaragua) or as much as 15 million tons during a several month eruption (Iceland) 
(Durand and Grattan 2001; Grattan et al. 2003; Stone 2004).
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Measured fluoride concentrations in air in the United States and Canada 
typically range from 0.01 to 1.65 µg/m3, with most of it (75%) present as 
hydrogen fluoride (CEPA 1996). The highest concentrations (>1 µg/m3) 
correspond to urban locations or areas in the vicinity of industrial opera-
tions. Historically, concentrations ranging from 2.5 to 14,000 µg/m3 have 
been reported near industrial operations in various countries (reviewed 
by EPA 1988). Ernst et al. (1986) reported an average concentration of 
airborne fluoride of about 600 µg/m3 during the 1981 growing season in a 
rural inhabited area (Cornwall Island) on the U.S.-Canadian border directly 
downwind from an aluminum smelter. Hydrogen fluoride is listed as a haz-
ardous air pollutant in the Clean Air Act Amendments of 1990 (reviewed 
by ATSDR 2003), and as such, its emissions are subject to control based 
on “maximum achievable control technology” emission standards. Such 
standards are already in effect for fluoride emissions from primary and sec-
ondary aluminum production, phosphoric acid manufacture and phosphate 
fertilizer production, and hydrogen fluoride production (ATSDR 2003).

For most individuals in the United States, exposure to airborne fluoride 
is expected to be low compared with ingested fluoride (EPA 1988); excep-
tions include people in heavily industrialized areas or having occupational 
exposure. Assuming inhalation rates of 10 m3/day for children and 20 
m3/day for adults, fluoride exposures from inhalation in rural areas (<0.2 
µg/m3 fluoride) would be less than 2 µg/day (0.0001-0.0002 mg/kg/day) 
for a child and 4 µg/day (0.00006 mg/kg/day) for an adult. In urban areas 
(<2 µg/m3), fluoride exposures would be less than 20 µg/day (0.0001-0.002 
mg/kg/day) for a child and 40 µg/day (0.0006 mg/kg/day) for an adult. 
Lewis and Limeback (1996) used an estimate of 0.01 µg/kg/day (0.00001 
mg/kg/day) for inhaled fluoride for Canadians; this would equal 0.1 µg/day 
for a 10-kg child or 0.7 µg/day for a 70-kg adult.

Occupational exposure at the Occupational Safety and Health Admin-
istration (OSHA) exposure limit of 2.5 mg/m3 would result in a fluoride 
intake of 16.8 mg/day for an 8-hour working day (0.24 mg/kg/day for a 

TABLE 2-8 Dietary Fluoride Supplement Schedule of 1994

Age

Fluoride Concentration in Drinking Water, mg/L

< 0.3 0.3-0.6 > 0.6

Birth to 6 months None None None
6 months to 3 years 0.25 mg/day None None
3-6 years 0.50 mg/day 0.25 mg/day None
6-16 years 1.0 mg/day 0.50 mg/day None

SOURCE: ADA 2005. Reprinted with permission; copyright 2005, American Dental 
Association.
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70-kg person) (ATSDR 2003). Heavy cigarette smoking could contribute 
as much as 0.8 mg of fluoride per day to an individual (0.01 mg/kg/day for 
a 70-kg person) (EPA 1988).

Fluoride in Soil

Fluoride in soil could be a source of inadvertent ingestion exposure, 
primarily for children. Typical fluoride concentrations in soil in the United 
States range from very low (<10 ppm) to as high as 3% to 7% in areas with 
high concentrations of fluorine-containing minerals (reviewed by ATSDR 
2003). Mean or typical concentrations in the United States are on the order 
of 300-430 ppm. Soil fluoride content may be higher in some areas due to 
use of fluoride-containing phosphate fertilizers or to deposition of airborne 
fluoride released from industrial operations.

Estimated values for inadvertent soil ingestion by children (excluding 
those with pica) are 100 mg/day (mean) and 400 mg/day (upper bound) 
(EPA 1997); the estimated mean value for soil ingestion by adults is 50 mg/
day (EPA (1997). For a typical fluoride concentration in soil of 400 ppm, 
therefore, estimated intakes of fluoride by children would be 0.04 (mean) to 
0.16 mg/day (upper bound) and by adults, 0.02 mg/day. For a 20-kg child, 
the mass-normalized intake would be 0.002-0.008 mg/kg/day; for a 70-kg 
adult, the corresponding value would be 0.0003 mg/kg/day. Erdal and Bu-
chanan (2005) estimated intakes of 0.0025 and 0.01 mg/kg/day for children 
(3-5 years), for mean and reasonable maximum exposures, respectively, 
based on a fluoride concentration in soil of 430 ppm. In their estimates, 
fluoride intake from soil was 5-9 times lower than that from fluoridated 
drinking water.

For children with pica (a condition characterized by consumption of 
nonfood items such as dirt or clay), an estimated value for soil ingestion is 
10 g/day (EPA 1997). For a 20-kg child with pica, the fluoride intake from 
soil containing fluoride at 400 ppm would be 4 mg/day or 0.2 mg/kg/day. 
Although pica in general is not uncommon among children, the prevalence 
is not known (EPA 1997). Pica behavior specifically with respect to soil or 
dirt appears to be relatively rare but is known to occur (EPA 1997); however, 
fluoride intake from soil for a child with pica could be a significant contribu-
tor to total fluoride intake. For most children and for adults, fluoride intake 
from soil probably would be important only in situations in which the soil 
fluoride content is high, whether naturally or due to industrial pollution.

Pesticides

Cryolite and sulfuryl fluoride are the two pesticides that are regulated 
for their contribution to the residue of inorganic fluoride in foods. For food 
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use pesticides, EPA establishes a tolerance for each commodity to which a 
pesticide is allowed to be applied. Tolerance is the maximum amount of 
pesticide allowed to be present in or on foods. In the environment, cryo-
lite breaks down to fluoride, which is the basis for the safety evaluation 
of cryolite and synthetic cryolite pesticides (EPA 1996a). Fluoride ions 
are also degradation products of sulfuryl fluoride (EPA 1992). Thus, the 
recent evaluation of the dietary risk of sulfuryl fluoride use on food takes 
into account the additional exposure to fluoride from cryolite (EPA 2004). 
Sulfuryl fluoride is also regulated as a compound with its own toxicologic 
characteristics.

Cryolite, sodium hexafluoroaluminate (Na3AlF6), is a broad spectrum 
insecticide that has been registered for use in the United States since 1957. 
Currently, it is used on many food (tree fruits, berries, and vegetables) and 
feed crops, and on nonfood ornamental plants (EPA 1996a). The respec-
tive fluoride ion concentrations from a 200 ppm aqueous synthetic cryolite 
(97.3% pure) at pH 5, 7, and 9 are estimated at 16.8, 40.0, and 47.0 ppm 
(approximately 15.5%, 37%, and 43% of the total available fluorine) (EPA 
1996a). A list of tolerances for the insecticidal fluorine compounds cryolite 
and synthetic cryolite is published in the Code of Federal Regulations (40 
CFR § 180.145(a, b, c) [2004]). Current tolerances for all commodities are 
at 7 ppm.

Sulfuryl fluoride (SO2F2), is a structural fumigant registered for use in 
the United States since 1959 for the control of insects and vertebrate pests. 
As of January 2004, EPA published a list of tolerances for sulfuryl fluoride 
use as a post-harvest fumigant for grains, field corn, nuts, and dried fruits 
(69 Fed. Reg. 3240 [2004]; 40 CFR 180.575(a) [2004]). The calculated 
exposure threshold at the drinking-water MCL of 4 mg/L was used as the 
basis for assessing the human health risk associated with these decisions 
(EPA 2004).

Concerns were raised that foods stored in the freezer during sulfuryl 
fluoride residential fumigation might retain significant amounts of fluoride 
residue. Scheffrahn et al. (1989) reported that unsealed freezer foods con-
tained fluoride at as high as 89.7 ppm (flour, at 6,803 mg-hour/L rate of 
sulfuryl fluoride application) while no fluoride residue was detected (0.8 
ppm limit of detection) in foods that were sealed with polyethylene film. A 
later study reported fluoride residue above 1 ppm in food with higher fat 
contents (e.g., 5.643 ppm in margarine) or that was improperly sealed (e.g., 
7.66 ppm in a reclosed peanut butter PETE [polyethylene terephthalate] jar) 
(Scheffrahn et al. 1992).

Dietary exposure for a food item is calculated as the product of its 
consumption multiplied by the concentration of the residue of concern. The 
total daily dietary exposure for an individual is the sum of exposure from 
all food items consumed in a day. A chronic dietary exposure assessment of 
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fluoride was recently conducted for supporting the establishment of toler-
ances for the post-harvest use of sulfuryl fluoride. EPA (2004) used the Di-
etary Exposure Evaluation Model (DEEM-FCID), a computation program, 
to estimate the inorganic fluoride exposure from cryolite, sulfuryl fluoride, 
and the background concentration of fluoride in foods. DEEM-FCID (Ex-
ponent, Inc) uses the food consumption data from the 1994-1996 and 1998 
Continuing Survey of Food Intakes by Individuals (CSFII) conducted by the 
U.S. Department of Agriculture (USDA). The 1994-1996 database consists 
of food intake diaries of more than 15,000 individuals nationwide on two 
nonconsecutive days. A total of 4,253 children from birth to 9 years of 
age are included in the survey. To ensure that the eating pattern of young 
children is adequately represented in the database, an additional survey was 
conducted in 1998 of 5,559 children 0-9 years of age. The latter survey was 
designed to be compatible with the CSFII 1994-1996 data so that the two 
sets of data can be pooled to increase the sample size for children. The Food 
Commodity Intake Database (FCID) is jointly developed by EPA and USDA 
for the purpose of estimating dietary exposure from pesticide residues in 
foods. It is a translated version of the CSFII data that expresses the intake 
of consumed foods in terms of food commodities (e.g., translating apple pie 
into its ingredients, such as apples, flour, sugar, etc.) (EPA 2000c).

All foods and food forms (e.g., grapes—fresh, cooked, juice, canned, 
raisins, wine) with existing tolerances for cryolite and sulfuryl fluoride were 
included in the recent EPA fluoride dietary exposure analysis (EPA 2004). 
For the analysis of fluoride exposure from cryolite, residue data taken from 
monitoring surveys, field studies, and at tolerance were adjusted to reflect 
changes in concentration during food processing (e.g., mixing in milling, 
dehydration, and food preparation). For the fluoride exposure from post-
harvest treatment with sulfuryl fluoride, the measured residues are used 
without further adjustment except for applying drawdown factors in grain 
mixing (EPA 2004). In estimating fluoride exposure from both cryolite- and 
sulfuryl fluoride-treated foods, residue concentrations were adjusted for the 
percentage of crop treated with these pesticides based on the information 
from market share and agricultural statistics on pesticide use.

Fluoride exposures from a total of 543 forms of foods (e.g., plant-
based, bovine, poultry, egg, tea) containing fluoride were also estimated 
as the background food exposure. Residue data were taken from surveys 
and residue trials (EPA 2004). No adjustments were made to account for 
residue concentration through processing or dehydration. Theoretically, the 
exposure from some processed foods (e.g., dried fruits) could potentially 
be higher than if their residue concentrations were assumed to be the same 
as in the fresh commodities (e.g., higher exposure from higher residue in 
dried fruits than assuming same residue concentration for both dried and 
fresh fruits.) However, these considerations are apparently offset by the 
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use of higher residue concentrations for many commodities (e.g., using the 
highest values from a range of survey data, the highest value as surrogate 
for when data are not available, assuming residue in dried fruits and tree 
nuts at one-half the limit of quantification when residue is not detected) 
such that the overall dietary exposure was considered overestimated (EPA 
2004). The dietary fluoride exposure thus estimated ranged from 0.0003 
to 0.0031 mg/kg/day from cryolite, 0.0003 to 0.0013 mg/kg/day from 
sulfuryl fluoride, and 0.005 to 0.0175 mg/kg/day from background con-
centration in foods (EPA 2004). Fine-tuning the dietary exposure analysis 
using the comprehensive National Fluoride Database recently published by 
USDA (2004) for many foods also indicates that the total background food 
exposure would not be significantly different from the analysis by EPA, 
except for the fluoride intake from tea. A closer examination of the residue 
profile used by EPA (2004) for background food exposure analysis reveals 
that 5 ppm, presumably a high-end fluoride concentration in brewed tea, 
was entered in the residue profile that called for fluoride concentration in 
powdered or dried tea. According to the USDA survey database (2004), the 
highest detected fluoride residue in instant tea powder is 898.72 ppm. The 
corrected exposure estimate is presented in the section “Total Exposure to 
Fluoride” later in this chapter.

Fluorinated Organic Chemicals

Many pharmaceuticals, consumer products, and pesticides contain 
organic fluorine (e.g., –CF3, –SCF3, –OCF3). Unlike chlorine, bromine, and 
iodine, organic fluorine is not as easily displaced from the alkyl carbon 
and is much more lipophilic than the hydrogen substitutes (Daniels and 
Jorgensen 1977; PHS 1991). The lipophilic nature of the trifluoromethyl 
group contribute to the enhanced biological activity of some pharmaceuti-
cal chemicals.

The toxicity of fluorinated organic chemicals usually is related to their 
molecular characteristics rather than to the fluoride ions metabolically 
displaced. Fluorinated organic chemicals go through various degrees of bio-
transformation before elimination. The metabolic transformation is minimal 
for some chemicals. For example, the urinary excretion of ciprofloxacin 
(fluoroquinolone antibacterial agent) consists mainly of the unchanged par-
ent compound or its fluorine-containing metabolites (desethylene-, sulfo-, 
oxo-, and N-formyl ciprofloxacin) (Bergan 1989). Nevertheless, Pradhan et 
al. (1995) reported an increased serum fluoride concentration from 4 µM 
(0.076 ppm) to 11 µM (0.21 ppm) in 19 children from India (8 months to 
13 years old) within 12 hours after the initial oral dose of ciprofloxacin 
at 15-25 mg/kg. The presumed steady state (day 7 of repeated dosing) 24-
hour urinary fluoride concentration was 15.5% higher than the predosing 
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concentration (59 µM versus 51 µM; or, 1.12 ppm versus 0.97 ppm). An-
other example of limited contribution to serum fluoride concentration from 
pharmaceuticals was reported for flecainide, an antiarrhythmic drug. The 
peak serum fluoride concentration ranged from 0.0248 to 0.0517 ppm (1.3 
to 2.7 µM) in six healthy subjects (26-54 years old, three males, and three 
females) 4.5 hours after receiving a single oral dose of 100 mg of flecainide 
acetate (Rimoli et al. 1991). One to two weeks before the study, the subjects 
were given a poor fluoride diet, used toothpaste without fluoride, and had 
low fluoride (0.08 mg/L) in their drinking water.

Other fluoride-containing organic chemicals go through more extensive 
metabolism that results in greater increased bioavailability of fluoride ion. 
Elevated serum fluoride concentrations from fluorinated anesthetics have 
been extensively studied because of the potential nephrotoxicity of methoxy-
flurane in association with elevated serum fluoride concentrations beyond a 
presumed toxicity benchmark of 50 µM (Cousins and Mazze 1973; Mazze 
et al. 1977). A collection of data on peak serum fluoride ion concentrations 
from exposures to halothane, enflurane, isoflurane, and sevoflurane is given 
in Appendix B. These data serve to illustrate a wide range of peak concentra-
tions associated with various use conditions (e.g., length of use, minimum 
alveolar concentration per hour), biological variations (e.g., age, gender, 
obesity, smoking), and chemical-specific characteristics (e.g., biotransfor-
mation pattern and rates). It is not clear how these episodically elevated 
serum fluoride ion concentrations contribute to potential adverse effects of 
long-term sustained exposure to inorganic fluoride from other media, such 
as drinking water, foods, and dental-care products.

Elevated free fluoride ion (< 2% of administered dose) also was detected 
in the plasma and urine of some patients after intravenous administration 
of fluorouracil (Hull et al. 1988). Nevertheless, the major forms of urinary 
excretion were still the unchanged parent compound and its fluorine-con-
taining metabolites (dihydrofluorouracil, α-fluoro-β-ureidopropanoic acid, 
α-fluoro-β-alanine). The extent of dermal absorption of topical fluorouracil 
cream varies with skin condition, product formulation, and the conditions 
of use. Levy et al. (2001a) reported less than 3% systemic fluorouracil ab-
sorption in patients treated with 0.5% or 5% cream for actinic keratosis.

A group of widely used consumer products is the fluorinated telomers 
and polytetrafluoroethylene, or Teflon. EPA is in the process of evaluating 
the environmental exposure to low concentrations of perfluorooctanoic acid 
(PFOA) and its principal salts that are used in manufacturing fluoropoly-
mers or as their breakdown products (EPA 2003b). PFOA is persistent in 
the environment. It is readily absorbed through oral and inhalation exposure 
and is eliminated in urine and feces without apparent biotransformation 
(EPA 2003b; Kudo and Kawashima 2003). Unchanged plasma and urine 
fluoride concentrations in rats that received intraperitoneal injections of 
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PFOA also indicated a lack of defluorination (Vanden Heuvel et al. 1991). 
(See Chapter 3 for more discussion of PFOA.)

Aluminofluorides, Beryllofluorides, and Fluorosilicates

Aluminofluorides and Beryllofluorides

Complexes of aluminum and fluoride (aluminofluorides, most often 
AlF3 or AlF4

–) or beryllium and fluoride (beryllofluorides, usually as BeF3
–) 

occur when the two elements are present in the same environment (Stru-
necka and Patocka 2002). Fluoroaluminate complexes are the most com-
mon forms in which fluoride can enter the environment. Eight percent of 
the earth’s crust is composed of aluminum; it is the most abundant metal 
and the third most abundant element on earth (Liptrot 1974). The most 
common form for the inorganic salt of aluminum and fluoride is cryolite 
(Na3AlF6). In fact, of the more than 60 metals on the periodic chart, Al3+ 
binds fluoride most strongly (Martin 1988). With the increasing prevalence 
of acid rain, metal ions such as aluminum become more soluble and enter 
our day-to-day environment; the opportunity for bioactive forms of AlF to 
exist has increased in the past 100 years. Human exposure to aluminofluo-
rides can occur when a person ingests both a fluoride source (e.g., fluoride 
in drinking water) and an aluminum source; sources of human exposure 
to aluminum include drinking water, tea, food residues, infant formula, 
aluminum-containing antacids or medications, deodorants, cosmetics, and 
glassware (ATSDR 1999; Strunecka and Patocka 2002; Li 2003; Shu et al. 
2003; Wong et al. 2003). Aluminum in drinking water comes both from 
the alum used as a flocculant or coagulant in water treatment and from 
leaching of aluminum into natural water by acid rain (ATSDR 1999; Li 
2003). Exposure specifically to aluminofluoride complexes is not the issue 
so much as the fact that humans are routinely exposed to both elements. 
Human exposure to beryllium occurs primarily in occupational settings, in 
the vicinity of industrial operations that process or use beryllium, and near 
sites of beryllium disposal (ATSDR 2002).

Aluminofluoride and beryllofluoride complexes appear to act as ana-
logues of phosphate groups—for example, the terminal phosphate of 
guanidine triphosphate (GTP) or adenosine triphosphate (ATP) (Chabre 
1990; Antonny and Chabre 1992; Caverzasio et al. 1998; Façanha and 
Okorokova-Façanha 2002; Strunecka and Patocka 2002; Li 2003). Thus, 
aluminofluorides might influence the activity of a variety of phosphatases, 
phosphorylases, and kinases, as well as the G proteins involved in biologi-
cal signaling systems, by inappropriately stimulating or inhibiting normal 
function of the protein (Yatani and Brown 1991; Caverzasio et al. 1998; 
Façanha and Okorokova-Façanha 2002; Strunecka and Patocka 2002; Li 
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2003). Aluminofluoride complexes have been reported to increase the con-
centrations of second messenger molecules (e.g., free cytosolic Ca2+, inositol 
1,4,5-trisphosphate, and cyclic AMP) for many bodily systems (Sternweis 
and Gilman 1982; Strunecka et al. 2002; Li 2003). The increased toxicity 
of beryllium in the presence of fluoride and vice versa was noted as early 
as 1949 (Stokinger et al. 1949). For further discussion of aluminofluorides, 
see Chapters 5 and 7.

Further research should include characterization of both the exposure 
conditions and the physiological conditions (for fluoride and for aluminum 
or beryllium) under which aluminofluoride and beryllofluoride complexes 
can be expected to occur in humans as well as the biological effects that 
could result.

Fluorosilicates

Most fluoride in drinking water is added in the form of fluosilicic acid 
(fluorosilicic acid, H2SiF6) or the sodium salt (sodium fluosilicate, Na2SiF6), 
collectively referred to as fluorosilicates (CDC 1993). Of approximately 
10,000 fluoridated water systems included in the CDC’s 1992 fluorida-
tion census, 75% of them (accounting for 90% of the people served) used 
fluorosilicates. This widespread use of silicofluorides has raised concerns 
on at least two levels. First, some authors have reported an association 
between the use of silicofluorides in community water and elevated blood 
concentrations of lead in children (Masters and Coplan 1999; Masters et 
al. 2000); this association is attributed to increased uptake of lead (from 
whatever source) due to incompletely dissociated silicofluorides remaining 
in the drinking water (Masters and Coplan 1999; Masters et al. 2000) or 
to increased leaching of lead into drinking water in systems that use chlo-
ramines (instead of chlorine as a disinfectant) and silicofluorides (Allegood 
2005; Clabby 2005; Maas et al. 2005).12,13 Macek et al. (2006) have also 
compared blood lead concentrations in children by method of water fluori-
dation; they stated that their analysis did not support an association between 
blood lead concentrations and silicofluorides, but also could not refute it, 

12In common practice, chloramines are produced with an excess of ammonia, which ap-
pears to react with silicofluorides to produce an ammonium-fluorosilicate intermediate which 
facilitates lead dissolution from plumbing components (Maas et al. 2005).

13Another possible explanation for increased blood lead concentrations which has not been 
examined is the effect of fluoride intake on calcium metabolism; a review by Goyer (1995) 
indicates that higher blood and tissue concentrations of lead occur when the diet is low in 
calcium. Increased fluoride exposure appears to increase the dietary requirement for calcium 
(see Chapter 8); in addition, the substitution of tap-water based beverages (e.g., soft drinks 
or reconstituted juices) for dairy products would result in both increased fluoride intake and 
decreased calcium intake.
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especially for children living in older housing. Second, essentially no studies 
have compared the toxicity of silicofluorides with that of sodium fluoride, 
based on the assumption that the silicofluorides will have dissociated to free 
fluoride before consumption (see also Chapter 7).

Use of more sophisticated analytical techniques such as nuclear mag-
netic resonance has failed to detect any silicon- and fluorine-containing 
species other than hexafluorosilicate ion (SiF6

2–) (Urbansky 2002; Morris 
2004). In drinking water at approximately neutral pH and typical fluoride 
concentrations, all the silicofluoride appears to be dissociated entirely to 
silicic acid [Si(OH)4], fluoride ion, and HF (Urbansky 2002; Morris 2004); 
any intermediate species either exist at extremely low concentrations or 
are highly transient. SiF6

2– would be present only under conditions of low 
pH (pH < 5; Urbansky 2002; Morris 2004) and high fluoride concentra-
tion (above 16 mg/L according to Urbansky [2002]; at least 1 g/L to reach 
detectable levels of SiF6

2–, according to Morris [2004]). Urbansky (2002) 
also stated that the silica contribution from the fluoridating agent is usually 
trivial compared with native silica in the water; therefore, addition of any 
fluoridating agent (or the presence of natural fluoride) could result in the 
presence of SiF6

2– in any water if other conditions (low pH and high total 
fluoride concentration) are met. Both Urbansky (2002) and Morris (2004) 
indicate that other substances in the water, especially metal cations, might 
form complexes with fluoride, which, depending on pH and other factors, 
could influence the amount of fluoride actually present as free fluoride ion. 
For example, P.J. Jackson et al. (2002) have calculated that at pH 7, in the 
presence of aluminum, 97.46% of a total fluoride concentration of 1 mg/L 
is present as fluoride ion, but at pH 6, only 21.35% of the total fluoride is 
present as fluoride ion, the rest being present in various aluminum fluoride 
species (primarily AlF2

+ and AlF3). Calculations were not reported for pH 
< 6.

Further research should include analysis of the concentrations of fluo-
ride and various fluoride species or complexes present in tap water, using 
a range of water samples (e.g., of different hardness and mineral content). 
In addition, given the expected presence of fluoride ion (from any fluorida-
tion source) and silica (native to the water) in any fluoridated tap water, it 
would be useful to examine what happens when that tap water is used to 
make acidic beverages or products (commercially or in homes), especially 
fruit juice from concentrate, tea, and soft drinks. Although neither Urbansky 
(2002) nor Morris (2004) discusses such beverages, both indicate that at 
pH < 5, SiF6

2– would be present, so it seems reasonable to expect that some 
SiF6

2– would be present in acidic beverages but not in the tap water used to 
prepare the beverages. Consumption rates of these beverages are high for 
many people, and therefore the possibility of biological effects of SiF6

2–, as 
opposed to free fluoride ion, should be examined.
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reCent estimates oF total Fluoride exPosure

A number of authors have reviewed fluoride intake from water, food 
and beverages, and dental products, especially for children (NRC 1993; 
Levy 1994; Levy et al. 1995a,b,c; Lewis and Limeback 1996; Levy et al. 
2001b). Heller et al. (1999, 2000) estimated that a typical infant less than 
1 year old who drinks fluoridated water containing fluoride at 1 mg/L 
would ingest approximately 0.08 mg/kg/day from water alone. Shulman et 
al. (1995) also calculated fluoride intake from water, obtaining an estimate 
of 0.08 mg/kg/day for infants (7-9 months of age), with a linearly declining 
intake with age to 0.034 mg/kg/day for ages 12.5-13 years.

Levy et al. (1995b,c; 2001b) have estimated the intake of fluoride by 
infants and children at various ages based on questionnaires completed by 
the parents in a longitudinal study. For water from all sources (direct, mixed 
with formula, etc.), the intake of fluoride by infants (Levy et al. 1995b) 
ranged from 0 (all ages examined) to as high as 1.73 mg/day (9 months 
old). Infants fed formula prepared from powdered or liquid concentrate had 
fluoride intakes just from water in the formula of up to 1.57 mg/day. The 
sample included 124 infants at 6 weeks old and 77 by 9 months old. Thirty-
two percent of the infants at 6 weeks and 23% at age 3 months reportedly 
had no water consumption (being fed either breast milk or ready-to-feed 
formula without added water). Mean fluoride intakes for the various age 
groups ranged from 0.29 to 0.38 mg/day; however, these values include the 
children who consumed no water, and so are not necessarily applicable for 
other populations. For the same children, mean fluoride intakes from water, 
fluoride supplement (if used), and dentifrice (if used) ranged from 0.32 to 
0.38 mg/day (Levy et al. 1995c); the maximum fluoride intakes ranged from 
1.24 (6 weeks old) to 1.73 mg/day (9 months old). Ten percent of the infants 
at 3 months old exceeded an intake of 1.06 mg/day.

For a larger group of children (about 12,000 at 3 months and 500 by 
36 months of age; Levy et al. 2001b), mean fluoride intakes from water, 
supplements, and dentifrice combined ranged from 0.360 mg/day (12 
months old) to 0.634 mg/day (36 months old). The 90th percentiles ranged 
from 0.775 mg/day (16 months old) to 1.180 mg/day (32 months old). 
Maximum intakes ranged from 1.894 mg/day (16 months old) to 7.904 
mg/day (9 months old) and were attributable only to water (consumption 
of well water with 5-6 mg/L fluoride; about 1% of the children had water 
sources containing more than 2 mg/L fluoride). For ages 1.5-9 months, ap-
proximately 40% of the infants exceeded a mass-normalized intake level for 
fluoride of 0.07 mg/kg/day; for ages 12-36 months, about 10-17% exceeded 
that level (Levy et al. 2001b).

Levy et al. (2003b) reported substantial variation in total fluoride intake 
among children aged 36-72 months, with some individual intakes greatly 
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exceeding the means. The mean intake per unit of body weight declined 
with age from 0.05 to 0.06 mg/kg/day at 36 months to 0.03-0.04 mg/kg/day 
at 72 months; 90th percentile values declined from about 0.10 mg/kg/day 
to about 0.06 mg/kg/day (Levy et al. 2003b). Singer et al. (1985) reported 
mean estimated total fluoride intakes of 1.85 mg/day for 15- to 19-year-old 
males (based on a market-basket survey and a diet of 2,800 calories per day) 
in a fluoridated area (>0.7 mg/L) and 0.86 mg/day in nonfluoridated areas 
(<0.3 mg/L). Beverages and drinking water contributed approximately 75% 
of the total fluoride intake.

Lewis and Limeback (1996) estimated total daily fluoride intakes of 
0.014-0.093 mg/kg for formula-fed infants and 0.0005-0.0026 mg/kg for 
breast-fed infants (up to 6 months). For children aged 7 months to 4 years, 
the estimated daily intakes from food, water, and household products (pri-
marily dentifrice) were 0.087-0.160 mg/kg in fluoridated areas and 0.045-
0.096 mg/kg in nonfluoridated areas. Daily intakes for other age groups 
were 0.049-0.079, 0.033-0.045, and 0.047-0.058 mg/kg for ages 5-11, 
12-19, and 20+ in fluoridated areas, and 0.026-0.044, 0.017-0.021, and 
0.032-0.036 mg/kg for the same age groups in nonfluoridated areas.

Rojas-Sanchez et al. (1999) estimated mean total daily fluoride intakes 
from foods, beverages, and dentifrice by 16- to 40-month-old children to 
be 0.767 mg (0.056 mg/kg) in a nonfluoridated community and 0.965 mg 
(0.070-0.073 mg/kg) in both a fluoridated community and a “halo” com-
munity. The higher mean dentifrice intake in the halo community than in the 
fluoridated community compensated for the lower dietary intake of fluoride 
in the halo community. Between 45% and 57% of children in the com-
munities with higher daily fluoride intake exceeded the “upper estimated 
threshold limit” of 0.07 mg/kg, even without including any fluoride intake 
from supplements, mouth rinses, or gels in the study.

Erdal and Buchanan (2005), using a risk assessment approach based 
on EPA practices, estimated the cumulative (all sources combined) daily 
fluoride intake by infants (<1-year-old) in fluoridated areas to be 0.11 and 
0.20 mg/kg for “central tendency” and “reasonable maximum exposure” 
conditions, respectively. For infants in nonfluoridated areas, the correspond-
ing intakes were 0.08 and 0.11 mg/kg. For children aged 3-5, the estimated 
intakes were 0.06 and 0.23 mg/kg in fluoridated areas and 0.06 and 0.21 
in nonfluoridated areas.

total exPosure to Fluoride

A systematic estimation of fluoride exposure from pesticides, back-
ground food, air, toothpaste, fluoride supplement, and drinking water is 
presented in this section. The estimated typical or average chronic exposures 
to inorganic fluoride from nonwater sources are presented in Table 2-9. 
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TABLE 2-9 Total Estimated Chronic Inorganic Fluoride Exposure from 
Nonwater Sources

Population 
Subgroups

Average Inorganic Fluoride Exposure, mg/kg/day

Supplementc
Sulfuryl 
Fluoridea Cryolitea

Back-
ground 
Fooda

Tooth-
pasteb Aira

Total 
Nonwater

All infants (<1 
year)

0.0005 0.0009 0.0096 0 0.0019 0.0129 0.0357

Nursing 0.0003 0.0004 0.0046 0 0.0019 0.0078d 0.0357
Nonnursing 0.0006 0.0012 0.0114 0 0.0019 0.0151 0.0357
Children 1-2 

years
0.0013 0.0031 0.0210 0.0115 0.0020 0.0389 0.0192

Children 3-5 
years

0.0012 0.0020 0.0181 0.0114 0.0012 0.0339 0.0227

Children 6-12 
years

0.0007 0.0008 0.0123 0.0075 0.0007 0.0219 0.0250

Youth 13-19 
years

0.0004 0.0003 0.0097 0.0033 0.0007 0.0144 0.0167

Adults 20-49 
years

0.0003 0.0004 0.0114 0.0014 0.0006 0.0141 0

Adults 50+ 
years

0.0003 0.0005 0.0102 0.0014 0.0006 0.0130 0

Females 13-49 
yearse

0.0003 0.0005 0.0107 0.0016 0.0006 0.0137 0

 aBased on the exposure assessment by EPA (2004). Background food exposures are corrected 
for the contribution from powdered or dried tea at 987.72 ppm instead of 5 ppm used in EPA 
analysis.
 bBased on Levy et al. (1995a), assuming two brushings per day with fluoride toothpaste 
(0.1% F) and moderate rinsing. The estimated exposures are: 0 mg/day for infants; 0.15 mg/day 
for 1-2 years; 0.25 mg/day for 3-5 years; 0.3 mg/day for 6-12 years; 0.2 mg/day for 13-19 
years; 0.1 mg/day for all adults and females 13-49 years. The calculated exposure in mg/kg/day 
is based on the body weights from EPA (2004). For most age groups, these doses are lower 
than the purported maximum of 0.3 mg/day used for all age groups by EPA (2004).
 cBased on ADA (2005) schedule (Table 2-8) and body weights from EPA (2004). Note that 
the age groups here do not correspond exactly to those listed by ADA (2005). The estimated 
exposures are: 0.25 mg/day for infant and 1-2 years; 0.5 mg/day for 3-5 years, and 1 mg/day 
for 6-12 years and 13-19 years.
 dIncludes the estimated 0.0006 mg/kg/day from breast milk. Using the higher estimated 
breast-milk exposure from a fluoridated area (approximately 0.0014 mg/kg/day) results in 
0.0086 mg/kg/day for total nonwater exposure.
 eWomen of childbearing age.

The exposures from pesticides (sulfuryl fluoride and cryolite), background 
food, and air are from a recent exposure assessment by EPA (2004). The 
background food exposure is corrected for the contribution from powdered 
or dried tea by using the appropriate residue concentration of 897.72 ppm 
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for instant tea powder instead of the 5 ppm for brewed tea used in the EPA 
(2004) analysis. It should be noted that the exposure from foods treated 
with sulfuryl fluoride is not applicable before its registration for post-harvest 
fumigation in 2004. The exposure from toothpaste is based on Levy et al. 
(1995a; see Table 2-7). The use of fluoride-containing toothpaste is assumed 
not to occur during the first year of life. Fluoride supplements are considered 
separately in Table 2-9 and are not included in the “total nonwater” column. 
Children 1-2 years old have the highest exposures from all nonwater source 
components. The two highest nonwater exposure groups are children 1-2 
and 3-5 years old, at 0.0389 and 0.0339 mg/kg/day, respectively (Table 2-9). 
These doses are approximately 2.5-3 times those of adult exposures.

The estimated exposures from drinking water are presented in Table 
2-10, using the DEEM-FCID model (version 2.03, Exponent Inc.). The 
water consumption data are based on the FCID translated from the CSFII 
1994-1996 and 1998 surveys and represent an update to the informa-
tion presented in Appendix B. The food forms for water coded as “direct, 
tap”; “direct, source nonspecified”; “indirect, tap”; and “indirect, source 
nonspecified” are assumed to be from local tap water sources. The sum of 
these four categories constitutes 66-77% of the total daily water intake. 
The remaining 23-34% is designated as nontap, which includes four food 
forms coded as “direct, bottled”; “direct, others”; “indirect, bottled”; and 

TABLE 2-10 Estimated Chronic (Average) Inorganic Fluoride Exposure 
(mg/kg/day) from Drinking Water (All Sources)a

Population Subgroups

Fluoride Concentrations in Tap Water 
(fixed nontap water at 0.5 mg/L)

0 mg/L 0.5 mg/L 1.0 mg/L 2.0 mg/L 4.0 mg/L

All infants (<1 year) 0.0120 0.0345 0.0576 0.1040 0.1958
Nursing 0.0050 0.0130 0.0210 0.0370 0.0700
Nonnursing 0.0140 0.0430 0.0714 0.1290 0.2430
Children 1-2 years 0.0039 0.0157 0.0274 0.0510 0.0982
Children 3-5 years 0.0036 0.0146 0.0257 0.0480 0.0920
Children 6-12 years 0.0024 0.0101 0.0178 0.0330 0.0639
Youth 13-19 years 0.0018 0.0076 0.0134 0.0250 0.0484
Adults 20-49 years 0.0024 0.0098 0.0173 0.0320 0.0620
Adults 50+ years 0.0023 0.0104 0.0184 0.0340 0.0664
Females 13-49 yearsb 0.0025 0.0098 0.0171 0.0320 0.0609

 aEstimated from DEEM-FCID model (version 2.03, Exponent Inc.). The water consumption 
data are based on diaries from the CSFII 1994-1996 and 1998 surveys that are transformed 
into food forms by the Food Commodity Intake Database (FCID). The food forms coded as 
“direct, tap”; “direct, source nonspecified”; “indirect, tap”; and “indirect, source nonspecified” 
are assumed to be from tap water sources.
 bWomen of childbearing age.
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“indirect, others”. Fluoride exposures from drinking water (Table 2-10) are 
estimated for different concentrations of fluoride in the local tap water (0, 
0.5, 1.0, 2.0, or 4.0 mg/L), while assuming a fixed 0.5 mg/L for all nontap 
sources (e.g., bottled water). The assumption for nontap water concentra-
tion is based on the most recent 6-year national public water system compli-
ance monitoring from a 16-state cross section that represents approximately 
41,000 public water systems, showing average fluoride concentrations of 
0.482 mg/L in groundwater and 0.506 mg/L in surface water (EPA 2003a). 
The reported best estimates for exceeding 1.2, 2, and 4 mg/L in surface-
water source systems are 9.37%, 1.11%, and 0.0491%, respectively; for 
groundwater source systems, the respective estimates are 8.54%, 3.05%, 
and 0.55%. Table 2-10 shows that nonnursing infants have the highest ex-
posure from drinking water. The estimated daily drinking-water exposures 
at tap-water concentrations of 1, 2, and 4 mg/L are 0.0714, 0.129, and 
0.243 mg/kg, respectively. These values are approximately 2.6 times those 
for children 1-2 and 3-5 years old and 4 times the exposure of adults.

The estimated total fluoride exposures aggregated from all sources 
are presented in Table 2-11. These values represent the sum of exposures 
from Table 2-9 and 2-10, assuming fluoride supplements might be given to 
infants and children up to 19 years old in low-fluoride tap-water scenarios 
(0 and 0.5 mg/L). Table 2-11 shows that, when tap water contains fluoride, 
nonnursing infants have the highest total exposure. They are 0.087, 0.144, 
and 0.258 mg/kg/day in tap water at 1, 2, and 4 mg/L, respectively. At 4 
mg/L, the total exposure for nonnursing infants is approximately twice the 
exposure for children 1-2 and 3-5 years old and 3.4 times the exposure 
for adults.

The relative source contributions to the total exposure in Table 2-11 for 
scenarios with 1, 2, and 4 mg/L in tap water are illustrated in Figures 2-1, 
2-2, and 2-3, respectively. Numerical values for the 1-, 2-, and 4-mg/L sce-
narios are given later in the summary tables (Tables 2-13, 2-14, and 2-15). 
Under the assumptions for estimating the exposure, the contribution from 
pesticides plus fluoride in the air is within 4% to 10% for all population 
subgroups at 1 mg/L in tap water, 3-7% at 2 mg/L in tap water, and 1-5% 
at 4 mg/L in tap water. The contributions from the remaining sources also 
vary with different tap-water concentrations. For nonnursing infants, who 
represent the highest total exposure group even without any exposure from 
toothpaste, the contribution from drinking water is 83% for 1 mg/L in tap 
water (Figure 2-1). As the tap-water concentration increases to 2 and 4 
mg/L, the relative drinking-water contribution increases to 90% and 94%, 
respectively (Figures 2-2 and 2-3). The proportion of the contribution from 
all sources also varies in children 1-2 and 3-5 years old. At 1 mg/L, the 
drinking-water contribution is approximately 42%, while the contributions 
from toothpaste and background food are sizable, approximately 18% and 
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TABLE 2-11 Total Estimated (Average) Chronic Inorganic Fluoride 
Exposure (mg/kg/day) from All Sources, Assuming Nontap Water at a 
Fixed Concentrationa

Population 
Subgroups

Concentration in Tap Water (fixed nontap water at 0.5 mg/L)

With Fluoride 
Supplement Without Fluoride Supplement

0 mg/L 0.5 mg/L 0 mg/L 0.5 mg/L 1 mg/L 2 mg/L 4 mg/L

All infants (<1 year) 0.061 0.083 0.025 0.047 0.070 0.117 0.209
Nursingb 0.049 0.057 0.013 0.021 0.030 0.046 0.079
Nonnursing 0.065 0.094 0.029 0.058 0.087 0.144 0.258
Children 1-2 years 0.062 0.074 0.043 0.055 0.066 0.090 0.137
Children 3-5 years 0.060 0.071 0.038 0.049 0.060 0.082 0.126
Children 6-12 years 0.049 0.057 0.024 0.032 0.040 0.055 0.086
Youth 13-19 years 0.033 0.039 0.016 0.022 0.028 0.039 0.063
Adults 20-49 years 0.017 0.024 0.017 0.024 0.031 0.046 0.076
Adults 50+ years 0.015 0.023 0.015 0.023 0.031 0.047 0.079
Females 13-49 yearsc 0.016 0.024 0.016 0.024 0.031 0.046 0.075

 aThe estimated exposures from fluoride supplements and total nonwater sources (including 
pesticides, background food, air, and toothpaste) are from Table 2-9. The estimated exposures 
from drinking water are from Table 2-10. For nonfluoridated areas (tap water at 0 and 0.5 
mg/L), the total exposures are calculated both with and without fluoride supplements.
 bThe higher total nonwater exposure of 0.0086 mg/kg/day that includes breast milk from 
a fluoridated area (footnote in Table 2-9) is used to calculate the exposure estimates for the 
“without supplement” groups that are exposed to fluoride in water at 1, 2, and 4 mg/L.
 cWomen of childbearing age.

31%, respectively (Figure 2-1). At 2 mg/L, the drinking-water contribution 
is raised to approximately 57%, while the contributions from toothpaste 
and background food are reduced to 13% and 23%, respectively (Figure 
2-2). At 4 mg/L, the relative contribution of drinking water continues to 
increase to approximately 72%, while the contribution from toothpaste 
and background food are further reduced to approximately 9% and 15%, 
respectively (Figure 2-3). As age increases toward adulthood (20+ years), 
the contribution from toothpaste is reduced to approximately 5% at 1 mg/
L, 3-4% at 2 mg/L, and 2% at 4 mg/L. Correspondingly, the contribution 
from drinking water increases to approximately 57% at 1 mg/L, 70% at 2 
mg/L, and 82% at 4 mg/L.

Data presented in Tables 2-9 to 2-11 are estimates of typical expo-
sures, while the actual exposure for an individual could be lower or higher. 
There are inherent uncertainties in estimating chronic exposure based on 
the 2-day CSFII surveys. The DEEM-FCID model assumes that the average 
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FIGURE 2-1 Source contribution to total inorganic fluoride exposure, 
including fluoride at 1 mg/L in tap water. The estimated chronic inorganic 
fluoride exposures from the various routes are presented in Tables 2-9 and 
2-10. No fluoride supplement is included for any population subgroup. The 
total exposures as presented in Table 2-11 for the population subgroups are: 
0.030 mg/kg/day (nursing infants), 0.087 mg/kg/day (non-nursing infants), 
0.066 mg/kg/day (1-2 years old), 0.060 mg/kg/day (3-5 years old), 0.040 
mg/kg/day (6-12 years old), 0.028 mg/kg/day (13-19 years old), and 0.031 
mg/kg/day for adults (20 to 50+ years old) and women of childbearing age 
(13-49 years old).

intake from the cross-sectional survey represents the longitudinal average 
for a given population. Thus, the chronic exposures of those who have 
persistently high intake rates, especially for food items that contain high 
concentrations of fluoride (e.g., tea), are likely to be underestimated. For 
example, at an average fluoride concentration of 3.3 mg/L for brewed tea 
and 0.86 mg/L for iced tea (USDA 2004), the tea component in the back-
ground food presented in Table 2-9 represents an average daily consumption 
of one-half cup of brewed tea or 2 cups of iced tea. A habitual tea drinker, 
especially for brewed tea, can be expected to significantly exceed these con-

2-1 new
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FIGURE 2-2 Source contribution to total inorganic fluoride exposure, 
including fluoride at 2 mg/L fluoride in tap water. The estimated chronic 
inorganic fluoride exposures from the various routes are presented in 
Tables 2-9 and 2-10. No fluoride supplement is included for any population 
subgroup. The total exposures as presented in Table 2-11 for the population 
subgroups are: 0.046 mg/kg/day (nursing infants), 0.144 mg/kg/day (non-
nursing infants), 0.090 mg/kg/day (1-2 years old), 0.082 mg/kg/day (3-5 years 
old), 0.055 mg/kg/day (6-12 years old), 0.039 mg/kg/day (13-19 years old), 
and 0.046-0.047 mg/kg/day for adults (20-50+ years old) and women of 
childbearing age (13-49 years old).

sumption rates. Other groups of people who are expected to have exposures 
higher than those calculated here include infants given fluoride toothpaste 
before age 1, anyone who uses toothpaste more than twice per day or who 
swallows excessive amounts of toothpaste, children inappropriately given 
fluoride supplements in a fluoridated area, children in an area with high 
fluoride concentrations in soil, and children with pica who consume large 
amounts of soil.

The exposure estimates presented in this chapter for non-drinking-water 
routes are based on the potential profile of fluoride residue concentrations 

2-2 new
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FIGURE 2-3 Source contribution to total inorganic fluoride exposure, 
including fluoride at 4 mg/L in tap water. The estimated chronic inorganic 
fluoride exposures from the various routes are presented in Tables 2-9 and 
2-10. No fluoride supplement is included for any population subgroup. The 
total exposures as presented in Table 2-11 for the population subgroups are: 
0.079 mg/kg/day (nursing infants), 0.258 mg/kg/day (nonnursing infants), 
0.137 mg/kg/day (1-2 years old), 0.126 mg/kg/day (3-5 years old), 0.086 
mg/kg/day (6-12 years old), 0.063 mg/kg/day (13-19 years old), 0.075-0.079 
mg/kg/day for adults (20-50+ years old) and women of childbearing age 
(13-49 years old).

in the current exposure media. They likely do not reflect the concentration 
of past exposure scenarios, particularly for routes that show changes in time 
(e.g., pesticide use practices). Any new and significant source of fluoride 
exposure, such as commodities approved for sulfuryl fluoride fumigation 
application beyond April 2005, is expected to alter the percentage of drink-
ing water contribution as presented in this chapter.

Different assumptions for the drinking-water concentration alone also 
can result in slightly different estimates. For example, values in Table 2-11 
are derived from assuming that the nontap water has a fixed fluoride con-
centration of 0.5 mg/L, while tap-water concentration varies up to 4 mg/L. 
Table 2-12 provides alternative calculations of total exposure by assuming 
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that all sources of drinking water (both tap and nontap water) contain the 
same specified fluoride concentration. Within this assumption, the drinking-
water component can be estimated from either the DEEM-FCID model or 
the default drinking-water intake rate currently used by EPA for establishing 
the MCL (1 L/day for a 10-kg child and 2 L/day for a 70-kg adult).

Some uncertainties exist regarding the extent the FCID database may 
include all processed waters (e.g., soft drinks and soups). Thus, the exposure 
using EPA’s defaults as presented in Table 2-12 can serve as a bounding 
estimate from the water contribution. The difference in the total fluoride 
exposure calculated from the two water intake methods (i.e., EPA defaults 
versus FCID modeled) varies with different population subgroups shown 
in Table 2-12. In general, as the drinking-water contribution to the total 
exposure becomes more prominent at higher drinking-water concentration, 
the differences in total exposure approach the differences in drinking-water 
intake rates of the two methods. Using EPA’s default adult water intake 
rate of 28.6 mL/kg/day (based on 2 L/day for a 70 kg adult) results in ap-
proximately 32-39% higher total exposure than the model estimates. This 
approximates the 38-45% lower model estimate of total water intake rate 

TABLE 2-12 Total Estimated (Average) Chronic Inorganic Fluoride 
Exposure (mg/kg/day) from All Sources, Assuming the Same Specified 
Fluoride Concentration for Both Tap and Nontap Watersa

Population Subgroups

Concentration in All Water

1 mg/L 2 mg/L 4 mg/L 1 mg/L 2 mg/L 4 mg/L

Modeled water intakeb EPA default water intakec

All infants (<1 year) 0.082 0.151 0.289 0.113 0.213 0.413
Nursing 0.034 0.060 0.111 0.109 0.209 0.409
Nonnursing 0.100 0.186 0.357 0.115 0.215 0.415
Children 1-2 years 0.070 0.102 0.164 0.139 0.239 0.439
Children 3-5 years 0.063 0.093 0.151 NA NA NA
Children 6-12 years 0.042 0.062 0.103 NA NA NA
Youth 13-19 years 0.030 0.045 0.075 NA NA NA
Adults 20-49 years 0.034 0.053 0.093 0.043 0.071 0.128
Adults 50+ years 0.034 0.054 0.096 0.042 0.070 0.127
Females 13-49 yearsd 0.033 0.053 0.092 0.042 0.071 0.128

 aThe estimated exposures from nonwater sources (including pesticides, background food, 
air, and toothpaste) are from Table 2-9. No fluoride supplement is included in the total fluoride 
exposure estimates.
 bThe component of drinking-water exposure is estimated from DEEM-FCID.
 cThe EPA default daily water intake rate is 1 L for a 10-kg child and 2 L for a 70-kg adult. 
NA: not applicable based on EPA’s default body weight.
 dWomen of childbearing age.
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(i.e., 19.7 mL/kg/day for 20-49 year olds, 20.7 mL/kg/day for 50+ year olds). 
Using EPA’s default water intake rate for a child results in approximately 
16% higher total exposure than the model estimates for nonnursing infants 
at 4 mg/L drinking water. This reflects closely the difference in the total wa-
ter intake between the default 100 mL/kg/day (based on 1 L/day for a 10 kg 
child) and the DEEM-FCID estimate of 85.5 mL/kg/day for this population 
group. Similarly, for nursing infants, the 3.7-fold higher total exposure at 4 
mg/L from using the EPA’s default of 100 mL/kg/day also reflects their sig-
nificantly lower model estimate of total water intake (i.e., 25.6 mL/kg/day). 
Two additional simple conceptual observations can be made to relate data 
presented in Table 2-12 to those in Tables 2-9 and 2-11. By using a fixed 
rate of water intake for infants and children 1-2 years old, the difference in 
their total exposure is due to the contribution from all nonwater sources as 
presented in Table 2-9. The difference between model estimates presented in 
Table 2-11 (last 3 columns) by varying concentrations for tap water alone 
(with fixed nontap water at 0.5 mg/L) and estimates using one fluoride con-
centration for both tap and nontap waters in Table 2-12 (first 3 columns) 
reflects the contribution from the nontap-water component.

The fluoride exposure estimates presented thus far, regardless of the 
various assumptions (e.g., the same versus different fluoride concentra-
tions in tap and nontap water) and different water intake rates (e.g., EPA 
default versus estimates from FCID database of the CSFII surveys), do not 
include those who have sustained high water intake rates as noted previously 
 (athletes, workers, and individuals with diabetes mellitus or nephrogenic dia-
betes insipidus (see Table 2-4). The high-end exposures for these high-water-
consumption population subgroups are included in the summaries below.

summary oF exPosure assessment

The estimated aggregated total fluoride exposures from pesticides, 
background food, air, toothpaste, and drinking water are summarized for 
drinking water fluoride concentrations of 1 mg/L (Table 2-13), 2 mg/L 
(Table 2-14), and 4 mg/L (Table 2-15). Two sets of exposures are presented 
using different approaches to estimate the exposure from drinking water. 
One is estimated by modeling water intakes based on FCID data and as-
suming a fixed nontap water concentration of 0.5 mg/L. The other is esti-
mated using EPA default drinking-water intake rates (i.e., 1 L/day for a 10 
kg child, 2 L/day for a 70 kg adult) and assuming the same concentration 
for tap and nontap waters. Both sets of estimates include the same fluoride 
exposure from nonwater sources. The total exposure from the latter ap-
proach is higher than the model estimates due to the higher default drinking 
water intake rates and the assumption that nontap waters contain the same 
concentration of fluoride residue as the tap water.
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TABLE 2-13 Contributions to Total Fluoride Chronic Exposure at 
1 mg/L in Drinking Water

Population Subgroups

Total 
Exposure, 
mg/kg/day

% Contribution to Total Exposure

Pesticides 
and Air

Background 
Food

Tooth-
paste

Drinking 
Water

Modeled a�erage water consumer
(Tap water at 1 mg/L, nontap water at 0.� mg/L; Table 2-11)
All infants (<1 year) 0.070 4.7 13.6 0 81.7
Nursing 0.030 8.9 15.6 0 70.8
Nonnursing 0.087 4.3 13.2 0 82.5
Children 1-2 years 0.066 9.7 31.7 17.4 41.3
Children 3-5 years 0.060 7.4 30.4 19.1 43.1
Children 6-12 years 0.040 5.4 30.9 18.9 44.8
Youth 13-19 years 0.028 4.9 34.8 12.0 48.3
Adults 20-49 years 0.031 4.0 36.3 4.6 55.1
Adults 50+ years 0.031 4.4 32.4 4.6 58.7
Females 13-49 yearsa 0.031 4.4 34.7 5.3 55.6

EPA default water intake, all water at 1 mg/L
(1 L/day for 10-kg child; 2 L/day for �0-kg adult; Table 2-12)
All infants (<1 year) 0.113 2.9 8.5 0 88.6
Nursing 0.109 2.4 4.3 0 92.0
Nonnursing 0.115 3.2 9.9 0 86.9
Children 1-2 years 0.139 4.6 15.1 8.3 72.0
Adults 20-49 years 0.043 3.0 26.7 3.3 67.0

High end of high water intake indi�iduals all water at 1 mg/L
(based on intake rates in Table 2-4)
Athletes and workers 0.084 1.5 13.5 1.7 83.3
DM patients (3-5 years) 0.134 3.3 13.5 8.5 74.7
DM patients (adults) 0.084 1.5 13.5 1.7 83.3
NDI patients (3-5 years) 0.184 2.4 9.9 6.2 81.6
NDI patients (adults) 0.164 0.8 6.9 0.9 91.4

 aWomen of childbearing age.

ABBREVIATIONS: DM, diabetes mellitus; NDI, nephrogenic diabetes insipidus.

Although each of these exposure estimates have areas of uncertainty, 
the average total daily fluoride exposure is expected to fall between them. 
For the modeling estimates, there are inherent uncertainties in modeling 
long-term intake rates based on the cross-sectional CSFII dietary survey 
data. Thus, the exposure from any dietary component, water or other 
foods, could be underestimated for individuals who have habitually higher 
intake rates (e.g., water, tea). Specific to the water component, there are 
also uncertainties regarding the extent the FCID database may include all 
processed waters (e.g., soft drinks and soups). On the other hand, the EPA 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


66 FLUORIDE IN DRINKING WATER

TABLE 2-14 Contributions to Total Fluoride Chronic Exposure at  
2 mg/L in Drinking Water

Population Subgroups
Total Exposure, 
mg/kg/day

% Contribution to Total Exposure

Pesticides 
and Air

Background 
Food

Tooth-
paste

Drinking 
Water

Modeled a�erage water consumer
(Tap water at 2 mg/L, nontap water at 0.� mg/L; Table 2-11)
All infants (<1 year) 0.117 2.8 8.2 0 89.0
Nursing 0.046 5.8 10.1 0 81.0
Nonnursing 0.144 2.6 7.9 0 89.5
Children 1-2 years 0.090 7.1 23.3 12.8 56.7
Children 3-5 years 0.082 5.4 22.1 13.9 58.6
Children 6-12 years 0.055 3.9 22.4 13.7 60.1
Youth 13-19 years 0.039 3.5 24.5 8.5 63.5
Adults 20-49 years 0.046 2.8 24.7 3.1 69.4
Adults 50+ years 0.047 2.9 21.7 3.0 72.4
Females 13-49 yearsa 0.046 3.0 23.4 3.6 70.1

EPA default water intake, all water at 1 mg/L
(2 L/day for 10-kg child; 2 L/day for �0-kg adult; Table 2-12)
All infants (<1 year) 0.213 1.6 4.5 0 93.9
Nursing 0.209 1.3 2.2 0 95.8
Nonnursing 0.215 1.7 5.3 0 93.0
Children 1-2 years 0.239 2.7 8.8 4.8 83.7
Adults 20-49 years 0.071 1.8 16.0 2.0 80.2

High end of high water intake indi�iduals all water at 2 mg/L
(based on intake rates in Table 2-4)
Athletes and workers 0.154 0.8 7.4 0.9 90.9
DM patients (3-5 years) 0.234 1.9 7.7 4.9 85.5
DM patients (adults) 0.154 0.8 7.4 0.9 90.9
NDI patients (3-5 years) 0.334 1.3 5.4 3.4 89.9
NDI patients (adults) 0.314 0.4 3.6 0.5 95.5

 aWomen of childbearing age.

ABBREVIATIONS: DM, diabetes mellitus; NDI, nephrogenic diabetes insipidus.

default water intake rate is likely higher than the average rate for certain 
population subgroups (e.g., nursing infants).

The estimates presented in Tables 2-13, 2-14, and 2-15 show that on a 
per body weight basis, the exposures are generally higher for young children 
than for the adults. By assuming that the nontap water concentration is fixed 
at 0.5 mg/L, nonnursing infants have the highest model-estimated average 
total daily fluoride exposure: 0.087, 0.144, and 0.258 mg/kg/day when tap-
water concentrations of fluoride are 1, 2, and 4 mg/L, respectively (Table 
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TABLE 2-15 Contributions to Total Fluoride Chronic Exposure at  
4 mg/L in Drinking Water

Population Subgroups
Total Exposure, 
mg/kg/day

% Contribution to Total Exposure

Pesticides 
and Air

Background 
Food

Tooth-
paste

Drinking 
Water

Modeled a�erage water consumer
(Tap water at 4 mg/L, nontap water at 0.� mg/L; Table 2-11)
All infants (<1 year) 0.209 1.6 4.6 0 93.9
Nursing 0.079 3.3 5.9 0 89.0
Nonnursing 0.258 1.4 4.4 0 94.1
Children 1-2 years 0.137 4.7 15.3 8.4 71.6
Children 3-5 years 0.126 3.5 14.4 9.0 73.1
Children 6-12 years 0.086 2.5 14.3 8.7 74.5
Youth 13-19 years 0.063 2.2 15.4 5.3 77.1
Adults 20-49 years 0.076 1.7 15.0 1.9 81.5
Adults 50+ years 0.079 1.7 12.8 1.8 83.7
Females 13-49 yearsa 0.075 1.8 14.3 2.2 81.7

EPA default water intake all water at 4 mg/L
(1 L/day for 10-kg child; 2 L/day for �0-kg adult; Table 2-12)
All infants (<1 year) 0.413 0.8 2.3 0 96.9
Nursing 0.409 0.6 1.1 0 97.9
Nonnursing 0.415 0.9 2.8 0 96.4
Children 1-2 years 0.439 1.5 4.8 2.6 91.1
Adults 20-49 years 0.128 1.0 8.9 1.1 89.0

High end of high water intake indi�iduals, all water at 4 mg/L
(based on intake rates in Table 2-4)
Athletes and workers 0.294 0.4 3.9 0.5 95.2
DM patients (3-5 years) 0.434 1.0 4.2 2.6 92.2
DM patients (adults) 0.294 0.4 3.9 0.5 95.2
NDI patients (3-5 years) 0.634 0.7 2.9 1.8 94.7
NDI patients (adults) 0.614 0.2 1.9 0.2 97.7

 aWomen of childbearing age.

ABBREVIATIONS: DM, diabetes mellitus; NDI, nephrogenic diabetes insipidus

2-11, and Tables 2-13, 2-14, and 2-15). The major contributing factor is 
their much higher model-estimated drinking-water exposure than other age 
groups (Table 2-10). The total exposures of nonnursing infants are approxi-
mately 2.8-3.4 times that of adults. By holding the exposure from drinking 
water at a constant with the EPA default water intake rates, children 1-2 
years old have slightly higher total exposure than the nonnursing infants, 
reflecting the higher exposure from nonwater sources (Table 2-9). The esti-
mated total fluoride exposures for children 1-2 years old are 0.139, 0.239, 
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and 0.439 mg/kg/day for 1, 2, and 4 mg/L of fluoride in drinking water, 
respectively (Tables 2-13, 2-14, 2-15). These exposures are approximately 
3.4 times that of adults. The estimated total exposure for children 1-2 years 
old and adults at 4 mg/L fluoride in drinking water is approximately two 
times the exposure at 2 mg/L and three times the exposure at 1 mg/L.

The estimated total daily fluoride exposures for three population sub-
groups with significantly high water intake rates are included in Tables 2-13, 
2-14, and 2-15. The matching age groups for data presented in Table 2-4 
are: adults ≥ 20 years old for the athletes and workers, and both children 
3-5 years old (default body weight of 22 kg) and adults for individuals 
with diabetes mellitus and nephrogenic diabetes insipidus. In estimating the 
total exposure, the high-end water intake rates from Table 2-4 are used to 
calculate the exposure from drinking water. The total exposures for adult 
athletes and workers are 0.084, 0.154, and 0.294 mg/kg/day at 1, 2, and 4 
mg/L of fluoride in water, respectively. These doses are approximately two 
times those of the adults with a default water intake rate of 2 L/day. For 
individuals with nephrogenic diabetes insipidus, the respective total fluoride 
exposures for children (3-5 years old) and adults are 0.184 and 0.164 mg/kg/
day at 1 mg/L, 0.334 and 0.314 mg/kg/day at 2 mg/L, and 0.634 and 0.614 
mg/kg/day at 4 mg/L. Compared to the exposure of children 1-2 years old, 
who have the highest total exposure among all age groups of the general 
population (i.e., 0.139-0.439 mg/kg/day at 1-4 mg/L, assuming EPA’s 100 
mL/kg/day default water intake rate for children), the highest estimated 
total exposure among these high water intake individuals (i.e., 0.184-0.634 
mg/kg/day for children 3-5 years old with nephrogenic diabetes insipidus, 
assuming 150 mL/kg/day high-end water intake rate) are 32-44% higher.

The relative contributions from each source of exposure are also 
presented in Tables 2-13, 2-14, and 2-15. For an average individual, the 
model-estimated drinking-water contribution to the total fluoride exposure 
is 41-83% at 1 mg/L in tap water, 57-90% at 2 mg/L, and 72-94% at 4mg/L 
in tap water (see also Figures 2-1, 2-2, and 2-3). Assuming that all drinking-
water sources (tap and nontap) contain the same fluoride concentration 
and using the EPA default drinking-water intake rates, the drinking-water 
contribution is 67-92% at 1 mg/L, 80-96% at 2 mg/L, and 89-98% at  
4 mg/L. The drinking-water contributions for the high water intake indi-
viduals among adult athletes and workers, and individuals with diabetes 
mellitus and nephrogenic diabetes insipidus, are 75-91% at 1 mg/L, 86-96% 
at 2 mg/L, and 92-98% at 4 mg/L.

As noted earlier, these estimates were based on the information that was 
available to the committee as of April 2005. Any new and significant sources 
of fluoride exposure are expected to alter the percentage of drinking-water 
contribution as presented in this chapter. However, water will still be the 
most significant source of exposure.
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Biomarkers oF exPosure, eFFeCt, and susCePtiBility

Biological markers, or biomarkers, are broadly defined as indicators of 
variation in cellular or biochemical components or processes, structure, or 
function that are measurable in biological systems or samples (NRC 1989a). 
Biomarkers often are categorized by whether they indicate exposure to an 
agent, an effect of exposure, or susceptibility to the effects of exposure (NRC 
1989a). Vine (1994) described categories of biological markers in terms of 
internal dose, biologically effective dose, early response, and disease, plus 
susceptibility factors that modify the effects of the exposure. Factors that 
must be considered in selecting a biomarker for a given study include the 
objectives of the study, the availability and specificity of potential markers, 
the feasibility of measuring the markers (including the invasiveness of the 
necessary techniques and the amount of biological specimen needed), the 
time to appearance and the persistence of the markers in biological media, 
the variability of marker concentrations within and between individuals, 
and aspects (e.g., cost, sensitivity, reliability) related to storage and analysis 
of the samples (Vine 1994). ATSDR (2003) recently reviewed biomarkers 
of exposure and effect for fluoride.

Biomarkers of exposure to fluoride consist of measured fluoride con-
centrations in biological tissues or fluids that can be used as indices of an 
individual’s exposure to fluoride. For fluoride, concentrations in a number 
of tissues and fluids, including teeth, bones, nails, hair, urine, blood or 
plasma, saliva, and breast milk, have been used to estimate exposures (Vine 
1994; Whitford et al. 1994; ATSDR 2003). Table 2-16 gives examples of 
measurements in humans together with the associated estimates of exposure. 
The Centers for Disease Control and Prevention (CDC 2003, 2005) has 
measured a number of chemicals in blood or urine of members of the U.S. 
population, but thus far fluoride has not been included in their survey.

Fluoride concentrations in bodily fluids (e.g., urine, plasma, serum, 
saliva) are probably most suitable for evaluating recent or current fluoride 
exposures or fluoride balance (intake minus excretion), although some 
sources indicate that samples obtained from fasting persons may be useful 
for estimating chronic fluoride intake or bone fluoride concentrations (e.g., 
Ericsson et al. 1973; Waterhouse et al. 1980). Examples of the association 
between estimated fluoride intakes (or mass-normalized intakes) and mea-
sured fluoride concentrations in urine, plasma, and serum for individuals 
and groups are shown in Figures 2-4, 2-5, 2-6, and 2-7. Note that in most 
cases, the variation in fluoride intake is not sufficient to explain the varia-
tion in the measured fluoride concentrations. A number of parameters affect 
individual fluoride uptake, retention, and excretion (Chapter 3) (Whitford 
1996). In addition, a significant decrease in fluoride exposure might not be 
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TABLE 2-16 Summary of Selected Biomarkers for Fluoride Exposure in 
Humans

Fluoride Exposure
Number 
of Persons

Fluoride  
Concentration Reference

Urine
1.2-2.2 mg/day 5 0.8-1.2 mg/day Teotia et al. 1978
2.5-3.8 mg/daya 2 1.2-2.2 mg/day (Figure 2-4)
8.7-9.2 mg/day 3 3.2-5.8 mg/day
21.0-28.0 mg/day 2 10.0-11.0 mg/day
48.0-52.0 mg/day 2 15.0-18.5 mg/day
1.0 mg/L in drinking water 17 1.5 (0.2) mg/L

1.9 (0.3) mg/day
Bachinskii et al. 1985 

(Figure 2-6)
2.3 mg/L in drinking water 30 2.4 (0.2) mg/L

2.7 (0.2) mg/day
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 0.15 (0.07) mg/Lb Schamschula et al. 

1985 (Figure 2-6)
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 0.62 (0.26) mg/Lb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 1.24 (0.52) mg/Lb

0.32 mg/L in drinking water 100 0.77 (0.49) mg/Lb Czarnowski et al. 
1999

1.69 mg/L in drinking water 111 1.93 (0.82) mg/Lb (Figure 2-6)
2.74 mg/L in drinking water 89 2.89 (1.39) mg/Lb

About 3 mg/day 1 2.30-2.87 mg/day Whitford et al. 1999a
About 6 mg/day 1 4.40-5.13 mg/day
7.35 (1.72) mg/dayb 50 9.45 (4.11) mg/Lb Gupta et al. 2001
11.97 (1.8) mg/dayb 50 15.9 (9.98) mg/Lb (Figure 2-7)
14.45 (3.19) mg/daya 50 17.78 (7.77) mg/La

32.56 (9.33) mg/daya 50 14.56 (7.88) mg/La

0.93 (0.39) mg/dayb [0.053 
(0.021) mg/kg/dayb]

11 0.91 (0.45) mg/Lb Haftenberger et al. 
2001 (Figure 2-5)

1.190 (0.772) mg/day from all 
sourcesb

20 0.481 (0.241) 
mg/dayb

Pessan et al. 2005

Plasma
1.2-2.2 mg/day 5 0.020-0.038 mg/L Teotia et al. 1978
2.5-3.8 mg/day 2 0.036-0.12 mg/L (Figure 2-4)
8.7-9.2 mg/day 3 0.15-0.18 mg/L
21.0-28.0 mg/day 2 0.11-0.17 mg/L
48.0-52.0 mg/day 2 0.14-0.26 mg/L

Serum
1.0 mg/L in drinking water 17 0.21 (0.01) mg/L Bachinskii et al. 1985
2.3 mg/L in drinking water 30 0.25 (0.01) mg/L (Figure 2-6)
7.35 (1.72) mg/dayb 50 0.79 (0.21) mg/Lb Gupta et al. 2001
11.97 (1.8) mg/dayb 50 1.10 (0.58) mg/Lb (Figure 2-7)
14.45 (3.19) mg/dayb 50 1.10 (0.17) mg/Lb

32.56 (9.33) mg/dayb 50 1.07 (0.17) mg/Lb
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Fluoride Exposure
Number 
of Persons

Fluoride  
Concentration Reference

0.3 mg/L in drinking water: Hossny et al. 2003
Breastfed infants 48 0.0042 (0.0027) 

mg/Lb

All infants (4 weeks-2 years) 97 0.0051 (0.0030) 
mg/Lb

Preschoolers (2-6 years) 100 0.011 (0.0049) 
mg/Lb

Primary schoolers (6-12 years) 99 0.010 (0.0042) 
mg/Lb

Sali�a
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 6.25 (2.44) µg/Lb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 11.23 (4.29) µg/Lb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 15.87 (6.01) µg/Lb

0.1 mg/L in drinking water 27 1.9-55.1 µg/L Oliveby et al. 1990
1.2 mg/L in drinking water 27 1.9-144 µg/L Oliveby et al. 1990

Plaque
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 5.04 (4.60) ppmb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 8.47 (9.69) ppmb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 19.6 (19.3) ppmb

Hair
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 0.18 (0.07) µg/gb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 0.23 (0.11) µg/gb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 0.40 (0.25) µg/gb

0.27 mg/L in drinking water 
and 2.8 µg/m3 in air

59 1.35 (0.95) µg/gb Hac et al. 1997

0.32 mg/L in drinking water 53 4.13 (2.24) µg/gb Czarnowski et al. 
1999

1.69 mg/L in drinking water 111 10.25 (6.63) µg/gb

2.74 mg/L in drinking water 84 14.51 (6.29) µg/gb

Breast milk
0.2 mg/L in drinking water 47 0.0053 mg/L 

(colostrum)
Spak et al. 1983

TABLE 2-16 Continued

continued
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�2 FLUORIDE IN DRINKING WATER

Fluoride Exposure
Number 
of Persons

Fluoride  
Concentration Reference

1.0 mg/L in drinking water 79 0.0068 mg/L 
(colostrum)

1.0 mg/L in drinking water 17 0.007 mg/L (mature 
milk)

Nonfluoridated community 32 0.0044 mg/L Dabeka et al. 1986
1 mg/L in drinking water 112 0.0098 mg/L
22.1 mg/day (mean) 27 0.011-0.073 mg/L Opinya et al. 1991
0.3 mg/L in drinking water 60 0.0046 (0.0025) 

mg/Lb
Hossny et al. 2003

Fingernails
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 0.79 (0.26) ppmb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 1.31 (0.49) ppmb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 2.31 (1.14) ppmb

About 3 mg/day 1 1.94-3.05 mg/kg Whitford et al. 1999a
About 6 mg/day (after 3.5 

months)
1 4.52-5.38 mg/kg

0.1 mg/L in drinking water 10 0.75-3.53 mg/kg
1.6 mg/L in drinking water 6 2.28-7.53 mg/kg
2.3 mg/L in drinking water 9 4.00-13.18 mg/kg
0.7-1.0 mg/L in drinking water, 

without fluoride dentifrice
10 2.3-7.3 mg/kg Corrêa Rodrigues et 

al. 2004
0.7-1.0 mg/L in drinking water, 

with fluoride dentifrice (after 
4 months)

10 10.1 mg/kg (peak)

0.004 ± 0.003 mg/kg/day 15 0.42-6.11 µg/g Levy et al. 2004
0.029 ± 0.029 mg/kg/day 15 0.87-7.06 µg/g

Toenails
0.09 mg/L in drinking water 4.2 ppm Feskanich et al. 1998
1.0 mg/L in drinking water 6.4 ppm
3 mg/day 1 1.41-1.60 mg/kg Whitford et al. 1999a
0.7-1.0 mg/L in drinking water, 

without fluoride dentifrice
10 2.5-5.6 mg/kg Corrêa Rodrigues et 

al. 2004
0.7-1.0 mg/L in drinking water, 

with fluoride dentifrice (after 
4 months)

10 9.2 mg/kg (peak)

0.004 ± 0.003 mg/kg/day 15 0.08-3.89 µg/g Levy et al. 2004
0.029 ± 0.029 mg/kg/day 15 0.81-6.38 µg/g

Teeth
Normal NA 190-300 ppm (total 

ash)
Roholm 1937

TABLE 2-16 Continued
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MEASURES OF EXPOSURE TO FLUORIDE IN THE UNITED STATES �3

Fluoride Exposure
Number 
of Persons

Fluoride  
Concentration Reference

Cryolite workers 5 1,100-5,300 ppm 
(total ash)

Enamel (0.44-0.48 μm depth)
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 1,549 (728) ppmb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 2,511 (1,044) ppmb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 3,792 (1,362) ppmb

Enamel (2.44-2.�� μm depth)
0.09 (range, 0.06-0.11) mg/L in 

drinking water
45 641 (336) ppmb Schamschula et al. 

1985
0.82 (range, 0.5-1.1) mg/L in 

drinking water
53 1,435 (502) ppmb

1.91 (range, 1.6-3.1) mg/L in 
drinking water

41 2,107 (741) ppmb

Enamel
0.7 or 1.0 mg/L in drinking 

water
30 0-192 µg/g Vieira et al. 2005

Dentin
0.7 or 1.0 mg/L in drinking 

water
30 59-374 µg/g Vieira et al. 2005

Bones
Normal NA 480-2,100 ppm in 

bone ash (ribs)
Roholm 1937

Cryolite workers 2 9,900 and 11,200 
ppm in bone ash 
(ribs)

ranges (ppm in 
bone ash, various 
bone types, 
3,100-9,900 and 
8,100-13,100 in 
the 2 individuals

0.1-0.4 mg/L in drinking water 33 326-2,390 ppm in 
bone ashc

Zipkin et al. 1958

1.0 mg/L in drinking water 5 1,610-4,920 ppm in 
bone ashd

2.6 mg/L in drinking water 27 1,560-10,800 ppm 
in bone ashe

4.0 mg/L in drinking water 4 4,780-11,000 ppm 
in bone ashf

TABLE 2-16 Continued

continued
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�4 FLUORIDE IN DRINKING WATER

Fluoride Exposure
Number 
of Persons

Fluoride  
Concentration Reference

< 0.2 mg/L in drinking water 
since infancy

8 1,379 (179) ppm in 
bone ashg

Eble et al. 1992

1 mg/L in drinking water at 
least 23 years or since infancy

9 1,775 (313) ppm in 
bone ashg

0.27 mg/L in drinking water 
and 2.8 µg/m3 in air

59 625.7 (346.5) 
ppmb,h

Hac et al. 1997

0.7 or 1.0 mg/L in drinking 
water

30 0-396 ppmi Vieira et al. 2005

 aPrevious exposure of 30-38 mg/day, 2-5 years before study.
 bMean and standard deviation.
 cReported as 0.019-0.119% in bone, with ash content of 43.2-68.4%.
 dReported as 0.100-0.238% in bone, with ash content of 45.9-62.2%.
 eReported as 0.092-0.548% in bone, with ash content of 32.7-66.7%.
 fReported as 0.261-0.564% in bone, with ash content of 44.3-62.8%.
 gMean and standard error of the mean.
 hReported as µg fluoride per gram bone; appears to be dry weight of bone, not bone ash.
 iMeasured by Instrumental Neutron Activation Analysis; appears to be wet weight of 
bone.

ABBREVIATION: NA, not available.

TABLE 2-16 Continued

reflected immediately in urine or plasma, presumably because of remobiliza-
tion of fluoride from resorbed bone.14

Concentrations of salivary fluoride (as excreted by the glands) are typi-
cally about two-thirds of the plasma fluoride concentration and independent 
of the salivary flow rate (Rölla and Ekstrand 1996); fluoride in the mouth 
from dietary intake or dentifrices also affects the concentrations measured 
in whole saliva. Significantly higher concentrations of fluoride were found 
in whole saliva and plaque following use of a fluoridated dentifrice versus 
a nonfluoridated dentifrice by children residing in an area with low fluoride 
(<0.1 mg/L) in drinking water. Concentrations were 15 times higher in 
whole saliva and 3 times higher in plaque, on average, 1 hour after use of the 
dentifrice (Whitford et al. 2005). Whitford et al. (1999b) found that whole-
saliva fluoride concentrations in 5- to 10-year-old children were not signifi-

14For example, following defluoridation of a town’s water supply from 8 mg/L to around 1.3 
mg/L (mean daily fluoride content over 113 weeks), urinary fluoride concentrations in males 
fell from means of 6.5 (children) and 7.7 (adults) mg/L before defluoridation to 4.9 and 5.1 
mg/L, respectively, after 1 week, 3.5 and 3.4 mg/L, respectively, after 39 weeks, and 2.2 and 
2.5 mg/L, respectively, after 113 weeks (Likins et al. 1956). An estimate of current fluoride 
intake (as opposed to fluoride balance) from a urine sample during this period would probably 
have been an overestimate.
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MEASURES OF EXPOSURE TO FLUORIDE IN THE UNITED STATES ��

FIGURE 2-4 Urinary fluoride excretion (left) and fasting plasma fluoride 
concentration (right) as functions of current daily fluoride intake for individual 
adults (nine males, five females) aged 18-58 years. Data from Teotia et al. 
1978.

cantly related to those in either plasma or parotid ductal saliva. However, 
fluoride concentrations in parotid ductal saliva were strongly correlated 
to the plasma fluoride concentrations (r = 0.916), with a saliva-to-plasma 
 fluoride concentration ratio of 0.80 (SE = 0.03, range from 0.61 to 1.07). 
For three-quarters of the study population (13 of 17), the fluoride concen-
tration in parotid ductal saliva could be used to estimate plasma fluoride 
concentrations within 20% or less, and the largest difference was 32%.

Measured fluoride concentrations in human breast milk have been 
correlated with the mother’s fluoride intake in some studies (Dabeka et al. 
1986) and not well correlated in other studies (Spak et al. 1983; Opinya 
et al. 1991). In general, measurements of fluoride in breast milk would be 
of limited use in exposure estimation because of the very low concentrations 
even in cases of high fluoride intake, lack of a consistent correlation with 
the mother’s fluoride intake, and limitation of use to those members of a 
population who are lactating at the time of sampling.

Schamschula et al. (1985) found increasing concentrations of fluoride 
in urine, nails, hair, and saliva with increasing water fluoride concentra-
tion in a sample of Hungarian children, but fluoride contents were not 
directly proportional to the water fluoride content. Although means were 
significantly different between groups, there was sufficient variability among 
individuals within groups that individual values between groups overlapped. 
Feskanich et al. (1998) used toenail fluoride as an indicator of long-term 
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�6 FLUORIDE IN DRINKING WATER

FIGURE 2-5 Urinary fluoride excretion (left) and concentration (right) as 
functions of current daily fluoride intake (top) or body-weight normalized 
intake (bottom) for individual children (six boys, five girls) aged 3-6 years. 
Data from Haftenberger et al. 2001.

fluoride intake and considered it to be a better long-term marker than 
plasma concentrations.

Whitford et al. (1999a) found a direct relationship between fluoride 
concentrations in drinking water and fluoride concentrations in fingernail 
clippings from 6- to 7-year-old children with no known fluoride exposure 
other than from drinking water. In nail samples from one adult, Whitford 
et al. (1999a) also found that an increase in fluoride intake was reflected in 
fingernail fluoride concentrations approximately 3.5 months later and that 
toenails had significantly lower fluoride concentrations than fingernails. 
Levy et al. (2004) also found higher fluoride concentrations in fingernails 
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MEASURES OF EXPOSURE TO FLUORIDE IN THE UNITED STATES ��

FIGURE 2-6 Urinary (left) and serum (right) fluoride concentrations as 
functions of fluoride concentration in drinking water. Dark symbols indicate 
means of groups; vertical lines indicate 1 standard deviation from the 
mean. Data from Bachinskii et al. (1985; circles), Schamschula et al. (1985; 
diamonds), and Czarnowski et al. (1999; triangles). Data from Bachinskii et 
al. represent 47 adults (ages 19-59); data from Schamschula et al. represent 
children aged 14 years; and data from Czarnowski et al. represent adults 
(ages 24-77, mean age 50).

FIGURE 2-7 Urinary (left) and serum (right) fluoride concentrations as 
functions of estimated daily fluoride intake (data from Gupta et al. 2001). 
Dark circles indicate means of groups of 50 children (ages 6-12); vertical 
lines indicate 1 standard deviation from the mean.
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�8 FLUORIDE IN DRINKING WATER

than in toenails in 2- to 6-year old children and showed a correlation be-
tween nail concentrations and dietary fluoride intake (exclusive of fluoride 
in toothpaste). Plasma fluoride in these children was not correlated with 
fluoride in fingernails, toenails, diet, or drinking water.

In contrast, Corrêa Rodrigues et al. (2004), in samples from 2- to 3-
year-old children, found no significant differences in fluoride concentrations 
between fingernails and toenails collected at the same time. An increase in 
fluoride intake in these children was reflected in nail samples approximately 
4 months later (Corrêa Rodrigues et al. 2004). Most likely, differences in 
“lag times” and differences between fingernails and toenails in the same 
individual reflect differences in growth rates of the nails due to factors such 
as age or differences in blood flow. McDonnell et al. (2004) found a wide 
variation in growth rates of thumbnails of 2- and 3-year-old children; age, 
gender, and fluoride exposure had no effect on the growth rates. However, 
it was emphasized that, for any study in which it is of interest to estimate 
the timing of a fluoride exposure based on measurements of fluoride in nails, 
the growth rate of the nails should be measured for each individual.

Czarnowski et al. (1999) found correlations between water fluoride con-
centrations and urinary fluoride, fluoride in hair, and bone mineral density 
measured in 300 people in the Gdánsk region of Poland. For workers with 
occupational exposure to airborne fluoride (largely HF), Czarnowski and 
Krechniak (1990) found good correlation among groups of workers between 
fluoride concentrations in urine and nails (r = 0.99); correlation between 
concentrations in urine and hair or hair and nails was also positive but not 
as good (r = 0.77 and 0.70, respectively). For individual values, positive cor-
relation was found only between concentrations in urine and nails (r = 0.73). 
It was not possible to establish correlations between fluoride concentrations 
in biological media and air (Czarnowski and Krechniak 1990).

Measuring the fluoride content of teeth and bones can give an indica-
tion of chronic or cumulative fluoride exposure, although after cessation of 
fluoride exposure, bone fluoride concentrations slowly decrease because of 
resorption of bone. In addition, bone turnover results in the accumulation of 
various concentrations of fluoride in different bone types and sites (Selwitz 
1994). Dentin has also been suggested as a reasonably accurate marker for 
long-term exposure (Selwitz 1994), although Vieira et al. (2005) found no 
correlation between bone fluoride and either enamel or dentin fluoride in 
persons with exposure to 0.07 or 1.0 mg/L fluoride in drinking water.

Roholm (1937) reported that the fluoride content in normal teeth varied 
from 190 to 300 ppm (0.19 to 0.30 mg/g) in the total ash, with 5-7 times as 
much fluoride in the dentin as in the enamel. Fluoride content in the total 
ash of teeth from five cryolite workers (employed 8-10 years; three with 
osteosclerosis) contained 1,100-5,300 ppm (1.1-5.3 mg/g), with the most 
carious teeth containing the most fluoride. Roholm (1937) also reported 
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normal bone fluoride concentrations of 480-2,100 ppm in bone ash (0.48-
2.1 mg/g bone ash in ribs), with concentrations between 3,100 and 13,100 
ppm in bone ash (3.1 and 13.1 mg/g bone ash; varying with type of bone) 
in two cryolite workers. Hodge and Smith (1965), summarizing several 
reports, listed mean concentrations of bone fluoride in normal individuals 
between 450 and 1,200 ppm in bone ash and in people “suffering excessive 
exposure” to fluorides between 7,500 and 20,830 ppm in bone ash. More 
recently, Eble et al. (1992) have reported fluoride concentrations in bone 
ash ranging from 378 ppm (16-year old with <0.2 mg/L fluoride in drinking 
water since infancy) to 3,708 ppm (79-year old with fluoridated water). A 
46-year old female with chronic renal failure had a fluoride concentration 
in bone ash of 3,253 ppm (Eble et al. 1992).

The data of Zipkin et al. (1958) shows a good relationship between 
drinking-water fluoride and the mean percentage of fluoride in bone (iliac 
crest, rib, and vertebra) for adults in areas of various fluoride concentra-
tions in drinking water. However, the ranges (Table 2-16; see also Chapter 
3, Figure 3-1) suggest that variability among individuals within groups 
could be large, probably reflecting variability in individual fluoride intakes, 
duration of exposure, and age. A major disadvantage of measuring bone 
fluoride is the invasiveness of bone sampling in live individuals. Although 
easier to do, x-ray screening for increased bone density should be done only 
when the need for information justifies the radiation dose involved; in ad-
dition, bone density might not be related solely to fluoride exposure or to 
bone fluoride content.

The two most important biomarkers of effect for fluoride are consid-
ered to be enamel fluorosis and skeletal fluorosis (ATSDR 2003); these are 
discussed more fully in Chapters 4 and 5. Enamel fluorosis is characterized 
by mottling and erosion of the enamel of the teeth and is associated with 
elevated fluoride intakes during the childhood years when the teeth are 
developing. According to the U.S. Public Health Service (PHS 1991), both 
the percent prevalence and the increasing severity of enamel fluorosis are 
associated with increasing fluoride concentration in drinking water (and 
presumably actual fluoride intake). For “optimally” fluoridated water (0.7-
1.2 mg/L), 22% of children examined in the 1980s showed some fluorosis 
(mostly very mild or mild); at water fluoride concentrations above 2.3 mg/L, 
more than 70% of children showed fluorosis (PHS 1991; NRC 1993). Some 
children developed fluorosis even at the lowest fluoride concentrations (<0.4 
mg/L), suggesting that either fluoride intakes are variable within a popula-
tion with the same water supply or there is variability in the susceptibility 
to fluorosis within populations (or both). Baelum et al. (1987) indicated 
that 0.03 mg/kg/day might not be protective against enamel fluorosis, and 
Fejerskov et al. (1987) stated that the borderline dose above which enamel 
fluorosis might develop could be as low as 0.03 mg/kg/day.
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DenBesten (1994) described the limitations of using enamel fluorosis 
as a biomarker of exposure: enamel fluorosis is useful only for children 
less than about 7 years old when the exposure occurred; the incidence 
and degree of fluorosis vary with the timing, duration, and concentration; 
and there appear to be variations in individual response. Selwitz (1994), 
summarizing a workshop on the assessment of fluoride accumulation, also 
indicated that variability in response (incidence and severity of enamel 
fluorosis) to fluoride exposure may result from physiological differences 
among individuals and that enamel fluorosis is not an adequate biomarker 
for fluoride accumulation or potentially adverse health effects beyond the 
period of tooth formation. Selwitz (1994) did suggest that enamel fluorosis 
could be used as a biomarker of fluoride exposure in young children within 
a community over time.

Skeletal fluorosis (see also Chapter 5) is characterized by increased bone 
mass, increased radiographic density of the bones, and a range of skeletal 
and joint symptoms; preclinical skeletal fluorosis is associated with fluoride 
concentrations of 3,500-5,500 ppm in bone ash and clinical stages I, II, and 
III with concentrations of 6,000-7,000, 7,500-9,000, and >8,400, respec-
tively (PHS 1991), although other sources indicate lower concentrations of 
bone fluoride in some cases of skeletal fluoride (see Chapter 5). According 
to the Institute of Medicine, “Most epidemiological research has indicated 
that an intake of at least 10 mg/day [of fluoride] for 10 or more years is 
needed to produce clinical signs of the milder forms of [skeletal fluorosis]” 
(IOM 1997). However, the National Research Council (NRC 1993) indi-
cated that crippling (as opposed to mild) skeletal fluorosis “might occur in 
people who have ingested 10-20 mg of fluoride per day for 10-20 years.” A 
previous NRC report (NRC 1977) stated that a retention of 2 mg of fluoride 
per day (corresponding approximately to a daily intake of 4-5 mg) “would 
mean that an average individual would experience skeletal fluorosis after 40 
yr, based on an accumulation of 10,000 ppm fluoride in bone ash.” Studies 
in other countries indicate that skeletal fluorosis might be in part a marker 
of susceptibility as well as exposure, with factors such as dietary calcium 
deficiency involved in addition to fluoride intake (Pettifor et al. 1989; Teotia 
et al. 1998).

Hodge and Smith (1965) summarized a number of studies of skeletal 
fluorosis, including two that indicated affected individuals in the United 
States with water supplies containing fluoride at 4.8 or 8 mg/L. They also 
stated categorically that “crippling fluorosis has never been seen in the 
United States.” The individuals with endemic fluorosis at 4.8 mg/L are re-
ferred to elsewhere as having “radiographic osteosclerosis, but no evidence 
of skeletal fluorosis” (PHS 1991). In combination with high fluid intake and 
large amounts of tea, “the lowest drinking-water concentration of fluoride 
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associated with symptomatic skeletal fluorosis that has been reported to date 
is 3 ppm, outside of countries such as India” (NRC 1977).

Both the PHS (1991) and the NRC (1993) indicated that only five cases 
of crippling skeletal fluorosis have been reported in the literature in the 
United States (including one case in a recent immigrant from an area with 
fluoride in the drinking water at 3.9 mg/L) (PHS 1991). These individuals 
were said to have water supplies ranging from 3.9 to 8.0 mg/L (water fluo-
ride content given for one of the individuals is actually less than 3.9 mg/L) 
(PHS 1991). Two of the individuals had intakes of up to 6 L/day of water 
containing fluoride at 2.4-3.5 or 4.0-7.8 mg/L (PHS 1991; NRC 1993); this 
corresponds to fluoride intakes of up to 14.4-21 or 24-47 mg/day.

Several cases of skeletal fluorosis reported in the United States are sum-
marized in Table 2-17. These reports indicate that a fluoride concentration of 
7-8 mg/L for 7 years is sufficient to bring about skeletal fluorosis (Felsenfeld 
and Roberts 1991), but skeletal fluorosis may occur at much lower fluoride 
concentrations in cases of renal insufficiency (Juncos and Donadio 1972; 
Johnson et al. 1979). People who consume instant tea are at increased risk 
of developing skeletal fluorosis, especially if they drink large volumes, use 
extra-strength preparations, or use fluoridated or fluoride-contaminated 
water (Whyte et al. 2005).

In summary, selecting appropriate biomarkers for a given fluoride study 
depends on a number of factors, as listed above. A major consideration is the 
time period of interest for the study (e.g., current or recent exposures versus 
exposures in childhood versus cumulative exposures) and whether the intent 
is to demonstrate differences among groups or to characterize exposures of 
specific individuals. Many of the areas for further research identified by a 
1994 workshop (Whitford et al. 1994) are still relevant for improving the 
assessment of fluoride exposures.

Findings

Table 2-18 summarizes various published perspectives on the sig-
nificance of given concentrations of fluoride exposure. Historically, a daily 
intake of 4-5 mg by an adult (0.057-0.071 mg/kg for a 70-kg adult) was 
considered a “health hazard” (McClure et al. 1945, cited by Singer et al. 
1985). However, the Institute of Medicine (IOM 1997) now lists 10 mg/day 
as a “tolerable upper intake” for children > 8 years old and adults, although 
that intake has also been associated with the possibility of mild (IOM 1997) 
or even crippling (NRC 1993) skeletal fluorosis.

The recommended optimal fluoride intake for children to maximize 
caries prevention and minimize the occurrence of enamel fluorosis is often 
stated as being 0.05-0.07 mg/kg/day (Levy 1994; Heller et al. 1999, 2000). 
Burt (1992) attempted to track down the origin of the estimate of 0.05-0.07 
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TABLE 2-18 Summary of Current and Historical Perspectives on 
Fluoride Exposure

Exposure, 
mg/kg/day Description Reference

0.0014 “Adequate intake” for children < 6 months olda 
(0.01 mg/day)

IOM 1997; ADA 2005

0.01-0.04 Average daily dietary fluoride intake for children 0-2 
years old residing in nonfluoridated areas (< 0.4 
mg/L)

IOM 1997b

0.017-0.031 Average daily intake by adults in a fluoridated area 
(1.2-2.2 mg/day)c

NRC 1993

0.017-0.054 Lower end of “safe and adequate daily dietary 
intake” for children 0-10 yearsd (0.1-1.5 mg/day)

NRC 1989b

0.019-0.033 Lower end of “safe and adequate daily dietary 
intake” for children ≥ 10 years and adultsd (1.5 
mg/day)

NRC 1989b

0.02-0.10 Average daily dietary fluoride intake for children 1-9 
years residing in fluoridated areas (0.7-1.1 mg/L)

McClure 1943e

0.038-0.069 Upper end of “safe and adequate daily dietary 
intake” for children ≥ 10 years and adultsd (2.5-
4.0 mg/day)

NRC 1989b

0.04-0.07 Average daily intake by children in a fluoridated 
area

NRC 1993

0.05 “Adequate intake” for all ages above 6 months olda,f IOM 1997; ADA 2005
0.05 ATSDR’s minimal risk levelg (chronic duration, 

based on increased rate of bone fractures)h
ATSDR 2003

0.05-0.13 Average daily dietary fluoride intake for children 
0-2 years old residing in fluoridated areas (0.7-1.1 
mg/L)

IOM 1997b

0.05-0.07 “Optimal” intake to maximize caries prevention and 
minimize the occurrence of enamel fluorosis

Levy 1994; Heller et 
al. 1999, 2000

0.05-0.07 “Useful upper limit for fluoride intake in children” Burt 1992
0.057-0.071 “Health hazard” for adults (4-5 mg/day)c McClure et al. 1945
0.057 EPA’s SMCL (2 mg/l; adult intake)i 40CFR 143.3[2001]
0.06 EPA’s reference dosej (based on protection of 

children from objectionable enamel fluorosis)k
EPA 1989

0.083-0.13 Upper end of “safe and adequate daily dietary 
intake” for children 0-10 years oldd (0.5-2.5 
mg/day)

NRC 1989b

0.10 “Tolerable upper intake”l for ages 0-8a (0.7-2.2 
mg/day)

IOM 1997; ADA 2005

0.10 EPA’s SMCL (2 mg/L; child intake)m 40CFR 143.3 [2001]
0.11 EPA’s MCLG and MCL (4 mg/L; adult intake)n 40CFR 

141.62(b)[2001]
0.13-0.18 “Tolerable upper intake”o for ages ≥ 14a (10 

mg/day)
IOM 1997; ADA 2005

0.2 EPA’s MCLG and MCL (4 mg/L; child intake)p 40CFR 
141.62(b)[2001]

continued
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84 FLUORIDE IN DRINKING WATER

Exposure, 
mg/kg/day Description Reference

0.25 “Tolerable upper intake”o for ages 9-13a (10 
mg/day)

IOM 1997; ADA 2005

 aBased on intakes and average body weights listed by IOM (1997) and ADA (2005); see 
Table B-17 in Appendix B.
 bSummaries of papers published between 1979 and 1988 (IOM 1997).
 cBased on a 70-kg adult.
 dBased on intakes and median weights listed by NRC (1989b); see Table B-16 in Appendix 
B.
 eSummarized by IOM (1997).
 fRange, 0.045-0.056 mg/kg/day.
 gA minimal risk level (MRL) is an estimate of the daily human exposure to a hazardous 
substance that is likely to be without appreciable risk of adverse noncancer health effects over 
a specified duration of exposure (ATSDR 2003).
 hThe ATSDR (2003) states that an intermediate-duration MRL derived from a study of 
thyroid effects in rats would have been lower (more protective) than the chronic-duration 
MRL of 0.05, but the value of that MRL is not given.
 iBased on intake of 2 L/day by a 70-kg adult of water containing fluoride at 2 mg/L.
 jReference dose (RfD) is an estimate (with uncertainty spanning perhaps an order of 
magnitude) of a daily oral exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious effects during a lifetime (EPA 
1989).
 kBased on a fluoride concentration of 1 mg/L in drinking water; the RfD for fluoride 
contains no uncertainty factor or modifying factor, although RfDs for other substances contain 
uncertainty factors to account for things such as variability within the human population (EPA 
2003b).
 lBased on moderate enamel fluorosis (IOM 1997).
 mBased on intake of 1 L/day by a 20-kg child of water containing fluoride at 2 mg/L.
 nBased on intake of 2 L/day by a 70-kg adult of water containing fluoride at 4 mg/L.
 oBased on skeletal fluorosis for adults and children ≥ age 9 (IOM 1997).
 pBased on intake of 1 L/day by a 20-kg child of water containing fluoride at 4 mg/L.

TABLE 2-18 Continued

mg/kg/day as an optimum intake of fluoride but was unable to find it. He 
interpreted the available evidence as suggesting that 0.05-0.07 mg/kg/day 
(from all sources) “remains a useful upper limit for fluoride intake in chil-
dren” (see also NRC 1993).

Figure 2-8 shows the average intake of fluoride from all sources esti-
mated in this report (Table 2-11), with 1 mg/L in drinking water; Figure 2-9 
shows the average intake of fluoride from drinking water alone (Table 2-10), 
given a fluoride concentration at the MCLG/MCL (4 mg/L). For comparison 
purposes, an intake of 0.05-0.07 mg/kg/day is indicated on the graphs. 

Based on EPA’s estimates of community water consumption by consum-
ers with an average intake (EPA 2000a), if that water is fluoridated, children 
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FIGURE 2-8 Estimated average intake of fluoride from all sources, at 1 mg/L 
in drinking water (based on Table 2-11). Horizontal lines indicate an intake 
of 0.05-0.07 mg/kg/day.

less than 6 months old have an intake at or above 0.05-0.07 mg/kg/day (see 
Appendix B, Table B-10). Children from 6 months to 1 year old have similar 
intakes if their water is fluoridated at 1 or 1.2 mg/L. No other age groups 
have that intake at ordinary fluoride concentrations; all age groups reach 
or exceed that intake with water at 4 mg/L. For individuals with higher-
than-average intake of community water, intakes for the youngest children 
(<1 year) might exceed 0.05-0.07 mg/kg/day at all concentrations of water 
fluoridation (see Appendix B, Tables B-11, B-12, and B-13); for fluoride con-
centrations corresponding to the SMCL (2 mg/L) or MCL (4 mg/L), an in-
take of 0.05-0.07 mg/kg/day is reached or exceeded by all age groups. Note 
that the estimates in Appendix B include only the fluoride contribution from 
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86 FLUORIDE IN DRINKING WATER

FIGURE 2-9 Estimated average intake of fluoride from drinking water alone, 
based on a fluoride concentration of 4 mg/L (MCLGl/MCL; based on Table 
2-10). Horizontal lines indicate an intake of 0.05-0.07 mg/kg/day.

community water (drinking water, plus beverages and foods prepared with 
community water at home or in local eating establishments); if contributions 
from food, tea, commercial beverages, toothpastes, and other sources are 
added, total intakes by individuals will increase accordingly.

Estimates of total exposure (typical or average) shown in Table 2-11 
indicate that all children through age 12 who take fluoride supplements (as-
suming low water fluoride) will reach or exceed 0.05-0.07 mg/kg/day. For 
children not on supplements, nonnursing infants with fluoride in tap water 
at ≥0.5 mg/L will exceed 0.05-0.07 mg/kg/day for typical exposures. Also, 
children through 5 years old (≥0.5 mg/L in tap water), children 6-12 years 
old (≥2 mg/L in tap water), and teenagers and adults (≥4 mg/L in tap water) 
will exceed 0.05-0.07 mg/kg/day with typical or average fluoride exposures 
in terms of water consumption and toothpaste ingestion.
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A number of researchers have pointed out both the importance of 
evaluating individual fluoride intake from all sources and the difficulties 
associated with doing so, given the variability of fluoride content in various 
foods and beverages and the variability of individual intakes of the specific 
items (Clovis and Hargreaves 1988; Nowak and Nowak 1989; Chan et al. 
1990; Stannard et al. 1990, 1991; Weinberger 1991; Toumba et al. 1994; 
Duperon et al. 1995; Van Winkle et al. 1995; Chan and Koh 1996; Kiritsy 
et al. 1996; Warren et al. 1996; Heilman et al. 1997, 1999; Heller et al. 
1999; Levy and Guha-Chowdhury 1999; Lalumandier and Ayers 2000). 
However, as shown in Figure 2-1, for typical individuals, the single most 
important contributor to fluoride exposures (approaching 50% or more) is 
fluoridated water and other beverages and foods prepared or manufactured 
with fluoridated water.

reCommendations

•	 Fluoride should be included in nationwide biomonitoring surveys 
and nutritional studies (e.g., CDC’s National Health and Nutrition Exami-
nation Survey and affiliated studies). In particular, analysis of fluoride in 
blood and urine samples taken in these surveys would be valuable.

•	 National data on fluoridation (e.g., CDC 1993) should be updated 
on a regular basis.

•	 Probabilistic analysis should be performed for the uncertainty in es-
timates of individual and group exposures and for population distributions 
of exposure (e.g., variability with respect to long-term water consumption). 
This would permit estimation of the number of people exposed at various 
concentrations, identification of population subgroups at unusual risk for 
high exposures, identification or confirmation of those fluoride sources with 
the greatest impact on individual or population exposures, and identification 
or characterization of fluoride sources that are significant contributors to 
total exposure for certain population subgroups.

•	 To assist in estimating individual fluoride exposure from ingestion, 
manufacturers and producers should provide information on the fluoride 
content of commercial foods and beverages.

•	 To permit better characterization of current exposures from airborne 
fluorides, ambient concentrations of airborne hydrogen fluoride and par-
ticulates should be reported on national and regional scales, especially for 
areas of known air pollution or known sources of airborne fluorides. Ad-
ditional information on fluoride concentrations in soils in residential and 
recreational areas near industrial fluoride sources also should be obtained.

•	 Additional studies on the relationship between individual fluoride 
exposures and measurements of fluoride in tissues (especially bone and nails) 
and bodily fluids (especially serum and urine) should be conducted. Such 
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studies should determine both absolute intakes (mg/day) and body-weight 
normalized intakes (mg/kg/day).

•	 Assumptions about the influence of environmental factors, particu-
larly temperature, on water consumption should be reevaluated in light 
of current lifestyle practices (e.g., greater availability of air conditioning, 
participation in indoor sports).

•	 Better characterization of exposure to fluoride is needed in epidemi-
ology studies investigating potential effects. Important exposure aspects of 
such studies would include the following:

 – collecting data on general dietary status and dietary factors that 
could influence exposure or effects, such as calcium, iodine, and aluminum 
intakes

 – characterizing and grouping individuals by estimated (total) ex-
posure, rather than by source of exposure, location of residence, fluoride 
concentration in drinking water, or other surrogates

 – reporting intakes or exposures with and without normalization for 
body weight (e.g., mg/day and mg/kg/day)

 – addressing uncertainties associated with exposure, including un-
certainties in measurements of fluoride concentrations in bodily fluids and 
tissues

 – reporting data in terms of individual correlations between intake 
and effect, differences in subgroups, and differences in percentages of indi-
viduals showing an effect and not just differences in group or population 
means.

• Further analysis should be done of the concentrations of fluoride 
and various fluoride species or complexes (especially fluorosilicates and 
aluminofluorides) present in tap water, using a range of water samples (e.g., 
of different hardness and mineral content). Research also should include 
characterizing any changes in speciation that occur when tap water is used 
for various purposes—for example, to make acidic beverages.

• The possibility of biological effects of SiF6
2–, as opposed to free fluo-

ride ion, should be examined.
• The biological effects of aluminofluoride complexes should be re-

searched further, including the conditions (exposure conditions and physi-
ological conditions) under which the complexes can be expected to occur 
and to have biological effects.
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Pharmacokinetics of Fluoride

This chapter updates pharmacokinetic information on fluoride de-
veloped since the earlier National Research Council review (NRC 1993). 
Particular attention is given to several potentially important issues for 
evaluation of the U.S. Environmental Protection Agency (EPA) maximum-
contaminant-level goal (MCLG), including the accumulation of fluoride in 
bone, pharmacokinetic modeling, cross-species extrapolation, and suscep-
tible populations. Consideration of biomarkers is provided in Chapter 2.

oVerVieW oF Fluoride Chemistry, 
units, and measurement

Fluoride is the ionic form of fluorine, the most electronegative element. 
Water in the United States is typically fluoridated with fluorosilicates or 
sodium fluoride. In water at approximately neutral pH, fluorosilicates ap-
pear to entirely dissociate, producing fluoride ion, hydrofluoric acid (HF), 
and silicic acid (Si(OH)4). Fluoride reversibly forms HF in water. It also 
complexes with aluminum. See Chapter 2 for additional discussion of fluo-
rosilicates and aluminum fluoride complexes.

Inorganic fluoride takes two primary forms in body fluids: fluoride ion 
and HF. Organofluorine compounds, and their potential relationship to 
inorganic fluoride, are discussed in Chapter 2 and later in this chapter.

A number of different units are commonly used to measure fluoride 
concentrations in water and biological samples (Table 3-1). Because the 
atomic weight of fluorine is 19, 1 µmol/L is equal to 0.019 milligrams per 
liter (mg/L). Bone ash is typically about 56% of wet bone by weight (Rao 
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et al. 1995), so 1,000 milligrams per kilogram (mg/kg) of fluoride in bone 
ash is equivalent to about 560 mg/kg wet weight.

Fluoride concentrations in body fluids typically are measured with 
a fluoride-specific electrode, an instrument that cannot reliably measure 
concentrations below about 0.019 mg/L and tends to overpredict at lower 
concentrations. As many people living in areas with artificially fluoridated 
water have plasma concentrations in this range, studies that rely on fluoride 
electrodes alone might tend to overpredict concentrations in plasma and 
body fluids. The hexamethyldisiloxane diffusion method provides a way 
around this problem by concentrating the fluoride in samples before analysis 
(reviewed by Whitford 1996).

short reVieW oF Fluoride PharmaCokinetiCs: 
aBsorPtion, distriBution, and elimination

A comprehensive review of fluoride pharmacokinetics is provided by 
Whitford (1996), and this section presents a brief overview of that informa-
tion. The pharmacokinetics of fluoride are primarily governed by pH and 
storage in bone. HF diffuses across cell membranes far more easily than 
fluoride ion. Because HF is a weak acid with a pKa of 3.4, more of the 
fluoride is in the form of HF when pH is lower. Consequently, pH—and 
factors that affect it—play an important role in the absorption, distribution, 
and excretion of fluoride. Fluoride is readily incorporated into calcified tis-
sues, such as bone and teeth, substituting for hydroxyls in hydroxyapatite 
crystals. Fluoride exchanges between body fluids and bone, both at the 
surface layer of bone (a short-term process) and in areas undergoing bone 
remodeling (a longer-term process). Most of the fluoride in the body, about 
99%, is contained in bone.

Fluoride is well absorbed in the alimentary tract, typically 70% to 
90%. For sodium fluoride and other very soluble forms, nearly 100% is 
absorbed. Fluoride absorption is reduced by increased stomach pH and 
increased concentrations of calcium, magnesium, and aluminum. At high 
concentrations, those metals form relatively insoluble fluoride salts. A re-
cent study comparing hard and soft water found little difference in fluoride 
bioavailability in healthy young volunteers (Maguire et al. 2004). Fluoride 

TABLE 3-1 Commonly Used Units 
for Measuring Fluoride

Medium Unit Equivalent

Water 1 ppm 1 mg/L
Plasma 1 µmol/L 0.019 mg/L
Bone ash 1 ppm 1 mg/kg
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can increase the uptake of aluminum into bone (Ahn et al. 1995) and brain 
(Varner et al. 1998).

Fluoride concentrations in plasma, extracellular fluid, and intracellular 
fluid are in approximate equilibrium. The concentrations in the water of 
most tissues are thought to be 40% to 90% of plasma concentrations, but 
there are several important exceptions. Tissue fluid/plasma (T/P) ratios 
exceed one for the kidney because of high concentrations in the renal tu-
bules. T/P ratios can exceed one in tissues with calcium deposits, such as 
the placenta near the end of pregnancy. The pineal gland, a calcifying organ 
that lies near the center of the brain but outside the blood-brain barrier, has 
been found to accumulate fluoride (Luke 2001). Fluoride concentrations in 
adipose tissue and brain are generally thought to be about 20% of plasma or 
less (Whitford 1996). The blood-brain barrier is thought to reduce fluoride 
transfer, at least in short-term experiments (Whitford 1996). It is possible 
that brain T/P ratios are higher for exposure before development of the 
blood-brain barrier.

Most tissue measurements are based on short-term exposures of healthy 
adult animals. Similar T/P ratios have been found for liver and kidney in 
some chronic animal experiments (Dunipace et al. 1995), but not all organs 
have been examined. The literature contains some unexplained exceptions 
to these T/P generalizations (Mullenix et al. 1995; Inkielewicz and Krech-
niak 2003). Mullenix et al. (1995) reported atypically high, dose-dependent 
T/P ratios for the rat brain: more than 20 for control animals and about 3 
for animals exposed to fluoride at 125 mg/L in drinking water for 20 weeks. 
Because these T/P ratios for brain are much higher than earlier results, 
Whitford (1996) speculated that the results of Mullenix et al. were due to 
analytical error. Additional measurements of fluoride tissue concentrations 
after chronic dosing are needed.

Fluoride is cleared from plasma through two primary mechanisms: 
uptake by bone and excretion in urine. Plasma clearance by the two routes 
is approximately equal in healthy adult humans. (Plasma clearance is the 
volume of plasma from which fluoride is removed per unit time. The rate of 
removal equals the clearance times the plasma fluoride concentration. Clear-
ances are additive.) The relative clearance by bone is larger in young animals 
and children because of their growing skeletal systems. “In contrast to the 
compact nature of mature bone, the crystallites of developing bone are small 
in size, large in number and heavily hydrated. Thus, they afford a relatively 
enormous surface area for reactions involving fluoride” (Whitford 1996, 
p. 94). Experimental work in growing dogs demonstrates that extrarenal 
clearance, almost entirely uptake by bone, is inversely related to age. Renal 
clearance depends on pH and glomerular filtration rate. At low pH, more 
HF is formed, promoting reabsorption. Excretion of previously absorbed 
fluoride from the body is almost entirely via urine. Fluoride not absorbed 
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by the gut is found in feces. High concentrations of calcium in contents of 
the gastrointestinal tract can cause net excretion of fluoride.

Fluoride is rapidly absorbed from the gastrointestinal tract, with a 
half-life of about 30 minutes. After a single dose, plasma concentrations 
rise to a peak and then fall as the fluoride is cleared by the renal system and 
bone, decreasing back to (short-term) baseline with a half-life of several 
hours. Fluoride concentrations in plasma are not homeostatically con-
trolled (Whitford 1996). Chronic dosing leads to accumulation in bone and 
plasma (although it might not always be detectable in plasma.) Subsequent 
decreases in exposure cause fluoride to move back out of bone into body 
fluids, becoming subject to the same kinetics as newly absorbed fluoride. 
A study of Swiss aluminum workers found that fluoride bone concentra-
tions decreased by 50% after 20 years. The average bone ash concentration 
in the workers was about 6,400 mg/kg at the end of exposure, estimated 
via regression (Baud et al. 1978). The bone concentration found in these 
workers is similar to that found in long-term consumers of drinking water 
containing fluoride in the range of 2-4 mg/L (discussed later in this chapter). 
Twenty years might not represent a true half-life. Recent pharmacokinetic 
models (see below) are nonlinear, suggesting that elimination rates might 
be concentration dependent.

PharmaCokinetiC models

Pharmacokinetic models can be useful for integrating research re-
sults and making predictions. Two important fluoride models have been 
published since the 1993 NRC review. Turner et al. (1993) modeled bone 
concentrations in healthy adult humans. They assumed a nonlinear function 
relating the concentrations of fluoride in newly formed bone to plasma/
extracellular fluids. The relationship is close to linear until bone ash con-
centrations reach about 10,000 mg/kg; above that concentration the curve 
levels off. (Based on the chemical structure of fluorapatite, Ca10(PO4)6F2, 
the theoretical limit on bone fluoride concentration is 37,700 mg/kg.) The 
model was relatively successful at predicting fluoride bone concentrations 
due to chronic exposure compared with experimental data—for example, 
the human bone measurements of Zipkin et al. (1958). Bone fluoride con-
centrations were predicted to increase approximately linearly as a function 
of water concentration, at least up to 4 mg/L. The most sophisticated model 
to date (Rao et al. 1995) extended this work with a physiologically based 
pharmacokinetic (PBPK) model. Among other features, it models change 
in body weight, plasma clearance, and bone uptake as a function of sex 
and age, allowing predictions for lifetime exposures. It can model both rats 
and humans, making it useful for comparing these species. Predicted bone 
concentrations were comparable with data from several studies of humans, 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


PHARMACOKINETICS OF FLUORIDE �3

including the study by Zipkin et al. (1958), and two rat carcinogenicity 
studies (Maurer et al. 1990; Bucher et al. 1991). Both models predicted 
increasing fluoride concentrations in bone with length of chronic exposure. 
None of these studies presented results for plasma.

 Both models also performed well in predicting bone concentrations 
of fluoride resulting from osteoporosis treatment, involving about 25 mg 
of fluoride per day for up to 6 years. This suggests that the models can 
adequately predict the results of both long-term lower exposures (drinking 
water) and shorter-term, higher exposures (treatment regimes) by changing 
exposure assumptions.

 The PBPK model of Rao et al. (1995) could be used in several ways, 
including (1) predicting bone concentrations in people after lifetime expo-
sures to assumed water concentrations or other exposure scenarios, and (2) 
comparing plasma and bone fluoride concentrations in rats and humans 
with the same exposure. The Rao model is quite complicated and relies on 
several numerical functions not provided in the paper. The Turner model 
is more limited in scope, unable to compare species or take sex- and age-
related effects into account, but it is much simpler. Not enough detail on 
either model was available to replicate them nor was the committee able to 
obtain operational versions of the models.

Fluoride ConCentrations in human 
Bone Versus Water ConCentration

Remarkably few data are available for studying the association between 
fluoride in human bone and low-dose chronic exposure via drinking water. 
Although there are a number of cross-sectional studies comparing bone 
concentrations with water concentrations, very few contain estimates of 
length of exposure. Most studies are autopsies, as bone samples can be 
difficult to obtain from healthy living subjects. Among studies examining 
exposure to fluoride at 4 mg/L, Zipkin et al. (1958) provided the only data 
set that included exposure durations. The results of that study were also 
modeled by Turner et al. (1993) and Rao et al. (1995). Sixty-three of the 
69 subjects, aged 26 to 90, died suddenly, primarily due to trauma, cardio-
vascular disease, and cerebrovascular causes; three had renal disease. The 
authors recorded concentrations of fluoride in drinking water and bone as 
well as sex, age, and years of residence. Compared with today, many other 
sources of fluoride exposure were uncommon or did not exist. The average 
residence time for the whole study was 31 years, 34 years for the 2.6-mg/L 
group and 21 years for the 4-mg/L group. Exposure took place for most 
people as adults. No estimates of water consumption are provided: water 
concentration serves as an ecologic measure of exposure.

Table 3-2 summarizes data on fluoride content of the iliac crest, the 
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bone modeled by Turner et al. and Rao et al. Zipkin et al. concluded that 
average bone fluoride concentrations were linearly related to water con-
centration. (As discussed in Appendix C, this analysis is fully ecologic). 
The committee regressed individual-level bone concentrations versus water 
concentrations (a group measure of exposure) and individual-level covari-
ates such as age. (This analysis is partially ecologic.) Figure 3-1 plots bone 
versus water concentrations and the result of simple regression with no 
covariates. (Note the apparent heteroscedasticity.) The model was improved 

TABLE 3-2 Fluoride in Bone Due to Chronic Water Exposurea

Water Concentration, mg/L Average Iliac Crest Concentration, mg/kg Ash

0.1 665 ± 224 (n = 17)
1 2,249 ± 506 (n = 4)
2.6 4,496 ± 2,015 (n = 25)
4 6,870 ± 1,629 (n = 4)
Total 3,203 (n = 50)

 aFifty-three subjects had data for the iliac crest; 3 from the 0.2 and 0.3 mg/L 
groups are omitted because they were also exposed to fluoridated water for 2 to 
4 years.

SOURCE: Zipkin et al. 1958.

FIGURE 3-1 Illiac crest data from Zipkin et al. (1958). Crude regression 
results: y = 517 + 1,549x; (r2 = 0.66); slope = 1,549 (95% confidence interval 
[CI] = 1,227, 1,872).
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by including residence years and sex; age had little additional impact and 
was omitted in the final model (Table 3-3).

Several cross-sectional studies have found an association between fluo-
ride bone concentrations and age (Jackson and Weidmann 1958; Kuo and 
Stamm 1974; Parkins et al. 1974; Charen et al. 1979; Alhava et al. 1980; 
Eble et al. 1992; Richards et al. 1994; Torra et al. 1998). Jackson and Wei-
dmann (1958) were unusual in finding a leveling off at an older age. But 
most studies did not have information on length of exposure, a variable 
often correlated with age (R = 0.41 in the Zipkin data set). Because of the 
potential for rapid fluoride uptake by bones during childhood, the commit-
tee modeled exposure before puberty with an indicator variable, but this 
added little to the model. Very few data are available on bone fluoride con-
centrations in children. Most studies do not distinguish between trabecular 
and cortical bone, although the former have higher fluoride concentrations 
(Eble et al. 1992).

The model in Table 3-3 indicates that fluoride bone concentrations 
increased with fluoride water concentrations and residence time; females 
tended to have higher concentrations than males. These results need to be 
interpreted with caution. Some subjects had renal disease, which can some-
times increase fluoride concentrations (see discussion below), potentially 
reducing the generalizability of the results to a healthier population. The 
committee’s analysis is partially ecologic (Appendix C). However, the Turner 
and Rao pharmacokinetic models also predict that fluoride bone concentra-
tions increase with water concentration and duration of chronic exposure.

What bone fluoride concentration occurs after 70 years of exposure to 
water at 4 mg/L? The multiple regression model predicts about 8,100 mg/kg 
ash for females, within the range of the data set used to construct the model 
but near its maximum. Few people studied by Zipkin et al. were exposed 
for 70 years and only four were exposed at 4 mg/L. Fluoride is taken up by 
bone more rapidly during growth than in adulthood. This phenomenon, not 
addressed by the regression model, could cause the model to underpredict. 
Only the model of Rao et al. was constructed to examine lifetime exposure. 
Assuming 70 years of exposure at 4 mg/L in water, Rao et al. predicted fluo-
ride concentrations of 10,000 to 12,000 mg/kg in bone ash for females. Even 

TABLE 3-3 Multiple Regression Results for Zipkin Data

Coefficient 95% CI P value

Intercept −556 mg/kg (−1,512, 401) 0.25
Water fluoride 1,527 (1,224, 1,831) 2.7 × 10−13

Residence, years 26.5 mg/kg/year (7.48, 45.5) 0.007
Sex (M = 0) 663 mg/kg (−148, 1,475) 0.11
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higher values would be predicted if other sources of fluoride exposure were 
included. This prediction lies beyond the range of the human data used to 
check the model, but it represents the current best estimate. In making this 
prediction, the authors appear to have assumed consumption of 1 L of wa-
ter per day up to age 10 and 2 L/day thereafter. Higher water consumption 
rates (e.g., 5 L/day) would further increase bone concentrations of fluoride 
but by less than fivefold because of the nonlinear kinetics.

Unfortunately, Rao et al. did not publish predictions for 2 mg/L. The 
regression model of Table 3-3 predicts about 5,000 mg/kg ash for females 
after 70 years of exposure. This value exceeds the mean value (4,500 
mg/kg) observed at 2.6 mg/L in the Zipkin study, primarily because of the 
assumed longer time of residence. As this estimate is based on regression 
modeling of the Zipkin data, it may underestimate predictions based on 
pharmacokinetic modeling or additional sources of exposure. The commit-
tee located only a few other studies that measured bone fluoride at similar 
water concentrations. A British study found bone concentrations of about 
5,700 mg/kg ash in people chronically exposed to water with fluoride at 1.9 
mg/L; these people are also thought to be exposed to fluoride in tea (Jackson 
and Weidmann 1958; see Turner et al 1993 for unit conversions). In an area 
of rural Finland with fluoride in drinking water exceeding 1.5 mg/L, the 
average bone concentrations from 57 autopsies were 3,490 mg/kg ash in 
females and 2,830 mg/kg ash in males (Arnala et al. 1985). Most had lived 
their whole lives in the same place, most were over 50, and 7 had impaired 
renal function. For 16, fluoride concentrations were measured in the water 
sources (2.6 ± 1.4 mg/L); bone concentrations were 4,910 ± 2,250 mg/kg 
ash. In a later study of the same area of Finland, the mean bone concentra-
tion in 18 hip fracture patients was 3,720 ± 2,390 mg/kg, assumed to be ash 
(Arnala et al. 1986). The mean age was 79, 14 were female, 3 had diabetes, 
and 1 had elevated serum creatinine; residence time was not specified. For 
people exposed to fluoride at 2 mg/L in drinking water for a lifetime, the 
committee concludes that average bone concentration can be expected to 
be in the range of 4,000 to 5,000 mg/kg ash. Considerable variation around 
the average is expected.

Fluoride ConCentrations in Bones 
aFter CliniCal studies

A number of clinical studies measured bone fluoride concentrations 
after therapeutic treatment (van Kesteren et al. 1982; Boivin et al. 1988; 
Bayley et al. 1990; Gutteridge et al. 1990; Orcel et al. 1990; Boivin et al. 
1993; Søgaard et al. 1994; Lundy et al. 1995). Figure 3-2 summarizes these 
data, plotting fluoride concentrations in bone ash after treatment versus to-
tal exposure from the studies. The weighted least squares (WLS) regression 
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line weighted points according to the number of participants in each trial 
(see Appendix C). Note that the two points farthest above the regression 
line (Bayley et al. 1990; Lundy et al. 1995) were from studies carried out 
in Toronto and Minnesota, presumably fluoridated areas; most (possibly 
all) of the other studies were conducted in European countries that do not 
fluoridate water. The two points farthest below the line delivered fluoride in 
a form designed to reduce bioavailability (Boivin et al. 1988, Turner et al. 
1993). This analysis is ecologic, plotting average bone concentrations versus 
total exposure. However, analysis of individual-level data in two studies 
(van Kesteren et al. 1982; Gutteridge et al. 1990) provides similar results.

Because the pharmacokinetics of fluoride are nonlinear, we would not 
necessarily expect people with the same cumulative exposure to have the 
same bone fluoride concentrations. Indeed, the model may overpredict 
bone concentrations for long-term exposure to lower fluoride concentra-
tions via water. Figure 3-2 also shows the average bone ash concentrations 
measured by Zipkin et al. for fluoride at 4 mg/L plotted against estimated 
total exposure. The latter was estimated assuming consumption of 1.51 L 
of water per day (Turner et al. 1993) and 21 years of exposure to fluoride 
in the 4-mg/L area. (The Zipkin study reported residence time and water 
concentrations but not water consumption.) While not completely out of 
range, the bone concentration is lower than expected based on the regression 
for the clinical data. Analysis of Turner’s pharmacokinetic model (Turner et 
al. 1993) suggests that short-term (months to years), high-dose exposures 

FIGURE 3-2 Bone fluoride concentrations versus total exposure in clinical 
trials. For comparison, the average bone concentration found by Zipkin et al. 
(1958) among subjects drinking water with fluoride at 4 mg/L is provided.
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may produce higher bone fluoride concentrations than long-term (decades), 
low-dose exposures. More time means more bone resorption, allowing a 
greater fraction of the total fluoride dose to be excreted. Additional research 
on this topic would be useful.

More detailed information on fluoride’s effects on bone cells and bone 
formation is presented in Chapter 5.

ComParatiVe PharmaCokinetiCs oF rats and humans

Among animal species, fluoride toxicology has been studied most ex-
tensively in rats. When extrapolating from rats to humans, it is useful to 
consider their relative pharmacokinetics. There are at least two ways to 
do this. Bone, tissue, or plasma concentrations may provide an appropri-
ate biomarker of internal exposure for some effects. Alternatively, one can 
compare plasma, tissue, and bone concentrations in rats and humans given 
the same dose.

Our knowledge of the comparative pharmacokinetics of fluoride is 
primarily limited to short-term studies of a small number of mammals. 
Using estimates of plasma, renal, and extrarenal fluoride clearances scaled 
to body weight, Whitford et al. (1991) concluded that dogs were the best 
pharmacokinetic model for humans, based on studies of healthy young 
adults. In contrast, renal clearance in rats (age 12 weeks) was more than 
three times larger than in humans; rat extrarenal clearance was about twice 
as large (Whitford et al. 1991). Unlike in humans, rat bones do not undergo 
 Haversian remodeling (remodeling along channels within the bone). Fluoride 
uptake by the bones of adult rats should be minimal (Turner et al. 1995).

Comparisons between species—and within species for different experi-
ments—are complicated by several factors. With chronic exposure, fluoride 
bone concentrations tend to increase over time. The amount of calcium in 
the diet affects the amount of fluoride absorbed. The dose of fluoride can 
depend on the concentration of fluoride in water, water consumption, and 
the amount of fluoride in the diet. If fluoride concentration is kept constant 
in water, dose can vary as the animal ages. Species age at different rates, 
and age affects pharmacokinetics, especially bone development and kidney 
function.

Evidence suggests that rats require higher chronic exposure than hu-
mans to achieve the same plasma and bone fluoride concentrations. It has 
been suggested that rats might require water concentrations about five times 
larger than humans to reach the same plasma concentration (Dunipace et al. 
1995). For bone, Turner et al. (1992) estimated that “humans incorporate 
fluoride ~18 times more readily than rats when the rats are on a normal cal-
cium diet.” This comparison was also based on water concentrations. In Ap-
pendix D, this issue is briefly reviewed. The factor for plasma is uncertain, in 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


PHARMACOKINETICS OF FLUORIDE ��

part because it could change with age or duration of dose. It might be more 
appropriate to compare exposures than water concentration. Bone compari-
sons are also uncertain but appear to support a rat-to-human conversion 
factor for older rats and humans of at least an order of magnitude.

organoFluorine ComPounds

Two types of fluorine are found in human plasma: inorganic and or-
ganic. Up to now, this chapter has discussed the inorganic form. Remark-
ably, the amount of organic fluoride in serum is generally greater than the 
amount of inorganic fluoride (Whitford 1996). Interest in organofluorine 
compounds has grown tremendously in the last decade. Two compounds 
(and their salts) dominate recent biological research: perfluorooctanesul-
fonate (PFOS; C8F17SO3

−) and perfluorooctanoate (PFOA; C7F15COO−). 
Both are straight-chain compounds with fluorine substituted for aliphatic 
hydrogens. These compounds are biologically stable with long half-lives, on 
the order of years, in humans. Relatively little is known about the routes 
of human exposure. A recent study of American Red Cross adult blood 
donors found median serum concentrations of 35 µg/L of PFOS and 5 µg/L 
of PFOA (Olsen et al. 2003).

Defluorination of PFOA has not been detected in rat experiments 
(Vanden Heuvel et al. 1991; Kudo and Kawashima 2003). Given the sta-
bility of PFOA and PFOS, they do not appear to be important sources of 
inorganic fluoride, although more research is needed, particularly for PFOS. 
Degradation of other fluorocarbons might produce fluoride ion. Perfluo-
rooctanesulfonyl fluoride (POSF, C8F17SO2F) is used as a starting material 
for manufacturing polymers and surfactants. Residual POSF in products 
“may degrade or metabolize, to an undeterminate degree” to PFOS (Olsen 
et al. 2004, p. 1600). Certain anesthetics release fluoride ion during use 
(see Chapter 2).

FaCtors modiFying PharmaCokinetiCs and their 
imPliCations For Potentially susCePtiBle PoPulations

Changes in chronic exposure to fluoride will tend to alter plasma and 
bone fluoride concentrations. A number of factors can modify the pharmaco-
kinetics, providing another way to change fluoride tissue concentrations.

Fluoride clearance tends to increase with urinary pH. One proposed 
mechanism is decreased reabsorption in the renal tubule, easily crossed by 
HF and nearly impermeable to fluoride ion. Increasing urinary pH thus 
tends to decrease fluoride retention. As a result, fluoride retention might be 
affected by environments or conditions that chronically affect urinary pH, 
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including diet, drugs, altitude, and certain diseases (e.g., chronic obstructive 
pulmonary disease) (reviewed by Whitford 1996).

Because of their growing skeleton, infants and children clear relatively 
larger amounts of fluoride into bones than adults (Ekstrand et al. 1994; 
Whitford 1999). As discussed earlier, fluoride plasma and bone concen-
trations tend to increase with age. Although this trend is partly due to 
accumulation over time, decreased renal clearance and differences in bone 
resorption (preferential removal of cystallites with little or no fluoride in the 
elderly have been hypothesized to play a role.

Because the kidney is the major route of excretion, increased plasma 
and bone fluoride concentrations are not surprising in patients with kidney 
disease. Plasma fluoride concentrations are clearly elevated in patients with 
severely compromised kidney function, reduced glomerular filtration rates 
of around 20% of normal, as measured via creatinine clearance or serum 
creatinine concentrations (Hanhijärvi 1974, 1982; Parsons et al. 1975; 
Schiffl and Binswanger 1980; Waterhouse et al. 1980; Hanhijärvi and 
 Penttilä 1981). Kuo and Stamm (1975) found no association. However, 
elevated serum concentrations were found in renal patients with normal 
serum creatinine (Hanhijärvi 1982).

Only a few studies have examined fluoride concentrations in bone in 
renal patients. Call et al. (1965) found doubled bone fluoride concentrations 
in five patients with chronic, severe kidney disease. Juncos and Donadio 
(1972) diagnosed systemic fluorosis (but did not measure bone fluoride 
concentrations) in two patients with reduced renal function and exposure 
to drinking water with fluoride at 1.7 and 2.6 mg/L. Four renal patients 
with severe skeletal changes or bone pain had elevated serum and bone 
fluoride concentrations; the bone concentrations ranged from about 5,500 
to 11,000 mg/kg (Johnson et al. 1979). Fluoride bone concentrations more 
than doubled in four patients with severe, chronic pyelonephritis (Hefti and 
Marthaler 1981). Arnala et al. (1985) reported elevated bone concentrations 
(roughly 50%) in six people with “slightly impaired renal function” from a 
fluoridated area. Bone fluoride concentrations were significantly increased 
in dialysis patients compared with normal controls (Cohen-Solal et al. 
2002). In rats with surgically induced renal deficiency (80% nephrectomy), 
glomerular filtration rate decreased by 68%. After 6 months of fluoride 
treatment, bone fluoride concentrations approximately doubled (Turner et 
al. 1996).

Hanhijärvi and Penttilä (1981) reported elevated serum fluoride in pa-
tients with cardiac failure. Fluoride concentrations were positively related to 
serum creatinine, although the concentrations of the latter did not indicate 
renal insufficiency. During cardiac failure, the body tries to maintain blood 
flow to the heart and brain.

Although some studies report no difference in plasma fluoride concen-
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trations between men and women (e.g., Torra et al. 1998), others found 
greater rates of increase with age in females (Husdan et al. 1976; Hanhijärvi 
et al. 1981). Enhanced release of fluoride in postmenopausal women is one 
possible explanation. Similar to our regression results of the Zipkin data, 
some studies have found a tendency toward elevated bone fluoride concen-
trations in women (Arnala et al. 1985; Richards et al. 1994). A Finnish study 
reported that bone fluoride concentrations increased more rapidly with age 
in women than in men (Alhava et al. 1980). This variability might be due 
to several factors, including individual differences in water consumption 
and pharmacokinetics.

In sum, although the data are sparse, severe renal insufficiency appears 
to increase bone fluoride concentrations, perhaps as much as twofold. The 
elderly are at increased risk of high bone fluoride concentrations due to 
accumulation over time; although less clear, decreased renal function and 
gender may be important.

Findings

•	 Bone fluoride concentrations increase with both magnitude and 
length of exposure. Empirical data suggest substantial variations in bone 
fluoride concentrations at any given water concentration.

•	 On the basis of pharmacokinetic modeling, the current best estimate 
for bone fluoride concentrations after 70 years of exposure to fluoride at 
4 mg/L in water is 10,000 to 12,000 mg/kg in bone ash. Higher values would 
be predicted for people consuming large amounts of water (>2 L/day) or for 
those with additional sources of exposure. Less information was available 
for estimating bone concentrations from lifetime exposure to fluoride in 
water at 2 mg/L. The committee estimates average bone concentrations of 
4,000 to 5,000 mg/kg ash.

•	 Groups likely to have increased bone fluoride concentrations include 
the elderly and people with severe renal insufficiency.

•	 Pharmacokinetics should be taken into account when comparing 
effects of fluoride in different species. Limited evidence suggests that rats 
require higher chronic exposures than humans to achieve the same plasma 
and bone concentrations.

researCh reCommendations

•	 Additional research is needed on fluoride concentrations in human 
bone as a function of magnitude and duration of exposure, age, gender, and 
health status. Such studies would be greatly aided by noninvasive means of 
measuring bone fluoride. As discussed in other chapters of this report, some 
soft tissue effects may be associated with fluoride exposure. Most measure-
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ments of fluoride in soft tissues are based on short-term exposures and some 
atypically high values have been reported. Thus, more studies are needed on 
fluoride concentrations in soft tissues (e.g., brain, thyroid, kidney) following 
chronic exposure.

•	 Research is needed on fluoride plasma and bone concentrations in 
people with small to moderate changes in renal function as well as patients 
with serious renal deficiency. Other potentially sensitive populations should 
be evaluated, including the elderly, postmenopausal women, and people 
with altered acid-base balance.

•	 Improved and readily available pharmacokinetic models should be 
developed.

•	 Additional studies comparing pharmacokinetics across species are 
needed.

•	 More work is needed on the potential for release of fluoride by the 
metabolism of organofluorines.
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4

Effects of Fluoride on Teeth

In this chapter, the committee reviews research on the occurrence of 
enamel fluorosis at different concentrations of fluoride in drinking water, 
with emphasis on severe enamel fluorosis and water fluoride concentra-
tions at or near the current maximum contaminant level goal (MCLG) of 
4 mg/L and the secondary maximum contaminant level (SMCL) of 2 mg/L. 
Evidence on dental caries in relation to severe enamel fluorosis, aesthetic 
and psychological effects of enamel fluorosis, and effects of fluoride on 
dentin fluorosis and delayed tooth eruption is reviewed as well. Evidence 
on caries prevention at water concentrations below the SMCL of 2 mg/L is 
not reviewed. Strengths and limitations of study methods, including issues 
pertaining to diagnosis and measurement, are considered.

enamel Fluorosis

Fluoride has a great affinity for the developing enamel because tooth 
apatite crystals have the capacity to bind and integrate fluoride ion into the 
crystal lattice (Robinson et al. 1996). Excessive intake of fluoride during 
enamel development can lead to enamel fluorosis, a condition of the dental 
hard tissues in which the enamel covering of the teeth fails to crystallize 
properly, leading to defects that range from barely discernable markings 
to brown stains and surface pitting. This section provides an overview 
of the clinical and histopathological manifestations of enamel fluorosis, 
diagnostic issues, indexes used to characterize the condition, and possible 
mechanisms.
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Clinical and Histological Features

Enamel fluorosis is a mottling of the tooth surface that is attributed to 
fluoride exposure during tooth formation. The process of enamel matura-
tion consists of an increase in mineralization within the developing tooth 
and concurrent loss of early-secreted matrix proteins. Exposure to fluoride 
during maturation causes a dose-related disruption of enamel mineralization 
resulting in widening gaps in its crystalline structure, excessive retention of 
enamel proteins, and increased porosity. These effects are thought to be due 
to fluoride’s effect on the breakdown rates of matrix proteins and on the 
rate at which the by-products from that degradation are withdrawn from 
the maturing enamel (Aoba and Fejerskov 2002).

Clinically, mild forms of enamel fluorosis are evidenced by white hori-
zontal striations on the tooth surface or opaque patches, usually located on 
the incisal edges of anterior teeth or cusp tips of posterior teeth. Opaque 
areas are visible in tangential reflected light but not in normal light. These 
lesions appear histopathologically as hypomineralization of the subsurface 
covered by a well-mineralized outer enamel surface (Thylstrup and Fejer-
skov 1978). In mild fluorosis, the enamel is usually smooth to the point of 
an explorer, but not in moderate and severe cases of the condition (Newb-
run 1986). In moderate to severe forms of fluorosis, porosity increases and 
lesions extend toward the inner enamel. After the tooth erupts, its porous 
areas may flake off, leaving enamel defects where debris and bacteria can 
be trapped. The opaque areas can become stained yellow to brown, with 
more severe structural damage possible, primarily in the form of pitting of 
the tooth surface.

Enamel in the transitional or early maturation stage of development is 
the most susceptible to fluorosis (DenBesten and Thariani 1992). For most 
children, the first 6 to 8 years of life appear to be the critical period of risk. In 
the Ikeno district of Japan, where a water supply containing fluoride at 7.8 
mg/L was inadvertently used for 12 years, no enamel fluorosis was seen in 
any child who was age 7 years or older at the start of this period or younger 
than 11 months old at the end of it (Ishii and Suckling 1991). For anterior 
teeth, which are of the most aesthetic concern, the risk period appears to 
be the first 3 years of life (Evans and Stamm 1991; Ishii and Suckling 1991; 
Levy et al. 2002a). Although it is possible for enamel fluorosis to occur when 
teeth are exposed during enamel maturation alone, it is unclear whether it 
will occur if fluoride exposure takes place only at the stage of enamel-matrix 
secretion. Fejerskov et al. (1994) noted that fluoride uptake into mature 
enamel is possible only as a result of concomitant enamel dissolution, such 
as caries development. Because the severity of fluorosis is related to the du-
ration, timing, and dose of fluoride intake, cumulative exposure during the 
entire maturation stage, not merely during critical periods of certain types 
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of tooth development, is probably the most important exposure measure to 
consider when assessing the risk of fluorosis (DenBesten 1999).

Mechanisms

Dental enamel is formed by matrix-mediated biomineralization. Crys-
tallites of hydroxyapatite (Ca10(PO4)6(OH)2) form a complex protein ma-
trix that serves as a nucleation site (Newbrun 1986). The matrix consists 
primarily of amelogenin, proteins synthesized by secretory ameloblasts that 
have a functional role in establishing and maintaining the spacing between 
enamel crystallites. Full mineralization of enamel occurs when amelogenin 
fragments are removed from the extracellular space. The improper mineral-
ization that occurs with enamel fluorosis is thought to be due to inhibition 
of the matrix proteinases responsible for removing amelogenin fragments. 
The delay in removal impairs crystal growth and makes the enamel more 
porous (Bronckers et al. 2002). DenBesten et al. (2002) showed that rats 
exposed to fluoride in drinking water at 50 or 100 mg/L had lower total 
proteinase activity per unit of protein than control rats. Fluoride apparently 
interferes with protease activities by decreasing free Ca2+ concentrations in 
the mineralizing milieu (Aoba and Fejerskov 2002).

Matsuo et al. (1998) investigated the mechanism of enamel fluorosis 
in rats administered sodium fluoride (NaF) at 20 mg/kg by subcutaneous 
injections for 4 days or at 240 mg/L in drinking water for 4 weeks. They 
found that fluoride alters intracellular transport in the secretory ameloblasts 
and suggested that G proteins play a role in the transport disturbance. They 
found different immunoblotting-and-pertussis-toxin-sensitive G proteins on 
the rough endoplasmic reticulum and Golgi membranes of the germ cells 
of rats’ incisor teeth.

Health Issues and Clinical Treatment

Whether to consider enamel fluorosis, particularly the moderate to se-
vere forms, an adverse cosmetic effect or an adverse health effect has been 
the subject of debate for decades. Some early literature suggests that the 
clinical course of caries could be compromised by untreated severe enamel 
fluorosis. Smith and Smith (1940, pp.1050-1051) observed, “There is ample 
evidence that mottled teeth, though they be somewhat more resistant to the 
onset of decay, are structurally weak, and that unfortunately when decay 
does set in, the result is often disastrous. Caries once started evidently 
spreads rapidly. Steps taken to repair the cavities in many cases were unsuc-
cessful, the tooth breaking away when attempts were made to anchor the 
fillings, so that extraction was the only course.” Gruebbel (1952, p.153) 
expressed a similar viewpoint: “Severe mottling is as destructive to teeth as 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


106 FLUORIDE IN DRINKING WATER

is dental caries. Therefore, when the concentration is excessive, defluorina-
tion or a new water supply should be recommended. The need for remov-
ing excessive amounts of fluorides calls attention to the peculiar situation 
in public health practice in which a chemical substance is added to water 
in some localities to prevent a disease and the same chemical substance is 
removed in other localities to prevent another disease.” Dean advised that 
when the average child in a community has mild fluorosis (0.6 on his scale, 
described in the next section), “. . . it begins to constitute a public health 
problem warranting increasing consideration” (Dean 1942, p. 29).

There appears to be general acceptance in today’s dental literature that 
enamel fluorosis is a toxic effect of fluoride intake that, in its severest forms, 
can produce adverse effects on dental health, such as tooth function and 
caries experience. For example:

•	 “The most severe forms of fluorosis manifest as heavily stained, pit-
ted, and friable enamel that can result in loss of dental function” (Burt and 
Eklund 1999).

•	 “In more severely fluorosed teeth, the enamel is pitted and discolored 
and is prone to fracture and wear” (ATSDR 2003, p. 19).

•	 “The degree of porosity (hypermineralization) of such teeth results 
in a diminished physical strength of the enamel, and parts of the superficial 
enamel may break away . . . In the most severe forms of dental fluorosis, the 
extent and degree of porosity within the enamel are so severe that most of 
the outermost enamel will be chipped off immediately following eruption” 
(Fejerskov et al. 1990, p. 694).

•	 “With increasing severity, the subsurface enamel all along the tooth 
becomes increasingly porous . . . the more severe forms are subject to ex-
tensive mechanical breakdown of the surface” (Aoba and Fejerskov 2002, 
p. 159).

•	 “With more severe forms of fluorosis, caries risk increases because 
of pitting and loss of the outer enamel” (Levy 2003, p. 286).

•	 “ . . . the most severe forms of dental fluorosis might be more than 
a cosmetic defect if enough fluorotic enamel is fractured and lost to cause 
pain, adversely affect food choices, compromise chewing efficiency, and 
require complex dental treatment” (NRC 1993, p. 48).

Severe enamel fluorosis is treated to prevent further enamel loss and 
to address the cosmetic appearance of teeth. Treatments include bleaching, 
microabrasion, and the application of veneers or crowns. Bleaching and 
microabrasion are typically used with the mild to moderate forms of enamel 
fluorosis. Bleaching is the least invasive procedure, but does not eliminate 
the dark stains associated with severe enamel fluorosis. Microabrasion 
involves the controlled abrasion of enamel to remove superficial stains. 
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This technique has been reported to be minimally invasive and successful 
in treating single-line or patched opacities, but was not effective in treating 
defects that extend deeper into the enamel (Wong and Winter 2002). Train 
et al. (1996) found that while microabrasion improved the appearance of all 
degrees of enamel fluorosis, severely fluorosed teeth exhibited more defective 
surfaces following treatment. Pits and fissures can be filled with flowable 
composites. Partial veneers, composite veneers, and crowns provide the best 
aesthetic results for very severe enamel fluorosis, but are the most invasive 
treatments. Crowns are usually used as a last resort because they can be 
a threat to tooth vitality (Christensen 2005). The procedure requires the 
further removal of tooth enamel to allow for bonding of the crown, and 
sometimes requires replacement within a few years. The more invasive treat-
ments should be used only in the most severe cases of enamel fluorosis.

Ascertaining Enamel Fluorosis

Enamel Fluorosis Indexes

The three main indexes used to grade enamel fluorosis in research are 
Dean’s index, the Thylstrup-Fejerskov index (TFI), and the tooth surface 
index of fluorosis (TSIF). A particularly useful review of the characteristics, 
strengths, and limitations of these indexes is given by Rozier (1994).

Dean’s index (Table 4-1) uses a 6-point ordinal scale, ranging from nor-
mal to severe, to classify individuals with regard to enamel fluorosis (Dean 
1942). Scores are assigned on the basis of the two worst-affected teeth and 
are derived from an assessment of the whole tooth rather than the worst-
affected tooth surface. Although Dean’s index is considered adequate for a 
broad definition of prevalence and trends, it suffers from limited sensitivity 
for analytical research in several ways. Because a person is assigned to a 
fluorosis category on the basis of only two severely affected teeth, the score 
may not discriminate between those individuals who have more affected 
teeth from those with only a few affected teeth. In addition, as the teeth 
most frequently affected by enamel fluorosis are posterior teeth and not 
the aesthetically important anterior teeth, Dean’s index may misclassify 
individuals with respect to aesthetic effects (Griffin et al. 2002). As a score 
assigned at the level of the person, Dean’s index enables the computation of 
prevalence estimates but does not permit an analysis of the effects of changes 
in exposure during the development of different teeth. Finally, with only one 
category for severe fluorosis, Dean’s index does not discriminate between 
staining and pitting or between discrete and confluent pitting. In fact, Dean 
revised the index in 1942 to create the version in use today, which com-
bines the original “moderately severe” and “severe” categories. Despite its 
limitations, Dean’s index is by far the most widely used measure of enamel 
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TABLE 4-1 Clinical Criteria for Dean’s Enamel Fluorosis Index

Diagnosis Criteria

Normal (0) The enamel represents the usually translucent semivitriform type of 
structure. The surface is smooth, glossy, and usually a pale creamy 
white color.

Questionable (0.5) The enamel discloses slight aberrations from the translucency of 
normal enamel, ranging from a few white flecks to occasional white 
spots. This classification is utilized when a definite diagnosis of the 
mildest form of fluorosis is not warranted and a classification of 
“normal” is not justified.

Very mild (1) Small, opaque, paper white area scattered irregularly over the tooth but 
not involving as much as approximately 25% of the tooth surface. 
Frequently included in this classification are teeth showing no more 
than 1 to 2 mm of white opacity at the tip of the summit of the cusps 
of the bicuspids or second molars.

Mild (2) The white opaque areas in the enamel of the teeth are more extensive 
but do not involve as much as 50% of the tooth.

Moderate (3) All enamel surfaces of the teeth are affected, and surfaces subject to 
attrition show marked wear. Brown stain is frequently a disfiguring 
feature.

Severe (4) All enamel surfaces are affected and hypoplasia is so marked that the 
general form of the tooth may be altered. The major diagnostic sign 
of this classification is the discrete or confluent pitting. Brown stains 
are widespread and teeth often present a corroded appearance.

SOURCE: Dean 1942. Reprinted with permission; copyright 1942, American Association for 
the Advancement of Science.

fluorosis in the research literature. As a consequence, any comprehensive 
review of the literature must rely upon it.

The TFI (Table 4-2), which classifies the facial surface of each tooth on 
a 10-point scale (0 to 9), provides more criteria and categories for character-
izing mild and severe forms of fluorosis than Dean’s index allows (Thylstrup 
and Fejerskov 1978). At the upper end of the severity scale, the TFI usefully 
distinguishes among marked discoloration without pitting (score 4); discrete 
or focal pitting (score 5); and degrees of confluent pitting, enamel loss, and 
tooth deformation (scores 6-9). The TFI has been shown to be a valid indica-
tion of the fluoride content of fluorotic enamel. Most investigators combine 
TFI scores of 5 and higher, all of which include pitting, to form a category 
of severe enamel fluorosis.

The TSIF (Table 4-3) ascribes a fluorosis score on an 8-point scale (0 to 
7) to each unrestored surface of each tooth (Horowitz et al. 1984). At the 
higher end of the scale, there is a greater range of criteria for characteriza-
tion of effects. A TSIF score of 5 is the lowest classification on this scale 
that involves enamel pitting. Although some researchers combine scores 5-7 
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to classify severe enamel fluorosis, others extend their highest category of 
severity to include score 4, which includes staining but not pitting.

Other fluorosis indexes, such as those developed by Siddiqui (1955) and 
Al-Alousi et al. (1975), are used less frequently in research and almost never 
in the United States. The developmental defects of enamel (DDE) index was 
designed as a general classification scheme for enamel defects (FDI 1982; 
Clarkson and O’Mullane 1989). As it emphasizes aesthetic concerns and 
is not based on etiologic considerations, it is not technically an index of 
enamel fluorosis. The fluorosis risk index (FRI) was developed specifically 
for use in case-control studies (Pendrys 1990), very few of which have been 
conducted.

TABLE 4-2 Clinical Criteria and Scoring for the Thylstrup and Fejerskov 
Index (TFI) of Enamel Fluorosis

Score Criteria

0 Normal translucency of enamel remains after prolonged air-drying.
1 Narrow white lines corresponding to the perikymata.
2 Smooth surfaces: More pronounced lines of opacity that follow the perikymata. 

Occasionally confluence of adjacent lines.
Occlusal surfaces: Scattered areas of opacity < 2 mm in diameter and pronounced 

opacity of cuspal ridges.
3 Smooth surfaces: Merging and irregular cloudy areas of opacity. Accentuated 

drawing of perikymata often visible between opacities.
Occlusal surfaces: Confluent areas of marked opacity. Worn areas appear almost 

normal but usually circumscribed by a rim of opaque enamel.
4 Smooth surfaces: The entire surface exhibits marked opacity or appears chalky 

white. Parts of surface exposed to attrition appear less affected.
Occlusal surfaces: Entire surface exhibits marked opacity. Attrition is often 

pronounced shortly after eruption.
5 Smooth and occlusal surfaces: Entire surface displays marked opacity with focal loss 

of outermost enamel (pits) < 2 mm in diameter.
6 Smooth surfaces: Pits are regularly arranged in horizontal bands < 2 mm in vertical 

extension.
Occlusal surfaces: Confluent areas < 3 mm in diameter exhibit loss of enamel. 

Marked attrition.
7 Smooth surfaces: Loss of outermost enamel in irregular areas involving less than half 

of entire surface.
Occlusal surfaces: Changes in morphology caused by merging pits and marked 

attrition.
8 Smooth and occlusal surfaces: Loss of outermost enamel involving more than half of 

surface.
9 Smooth and occlusal surfaces: Loss of main part of enamel with change in anatomic 

appearance of surface. Cervical rim of almost unaffected enamel is often noted.

SOURCE: Thylstrup and Fejerskov 1978. Reprinted with permission; copyright 1978, 
Community Dentistry and Oral Epidemiology.
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TABLE 4-3 Clinical Criteria and Scoring for the Tooth Surface Index of 
Fluorosis (TSIF)

Score Criteria

0 Enamel shows no evidence of fluorosis.
1 Enamel shows definite evidence of fluorosis—namely, areas with parchment-white 

color that total less than one-third of the visible enamel surface. This category 
includes fluorosis confined only to incisal edges of anterior teeth and cusp tips of 
posterior teeth (“snowcapping”).

2 Parchment-white fluorosis totals at least one-third, but less than two-thirds, of the 
visible surface.

3 Parchment-white fluorosis totals at least two-thirds of the visible surface.
4 Enamel shows staining in conjunction with any of the preceding levels of fluorosis. 

Staining is defined as an area of definite discoloration that may range from light to 
very dark brown.

5 Discrete pitting of the enamel exists, unaccompanied by evidence of staining of 
intact enamel. A pit is defined as a definite physical defect in the enamel surface 
with a rough floor that is surrounded by a wall of intact enamel. The pitted area 
is usually stained or differs in color from the surrounding enamel.

6 Both discrete pitting and staining of the intact enamel exist.
7 Confluent pitting of the enamel surface exists. Large areas of enamel may be missing 

and the anatomy of the tooth may be altered. Dark-brown stain is usually present.

SOURCE: Horowitz et al. 1984. Reprinted with permission; copyright 1984, American Dental 
Association.

A major difference among the three principal enamel fluorosis indexes is 
the level at which the scores are recorded: the level of the person on Dean’s 
index, the level of the tooth on the TFI, and the level of the tooth surface 
on the TSIF. As the tooth-level scores for Dean’s index are usually recorded 
but not reported, it is impossible to break the reported person-level scores 
down to the tooth or tooth-surface level. Similarly, the tooth level TFI scores 
cannot be broken down to the level of the tooth surface. In contrast, it is 
possible to combine TFI scores up to the person level and to combine TSIF 
scores up to the tooth or person levels.

Because the person-level Dean’s index is the oldest and still the most 
widely used enamel fluorosis index, researchers using the TFI or TSIF some-
times, though rarely, aggregate scores on those scales up to the person level 
for comparability. When this is done, the most severe one or two teeth or 
tooth surfaces are typically used. As a consequence, the prevalence of a given 
level of enamel fluorosis severity (other than “normal” or “unaffected”) will 
tend to be lowest if expressed as a proportion of all tooth surfaces, inter-
mediate in magnitude if expressed as a proportion of all teeth, and highest 
if expressed as a proportion of all persons in a given sample. Prevalence esti-
mates at the person level are reviewed by the committee later in this chapter. 
When the interest is in aesthetic concerns about milder forms of fluorosis, 
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the person level and tooth level have disadvantages, as the affected teeth 
may be located in the posterior part of the mouth and thus less visible under 
ordinary (nonclinical) circumstances. For the severest forms, in contrast, the 
considerations are reversed. It is more informative to know the proportion 
of a population who have any teeth with dark staining and pitting than the 
proportion of all teeth or of all tooth surfaces that have these most severe 
manifestations of enamel fluorosis.

Diagnostic Issues

The 1993 National Research Council (NRC) report found that the ac-
curacy of clinical diagnosis of fluorotic lesions, especially those of the mild 
form, has been plagued by the fact that not all white or light yellow opacities 
in dental enamel are caused by fluoride. The ascertainment of severe enamel 
fluorosis, in contrast, is much more secure. This is especially true in studies 
of children in communities with relatively high water fluoride concentra-
tions in the United States and similar locales, where there are few if any 
alternative explanations for dark yellow to brown staining and pitting of 
the enamel of recently erupted permanent teeth.

Some studies in the international literature have reported severe mot-
tling of the teeth that could not be attributed to fluoride exposure. For 
example, Whitford (1996) was unable to explain a high prevalence of 
severe lesions resembling fluorosis in individuals in Morrococha, Peru, on 
the basis of exposure to fluoride in water, food, or dental products. Yoder 
et al. (1998) found severe dental mottling in a population in Tanzania with 
negligible fluoride in the water (<0.2 mg/L). They noted that urinary fluo-
ride concentrations in affected subjects from that area were not consistent 
with concentrations found in subjects from a high-fluoride area who had 
severe enamel fluorosis. Mottling unrelated to fluoride has been suggested 
to be due to malnutrition, metabolic disorders, exposure to certain dietary 
trace elements, widespread introduction of tea drinking among children at 
very early ages, or physical trauma to the tooth (Curzon and Spector 1977; 
Cutress and Suckling 1990).

A genetic condition called amelogeneis imperfecta causes enamel defects 
that can be mistaken for enamel fluorosis (Seow 1993); the hypoplastic 
lesions of this condition have a deficiency in the quantity of enamel with 
grooves and pits on the surface. Hypocalcified lesions have low mineraliza-
tion, appear pigmented, and have softened and easily detachable enamel. 
Hypomaturation conditions are evident as opaque and porous enamel. The 
prevalence of amelogeneis imperfecta ranges from approximately 1 in 700 
to 1 in 14,000, depending on the population studied (Seow 1993).

Angmar-Mansson and Whitford (1990) reported that acute and chronic 
exposures to hypobaric hypoxia that occurs at high altitudes are associated 
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with bilaterally symmetrical and diffuse disturbances in enamel mineraliza-
tion that might be mistaken for fluorosis. More recently, Rweneyonyi et 
al. (1999) reported higher prevalences of severe enamel fluorosis at higher 
altitudes than at lower altitudes in Ugandan populations with the same 
water fluoride levels.

Some evidence from animal studies indicates that genetics might con-
tribute to susceptibility to enamel fluorosis (Everett et al. 2002). It has also 
been proposed that use of the antibiotic amoxicillin during infancy might 
contribute to the development of enamel fluorosis of the primary teeth 
(Hong et al. 2004).

A number of review articles evaluate the strengths and deficiencies of 
the various indexes used to diagnose and characterize the degree of enamel 
fluorosis (Clarkson 1989; Ellwood et al. 1994; Kingman 1994; Rozier 
1994). In general, the following observations may be made:

•	 The various indexes use different examination techniques, clas-
sification criteria, and ways of reporting data. All indexes are based on 
subjective assessment, and little information is available on their validity or 
comparability. Prevalence data obtained from these indexes also can vary 
considerably because of differences in study protocols and case definitions. 
Nevertheless, the American Dental Association (2005) considers severe and 
even moderate fluorosis “typically easy to detect.”

•	 Examiner reliability is an important consideration in evaluation 
studies. Systematic interexaminer variability has been reported (Burt et al. 
2003). Rozier (1994) noted that only about half the studies available in 
1994 provided evidence that examiner reliability was evaluated. Although 
almost all of those assessments were conducted in populations in which 
severe enamel fluorosis was very rare, they showed an acceptable level of 
agreement.

•	 Agreement among examiners tends to be lower when enamel fluo-
rosis is recorded at the level of the tooth or tooth surface than when it is 
recorded at the person level.

Prevalence of Severe Enamel Fluorosis 
in Relation to Water Fluoride Concentrations

In many reviews and individual studies, all levels of enamel fluorosis 
severity are grouped together. This approach is less problematic at compara-
tively low levels of fluoride intake, where all or almost all of the cases are 
mild or moderate in severity. At higher intake levels, such as those typically 
found in communities with water fluoride concentrations at the current 
MCLG of 4 mg/L or the current SMCL of 2 mg/L, it is more informative to 
report results for the different levels of fluorosis severity. Those reviews in 
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which severity distinctions have been drawn, such as NRC (1993) and IOM 
(1997), have tended to combine moderate and severe fluorosis into a single 
category. The present report focuses more specifically on the severe forms.

The committee compiled prevalence estimates at the person level for 
severe enamel fluorosis in relation to water fluoride levels from studies 
around the world. The starting points were the estimates provided in EPA’s 
documentation supporting the MCLG (50 Fed. Reg. 20164 [1985]) and Ap-
pendix C6 of McDonagh et al. (2000a). To these were added results from 24 
additional studies (Venkateswarlu et al. 1952; Forsman 1974; Retief et al. 
1979; Rozier and Dudney 1981; Subbareddy and Tewari 1985; Haimanot 
et al. 1987; Kaur et al. 1987; Mann et al. 1987, 1990; Szpunar and Burt 
1988; Thaper et al. 1989; Jackson et al. 1995; Cortes et al. 1996; Akpata 
et al. 1997; Gopalakrishnan et al. 1999; Kumar and Swango 1999; Menon 
and Indushekar 1999; Rwenyonyi et al. 1999; Sampaio and Arneberg 1999; 
Awadia et al. 2000; Alarcón-Herrera et al. 2001; Grobler et al. 2001; Ermiş 
et al. 2003; Wondwossen et al. 2004). Results were excluded if they were 
for fluorosis indexes other Dean’s index, the TFI, the TSIF, or modifica-
tions thereof (e.g., Goward 1982; Nunn et al. 1992); for all fluorosis or 
for moderate and severe fluorosis combined (e.g., Warnakulasuriya et al. 
1992; Mella et al. 1994; Alonge et al. 2000; Burt et al. 2003); for primary or 
deciduous teeth as opposed to permanent teeth (e.g., McInnes et al. 1982); 
for different teeth separately with no results at the person level or for all 
teeth combined (e.g., Opinya et al. 1991); for unbounded upper catego-
ries of water fluoride for which no mean or median value was given (e.g., 
> 1.2 mg/L in Heller et al. [1997], > 2 mg/L in Ray et al. [1982], > 2.5 mg/L 
in Angelillo et al. [1999]); for bounded but extremely wide water fluoride 
ranges (e.g., 0.8 to 4.3 mg/L in Haimanot et al. [1987], 0.7 to 4.0 in Beltran-
Aguilar et al. [2002], 0.3 to 2.2 mg/L in Wondwossen et al. [2004]). For 
narrower bounded categories, the midrange water fluoride level was used. 
Results from studies of children and teenagers (age 20 years or younger) 
were tallied separately from results for adults. Severe enamel fluorosis was 
classified as the “severe” classification in Dean’s index and, depending on 
the groupings created by the original invesgtigators, TFI scores of 4-9 or 
5-9 and TSIF scores of 4-7 or 5-7. Because of the wide variability in meth-
ods and populations, and the lack of independence when a given study 
provided more than one result, the estimates were not subjected to formal 
statistical analyses. Instead, plots of the prevalence estimates in relation to 
water fluoride concentration were examined for the presence of any clear 
and obvious patterns or trends.

Figure 4-1 shows 94 prevalence estimates from studies in the United 
States. Despite the wide range of research methods, fluorosis indexes, water 
fluoride measurement methods, and population characteristics in these stud-
ies conducted over a period spanning half a century, a clear trend is evident. 
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FIGURE 4-1 Prevalence of severe enamel fluorosis at the person level by water 
fluoride concentration, permanent teeth, age < 20 years, U.S. communities.

The prevalence of severe enamel fluorosis is close to zero in communities 
at all water fluoride concentrations below 2 mg/L. Above 2 mg/L, the 
prevalence rises sharply. The shape of this curve differs dramatically from 
the linear trend observed when all levels of fluorosis severity are combined 
and related to either the water fluoride concentration (Dean 1942) or the 
estimated daily dose in milligrams per kilogram (Fejerskov et al. 1990).

Not shown in Figure 4-1 are a prevalence of 54% in a community with 
a water fluoride concentration of 14 mg/L (50 Fed. Reg. 20164 [1985]) and 
results from two studies of adults. One, with an age range of 20-44 years, 
reported prevalences of zero at <0.1 mg/L and 2% at 2.5 mg/L (Russell and 
Elvove 1951). In the other, with an age range of 27-65 years, the prevalences 
were zero at 0.7 mg/L and 76% at 3.5 mg/L (Eklund et al. 1987). These 
results are broadly consistent with those in Figure 4-1.

Strongly supporting evidence comes from a series of surveys conducted 
by researchers at the National Institute of Dental Health (Selwitz et al. 
1995, 1998). In these studies using the TSIF, scores were reported only at 
the tooth-surface level (Figure 4-2). As with the person-level prevalence esti-
mates (Figure 4-1), an approximate population threshold for severe enamel 
fluorosis is evident at water concentrations below 2 mg/L.
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Figure 4-3 shows 143 prevalence estimates from studies of children 
outside the United States. Not shown are results for three Ethiopian com-
munities with extremely high water fluoride concentrations of 26, 34 and 
36 mg/L and prevalences of 18%, 48% and 25%, respectively (Haimanot et 
al. 1987). Although a positive association may be discernible, it is much less 
obvious than in the U.S. studies. There is little evidence of an approximate 
population threshold as in the results in U.S. communities (Figure 4-1). In 
many regions around the world, water intake among children whose per-
manent teeth are forming can be much more variable than in the United 
States, susceptibility may differ more widely, sources of fluoride intake other 
than the community water supply may be more prevalent, or the ascertain-
ment of severe enamel fluorosis may be more often compromised by other 
determinants of dental discoloration and pitting.

One question is whether the most severe forms of enamel fluorosis, 
specifically those involving confluent pitting, occur at water concentrations 
in the range of the current MCLG of 4 mg/L. This question cannot be an-

FIGURE 4-2 Percentage of tooth surfaces with severe enamel fluorosis (TSIF 
scores 4-7) by water fluoride concentration, permanent teeth, ages 8-10 and 
13-16 years, U.S. communities, 1980, 1985 and 1990. (Some samples of 
children at a given water fluoride concentration had identical percentages of 
tooth surfaces with TSIF scores 4-7.) SOURCE: Selwitz et al. 1995, 1998.
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FIGURE 4-3 Prevalence of severe enamel fluorosis at the person level by 
water fluoride concentration, permanent teeth, age < 20 years, communities 
outside the United States.

swered by most studies, which use Dean’s 1942 modification of his index 
combining “moderately severe” and “severe” classifications of his original 
system (Dean 1934) into a single category (Dean 1942; Rozier 1994). Three 
studies, however, in U.S. communities with water fluoride concentrations of 
approximately 4 mg/L have used enamel fluorosis indexes that draw severity 
distinctions within the “severe” category.

In Lowell, Indiana, with a water fluoride concentration of approxi-
mately 4 mg/L, 7% of a 1992 sample and 2% of a 1994 sample of children 
7-14 years of age had at least one tooth surface assigned the highest possible 
TSIF score of 7 (Table 4-4). Expressed as a percentage of all tooth surfaces 
examined (mean, 32.3 per child), the prevalence of TSIF score 7 in the 1992 
sample was substantially lower at 0.5% (Jackson et al. 1995). The lower 
prevalence using this metric is not surprising, as it includes surfaces on 
anterior teeth, which are not generally as susceptible to fluorosis as molars 
and other teeth located farther back in the mouth.

In Bushnell, Illinois, with a mean water fluoride concentration of 3.8 
mg/L, samples of children age 8-10 years and 13-15 years were examined in 
1980 and 1985 (Heifetz et al. 1988). As shown in Table 4-5, the TSIF score 
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TABLE 4-4 Maximum TSIF Scores in Two Samples 
of Children Age 7-14 Years in a U.S. Community 
with a Water Fluoride Concentration of 4.0 mg/L

1992 study 1994 study

Maximum 
TSIF Score

Number of 
Children Percent

Number of 
Children Percent

0 8 7.9 1 1.0
1 23 22.8 34 32.4
2 17 16.8 18 17.1
3 26 25.7 31 29.5
4 7 6.9 12 11.4
5 10 9.9 7 6.7
6 3 3.0 0 0.0
7 7 6.9 2 1.9
Total 101 100.0 105 100.0

SOURCE: Jackson et al. 1995, 1999; R.D. Jackson (Indiana 
University-Purdue University Indianapolis, personal commun., 
December 21, 2005).

TABLE 4-5 Percentage of Tooth Surfaces Assigned TSIF Scores 
in Four Samples of Children Age 8-10 Years and 13-15 Years in a 
U.S. Community with a Water Fluoride Concentration of 3.8 mg/La

1980 study 1985 study

TSIF 
Score

Age 8-10 
(n = 59)

Age 13-15 
(n = 34)

Age 8-10 
(n = 62)

Age 13-15 
(n = 29)

0 30.3 36.9 24.2 22.5
1 28.5 25.6 32.2 30.8
2 17.1 16.7 18.7 18.8
3 19.7 18.6 19.7 22.1
4 0.3 0.3 0.6 0.5
5 2.8 1.3 3.1 3.9
6 0.1 0.1 0.1 0.0
7 1.2 0.5 1.4 1.5

 aThe numbers of children (n) are given in parentheses. The numbers of tooth surfaces 
examined were not reported.

SOURCE: Heifetz et al. 1988.

of 7 was assigned in all four samples. Detailed TSIF scores from this study 
are available only on as a percentage of all tooth surfaces examined. These 
results are consistent with those from the 1992 sample in Lowell, Indiana 
(Jackson et al. 1995) using the same fluorosis metric.
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Confluent enamel pitting must be present for a tooth surface to be as-
signed a score of 7 on the TSIF scale (Table 4-3). In addition to the usual 
presence of dark brown staining, large areas of enamel may be missing and 
gross tooth structure may be altered as well. Thus, it has been sufficiently 
well documented that the most severe forms of enamel fluorosis for which 
classifications exist occur in children who reside in communities with water 
fluoride concentrations at or near the MCLG of 4 mg/L.

A third study, confined to the age range of 27-65 years, included a 
sample of 192 adults from Lordsburg, New Mexico, with a water fluoride 
concentration of 3.5 mg/L (Eklund et al. 1987). All members of this sample 
were native to Lordsburg and long-term residents of that community. The 
prevalence of severe fluorosis on Dean’s 1942 scale was extremely high in 
this sample, 76% overall. The investigators modified Dean’s scale specifi-
cally to split the “severe” category into ‘severe’ (discrete pitting) and ‘very 
severe’ (confluent pitting)” (Eklund et al. 1987). About half of those with 
more than moderate fluorosis were classified in the “very severe” category. 
These results for New Mexico adults are consistent with the results for 
children in Indiana and Illinois.

A reduction of all water fluoride concentrations to below 2 mg/L would 
be expected to make severe enamel fluorosis an extreme rarity in the United 
States, but would not be expected to eliminate it entirely. Isolated cases 
could still occur from excessive fluoride exposure from other sources, such 
as toothpaste swallowing and use of fluoride supplements and rinses. One 
can never rule out the possible existence of hypersusceptible individuals. 
Finally, though the ascertainment of severe enamel fluorosis is usually quite 
accurate in the United States, especially among children, it might be possible 
for dark yellow or brown staining and enamel pitting from other causes 
to be misdiagnosed as fluorosis. Such false positives might be particularly 
common among adults who are long-term users of smoked and smokeless 
tobacco products, heavy consumers of beverages such as coffee and tea, and 
perhaps some with special occupational exposures.

Aesthetic and Psychological Consequences of Enamel Fluorosis

Studies show that facial attractiveness is important and that attractive 
people are judged to be more socially desirable than less attractive people 
(Berscheid and Walster 1974; Adams and Huston 1975; Adams 1977; Jenny 
and Proshek 1986). Newton et al. (2003) assessed the impact of modified 
images of untreated cavities on front teeth on the appraisal of personal 
characteristics in the United Kingdom. Study participants associated de-
cayed and discolored teeth with lower intelligence and social competence 
and with poor psychological adjustment. Interestingly, the ratings depended 
on the facial appearance studied, an indication that the impact of enamel 
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fluorosis is less noticeable in a more attractive face. Although studies of the 
attractiveness of teeth are sparse, the orthodontic literature has shown that 
more than 80% of patients seek care out of concern for aesthetics, rather 
than health or function (Albino et al. 1981).

The potential for psychological and behavioral problems to develop 
from the aesthetically displeasing consequences of enamel fluorosis has been 
a long-standing concern. In 1984, an ad hoc panel of behavioral scientists 
convened by the U.S. Environmental Protection Agency (EPA) and the 
National Institute of Mental Health to evaluate the issue concluded that 
“individuals who have suffered impaired dental appearance as a result of 
moderate and severe fluorosis are probably at increased risk for psycho-
logical and behavioral problems or difficulties” (R.E. Kleck, unpublished 
report, Nov. 17, 1984, as cited in 50 Fed. Reg. 20164 [1985]). The panel 
recommended research on the social, emotional, and behavioral effects of 
enamel fluorosis.

Few studies have assessed the association between the public’s perceived 
aesthetic problems and degree of enamel fluorosis. Only one of those studies 
was conducted in the United States. Lalumandier and Rozier (1998) found 
that parental satisfaction with the color of their children’s teeth decreased 
as the severity of fluorosis increased. Although 73.9% of parents were 
satisfied with the color of teeth in the absence of enamel fluorosis, only 
24.2% of parents were satisfied with the color of their children’s teeth when 
the TSIF score was 4 or greater (moderate to severe forms). In a study of 
dental students’ perceptions, Levy et al. (2002b) observed that fluorosis 
and nonfluorosis images were consistently rated more favorably by fourth-
year students than by the same students in their first year. According to the 
authors, the results suggested that dentists might regard fluorosis with less 
concern given that they are exposed to a wide range of oral conditions, 
whereas those outside the dental profession might view fluorosis with more 
concern. Griffin et al. (2002) reviewed five published studies of aesthetic 
perception and enamel fluorosis and estimated that approximately 2% of 
U.S. schoolchildren might experience perceived aesthetic problems from 
exposure to fluoride at 0.7-1.2 mg/L. It should be noted that perceived 
aesthetic problems have also been reported even in the absence of enamel 
fluorosis because of nonfluorotic enamel opacities and hypoplasia, natural 
yellowish appearance of teeth, and discoloration due to dental caries. For 
example, Griffin et al. (2002) also noted that the percentage of respondents 
with no fluorosis who were not satisfied with the appearance of their teeth 
ranged from 18% to 41%.

In general, studies conducted in other parts of the world show that the 
level of satisfaction expressed by parents, children, and dentists with the 
appearance of enamel fluorosis decreases with increasing severity of enamel 
fluorosis (Clark et al. 1993; Riordan 1993; Clark 1995; Hawley et al. 1996; 
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Lalumandier and Rozier 1998; Griffin et al. 2002). In contrast with those 
studies, Ismail et al. (1993) did not find enamel fluorosis to be an aesthetic 
problem in Truro, Nova Scotia. The primary reason for disliking the color of 
front teeth was perceived yellowness unrelated to enamel fluorosis. Similarly, 
a study conducted in Brazil found that enamel fluorosis had no impact on 
children’s self-perception of appearance (Peres et al. 2003).

A systematic review of water fluoridation estimated the proportion of 
the population likely to have aesthetic concerns about enamel fluorosis on 
the basis of a review of 88 studies (McDonagh et al. 2000a). The authors 
pointed out that the differences in the proportion of the population having 
enamel fluorosis of aesthetic concern with low concentrations of fluoride in 
drinking water and with fluoride at 1.2 mg/L were not statistically signifi-
cant. However, the estimation of aesthetic concerns was based solely on a 
study conducted in Great Britain (Hawley et al. 1996) in which 14-year-old 
children from Manchester were asked to rate the appearance of life-sized 
pictures of two front teeth with enamel fluorosis (lips cropped off) classified 
by the TFI. According to the authors, the percentage of subjects who consid-
ered the appearance of the teeth unacceptable decreased from 29% for TF 
scores of 0 to 15% for TF scores of 2 and increased to 85% for TF scores 
of 4. Using those data, McDonagh et al. (2000a) defined enamel fluorosis 
of aesthetic concern as a case with a TF score of 3 or more, Dean’s score 
of “mild” or worse, and a TSIF score of 2 or more. With this definition, 
McDonagh et al. (2000a) estimated the prevalence of fluorosis of aesthetic 
concern in the United Kingdom to be 63% at 4 mg/L and 25% at 2 mg/L. 
For lower water fluoride concentrations, the estimated prevalence ranged 
from 15% at 1.2 mg/L down to a baseline of 6% at 0.1 mg/L.

The committee judges that this analysis produced an overestimation of 
the prevalence of fluorosis of actual aesthetic concern for two main reasons. 
First, McDonagh et al. (2000a) applied the aesthetic concerns expressed 
by study participants about fluorosis on front teeth to fluorosis prevalence 
studies that included posterior teeth, which have much less potential to 
pose aesthetic problems. Second, the analysis did not take into account the 
observation by Hawley et al. (1996) that a higher percentage of children 
found teeth with milder forms of enamel fluorosis (TF scores lower than 
3) aesthetically preferable to normal teeth; almost one-third of the children 
rated the photograph of teeth with no fluorosis as unacceptable.

There have been no new studies of the prevalence of moderate enamel 
fluorosis in U.S. populations since the early 1990s. Previous estimates 
ranged from 4% to 15% (50 Fed. Reg. 20164 [1985]). These estimates are 
based on studies that used classification indexes for scoring enamel fluoro-
sis, and are not based on an assessment of aesthetics. None of the available 
indexes allow for making distinctions between fluorosis on the anterior and 
posterior teeth, so the percentage of children with moderate enamel fluorosis 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


EFFECTS OF FLUORIDE ON TEETH 121

of aesthetic concern could not be determined, but the percentage would be 
lower than 15%.

The committee found only one study (Morgan et al. 1998) that specifi-
cally evaluated the psychological and behavioral impacts of enamel fluorosis 
on children with the condition. A group of 197 pediatric patients of a dental 
practice between the ages of 7 and 11 were examined for enamel fluorosis. 
Their parents completed the Child Behavior Checklist (CBCL), a widely 
used measure of behavioral problems in studies of children. The study found 
no substantial differences between groups classified by degree of fluorosis 
in overall CBCL scores or in scores on two subscales: externalizing (aggres-
sive, hyperactive and antisocial behaviors typical of undercontrol or “acting 
out”) and internalizing (behaviors of social withdrawal, depression and 
anxiety typical of overcontrol or inhibition). The study was limited by the 
fact that an aggregate measure of fluoride exposure was unrelated to enamel 
fluorosis and few if any of the children had severe enamel fluorosis.

Several methodologic issues have hindered the assessment of the aes-
thetic importance of unattractive teeth in general and enamel fluorosis in 
particular. First, assessing the perception of aesthetics is by its very nature 
subjective. Second, it is not clear who should make judgments about the 
aesthetic appearance of teeth. The perceptions of the affected individual, as 
a child and in subsequent life, as well as those of parents, friends, teachers, 
and other acquaintances can all be important. A sizeable proportion of 
parents and children have expressed dissatisfaction with the color of teeth 
even in the absence of enamel fluorosis. On the other hand, judgments made 
by professionals might not reflect the perception of the public. Third, it is 
difficult to place the condition of enamel fluorosis into the context of an 
overall aesthetic assessment of a person’s appearance or facial attractiveness. 
Cultural influences can play a role in how the condition is perceived. It also 
appears that perceptions of the appearance of teeth can be modified by the 
attractiveness of other facial features. Fourth, when the public or dental 
professionals are asked to assess aesthetic acceptability, their perceptions 
might change during the evaluation session.

From the standpoint of this committee’s charge to consider effects of 
relatively high levels of water fluoride, the main points to note are that the 
emphasis of research and discussion on psychological, behavioral, and social 
effects of enamel fluorosis has been almost entirely on children and on the 
mild and moderate forms of the condition that are more typical of lower 
fluoride exposure levels. Research needs to focus specifically on severe enam-
el fluorosis in those areas in which it occurs with appreciable frequency. In 
addition, research needs to include not only affected children while they 
are still children, but after they move into adulthood. Finally, parents might 
experience psychological and behavioral effects when their children develop 
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enamel fluorosis, especially in its moderate and severe forms. Unfortunately, 
research on parental effects is completely lacking.

Dental Caries in Relation to Water Fluoride Concentrations 
of 2 mg/L and Higher

Many reports have discussed the inverse relationship between dental 
caries and water fluoride at concentrations considerably lower than the 
current MCLG of 4 mg/L and SMCL of 2 mg/L (Dean 1942; PHS 1991; 
McDonagh et al. 2000a; CDC 2001). Fewer studies have been conducted in 
the United States of overall caries experience in communities with naturally 
occurring fluoride concentrations higher than those produced by fluorida-
tion. The studies of children are shown in Table 4-6. One study suggested 
that the overall frequency of caries is reduced at approximately 4 mg/L com-
pared with approximately 1 mg/L (Englander and DePaola 1979). A study 
of New Mexico adults gave similar results (Eklund et al. 1987). Another 
study suggested little or no difference (Jackson et al. 1995) and another 
gave mixed results (Selwitz et al. 1995). The evidence from these studies is 
not persuasive that caries frequency is appreciably lower at approximately 
4 mg/L than at approximately 2 mg/L or 3 mg/L. The evidence from studies 
conducted in other countries is no more consistent (Binder 1973; Olsson 
1979; Kunzel 1980; Chen 1989; Lewis et al. 1992; Warnakulasuriya et al. 
1992; Yoder et al. 1998; Angelillo et al. 1999; Grobler et al. 2001).

Dental Caries in Relation to Severe Enamel Fluorosis

As previously noted, it is suspected within the dental research commu-
nity that the enamel pitting that occurs in severe fluorosis might increase 
caries risk by reducing the thickness of the protective enamel layer and by 
allowing food and plaque to become entrapped in enamel defects. The pos-
sibility is thus raised that in a community with a water fluoride concentra-
tion high enough to produce an appreciable prevalence of severe fluorosis, 
the specific subset of children who develop this condition might be placed 
at increased caries risk, independent of the effect of the fluoride itself on 
the remainder of the population. The population of interest consists of 
those children who develop severe enamel fluorosis at 4 mg/L. If the water 
fluoride concentration were reduced to below 2 mg/L, few if any of these 
children would still develop severe enamel fluorosis. Many of them would 
develop mild to moderate fluorosis, however, while others might develop 
no fluorosis. It would be unreasonable, however, to assume that some 
children would skip all the way down from severe fluorosis to no fluorosis 
when the water concentration is reduced, while others would have mild to 
moderate fluorosis at either concentration. As the desired fluorosis severity 
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TABLE 4-6 Mean Number of Decayed, Missing and Filled Surfaces 
(DMFS) in Permanent Teeth by Water Fluoride Concentration in Studies 
of Children in U.S. Communities with Water Fluoride Concentrations at 
or Near the MCLG of 4 mg/L

Reference
Age 
(years) Year Community

Number of 
Children

Approximate 
Water Fluoride 
Concentration 
(mg/L)

Mean 
DMFS

Englander and 
DePaola (1979)

12-15 NA Kalamazoo, MI 315 1 5.1
Stickney, IL 312 1 4.5
Charlotte, NC 213 1 4.4
Midland, TX 311 5-7 2.4

Driscoll et al. 
(1983)

8-11 1980 Kewanee, IL 157 1 2.0
Monmouth, IL 80 2 1.4
Abindgon and 

Elmwood, IL
110 3 1.0

Bushnell, Ipava and 
Table Grove, IL

77 4 1.6

Driscoll et al. 
(1983)

12-16 1980 Kewanee, IL 179 1 4.1
Monmouth, IL 63 2 2.7
Abindgon and 

Elmwood, IL
82 3 2.0

Bushnell, Ipava and 
Table Grove, IL

59 4 2.6

Heifetz et al. 
(1988)

8-10 1985 Kewanee, IL 156 1 1.5
Monmouth, IL 102 2 1.1
Abindgon and 

Elmwood, IL
112 3 0.8

Bushnell, Ipava and 
Table Grove, IL

62 4 0.8

Heifetz et al. 
(1988)

13-15 1985 Kewanee, IL 94 1 5.1
Monmouth, IL 23 2 2.9
Abindgon and 

Elmwood, IL
47 3 2.5

Bushnell, Ipava and 
Table Grove, IL

29 4 3.9

Selwitz et al. 
(1995)

8-10, 
14-16

1990 Kewanee, IL 258 1 1.8
Monmouth, IL 105 2 1.4
Abindgon and 

Elmwood, IL
117 3 1.4

Bushnell, Ipava and 
Table Grove, IL

77 4 1.8

Jackson et al. 
(1995)

7-14 1992 Brownsburg, IN 117 1 4.4
Lowell, IN 101 4 4.3

NA: Not available.
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distribution is inherently unknown, a conservative approach is to compare 
the children with severe fluorosis at 4 mg/L with children from their own 
communities with mild to moderate fluorosis.

Results for such comparisons are summarized in Table 4-7 for studies 
reporting the mean number of decayed, missing and filled tooth surfaces 
(DMFS), in Table 4-8 for studies reporting the number of decayed, missing 
and filled teeth (DMFT), and in Table 4-9 for studies reporting the per-

TABLE 4-7 Mean Number of Decayed, Missing, and Filled Permanent 
Tooth Surfaces (DMFS) among Children with Severe and Mild to 
Moderate Enamel Fluorosis

Country (reference)
Age 
(years)

Number of 
Children Fluorosis Index and Range

Mean 
DMFS

United States
(Driscoll et al. 1986)

8-16 218
54

Dean very mild to moderate
Dean severe

1.6
3.0

Israel
(Mann et al. 1987) 

15-16 83
46

Dean very mild to moderate
Dean severe

4.4
10.4

Israel
(Mann et al. 1990)

8-10 55
6

Dean very mild to moderate
Dean severe

1.2
1.8

Turkey
(Ermiş et al. 2003)

12-14 24
105

TSIF 1-3
TSIF 4-7

1.7
1.9

TABLE 4-8 Mean Numbers of Decayed, Missing, and Filled Permanent 
Teeth (DMFT) among Children with Severe and Mild to Moderate 
Enamel Fluorosis

Country (reference)
Age 
(years)

Number of 
Children Fluorosis Index and Range

Mean 
DMFT

Taiwan
(Chen 1989)

6-16 1,290
10

Dean very mild to moderate
Dean severe

1.7
2.5

Sri Lanka
(Warnakulasuriya 
et al. 1992)

14 44
48

Dean mild
Dean moderate to severe

3.4
3.3

Brazil
(Cortes et al. 1996)

6-12 42
18

TFI 3-4
TFI ≥5

1.1
1.3

Turkey
(Ermiş et al. 2003)

12-14 24
105

TSIF 1-3
TSIF 4-7

1.2
1.3

Ethiopia
(Wondwossen et al. 
2004)

12-15 87
89

TFI 3-4
TFI 5-7

1.5
2.4
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TABLE 4-9 Percentage of Teeth Scored as Decayed, Missing, Filled, 
or with Caries among Children and Adults with Severe and Mild-to-
Moderate Enamel Fluorosis

Country 
(reference)

Age 
(years) Teeth

Number of 
Persons

Range of Dean’s 
Fluorosis Index Measure (%)

Ethiopia
(Olsson 1979)

6-7, 
13-14

All Mild to moderate
Severe

Cavities
25
 9

United States
(Driscoll et al. 
1986)

8-16 All 218
54

Very mild to moderate
Severe

Decayed or filled
 4
20

United States
(Eklund et al. 
1987)

27-65 Molars 38
125

Mild to moderate
Severe

Decayed, missing 
or filled
43
40

Premolars 38
125

Mild to moderate
Severe

11
19

Anterior 38
125

Mild to moderate
Severe

 3
 6

centage of decayed, missing and filled teeth. Not all researchers reported 
P-values for the specific contrasts in these tables. Moreover, the results are 
not independent, as some researchers studied more than one age group or 
reported results for more than one caries frequency measure or for more 
than one type of teeth. Nevertheless, in 11 of the 14 available contrasts, the 
measure of caries frequency was higher among those with severe fluorosis 
than among those with mild to moderate forms. In some comparisons, the 
differences were slight. Descriptively, the most pronounced differences were 
for all teeth among children age 15-16 years in Israel (Mann et al. 1987, 
Table 4-7), for all teeth among children age 8-16 years in Illinois (Driscoll et 
al. 1986, Table 4-9), for premolars among adults age 27-65 in New Mexico 
(Eklund et al. 1987, Table 4-9), and for all teeth among children ages 6-7 
and 13-14 in Ethiopia (Olsson 1979, Table 4-9).

Mixed evidence comes from correlation or regression analyses. In stud-
ies in Uganda (Rwenyonyi et al. 2001) and Tanzania (Awadia et al. 2002), 
statistically significant correlations were not observed (P > 0.05) between 
severe fluorosis and caries frequency. A study of children in a South African 
community with a water fluoride concentration of 3 mg/L and a 30% preva-
lence of severe fluorosis reported a positive correlation (P < 0.05) between 
fluorosis scores on the Dean index and caries experience (DMFT) (Grobler 
et al. 2001). In the same study, no correlation between fluorosis and caries 
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frequency was found in two other communities with water fluoride concen-
trations of 0.5 and 0.2 mg/L, in which the prevalence of severe fluorosis was 
1% and 0%, respectively.

The studies on severe enamel fluorosis and caries are limited by being 
cross-sectional in design and conducted in a wide range locales. In most of 
the studies, there was no adjustment for oral hygiene, dental care, or other 
determinants of caries risk. Moreover, as previously noted, measures of 
the role of chance (i.e., confidence intervals or P-values) are not available 
for the specific contrasts of interest to the present report. Nevertheless, the 
hypothesis of a causal link between severe enamel fluorosis and increased 
caries risk is plausible and the evidence is mixed but supportive.

other dental eFFeCts

Fluoride may affect tooth dentin as well as enamel. The patterns of 
change observed in bone with age also occur in dentin, a collagen-based 
mineralized tissue underlying tooth enamel. Dentin continues to grow in 
terms of overall mass and mineral density as pulp cells deposit more matrix 
overall and more mineral in the dentin tubules. Several investigators have 
observed that, like older bone, older dentin is less resistant to fracture and 
tends to crack more easily (Arola and Reprogel 2005; Imbeni et al. 2005; 
Wang 2005). Aged dentin tends to be hypermineralized and sclerotic, where 
the dentin tubules have been filled with mineral and the apatite crystals are 
slightly smaller (Kinney et al. 2005), which could be significant because, as 
dentin ages in the presence of high amounts of fluoride, the highly packed 
fluoride-rich crystals might alter the mechanical properties of dentin as they 
do in bone (see Chapter 5). Unlike bone, however, dentin does not undergo 
turnover. Some preliminary studies show that fluoride in dentin can even 
exceed concentrations in bone and enamel (Mukai et al. 1994; Cutress et 
al. 1996; Kato et al. 1997; Sapov et al. 1999; Vieira et al. 2004). Enamel 
fluorosis, which accompanies elevated intakes of fluoride during periods of 
tooth development, results not only in enamel changes as discussed above 
but also in dentin changes. It has now been well established that fluoride is 
elevated in fluorotic dentin (Mukai et al. 1994; Cutress et al. 1996; Kato 
et al. 1997; Sapov et al. 1999; Vieira et al. 2004). Whether excess fluoride 
incorporation in fluorotic teeth increases the risk for dentin fracture remains 
to be determined, but the possibility cannot be ruled out.

Questions have also been raised about the possibility that fluoride may 
delay eruption of permanent teeth (Kunzel 1976; Virtanen et al. 1994; Leroy 
et al. 2003). The hypothesized mechanisms for this effect include prolonged 
retention of primary teeth due to caries prevention and thickening of the 
bone around the emerging teeth (Kunzel 1976). However, no systematic 
studies of tooth eruption have been carried out in communities exposed 
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to fluoride at 2 to 4 mg/L in drinking water. Delayed tooth eruption could 
affect caries scoring for different age groups.

Findings

One of the functions of tooth enamel is to protect the dentin and, ulti-
mately, the pulp from decay and infection. Severe enamel fluorosis compro-
mises this health-protective function by causing structural damage to the 
tooth. The damage to teeth caused by severe enamel fluorosis is a toxic effect 
that the majority of the committee judged to be consistent with prevailing 
risk assessment definitions of adverse health effects. This view is consistent 
with the clinical practice of filling enamel pits in patients with severe enamel 
fluorosis and restoring the affected teeth.

In previous reports, all forms of enamel fluorosis, including the severest 
form, have been judged to be aesthetically displeasing but not adverse to 
health (EPA 1986; PHS 1991; IOM 1997; ADA 2005). This view has been 
based largely on the absence of direct evidence that severe enamel fluorosis 
results in tooth loss, loss of tooth function, or psychological, behavioral, or 
social problems. The majority of the present committee finds the rationale 
for considering severe enamel fluorosis only a cosmetic effect much weaker 
for discrete and confluent pitting, which constitutes enamel loss, than it is 
for the dark yellow to brown staining that is the other criterion symptom 
of severe fluorosis. Moreover, the plausible hypothesis of elevated caries 
frequency in persons with severe enamel fluorosis has been accepted by some 
authorities and has a degree of support that, though not overwhelmingly 
compelling, is sufficient to warrant concern. The literature on psychologi-
cal, behavioral, and social effects of enamel fluorosis remains quite meager. 
None of it focuses specifically on the severe form of the condition or on 
parents of affected children or on affected persons beyond childhood.

Two of the 12 members of the committee did not agree that severe 
enamel fluorosis should now be considered an adverse health effect. They 
agreed that it is an adverse dental effect but found that no new evidence has 
emerged to suggest a link between severe enamel fluorosis, as experienced in 
the United States, and a person’s ability to function. They judged that dem-
onstration of enamel defects alone from fluorosis is not sufficient to change 
the prevailing opinion that severe enamel fluorosis is an adverse cosmetic 
effect. Despite their disagreement on characterization of the condition, these 
two members concurred with the committee’s conclusion that the MCLG 
should prevent the occurrence of this unwanted condition.

Severe enamel fluorosis occurs at an appreciable frequency, approxi-
mately 10% on average, among children in U.S. communities with water 
fluoride concentrations at or near the current MCLG of 4 mg/L. Strong 
evidence exists of an approximate population threshold in the United States, 
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such that the prevalence of severe enamel fluorosis would be reduced to 
nearly zero by bringing the water fluoride levels in these communities down 
to below 2 mg/L. There is no strong and consistent evidence that an appre-
ciable increase in caries frequency would occur by reducing water fluoride 
concentrations from 4 mg/L to 2 mg/L or lower. At a fluoride concentration 
of 2 mg/L, severe enamel fluorosis would be expected to become exceedingly 
rare, but not be completely eradicated. Occasional cases would still arise for 
reasons such as excessive fluoride ingestion (e.g., toothpaste swallowing), 
inadvisable use of fluoride supplements, and misdiagnosis.

Despite the characterization of all forms of enamel fluorosis as cosmetic 
effects by previous groups, there has been general agreement among them, 
as well as in the scientific literature, that severe and even moderate enamel 
fluorosis should be prevented. The present committee’s consensus finding 
that the MCLG should be set to protect against severe enamel fluorosis is in 
close agreement with conclusions by the Institute of Medicine (IOM 1997), 
endorsed recently by the American Dental Association (ADA 2005). As 
shown in Table 4-10, between 25% and 50% of U.S. children in communi-
ties with drinking water containing fluoride at 4 mg/L would be expected to 
consume more than the age-specific tolerable upper limits of fluoride intake 
set by IOM. Results from the Iowa Fluoride Study (Levy 2003) indicate that 
even at water fluoride levels of 2 mg/L and lower, some children’s fluoride 
intake from water exceeds the IOM’s age-specific tolerable upper limits 
(Table 4-11).

For all age groups listed in Table 4-10, the IOM’s tolerable upper intake 
values correspond to a fluoride intake of 0.10 mg/kg/day (based on default 
body weights for each age group; see Appendix B). Thus, the exposure esti-
mates in Chapter 2 also showed that the IOM limits would be exceeded at 2 
mg/L for nonnursing infants at the average water intake level (Table 2-14). 
Specifically, as described in Chapter 2 (Tables 2-14 and 2-15), nonnursing 

TABLE 4-10 Tolerable Upper Fluoride Intakes and Percentiles of the U.S. 
Water Intake Distribution, by Age Group

Tolerable Upper Intake 
(IOM 1997) Water Intake, mL/day (EPA 2004)

Age Group
Fluoride, 
mg/day

Water, mL/day 
(at 4 mg/L) 50th Percentile 75th Percentile

0-6 months 0.7 175 42 585
7-12 months 0.9 225 218 628
1-3 years 1.3 325 236 458
4-8 years 2.2 550 316a 574a

 aAges 4-6 years. For ages 7-10 years, the 50th percentile is 355 mL/day and the 75th 
percentile is 669 mL/day.
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infants have an average total fluoride intake (all sources except fluoride 
supplements) of 0.144 and 0.258 mg/kg/day at 2 and 4 mg/L fluoride in 
drinking water, respectively. Corresponding values are 0.090 and 0.137 
mg/kg/day for children 1-2 years old and 0.082 and 0.126 mg/kg/day for 
children 3-5 years old. Furthermore, at EPA’s current default drinking water 
intake rate, the exposure of infants (nursing and non-nursing) and children 
1-2 years old would be at or above the IOM limits at a fluoride concentra-
tion of 1 mg/L (Table 2-13). For children with certain medical conditions as-
sociated with high water intake, estimated fluoride intakes from all sources 
(excluding fluoride supplements) range from 0.13-0.18 mg/kg/day at 1 mg/L 
to 0.23-0.33 mg/kg/day at 2 mg/L and 0.43-0.63 mg/kg/day at 4 mg/L.

IOM’s tolerable upper limits were established to reduce the prevalence 
not only of severe fluorosis, but of moderate fluorosis as well, both of which 
ADA (2005) describes as unwanted effects. The present committee, in con-
trast, focuses specifically on severe enamel fluorosis and finds that it would 
be almost eliminated by a reduction of water fluoride concentrations in the 
United States to below 2 mg/L. Despite this difference in focus, the commit-
tee’s conclusions and recommendations with regard to protecting children 
from enamel fluorosis are squarely in line with those of IOM and ADA.

The current SMCL of 2 mg/L is based on a determination by EPA that 
objectionable enamel fluorosis in a significant portion of the population is 
an adverse cosmetic effect. EPA defined objectionable enamel fluorosis as 
discoloration and/or pitting of teeth. As noted above, the majority of the 
committee concludes it is no longer appropriate to characterize enamel 
pitting as a cosmetic effect. Thus, the basis of the SMCL should be discol-
oration of tooth surfaces only.

The prevalence of severe enamel fluorosis is very low (near zero) at 
fluoride concentrations below 2 mg/L. However, from a cosmetic stand-

TABLE 4-11 Comparison of Intakes from Drinking Watera from the 
Iowa Fluoride Study and IOM’s Upper Tolerable Intakes 

Age, 
months

IOM Tolerable Upper 
Intake (mg/day)

Percentiles of Iowa Fluoride Study 
Distribution (mg/day)

75th 90th Maximum

3 0.7 0.7 1.1 6.7
12 0.9 0.4 0.7 6.0
24 1.3 0.4 0.6 2.1
36 1.3 0.5 0.7 1.7

 aFluoride concentrations in drinking water ranged from <0.3 to 2 mg/L.

SOURCE: Levy 2003.
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point, the SMCL does not completely prevent the occurrence of moderate 
enamel fluorosis. EPA has indicated that the SMCL was intended to reduce 
the severity and occurrence of the condition to 15% or less of the exposed 
population. No new studies of the prevalence of moderate enamel fluorosis 
in U.S. populations are available. Past evidence indicated an incidence range 
of 4% to 15% (50 Fed. Reg. 20164 [1985]). The prevalence of moderate 
cases that would be classified as being of aesthetic concern (discoloration of 
the front teeth) is not known but would be lower than 15%. The degree to 
which moderate enamel fluorosis might go beyond a cosmetic effect to create 
an adverse psychological effect or an adverse effect on social functioning is 
also not known.

reCommendations

•	 Additional studies, including longitudinal studies, of the prevalence 
and severity of enamel fluorosis should be done in U.S. communities with 
fluoride concentrations higher than 1 mg/L. These studies should focus on 
moderate and severe enamel fluorosis in relation to caries and in relation to 
psychological, behavioral, and social effects among affected children, their 
parents, and affected children after they become adults.

•	 Methods should be developed and validated to objectively assess 
enamel fluorosis. Consideration should be given to distinguishing between 
staining or mottling of the anterior teeth and of the posterior teeth so that 
aesthetic consequences can be more easily assessed.

•	 More research is needed on the relation between fluoride exposure 
and dentin fluorosis and delayed tooth eruption patterns.
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5

Musculoskeletal Effects

This chapter evaluates the effects of fluoride exposure on the musculosk-
eletal system. Topics considered include the effects of fluoride on bone cells 
(both bone-forming and bone-resorbing cells), on the developing growth 
plate, and on articular cartilage as it may relate to arthritic changes. New 
data on the effects of fluoride on skeletal architecture, bone quality, and 
bone fracture are also considered. Information on bone cancer is provided 
in Chapter 10. Effects on tooth development and other issues of oral biology 
are discussed in Chapter 4.

Chemistry oF Fluoride 
as it relates to mineralizing tissues

Fluoride is the ionic form of the element fluorine. Greater than 99% of 
the fluoride in the body of mammals resides within bone, where it exists in 
two general forms. The first is a rapidly exchangeable form that associates 
with the surfaces of the hydroxyapatite crystals of the mineralized compo-
nent of bone. Fluoride in this form may be readily available to move from 
a bone compartment to extracellular fluid. Bone resorption is not necessary 
for the release of fluoride in this form. However, the predominant form of 
fluoride in bone resides within the hydroxyapatite crystalline matrix.

Hydroxyapatite is the mature form of a calcium phosphate insoluble 
salt that is deposited in and around the collagen fibrils of skeletal tissues. 
The formula for pure hydroxyapatite is CA10(PO4)6OH2. It results from 
the maturation of initial precipitations of calcium and phosphate during 
the mineralization process. As the precipitate matures, it organizes into 
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hexagonal, terraced hydroxyapatite crystals. Recent analysis of bone min-
eral indicates that a significant proportion of the hydroxyapatite crystal is 
a form of carbonated apatite, where carbonyl groups (CO3

−) replace some 
of the OH− groups. Carbonated apatite is more soluble than hydroxyapatite 
at acid pH. Fluoride incorporation into the crystalline structure of bone 
mineral occurs with the creation of a form of apatite known as fluoroapatite 
(or fluorapatite). The formula for this form of the crystal is Ca10(PO4)6F2 
or Ca10(PO4)6OHF. These crystals also take on a hexagonal shape and are 
found in terraced layers but, depending on the extent of fluoride in the 
crystal, may be somewhat more elongated than pure hydroxyapatite. Be-
cause fluoroapatite is less soluble in acidic solutions than hydroxyapatite, 
it was expected that fluoride incorporation into bone might actually make 
the tissue stronger. However, this has proven not to be the case in human 
studies (see below).

Release of fluoride from bone when it is in the form of fluoroapatite 
requires osteoclastic bone resorption. Acidification of the mineral matrix 
by the osteoclast is sufficient to solubilize the fluoroapatite and allow free 
exchange with extracellular fluids. Once released, the effect of fluoride on 
bone cells may be evident; however, the form in which fluoride has its effect 
remains under debate. Some investigators contend that fluoride directly af-
fects bone cells, but others claim that the effect must be mediated by fluoride 
while in a complex with aluminum.

Do fluroaluminate complexes exist in biological fluids? The answer to 
this question depends in large part on pH, protein concentration, and cell 
composition. However, in general, in the acid environment of the stomach 
much of the aluminum and fluoride exist in a complex of AlF3 or AlF4

−. 
These forms (mostly AlF3) have been purported to cross the intestine and 
enter cells (Powell and Thompson 1993). Once inside a bone cell the AlFx 
form appears to activate a specific protein tyrosine kinase through a G 
protein and evoke downstream signals. A more complete discussion of this 
process is presented in a later section of this chapter.

The prolonged maintenance of fluoride in the bone requires that uptake 
of the element occurs at the same or greater rate than its clearance. This 
appears to be the case. (See Chapter 3 for more detailed discussion of the 
pharmacokinetic data on fluoride.) Turner et al. (1993) put forward a math-
ematical model that appears to fit the known pharmacokinetic data. This 
model assumes that fluoride influx into bone is a nonlinear function. This 
assumption is supported by pharmacokinetic data (Ekstrand et al. 1978; 
Kekki et al. 1982; Ekstrand and Spak 1990) and is required for the model 
to accurately predict fluoride movements. Another reasonable assumption is 
that the bulk of fluoride that moves between the skeleton and the extracel-
lular fluid is due to bone remodeling. That is, most of the fluoride is either 
influxing or effluxing as a result of cellular activity. The outcome of the 
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Turner model predicts that (1) fluoride uptake is positively associated with 
the bone remodeling rate and (2) fluoride clearance from the skeleton takes 
at least four times longer than fluoride uptake. A key correlate to the first 
prediction is that the concentration of fluoride in bone does not decrease 
with reduced remodeling rates. Thus, it appears that fluoride enters the bone 
compartment easily, correlating with bone cell activity, but that it leaves the 
bone compartment slowly. The model assumes that efflux occurs by bone 
remodeling and that resorption is reduced at high concentrations of fluoride 
because of hydroxyapatite solubility. Hence, it is reasonable that 99% of 
the fluoride in humans resides in bone and the whole body half-life, once 
in bone, is approximately 20 years (see Chapter 3 for more discussion of 
pharmacokinetic models).

The effects of fluoride on bone quality are evident but are less well 
characterized than its effects on bone cells. Bone quality is an encompassing 
term that may mean different things to different investigators. However, in 
general it is a description of the material properties of the skeleton that are 
unrelated to skeletal density. In other words, bone quality is a measure of 
the strength of the tissue regardless of the mass of the specimen being tested. 
It includes parameters such as extent of mineralization, microarchitecture, 
protein composition, collagen cross linking, crystal size, crystal composi-
tion, sound transmission properties, ash content, and remodeling rate. It has 
been known for many years that fluoride exposure can change bone quality. 
Franke et al. (1975) published a study indicating that industrial fluoride 
exposure altered hydroxyapatite crystal size and shape. Although the mea-
surements in their report were made with relatively crude x-ray diffraction 
analyses, they showed a shorter and more slender crystal in subjects who 
were aluminum workers and known to be exposed to high concentrations 
of fluoride. Other reports documenting the effects of fluoride on ultrasound 
velocities in bone, vertebral body strength, ash content, and stiffness have 
shown variable results (Lees and Hanson 1992; Antich et al. 1993; Rich-
ards et al. 1994; Zerwekh et al. 1997a; Søgaard et al. 1994, 1995, 1997); 
however, the general conclusion is that, although there may be an increase in 
skeletal density, there is no consistent increase in bone strength. A carefully 
performed comparison study between the effects of fluoride (2 mg/kg/day) 
and alendronate in minipigs likely points to the true effect: “in bone with 
higher volume, there was less strength per unit volume, that is, . . . there 
was a deterioration in bone quality” (Lafage et al. 1995).

eFFeCt oF Fluoride on Cell FunCtion

Two key cell types are responsible for bone formation and bone resorp-
tion, the osteoblast and osteoclast, respectively. Osteoprogenitor cells give 
rise to osteoblasts. Osteoprogenitor cells are a self-renewing population of 
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cells that are committed to the osteoblast lineage. They originate from mes-
enchymal stem cells. Osteoblasts contain a single nucleus, line bone surfaces, 
possess active secretory machinery for matrix proteins, and produce very 
large amounts of type I collagen. Because they also produce and respond to 
factors that control bone formation as well as bone resorption, they play a 
critical role in the regulating skeletal mass. Osteoclasts are giant, multinucle-
ated phagocytic cells that have the capability to erode mineralized bone ma-
trix. They are derived from cells in the monocyte/macrophage lineage. Their 
characteristic ultrastructural features allow them to resorb bone efficiently 
by creating an extracellular lysosome where proteolytic enzymes, reactive 
oxygen species, and large numbers of protons are secreted. Osteoclastogen-
esis is controlled by local as well as systemic regulators.

Effect of Fluoride on Osteoblasts

Perhaps the single clearest effect of fluoride on the skeleton is its stimu-
lation of osteoblast proliferation. The effect on osteoblasts was surmised 
from clinical trials in the early 1980s documenting an increase in vertebral 
bone mineral density that could not be ascribed to any effect of fluoride 
on bone resorption. Biopsy specimens confirmed the effect of fluoride on 
increasing osteoblast number in humans (Briancon and Meunier 1981; Har-
rison et al. 1981). Because fluoride stimulates osteoblast proliferation, there 
is a theoretical risk that it might induce a malignant change in the expanding 
cell population. This has raised concerns that fluoride exposure might be 
an independent risk factor for new osteosarcomas (see Chapter 10 for the 
committee’s assessment).

The demonstration of an effect of fluoride on osteoblast growth in vitro 
was first reported in 1983 in avian osteoblasts (Farley et al. 1983). This 
study showed that fluoride stimulated osteoblast proliferation in a biphasic 
fashion with the optimal mitogenic concentration being 10 µM. The find-
ing that fluoride displayed a biphasic pattern of stimulation (achieving a 
maximal effect at a specific concentration and declining from there) suggests 
that multiple pathways might be activated. It is possible that low, subtoxic 
doses do stimulate proliferation, but at higher doses other pathways re-
sponsible for decreasing proliferation or increasing apoptosis might become 
activated. This thinking suggested that fluoride might have multiple effects 
on osteoblasts and that might be the reason for some paradoxical findings 
in the clinical literature (see below). Nevertheless, the characteristics of the 
fluoride effect point clearly to a direct skeletal effect. Some of these char-
acteristics are as follows: (1) the effects of fluoride on osteoblasts occur at 
low concentrations in vivo and in vitro (Lau and Baylink 1998); (2) fluoride 
effects are, for the most part, skeletal specific (Farley et al. 1983; Wergedal 
et al. 1988); (3) fluoride effects may require the presence of a bone-active 
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growth factor (such as insulin-like-growth factor I or transforming growth 
factor β) for its action (Farley et al. 1988; Reed et al. 1993); and (4) fluoride 
affects predominantly osteoprogenitor cells as opposed to mature function-
ing osteoblasts (Bellows et al. 1990; Kassem et al. 1994).

Understanding the subcellular signaling mechanisms by which fluoride 
affects osteoblasts is of paramount importance. Information in this area 
has the potential to determine whether the fluoride effects are specific, 
whether toxicity is an issue, and what concentration may influence bone 
cell function. Moreover, as the pathways become more clearly defined, other 
targets might emerge. Two hypotheses in the literature describe the effect 
of fluoride. Both state that the concentration of tyrosine phosphorylated 
signal pathway intermediates is elevated after fluoride exposure. However, 
the means by which this occurs differs in the hypotheses. One view is that 
fluoride blocks or inhibits the activity of a phosphotyrosine phosphatase, 
thereby increasing the pool of tyrosine-phosphorylated proteins. The other 
view supports an action of fluoride (along with aluminum) on the stimu-
lation of tyrosine phosphorylation that would also increase the pool of 
tyrosine-phosphorylated proteins. In the first hypothesis, growth factor 
activation of the Ras-Raf-MAP kinase pathway would involve stimulation 
of phosphotyrosine kinase activity. This is mediated by a family of cytosolic 
G proteins with guanosine triphosphate acting as the energy source. In 
the presence of fluoride, a sustained high concentration of tyrosine-phos-
phorylated proteins would be maintained because of the inability of the 
cell to dephosphorylate the proteins. This theory implicates the existence 
of a fluoride-sensitive tyrosine phosphatase in osteoblasts. Such an enzyme 
has been identified and purified. It appears to be a unique osteoblastic acid 
phosphatase-like enzyme that is inhibited by clinically relevant concentra-
tions of fluoride (Lau et al. 1985, 1987, 1989; Wergedal and Lau 1992). 
The second hypothesis supports the belief that an AlFx complex activates 
tyrosine phosphorylation directly. Data from this viewpoint indicate that 
fluoride alone does not stimulate tyrosine phosphorylation but rather that it 
requires the presence of aluminum (Caverzasio et al. 1996). The purported 
mechanism is that the MAP kinase pathway is activated by AlFx, which 
triggers the proliferation response. A novel tyrosine kinase, Pyk2, has been 
identified that is known to be activated by AlFx through a G-protein-coupled 
response and might be responsible for this effect (Jeschke et al. 1998). Two 
key pieces of evidence that support a G-protein-regulated tyrosine kinase 
activation step in the fluoride effect are that the mitogenic effect of fluoride 
can be blocked by genistein (a protein tyrosine kinase inhibitor) and pertus-
sis toxin (a specific inhibitor of heterotrimeric G proteins) (Caverzasio et al. 
1997; Susa et al. 1997).

At least two other potential mechanisms deserve mention. Kawase and 
Suzuki (1989) suggested that fluoride activates protein kinase C (PKC), 
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and Farley et al. (1993) and Zerwekh et al. (1990) presented evidence that 
calcium influx into the cells might be a signal for the fluoride-mediated 
stimulation of proliferation.

In summary, the in vitro effects of fluoride on osteoblast proliferation 
appear to involve, at the least, a regulation of tyrosine-phosphorylated pro-
teins. Whether this occurs through activation of MAP kinases, G proteins, 
phosphatases, PKC, or calcium (or a combination) remains to be deter-
mined. Whatever the mechanism, however, it is evident that fluoride has an 
anabolic activity on osteoblasts and their progenitors.

The effects of fluoride on osteoblast number and activity in in vivo 
studies and clinical trials essentially parallel the in vitro findings. Most 
reports document increased osteoblast number; however, some investiga-
tors have documented a complex and paradoxical effect of fluoride in 
patients with skeletal fluorosis. Boivin et al. (1989, 1990) reported that, 
in biopsy bone cores taken from 29 patients with skeletal fluorosis of vari-
ous etiologies (0.79% ± 0.36% or 7,900 ± 3,600 milligrams per kilogram 
[mg/kg] of bone ash), there is an apparent increase in the production of 
osteoblasts with a concomitant increase in a toxic effect of fluoride at the 
cell level. They provided data to indicate that chronic exposure to fluoride 
in both endemic and industrially exposed subjects led to an increase in 
bone volume, an increase in cortical width, and an increase in porosity. 
However, there was no reduction in cortical bone mass. Osteoid param-
eters (unmineralized type I collagen) were also significantly increased in 
fluorotic patients. Interestingly, the fluorotic group had more osteoblasts 
than the control group, with a very high proportion of quiescent, flattened 
osteoblasts, but the mineral apposition rate was significantly decreased. It 
appeared as though the increased numbers of quiescent cells were in a pro-
longed inactive period. Thus, the conclusion drawn by these investigators 
was that fluoride exposure increased the birth rate of new osteoblasts, but 
at high concentrations there was an independent toxic effect on the cells 
that blocked the full manifestation for the increase in skeletal mass. Boivin 
et al. used a fluoride-specific electrode for measurements in acidified speci-
mens of human bone. As a point of reference to the above findings, they 
found that normal control subjects (likely not to have lived in areas with 
water fluoridation) have mean fluoride content in bone ash (from iliac crest 
samples) ranging from 0.06% to 0.10% (600 to 1,000 mg/kg); untreated 
osteoporotic patients range from 0.05% to 0.08% (500 to 800 mg/kg); 
NaF-treated osteoporotic patients range from 0.24% to 0.67% (2,400 to 
6,700 mg/kg) depending on duration of therapy; and skeletal fluorosis pa-
tients range from 0.56% to 1.33% (5,600 to 13,300 mg/kg) depending on 
the source and level of exposure (Boivin et al. 1988). All these ranges are 
of mean concentrations of fluoride and not individual measurements.
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Effect of Fluoride on Osteoclasts

The effects of fluoride on osteoclast activity, and by extension the rate 
of bone resorption, are less well defined than its effects on osteoblasts. In 
general, there appears to be good evidence that fluoride decreases osteoclas-
togenesis and osteoclast activity in in vitro systems; however, its effect in in 
vivo systems is equivocal. This may be due, in part, to the systemic effects 
of fluoride in whole animals or humans. A further discussion on this point 
appears below.

Most reports in the literature studying the effect of fluoride on osteo-
clast function indicate an inhibition. In fact, the effect might be mediated 
through G-protein-coupled pathways as in the osteoblast. Moonga et al. 
(1993) showed that fluoride, in the form of AlF4− resulted in a marked 
concentration-dependent inhibition of bone resorption. In association with 
this inhibition, they found a marked increase in the secretion of tartrate-
resistant acid phosphatase (TRAP). TRAP presumably originated from the 
osteoclast; however, its function as a secreted enzyme is not known. The 
fluoride effect was reproduced with cholera toxin, another Gs stimulator. 
This effect does not appear to be mediated solely by an AlFx complex be-
cause studies using NaF have reported similar findings (Taylor et al. 1989, 
1990; Okuda et al. 1990).

Further evidence that fluoride might blunt osteoclastic bone resorption 
was reported in a study that investigated acid production as a critical feature 
of osteoclastic function. The pH within osteoclasts can be measured with 
the proton-sensitive dye acridine orange. Studies in which osteoclasts were 
observed found that parathyroid hormone induced osteoclast acidity but 
that calcitonin, cortisol, and NaF all blocked the effect. As acidification of 
the matrix is required for normal osteoclast function, fluoride, in this case, 
would act as an inhibitor to bone resorption (Anderson et al. 1986).

The effects of fluoride on bone resorption and osteoclast function 
in vivo present a complex picture. Some well-controlled animal studies 
document a decrease in osteoclast (as well as odontoclast) activity. In these 
studies, rodents and rabbits were exposed to doses of fluoride ranging from 
clinically relevant to high. Time courses ranged from days to weeks, and 
the findings indicated a statistically significant decrease in the number and 
activity of resorbing cells (Faccini 1967; Lindskog et al. 1989; Kameyama 
et al. 1994). Other studies documented little or no statistically significant 
effect of fluoride on osteoclast activity (Marie and Hott 1986; Huang 1987). 
Yet other work that utilized skeletal turnover and remodeling showed an 
increase in resorption after fluoride therapy (Kragstrup et al. 1984; Snow 
and Anderson 1986). These studies based their conclusions on the initiation 
of basic multicellular units (BMUs) and extent of remodeling surface. In 
the field of skeletal research, it has been accepted that adult bone remodels 
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itself through the generation of BMUs. This unit is a temporal description 
of remodeling starting with osteoclastic bone resorption and progressing 
through a coupled stimulation of bone formation. All BMU activity, thus, is 
initiated with the action of an osteoclast. An increase in remodeling surface 
also implies an increase in BMUs. Snow and Anderson (1986) and Kragstrup 
et al. (1984) demonstrated an increase in resorption under the influence of 
fluoride by measuring BMU numbers and remodeling surface, respectively. 
Because these data were derived from intact in vivo animal models, the 
investigators could not conclude that the effects of fluoride on osteoclastic 
bone resorption were direct.

It is interesting that only a single report has appeared that links fluoride 
exposure to the receptor activator of NF kappaB (RANK) ligand, RANK 
receptor, or osteoprotegerin (OPG) concentrations. These molecules have 
recently been characterized as end-stage regulators of osteoclast formation 
and activity (Lee and Kim 2003). RANK ligand is produced by a variety 
of cells, with osteoblasts being the most prominent. In its usual form, it is 
a membrane-associated factor that binds to the RANK receptor on pre-
osteoclasts and induces their further differentiation. OPG is a decoy RANK 
receptor that is an endogenous inhibitor of bone resorption by virtue of its 
ability to bind RANK ligand. A clinical trial by von Tirpitz et al. (2003) 
showed that both fluoride and bisphosphonate therapy decreased OPG 
concentrations. If this were a direct effect of fluoride, one would expect 
to see an increase in bone resorption. Conversely, if fluoride blocked bone 
resorption, the decrease in OPG concentrations could be due to a compen-
satory feedback pathway. Unfortunately, there were not enough histologic 
or biochemical marker data in this report to determine whether the fluoride 
effect was direct or indirect.

eFFeCts oF Fluoride on human skeletal metaBolism

Bone Strength and Fracture

Cellular and Molecular Aspects

Inducing a permanent alteration of skeletal mass in an adult human (or 
experimental animal) is quite difficult, because bone, as an organ system, 
possesses an innate mechanism for self-correction. That is, rates of bone 
formation are controlled, for the most part, by rates of bone resorption. As 
osteoclastic bone resorption increases or decreases, there is a compensatory 
increase or decrease in the rate of osteoblastic bone formation. This coupling 
between the two cell activities was first described by Hattner et al. (1965), 
and is responsible for the maintenance of a steady-state skeletal mass in 
adults. These early results indicate that effective management of skeletal 
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mass would require controlling both cell processes. However, until recently, 
the only therapies approved by the U.S. Food and Drug Admnistration for 
treating osteoporosis in the United States targeted only osteoclastic bone 
resorption. They included molecules such as the bisphosphonates, estrogen 
and its analogs, and calcitonin derivatives. Currently, teraparitide is avail-
able as the only approved treatment that acts to stimulate osteoblastic bone 
formation. Fluoride falls into this category and that is the reason why there 
was such great interest in this ion as a potential therapy for osteoporosis. 
Unfortunately, fluoride did not prove to be an effective treatment for two 
major reasons. First, although it showed robust stimulation of bone mineral 
density (see below), its effects as an agent to reduce fractures have never 
been unequivocally documented. Second, because this naturally occurring 
element cannot be protected with a patent, the pharmaceutical industry has 
not been interested in investigating all its potential.

The first clinical trials of fluoride in humans were performed by Rich 
and Ensinck (1961). Since then many hundreds of reports have appeared 
in the medical literature. The overwhelming weight of evidence in these re-
ports documents the effect of fluoride, at therapeutic doses, to be that of an 
increase in bone mineral density. The lowest dose of NaF to show a clear in-
crease in bone mineral density was 30 mg/day, although there may be effects 
at lower doses (Hansson and Roos 1987; Kleerekoper and Balena 1991). 
Response was linear with time for at least 4 to 6 years (Riggs et al. 1990). 
This linear relationship was confirmed in another study lasting more than 
10 years (Kleerekoper and Balena 1991). The observation that bone mineral 
density continues to increase with time is not surprising in and of itself; 
however, it differs from the action of the antiresorptive bisphosphonates. 
Whereas agents that depress bone resorption are most effective when the 
rate of bone remodeling is high, there appears to be no relationship between 
the rate of remodeling and the response to fluoride. Also, in contrast to the 
recent data demonstrating a persistence of bone density with the discontinu-
ance of bisphosphonate therapy, discontinuance of fluoride therapy leads to 
immediate resumption of bone density loss (Talbot et al. 1996).

The dose and duration of fluoride exposure are critical components in 
determining the effects of the ingested ion on bone. In addition, approxi-
mately 30% of patients do not respond to fluoride at any dose (Kleerekoper 
and Mendlovic 1993). Moreover, there are wide variations in bioavailability 
among patients and fluoride preparations, and individual responses to the 
ion also vary widely (Boivin et al. 1993; Erlacher et al. 1995). Whereas the 
daily dose of fluoride in randomized therapeutic trials (20 to 34 mg/day) 
exceeds that for people drinking water with fluoride at 4 mg/L (4 to 8 mg/
day for 1 to 2 L/day), the latter may be exposed much longer, leading to 
comparable or higher cumulative doses and bone fluoride concentrations 
(see discussion later in this chapter.)
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Allolio and Lehmann (1999) noted that the peak blood concentrations 
of fluoride after swallowing 8 oz of water (at 1.0 mg/L) all at once will 
reach 8.75 µg/L. If peak blood concentrations are proportional to water 
concentration, then consumption of 8 oz of water containing fluoride at 4 
mg/L would produce peak concentrations below the threshold for effects 
on osteoblasts examined in vitro (95 ng/mL) (Ekstrand and Spak 1990). As-
suming that the blood fluoride concentrations decline between each episode 
of water consumption of 8 oz or less, such exposures may not achieve a 
concentration of fluoride in the extracellular fluids sufficient to affect bone 
cells. A caveat to this analysis is that bone cells may be exposed to poten-
tially higher (but unknown) concentrations because of their proximity to the 
mineralized bone compartment. There have been no direct measurements of 
the local fluoride concentration around a site of bone resorption. However, 
a calculation based on estimated rates of resorption, diffusion kinetics, and 
starting concentration indicates that bone cells and other cells in the immedi-
ate vicinity may experience high concentrations of fluoride.

The conditions for an estimate of the fluoride concentration as a func-
tion of distance from the osteoclast are as follows:

1. The bone being resorbed has a fluoride content of 3,000 mg per kg 
of bone ash.

2. Bone ash is assumed to include 65% of the volume of viable bone and 
the density of viable bone is 1.2 g/cm3. Thus, the concentration of fluoride 
in the bone compartment is approximately 5,500 µg/cm3.

3. An osteoclast resorbs bone at an average rate of about 30,000 µm3 
in 2.5 weeks.

4. The osteoclast is delivering fluoride to the extracellular fluid space 
from a point source with a radius of 20 µm.

5. Diffusion occurs into a three-dimensional spherical space around the 
osteoclast.

6. The diffusion coefficient of fluoride in extracellular fluid is approxi-
mately 1.5 × 10−5 cm2/s.

Under these conditions, the following equation describes the concen-
tration of fluoride as a function of time and distance from the site of bone 
resorption (Saltzman 2004): 

 
C

SA
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Dt
r, t( ) =

2
4
π

where C is the concentration of fluoride as a function of distance and time, 
S is the delivery rate of fluoride from the resorption site, A is the radius 
of the point source from which the fluoride is delivered, D is the diffusion 
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coefficient of the fluoride, r is the distance from the resorption site, and t is 
the time after commencement of the resorption. A graphical representation 
of this function is presented in Figure 5-1.

An examination of the curves in Figure 5-1 indicates that the fluoride 
concentration around a site of bone resorption can be quite high immediately 
adjacent to the osteoclast. The theoretical maximum concentration at 20 µm 
from the site (at the surface of the osteoclast) would be about 5,500 µg/cm3. 
The concentration rapidly decays to zero in very short times at distances 
greater than 100 µm from the site. However, it appears that a sustained 
fluoride concentration is achieved in the range of hours and persists for the 
entire resorption process. Thus, by 2.5 weeks, the concentration of fluoride 
will be about 500 µg/cm3 at a distance of 250 µm from the resorption site. 

FIGURE 5-1 Concentration of fluoride plotted as a function of time and 
distance from the site of bone resorption. Release of fluoride from a site of 
bone resorption can achieve a near steady state concentration in a matter of 
hours. Twenty microns was defined as the radius of the point source from 
which fluoride was delivered to the extracellular fluid. Acknowledgement: 
Hani Awad, University of Rochester, Rochester, New York, assisted in this 
analysis.
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The concentration of fluoride tends toward zero at longer distances. This 
modeling does not take into account any dissipation of fluoride due to flow 
of extracellular fluid through the bone marrow compartment. A more com-
plete picture of the local concentration of fluoride around a resorption site 
should include this factor; however, there are no data on which to base this 
estimate. Thus, considering that within approximately 1 hour, the fluoride 
concentration achieves an equilibrium in the surrounding volume, it is likely 
that the actual fluoride concentration is less, but not substantially so.

Within 250 µm of a site of resorption, it is possible to encounter pro-
genitor cells that give rise to bone, blood, and fat. Thus, one must assume 
that these cells would be exposed to high concentrations of fluoride. At this 
time, it is not possible to predict what effect this exposure would have on 
the functioning of skeletal elements, hematopoiesis, and adipose formation. 
It should also be pointed out that the number of resorbing sites in an adult 
skeleton at any point in time is quite small, on the order of 1 × 106 sites. 
That is, of the vast surface area of trabecular bone in a human skeleton, only 
about 1 million sites of bone resorption are occurring at any given moment. 
Whether these elevated concentrations of fluoride have a meaningful effect 
on bone metabolism can only be speculated at this time.

Some studies have measured the fluoride content of bone, but its effect 
on a direct measurement of bone strength in humans is not easy to deter-
mine. Animal studies have provided some clues. Some studies have reported 
a biphasic effect of fluoride on bone strength (Beary 1969; Rich and Feist 
1970; Turner et al. 1992). For example, Turner et al. (1992) reported an 
increase in bone strength in rats with bone fluoride concentrations up to 
1,200 mg/kg, but they found a decrease in strength back to that of untreated 
animals with concentrations around 6,000 to 7,000 mg/kg. Skeletal speci-
mens with fluoride concentrations greater than this appeared to have less 
strength than control treated bone. A variable that may affect the analysis 
of bone strength is the age of the animal (see Chapter 3). Turner et al. 
(1995) performed another study in which they found little effect of fluoride 
on bone strength at any concentration in young rats but a significant effect 
in old rats. The predominant effect in the older animals clustered around 
bone fluoride concentrations of 6,000 to 8,000 mg/kg (Turner et al. 1995). 
Thus, whether fluoride has a biphasic effect on bone strength has not been 
firmly established.

Other reports in the literature suggesting that fluoride might diminish 
bone strength in animal models have appeared. Studies of rabbits by Turner 
et al. (1997) and Chachra et al. (1999) have put forward the point of view 
that fluoride exposure might decrease strength by altering the structural in-
tegrity of the bone microarchitecture. Turner et al. (1997) found no effects 
of fluoride on a number of bone serum markers, but an increase in bone 
formation and bone mass. However, this was accompanied by a decrease in 
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bone strength at multiple sites. In a subsequent paper, these authors suggest 
that the decrease in strength might be due to alterations in mineral crystal 
structure (Chachra et al. 1999). Whether these results occur in humans 
remains to be shown. A decrease in bone strength in a human population 
will definitely increase the risk of fracture and there have been case reports 
to document this, especially in subjects who may be highly susceptible to 
accumulating fluoride, such as those with renal failure (Gerster et al. 1983). 
A more complete discussion of the effects of fluoride in larger population 
studies follows.

The applicability of rat studies to quantitatively assess risk of bone frac-
ture in humans is uncertain because of the physiological differences between 
the skeletons of the species. For example, fluoride uptake into bone occurs 
more readily in humans than in rats (see Chapter 3 and Appendix D). Rats 
do not undergo Haversian remodeling in their cortical bones as humans 
do. On the other hand, if fluoride affects bone properties through crystal 
structure and the mineral-collagen interface, changes in rat bone strength 
may provide a model for human bone strength (Turner et al. 1992). In addi-
tion, whereas the relationship between bone strength and fracture has been 
studied in rodents, no comparable data are available for humans. The com-
mittee therefore judges that the rat experiments provide qualitative support 
for an effect of fluoride on fractures in humans but cannot yet be used to 
make quantitative risk estimates for this end point.

The qualifications noted above for rats do not apply as strongly to the 
rabbit model. Rabbits undergo Haversian remodeling (i.e., osteoclast bone 
resorption within cortical bone) as do humans (T. Hirano et al. 1999), and 
the rabbit growth plate behaves more like a human than does a rat or mouse 
(Zaleske et al. 1982; Irie et al. 2005). Thus, the rabbit is a better model for 
studying bone effects than rats or mice.

Epidemiology Data

The committee reviewed epidemiologic data on the relationship between 
fluoride exposure and fractures from two sources: observational studies 
of exposure to fluoride in water and randomized clinical trials of the use 
of fluoride in treating osteoporosis. Table 5-1 summarizes studies of bone 
fracture in populations exposed to fluoride in drinking water. Most of these 
studies have compared fluoridated (1 mg/L) and nonfluoridated areas. A 
meta-analysis by McDonagh et al. (2000a, b) evaluated bone fractures in 
relation to water fluoridation. Consequently, they excluded data from ar-
eas with drinking water fluoridated above 1 mg/L, if data at 1 mg/L were 
available. Results for fractures were reported as evenly distributed around 
the null—no effect—but statistical testing showed significant heterogeneity 
among studies. Because the exposures evaluated in this paper did not spe-
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TABLE 5-1 Studies on Bone Fracture in Populations Exposed to Fluoride 
in Drinking Water

Study Design Country Subjects Exposure Observations Reference

Ecologic USA 
(national)

Residents of fluoridated 
and nonfluoridated 
communities (age ≥ 
65; n (fluoridated 
communities) = 40 
million; n (nonfluoridated 
communities) = 30 million; 
n (cases) = 218,951)

Fluoridated 
Nonfluoridated 
(concentrations not specified)

Relative risk (RR) of hip fracture in fluoridated communities was 1.08 (95% 
confidence interval [CI] 1.06 to 1.10) for women and 1.17 (95% CI 1.13 to 
1.22) for men. 
Lack of dose-response relationship between hip fracture risk and duration of 
water fluoridation. Analyses of annual age-adjusted incidence rates by duration 
of county water fluoridation showed a pattern of lowest risk in nonfluoridated 
counties and highest risk in counties fluoridated for up to 5 years, but rates 
gradually declined for longer durations.

Jacobsen 
et al. 1992

Ecologic USA 
(national)

Patients discharged with 
hip fracture in counties 
throughout the USA (n = 
541,985)

Fluoridated 
Nonfluoridated 
(concentrations not specified)

Weak positive association (before and after adjustment) between hip fracture 
incidence and percent of county residents who live in counties with fluoridated 
water.

Jacobsen 
et al. 1990

Ecologic USA 
(national)

5% of Medicare 
population (ages 65 to 89; 
n [cases] = 59,383)

≤0.3 mg/L (natural) 
≥0.7 mg/L (natural and 
artificial)

RR of hip fracture in the fluoridated group was 1.00 (95% CI 0.92 to 1.09) 
for men and 1.01 (95% CI 0.96 to 1.06) for women. For ankle fracture, it 
was 1.01 (95% CI 0.87 to 1.16) for men and 1.00 (95% CI 0.92 to 1.08) for 
women. For fractures of the distal forearm and proximal humerus, a gender 
difference in risk was found. For women, there was no association between 
fluoridation and the two types of fractures. Men in fluoridated areas had a 
23% higher risk of proximal humerus fracture (RR 1.23; 95% CI 1.06 to 1.43) 
and a 16% higher risk of distal forearm fracture (RR 1.16; 95% CI .02 to 
1.33).

Karagas 
et al. 1996

Ecologic USA 
(national)

Data from National Health 
Interview Surveys (ages ≥ 
45; n = 44,031)

≥0.7 mg/L (natural); groups 
assessed in terms of <20% 
or ≥80% of the population 
exposed to fluoridated water

Rate of hip fracture hospitalization per 1,000 in the population with <20% 
exposed was 2.4 for women and 1.0 for men. For the group with ≥80% 
exposed, the rates were 2.2 for women and 1.1 for men.

Madans 
et al. 1983

Prospective 
cohort

USA (Oregon, 
Minnesota, 
Maryland, 
Pennsylvania)

Women (ages ≥ 65; n = 
5,781)

Exposed to fluoridated or 
nonfluoridated (concentrations 
not specified) water for 20 
years

RR after multivariate adjustment was 0.96 (95% CI 0.83 to 1.10; P = 0.536) 
for nonvertebral fractures, 0.73 (95% CI 0.55 to 0.97; P = 0.033) for vertebral 
fractures, 0.69 (95% CI 0.50 to 0.96; P = 0.028) for hip fractures, 0.85 (95% 
CI 0.58 to 1.23; P = 0.378) for humerus fractures, and 1.32 (95% CI 1.00 to 
1.71; P = 0.051) for wrist fractures.

Phipps 
et al. 2000

Ecologic USA 
(Minnesota)

Participants in another 
epidemiology project (ages 
≥ 50)

10 years before and 10 years 
after fluoridation (1.1 mg/L) 
was implemented

Incidence of hip fracture was 484 per 100,000 residents before fluoridation and 
450 per 100,000 residents after fluoridation. RR associated with fluoridation 
was 0.63 (95% CI 0.46 to 0.86).

Jacobsen 
et al. 1993

Prospective 
cohort

USA 
(Pennsylvania)

Women participating in 
osteoporotic fracture study 
(ages ≥ 65; n = 2,076)

1.0 mg/L (artificial) 
0.15 mg/L (natural) 
Number of years of exposure: 
0, 1 to 10, 11 to 20, > 20 
years

Axial and appendicular bone mass was similar between women exposed 
to fluoride for >20 years and those exposed for ≤20 years. No significant 
association was found between fluoride exposure and wrist, spinal, nonspinal, 
osteoporotic, or hip fractures.

Cauley 
et al. 1995

Ecologic USA (Utah) Hip fracture patients (ages 
≥ 65; n = 246)

1 mg/L (artificial) 
<0.3 mg/L (natural)

RR of hip fracture in the fluoridated population was 1.27 (90% CI 1.08 to 
1.46) for women and 1.41 (95% CI 1.00 to 1.81) in men.

Danielson 
et al. 1992
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TABLE 5-1 Studies on Bone Fracture in Populations Exposed to Fluoride 
in Drinking Water

Study Design Country Subjects Exposure Observations Reference

Ecologic USA 
(national)

Residents of fluoridated 
and nonfluoridated 
communities (age ≥ 
65; n (fluoridated 
communities) = 40 
million; n (nonfluoridated 
communities) = 30 million; 
n (cases) = 218,951)

Fluoridated 
Nonfluoridated 
(concentrations not specified)

Relative risk (RR) of hip fracture in fluoridated communities was 1.08 (95% 
confidence interval [CI] 1.06 to 1.10) for women and 1.17 (95% CI 1.13 to 
1.22) for men. 
Lack of dose-response relationship between hip fracture risk and duration of 
water fluoridation. Analyses of annual age-adjusted incidence rates by duration 
of county water fluoridation showed a pattern of lowest risk in nonfluoridated 
counties and highest risk in counties fluoridated for up to 5 years, but rates 
gradually declined for longer durations.

Jacobsen 
et al. 1992

Ecologic USA 
(national)

Patients discharged with 
hip fracture in counties 
throughout the USA (n = 
541,985)

Fluoridated 
Nonfluoridated 
(concentrations not specified)

Weak positive association (before and after adjustment) between hip fracture 
incidence and percent of county residents who live in counties with fluoridated 
water.

Jacobsen 
et al. 1990

Ecologic USA 
(national)

5% of Medicare 
population (ages 65 to 89; 
n [cases] = 59,383)

≤0.3 mg/L (natural) 
≥0.7 mg/L (natural and 
artificial)

RR of hip fracture in the fluoridated group was 1.00 (95% CI 0.92 to 1.09) 
for men and 1.01 (95% CI 0.96 to 1.06) for women. For ankle fracture, it 
was 1.01 (95% CI 0.87 to 1.16) for men and 1.00 (95% CI 0.92 to 1.08) for 
women. For fractures of the distal forearm and proximal humerus, a gender 
difference in risk was found. For women, there was no association between 
fluoridation and the two types of fractures. Men in fluoridated areas had a 
23% higher risk of proximal humerus fracture (RR 1.23; 95% CI 1.06 to 1.43) 
and a 16% higher risk of distal forearm fracture (RR 1.16; 95% CI .02 to 
1.33).

Karagas 
et al. 1996

Ecologic USA 
(national)

Data from National Health 
Interview Surveys (ages ≥ 
45; n = 44,031)

≥0.7 mg/L (natural); groups 
assessed in terms of <20% 
or ≥80% of the population 
exposed to fluoridated water

Rate of hip fracture hospitalization per 1,000 in the population with <20% 
exposed was 2.4 for women and 1.0 for men. For the group with ≥80% 
exposed, the rates were 2.2 for women and 1.1 for men.

Madans 
et al. 1983

Prospective 
cohort

USA (Oregon, 
Minnesota, 
Maryland, 
Pennsylvania)

Women (ages ≥ 65; n = 
5,781)

Exposed to fluoridated or 
nonfluoridated (concentrations 
not specified) water for 20 
years

RR after multivariate adjustment was 0.96 (95% CI 0.83 to 1.10; P = 0.536) 
for nonvertebral fractures, 0.73 (95% CI 0.55 to 0.97; P = 0.033) for vertebral 
fractures, 0.69 (95% CI 0.50 to 0.96; P = 0.028) for hip fractures, 0.85 (95% 
CI 0.58 to 1.23; P = 0.378) for humerus fractures, and 1.32 (95% CI 1.00 to 
1.71; P = 0.051) for wrist fractures.

Phipps 
et al. 2000

Ecologic USA 
(Minnesota)

Participants in another 
epidemiology project (ages 
≥ 50)

10 years before and 10 years 
after fluoridation (1.1 mg/L) 
was implemented

Incidence of hip fracture was 484 per 100,000 residents before fluoridation and 
450 per 100,000 residents after fluoridation. RR associated with fluoridation 
was 0.63 (95% CI 0.46 to 0.86).

Jacobsen 
et al. 1993

Prospective 
cohort

USA 
(Pennsylvania)

Women participating in 
osteoporotic fracture study 
(ages ≥ 65; n = 2,076)

1.0 mg/L (artificial) 
0.15 mg/L (natural) 
Number of years of exposure: 
0, 1 to 10, 11 to 20, > 20 
years

Axial and appendicular bone mass was similar between women exposed 
to fluoride for >20 years and those exposed for ≤20 years. No significant 
association was found between fluoride exposure and wrist, spinal, nonspinal, 
osteoporotic, or hip fractures.

Cauley 
et al. 1995

Ecologic USA (Utah) Hip fracture patients (ages 
≥ 65; n = 246)

1 mg/L (artificial) 
<0.3 mg/L (natural)

RR of hip fracture in the fluoridated population was 1.27 (90% CI 1.08 to 
1.46) for women and 1.41 (95% CI 1.00 to 1.81) in men.

Danielson 
et al. 1992
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Study Design Country Subjects Exposure Observations Reference

Prospective 
cohort

USA (Iowa) Women from three 
communities with different 
concentrations of fluoride 
in water (ages 20-92, n = 
1,300)

1 mg/L (w/Ca at 60 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

RR for osteoporotic fractures was 2.55 (P = 0.07) in the 4 mg/L group. Serum 
fluoride concentrations were not related to osteoporotic fractures or bone 
mineral density.

Sowers 
et al. 2005

Prospective 
cohort

USA (Iowa) Women from 3 
communities with different 
concentrations of fluoride 
in water (ages 20-35 and 
55-80; n = 158 [referents], 
n = 230 [high fluoride])

1 mg/L (w/Ca at 67 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

In the 4-mg/L group, RR of any fracture was 1.81 (95% CI 0.45 to 8.22) in 
premenopausal women and 2.11 (95% CI 1.01 to 4.43) in postmenopausal 
women. RR for fractures of the hip, wrist, or spine was 2.70 (95% CI 
0.16 to 8.28) in premenopausal women and 2.20 (95% CI 1.07 to 4.69) in 
postmenopausal women.

Sowers 
et al. 1991

Retrospective 
cohort

USA (Iowa) Women from 3 
communities with different 
concentrations of fluoride 
in water

1 mg/L (w/Ca at 60 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

Postmenopausal women in the 4 mg/L group reported significantly more 
fractures than the other two groups.

Sowers 
et al. 1986

Ecologic USA 
(Michigan)

Female Medicaid recipients 
(ages ≥ 65)

≥89% of the population 
receives fluoridated water (2 
groups) 
<15% of the population 
receives fluoridated water

Long-bone fracture rates were 94.3 per 1,000 and 81.1 per 1,000 in the two 
populations that are ≥ 89% fluoridated. The rate was 78.8 per 1,000 in the 
population that was < 15% fluoridated.

Avorn and 
Niessen 
1986

Ecologic Canada Patients (ages 45 to 64, 
65+) with hip fracture in 
two cities

0.3 mg/L 
1 mg/L

For men, ages 45 to 64, standardized hospital admission rates were 0.59 and 
0.55, respectively; for men over 65, rates were 5.09 and 4.52. For women, ages 
45 to 64, corresponding rates were 0.60 and 0.71; and for ages over 65, they 
were 9.54 and 9.91.

Suarez-
Almazor 
et al. 1993

Case-control United 
Kingdom

Patients with hip fractures 
(ages ≥ 50; n [cases]) = 
514; n [controls]= 527)

<0.9 mg/L (artificial) 
≥0.9 mg/L (natural)

Estimated average lifetime exposure to fluoride in drinking water ranged from 
0.15 to 1.79 mg/L. Odds ratio associated with an average lifetime exposure to 
≥ 0.9 mg/L was 1.0 (94% CI 0.7 to 1.5).

Hillier 
et al. 2000

Ecologic England, 
Wales

Patients discharged from 
hospital after hip fracture 
(ages ≥ 45; n = 20,393)

0.005 to 0.93 mg/L (natural 
and artificial)

Discharge rates ranged from 0.88 to 2.30. No correlation was found between 
discharge rates for patients with proximal femur fractures and water fluoride 
concentrations (r = 0.16, P = 0.34). 
Subsequent reanalysis of the data using a weighted least-squares technique 
showed a positive correlation between fluoride concentrations and hip fracture 
(r = 0.41, P = 0.009).

Cooper 
et al. 1990, 
1991

Prospective 
cohort

France Subjects enrolled in 
another study (ages ≥ 65; n 
= 3.216)

0.05 to 0.11 mg/L 
0.11 to 0.25 mg/L 
>0.25 mg/L

Odds ratio for hip fractures was 1, 3.25 (95% CI 1.66 to 6.38), and 2.43 (95% 
CI 1.11 to 5.33), respectively. Odds ratio for non-hip fractures was 1, 0.88 
(95% CI 0.63 to 1.22), and 1.05 (95% CI 0.74 to 1.51).

Jacqmin-
Gadda 
et al. 1998

Ecologic France Subjects enrolled in 
another study on aging 
(ages ≥ 65; n = 3,777)

0.05 to 0.11 mg/L 
0.11 to 1.83 mg/L

Odds ratio for hip fractures were 1 and 1.86 (90% CI 1.02 to 3.36), 
respectively. Odds ratio for non-hip fractures were 1 and 0.98 (95% CI 0.80 to 
1.21), respectively.

Jacqmin-
Gadda 
et al. 1995

Ecologic Germany Residents of fluoridated 
and nonfluoridated 
communities

0.08 to 0.36 mg/L (natural) 
0.77 to 1.20 mg/L (artificial)

Mean annual incidence of hip fracture in the fluoridated community 
was 173.36 per 100,000 for women and 56.79 per 100,000 men. In the 
nonfluoridated group, it was 189.35 per 100,000 in women and 56.60 per 
100,000 in men.

Lehmann 
et al. 1998

TABLE 5-1 Continued
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Study Design Country Subjects Exposure Observations Reference

Prospective 
cohort

USA (Iowa) Women from three 
communities with different 
concentrations of fluoride 
in water (ages 20-92, n = 
1,300)

1 mg/L (w/Ca at 60 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

RR for osteoporotic fractures was 2.55 (P = 0.07) in the 4 mg/L group. Serum 
fluoride concentrations were not related to osteoporotic fractures or bone 
mineral density.

Sowers 
et al. 2005

Prospective 
cohort

USA (Iowa) Women from 3 
communities with different 
concentrations of fluoride 
in water (ages 20-35 and 
55-80; n = 158 [referents], 
n = 230 [high fluoride])

1 mg/L (w/Ca at 67 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

In the 4-mg/L group, RR of any fracture was 1.81 (95% CI 0.45 to 8.22) in 
premenopausal women and 2.11 (95% CI 1.01 to 4.43) in postmenopausal 
women. RR for fractures of the hip, wrist, or spine was 2.70 (95% CI 
0.16 to 8.28) in premenopausal women and 2.20 (95% CI 1.07 to 4.69) in 
postmenopausal women.

Sowers 
et al. 1991

Retrospective 
cohort

USA (Iowa) Women from 3 
communities with different 
concentrations of fluoride 
in water

1 mg/L (w/Ca at 60 mg/L) 
1 mg/L (w/Ca at 375 mg/L) 
4 mg/L (w/Ca at 15 mg/L)

Postmenopausal women in the 4 mg/L group reported significantly more 
fractures than the other two groups.

Sowers 
et al. 1986

Ecologic USA 
(Michigan)

Female Medicaid recipients 
(ages ≥ 65)

≥89% of the population 
receives fluoridated water (2 
groups) 
<15% of the population 
receives fluoridated water

Long-bone fracture rates were 94.3 per 1,000 and 81.1 per 1,000 in the two 
populations that are ≥ 89% fluoridated. The rate was 78.8 per 1,000 in the 
population that was < 15% fluoridated.

Avorn and 
Niessen 
1986

Ecologic Canada Patients (ages 45 to 64, 
65+) with hip fracture in 
two cities

0.3 mg/L 
1 mg/L

For men, ages 45 to 64, standardized hospital admission rates were 0.59 and 
0.55, respectively; for men over 65, rates were 5.09 and 4.52. For women, ages 
45 to 64, corresponding rates were 0.60 and 0.71; and for ages over 65, they 
were 9.54 and 9.91.

Suarez-
Almazor 
et al. 1993

Case-control United 
Kingdom

Patients with hip fractures 
(ages ≥ 50; n [cases]) = 
514; n [controls]= 527)

<0.9 mg/L (artificial) 
≥0.9 mg/L (natural)

Estimated average lifetime exposure to fluoride in drinking water ranged from 
0.15 to 1.79 mg/L. Odds ratio associated with an average lifetime exposure to 
≥ 0.9 mg/L was 1.0 (94% CI 0.7 to 1.5).

Hillier 
et al. 2000

Ecologic England, 
Wales

Patients discharged from 
hospital after hip fracture 
(ages ≥ 45; n = 20,393)

0.005 to 0.93 mg/L (natural 
and artificial)

Discharge rates ranged from 0.88 to 2.30. No correlation was found between 
discharge rates for patients with proximal femur fractures and water fluoride 
concentrations (r = 0.16, P = 0.34). 
Subsequent reanalysis of the data using a weighted least-squares technique 
showed a positive correlation between fluoride concentrations and hip fracture 
(r = 0.41, P = 0.009).

Cooper 
et al. 1990, 
1991

Prospective 
cohort

France Subjects enrolled in 
another study (ages ≥ 65; n 
= 3.216)

0.05 to 0.11 mg/L 
0.11 to 0.25 mg/L 
>0.25 mg/L

Odds ratio for hip fractures was 1, 3.25 (95% CI 1.66 to 6.38), and 2.43 (95% 
CI 1.11 to 5.33), respectively. Odds ratio for non-hip fractures was 1, 0.88 
(95% CI 0.63 to 1.22), and 1.05 (95% CI 0.74 to 1.51).

Jacqmin-
Gadda 
et al. 1998

Ecologic France Subjects enrolled in 
another study on aging 
(ages ≥ 65; n = 3,777)

0.05 to 0.11 mg/L 
0.11 to 1.83 mg/L

Odds ratio for hip fractures were 1 and 1.86 (90% CI 1.02 to 3.36), 
respectively. Odds ratio for non-hip fractures were 1 and 0.98 (95% CI 0.80 to 
1.21), respectively.

Jacqmin-
Gadda 
et al. 1995

Ecologic Germany Residents of fluoridated 
and nonfluoridated 
communities

0.08 to 0.36 mg/L (natural) 
0.77 to 1.20 mg/L (artificial)

Mean annual incidence of hip fracture in the fluoridated community 
was 173.36 per 100,000 for women and 56.79 per 100,000 men. In the 
nonfluoridated group, it was 189.35 per 100,000 in women and 56.60 per 
100,000 in men.

Lehmann 
et al. 1998

TABLE 5-1 Continued
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Study Design Country Subjects Exposure Observations Reference

Ecologic Italy Residents of two counties 1.45 mg/L (natural) 
0.05 mg/L (natural)

Significantly greater rate of fracture incidence, particularly femur fractures (RR 
for males 4.28 and for females 2.64), in the low-exposure community.

Fabiani 
et al. 1999

Retrospective 
cohort

Finland Residents of a rural 
location (n = 144,627)

≤0.1 mg/L 
0.11 to 0.30 mg/L (natural) 
0.31 to 0.50 mg/L (natural) 
0.51 to 1.00 mg/L (natural) 
1.10 to 1.50 mg/L (natural) 
>1.50 mg/L (natural)

Age-and area-adjusted RRs for men were 1.0, 1.05 (95% CI 0.90 to 1.22), 
0.72 (95% CI 0.51 to 1.02), 1.03 (95% CI 0.81 to 1.32), 0.67 (95% CI 0.46 
to 0.97), and 0.98 (95% CI 0.61 to 1.60). Corresponding values for women 
were 1.0, 0.93 (95% CI 0.84 to 1.02), 1.12 (95% CI 0.93 to 1.34), 1.12 (95% 
CI 0.96 to 1.31), 1.08 (95% CI 0.88 to 1.32), and 1.08 (95% CI 0.80 to 1.46). 
Among women aged 50 to 64 years, fluoride was associated with increased risk 
of hip fracture. Age- and area-adjusted rate ratio for this age group was 2.09 
(95% CI 1.16 to 3.76) in the highest-exposure group (>1.5 mg/L) compared 
with the lowest-exposure group (≤0.1 mg/L).

Kurttio 
et al. 1999

Retrospective 
cohort

Finland Premenopausal women in a 
province (ages 47 to 56; n 
= 3,222)

<0.3 mg/L (natural) 
1 to 1.2 mg/L (artificial)

No significant difference in fracture incidence among the fluoridated (15.4%) 
and nonfluoridated group (13.4%) (P = 0.220).

Kroger 
et al. 1994

Ecologic Finland Patients with hip fracture 
(ages ≥ 50)

<0.3 mg/L (natural) 
1.0 to 1.2 mg/L (artificial) 
>1.5 mg/L (natural)

No difference in incidence of hip fracture among exposure groups. 
Osteofluorosis was found in 22% of the high exposure group. Fluoride content 
of the bone was correlated with volumetric density of trabecular bone and 
osteoid-covered trabecular bone surface.

Arnala 
et al. 1986

Ecologic Finland Residents in two towns (n 
= 71,811 and n = 61,587)

<0.1 mg/L 
1 mg/L

In the <0.1-mg/L exposure group, RR was 2.5 (95% CI 1.6 to 3.9) for men and 
1.5 (95% CI 1.2 to 1.8) for women. In the group exposed to 1 mg/L, RR was 
1.0 for men and women.

Simonen 
and 
Laitinen 
1985

Retrospective 
cohort

China Residents of rural 
communities exposed to 
various concentrations of 
fluoride in drinking water 
(ages ≥ 50; n = 8,266)

0.25 to 0.34 mg/L (natural) 
0.58 to 0.73 mg/L (natural) 
1.00 to 1.06 mg/L (natural) 
1.45 to 2.19 mg/L (natural) 
2.62 to 3.56 mg/L (natural) 
4.32 to 7.97 mg/L (natural

Lowest prevalence of overall bone fracture was found in the 1.00 to 1.06 mg/L 
group and was significantly lower (P < 0.05) than that of the groups exposed to 
concentrations ≥4.32 and ≤0.34 mg/L. Prevalence of hip fracture was greatest 
in the in the 4.32 to 7.97 mg/L group and was significantly higher than the 
1.0- to 1.06-mg/L group.

Li et al. 
2001

Ecologic Mexico Children (ages 6-12 years) 
and adults (ages 13-60 
years)

ND to 1.5 mg/L (natural) 
1.51 to 4.99 mg/L (natural) 
5.0 to 8.49 mg/L (natural) 
8.5 to 11.9 mg/L (natural) 
>12 mg/L (natural)

Increased bone fracture (bone types not specified) incidence was observed 
at concentrations ranging from 1.5 to 4.99 mg/L. A plot of the incidence of 
fractures in adults versus the average corresponding fluoride concentration by 
zone indicated a third-order polynomial correlation (R2 = 0.9995). Incidence in 
children was similar, except in one zone. 
Linear correlation between Dean index for dental fluorosis and the frequency 
of bone fracture in children (R2 = 0.94) and adults (R2 = 0.98).

Alarcón-
Herrera 
et al. 2001

Case-control USA Women participating in the 
Nurses’ Health Study (ages 
30-55; n [hip fracture] = 
53; n [forearm fracture] = 
188; n [controls] = 241)

Concentrations in toenails 
<2.00 ppm 
2.00 to 3.35 ppm 
3.36 to 5.50 ppm 
>5.50 ppm

Women with higher concentrations of toenail fluoride appeared to be at greater 
risk of forearm fracture but to have a lesser risk of hip fracture than women 
with toenail concentrations <2 ppm. 
Odds ratio of hip fracture in women with >5.50 ppm compared with those 
with <2.00 ppm was 0.8 (95% CI 0.2 to 4.0). Corresponding adjusted odds 
ratio for forearm fracture was 1.6 (95% CI 0.8 to 3.1).

Feskanich 
et al. 1998
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Study Design Country Subjects Exposure Observations Reference

Ecologic Italy Residents of two counties 1.45 mg/L (natural) 
0.05 mg/L (natural)

Significantly greater rate of fracture incidence, particularly femur fractures (RR 
for males 4.28 and for females 2.64), in the low-exposure community.

Fabiani 
et al. 1999

Retrospective 
cohort

Finland Residents of a rural 
location (n = 144,627)

≤0.1 mg/L 
0.11 to 0.30 mg/L (natural) 
0.31 to 0.50 mg/L (natural) 
0.51 to 1.00 mg/L (natural) 
1.10 to 1.50 mg/L (natural) 
>1.50 mg/L (natural)

Age-and area-adjusted RRs for men were 1.0, 1.05 (95% CI 0.90 to 1.22), 
0.72 (95% CI 0.51 to 1.02), 1.03 (95% CI 0.81 to 1.32), 0.67 (95% CI 0.46 
to 0.97), and 0.98 (95% CI 0.61 to 1.60). Corresponding values for women 
were 1.0, 0.93 (95% CI 0.84 to 1.02), 1.12 (95% CI 0.93 to 1.34), 1.12 (95% 
CI 0.96 to 1.31), 1.08 (95% CI 0.88 to 1.32), and 1.08 (95% CI 0.80 to 1.46). 
Among women aged 50 to 64 years, fluoride was associated with increased risk 
of hip fracture. Age- and area-adjusted rate ratio for this age group was 2.09 
(95% CI 1.16 to 3.76) in the highest-exposure group (>1.5 mg/L) compared 
with the lowest-exposure group (≤0.1 mg/L).

Kurttio 
et al. 1999

Retrospective 
cohort

Finland Premenopausal women in a 
province (ages 47 to 56; n 
= 3,222)

<0.3 mg/L (natural) 
1 to 1.2 mg/L (artificial)

No significant difference in fracture incidence among the fluoridated (15.4%) 
and nonfluoridated group (13.4%) (P = 0.220).

Kroger 
et al. 1994

Ecologic Finland Patients with hip fracture 
(ages ≥ 50)

<0.3 mg/L (natural) 
1.0 to 1.2 mg/L (artificial) 
>1.5 mg/L (natural)

No difference in incidence of hip fracture among exposure groups. 
Osteofluorosis was found in 22% of the high exposure group. Fluoride content 
of the bone was correlated with volumetric density of trabecular bone and 
osteoid-covered trabecular bone surface.

Arnala 
et al. 1986

Ecologic Finland Residents in two towns (n 
= 71,811 and n = 61,587)

<0.1 mg/L 
1 mg/L

In the <0.1-mg/L exposure group, RR was 2.5 (95% CI 1.6 to 3.9) for men and 
1.5 (95% CI 1.2 to 1.8) for women. In the group exposed to 1 mg/L, RR was 
1.0 for men and women.

Simonen 
and 
Laitinen 
1985

Retrospective 
cohort

China Residents of rural 
communities exposed to 
various concentrations of 
fluoride in drinking water 
(ages ≥ 50; n = 8,266)

0.25 to 0.34 mg/L (natural) 
0.58 to 0.73 mg/L (natural) 
1.00 to 1.06 mg/L (natural) 
1.45 to 2.19 mg/L (natural) 
2.62 to 3.56 mg/L (natural) 
4.32 to 7.97 mg/L (natural

Lowest prevalence of overall bone fracture was found in the 1.00 to 1.06 mg/L 
group and was significantly lower (P < 0.05) than that of the groups exposed to 
concentrations ≥4.32 and ≤0.34 mg/L. Prevalence of hip fracture was greatest 
in the in the 4.32 to 7.97 mg/L group and was significantly higher than the 
1.0- to 1.06-mg/L group.

Li et al. 
2001

Ecologic Mexico Children (ages 6-12 years) 
and adults (ages 13-60 
years)

ND to 1.5 mg/L (natural) 
1.51 to 4.99 mg/L (natural) 
5.0 to 8.49 mg/L (natural) 
8.5 to 11.9 mg/L (natural) 
>12 mg/L (natural)

Increased bone fracture (bone types not specified) incidence was observed 
at concentrations ranging from 1.5 to 4.99 mg/L. A plot of the incidence of 
fractures in adults versus the average corresponding fluoride concentration by 
zone indicated a third-order polynomial correlation (R2 = 0.9995). Incidence in 
children was similar, except in one zone. 
Linear correlation between Dean index for dental fluorosis and the frequency 
of bone fracture in children (R2 = 0.94) and adults (R2 = 0.98).

Alarcón-
Herrera 
et al. 2001

Case-control USA Women participating in the 
Nurses’ Health Study (ages 
30-55; n [hip fracture] = 
53; n [forearm fracture] = 
188; n [controls] = 241)

Concentrations in toenails 
<2.00 ppm 
2.00 to 3.35 ppm 
3.36 to 5.50 ppm 
>5.50 ppm

Women with higher concentrations of toenail fluoride appeared to be at greater 
risk of forearm fracture but to have a lesser risk of hip fracture than women 
with toenail concentrations <2 ppm. 
Odds ratio of hip fracture in women with >5.50 ppm compared with those 
with <2.00 ppm was 0.8 (95% CI 0.2 to 4.0). Corresponding adjusted odds 
ratio for forearm fracture was 1.6 (95% CI 0.8 to 3.1).

Feskanich 
et al. 1998

TABLE 5-1 Continued
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1�0 FLUORIDE IN DRINKING WATER

cifically address the committee’s charge, this meta-analysis and most of the 
studies on which it was based were not critically evaluated. The committee 
restricted its attention to the observational studies that most directly address 
the study charge: studies that examined long-term exposure to fluoride in 
the range of 2 to 4 mg/L or above in drinking water. Randomized clinical 
trials that exposed subjects to higher doses over shorter periods of time 
were also considered.

The committee considered a number of factors as it evaluated the avail-
able data, including the following:

•	 The committee assumed that fluoride concentrations in bone are the 
most appropriate measure of exposure. Although difficult to measure in 
epidemiology studies, bone fluoride concentrations are positively associated 
with the amount of fluoride exposure, length of exposure, age, and certain 
diseases such as chronic renal insufficiency (see Chapter 3 for discussion of 
pharmacokinetic factors that affect fluoride uptake by bone). Use of other 
fluoride exposure measures is likely to cause measurement error. While 
exposure measurement error often biases results toward the null, there are 
many exceptions.

•	 U.S. exposure estimates presented in Chapter 2 indicate that water 
will be the major route of exposure for Americans drinking or cooking with 
water containing fluoride at 4 mg/L but that other sources become more 
important at concentrations closer to 1 mg/L.

•	 The incidence of fractures increases dramatically in old age. Minor or 
moderate traumas cause more fractures in the elderly than in healthy young 
adults. Other known or suspected risk factors include being female, being 
postmenopausal, diet (e.g., low calcium), physical inactivity, low body mass 
index, and use of certain drugs (e.g., corticosteroids) (Ross 1996; Woolf 
and Åkesson 2003). As a result, age is a very important covariate both as 
a potential confounder and as an effect modifier; control for age may need 
to be fairly detailed above age 50.

•	 Self-reports of fractures are reasonably accurate, although vertebral 
fractures are typically underreported. Elderly women may overreport total 
fractures, but the percent of false positives may be lower for fractures of the 
wrist and hip (Nevitt et al. 1992; Honkanen et al. 1999). Thus, although 
epidemiological studies would be better if they confirm the presence or 
absence of fractures, self-reports may be adequate. For example, relative 
risk measures (risk and rate ratios, but not odds ratios) are unbiased if the 
outcome is nondifferentially underreported but false positives are negligible 
(Poole 1985). We might expect the degree of false-positive reporting and 
underreporting not to differ by fluoride water concentrations, thus tending 
to attenuate associations.

•	 Fluoride may have different effects on fractures of different bones (as 
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MUSCULOSKELETAL EFFECTS 1�1

suggested by Riggs et al. 1990). Consequently, epidemiologists need to be 
careful about the degree of aggregation of outcomes. If some bone sites are 
included that are not susceptible, then relative risk estimates will be biased 
toward the null; risk or rate differences would not.

•	 Studies that measure outcome and covariates individually but ex-
posure by group (e.g., by water concentration) use a partially ecologic or 
group-level design. This design greatly improves the ability to measure and 
control for covariates relative to pure ecologic studies; control of covariates 
is one of the major problems in purely ecologic studies. See Appendix C for 
a description of these design differences.

Below is a review of the available epidemiologic data for evaluating the 
adequacy of EPA’s maximum-contaminant-level goal (MCLG) for fluoride 
of 4 mg/L and secondary maximum contaminant level (SMCL) of 2 mg/L 
for protecting the public from bone fractures.

Studies Rele�ant to Assessing Risks at 4 mg/L

Observational Studies. The committee is aware of five published ob-
servational studies of fractures in subjects exposed to drinking water 
containing fluoride at 4 mg/L or higher (Sowers et al. 1986, 1991, 2005; 
Alarcón-Herrera et al. 2001; Li et al. 2001) and another (Kurttio et al. 1999) 
involving somewhat lower exposures that has some relevance. The first two 
Sowers papers examine the same cohort, one retrospectively (Sowers et al. 
1986) and one prospectively (Sowers et al. 1991). Because the analysis in 
the 1986 paper is less detailed for fractures (particularly the discussion of 
potential confounders), it has been given less attention. Features of the key 
papers are highlighted in Table 5-2.

Sowers et al. (1991) directly assessed the risk of fracture from fluoride 
at 4 mg/L, reporting adjusted odds ratios (ORs) of 2.1 (95% CI = 1.0 to 
4.4) for any fracture, and 2.2 (95% CI = 1.0 to 4.7) for fracture of the 
hip/wrist/spine in women 55 to 80 years of age at baseline (ORs were also 
elevated in younger women). The reference group was exposed to fluoride 
at 1 mg/L. This is a strong study, particularly because of its prospective co-
hort design. Although the 1993 National Research Council (NRC) report 
labeled it as ecologic, it is actually an individual-level study with an ecologic 
exposure measure (such designs are also called semi-individual; see Appen-
dix C). Outcome and important covariates, including age, are measured 
at the individual level (control of covariates is particularly problematic in 
fully ecologic studies). This study has some weaknesses: confounding was 
assessed by using stepwise logistic regression (a common but less than op-
timal method for assessing confounding) and fractures were self-reported. 
Self-reports of fractures are often quite reliable (except for the spine, where 
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underreporting is typical). Details about the interviewers (training or blind-
ing to exposure) were not provided. The paper also examined fractures in 
a community with high calcium concentrations in water: the adjusted OR 
for fracture of the hip/wrist/spine was 1.6 (95% CI = 0.71 to 3.4) for the 
older women and 0.30 (95% CI = 0.04 to 3.4) for younger women (the ORs 
for all fractures were similar). The regression analysis comparing the high 
fluoride and the reference communities was adjusted for calcium intake, but 
it produced no change.

The newest study by Sowers et al. (2005) investigated bone fracture in 
relation to fluoride concentration in drinking water. The authors measured 
serum fluoride, providing a potentially improved exposure assessment. In 
this cohort study, fractures were assessed prospectively for 4 years. Frac-
tures were self-reported and then confirmed with medical records or x-ray 
copies, if available; lack of fractures was apparently not confirmed. Sowers 
et al. (2005) collected individual-based information on people from the 
same regions as the 1986 and 1991 studies. They collected serum fluoride 
concentrations and bone mineral density of the hip, radius, and spine. The 
number of subjects was considerably expanded (n = 1,300) from the earlier 
studies. Although there may be overlap in specific subjects, all the fracture 
events were recent. The authors reported risk ratios of fractures in the high 
fluoride area that were similar to those in the previous studies (risk ratio = 
2.55, P = 0.07, even when adjusting for bone mineral density, which could 
function as an intervening variable between water ingestion and fracture 
outcome). Use of ecologic exposure measures need not cause bias due to 
exposure measurement error (see Appendix C).

Serum fluoride concentration was higher in the community with fluoride 
at 4 mg/L in drinking water. Bone and serum concentrations are related 
but the latter have more noise—potentially much more, depending on how 
samples were collected. Serum fluoride concentrations can vary within in-
dividuals, returning to baseline within hours of exposure. 

Fasting serum fluoride concentrations are considered a good (although 
not necessarily perfect) measure of long-term exposure and of bone fluoride 
concentrations (Ericsson et al. 1973; Parkins et al. 1974; Taves and Guy 
1979; Waterhouse et al. 1980; Whitford 1994; Clarkson et al. 2000; see 
also Chapter 2 for a discussion of biomarkers and Chapter 3 on pharma-
cokinetics). Although methods for serum collection are not described in the 
paper, Sowers stated that fasting serum concentrations were taken “when-
ever possible” (M.F. Sowers, University of Michigan, personal commun., 
July 1, 2005). Measured serum fluoride concentration was not statistically 
associated with fracture incidence in the adjusted model, including bone 
density, a potential intermediate variable (measured serum fluoride was 
only weakly associated with bone mineral density). However, it is unclear 
whether serum fluoride was a useful surrogate for concentrations in bone 
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or chronic exposure here; random error would tend to bias results toward 
the null. Table 2 in the Sowers et al. (2005) paper indicated that long-term 
residency in the high-fluoride region was not associated with appreciably 
higher serum fluoride than short-term residency.

Besides differences in osteoporotic, but not other, fracture rates, these 
populations differed markedly with respect to smoking rates and hormone 
replacement (both lowest in the reference group) and physical activity 
(lowest in the high-fluoride group). It is unclear whether these factors were 
examined as potential confounders for fractures. Age subgroups were not 
presented in the new Sowers et al. study, so differences within age groups 
cannot be assessed and comparisons with the other observational studies 
on fractures cannot be made.

For all the Sowers studies, there is an unresolved question about wheth-
er the referent group (area with low fluoride and low calcium) might have 
a low fracture rate because of risk factors that are not controlled for in the 
studies, particularly as the high-calcium/low-fluoride region also showed in-
creased fracture rates compared with the referent region. Potential bias due 
to such differences might be exacerbated by the use of an ecologic exposure 
measure (see Appendix C).

The study by Li et al. (2001) complements the Sowers studies in several 
ways, having a larger size and relatively strong exposure assessment for a 
partially ecologic study. It has a retrospective cohort design, increasing the 
potential for outcome and exposure misclassification, but these problems 
were addressed by the authors. Although exposure was assessed on the 
group level, exposure was finely categorized and other sources of fluoride 
exposure were estimated to be negligible. (Nonwater exposures to fluoride 
were presumably more important in the Sowers studies.) Communities 
were quite similar and individual-level risk factors were assessed. Fractures 
were self-reported; confirmation with x-rays showed very high validity 
(526 fractures confirmed among the 531 subjects reporting fractures). This 
study also has weaknesses. Confounding was assessed by statistical testing; 
the authors included a covariate in the logistic regression if they first found 
a statistically significant (P < 0.05) relationship between the variable and 
outcome analyzed bivariately. (Confounding should be judged by examin-
ing the effect measure, not statistical testing; see Rothman and Greenland 
1998.) Absence of fractures was not confirmed, potentially biasing outcomes 
if false-positive reporting of fractures is expected to be more than an isolated 
occurrence. However, a limited number of sensitivity analyses of confound-
ing performed by the committee did not explain the effect; recall bias seems 
an unlikely explanation for the U-shaped exposure-response curve (for all 
fractures since age 20), with the minimum fractures in the reference group 
of 1 mg/L. The dose-response curve for all fractures is plausible: some, but 
not all, animal studies suggest a biphasic relationship between bone fluoride 
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concentrations and bone strength (see discussion earlier in this section on 
cellular and molecular aspects).

The Li et al. study did not directly assess fluoride at 4 mg/L. However 
the exposure group just above 4 mg/L (4.32 to 7.97 mg/L) showed an in-
crease in all fractures since age 20 (OR = 1.47, P = 0.01, estimated 95% CI 
= 1.10 to 1.97), all fractures since age 50 (OR = 1.59, P = 0.02, estimated 
95% CI = 1.08 to 2.35), and hip fractures since age 20 (OR = 3.26, P = 0.02, 
estimated 95% CI = 1.21 to 9.81). The exposure group just below 4 mg/L 
(2.62 to 3.56 mg/L) showed the following: all fractures since age 20 (OR = 
1.18, P = 0.35, estimated 95% CI = 0.83 to 1.67), all fractures since age 50 
(OR = 1.04, P = 0.87, estimated 95% CI = 0.65 to 1.66), and hip fractures 
since age 20 (OR = 1.73, P = 0.34, estimated 95% CI = 0.56 to 5.33). CI 
values were estimated by the committee using the approach of Greenland 
(1998). Although the latter results are not statistically significant at the 0.05 
level, they are consistent with an upward trend (increasing dose-response 
relationship), particularly the result for hip fracture. The inclusion of all 
fractures is likely to bias ORs toward the null.

Although the authors did not estimate trend, Figures 2 and 3 presented 
in the paper by Li et al. (2001) suggest that linear trends in proportions from 
the 1.00 to 1.06 mg/L category up would provide a reasonable fit in that 
range. Using a generalized linear model with the binomial distribution and 
the identity link, and midranges for the exposure categories, the committee 
estimated absolute increases in fractures of 1.3% (95% CI = 0.3 to 2.2, P = 
0.01) for the increment from 1.00 to 4.00 mg/L for overall fractures since 
age 20, 0.4% (95% CI = 0.0 to 0.8, P = 0.04) for hip fractures since age 
20, and 0.9% (95% = CI 0.2 to 1.7, P = 0.02) for overall fractures since 
age 50.

The U-shaped exposure-response curve for all fractures combined (but 
not hip fractures) for this population of individuals provides an interesting 
and potentially important finding. Whereas the trend for fractures appears 
to increase from 1.00 to 4.00 mg/L, it must be appreciated that the fracture 
rate in the 1.00 to 1.06 mg/L category was lower than the rate in the cat-
egory with the lowest intake.

Estimated fluoride exposure in the Li study is higher than for the Sowers 
studies (see Table 5-4 later in this chapter). Assuming that exposure was pre-
dominantly due to water, the committee estimated that participants in the Li 
study consumed on average about 2.5 L per day for the 2.62- to 3.56-mg/L 
group and 2.3 L per day for 4.32- to 7.97-mg/L group (versus 0.9 to 1.2 L 
per day for the Sowers studies). These water consumption levels are in the 
90th to 95th percentile for the United States (see Appendix B).

Alarcón-Herrera et al. (2001) is a much weaker ecologic study with 
little attention to covariates other than a rough stratification by age (see 
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Table 5-2 for a brief discussion). The results are qualitatively similar to the 
stronger studies.

In addition, a retrospective cohort study in Finland by Kurttio et al. 
(1999) is pertinent to the issue of fracture risk at 4 mg/L, even though 
relatively few wells in that study had drinking water with fluoride concen-
trations that high. Residents were grouped into exposure categories based 
on modeled fluoride concentrations in well water closest to their residence: 
≤0.1, 0.11 to 0.30, 0.31 to 0.50, 0.51 to 1.00, 1.10 to 1.50, and >1.5 mg/L 
(ranging up to 2.4 mg/L). Fluoride monitoring results among water samples 
for the highest modeled group varied from below detection to about 6 
mg/L. Hospital discharge registers were tracked between 1981 and 1994 
for reports of hip fracture among the cohort. For all ages combined, no as-
sociations were found between fluoride content in drinking water and hip 
fracture. However, analysis of age strata (50 to 64 and 65 to 80) indicated an 
increased risk of hip fracture in women aged 50 to 64 exposed to fluoride at 
>1.5 mg/L (adjusted rate ratio of 2.09%; 95% CI, 1.16 to 3.76; based on 13 
cases [3,908 person years] compared with those in the least exposed group 
(≤0.1 mg/L). Some covariates were adjusted by using ecologic measures, an 
imperfect technique.

Clinical Trials of Osteoporosis Treatment. Using the Cochrane Hand-
book methodology, Haguenauer et al. (2000) performed a meta-analysis 
of randomized clinical trials of fluoride in postmenopausal women with 
primary osteoporosis. Eleven studies met the inclusion criteria; analyses 
of specific end points included only a subset. The summary relative risk 
estimate for new vertebral fractures was slightly decreased: 0.87 (95% CI 
= 0.51 to 1.46) for 2 years of treatment (four trials) and 0.90 (95% CI = 
0.71 to 1.14) for 4 years (five trials). The summary relative risk estimate 
for new nonvertebral fractures was increased: 1.20 (95% CI = 0.68 to 2.10) 
after 2 years (one trial) and 1.85 (95% CI = 1.36 to 2.50) after 4 years (four 
trials); the latter association was strongest in trials using high-dose, non-
slow-release forms of fluoride. See Table 5-3 for the four studies included 
in the analysis of nonvertebral fractures after 4 years. All four studies were 
prospective, double-blinded, and placebo-controlled; all subjects received 
supplemental calcium. There was loss to follow-up, particularly in the study 
of Kleerekoper et al. (1991), but it was similar in frequency in treated and 
placebo groups.

Table 5-3 reports relative risks of nonvertebral fractures at 4 years. Rate 
ratios are also provided for several studies. Hip fracture results are reported 
only for Riggs et al. (1990); the number of hip fractures in the other trials 
was at most one per group. Riggs et al. reported both complete fractures 
and total fractures. Total fractures equal complete plus incomplete “stress” 
fractures; the latter were observed by roentgenography in participants re-
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TABLE 5-3 Four Randomized Clinical Trials Examining Nonvertebral 
Fractures

Exposure

Enrollment: 
Exposed 
and Placebo

Participationa 
Exposed and 
Placebo

Relative Risk 
(95% CI) 
Nonvertebral 
Fracturesb

Rate Ratio 
(95% CI) 
Nonvertebral 
Fracturec

Reginster 
et al. 1998

Fluoride at 
20 mg/day as 
sodium mono-
fluorophosphate, 
4 years

100, 100 84%, 81% 1.1 
(0.5, 2.4)d

1.1 (0.5, 2.3)

Pak et al. 
1995

NaF at 50 mg/
day slow-release, 
4 cycles:
12 months on, 
2 months off

54, 56 77%, 72% 0.6 
(0.2, 2.5)d

Kleerekoper 
et al. 1991

NaF at 75 mg/
day, 4 years

46, 38 60%, 61% 1.5 
(0.7, 3.5)d

3.0 (2.0, 4.6) 
“hot spots”e

Riggs et al. 
1990

NaF at 75 mg/
day, 4 years

101, 101 77%, 80% 1.6 (1.0, 2.5) 
complete
2.5 (1.7, 3.7) 
totald,f

2.3 (0.6, 8.8) 
complete, 
hip

1.9 (1.1, 3.2) 
complete
3.1 (2.0, 5.0) 
totalf

 aParticipating person-time divided by total possible person-time.
 bRisks were computed by dividing the number of first incident fractures (at most one per 
subject) by the number of enrolled subjects.
 cRates were computed by dividing the number of incident fractures (possibly more than one 
per subject) by participating person-time.
 dThe numbers that appear to have been used in the meta-analysis of Haguenauer et al. 
(2000); see their Figure 5.
 eAreas of increased isotope uptake detected via radionuclide bone scan.
 fIn this study, total fractures = complete + incomplete “stress” fractures, the latter observed 
by roentgenography in participants reporting acute lower extremity pain syndrome.

porting acute lower extremity pain syndrome (see Kleerekoper et al. 1991 
for a different interpretation).

Comparison of Exposure in Randomized Clinical Trials and Obser-
vational Studies. Despite the methodological strengths of the randomized 
clinical trials, their use in this review has limitations. In particular, fluoride 
exposures in the trials were higher in magnitude (20 to 34 mg/day) than 
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in observational studies (5 to 10 mg/day for 4 mg/L) but shorter in time 
(years versus decades). One possibility is to compare studies using total 
fluoride exposure in absolute mass units. Because some biological effects 
(e.g., stimulation of osteoblasts) may occur only at high doses, results from 
clinical trials may not be directly comparable to risks due to long-term ex-
posure to fluoride in water. On the other hand, the committee assumes that 
bone fluoride concentration is the most appropriate measure of exposure for 
examining fracture risk. Data permitting, it could be possible to compare 
the bone fluoride concentrations reached in the randomized clinical trials 
with those in the observational studies.

Of the four randomized clinical trails in the fracture meta-analysis, the 
committee was able to locate bone fluoride measurements for only one. Of 
the 202 postmenopausal women in the Riggs study, bone fluoride was mea-
sured before treatment and at 4 years in 43 treated and 35 placebo subjects 
(Lundy et al. 1995). Unfortunately, the data are presented only in a figure 
and in units of mmol of fluoride per mmol of calcium. The latter, however, 
can be approximately converted to mg/kg ash by using the following factors: 
1 g of calcium per 7 g wet weight of bone (Mernagh et al. 1977) and 0.56 
g of ash per g wet weight of bone (Rao et al. 1995). Using this conversion, 
the before-treatment bone ash fluoride concentrations were about 1,700 
mg/kg in both the treated and the placebo groups. Taking the imprecision 
of the conversion factors into account, this value is consistent with reported 
concentrations for healthy, untreated persons living in areas without particu-
larly high water fluoride concentrations and no other exceptional sources 
of fluoride intake (see Chapter 3). Four years later, bone ash concentrations 
were slightly higher in the placebo group and about 12,000 mg/kg in the 
treated group. The latter value should overestimate concentrations in the 
exposed group of the trial, because the average exposed subject in the Riggs 
study participated 3.1 years (Table 5-3).

Ideally, one would estimate bone concentrations in the other trials by 
using a pharmacokinetic model. Because the committee did not have an op-
erational pharmacokinetic model, a regression model was used to estimate 
bone concentrations based on total fluoride exposure during clinical trials 
(see Chapter 3). Total exposures (Table 5-4) were estimated with the nomi-
nal daily dose and the average length of participation of the exposed group. 
The bone concentration for Riggs et al. estimated by this technique (7,400 
mg/kg) is less than the value measured by Lundy et al. (roughly 12,000 
mg/kg), but the latter examined a subset of subjects who had completed 
the full 4 years of the study. The regression model estimates 9,100 mg/kg 
in subjects completing 4 years. Although that estimate is still less than the 
measured concentration, Chapter 3 noted that the regression model may 
underestimate bone concentrations in fluoridated areas. Of the four clinical 
trials in Table 5-4, three were American. Fluoride exposure and concentra-
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tions in bone may be overestimated for the Pak study because of the use of 
a slow-release, less bioavailable form of fluoride. In sum, average fluoride 
bone concentrations among treated trial participants appear to range from 
about 5,400 to 12,000 mg/kg.

Comparison of Results of Randomized Clinical Trials and Observation-
al Studies. Table 5-4 also includes estimates of total exposure and average 
bone fluoride for two observational studies. The committee estimated aver-
age fluoride concentrations in bone in the study by Sowers et al. (1991) using 
the regression model developed for chronic water exposure in Chapter 3. 
This model predicts bone concentrations based on concentration of fluoride 
in water, length of exposure, and sex. The result is in the same range as the 
clinical trials. Since the regression model does not take water consumption 
rates into account, it should underpredict bone fluoride concentrations for 
people with high water consumption. The bone fluoride estimates for Li et 
al. (2001) are, therefore, probably underestimates. Estimates of bone fluo-
ride concentrations could be improved through the use of pharmacokinetic 
models (see Chapter 3).

Table 5-4 summarizes fracture outcomes for the four clinical trials 
(nonvertebral) and observational studies. There are a number of differences 
in the way the outcome data were collected and analyzed. For example, Li 
et al. counted fractures occurring since age 20 (or age 50, not shown), a 
longer observation period than the other studies; Li et al. and Sowers et al. 
measured fractures in different bones than those studied in the clinical trials; 
if trials use subjects from fluoridated areas, the subjects receiving placebos 
are from areas with fluoride close to 1 mg/L. Although the comparison in-
volves several assumptions and uncertainties, the estimated concentrations 
of fluoride in bone and results of the randomized clinical trials generally 
appear consistent with those of the observational studies.

Interpretation of Weight of Evidence of the Fracture Data on Fluoride 
at 4 mg/L. For making causal inferences, many epidemiologists prefer 
to formulate and test specific competing hypotheses (e.g., Rothman and 
Greenland 1998). Other epidemiologists find it useful to weigh the evidence 
in light of some traditional “criteria” (more properly, guidelines) for ex-
amining whether observed associations are likely to be causal (Hill 1965). 
The discussion below provides a perspective on how the committee evalu-
ated and viewed the strength of the collective evidence on possible causal 
associations.

•	 Consistency: Despite some design or data weaknesses, there is con-
sistency among the results of all the observational studies using ecologic 
exposure measures. That is, none of the studies that included population ex-
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posures above 4 mg/L found null or negative (inverse) associations between 
fluoride and bone fractures. There is probably minimal publishing bias here 
because of the intense interest on both sides of the fluoride controversy. Fur-
ther, all the studies with exposure categories of approximately 2 mg/L and 
above in water showed elevated relative risks of fractures for these exposure 
estimates. However, the one study using an individual exposure measure 
found no association between fracture risk and serum fluoride. Because 
serum fluoride concentrations may not be a good measure of bone fluoride 
concentrations or long-term exposure, the ability to show an association 
might have been diminished.

•	 Strength of association: Although weak associations (e.g., small 
relative risks) can be causal, it is harder to rule out undetected biases. As 
indicated in Table 5-2, relative risk estimates generally varied from about 
1.5 to 2.2 for studies with ecologic measures of exposure.

•	 Biologic plausibility/coherence: The weight of evidence of observa-
tional studies is increased when qualitative as well as quantitative; biochemi-
cal, physiological, and animal data suggest a biologically plausible mecha-
nism by which a potential risk factor such as fluoride could cause adverse 
effects. In this instance, the type of physiological effect of fluoride on bone 
“quality” and the fractures observed in animal studies are consistent with 
the effects found in the observational studies. Furthermore, the results of 
the randomized clinical trials are consistent with an increased risk of non-
vertebral fractures at fluoride concentrations in bone that may be reached 
by lifetime exposure to water at 4 mg/L.

•	 Dose-response (biological gradient): For the most part, the obser-
vational studies discussed above observed higher fracture risk with higher 
exposure compared with 1 mg/L. The combined findings of Kurttio et al. 
(1999), Alarcón-Herrera et al. (2001), and Li et al. (2001) lend support to 
gradients of exposure and fracture risk between 1 and 4 mg/L.

The remaining traditional guidelines of Hill and others are not major 
issues here: time sequence of effect after exposure is fulfilled in all the obser-
vational studies and the clinical trials; none of those designs was cross-sec-
tional and all were able to assess sequence. Specificity of effect or exposure 
is rarely germane in environmental epidemiology. Experiment (that is, effect 
of removal of exposure) does not apply in this instance.

When papers using different designs or studying disparate populations 
are evaluated, findings of consistency among these studies do not require 
that the doses, exposures, or relative risks be the same. (Such quantitative 
reconciliation is pertinent for efforts to establish unit risks for quantita-
tive risk assessment, pooling studies, or meta-analyses, and assignment of 
specific potencies goes far beyond the charge or assessment by the commit-
tee.) Further, it is not necessary that there be exact quantitative correspon-
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dence between animal and human data and physiologic, and epidemiologic 
exposures.

The weight of evidence supports the conclusion that lifetime exposure 
to fluoride at drinking water concentrations of 4 mg/L and higher is likely 
to increase fracture rates in the population, compared with exposure to 
fluoride at 1 mg/L, particularly in some susceptible demographic groups 
that are prone to accumulating fluoride into their bones.

Studies Rele�ant to Assessing Risks at 2 mg/L

The committee found four observational studies that involved exposures 
to fluoride around 2 mg/L (see Table 5-5). By far the strongest of those stud-
ies was by Kurttio et al. (1999). As described above, residents were grouped 
into exposure categories based on modeled fluoride concentrations in well 
water closest to their residence (≤0.1, 0.11 to 0.30, 0.31 to 0.50, 0.51 to 
1.00, 1.10 to 1.50, and >1.5 mg/L [ranged up to 2.4 mg/L]) and hospital 
discharge registers were tracked for reports of hip fracture. Whereas no as-
sociations between fluoride content in drinking water and hip fracture were 
found for all ages combined, analysis of age strata (50 to 64 and 65 to 80 
years) indicated an adjusted rate ratio of 2.09 (95% CI, 1.16 to 3.76) for 
hip fracture in women aged 50 to 64 exposed to fluoride at >1.5 mg/L.

Another study, performed in Finland, found no evidence of increased 
risk when hip fracture rates were compared in populations exposed to 
fluoride at ≤0.3, 1.0 to 1.2, and >1.5 mg/L (Arnala et al. 1986). However, 
this study had many weaknesses, including incomplete reporting methods, 
insufficient control of confounding, inability to assess cumulative exposure, 
and the possibility of nonsystematic or biased case ascertainment. It focused 
primarily on evaluating fluoride content and the histomorphometry of bone 
samples taken from the iliac crest of hip fracture patients and had the ad-
vantage of providing data on bone fluoride concentrations. Mean fluoride 
concentrations (± standard deviation) in bone were found to be 450 ± 190 
mg/kg, 1,590 ± 690 mg/kg, and 3,720 ± 2,390 mg/kg in the low-, middle-, 
and high-exposure groups, respectively.

A study in France investigated fracture rates in relation to fluoride-using 
subjects enrolled in a different study on aging (Jacqmin-Gadda et al. 1995). 
Two fluoride exposure groups were compared: 0.05 to 0.11 mg/L and 0.11 
to 1.83 mg/L. The odds ratio for hip fractures for the higher exposure group 
was 1.86 (95% CI, 1.02 to 3.36). The odds ratio for any fractures was 0.98 
(95% CI, 0.80 to 1.21). These odds ratios were adjusted for age, gender, and 
Quetelet index for hip fractures and by age and gender for total fractures. 
(The authors selected confounders to include in their model on the basis 
of “statistical significance,” although a more appropriate approach would 
have been to select covariates based on how much they change the odds 
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TABLE 5-5 Studies Relevant to Assessing Bone Fracture Risks from 
Exposure to Fluoride at 2 mg/L in Drinking Water

Arnala et al. (1986) Jacqmin-Gadda et al. (1995) Fabiani et al. (1999) Kurttio et al. (1999)

Design Semiecologic; individual outcome 
data and ecologic exposure 
measure

Nested case control analysis drawn 
from cross-section study that was the 
first phase of a prospective cohort 
study.

Semiecologic; individual outcome data and 
ecologic exposure measures

Historical cohort.

Location Finland, communities France Two regions of central Italy 
Avezzano (lower fluoride in water) and 
Bracciano(higher fluoride in water)

Finland: rural communities nationwide

No. subjects 462 fractures among a population 
of unspecified size

3,777 subjects age 65 and older from 
75 civil parishes (mean residence time 
41 years)

935 in Avezanno 
190 in Bracciano; subjects treated in a 
public hospital from each region

144,000+

Exposure 
assessment 
and categories

Ecologic; exposure assignments 
drawn from a 1974 report by the 
National Board on Health on the 
fluoride content of drinking water 
in different communities 
Communities with fluoride at <0.3 
mg/L, 1.0 to 1.2 mg/L, and >1.5 
mg/L

Two measurements were taken 
in 1991 and routinely thereafter 
(frequency not specified). 
Two exposure categories: 0.05 to 
0.11 mg/L and 0.11 to 1.83 mg/L

Drinking water sampled twice a year 
(years not specified), and one summary 
concentration was assigned to each region 
as a weighted mean. 
Avezanno (0.05 mg/L; range 0.040 to 0.058 
mg/L; population of about 126,000) 
Bracciano (1.45 mg/L; range 0.15 to 3.40 
mg/L; population of about 73,000)

Groundwater measurements of almost 9,000 
wells. 
Fluoride concentrations estimated for 
each residence by using weighted medians, 
smoothed interpolations. Categories: <0.1, 0.1 
to 0.3, 0.3 to 0.5, 0.5 to 1.0, 1 to 1.5, and > 
1.5 mg/L. Highest category corresponded to 
sampled concentrations of less than detection 
level to approximately 6 mg/L.

Outcomes Hip fractures among men and 
women combined, for age 50+. 
Factures due to severe trauma 
excluded.

Hip fractures Fractures at specific anatomical sites, 
reported by gender

First recorded hip fracture

Effect 
measure

Comparison of age-adjusted 
10-year incidence of hip fracture 
for ages 50+ and component age 
decades. Binomial t test used to 
compare age-adjusted hip fracture 
rates.

OR using multiple logistic 
regressions, controlling for 
confounders based on interview data.

Rates and 95% CI based on age-adjusted 
rates per 1,000 person years.

Crude and adjusted rate ratios using Cox 
regression based on person years, compared 
with lowest exposure group. Age stratification 
based on age at start of follow-up period. 
Fluoride analyzed as categorical and 
continuous variable.

Chance No confidence intervals or P levels 
were provided.

95% CI and P values given 95% CIs 95% CI around the rate ratio.

Confounding Age-adjustment only. No 
information on whether women 
were postmenopausal. No 
distinction between rates for males 
and females.

Age, gender, Quetelet index (kg/
height2 in m), smoking, and sports 
activity

Authors relied on similarity of region to 
control for confounding. Analysis did not 
stratify or adjust for age, although mean 
ages of cases are shown (including whether 
the probabilities of their differences are P 
< 0.05).

Analyzed controlling for age and geographic 
sector. Age adjustment was conducted within 
broad strata of 50 to 64 and 65 to 80 years. 
No information on nutrition, alcohol use, or 
physical activity.
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TABLE 5-5 Studies Relevant to Assessing Bone Fracture Risks from 
Exposure to Fluoride at 2 mg/L in Drinking Water

Arnala et al. (1986) Jacqmin-Gadda et al. (1995) Fabiani et al. (1999) Kurttio et al. (1999)

Design Semiecologic; individual outcome 
data and ecologic exposure 
measure

Nested case control analysis drawn 
from cross-section study that was the 
first phase of a prospective cohort 
study.

Semiecologic; individual outcome data and 
ecologic exposure measures

Historical cohort.

Location Finland, communities France Two regions of central Italy 
Avezzano (lower fluoride in water) and 
Bracciano(higher fluoride in water)

Finland: rural communities nationwide

No. subjects 462 fractures among a population 
of unspecified size

3,777 subjects age 65 and older from 
75 civil parishes (mean residence time 
41 years)

935 in Avezanno 
190 in Bracciano; subjects treated in a 
public hospital from each region

144,000+

Exposure 
assessment 
and categories

Ecologic; exposure assignments 
drawn from a 1974 report by the 
National Board on Health on the 
fluoride content of drinking water 
in different communities 
Communities with fluoride at <0.3 
mg/L, 1.0 to 1.2 mg/L, and >1.5 
mg/L

Two measurements were taken 
in 1991 and routinely thereafter 
(frequency not specified). 
Two exposure categories: 0.05 to 
0.11 mg/L and 0.11 to 1.83 mg/L

Drinking water sampled twice a year 
(years not specified), and one summary 
concentration was assigned to each region 
as a weighted mean. 
Avezanno (0.05 mg/L; range 0.040 to 0.058 
mg/L; population of about 126,000) 
Bracciano (1.45 mg/L; range 0.15 to 3.40 
mg/L; population of about 73,000)

Groundwater measurements of almost 9,000 
wells. 
Fluoride concentrations estimated for 
each residence by using weighted medians, 
smoothed interpolations. Categories: <0.1, 0.1 
to 0.3, 0.3 to 0.5, 0.5 to 1.0, 1 to 1.5, and > 
1.5 mg/L. Highest category corresponded to 
sampled concentrations of less than detection 
level to approximately 6 mg/L.

Outcomes Hip fractures among men and 
women combined, for age 50+. 
Factures due to severe trauma 
excluded.

Hip fractures Fractures at specific anatomical sites, 
reported by gender

First recorded hip fracture

Effect 
measure

Comparison of age-adjusted 
10-year incidence of hip fracture 
for ages 50+ and component age 
decades. Binomial t test used to 
compare age-adjusted hip fracture 
rates.

OR using multiple logistic 
regressions, controlling for 
confounders based on interview data.

Rates and 95% CI based on age-adjusted 
rates per 1,000 person years.

Crude and adjusted rate ratios using Cox 
regression based on person years, compared 
with lowest exposure group. Age stratification 
based on age at start of follow-up period. 
Fluoride analyzed as categorical and 
continuous variable.

Chance No confidence intervals or P levels 
were provided.

95% CI and P values given 95% CIs 95% CI around the rate ratio.

Confounding Age-adjustment only. No 
information on whether women 
were postmenopausal. No 
distinction between rates for males 
and females.

Age, gender, Quetelet index (kg/
height2 in m), smoking, and sports 
activity

Authors relied on similarity of region to 
control for confounding. Analysis did not 
stratify or adjust for age, although mean 
ages of cases are shown (including whether 
the probabilities of their differences are P 
< 0.05).

Analyzed controlling for age and geographic 
sector. Age adjustment was conducted within 
broad strata of 50 to 64 and 65 to 80 years. 
No information on nutrition, alcohol use, or 
physical activity.
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Arnala et al. (1986) Jacqmin-Gadda et al. (1995) Fabiani et al. (1999) Kurttio et al. (1999)

Results Age-combined totals similar: 
12.4/10,000 in low-fluoride, 
11.9/10,000 in fluoridated, and 
12.4/10,000 in high-fluoride areas. 
Component age groups generally 
similar to each other across 
exposure groups, except that age 
80+ had lower incidence in the 
high-fluoride area.

For higher versus lower fluoride 
exposures: OR = 1.86 (1.02 to 3.36), 
P = 0.04 for hip fractures; OR = 0.98 
(0.80 to 1.21) for all fractures. ORs 
adjusted for variables associated with 
hip fractures (age, gender, Quetelet) 
or total fractures (age, gender). 
Calcium in water did not appear to 
be included in the model.

Rates for low-fluoride area were statistically 
greater compared with Bracciano in the 
following categories: Females: femoral neck 
(hip), femur NOS (not otherwise specified), 
proximal humerus, nose, wrist 
Males: femoral neck (hip), femur NOS, 
nose, wrist 
Specifically for hip fracture (Avezanno/
Bracciano, rate per 1,000 person-years): 
males, 0.28/0.06, RR = 4.28 (95% CI, 
4.16 to 4.40), average ages 70 and 52, 
respectively; females, 0.75/0.28, RR = 2.64 
(95% CI 2.54 to 2.75), average ages 75 and 
78, respectively.

For comparisons between the >1.5-mg/L 
group and the <0.1-mg/L group (ages 50 to 
65): 
Adjusted RR = 2.09 (95 CI, 1.16 to 3.76) in 
women, RR = 0.87 (95% CI, 0.35 to 2.16) 
in men. 
For all ages combined, no associations 
apparent. 
For fluoride as a continuous variable: RR 
= 1.44 (95% CI, 1.12 to 1.86) for women 
below age 65 at start of follow-up, and RR = 
0.75 (95% CI, 0.51 to 1.12) for men in same 
age stratum (age and region adjusted). Women 
ages 55 to 69 had the most elevated RR in the 
continuous-variable analysis. 
Among separate 5-year components of follow-
up period, the results were inconsistent.

Overall value 
of study 
regarding 
evaluation 
fracture risk 
at 2 mg/L

Weak Weak Weak Strong

 Comments The paper was primarily devoted 
to histomorphology and bone 
fluoride concentrations in iliac 
crest. The results of that portion 
of the study are summarized in the 
accompanying text insofar as they 
bear on the incidence part of the 
paper. 
Incomplete reporting methods; 
insufficient control of 
confounding; inability to assess 
cumulative exposure; possibility 
of nonsystematic or biased 
case ascertainment/assignment; 
adjustment of group level covariate 
(region) rather than individual-level 
covariates.

Paper was short (a letter to the editor) 
and did not have sufficient detail to 
assess the distribution of fluoride 
exposure with the higher category; 
lacked information on age subgroups 
and on genders; inability to assess 
cumulative exposure; referent group 
has very low exposure (<0.11 mg/L).

Serious design and analysis limitations. No 
data that would inform an assessment of 
a gradient. The dimension of the reported 
protective effect is not credible.

Suggestive of hip fracture risk, with 
continuous gradient from lowest to highest 
exposures.

TABLE 5-5 Continued
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Arnala et al. (1986) Jacqmin-Gadda et al. (1995) Fabiani et al. (1999) Kurttio et al. (1999)

Results Age-combined totals similar: 
12.4/10,000 in low-fluoride, 
11.9/10,000 in fluoridated, and 
12.4/10,000 in high-fluoride areas. 
Component age groups generally 
similar to each other across 
exposure groups, except that age 
80+ had lower incidence in the 
high-fluoride area.

For higher versus lower fluoride 
exposures: OR = 1.86 (1.02 to 3.36), 
P = 0.04 for hip fractures; OR = 0.98 
(0.80 to 1.21) for all fractures. ORs 
adjusted for variables associated with 
hip fractures (age, gender, Quetelet) 
or total fractures (age, gender). 
Calcium in water did not appear to 
be included in the model.

Rates for low-fluoride area were statistically 
greater compared with Bracciano in the 
following categories: Females: femoral neck 
(hip), femur NOS (not otherwise specified), 
proximal humerus, nose, wrist 
Males: femoral neck (hip), femur NOS, 
nose, wrist 
Specifically for hip fracture (Avezanno/
Bracciano, rate per 1,000 person-years): 
males, 0.28/0.06, RR = 4.28 (95% CI, 
4.16 to 4.40), average ages 70 and 52, 
respectively; females, 0.75/0.28, RR = 2.64 
(95% CI 2.54 to 2.75), average ages 75 and 
78, respectively.

For comparisons between the >1.5-mg/L 
group and the <0.1-mg/L group (ages 50 to 
65): 
Adjusted RR = 2.09 (95 CI, 1.16 to 3.76) in 
women, RR = 0.87 (95% CI, 0.35 to 2.16) 
in men. 
For all ages combined, no associations 
apparent. 
For fluoride as a continuous variable: RR 
= 1.44 (95% CI, 1.12 to 1.86) for women 
below age 65 at start of follow-up, and RR = 
0.75 (95% CI, 0.51 to 1.12) for men in same 
age stratum (age and region adjusted). Women 
ages 55 to 69 had the most elevated RR in the 
continuous-variable analysis. 
Among separate 5-year components of follow-
up period, the results were inconsistent.

Overall value 
of study 
regarding 
evaluation 
fracture risk 
at 2 mg/L

Weak Weak Weak Strong

 Comments The paper was primarily devoted 
to histomorphology and bone 
fluoride concentrations in iliac 
crest. The results of that portion 
of the study are summarized in the 
accompanying text insofar as they 
bear on the incidence part of the 
paper. 
Incomplete reporting methods; 
insufficient control of 
confounding; inability to assess 
cumulative exposure; possibility 
of nonsystematic or biased 
case ascertainment/assignment; 
adjustment of group level covariate 
(region) rather than individual-level 
covariates.

Paper was short (a letter to the editor) 
and did not have sufficient detail to 
assess the distribution of fluoride 
exposure with the higher category; 
lacked information on age subgroups 
and on genders; inability to assess 
cumulative exposure; referent group 
has very low exposure (<0.11 mg/L).

Serious design and analysis limitations. No 
data that would inform an assessment of 
a gradient. The dimension of the reported 
protective effect is not credible.

Suggestive of hip fracture risk, with 
continuous gradient from lowest to highest 
exposures.

TABLE 5-5 Continued
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ratio.) The committee found that because no data were presented on the 
distribution of fluoride exposure within the different groups, because data 
on gender and age were not reported separately, and because no parameters 
for assessing cumulative exposure were provided, reliable conclusions could 
not be drawn from this study.

Fabiani et al. (1999) conducted a study in two sociodemographically 
similar regions in central Italy. One region had fluoride concentrations in 
drinking water of 0.05 mg/L and the second region had fluoride at 1.45 
mg/L. A significantly greater rate of fracture incidence, particularly femur 
fractures, were found in the low-exposure community. The relative risk was 
4.28 (95% CI, 4.16 to 4.40) for males and 2.64 (95% CI, 2.54 to 2.75) 
for females. These risks were based on age-adjusted rates per 1,000 person-
years. However, the number of cases was not provided and the mean age of 
cases in the two towns varied greatly in some instances. The investigators 
relied on similarity of regions to control for confounding, but it should be 
noted that the high-fluoride area included seven towns near Rome, whereas 
the lower-fluoride area included 35 towns further from Rome. Because of 
the serious design and analysis limitations of the study, the committee placed 
little weight on this study.

Overall, the committee finds that the available epidemiologic data 
for assessing bone fracture risk in relation to fluoride exposure around 2 
mg/L is suggestive but inadequate for drawing firm conclusions about the 
risk or safety of exposures at that concentration. There is only one strong 
report to inform the evaluation, and, although that study (Kurttio et al. 
1999) indicated an increased risk of fractures, it is not sufficient alone to 
base judgment of fracture risk for people exposed at 2 mg/L. It should be 
considered, however, that the Li et al. (2001) and Alarcón-Herrera et al. 
(2001) studies reported fracture increases (although imprecise with wide 
confidence intervals) between 1 and 4 mg/L, giving support to a continuous 
exposure-effect gradient in this range.

Skeletal Fluorosis

Excessive intake of fluoride will manifest itself in a musculoskeletal 
disease with a high morbidity. This pathology has generally been termed 
skeletal fluorosis. Four stages of this affliction have been defined, including 
a preclinical stage and three clinical stages that characterize the severity. The 
preclinical stage and clinical stage I are composed of two grades of increased 
skeletal density as judged by radiography, neither of which presents with 
significant clinical symptoms. Clinical stage II is associated with chronic 
joint pain, arthritic symptoms, calcification of ligaments, and osteosclerosis 
of cancellous bones. Stage III has been termed “crippling” skeletal fluorosis 
because mobility is significantly affected as a result of excessive calcifications 
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in joints, ligaments, and vertebral bodies. This stage may also be associated 
with muscle wasting and neurological deficits due to spinal cord compres-
sion. The current MCLG is based on induction of crippling skeletal fluorosis 
(50 Fed. Reg. 20164 [1985]). Because the symptoms associated with stage 
II skeletal fluorosis could affect mobility and are precursors to more serious 
mobility problems, the committee judges that stage II is more appropriately 
characterized as the first stage at which the condition is adverse to health. 
Thus, this stage of the affliction should also be considered in evaluating any 
proposed changes in drinking-water standards for fluoride. 

Descriptions of skeletal fluorosis date back to the 1930s, when the pa-
thology was first recognized in India in areas of endemic fluoride exposure 
(Shortt et al. 1937) and in occupationally exposed individuals in Denmark 
(Roholm 1937). From an epidemiological standpoint, few cases of clinical 
skeletal fluorosis have been documented in the United States. Stevenson and 
Watson (1957) performed a large retrospective study involving 170,000 
radiologic examinations1 in people from Texas and Oklahoma, where 
many communities have fluoride water concentrations above 4 mg/L. They 
radiographically diagnosed only 23 cases of fluoride osteosclerosis in people 
consuming fluoride at 4 to 8 mg/L and no cases in people exposed to less (the 
number of people exposed in these categories was not provided). The cases 
(age 44 to 85) did not have unusual amounts of arthritis or back stiffness 
given their age (details not provided). Eleven had bone density of an extreme 
degree, and nine had more than minimal calcification of pelvic ligaments. 
The authors found no relationship between radiographic findings and clini-
cal diagnosis or symptoms (details not provided). Cases were not classified 
as to the stage of the fluorosis (using the scheme discussed earlier). Based on 
the information in the paper, the committee could not determine whether 
stage II fluorosis was present. In a study of 253 subjects, Leone et al. (1955a) 
reported increased bone density and coarsened trabeculation in residents 
of a town with fluoride at 8 mg/L relative to another town with fluoride at 
0.4 mg/L. Radiographic evidence of bone changes occurred in 10% to 15% 
of the exposed residents and was described as being slight and not associ-
ated with other physical findings except enamel mottling. The high-fluoride 
town was partially defluoridated in March 19522 (Maier 1953; Leone et al. 
1954a,b; 1955b), a detail not mentioned in the radiographic study (Leone 

1The number of patients represented by the 170,000 radiological examinations is not 
given.

2Maier (1953) indicates that “regular operation” of the defluoridation plant began March 
11, 1952. At least one small pilot plant was operated for an unspecified period prior to that 
date (Maier 1953). Leone et al. (1954a,b) indicated initial defluoridation to 1.2 mg/L. Likins et 
al. (1956) reported a mean daily fluoride content of treated water in Bartlett of 1.32 mg/L over 
the first 113 weeks (27 months), with average monthly fluoride concentrations of 0.98-2.13 
mg/L over the 18-month period referred to by Leone et al. (1954a,b; 1955b).
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et al. 1955a) but which could have affected its results and interpretation. 
Leone et al. (1954a,b; 1955b) state that “any significant physiological mani-
festations of prolonged exposure would not be expected to have regressed 
materially in the 18 months of partial defluoridation.” However, Likins et 
al. (1956) reported that urinary fluoride concentrations in males fell from 
means of 6.5 (children) and 7.7 (adults) mg/L before defluoridation to 4.9 
and 5.1 mg/L, respectively, after 1 week, 3.5 and 3.4 mg/L, respectively, 
after 39 weeks, and 2.2 and 2.5 mg/L, respectively, after 113 weeks. These 
results indicate that, following defluoridation of the water supply, substan-
tial changes in fluoride balance were occurring in the residents, including 
the apparent remobilization of fluoride from bone.

In patients with reduced renal function, the potential for fluoride ac-
cumulation in the skeleton is increased (see Chapter 3). It has been known 
for many years that people with renal insufficiency have elevated plasma 
fluoride concentrations compared with normal healthy persons (Hanhijärvi 
et al. 1972) and are at a higher risk of developing skeletal fluorosis (Juncos 
and Donadio 1972; Johnson et al. 1979). In cases in which renal disease and 
skeletal fluorosis were simultaneously present, it still took high concentra-
tions of fluoride, such as from daily ingestion of 4 to 8 L of water containing 
fluoride at 2 to 3 mg/L (Sauerbrunn et al. 1965; Juncos and Donadio 1972), 
at least 3 L/day at 2 to 3 mg/L (Johnson et al. 1979), or 2 to 4 L/day at 8.5 
mg/L (Lantz et al. 1987) to become symptomatic.

Most recently, the Institute of Medicine evaluated fluoride intake and 
skeletal fluorosis and was able to find only five reported cases of individu-
als with stage III skeletal fluorosis in the United States from approximately 
1960 to 1997 (IOM 1997). Interestingly, however, a recent report has 
documented an advanced stage of skeletal fluorosis in a 52-year-old woman 
consuming 1 to 2 gal of double-strength instant tea per day throughout her 
adult life (Whyte et al. 2005). Her total fluoride intake was estimated at 37 
to 74 mg/day from exposure to fluoride from well water (up to 2.8 mg/L) 
and instant tea. The report also documented the fluoride content of com-
mercial instant teas and found substantial amounts in most brands. This 
illustrates the possibility that a combination of exposures can lead to higher 
than expected fluoride intake with associated musculoskeletal problems. 
Another case, documented by Felsenfeld and Roberts (1991), indicates the 
development of skeletal fluorosis from consumption of well water contain-
ing fluoride at 7 to 8 mg/L for 7 years. Renal insufficiency was not a factor 
in this case, but water consumption was considered likely to have been 
“increased” because of hot weather. Both cases mention joint stiffness or 
pain, suggesting at least stage II skeletal fluorosis.

From reports from the 1950s through the 1980s, it appears that pre-
clinical bone changes and symptoms of clinical stages I and II may occur 
with bone concentrations between 3,500 and 12,900 mg/kg (Franke et al. 
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1975; Dominok et al. 1984; Krishnamachari 1986). The Public Health Ser-
vice (PHS 1991) has reported that patients with preclinical skeletal fluorosis 
have fluoride concentrations between 3,500 and 5,500 mg/kg by ash weight. 
Clinical stage I patients have concentrations in the range of 6,000 to 7,000 
mg/kg, stage II patients range from 7,500 to 9,000 mg/kg, and stage III 
patients have fluoride concentrations of 8,400 mg/kg and greater.3

However, a broader review of the literature on bone fluoride concen-
trations in patients with skeletal fluorosis revealed wider and overlapping 
ranges associated with different stages of the condition. Tables 5-6 and 5-7 
show the reported concentrations of fluoride in bone ash and in bone (dry 
fat-free material) in cases of skeletal fluorosis. Most authors reported ash 
concentrations; others reported the dry weight concentrations or both types 
of results. Because ash contents (fraction of bone remaining in the ash) 
range widely,4 the committee did not convert dry weight concentrations 
to ash concentrations. As reported ranges for various bones in individuals 
can differ, the tables list the type of bone sampled, distinguishing between 
measurements of iliac crest or pelvis and other bones.

On the basis of data on fluoride in the iliac crest or pelvis, fluoride con-
centrations of 4,300 to 9,200 mg/kg in bone ash have been found in cases 
of stage II skeletal fluorosis, and concentrations of 4,200 to 12,700 mg/kg 
in bone ash have been reported in cases of stage III fluorosis. The overall 
ranges for other bones are similar. These ranges are much broader than 
those indicated by PHS (1991). Baud et al. (1978) showed an overlap in the 
fluoride content in iliac crest samples between their controls (mean 1,036 
mg/kg, range <500 to >2,500) and their cases (mean 5,617 mg/kg, range 
<2,500 to >10,000). The above ranges overlap the measurements reported 
by Zipkin et al. (1958), for which no evidence of fluorosis was reported 
(4,496 ± 2015 and 6,870 ± 1629 mg/kg ash in iliac crest at 2.6 and 4 mg/L, 
respectively). The expected degree of skeletal fluorosis was not found in 
two small groups of patients dialyzed with fluoride-containing water, who 
accumulated average bone-ash fluoride concentrations of 5,000 mg/kg and 
7,200 mg/kg (Erben et al. 1984). Some of the cases with the lowest values 
(e.g., Teotia and Teotia 1973; Pettifor et al. 1989) were known to have hy-
pocalcemia or secondary hyperparathyroidism; many of the industrial case 
reports described no hypocalcemia. Thus, it appears that fluoride content 
in bone may be a marker of the risk of skeletal fluorosis. In other words, 
the likelihood and severity of clinical skeletal fluorosis increase with the 

3According to the sources cited by PHS (1991), these concentrations are based on measure-
ments in iliac crest samples.

4From 38% to 60%, calculated from 100% minus the reported fraction lost during ashing 
(Franke and Auerman 1972); (41.8% standard error 1.94%) for the affected group and 49.9% 
(standard error 5.34%) for the control group (Krishnamachari 1982); and 32.7% to 68.4% 
(Zipkin et al. 1958).
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TABLE 5-6 Reported Concentrations of Fluoride in Bone Ash in Cases of 
Skeletal Fluorosis

Stage of Skeletal 
Fluorosis

Fluoride Concentration in Bone 
Ash, mg/kg in Bone Ash

Number of 
Individuals Reference

Iliac Crest or 
Pelvis Other Bones

Preclinical stage
Vague symptoms 4,100

4,300
2 Franke and Auermann 

1972
Vague symptoms 3,500 to 4,500 Authors’ 

summary
Franke et al. 1975

Stage 0 to 1
Stage 0 to I 5,000 1 Franke and Auermann 

1972
Stage 0 to I 6,900 (mean) 2 Schlegel 1974
Stage 0 to I 5,000 to 5,500 Authors’ 

summary
Franke et al. 1975

Stage 1
Stage I 6,000

6,400
2 Franke and Auermann 

1972
Stage I 5,200 (mean) 8 Schlegel 1974
Stage I 6,000 to 7,000 Authors’ 

summary
Franke et al. 1975

Stage 2
Second phase 9,200 3,100 to 9,900 1 Roholm 1937
Stage I to II 8,700 1 Franke and Auermann 

1972
Stage II 7,700

7,800
2 Franke and Auermann 

1972
Stage II 7,500 (mean) 9 Schlegel 1974
Stage II 7,500 to 9,000 Authors’ 

summary
Franke et al. 1975

Stage II 4,300
4,700a

2,500 to 5,000 1 Dominok et al. 1984

Stage II 8,800
8,900a

4,900 to 11,100 1 Dominok et al. 1984

Stage II 2,900 to 4,400 1 Dominok et al. 1984

Stage 3
Third phase 7,600 to 13,100 1 Roholm 1937
Stage 3 6,300 1 Singh and Jolly 1961
Stage III 11,500 1 Franke and Auermann 

1972
Crippling 

fluorosis
4,200 1 Teotia and Teotia 

1973
Stage III 8,400 1 Schlegel 1974
Stage III >10,000 Authors’ 

summary
Franke et al. 1975
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TABLE 5-6 Continued

Stage of Skeletal 
Fluorosis

Fluoride Concentration in Bone 
Ash, mg/kg in Bone Ash

Number of 
Individuals Reference

Iliac Crest or 
Pelvis Other Bones

Stage III 10,000 9,000 to 11,700 1 Dominok et al. 1984
Stage III 9,100 4,200 to 11,000 1 Dominok et al. 1984
Stage III 12,700 7,600 to 12,900 1 Dominok et al. 1984
Stage III 8,600

8,700a
8,500 to 12,400 1 Dominok et al. 1984

Stage not gi�en, or range of stages
Skeletal fluorosis 700 to 6,800b

(mean, 3,430)
10 Singh and Jolly 1961; 

see also Singh et al. 
1961

Old fluorosis, 7 
years without 
fluoride 
exposure

3,000 1 Franke and Auermann 
1972

Skeletal fluorosis 2,650
3,780
4,750
5,850

4 Teotia and Teotia 
1973

Industrial 
fluorosis

5,617 (2,143)c 43 (54 
samples)

Baud et al. 1978; 
Boillat et al. 1980

Endemic genu 
valgum

7,283 (416)d 20 (37 
samples)

Krishnamachari 1982

Skeletal fluorosis 4,200 to 10,100 9 Boivin et al. 1986
Skeletal fluorosis 13,300 (2,700)c 6 Boivin et al. 1988 

(summary of 
studiese)

8,900 (3,400)c 5
6,900 (1,900)c 13
5,600 (2,100)c 54
6,600 (2,700)c 4
7,600 (4,800)c 14

Skeletal fluorosis 7,900 (3,600)c 

(range: 4,200 
to 22,000)

29 Boivin et al. 1989; 
1990 f

Admitted to 
hospital for 
skeletal pain 
or skeletal 
deformities

5,580 (980)c 
(range: 4,430 
to 6,790)

7 Pettifor et al. 1989

 aSamples from right and left sides in same individual.
 bTibia or iliac crest; includes 1 case of stage III fluorosis listed separately above.
 cIndicates mean and standard deviation.
 dIndicates mean and standard error.
 eIncludes some studies (or individuals from studies) listed separately above.
 fProbably includes individuals from other studies listed above.
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TABLE 5-7 Reported Concentrations of Fluoride in Bone (Dry Fat-Free 
Material) in Cases of Skeletal Fluorosis

Stage of Skeletal 
Fluorosis

Fluoride Concentration in Bone, 
mg/kg in Dry Fat-Free Material

Number of 
Individuals Reference

Iliac Crest or 
Pelvis Other Bones

Preclinical stage
Vague symptoms 1,700 and 2,100 2 Franke and 

Auermann 1972
Stage 0 to 1
Stage 0 to I 1,900 1 Franke and 

Auermann 1972
Stage 0 to I 3,000 (mean) 5 Schlegel 1974

Stage 1
Early 5,000 to 7,000 1 Wolff and Kerr 

1938 (cited in 
Jackson and 
Weidmann 
1958)

Early 6,260 and 7,200 2 Sankaran and 
Gadekar 1964

Stage I 2,300 and 2,900 2 Franke and 
Auermann 1972

Stage I 3,200 (mean) 15 Schlegel 1974

Stage 2
Moderate 7,680 1 Sankaran and 

Gadekar 1964
Stage I to II 4,300 1 Franke and 

Auermann 1972
Stage II 4,100 and 4,600 2 Franke and 

Auermann 1972
Stage II 3,000 (mean) 18 Schlegel 1974

Stage 3
Skeletal fluorosis 8,600 1 Sankaran and 

Gadekar 1964
Advanced 8,800 and 9,680 2 Sankaran and 

Gadekar 1964
Stage III 3,600 (mean) 4 Schlegel 1974

Stage not gi�en
Old fluorosis, 7 

years without 
fluoride exposure

1,700 1 Franke and 
Auermann 1972
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bone fluoride content, but a given concentration of bone fluoride does not 
necessarily correspond to a certain stage of skeletal fluorosis in all cases. 
Other factors (e.g., calcium intake) appear to influence fluorosis severity at 
different concentrations of bone fluoride.

Overall, the committee finds that the predicted bone fluoride concen-
trations that can be achieved from lifetime exposure to fluoride at 4 mg/L 
(10,000 to 12,000 mg/kg bone ash) fall within or exceed the ranges of 
concentrations that have been associated with stage II and stage III skeletal 
fluorosis. Based on the existing epidemiologic literature, stage III skeletal 
fluorosis appears to be a rare condition in the United States. As discussed 
above, the committee judges that stage II skeletal fluorosis is also an adverse 
health effect. However, the data are insufficient to provide a quantitative 
estimate of the risk of this stage of the affliction. The committee could not 
determine from the existing epidemiologic literature whether stage II skeletal 
fluorosis is occurring in U.S. residents who drink water with fluoride at 4 
mg/L. The condition does not appear to have been systematically investi-
gated in recent years in U.S. populations that have had long-term exposures 
to high concentrations of fluoride in drinking water. Thus, research is needed 
on clinical stage II and stage III skeletal fluorosis to clarify the relationship of 
fluoride ingestion, fluoride concentration in bone, and clinical symptoms.

eFFeCt oF Fluoride on 
ChondroCyte metaBolism and arthritis

The two key chondrocyte cell types that are susceptible to pathological 
changes are articular chondrocytes in the joint and growth plate chondro-
cytes in the developing physis. The medical literature on fluoride effects in 
these cells is sparse and in some cases conflicting.

From physical chemical considerations, it might be expected that min-
eral precipitates containing fluoride would occur in a joint if concentrations 
of fluoride and other cations (such as Ca2+) achieved a high enough concen-
tration. A single case report by Bang et al. (1985) noted that a 74-year-old 
female who was on fluoride therapy for osteoporosis for 30 months had a 
layer of calcified cartilage containing 0.39% fluoride (or 3,900 mg/kg) by 
ash weight in her femoral head. The calcification was also visible on x-ray. 
Unfortunately, the limitation of this observation in a single patient is the lack 
of information on the preexistence of any calcified osteophytes. Neverthe-
less, it does indicate that at high therapeutic doses fluoride can be found in 
mineralizing nodules in articular cartilage.

Studies evaluating patient groups with a greater number of subjects 
found that the use of fluoride at therapeutic doses in rheumatoid patients 
showed a conflicting result. In one report (Duell and Chesnut 1991), fluo-
ride exacerbated symptoms of rheumatoid arthritis, but, in another case 
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(Adachi et al. 1997), it was “well tolerated” with no evidence of worsening 
of the arthritis. No indications from either study implied that fluoride had 
a causal relationship with the rheumatoid arthritis. Perhaps the only study 
in the literature that attempts to link fluoride exposure to the induction 
of arthritis (osteoarthritis) is from Savas et al. (2001), who indicated that 
Turkish patients with demonstrated endemic fluorosis had a greater severity 
of osteoarthritic symptoms and osteophyte formation than age- and sex-
matched controls.

The veterinary literature also contains a report indicating that, in 21 
dairy herds consuming fluoride-containing feed and water, of the 100 cows 
examined and determined to have arthritic changes, the bone fluoride con-
centrations ranged from 2,000 to 8,000 mg/kg (Griffith-Jones 1977).

There are no data from which a dose-response relationship can be 
drawn regarding fluoride intake and arthritis in humans. However, in a rat 
study, Harbrow et al. (1992) showed articular changes with fluoride at 100 
mg/L in drinking water but no effect at 10 mg/L. The changes with fluoride 
at 100 mg/L were a thickening of the articular surface (rather than a thin-
ning as would be expected in arthritis) and there were no effects on patterns 
of collagen and proteoglycan staining. There are no comprehensive reports 
on the mechanism of fluoride effects in articular chondrocytes in vitro.

The effect of fluoride on growth plate chondrocytes is even less well 
studied than the effect on articular chondrocytes. It has been demonstrated 
that chronic renal insufficiency in a rat model can increase the fluoride con-
tent in the growth plate and other regions of bone (Mathias et al. 2000); 
however, this has not been known to occur in humans. Fluoride has also 
been shown to negatively influence the formation of mineral in matrix ves-
icles at high concentrations. Matrix vesicles are the ultrastructural particles 
responsible for initiating mineralization in the developing physis (Sauer et 
al. 1997). This effect could possibly account, in part, for the observation 
that fluoride may reduce the thickness of the developing growth plate (Mohr 
1990).

In summary, the small number of studies and the conflicting results re-
garding the effects of fluoride on cartilage cells of the articular surface and 
growth plate indicate that there is likely to be only a small effect of fluoride 
at therapeutic doses and no effect at environmental doses.

Findings

Fluoride is a biologically active ion with demonstrable effects on bone 
cells, both osteoblasts and osteoclasts. Its most profound effect is on osteo-
blast precursor cells where it stimulates proliferation both in vitro and in 
vivo. In some cases, this is manifested by increases in bone mass in vivo. 
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The signaling pathways by which this agent works are slowly becoming 
elucidated.

Life-long exposure to fluoride at the MCLG of 4 mg/L may have the 
potential to induce stage II or stage III skeletal fluorosis and may increase 
the risk of fracture. These adverse effects are discussed separately below.

The current MCLG was designed to protect against stage III skeletal 
fluorosis. As discussed above, the committee judges that stage II is also an 
adverse health effect, as it is associated with chronic joint pain, arthritic 
symptoms, slight calcification of ligaments, and osteosclerosis of cancellous 
bones. The committee found that bone fluoride concentrations estimated to 
be achieved from lifetime exposure to fluoride at 2 mg/L (4,000 to 5,000 
mg/kg ash) or 4 mg/L (10,000 to 12,000 mg/kg ash) fall within or exceed 
the ranges historically associated with stage II and stage III skeletal fluorosis 
(4,300 to 9,200 mg/kg ash and 4,200 to 12,700 mg/kg ash, respectively). 
This suggests that fluoride at 2 or 4 mg/L might not protect all individuals 
from the adverse stages of the condition. However, this comparison alone 
is not sufficient evidence to conclude that individuals exposed to fluoride at 
those concentrations are at risk of stage II skeletal fluorosis. There is little 
information in the epidemiologic literature on the occurrence of stage II 
skeletal fluorosis in U.S. residents, and stage III skeletal fluorosis appears to 
be a rare condition in the United States. Therefore, more research is needed 
to clarify the relationship between fluoride ingestion, fluoride concentra-
tions in bone, and stage of skeletal fluorosis before any firm conclusions 
can be drawn.

Although a small set of epidemiologic studies were useful for evaluating 
bone fracture risks from exposure to fluoride at 4 mg/L in drinking water, 
there was consistency among studies using ecologic exposure measures to 
suggest the potential for an increased risk. The one study using serum fluo-
ride concentrations found no appreciable relationship to fractures. Because 
serum fluoride concentrations may not be a good measure of bone fluoride 
concentrations or long-term exposure, the ability to shown an association 
might have been diminished. Biochemical and physiological data indicate a 
biologically plausible mechanism by which fluoride could weaken bone. In 
this case, the physiological effect of fluoride on bone quality and risk of frac-
ture observed in animal studies is consistent with the observational evidence. 
Furthermore, the results of the randomized clinical trials were consistent 
with the observational studies. In addition, a dose-response relationship is 
indicated. On the basis of this information, all members of the committee 
agreed that there is scientific evidence that under certain conditions fluoride 
can weaken bone and increase the risk of fractures. The majority of the 
committee concluded that lifetime exposure to fluoride at drinking-water 
concentrations of 4 mg/L or higher is likely to increase fracture rates in 
the population, compared with exposure at 1 mg/L, particularly in some 
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susceptible demographic groups that are more prone to accumulate fluoride 
in their bones. However, three of the 12 members judged that the evidence 
only supported a conclusion that the MCLG might not be protective against 
bone fracture. They judge that more evidence that bone fractures occur at 
an appreciable frequency in human populations exposed to fluoride at 4 
mg/L is needed before drawing a conclusion that the MCLG is likely to be 
not protective.

Few studies have assessed fracture risk in populations exposed to fluo-
ride at 2 mg/L in drinking water. The best available study was from Finland, 
which provided data that suggested an increased rate of hip fracture in 
populations exposed to fluoride at >1.5 mg/L. However, this study alone is 
not sufficient to determine the fracture risk for people exposed to fluoride 
at 2 mg/L in drinking water. Thus, the committee finds that the available 
epidemiologic data for assessing bone fracture risk in relation to fluoride 
exposure around 2 mg/L are inadequate for drawing firm conclusions about 
the risk or safety of exposures at that concentration.

reCommendations

•	 A more complete analysis of communities consuming water with 
fluoride at 2 and 4 mg/L is necessary to assess the potential for fracture risk 
at those concentrations. These studies should use a quantitative measure of 
fracture such as radiological assessment of vertebral body collapse rather 
than self-reported fractures or hospital records. Moreover, if possible, bone 
fluoride concentrations should be measured in long-term residents.

•	 The effects of fluoride exposure in bone cells in vivo depend on 
the local concentrations surrounding the cells. More data are needed on 
concentration gradients during active remodeling. A series of experiments 
aimed at quantifying the graded exposure of bone and marrow cells to 
fluoride released by osteoclastic activity would go a long way in estimating 
the skeletal effects of this agent.

•	 A systematic study of stage II and stage III skeletal fluorosis should be 
conducted to clarify the relationship of fluoride ingestion, fluoride concen-
tration in bone, and clinical symptoms. Such a study might be particularly 
valuable in populations in which predicted bone concentrations are high 
enough to suggest a risk of stage II skeletal fluorosis (e.g., areas with water 
concentrations of fluoride above 2 mg/L).

•	 More research is needed on bone concentrations of fluoride in people 
with altered renal function, as well as other potentially sensitive popula-
tions (e.g., the elderly, postmenopausal women, people with altered acid-
balance), to better understand the risks of musculoskeletal effects in these 
populations.
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6

Reproductive and Developmental 
Effects of Fluoride

This chapter provides an update on studies of the reproductive and 
developmental effects of fluoride published since the earlier NRC (1993) 
review. Studies on reproductive effects are summarized first, primarily cov-
ering structural and functional alterations of the reproductive tract. This is 
followed by a discussion of developmental toxicity in animal and human 
studies.

reProduCtiVe eFFeCts

More than 50 publications since 1990 have focused on the reproduc-
tive effects of fluoride. Most of the studies used animal models, primarily 
rodents, and evaluated structural or functional alterations in the male re-
productive tract associated with fluoride. Fewer animal studies evaluated the 
effects of fluoride on female reproductive tract structure or function. In this 
section, reports of fluoride effects on reproduction in animal models are re-
viewed first, followed by a discussion of the available studies of humans.

Animal Studies

The large number of studies gleaned from a search of the literature 
since 1990 that evaluated reproductive tract structure or function in animal 
models are outlined in Table 6-1, listing the fluoride dosing regimens and 
main observations. Most of the studies were conducted for the purpose 
of hazard identification and involved high doses of fluoride to reveal po-
tentially sensitive reproductive-tract targets and pathways. A few selected 
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1�2 FLUORIDE IN DRINKING WATER

examples illustrate the results of the many hazard identification studies: 
(1) cessation of spermatogenesis and alterations in the epididymis and vas 
deferens were observed in rabbits administered sodium fluoride (NaF) at 
10 milligrams per kilogram (mg/kg) of body weight for 29 months (Su-
sheela and Kumar 1991); (2) effects on Leydig cells and decreased serum 
testosterone were observed in rats exposed to NaF at 10 mg/kg for 50 days 
(Narayana and Chinoy 1994b); and (3) decreased protein in the ovary and 
uterus and decreased activity of steroidogenic enzymes (3β-hydroxysteriod 
dehydrogenase [HSD] and 17β-HSD) was found in mice treated with NaF 
at 10 mg/kg for 30 days (Chinoy and Patel 2001). In general, the hazard 
identification studies show that the reproductive tract is susceptible to 
disruption by fluoride at a concentration sufficiently high to produce other 
manifestations of toxicity.

For risk evaluation, a comprehensive multigenerational study of fluoride 
effects on reproduction using standard guidelines and adequate numbers of 
animals has been conducted in rats (Collins et al. 2001a). Rats were admin-
istered drinking water with NaF at 0, 25, 100, 175, and 250 mg/L over three 
generations. No compound-related effects were found on mating or fertility; 
gestation or lactation; or F1 survival, development, and organ weights. No 
alterations in the teeth were seen except for mild whitening observed in 
rats exposed to fluoride at 100 mg/L or greater. That well-conducted study 
concluded that NaF at concentrations up to 250 mg/L in the drinking water 
did not alter reproduction in rats (Collins et al. 2001a).

Human Studies

The few studies gleaned from a search of the literature since 1990 that 
evaluated reproductive effects of fluoride ingestion in humans are outlined 
in Table 6-2, listing the estimated fluoride exposure and main observations. 
In highly exposed men with and without skeletal fluorosis (fluoride at 1.5-
14.5 mg/L in the drinking water), serum testosterone concentrations were 
significantly lower than in a control cohort exposed to fluoride at less than 
1.0 mg/L in drinking water (Susheela and Jethanandani 1996). Although 
there was a 10-year difference in the mean ages between the skeletal fluoro-
sis patients (39.6 years) and control subjects (28.7 years), this study suggests 
that high concentrations of fluoride can alter the reproductive hormonal 
environment.

In an ecological study of U.S. counties with drinking-water systems 
reporting fluoride concentrations of at least 3 mg/L (Freni 1994), a de-
creased fertility rate was associated with increasing fluoride concentrations. 
Because methods for analyzing the potential amounts and direction of bias 
in ecological studies are limited, it is possible only to discuss some of the 
strengths and weaknesses of this complicated study (see Chapter 10 and 
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REPRODUCTIVE AND DEVELOPMENTAL EFFECTS OF FLUORIDE 1�3

Appendix C for a more in-depth discussion of ecologic bias). Freni’s study 
is actually partially ecologic; the outcome (fertility) is age-standardized at 
the individual level, while exposure to fluoride and covariates are measured 
at the group level. Controlling for age of the mother is a strength of the 
study, but to avoid bias all ecological variables should be standardized in 
the same fashion (Greenland 1992). The model adjusted for a number of 
important socioeconomic and demographic variables at the group level, 
but these might not adequately control for individual-level determinants 
of fertility such as family income and use of contraceptives. For example, 
median income (a group-level variable) and family income (an individual-
level variable) may have independent and interactive effects on outcome. 
One of the two ecologic exposure measures examined the percentage of the 
population served by water systems with fluoride concentrations of at least 
3 mg/L. That has the potential advantage of not assuming an effect at lower 
fluoride concentrations (as does the mean fluoride concentration, the other 
exposure measure), but it has the disadvantage that, unlike individual-level 
studies, nondifferential misclassification of dichotomous exposures within 
groups tend to bias ecologic results away from the null (Brenner et al. 1992). 
While the results of the Freni study are suggestive, the relationship between 
fertility and fluoride requires additional study.

A study of workers in Mexico, who were occupationally exposed to 
fluoride (estimated to range from 3 to 27 mg/day) producing hydrofluoric 
acid and aluminum fluoride, found alterations in serum hormone concen-
trations with normal semen parameters (Ortiz-Perez et al. 2003). However, 
that study involved a comparison of a high-fluoride-exposed group and a 
low-fluoride-exposed group with poorly defined exposures and overlapping 
exposure characteristics.

Overall, the available studies of fluoride effects on human reproduction 
are few and have significant shortcomings in design and power, limiting 
inferences.

deVeloPmental eFFeCts

There is wide variation with some correlation between fluoride concen-
tration in maternal serum and cord blood, indicating that fluoride readily 
crosses the placenta. In general, average cord blood concentrations are ap-
proximately 60% of maternal serum concentrations, with proportionally 
lesser amounts present as higher maternal serum concentrations (Gupta 
et al. 1993; Malhotra et al. 1993; Shimonovitz et al. 1995). Therefore, 
potential toxicity to the developing embryo and fetus in the setting of high 
maternal ingestion of fluoride has been a concern evaluated in both animal 
and humans.
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TABLE 6-2 Human Reproductive Studies

Subjects Exposure Route, Duration Concentration/Dose Results Reference

Pregnant women (n = 25) Drinking water Maternal blood fluoride 
concentrations ranging from 
0.1 to 2.4 ppm

Fairly positive correlation (r = 0.736) between cord blood values and 
maternal blood fluoride concentrations. On average, the cord blood 
fluoride concentration was about 60% that in maternal blood. At a 
maternal fluoride concentration greater than 0.4 ppm, the cord blood 
fluoride concentration increased by only about 12%. The placenta was 
found to serve as an effective barrier within this range.

Gupta et al. 
1993

Pregnant women (n = 25) Drinking water Maternal plasma fluoride 
concentrations ranging from 
0.12 to 0.42 µg/mL

Cord plasma fluoride concentrations ranged from 0.11-0.39 µg/ml. In 8% 
of the cases, cord plasma concentrations were higher than maternal plamsa 
concentrations. Positive correlation (r = 0.97) in fluoride concentrations 
between maternal and cord plasma indicates that the placenta allowed 
passive diffusion of fluoride from mother to fetus.

Malhotra 
et al. 1993

Pregnant women 
undergoing amniocentesis 
(n = 121, divided into 6 
exposure groups)

Oral doses, 24 hours and 3 
hours before amniocentesis

0.56, 1.12, 1.68, 2.30, or 2.80 
mg of NaF corresponding to 
0.25, 0.50, 0.75, 1.00, or 1.25 
mg of F-

F-concentration in amniotic fluid was significantly higher than controls in 
the 1.25 mg/day F-group but not in any of the other exposure groups. No 
significant correlation between F-concentration in maternal plasma and in 
aminotic fluid.

Brambilla 
et al. 1994

Men (ages 28-30; n = 8) In vitro with spermatozoa, 
intervals of 5, 10, and 20 
minutes

25, 50, 250 mM (NaF) Substantial enhancement of acid phosphatase and hyaluronidase activities 
after 5 and 10 minutes (P < 0.001). Decrease in lysosomal enzyme 
activity after 20 minutes. Analysis of sperm revealed elongated heads, 
deflagellation, splitting, loss of the acrosome, and coiling of the tail. 
Glutathione concentrations exhibited time-dependent decrease with 
complete depletion after 20 minutes (P < 0.001). Suppressed sperm motility 
after 20 minutes at a dose of 250 mM (P < 0.001).

Chinoy and 
Narayana 
1994

 30 regions spread over nine 
states

Drinking water ≥ 3 mg/L (fluoride) In this ecological study, there was an association between decreasing 
total fertility rate and increasing fluoride concentrations in most regions. 
Combined result was a negative total fertility rate/fluoride association with 
a consensus combined P value of 0.0002-0.0004. Association was based on 
population means rather than individual women.

Freni 1994

Pregnant women (n = 22) Drinking water Maternal serum fluoride 
concentrations ranging from 
0.003-0.041µg/ml

Cord serum fluoride concentrations ranged from 0.003-0.078 µg/ml, 
and neonatal serum concentrations ranged from 0.017-0.078 µg/ml. No 
correlation in fluoride concentrations found between maternal and cord 
sera, maternal and neonatal sera, or maternal and neonatal sera.

Shimonovitz 
et al. 1995

Men with skeletal fluorosis 
(n = 30)

Drinking water 1.5-14.5 mg/L (fluoride) Serum testosterone concentrations in patients were significantly lower than 
controls (P < 0.01).

Susheela and 
Jethanandani 
1996

Male workers in Mexico 
(ages 20-50; n = 126) , who 
produce fluorohydric acid 
and aluminum fluoride 

Drinking water 3-27.4 mg/day (fluoride) In the high-fluoride exposure group, a significant increase in FSH (P < 0.05) 
and a reduction of inhibin-B, free testosterone, and prolactin in serum (P < 
0.05) were observed. Decreased sensitivity was found in the FSH response 
to inhibin-B (P < 0.05) when the high-exposure group was compared 
with the low-exposure group. Significant partial correlation was observed 
between urinary fluoride and serum concentrations of inhibin-B (P < 
0.028). No abnormalities were found in the semen parameters in either the 
high- or low-fluoride exposure groups.

Ortiz-Perez 
et al. 2003

ABBREVIATIONS: FSH, follicle-stimulating hormone.
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TABLE 6-2 Human Reproductive Studies

Subjects Exposure Route, Duration Concentration/Dose Results Reference

Pregnant women (n = 25) Drinking water Maternal blood fluoride 
concentrations ranging from 
0.1 to 2.4 ppm

Fairly positive correlation (r = 0.736) between cord blood values and 
maternal blood fluoride concentrations. On average, the cord blood 
fluoride concentration was about 60% that in maternal blood. At a 
maternal fluoride concentration greater than 0.4 ppm, the cord blood 
fluoride concentration increased by only about 12%. The placenta was 
found to serve as an effective barrier within this range.

Gupta et al. 
1993

Pregnant women (n = 25) Drinking water Maternal plasma fluoride 
concentrations ranging from 
0.12 to 0.42 µg/mL

Cord plasma fluoride concentrations ranged from 0.11-0.39 µg/ml. In 8% 
of the cases, cord plasma concentrations were higher than maternal plamsa 
concentrations. Positive correlation (r = 0.97) in fluoride concentrations 
between maternal and cord plasma indicates that the placenta allowed 
passive diffusion of fluoride from mother to fetus.

Malhotra 
et al. 1993

Pregnant women 
undergoing amniocentesis 
(n = 121, divided into 6 
exposure groups)

Oral doses, 24 hours and 3 
hours before amniocentesis

0.56, 1.12, 1.68, 2.30, or 2.80 
mg of NaF corresponding to 
0.25, 0.50, 0.75, 1.00, or 1.25 
mg of F-

F-concentration in amniotic fluid was significantly higher than controls in 
the 1.25 mg/day F-group but not in any of the other exposure groups. No 
significant correlation between F-concentration in maternal plasma and in 
aminotic fluid.

Brambilla 
et al. 1994

Men (ages 28-30; n = 8) In vitro with spermatozoa, 
intervals of 5, 10, and 20 
minutes

25, 50, 250 mM (NaF) Substantial enhancement of acid phosphatase and hyaluronidase activities 
after 5 and 10 minutes (P < 0.001). Decrease in lysosomal enzyme 
activity after 20 minutes. Analysis of sperm revealed elongated heads, 
deflagellation, splitting, loss of the acrosome, and coiling of the tail. 
Glutathione concentrations exhibited time-dependent decrease with 
complete depletion after 20 minutes (P < 0.001). Suppressed sperm motility 
after 20 minutes at a dose of 250 mM (P < 0.001).

Chinoy and 
Narayana 
1994

 30 regions spread over nine 
states

Drinking water ≥ 3 mg/L (fluoride) In this ecological study, there was an association between decreasing 
total fertility rate and increasing fluoride concentrations in most regions. 
Combined result was a negative total fertility rate/fluoride association with 
a consensus combined P value of 0.0002-0.0004. Association was based on 
population means rather than individual women.

Freni 1994

Pregnant women (n = 22) Drinking water Maternal serum fluoride 
concentrations ranging from 
0.003-0.041µg/ml

Cord serum fluoride concentrations ranged from 0.003-0.078 µg/ml, 
and neonatal serum concentrations ranged from 0.017-0.078 µg/ml. No 
correlation in fluoride concentrations found between maternal and cord 
sera, maternal and neonatal sera, or maternal and neonatal sera.

Shimonovitz 
et al. 1995

Men with skeletal fluorosis 
(n = 30)

Drinking water 1.5-14.5 mg/L (fluoride) Serum testosterone concentrations in patients were significantly lower than 
controls (P < 0.01).

Susheela and 
Jethanandani 
1996

Male workers in Mexico 
(ages 20-50; n = 126) , who 
produce fluorohydric acid 
and aluminum fluoride 

Drinking water 3-27.4 mg/day (fluoride) In the high-fluoride exposure group, a significant increase in FSH (P < 0.05) 
and a reduction of inhibin-B, free testosterone, and prolactin in serum (P < 
0.05) were observed. Decreased sensitivity was found in the FSH response 
to inhibin-B (P < 0.05) when the high-exposure group was compared 
with the low-exposure group. Significant partial correlation was observed 
between urinary fluoride and serum concentrations of inhibin-B (P < 
0.028). No abnormalities were found in the semen parameters in either the 
high- or low-fluoride exposure groups.

Ortiz-Perez 
et al. 2003

ABBREVIATIONS: FSH, follicle-stimulating hormone.
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Animal Studies

Studies gleaned from a search of the literature since 1990 that evaluated 
developmental toxicity in animal models are outlined in Table 6-3, listing 
the fluoride dosing regimens and main observations. High-dose hazard 
identification studies, such as a recently reported Xenopus embryo devel-
opment study using the FETAX assay (Goh and Neff 2003), suggest that 
developmental events are susceptible to disruption by fluoride.

For risk evaluation, several comprehensive studies of fluoride effects on 
development using standard guidelines and adequate numbers of animals 
have been conducted in rats and rabbits (Collins et al. 1995; Heindel et al. 
1996; Collins et al. 2001b). Those high-quality studies evaluated fluoride 
concentrations in drinking water of 0-300 mg/L in rats and 0-400 mg/L in 
rabbits. Across the studies, there was a trend toward lower maternal body 
weights and lower maternal intake of food and water at the higher concen-
trations in both rats and rabbits (250-400 mg/L). Overall, developmental 
effects of fluoride were minimal, with 250 mg/L in rats being the lowest-
observed-adverse-effect level due to skeletal variations (Collins et al. 1995, 
2001b). For rabbits, the no-observed-adverse-effect level was >400 mg/L 
for administration during gestation days 6-19, the period of organogenesis 
(Heindel et al. 1996).

Human Studies

The few studies gleaned from a search of the literature since 1990 that 
evaluated developmental effects of fluoride ingestion in humans are outlined 
in Table 6-4, listing the type of study, estimated fluoride exposure, and main 
observations. These studies have focused on examining an association be-
tween fluoride and three different human developmental outcomes—spina 
bifida occulta, sudden infant death syndrome, and Down’s syndrome. Two 
small studies have raised the possibility of an increased incidence of spina 
bifida occulta in fluorosis-prone areas in India (Gupta et al. 1994, 1995); 
larger, well-controlled studies are needed to evaluate that possibility further. 
Studies from New Zealand (Mitchell et al. 1991; Dick et al. 1999) found 
no association between fluoride and sudden infant death syndrome. In one 
of those studies (Dick et al. 1999), a nationwide case-control database of 
sudden infant death syndrome was evaluated for fluoride exposure status 
and controlled for the method of infant feeding (breast or reconstituted 
formula) with the conclusion that exposure to fluoridated water prenatally 
or postnatally at the time of death did not affect the relative risk of sudden 
infant death syndrome.

A small number of ecologic studies have examined Down’s syndrome 
(trisomy 21) prevalence among populations in municipalities with differ-
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ences in water fluoride concentrations. The possible association of cytoge-
netic effects with fluoride exposure (see Chapter 10) suggests that Down’s 
syndrome is a biologically plausible outcome of exposure. There are other 
indications in the literature that environmental exposures could contribute 
to an increased incidence of Down’s syndrome births among younger moth-
ers (Read 1982; Yang et al. 1999; Hassold and Sherman 2000; Peterson and 
Mikkelsen 2000).1 There are many difficulties with analyzing the available 
data on Down’s syndrome and fluoride. First, the source of the data on 
Down’s syndrome births must be considered. Sources have included birth 
certificates, hospital records, and reports from parents. Birth certificates are 
not an ideal source of data because signs of Down’s syndrome are not always 
readily apparent at birth and the condition, even when diagnosed early, is 
not always recorded on the birth certificate. Thus, considerable differences 
can be expected in the data collected when different sources are used to 
determine the incidence of the disorder. At the present time, the only firm 
diagnosis of Down’s syndrome comes from examination of chromosomes 
or DNA. Second, the mother’s history of exposure to fluoride is difficult to 
determine. The fact that a woman has a baby in one city does not mean she 
is from that city or indicate how long she has been in the region. Third, the 
age of the mother is an important risk factor in the occurrence of children 
with Down’s syndrome; the rates rise exponentially with age.

1Some fraction of maternal recombination events, prior to the first meiotic division, appar-
ently result in a chromosome 21 tetrad (paired chromosomes each with two chromatids) that is 
more susceptible to nondisjunction, due to lack of a cross-over or to very proximal or very dis-
tal location of the cross-over (Lamb et al. 1996; 1997; Brown et al. 2000; Hassold and Sherman 
2000; Petersen and Mikkelsen 2000; Pellestor et al. 2003). Production of the susceptible tetrad 
occurs during the mother’s own fetal development and appears to be age-independent (Lamb et 
al. 1996; 1997; Brown et al. 2000; Hassold and Sherman 2000; Hassold et al. 2000; Petersen 
and Mikkelsen 2000). However, the likelihood that the susceptible tetrad will be processed 
abnormally—i.e., will give rise to nondisjunction rather than segregating normally—appears 
to be age-dependent, with an increased likelihood of nondisjunction with increased maternal 
age (Lamb et al. 1996; 1997; Brown et al. 2000; Hassold and Sherman 2000; Hassold et al. 
2000; Wolstenholme and Angell 2000; Petersen and Mikkelsen 2000). This age-related effect 
involves a disturbance of the meiotic process (e.g., failure of the spindle apparatus or degrada-
tion of a meiotic protein), inhibition of a DNA repair enzyme, or an environmental exposure 
(Lamb et al. 1997; Brown et al. 2000; Hassold and Sherman 2000; Petersen and Mikkelsen 
2000; Wolstenholme and Angell 2000; Pellestor et al. 2003), and is probably multifactorial 
(Pellestor et al. 2003). Environmental factors that disrupt the meiotic process could increase the 
likelihood of Down syndrome births in younger mothers, essentially increasing the likelihood 
of incorrect segregation of susceptible tetrads to that generally seen in older women. According 
to Petersen and Mikkelsen (2000), “the findings suggest that aging alone is sufficient to disrupt 
the meiotic process, whereas in younger women there is a higher requirement for a genetic or 
environmental factor for nondisjunction to occur.” For example, Yang et al. (1999) reported 
that for a specific type of maternal meiotic error, for younger mothers, there was a significant 
association with environmental exposures (in this case, maternal smoking, especially in com-
bination with the use of oral contraceptives) around the time of conception.
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TABLE 6-3 Developmental Toxicity Studies

Species, Sex, 
Number 

Exposure 
Route Concentration/ Dose Exposure Duration Effects Reference

Rat, F, 33-35/group Drinking 
water

0, 10, 25, 100, 175, 250 
mg/L (NaF)
Mean doses:
0, 1.4, 3.9, 15.6, 24.7, 
and 25.1 mg/kg/day (NaF)

From day of sperm 
detection to gestation 
day 20

Significant reductions in maternal water consumption in the two highest-dose 
groups and a significant reduction in maternal feed consumption in the high-
dose group. Body weights of dams were reduced in the higher-dose groups.
The only significant developmental effect was an increase in the average number 
of fetuses with three or more skeletal variations in the 25.1-mg/kg/day group.

Collins 
et al. 
1995

Rat, F, 10/group Drinking 
water

40 mg/kg/day (NaF) From day 6 to 19 of 
gestation

NaF caused significantly lowered body weight, feed consumption, absolute 
uterine weight, and number of implantations. Higher incidence of skeletal (14th 
rib, dumbbell-shaped 5th sternebrae, incomplete ossification of skull, wavy ribs) 
and visceral abnormalities (subcutaneous hemorrhage) in fetuses. Vitamin D 
treatment improved reductions in body weight, feed consumption, and uterine 
weight.

Guna 
Sherlin 
and 
Verma 
2001

Rat, M, F, 40-50 
animals/group from 
4 or 5 litters at each 
age

Intraperitoneal 
injection

0, 30 and 48 mg/kg (NaF) Single injection on 
postnatal day 1, 8, 15, 
or 29

Changes in renal function included decreased body weight after NaF treatment 
at 30 or 48 mg/kg; increased kidney/body weight ratio in the 48-mg/kg group; 
decreased urinary pH; decreased chloride excretion in the 48 mg/kg group, 
and increased urinary volume 120 hours after treatment. Renal toxicity was 
observed in postweaning day 29 rats. NaF exposure resulted in increased kidney/
body weight ratio and kidney weight, profound diuresis, decreased urinary 
osmolality, and decreased ability to concentrate urine during water deprivation. 
Decrease in urinary chloride excretion was observed for the first 2 days after 
exposure; it was increased in water-deprived rats 120 hours after treatment. 
Hematuria and glucosuria were observed for 2 days after treatment with 48 
mg/kg. Renal sensitivity noted after weaning in day 29 rats. Histological lesions 
noted in proximal tubules of treated day 29 rats. 

Datson  
et al. 
1985

Rat, M, F, 26/group
Rabbit, M, F, 
26/group 

Drinking 
water

Rat: 0, 50, 150, 300 mg/L 
(NaF)
(mean doses 6.6, 18.3, and 
27.1 mg/kg/day)
Rabbit: 0, 100, 200, 400 
mg/L (NaF) (mean doses 
10.3, 18.1, and 29.2 
mg/kg/day)

Rat: from gestational 
day 6 to 15
Rabbit: from 
gestational day 6 to 19

In high-dose group, initial decreased body weight gain (recovered over time) and 
decreased water consumption. No clinical signs of toxicity were observed. In 
both the rabbit and rat, maternal exposure to NaF during organogenesis did not 
substantially affect frequency of postimplantation loss, mean fetal body weight/
litter, and visceral or skeletal malformations. The NOAEL for maternal toxicity 
was 18 mg/kg/day (NaF) in drinking water for rats and rabbits. The NOAEL for 
developmental toxicity was greater than 27 mg/kg/day (NaF) for rats and greater 
than 29 mg/kg/day for rabbits.

Heindel 
et al. 
1996

Rat, M, F, 3 
generations (F0, F1, 
F2), F0: 48 M, 48 
F/group; F1: 36 M, 
36 F/group; F2: 238 
fetuses

Drinking 
water

0, 25, 100, 175, 250 mg/L 
(NaF)
Mean doses: (F0): 3.4, 
12.4, 18.8, 28.0 mg/kg/
day (NaF)
(F1): 3.4, 13.2, 19.3, 25.8 
mg/kg/day (NaF)

F0: 10 weeks No dose-related feed consumption or mean body weight gain in either F0 or F1 
females. Statistically significant decreases in fluid consumption for F0 at 250 
mg/L and F1 at 175 and 250 mg/L. Corpora lutea, implants, fetal morphological 
development, and viable fetuses were similar in all groups. No dose-related 
anomalies in internal organs were observed in F2 fetuses. Ossification of the 
hyoid bone was significantly decreased among F2 fetuses at 250 mg/L.

Collins 
et al. 
2001b

Frog (Xenopus) 
embryo, 20/group

Incubated 
with NaF 
solution

100-1,000 ppm (NaF) 2, 3, 4, 5, 9, 14.75 
hours after fertilization

Reduction in head-tail lengths and dysfunction of the neuromuscular system of 
the tadpoles. EC50 for malformation in growth after exposure to NaF 5 hours 
after fertilization is 184 ppm. Calculated LC50 is 632 ppm. Values for EC50 and 
LC50 met the limits established for a teratogen in frog embryos.

Goh and 
Neff 
2003

ABBREVIATIONS: EC50, median effective concentration; F, female; LC50, median lethal 
concentration; M, male; NOAEL, no-observed-adverse-effect level.
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REPRODUCTIVE AND DEVELOPMENTAL EFFECTS OF FLUORIDE 1��

TABLE 6-3 Developmental Toxicity Studies

Species, Sex, 
Number 

Exposure 
Route Concentration/ Dose Exposure Duration Effects Reference

Rat, F, 33-35/group Drinking 
water

0, 10, 25, 100, 175, 250 
mg/L (NaF)
Mean doses:
0, 1.4, 3.9, 15.6, 24.7, 
and 25.1 mg/kg/day (NaF)

From day of sperm 
detection to gestation 
day 20

Significant reductions in maternal water consumption in the two highest-dose 
groups and a significant reduction in maternal feed consumption in the high-
dose group. Body weights of dams were reduced in the higher-dose groups.
The only significant developmental effect was an increase in the average number 
of fetuses with three or more skeletal variations in the 25.1-mg/kg/day group.

Collins 
et al. 
1995

Rat, F, 10/group Drinking 
water

40 mg/kg/day (NaF) From day 6 to 19 of 
gestation

NaF caused significantly lowered body weight, feed consumption, absolute 
uterine weight, and number of implantations. Higher incidence of skeletal (14th 
rib, dumbbell-shaped 5th sternebrae, incomplete ossification of skull, wavy ribs) 
and visceral abnormalities (subcutaneous hemorrhage) in fetuses. Vitamin D 
treatment improved reductions in body weight, feed consumption, and uterine 
weight.

Guna 
Sherlin 
and 
Verma 
2001

Rat, M, F, 40-50 
animals/group from 
4 or 5 litters at each 
age

Intraperitoneal 
injection

0, 30 and 48 mg/kg (NaF) Single injection on 
postnatal day 1, 8, 15, 
or 29

Changes in renal function included decreased body weight after NaF treatment 
at 30 or 48 mg/kg; increased kidney/body weight ratio in the 48-mg/kg group; 
decreased urinary pH; decreased chloride excretion in the 48 mg/kg group, 
and increased urinary volume 120 hours after treatment. Renal toxicity was 
observed in postweaning day 29 rats. NaF exposure resulted in increased kidney/
body weight ratio and kidney weight, profound diuresis, decreased urinary 
osmolality, and decreased ability to concentrate urine during water deprivation. 
Decrease in urinary chloride excretion was observed for the first 2 days after 
exposure; it was increased in water-deprived rats 120 hours after treatment. 
Hematuria and glucosuria were observed for 2 days after treatment with 48 
mg/kg. Renal sensitivity noted after weaning in day 29 rats. Histological lesions 
noted in proximal tubules of treated day 29 rats. 

Datson  
et al. 
1985

Rat, M, F, 26/group
Rabbit, M, F, 
26/group 

Drinking 
water

Rat: 0, 50, 150, 300 mg/L 
(NaF)
(mean doses 6.6, 18.3, and 
27.1 mg/kg/day)
Rabbit: 0, 100, 200, 400 
mg/L (NaF) (mean doses 
10.3, 18.1, and 29.2 
mg/kg/day)

Rat: from gestational 
day 6 to 15
Rabbit: from 
gestational day 6 to 19

In high-dose group, initial decreased body weight gain (recovered over time) and 
decreased water consumption. No clinical signs of toxicity were observed. In 
both the rabbit and rat, maternal exposure to NaF during organogenesis did not 
substantially affect frequency of postimplantation loss, mean fetal body weight/
litter, and visceral or skeletal malformations. The NOAEL for maternal toxicity 
was 18 mg/kg/day (NaF) in drinking water for rats and rabbits. The NOAEL for 
developmental toxicity was greater than 27 mg/kg/day (NaF) for rats and greater 
than 29 mg/kg/day for rabbits.

Heindel 
et al. 
1996

Rat, M, F, 3 
generations (F0, F1, 
F2), F0: 48 M, 48 
F/group; F1: 36 M, 
36 F/group; F2: 238 
fetuses

Drinking 
water

0, 25, 100, 175, 250 mg/L 
(NaF)
Mean doses: (F0): 3.4, 
12.4, 18.8, 28.0 mg/kg/
day (NaF)
(F1): 3.4, 13.2, 19.3, 25.8 
mg/kg/day (NaF)

F0: 10 weeks No dose-related feed consumption or mean body weight gain in either F0 or F1 
females. Statistically significant decreases in fluid consumption for F0 at 250 
mg/L and F1 at 175 and 250 mg/L. Corpora lutea, implants, fetal morphological 
development, and viable fetuses were similar in all groups. No dose-related 
anomalies in internal organs were observed in F2 fetuses. Ossification of the 
hyoid bone was significantly decreased among F2 fetuses at 250 mg/L.

Collins 
et al. 
2001b

Frog (Xenopus) 
embryo, 20/group

Incubated 
with NaF 
solution

100-1,000 ppm (NaF) 2, 3, 4, 5, 9, 14.75 
hours after fertilization

Reduction in head-tail lengths and dysfunction of the neuromuscular system of 
the tadpoles. EC50 for malformation in growth after exposure to NaF 5 hours 
after fertilization is 184 ppm. Calculated LC50 is 632 ppm. Values for EC50 and 
LC50 met the limits established for a teratogen in frog embryos.

Goh and 
Neff 
2003

ABBREVIATIONS: EC50, median effective concentration; F, female; LC50, median lethal 
concentration; M, male; NOAEL, no-observed-adverse-effect level.
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Two early papers (Rapaport 1956, 1963) reported an association be-
tween elevated rates of Down’s syndrome and high water fluoride concen-
trations. Rapaport also was the first to suggest that maternal age might be 
an important consideration, with the association between drinking water 
fluoride concentrations and elevated rates of Down’s syndrome particularly 
pronounced among young mothers. However, the impact of Rapaport’s 
observations is limited by some significant methodological concerns, in-
cluding the use of crude rates as opposed to maternal age-specific rates, 
limited case ascertainment, and the presentation of crude rates per 100,000 
population as opposed to per live births. Several subsequent reports (Berry 
1958; Needleman et al. 1974; Erickson et al. 1976; Erickson 1980) studied 
the association of Down’s syndrome with fluoride or water fluoridation. 
Berry (1958) found little difference in rates of Down’s syndrome between 
communities with relatively high and low water fluoride concentrations; 
however, the populations evaluated were small, and maternal age was 
not considered in the analysis. Needleman et al. (1974) found a positive 
association between water fluoride concentration and Down’s syndrome 
incidence when crude incidence rates were compared; however, this ap-
parent association was largely lost when the comparison was limited to 
before and after fluoridation for a subset of towns that introduced water 
fluoridation, an attempt to partially control for maternal age. Erickson et 
al. (1976) used data from two sources, the Metropolitan Atlanta Congenital 
Malformations Surveillance Program and the National Cleft Lip and Pal-
ate Intelligence Service. The metropolitan Atlanta database is particularly 
robust, with detailed retrospective ascertainment. Erickson et al. (1976) 
found no overall association between the crude incidence rates of Down’s 
syndrome and water fluoridation; however, their data suggested a possible 
increased rate of Down’s syndrome among births to mothers below age 30. 
Takahashi (1998) grouped Erickson’s metropolitan Atlanta data for mothers 
under 30 and calculated a highly significant association (P < 0.005) between 
fluoridated water and Down’s syndrome births to young mothers. A recent 
review (Whiting et al. 2001) has evaluated the quality of the literature and 
concluded that an association between water fluoride concentration and 
Down’s syndrome incidence is inconclusive. While the committee agrees 
with this overall characterization, the review by Whiting et al. was prob-
lematic. For example, it described all six studies as ecological and all but 
one (Rapaport 1956) as having found the majority of cases. However, some 
studies were partially ecologic, assigning exposure at the group level but 
categorizing case status and limited covariates (age, race) at the individual 
level. Erickson (1980) ascertained cases via birth certificates and explicitly 
acknowledged problems with this approach.

Overall, the available studies of fluoride effects on human development 
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are few and have some significant shortcomings in design and power, limit-
ing their impact.

Findings

A large number of reproductive and developmental studies in animals 
have been conducted and published since 1990, and the overall quality of 
the database has improved significantly. High-quality studies in laboratory 
animals over a range of fluoride concentrations (0-250 mg/L in drinking wa-
ter) indicate that adverse reproductive and developmental outcomes occur 
only at very high concentrations. A few studies of human populations have 
suggested that fluoride might be associated with alterations in reproductive 
hormones, fertility, and Down’s syndrome, but their design limitations make 
them of little value for risk evaluation.

reCommendations

•	 Studies in occupational settings are often useful in identifying target 
organs that might be susceptible to disruption and in need of further evalu-
ation at the lower concentrations of exposure experienced by the general 
population. Therefore, carefully controlled studies of occupational exposure 
to fluoride and reproductive parameters are needed to further evaluate the 
possible association between fluoride and alterations in reproductive hor-
mones reported by Ortiz-Perez et al. (2003).

•	 Freni (1994) found an association between high fluoride concentra-
tions (3 mg/L or more) in drinking water and decreased total fertility rate. 
The overall study approach used by Freni has merit and could yield valuable 
new information if more attention is given to controlling for reproductive 
variables at the individual and group levels. Because that study had design 
limitations, additional research is needed to substantiate whether an associa-
tion exists.

•	 A reanalysis of data on Down’s syndrome and fluoride by Takahashi 
(1998) suggested a possible association in children born to young mothers. 
A case-control study of the incidence of Down’s syndrome in young women 
and fluoride exposure would be useful for addressing that issue. However, it 
may be particularly difficult to study the incidence of Down’s syndrome to-
day given increased fetal genetic testing and concerns with confidentiality.
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7

Neurotoxicity and 
Neurobehavioral Effects

This chapter evaluates the effects of fluoride on the nervous system 
and behavior, with particular emphasis on studies conducted since the ear-
lier NRC (1993) review. The human data include epidemiologic studies of 
populations exposed to different concentrations of fluoride and individual 
case studies. In addition, laboratory studies of behavioral, biochemical, 
and neuroanatomical changes induced by fluoride have been reviewed and 
summarized. At the end of the chapter, conclusions and recommendations 
for future research are presented.

human studies

Cognitive Effects

Several studies from China have reported the effects of fluoride in drink-
ing water on cognitive capacities (X. Li et al. 1995; Zhao et al. 1996; Lu 
et al. 2000; Xiang et al. 2003a,b). Among the studies, the one by Xiang et 
al. (2003a) had the strongest design. This study compared the intelligence 
of 512 children (ages 8-13) living in two villages with different fluoride 
concentrations in the water. The IQ test was administered in a double-blind 
manner. The high-fluoride area (Wamiao) had a mean water concentration 
of 2.47 ± 0.79 mg/L (range 0.57-4.50 milligrams per liter [mg/L]), and the 
low-fluoride area (Xinhuai) had a mean water concentration of 0.36 ± 0.15 
mg/L (range 0.18-0.76 mg/L). The populations studied had comparable 
iodine and creatinine concentrations, family incomes, family educational 
levels, and other factors. The populations were not exposed to other sig-
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nificant sources of fluoride, such as smoke from coal fires, industrial pollu-
tion, or consumption of brick tea. Thus, the difference in fluoride exposure 
was attributed to the amount in the drinking water. Mean urinary fluoride1 
concentrations were found to be 3.47 ± 1.95 mg/L in Wamiao and 1.11 ± 
0.39 mg/L in Xinhuai. Using the combined Raven’s Test for Rural China, 
the average intelligence quotient (IQ) of the children in Wamiao was found 
to be significantly lower (92.2 ± 13.00; range, 54-126) than that in Xinhuai 
(100.41 ± 13.21; range, 60-128).

The IQ scores in both males and females declined with increasing fluo-
ride exposure. The distribution of IQ scores from the females in the two 
villages is shown in Figure 7-1. A comparable illustration of the IQ scores 
of males is shown in Figure 7-2. The number of children in Wamiao with 
scores in the higher IQ ranges was less than that in Xinhuai. There were 
corresponding increases in the number of children in the lower IQ range. 
Modal scores of the IQ distributions in the two villages were approximately 
the same. A follow-up study to determine whether the lower IQ scores of 
the children in Wamiao might be related to differences in lead exposure 
disclosed no significant difference in blood lead concentrations in the two 
groups of children (Xiang et al. 2003b).

A study conducted by Lu et al. (2000) in a different area of China also 
compared the IQs of 118 children (ages 10-12) living in two areas with dif-
ferent fluoride concentrations in the water (3.15 ± 0.61 mg/L in one area 
and 0.37 ± 0.04 mg/L in the other). The children were lifelong residents of 
the villages and had similar social and educational levels. Urinary fluoride 
concentrations were measured at 4.99 ± 2.57 mg/L in the high-fluoride area 
and 1.43 ± 0.64 mg/L in the low-fluoride area. IQ measurements using the 
Chinese Combined Raven’s Test, Copyright 2 (see Wang and Qian 1989), 
showed significantly lower mean IQ scores among children in the high-fluo-
ride area (92.27 ± 20.45) than in children in the low-fluoride area (103.05 
± 13.86). Of special importance, 21.6% of the children in the high-fluoride 
village scored 70 or below on the IQ scale. For the children in the low-fluo-
ride village, only 3.4% had such low scores. Urinary fluoride concentrations 
were inversely correlated with mental performance in the IQ test. Qin and 
Cui (1990) observed similar negative correlation between IQ and fluoride 
intake through drinking water.

Zhao et al. (1996) also compared the IQs of 160 children (ages 7-14) 

1In the following sections of the chapter, the word “fluoride” is used frequently to indicate 
what is being measured in blood or urine of people or animals after some treatment with a 
fluoride. According to medical dictionaries, the word fluoride refers to any binary compound 
containing fluorine. In many studies, the amount of fluoride reported in urine, blood, or tissue 
of subjects is the amount of fluorine in the specimen(s). The measurements are frequently re-
ferred to as the amount of fluoride present. Furthermore, it is virtually impossible to distinguish 
between the species of fluoride measured.
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FIGURE 7-1 Distribution of IQ scores from females in Wamiao and Xinuai. 
SOURCE: data from Xiang et al. 2003a.

FIGURE 7-2 Distribution of IQ scores from males in Wiamiao and Xinuai. 
SOURCE: data from Xiang et al. 2003a.

living in a high-fluoride area (average concentration of 4.12 mg/L) with 
those of children living in a low-fluoride area (average concentration 0.91 
mg/L). Using the Rui Wen Test, the investigators found that the average IQ 
of children in the high-fluoride area (97.69) was significantly lower than 
that of children in the low-fluoride area (105.21). No sex differences were 
found, but, not surprisingly, IQ scores were found to be related to parents’ 
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education. The investigators also reported that enamel fluorosis was pres-
ent in 86% of the children in the high-exposure group and in 14% of the 
children in the low-exposure group and that skeletal fluorosis was found 
only in the high-exposure group at 9%.

Another Chinese study evaluated fluoride exposure due to inhalation 
of soot and smoke from domestic coal fires used for cooking, heating, and 
drying grain (Li et al. 1995). Many of the children exhibited moderate to 
severe enamel fluorosis. The average IQ of 900 children (ages 8-13) from an 
area with severe enamel fluorosis was 9-15 points lower than the average IQ 
of children from an area with low or no enamel fluorosis. Urinary fluoride 
concentrations were found to be inversely correlated with IQ, as measured 
by the China Rui Wen Scale for Rural Areas, and were monotonically related 
to the degree of enamel fluorosis. Studies based on fluoride exposure from 
the inhalation of smoke from coal fires are difficult to interpret because of 
exposure to many other contaminants in smoke.

The significance of these Chinese studies is uncertain. Most of the papers 
were brief reports and omitted important procedural details. For example, 
some studies used a modification of the Raven Progressive Matrix test but 
did not specify what the modifications were or describe how the test was 
administered. Most of the studies did not indicate whether the IQ tests were 
administered in a blinded manner. Some of the effects noted in the studies 
could have been due to stress induced by the testing conditions. Without 
detailed information about the testing conditions and the tests themselves, 
the committee was unable to assess the strength of the studies. Despite this, 
the consistency of the collective results warrants additional research on the 
effects of fluoride on intelligence in populations that share similar languages, 
backgrounds, socioeconomic levels, and other commonalities.

It should be noted that many factors outside of native intelligence 
influence performance on IQ tests. One factor that might be of relevance 
to fluoride is impairment of thyroid gland function (see Chapter 8). For 
example, hypothyroidism produces tiredness, depression, difficulties in 
concentration, memory impairments, and impaired hearing. In addition, 
there is some evidence that impaired thyroid function in pregnant women 
can lead to children with lower IQ scores (Klein et al. 2001).

Mental and Physiological Changes

There are numerous reports of mental and physiological changes after 
exposure to fluoride from various routes (air, food, and water) and for vari-
ous time periods (Waldbott et al. 1978). A number of the reports are, in fact, 
experimental studies of one or more individuals who underwent withdrawal 
from their source of fluoride exposure and subsequent re-exposures under 
“blind” conditions. In most cases, the symptoms disappeared with the elimi-
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nation of exposure to fluoride and returned when exposure was reinstated. 
In some instances, when the fluoride was given in water, this procedure was 
repeated several times under conditions in which neither the patient nor the 
provider of the fluoride knew whether the water contained fluoride. Also 
reported are instances when fluoride-produced symptoms occurred when 
people moved into a community with fluoridated water but disappeared 
when the individuals moved to a nonfluoridated community.

Spittle (1994) reviewed surveys and case reports of individuals exposed 
occupationally or therapeutically to fluoride and concluded there was sug-
gestive evidence that fluoride could be associated with cerebral impairment. 
A synopsis of 12 case reports of fluoride-exposed people of all ages showed 
common sequelae of lethargy, weakness, and impaired ability to concentrate 
regardless of the route of exposure. In half the cases, memory problems were 
also reported. Spittle (1994) described several of the biochemical changes in 
enzymatic systems that could account for some of the psychological changes 
found in patients. He suggested that behavioral alterations found after ex-
cessive exposure could be due to the disruption of the N-H bonds in amines, 
and subsequently in proteins, by the production of N-F bonds (Emsley et 
al. 1981). This unnatural bond would distort the structure of a number of 
proteins with the collective potential to cause important biological effects. 
Fluorides also distort the structure of cytochrome-c peroxidase (Edwards et 
al. 1984). Spittle also noted the likelihood of fluoride interfering with the 
basic cellular energy sources used by the brain through the formation of 
aluminum fluorides (Jope 1988) and subsequent effects on G proteins.

Effects of Silicofluorides

It has been suggested that the silicofluorides used to fluoridate drink-
ing water behave differently in water than other fluoride salts (see Chapter 
2 for further discussion) and produce different biological effects. For ex-
ample, adding sodium silicofluoride (Na2SiF6) or fluorosilicic acid (H2SiF6) 
to drinking water has been reported to increase the accumulation of the 
neurotoxicant lead in the body (Masters and Coplan 1999; Masters et al. 
2000). This association was first attributed to increased uptake of lead 
(from whatever source) caused by fluoride. However, enhanced lead con-
centrations were found only when the water treatments were made with a 
fluorosilicate and in children already in a high-lead exposure group.

Urbansky and Schock (undated, 2000) took exception to almost all 
aspects of the studies by Masters and Coplan on the fluorosilicates. They 
argued that, under the conditions prevailing at the time of the addition of 
silicofluorides to drinking water, silicofluorides would be completely hydro-
lyzed before they reached the consumer’s tap (Urbansky and Schock 2000). 
Measurement techniques and statistical methods were also questioned. They 
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concluded that there is no “credible evidence” that water fluoridation has 
any quantifiable effect on the solubility, bioavailability, or bioaccumulation 
of any form of lead.

Another issue that has been raised about differential effects of silico-
fluorides comes from the dissertation of Westendorf (1975). In that study, 
silicofluorides were found to have greater power to inhibit the synthesis 
of cholinesterases, including acetylcholinesterase, than sodium fluoride 
(NaF). For example, under physiological conditions, one molar equivalent 
of silicofluoride is more potent in inhibiting acetylcholinesterase than six 
molar equivalents of NaF (Knappwost and Westendorf 1974). This could 
produce a situation in which acetylcholine (ACh) accumulates in the vicinity 
of ACh terminals and leads to excessive activation of cholinergic receptors 
in the central and peripheral nervous system. At high concentrations, agents 
with this capability are frequently used in insecticides and nerve gases. At 
intermediate concentrations, choking sensations and blurred vision are of-
ten encountered. Modifications of the effectiveness of the acetylcholinergic 
systems of the nervous system could account for the fact that, even though 
native intelligence per se may not be altered by chronic ingestion of water 
with fluoride ranging from 1.2 to 3 mg/L, reaction times and visuospatial 
abilities can be impaired. These changes would act to reduce the tested 
IQ scores. Such noncognitive impairments in children were reported in a 
meeting abstract (Calderon et al. 2000), but a full publication has not been 
issued. Extended reaction times have been associated with impaired function 
of the prefrontal lobes, a behavioral change not directly tied to alterations 
in IQ (Winterer and Goldman 2003). Because almost all IQ tests are “time-
restricted,” slow reaction times would impair measured performance.

An interesting set of calculations was made by Urbansky and Schock 
(undated)—namely, compilation of the binding strengths of various ele-
ments with fluorine. They studied eight different complexes. Aluminum and 
fluorine have the highest binding affinity. Fluorine also forms complexes 
with other elements including sodium, iron, calcium, magnesium, copper, 
and hydrogen. Associations with some of these other elements may have 
implications for some of the neurotoxic effects noted after fluoride or SiF 
exposure.

Dementia

For more than 30 years it has been known that Alzheimer’s disease 
is associated with a substantial decline in cerebral metabolism (Sokoloff 
1966). This original observation has been replicated many times since then. 
The decrease is reflected in the brain’s metabolic rate for glucose, cerebral 
rate for oxygen, and cerebral blood flow. In terms of reduced cerebral 
blood flow, the reduction found in Alzheimer’s patients is about three times 
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greater than in patients with multi-infarct dementia. As early as 1983, Fos-
ter et al. (1983) demonstrated a general decline in the rate of utilization of 
glucose with the marker F-2-fluorodeoxyglucose with a positron-emission 
tomography scan. Recently, over and above the general decline in aerobic 
metabolism, several patterns of enhanced decreases in energy utilization 
have been demonstrated. The temporal, parietal, and frontal regions are 
areas with some of the greatest reductions (Weiner et al. 1993; Starkstein et 
al. 1995). It is possible that the decline in glucose utilization is an early sign 
of the onset of dementia (Johnson et al. 1988; Silverman and Small 2002). 
In addition there is evidence from a number of sources that alterations in-
duced by Alzheimer’s disease can be observed in many body regions and in 
blood. This indicates that the disease has system-wide effects in the body. 
One system particularly sensitive to carbohydrate utilization is the collection 
of areas involved with the synthesis of ACh. The release of this transmitter 
is also negatively affected by the interruption of aerobic metabolism and 
the effect can be noticed in the projection fields of the cholinergic systems. 
Fluoride produces additional effects on the ACh systems of the brain by its 
interference with acetylcholinesterase.

Most of the drugs used today to treat Alzheimer’s disease are agents that 
enhance the effects of the remaining ACh system. Nevertheless, it must be 
remembered that one certain characteristic of Alzheimer’s disease is a gen-
eral reduction of aerobic metabolism in the brain. This results in a reduction 
in energy available for neuronal and muscular activity.

Because of the great affinity between fluorine and aluminum, it is pos-
sible that the greatest impairments of structure and function come about 
through the actions of charged and uncharged AlF complexes (AlFx). In the 
late 1970s and through the early 1990s there was considerable interest in the 
possibility that elemental aluminum was a major contributing factor to the 
development of dementia of the Alzheimer’s variety as well as to other neu-
rological disorders. In a study of more than 3,500 French men and women 
above the age of 65 (Jacqmin et al. 1994), a significant decrease in cognitive 
abilities was found when their drinking water contained calcium, aluminum, 
and fluorine. Only aluminum showed any relation to cognitive impairment 
and that depended on the pH of the drinking water being below 7.3. Curi-
ously, at higher pH values, a favorable effect on cognitive actions was found. 
In recent work with animals, aluminum-induced behavioral changes similar 
to those found in human dementia, as well as correlated histological changes 
in animals’ brains, were found (Miu et al. 2003). Active research contin-
ues at the cellular level on the neural mechanisms disturbed by aluminum 
(Becaria et al. 2003; Millan-Plano et al. 2003). On the epidemiological side 
there are inconsistencies in the results of different studies. For example, 
a recent review concludes that “the toxic effects of aluminum cannot be 
ruled out either, and thus exposure to aluminum should be monitored and 
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limited as far as possible” (Suay and Ballester 2002). In addition to a deple-
tion of acetylcholinesterase, fluoride produces alterations in phospholipid 
metabolism and/or reductions in the biological energy available for normal 
brain functions (see section later in this chapter on neurochemical effects). 
In addition, the possibility exists that chronic exposure to AlFx can pro-
duce aluminum inclusions with blood vessels as well as in their intima and 
adventitia. The aluminum deposits inside the vessels and those attached to 
the intima could cause turbulence in the blood flow and reduced transfer of 
glucose and O2 to the intercellular fluids. Finally histopathological changes 
similar to those traditionally associated with Alzheimer’s disease in people 
have been seen in rats chronically exposed to AlF (Varner et al. 1998).

animal studies

Behavioral Changes

Studies of NaF

One of the most frequently cited and much discussed studies reporting 
a link between fluoride and behavior is by Mullenix et al. (1995). The study 
involved administering NaF to rats at different ages. Two groups of rats 
were exposed to NaF during gestation by subcutaneous injections given to 
pregnant dams. Other groups of rats received NaF in water beginning at 
weaning. Another set of rats was exposed to NaF in water in adulthood. 
Because of differences in the treatment regimes, procedures involved with 
the transport of animals at different ages, and other alterations in methods 
between the age groups, the data from the study are meaningful only if they 
are considered separately.

In “experiment 1,” pregnant dams were subcutaneously injected with 
NaF at 0.13 mg/kg either on gestational days 14-18 (one or two injections 
per day, for a total of nine injections) or on days 17-19 (three injections per 
day). In “experiment 2,” NaF at 75, 100, 125, or 175 mg/L was admin-
istered in the drinking water to rats at 21 days of age for 6-20 weeks. In 
“experiment 3,” 12-week-old rats were given NaF at 100 mg/L in drinking 
water for 5-6 weeks. Behavioral tests were performed on prenatally treated 
and weanling rats at 9 weeks of age, and adult-treated rats were tested at 
the end of their exposure period. Concentrations of fluoride in plasma in 
seven brain regions were measured at the time of sacrifice.

To appreciate the data generated by the testing procedures, some de-
tails of the testing methods and data analysis used in the Mullenix et al. 
study must be considered. The methods used were ones developed earlier 
to quantify animal behavior by using computer-based methods (Kernan et 
al. 1987, 1988: Kernan and Mullenix 1991). The basic procedures involved 
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the following: The animals were tested in pairs consisting of a treated and a 
control rat. They were placed in a Plexiglas chamber divided in the middle 
by a Plexiglas wall to make two adjacent testing chambers. This wall had 
several holes in it. Thus, each rat could see, hear, and smell its pair-mate. 
The actual floor space available to each animal was approximately 10 in 
by 10 in. The chamber was an unusual trapezoidal design with the walls 
slanting outward from the floor. This shape was created to enhance the clar-
ity of images of the rats recorded by two video cameras. One camera was 
placed above the testing chambers and another was off to one side. Both 
were aligned so as to encompass the testing areas of both animals. Sprague-
Dawley albino rats were used in the experiments and, to further enhance 
the pictures, the side away from the horizontally placed camera was black. 
The floor was also black.

The two video cameras recorded the behavior of both animals simulta-
neously. The cameras were programmed to take still photos of the animals 
every second for the 15-minute testing period. Thus, the cameras sent 900 
pictures of each animal during a single test period. The computer was pro-
grammed to detect five bodily positions, eight “modifiers” (apparently this 
term means an action with a presumptive goal), and several combinations 
of postures and modifiers. In all, the computer could record more than 100 
combinations of positions, modifiers, and combinations of one or more 
of the measures indicating the “presumed intentions” of the animals (e.g., 
groom/attention). For each of these postures or actions or combinations, 
the number of times it was initiated, the total time spent doing it, and the 
distribution of the act throughout the 15-minute period were calculated 
separately for each rat.

In experiment 1, none of the rats treated on gestational days 14-18 
showed any behavioral differences from controls. However, among rats 
treated on gestation days 17-19, male rats were reported to be more active 
than controls. The increase in activity was attributed to increased instances 
of grooming and head turning and not enhanced locomotor movement. 
Plasma concentrations of fluoride were comparable to those of the controls. 
Fluoride concentrations in the brain were not measured in this group.

In experiment 2, high mortality was observed in the highest treatment 
group (175 mg/L), and testing was discontinued at that concentration. Fe-
male rats exposed to NaF at 125 mg/L had fewer instances of sitting, spent 
less time sitting, had fewer head turns, and had fewer clusters of grooming 
bouts than controls. They also showed a reduction in the groom/attention 
composite index. Females exposed to fluoride in drinking water at 100 mg/
L for 6 weeks showed behavioral changes related to grooming, including 
reduced grooming bouts, reductions in persistent grooming periods, and the 
grooming/attention cluster. However, these effects were not seen among the 
females treated for longer periods (20 weeks). Among male rats, changes 
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in behavior were observed only in the 125 mg/L group evaluated after 16 
weeks of treatment. Changes included less sitting, less head turning, more 
standing, and reductions in grooming behavior. Standing and seeming atten-
tion postures were increased in these weanling-exposed rats. Measurements 
of fluoride in plasma showed an increase in concentration after 6 weeks of 
exposure to NaF at 100 mg/L in male and female rats. All seven areas of 
the brain analyzed showed increased concentrations of fluoride. As noted 
in Chapter 3, the accuracy of these measurements has been questioned 
(Whitford 1996), because other studies have shown that brain fluoride 
concentrations are considerably lower than, but proportionate to, those in 
plasma (Carlson et al. 1960; Whitford et al. 1979).

The computer program used in the behavior analyses also generated 
a statistic named “RS” that combines all the detected alterations in every 
recognized mode or modified mode of behavior. This overall index of change 
was reported as significant in females 6 weeks after the start of NaF treat-
ment at concentrations of 100 and 125 mg/L. The statistic was not changed 
in males treated with NaF at a concentration of 125 mg/L for 11 weeks.

In experiment 3, only female rats showed behavioral changes compared 
with controls. Changes included reductions in sitting and grooming. Plasma 
fluoride concentrations were increased in males and females. Testing of 
fluoride concentrations in the brain found increased concentrations in the 
medulla of both sexes and in the hippocampal region of females. As noted 
above, the accuracy of these measurements has been questioned.

The results from these three experiments are difficult to interpret. One 
difficulty is interpreting the computer-derived categorization of activity pat-
terns compared with behavioral descriptions commonly used by most ani-
mal researchers. For example, increased activity usually refers to increased 
locomotor activity measured in relatively large open fields or mazes. In the 
Mullenix et al. study, increased activity is characterized by head turning, 
grooming behaviors, and sniffing and exploration of the corners of the box, 
which traditionally are not characterized as part of locomotor activity. The 
small chambers in which the animals were tested would have prevented 
much locomotor movement at all.

Another aspect of the study that is a modifying issue is the stress-related 
experience of the rats before the experiments began. The transportation and 
associated handling of animals over long distances are known stressors to 
rats and mice. For experiment 1, the pregnant rats were shipped on day 6 
of gestation and were housed singly thereafter. The rats used in experiment 
2 were shipped to the laboratory at 17 days of age, along with their dams. 
The adult rats of experiment 3 were shipped at 10 weeks of age. Because 
the animals were from the Charles River Laboratories in Kingston, New 
York, the means of transportation to the laboratory in Boston was likely 
by truck. The transportation of animals by land or air has been shown to 
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produce lasting effects on rodents (Isaacson et al. 2003). The histological 
effects of transportation and relocation include neuronal losses and substan-
tial instances of shrunken or bloated cells, including some with condensed 
cytoplasmic inclusions. Other signs of stress and neural insult can be seen, 
including the presence of reactive microglia throughout the brain. These 
changes might well interact with later fluoride treatments. In essence, this 
means comparisons between groups can be legitimately made within the 
several experiments but not between them. Mullenix et al. (1995) inter-
preted their behavioral results to imply the interruption of hippocampal 
dysfunction. Another plausible interpretation is that the behavioral change 
might have involved alterations in the adrenal-pituitary axis (Gispen and 
Isaacson 1986).

The results of the Mullenix studies are difficult to compare with studies 
from other laboratories. The apparatus used has a unique configuration, the 
chambers were small, and the paired animals were in visual, olfactory, and 
auditory contact with each other. The data generated are largely derived in 
idiosyncratic ways by the hardware and software of a relatively complex 
computer program. From a practical standpoint, it would be extremely 
difficult for other investigators to replicate the study. The committee is 
aware there has been debate about the interpretation and significance of 
the findings of this study. For example, Ross and Daston (1995) note that 
decreased grooming can be an indication of illness. Because of the high con-
centrations of fluoride used in the study, it is possible that the animals had 
gastrointestinal or renal disturbances (Whitford and Taves 1973; Pashley 
et al. 1984; also see Chapter 9). As discussed above, the committee agrees 
there are difficulties with interpreting the results of the study, but those dif-
ficulties do not warrant dismissal of the results. The study provided some 
evidence that exposure to fluoride (prenatal, weaning, or in adulthood) 
might have affected the behavior of rats, albeit almost always in a gender-
specific fashion.

In a different type of study, Swiss albino mice were treated with NaF 
at 30, 60, and 120-mg/L in water for 30 days and behavioral tests were 
performed daily 1 hour after treatment. The testing included akinesia, 
catalepsy, swim endurance, and simple maze tests. Animals in the 120 mg/L 
group scored more poorly in all the tests. Histological changes observed in 
the brains of these animals are discussed later in this chapter (Bhatnagar 
et al. 2002).

Paul et al. (1998) investigated the effects of NaF on the motor activity 
and coordination of female Wistar rats. The rats were treated with NaF at 
20 or 40 mg/kg/day by gastric intubation for 2 months and were tested in an 
activity chamber and on a rota-rod apparatus. Only female rats were used 
because of the high mortality rates among males in preliminary studies. In 
both treatment groups, food intake and body weight gain were reduced in 
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a dose-dependent manner. A reduction in spontaneous motor activity was 
based on results from an apparatus that recorded every type of movement, 
bodily adjustment, or twitch. This should not be confused with increased 
activity as measured by locomotor movements in a large arena. In the rota-
rod motor coordination test, no significant changes were observed between 
the treated and control rats. There was a dose-related decrease in cholin-
esterase in the blood but not in the brain. Similar effects on motor activity 
have been observed in other studies in which rats were treated with NaF at 
500 mg/L in drinking water. Alterations of acetylcholinesterase concentra-
tions were found in the brain at this concentration (Ekambaram and Paul 
2001, 2002).

Studies of AlF3

Varner et al. (1994) studied the effects of chronic administration of 
aluminum fluoride (AlF3), on the behavior of Long-Evans rats. AlF3 was 
administered in drinking water at concentrations of 0.5, 5.0, or 50 mg/L. In 
terms of fluorine, these values translate into the equivalent of 0.34, 3.4, and 
34 mg/L. The animals were between 130 and 154 days old at the beginning 
of the experiment and were maintained on this program for 45 weeks. In 
the animals treated with AlF3 at 5 and 50 mg/L, no differences in behavior 
were found in activity in an open field, in patterns of stride when walking, in 
spontaneous alternation of arms in a T-maze, in a motor coordination test, 
or in two tests of learning and memory in the Morris water maze. (Rats in 
the 0.5-mg/L group were too few to provide meaningful results.) The only 
behavioral change noted was a lack of preference of the location of a banana 
odor over the location of a lemon odor. Control animals generally prefer 
the banana odor. This overall lack of behavioral effects occurred in spite 
of extensive histological changes associated with neuronal damage and cell 
death in the hippocampus and other parts of the forebrain.

Anatomy

The complete analyses of the changes found in the brains of rats given 
one of the three doses of AlF3 used by Varner et al. (1994) were reported in 
a separate paper (Varner et al. 1993). All groups of the AlF3-exposed rats 
had significant losses of cells in the CA1 and CA3 areas of the hippocampus, 
but the losses were not dose dependent. Two types of cellular anomalies 
were found in the treated animals: (1) argentophilic cells throughout the 
hippocampus and dentate gyrus with considerable sparing of cells in the 
CA2 region; and (2) increased aluminum fluorescence in most of the brain, 
especially in the inner and outer linings of a large number of blood vessels, 
both large and small. Intravascular inclusions of aluminum particles were 
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sometimes noted within blood vessels. Cells containing aluminum inclu-
sions were not uncommon. This enhancement of aluminum deposits is not 
surprising because the amount of aluminum found in the brain was almost 
double that found in control animals.

Varner et al (1998) undertook a second study to determine the relative 
contribution of fluoride to the high mortality found in the 0.5-mg/L group 
of the earlier study, to extend the histological procedures used to evaluate 
the brains, and to determine whether the high death rates after this low dose 
would be found on replication. Three groups of nine adult rats were admin-
istered AlF3 at 0.5 mg/L, NaF at 2.1 mg/L (containing the same amount of 
fluoride as the AlF3 group), or double-distilled deionized water for 1 year. 
During that time six of nine animals drinking the AlF3 water died, three of 
the nine animals drinking the NaF died, and one animal from the control 
group died. Aluminum content in brain, kidney, and liver was measured by 
a direct current plasma technique modified for use with tissues containing 
substantial fat. Brains from both the NaF and the AlF3 groups had more 
than twice as much aluminum as the brains of the control animals. This sup-
ports the work of Strunecka et al. (2002) indicating that fluoride enhances 
the uptake of aluminum. But, the uptake was organ specific. There was no 
increase of aluminum found in the kidneys or liver. Sections from the brains 
of all animals were processed in a manner that allowed their staining with 
hematoxylin and eosin, the Morin stain for aluminum (and counterstained 
with cresyl violet), and a modified Bielschowsky silver stain as well as with 
antisera specific for IgM, β-amyloid, or amyloid A.

There was a progressive decline in the appearance of the AlF3 treated 
rats compared with the NaF or control animals before their demise. Their 
hair was sparse and their skin had a copper color. Toenails and teeth indi-
cated a condition reflecting a hypermelanosis. Body weights, however, did 
not vary among the groups. Hemispheric differences in the brain were found 
in the distribution of aluminum using the Morin staining ultraviolet micro-
scopic procedure. A greater amount of aluminum fluorescence was seen in 
layers 5 and 6 of the parietal neocortex and hippocampus of the left relative 
to the right hemisphere in the AlF3-treated rats. Areas CA3 and CA4 were 
the most affected regions of the hippocampus.

The occurrence of abnormal cells was also determined for all brains. 
Signs of neuronal anomalies included chromatin clumping, enhanced pro-
tein staining, pyknosis, vacuolation, ghost-like swollen appearances of cells, 
and enhanced silver staining in cell bodies and their processes. Both NaF 
and AlF3 treatments produced cellular distortions in cortical layers 2 and 
3 of both hemispheres, but enhanced cellular abnormalities in layers 5 and 
6 were found only in the left hemisphere. Both treatments also produced 
a diminished number of cells in the left CA3 region of the hippocampus 
but only the AlF3 treatment reduced cell numbers in this region of the left 
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hemisphere. These observations are similar to previous findings reported in 
the brains of cats after intracerebroventricular administration of aluminum 
chloride (Crapper and Dalton 1973).

Both the AlF3 and the NaF treatments increased staining of neurons for 
IgM in the right hemisphere. No differences were found among the groups 
in the presence of IgM on the left side of the brain. Minor amounts of IgM 
were found in the hippocampus and dentate gyrus but without any group 
differences. The control group had few instances of β-amyloid but the brains 
of the AlF3-treated animals demonstrated a bimodal distribution of deposits 
in the vasculature of the dorsal thalamus. Staining was either very high or 
nonexistent. The NaF-treated group showed a similar bimodality of accu-
mulation of β-amyloid in the right lateral posterior thalamic region.

The pattern of neuronal degeneration found by Varner et al. (1998) was 
also found in two other studies (Bhatnager et al. 2002; Shivarajashankara 
et al. 2002). In the study by Bhatnagar et al. (2002) described earlier in 
this chapter, the investigators observed a significant number of degenerated 
nerve cell bodies in hippocampal subregions CA3 and CA4 and in the den-
tate gyrus. Shivarajashankara et al. (2002) exposed Wistar rats to NaF in 
utero during the last week of gestation and for 10 weeks after birth. Animals 
received either 30 or 100 mg/L in their drinking water. At the end of the 
10 weeks the animals were sacrificed and their brains were sectioned and 
stained with cresyl violet. Little change was seen in the 30-mg/L treated ani-
mals but the brains of the 100-mg/L treated animals showed large amounts 
of neurodegeneration. There were only a few normal appearing pyramidal 
cells in regions CA1 and CA3 of the hippocampus. Almost all the cells in 
these areas were pyknotic and showed intensely stained protein in their 
shrunken cytoplasm. Neuronal degeneration, but to a lesser degree, was 
found in the upper layers of neocortex, the amygdala, and the cerebellum. 
These areas were not extensively studied by Varner et al. (1998).

The interactions between fluoride and aluminum have been studied 
in laboratories and in the environment. There is evidence that fluoride en-
hances the uptake of aluminum and that aluminum reduces the uptake of 
fluoride (Spencer et al. 1980, Ahn et al. 1995). This complicates predicting 
the effect of exposure to aluminum- or fluorine-containing complexes in 
natural situations.

neuroChemiCal eFFeCts and meChanisms

A number of studies have examined biochemical changes in the brain 
associated with fluoride. For example, Guan et al. (1998) reported altera-
tions in the phospholipid content of the brain of rats exposed to NaF at 30 
or 100 mg/L for 3-7 months. The most prominent changes were found in 
phosphatidylethanolamine, phosphatidylcholine, and phosphatidylserine. 
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After 7 months of treatment, ubiquinone was clearly elevated, likely due as 
a compensatory reaction to the increase in free radicals in the brain. Fluoride 
has been shown to decrease the activities of superoxide dismutase (Guan 
et al. 1989) and glutathione peroxidase (Rice-Evans and Hoschstein 1981), 
the consequences being increased free radicals.

NaF injected subcutaneously into rabbits altered brain lipid metabolism 
(Shashi 1992b) and concentrations of protein, free amino acid, and RNA in 
the brain (Shashi et al. 1994).

Using slices of rat neocortex, Jope (1988) found that NaF stimulated 
the hydrolysis of phosphoinositide by activation of a G protein, Gp. This 
protein acts as a transducer between receptors and phospholipase C. He also 
found that a metal chelator added to the preparation eliminated this effect. 
This information and other observations led to the conclusion that the ef-
fective agent in the hydrolysis was an AlFx complex. Under his experimental 
conditions, the AlF4 was most likely formed from trace amounts of alumi-
num derived from the glass or from a fluorine-containing contaminant in a 
reagent. The addition of increasing amounts of aluminum did not increase 
the hydrolysis effect. In fact, adding substantial amounts of aluminum in-
hibited it. As in several types of experiment, it is the low aluminum fluoride 
concentrations that produce the greatest biochemical or physiological ef-
fects. In this regard, it is important to note that, even if aluminum bioavail-
ability is low in rats and in other laboratory species, only a small amount 
is needed to produce untoward effects (Yokel et al. 2001).

Many of the untoward effects of fluoride are due to the formation of 
AlFx complexes. AlFx and BeFx complexes are small inorganic molecules 
that mimic the chemical structure of a phosphate. As such they influence 
the activity of phosphohydrolases and phospholipase D. Only micromolar 
concentrations of aluminum are needed to form AlFx (Sternweis and Gilman 
1982). The G protein effects produced by AlFx are not limited to enzymes 
that bind phosphates or nucleoside-polyphosphate (Chabre 1990). AlFx 
also impairs the polymerization-depolarization cycle of tubulin. This could 
account for some of the intensely stained neurofilaments in cells in the 
brains of animals exposed to chronic NaF (Varner et al. 1993, 1998). AlFx 
appears to bind to enzyme-bound GDP or ADP, thus imitating GTP or ATP 
and, in a sense, generating “false messages” within the brain. This binding 
ability is probably due to the molecular similarities between AlF3(OH) and 
a phosphate group in the molecular structure, in particular, a tetrahedral 
arrangement (Strunecka and Patocka 2002).

G protein-coupled receptors mediate the release of many neural trans-
mitters including the catecholamines, serotonin, ACh, and the excitatory 
amino acids. They also are involved in regulating glucagons, vasopressin, 
neuropeptides, endogenous opioids, prostaglandins, and other important 
systemic influences on brain and behavior. AlFx is also involved in regulating 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


220 FLUORIDE IN DRINKING WATER

the pineal melatonin system as well as the thyroid-stimulating hormone-
growth hormone connection. It has been said in this regard “every molecule 
of AlFx is the messenger of false information” (Strunecka and Patocka 2002, 
p. 275). This may be an accurate synopsis of the AlFx effect at a single 
synapse, but the brain is a highly redundant and dispersed communication 
system containing millions of synapses. Because of this, observable altera-
tions in mental or motor actions might require the formation of a multitude 
of false messages in a number of brain circuits acting over a prolonged 
period of time. Thus, the number of false messages required to disrupt an 
“action pattern” in the brain probably will vary according to the nature of 
the ongoing activities.

An especially important neurochemical transmitter that reaches almost 
all areas of the brain is ACh. As discussed above, some studies show that 
NaF and SiF inhibit cholinesterases, including acetylcholinesterase. The 
progressive accumulation of ACh at synaptic locations produced by the 
diminished esterase activity leads to a number of complex effects that can 
be summarized as an initial increase in stimulation of the target cells but 
ultimately leads to diminished stimulation—even a blockade of all activity. 
This earlier dialogue properly emphasized the behavioral importance of 
cholinergic activity in the brain and body more generally.

Long et al. (2002) reported changes in the number of acetylcholine re-
ceptors (nAChRs) in the rat brain due to fluoride. Rats were administered 
NaF in drinking water at 30 or 100-mg/L for 7 months. Decreased numbers 
of nAChRα7 subunits were found in the brains of rats from both treat-
ment groups, but only the brains of the 100-mg/L group had diminished 
nAChRα4 subunits of this receptor. These results are of interest because 
changes in the nicotinic receptors have been related to the development of 
Alzheimer’s disease (Lindstrom 1997; Newhouse et al. 1997) and, in frontal 
brain areas, to schizophrenia (Guan et al. 1999).

Findings

Human Cognitive Abilities

In assessing the potential health effects of fluoride at 2-4 mg/L, the 
committee found three studies of human populations exposed at those con-
centrations in drinking water that were useful for informing its assessment 
of potential neurologic effects. These studies were conducted in different 
areas of China, where fluoride concentrations ranged from 2.5 to 4 mg/L. 
Comparisons were made between the IQs of children from those popula-
tions with children exposed to lower concentration of fluoride ranging 
from 0.4 to 1 mg/L. The studies reported that while modal IQ scores were 
unchanged, the average IQ scores were lower in the more highly exposed 
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children. This was due to fewer children in the high IQ range. While the 
studies lacked sufficient detail for the committee to fully assess their qual-
ity and their relevance to U.S. populations, the consistency of the collective 
results warrant additional research on the effects of fluoride on intelligence. 
Investigation of other mental and physiological alterations reported in the 
case study literature, including mental confusion and lethargy, should also 
be investigated.

Behavioral Effects on Animals

A few animal studies have reported alternations in the behavior of ro-
dents after treatment with fluoride. However, the observed changes were not 
striking in magnitude and could have been due to alterations in hormonal or 
peptide activity. Animal studies to date have used conventional methodolo-
gies to measure learning and memory abilities or species-typical behaviors 
in novel locations. The tasks used to measure learning and memory did not 
require any significant mental effort. No studies were available on higher 
order mental functions, altered reactions to stress, responses to disease 
states, or supplemental reactions to known neurotoxins. Procedures are 
available that could test for cognitive functions, but they are labor intensive 
and have seldom been used in the past 60 years. One example is the reason-
ing test designed by Maier (1929), who found that even a small lesion of 
the neocortex impaired performance on the reasoning test (Maier 1932). A 
more recent example is the delayed matching to position test with different 
outcomes (Savage 2001), which have shown that damage to the hippocam-
pus can affect learning.

Fluorosilicates

As noted in Chapter 2, exposure to fluorosilicates could occur under 
some conditions. There are reports that such chemicals enhance the uptake 
of lead into the body and brain, whereas NaF does not. Further research 
is needed to elucidate how fluorosilicates might have different biological 
effects from fluoride salts.

Neurochemical and Biochemical Changes

Lipids and phospholipids, phosphohydrolases and phospholipase D, 
and protein content have been shown to be reduced in the brains of labora-
tory animals subsequent to fluoride exposure. The greatest changes were 
found in phosphatidylethanolamine, phosphotidylcholine, and phosphoti-
dylserine. Fluorides also inhibit the activity of cholinesterases, including 
acetylcholinesterase. Recently, the number of receptors for acetylcholine 
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has been found to be reduced in regions of the brain thought to be most 
important for mental stability and for adequate retrieval of memories.

It appears that many of fluoride’s effects, and those of the aluminofluo-
ride complexes are mediated by activation of Gp, a protein of the G family. 
G proteins mediate the release of many of the best known transmitters of 
the central nervous system. Not only do fluorides affect transmitter concen-
trations and functions but also are involved in the regulation of glucagons, 
prostaglandins, and a number of central nervous system peptides, including 
vasopressin, endogenous opioids, and other hypothalamic peptides. The 
AlFx binds to GDP and ADP altering their ability to form the triphosphate 
molecule essential for providing energies to cells in the brain. Thus, AlFx 
not only provides false messages throughout the nervous system but, at the 
same time, diminishes the energy essential to brain function.

Fluorides also increase the production of free radicals in the brain 
through several different biological pathways. These changes have a bearing 
on the possibility that fluorides act to increase the risk of developing Al-
zheimer’s disease. Today, the disruption of aerobic metabolism in the brain, 
a reduction of effectiveness of acetylcholine as a transmitter, and an increase 
in free radicals are thought to be causative factors for this disease. More 
research is needed to clarify fluoride’s biochemical effects on the brain.

Anatomical Changes in the Brain

Studies of rats exposed to NaF or AlF3 have reported distortion in cells 
in the outer and inner layers of the neocortex. Neuronal deformations were 
also found in the hippocampus and to a smaller extent in the amygdala and 
the cerebellum. Aluminum was detected in neurons and glia, as well as in 
the lining and in the lumen of blood vessels in the brain and kidney. The 
substantial enhancement of reactive microglia, the presence of stained in-
tracellular neurofilaments, and the presence of IgM observed in rodents are 
related to signs of dementia in humans. The magnitude of the changes was 
large and consistent among the studies. Given this, the committee concludes 
further research is warranted in this area, similar to that discussed at a Feb-
ruary 2-3,1999, EPA workshop on aluminum complexes and neurotoxicity 
and that recommended for study by NTP (2002).

reCommendations

On the basis of information largely derived from histological, chemi-
cal, and molecular studies, it is apparent that fluorides have the ability to 
interfere with the functions of the brain and the body by direct and indirect 
means. To determine the possible adverse effects of fluoride, additional data 
from both the experimental and the clinical sciences are needed.
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• The possibility has been raised by the studies conducted in China 
that fluoride can lower intellectual abilities. Thus, studies of populations 
exposed to different concentrations of fluoride in drinking water should 
include measurements of reasoning ability, problem solving, IQ, and short- 
and long-term memory. Care should be taken to ensure that proper testing 
methods are used, that all sources of exposure to fluoride are assessed, 
and that comparison populations have similar cultures and socioeconomic 
status.

• Studies of populations exposed to different concentrations of fluoride 
should be undertaken to evaluate neurochemical changes that may be asso-
ciated with dementia. Consideration should be given to assessing effects 
from chronic exposure, effects that might be delayed or occur late-in-life, 
and individual susceptibility (see Chapters 2 and 3 for discussion of sub-
populations that might be more susceptible to the effects of fluoride from 
exposure and physiologic standpoints, respectively).

• Additional animal studies designed to evaluate reasoning are needed. 
These studies must be carefully designed to measure cognitive skills beyond 
rote learning or the acquisition of simple associations, and test environmen-
tally relevant doses of fluoride.

• At the present time, questions about the effects of the many histo-
logical, biochemical, and molecular changes caused by fluorides cannot be 
related to specific alterations in behavior or to known diseases. Additional 
studies of the relationship of the changes in the brain as they affect the 
hormonal and neuropeptide status of the body are needed. Such relation-
ships should be studied in greater detail and under different environmental 
conditions.

• Most of the studies dealing with neural and behavioral responses 
have tested NaF. It is important to determine whether other forms of fluoride 
(e.g., silicofluorides) produce the same effects in animal models.
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Effects on the Endocrine System

The endocrine system, apart from reproductive aspects, was not consid-
ered in detail in recent major reviews of the health effects of fluoride (PHS 
1991; NRC 1993; Locker 1999; McDonagh et al. 2000a; WHO 2002; 
ATSDR 2003). Both the Public Health Service (PHS 1991) and the World 
Health Organization (WHO 2002) mentioned secondary hyperparathyroid-
ism in connection with discussions of skeletal fluorosis, but neither report 
examined endocrine effects any further. The Agency for Toxic Substances 
and Disease Registry (ATSDR 2003) discussed four papers on thyroid effects 
and two papers on parathyroid effects and concluded that “there are some 
data to suggest that fluoride does adversely affect some endocrine glands.” 
McDonagh et al. (2000a) reviewed a number of human studies of fluoride 
effects, including three that dealt with goiter and one that dealt with age at 
menarche. The following section reviews material on the effects of fluoride 
on the endocrine system—in particular, the thyroid (both follicular cells and 
parafollicular cells), parathyroid, and pineal glands. Each of these sections 
has its own discussion section. Detailed information about study designs, 
exposure conditions, and results is provided in Appendix E.

thyroid FolliCular Cells

The follicular cells of the thyroid gland produce the classic thyroid hor-
mones thyroxine (T4) and triiodothyronine (T3); these hormones modulate 
a variety of physiological processes, including but not limited to normal 
growth and development (Larsen et al. 2002; Larsen and Davies 2002; 
Goodman 2003). Between 4% and 5% of the U.S. population may be af-
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fected by deranged thyroid function (Goodman 2003), making it among the 
most prevalent of endocrine diseases (Larsen et al. 2002). The prevalence 
of subclinical thyroid dysfunction in various populations is 1.3-17.5% for 
subclinical hypothyroidism and 0.6-16% for subclinical hyperthyroidism; 
the reported rates depend on age, sex, iodine intake, sensitivity of measure-
ments, and definition used (Biondi et al. 2002). Normal thyroid function 
requires sufficient intake of iodine (at least 100 micrograms/day [µg/d]), 
and areas of endemic iodine deficiency are associated with disorders such 
as endemic goiter and cretinism (Larsen et al. 2002; Larsen and Davies 
2002; Goodman 2003). Iodine intake in the United States (where iodine is 
added to table salt) is decreasing (CDC 2002d; Larsen et al. 2002), and an 
estimated 12% of the population has low concentrations of urinary iodine 
(Larsen et al. 2002).

The principal regulator of thyroid function is the pituitary hormone thy-
roid-stimulating hormone (TSH), which in turn is controlled by positive in-
put from the hypothalamic hormone thyrotropin-releasing hormone (TRH) 
and by negative input from T4 and T3. TSH binds to G-protein-coupled 
receptors in the surface membranes of thyroid follicular cells (Goodman 
2003), which leads to increases in both the cyclic adenosine monophos-
phate (cAMP) and diacylglycerol/inositol trisphosphate second messenger 
pathways (Goodman 2003). T3, rather than T4, probably is responsible for 
the feedback response for TSH production (Schneider et al. 2001). Some 
T3, the active form of thyroid hormone, is secreted directly by the thyroid 
along with T4, but most T3 is produced from T4 by one of two deiodinases 
(Types I and II1) in the peripheral tissue (Schneider et al. 2001; Larsen et al. 
2002; Goodman 2003). T3 enters the nucleus of the target cells and binds 
to specific receptors, which activate specific genes.

Background

An effect of fluoride exposure on the thyroid was first reported approxi-
mately 150 years ago (Maumené 1854, 1866; as cited in various reports). 
In 1923, the director of the Idaho Public Health Service, in a letter to the 
Surgeon General, reported enlarged thyroids in many children between the 
ages of 12 and 15 using city water in the village of Oakley, Idaho (Almond 
1923); in addition, the children using city water had severe enamel deficien-
cies in their permanent teeth. The dental problems were eventually attrib-
uted to the presence in the city water of 6 mg/L fluoride, and children born 
after a change in water supply (to water with <0.5 mg/L fluoride) were not 

1Type I deiodinase, along with Type III, is also responsible for deactivating T4 and T3 by 
removing the iodine atoms (Schneider et al. 2001; Larsen et al. 2002; Goodman 2003).

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


226 FLUORIDE IN DRINKING WATER

so affected (McKay 1933); however, there seems to have been no further 
report on thyroid conditions in the village.

More recently, Demole (1970) argued that a specific toxicity of fluo-
ride for the thyroid gland does not exist, because (1) fluoride does not ac-
cumulate in the thyroid; (2) fluoride does not affect the uptake of iodine 
by thyroid tissue; (3) pathologic changes in the thyroid show no increased 
frequency in regions where water is fluoridated (naturally or artificially); 
(4) administration of fluoride does not interfere with the prophylactic ac-
tion of iodine on endemic goiter; and (5) the beneficial effect of iodine in 
threshold dosage to experimental animals is not inhibited by administration 
of fluoride, even in excessive amounts. Bürgi et al. (1984) also stated that 
fluoride does not potentiate the consequences of iodine deficiency in popu-
lations with a borderline or low iodine intake and that published data fail 
to support the hypothesis that fluoride has adverse effects on the thyroid 
(at doses recommended for caries prevention). McLaren (1976), however, 
pointed out the complexity of the system, the difficulties in making adequate 
comparisons of the various studies of fluoride and the thyroid, and evidence 
for fluoride accumulation in the thyroid and morphological and functional 
changes (e.g., changes in activity of adenylyl cyclase), suggesting that ana-
lytical methods could have limited the definitiveness of the data to date. His 
review suggested that physiological or functional changes might occur at 
fluoride intakes of 5 mg/day.

Although fluoride does not accumulate significantly in most soft tissue 
(as compared to bones and teeth), several older studies found that fluoride 
concentrations in thyroid tissue generally exceed those in most other tissue 
except kidney (e.g., Chang et al. 1934; Hein et al. 1954, 1956); more recent 
information with improved analytic methods for fluoride was not located. 
Several studies have reported no effect of fluoride treatment on thyroid 
weight or morphology (Gedalia et al. 1960; Stolc and Podoba 1960; Saka 
et al. 1965; Bobek et al. 1976; Hara 1980), while others have reported such 
morphological changes as mild atrophy of the follicular epithelium (Ogil-
vie 1953), distended endoplasmic reticulum in follicular cells (Sundström 
1971), and “morphological changes suggesting hormonal hypofunction” 
(Jonderko et al. 1983).

Fluoride was once thought to compete with iodide for transport into 
the thyroid, but several studies have demonstrated that this does not occur 
(Harris and Hayes 1955; Levi and Silberstein 1955; Anbar et al. 1959; Saka 
et al. 1965). The iodide transporter accepts other negatively charged ions 
besides iodide (e.g., perchlorate), but they are about the same size as iodide 
(Anbar et al. 1959); fluoride ion is considerably smaller and does not appear 
to displace iodide in the transporter.
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Animal Studies

A number of studies have examined the effects of fluoride on thyroid 
function in experimental animals or livestock (for details, see Appendix E, 
Tables E-1, E-2, and E-3). Of these, the most informative are those that have 
considered both the fluoride and iodine intakes.

Guan et al. (1988) found that a fluoride intake of 10 mg/L in drinking 
water had little apparent effect on Wistar rats with sufficient iodine intake, 
but a fluoride intake of 30 mg/L in drinking water resulted in significant 
decreases in thyroid function (decreases in T4, T3, thyroid peroxidase, and 
3H-leucine), as well as a decrease in thyroid weight and effects on thyroid 
morphology (Table E-2). In iodine-deficient rats, fluoride intake of 10 mg/L 
in drinking water produced abnormalities in thyroid function beyond that 
attributable to low iodine, including decreased thyroid peroxidase, and low 
T4 without compensatory transformation of T4 to T3.

Zhao et al. (1998), using male Kunmin mice, found that both iodine-de-
ficient and iodine-excess conditions produced goiters, but, under iodine-de-
ficient conditions, the goiter incidence at 100 days increased with increased 
intake of fluoride. At 100 days, the high-fluoride groups had elevated serum 
T4 at all concentrations of iodine intake and elevated T3 in iodine-deficient 
animals. High fluoride intake significantly inhibited the radioiodine uptake 
in the low- and normal-iodine groups.

Stolc and Podoba (1960) found a decrease in protein-bound iodine in 
blood in fluoride-treated female rats (3-4 mg/kg/day) fed a low-iodine diet 
but not in corresponding rats fed a larger amount of iodine. Both groups 
(low- and high-iodine) of fluoride-treated rats showed a reduced rate of 
biogenesis of T3 and T4 after administration of 131I compared with controls 
(Stolc and Podoba 1960).

Bobek et al. (1976) found decreases in plasma T4 and T3 as well as a 
decrease in free T4 index and an increase in T3-resin uptake in male rats 
given 0.1 or 1 mg of fluoride per day (0.4-0.6 or 4-6 mg/kg/day) in drinking 
water for 60 days.2 The authors suggested the possibility of decreased bind-
ing capabilities and altered thyroid hormone transport in blood.

Decreases in T4 and T3 concentrations have been reported in dairy 
cows at estimated fluoride doses up to 0.7 mg/kg/day with possible iodine 
deficiency (Hillman et al. 1979; Table E-3). Reduced T3 (Swarup et al. 1998) 
and reduced T3, T4, and protein-bound iodine (Cinar and Selcuk 2005) 
have also been reported in cows diagnosed with chronic fluorosis in India 
and Turkey, respectively.

2The decrease in T3 in the group receiving 0.1 mg/day was not statistically significant (Table 
E-1). Note that ATSDR (2003) stated that an intermediate-duration minimal risk level (MRL) 
derived from this study of thyroid effects in rats would have been lower (more protective) than 
the chronic-duration MRL derived from a human study of bone effects (0.05 mg/kg/day).
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Hara (1980) found elevated T3 and T4 at the lowest dose (approxi-
mately 0.1 mg/kg/day), decreased T3 and normal T4 at intermediate doses 
(3-4 mg/kg/day), and decreased TSH and growth hormone (indicating pos-
sible effects on pituitary function) at the highest doses (10-20 mg/kg/day). 
This was the only animal study of fluoride effects on thyroid function to 
measure TSH concentrations; however, full details (e.g., iodine intake) are 
not available in English.

Other studies have shown no effect of fluoride on the end points exam-
ined (Gedalia et al. 1960; Siebenhüner et al. 1984; Clay and Suttie 1987; 
Choubisa 1999; Table E-1). Choubisa (1999) looked only for clinical evi-
dence of goiter in domestic animals (cattle and buffaloes) showing signs of 
enamel or skeletal fluorosis; no hormone parameters (e.g., T4, T3, TSH) 
were measured. Gedalia et al. (1960) also did not measure T4, T3, or TSH; 
radioiodine uptake, protein-bound iodine, and total blood iodine were all 
normal in rats receiving fluoride doses up to approximately 1 milligram 
per kilogram of body weight per day (mg/kg/day). Clay and Suttie (1987) 
reported no significant differences from control values for T4 concentration 
and T3 uptake in heifers fed up to 1.4 mg/kg/day; iodine intake is not stated 
but probably was adequate, and TSH was not measured.

Siebenhüner et al. (1984) carried out a special experiment involving io-
dine depletion of the thyroid before 6 days of fluoride treatment. No effects 
were seen on the parameters measured, including T3 and T4 concentrations; 
however, TSH was not measured. In addition, propylthiouracil (PTU), the 
agent used to deplete the thyroid of iodine, also has an inhibitory effect on 
deiodinases (Larsen et al. 2002; Larsen and Davies 2002); Siebenhüner et al. 
(1984) did not mention this second action of PTU and its relevance to the 
interpretation of the experimental results, and there was no control group 
without the PTU treatment.

Human Studies

Several authors have reported an association between endemic goiter 
and fluoride exposure or enamel fluorosis in human populations in India 
(Wilson 1941; Siddiqui 1960; Desai et al. 1993), Nepal (Day and Powell-
Jackson 1972), England (Wilson 1941; Murray et al. 1948), South Africa 
(Steyn 1948; Steyn et al. 1955; Jooste et al. 1999), and Kenya (Obel 1982). 
Although endemic goiter is now generally attributed to iodine deficiency 
(Murray et al. 1948; Obel 1982; Larsen et al. 2002; Belchetz and Hammond 
2003), some of the goitrogenic areas associated with fluoride exposure were 
not considered to be iodine deficient (Steyn 1948; Steyn et al. 1955; Obel 
1982; Jooste et al. 1999). Obel (1982) indicated that many cases of fluorosis 
in Kenya occur concurrently with goiter. Several authors raise the possibility 
that the goitrous effect, if not due to fluoride, is due to some other substance 
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in the water (e.g., calcium or water hardness) that was associated with the 
fluoride concentration (Murray et al. 1948; Day and Powell-Jackson 1972) 
or that enhanced the effect of fluoride (Steyn 1948; Steyn et al. 1955). Di-
etary selenium deficiencies (e.g., endemic in parts of China and Africa or due 
to protein-restricted diets) can also affect normal thyroid function3 (Larsen 
et al. 2002); no information on dietary selenium is available in any of the 
fluoride studies. Appendix E summarizes a number of studies of the effects 
of fluoride on thyroid function in humans (see Table E-4).

Three studies illustrated the range of results that have been reported: 
(1) Gedalia and Brand (1963) found an association between endemic goiter 
in Israeli girls and iodine concentrations in water but found no association 
with fluoride concentrations (<0.1-0.9 mg/L). (2) Siddiqui (1960) found 
goiters only in persons aged 14-17 years; the goiters, which became less vis-
ible or invisible after puberty, were associated with mean fluorine content of 
the water (5.4-10.7 mg/L) and were inversely associated with mean iodine 
content of the water. (3) Desai et al. (1993) found a positive correlation (P 
< 0.001) between prevalence of goiter (9.5-37.5%) and enamel fluorosis 
(6.0-59.0%), but no correlation between prevalence of goiter and water 
iodine concentration (P > 0.05).

Day and Powell Jackson (1972) surveyed 13 villages in Nepal where the 
water supply was uniformly low in iodine (≤1 µg/L; see Figure 8-1). Here 
the goiter prevalence (5-69%, all age groups) was directly associated with 
the fluoride concentration (<0.1 to 0.36 mg/L; P < 0.01) or with hardness, 
calcium concentration, or magnesium concentration of the water (all P < 
0.01). Goiter prevalence of at least 20% was associated with all fluoride 
concentrations ≥ 0.19 mg/L, suggesting that fluoride might influence the 
prevalence of goiter in an area where goiter is endemic because of low iodine 
intake. The possibility of a nutritional component (undernutrition or protein 
deficiency) to the development of goiter was also suggested.

Jooste et al. (1999) examined children (ages 6, 12, and 15) who had 
spent their entire lives in one of six towns in South Africa where iodine 
concentrations in drinking water were considered adequate (median urinary 
iodine concentration exceeding 201 µg/L [1.58 µmol/L]; see Appendix E, 
Tables E-4 and E-5; Figure 8-2). For towns with low (0.3-0.5 mg/L) or near 
“optimal” (0.9-1.1 mg/L) fluoride concentrations in water, no relationship 
between fluoride and prevalence of mild goiter was found (5-18%); for the 
other two towns (1.7 and 2.6 mg/L fluoride), however, goiter prevalences 
were 28% and 29%, respectively, and most children had severe enamel 
mottling. These two towns (and one low-fluoride town) had very low 
proportions (0-2.2%) of children with iodine deficiency, defined as urinary 

3All three deiodinases contain selenocysteine at the active sites and therefore have a minimum 
requirement for selenium for normal function (Larsen et al. 2002).
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FIGURE 8-1 Goiter prevalence versus fluoride (left) and calcium (right) 
concentration in drinking water for 13 villages in Nepal with very low iodine 
concentrations. SOURCE: Day and Powell-Jackson 1972.

FIGURE 8-2 Goiter prevalence versus drinking water fluoride concentrations 
in six South African towns with adequate iodine concentrations. One town 
had a significantly lower prevalence of undernutrition than the other five 
towns and is not included in the line fitting. SOURCE: Jooste et al. 1999.

iodine concentrations <100 µg/L (<0.79 µmol/L). The town with the low-
est prevalence of goiter also had the lowest prevalence of undernutrition; 
the two towns with the highest prevalence of goiter (and highest fluoride 
concentrations) did not differ greatly from the remaining three towns with Figure 8-1
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respect to prevalence of undernutrition. The authors suggested that fluoride 
or an associated goitrogen might be responsible for the goiters seen in the 
two towns with the highest fluoride concentrations but that some other 
factor(s) was involved in development of goiter in the other towns.

Several studies have compared various aspects of thyroid status in popu-
lations with different fluoride intakes (for details, see Appendix E, Table 
E-4). Leone et al. (1964) and Baum et al. (1981) reported no significant dif-
ferences in thyroid status between populations with low (0.09-0.2 mg/L) and 
high (3-3.5 mg/L) fluoride concentrations in the drinking water. Leone et al. 
(1964) looked only at protein-bound iodine and physical examination of the 
thyroid in adults; Baum et al. (1981) measured a number of parameters in 
teenagers, including T4, T3, and TSH. Neither study reported iodine status 
of the groups. Baum et al. (1981) showed but did not explain a decrease in 
thyroglobulin in girls in the high-fluoride group.

Bachinskii et al. (1985) examined 47 healthy persons, 43 persons 
with hyperthyroidism, and 33 persons with hypothyroidism. Prolonged 
consumption of “high-fluoride” drinking water (2.3 mg/L, as opposed to 
“normal” concentrations of 1 mg/L) by healthy persons was associated 
with statistically significant changes in TSH concentrations (increased), T3 
concentrations (decreased), and uptake of radioiodine (increased), although 
the mean values for TSH and T3 were still within normal ranges (see Ap-
pendix E, Table E-6). The mean value of TSH for the healthy group (4.3 ± 
0.6 milliunits/L; Table E-6) is high enough that one expects a few individuals 
to have been above the normal range (typically 0.5-5 milliunits/L; Larsen et 
al. 2002). These results were interpreted as indicating disruption of iodine 
metabolism, stress in the pituitary-thyroid system, and increased risk of 
developing thyroidopathy (Bachinskii et al. 1985).

Lin et al. (1991) examined 769 children (7-14 years old) for mental 
retardation in three areas of China, including an area with “high” fluoride 
(0.88 mg/L) and low iodine, an area with “normal” fluoride (0.34 mg/L) 
and low iodine, and an area where iodine supplementation was routine 
(fluoride concentration not stated). Ten to twelve children in each area re-
ceived detailed examinations, including measuring thyroid 131I uptake and 
thyroid hormone concentrations. Children in the first area had higher TSH, 
slightly higher 131I uptake, and lower mean IQ than children in the second 
area. Children in the first area also had reduced T3 and elevated reverse 
T3, compared with children in the second area. The authors suggested that 
high fluoride might exacerbate the effects of iodine deficiency. In addition, 
the authors reported a difference in T3/rT3 (T3/reverse-T3) ratios between 
high- and low-fluoride areas and suggested that excess fluoride ion affects 
normal deiodination.

A recent study by Susheela et al. (2005) compared thyroid hormone 
status (free T4, free T3, and TSH) of 90 children with enamel fluorosis 
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(drinking water fluoride ranging from 1.1 to 14.3 mg/L) and 21 children 
without enamel fluorosis (0.14-0.81 mg/L fluoride in drinking water) in 
areas where iodine supplementation was considered adequate.4 Forty-nine 
children (54.4%) in the sample group had “well-defined hormonal derange-
ments”; findings were borderline in the remaining 41 children. The types 
of hormonal derangements included elevated TSH and normal T4 and T3 
(subclinical hypothyroidism); low T3 and normal T4 and TSH (“low T3 
syndrome”); elevated T3 and TSH and normal T4 (possible T3 toxicosis); 
elevated TSH, low T4, and normal T3 (usually indicative of primary hypo-
thyroidism and iodine deficiency); and low T3, high TSH, and normal T4. 
All but the first category are considered to be associated with or potentially 
caused by abnormal activity of deiodinases. The authors concluded that 
fluoride in excess may be inducing diseases that have usually been attributed 
to iodine deficiency and that iodine supplementation may not be adequate 
when excess fluoride is being consumed.

Thyroid hormone disturbances were also noted in the control children, 
and urine and fluoride concentrations in the control children reflect higher 
fluoride intake than can be accounted for by the drinking water alone 
(Susheela et al. 2005). Thus, the authors recommend that end points such 
as hormone concentrations should be examined with respect to serum or 
urinary fluoride concentrations, not just drinking water fluoride concentra-
tions. In addition, they note that all hormone endpoints (T3, T4, and TSH) 
should be examined, lest some of the abnormalities be missed.

Mikhailets et al. (1996) detected thyroid abnormalities (moderate re-
duction of iodine uptake, low T3, normal T4, and increased TSH) in 165 
aluminum workers with signs of chronic fluorosis and an estimated average 
fluoride intake of 10 mg/working day. A tendency toward increased TSH 
was observed with increased exposure time and with more severe fluorosis. 
Workers with more than 10 years of service had a significant decrease in 
T3 concentration in comparison to controls. The frequency of individuals 
with low concentrations of T3 (corresponding to hypothyroidism) was 65% 
among workers with more than 10 years of service and 54% among workers 
with Stage 2 fluorosis. The highest frequency of occurrence of low T3 (76%) 
was observed in people with chronic fluoride intoxication including liver 
damage (moderate cytolysis), suggesting a disorder in peripheral conversion 
of T4 to T3 (deiodination). The possibility of indirect effects of fluorine on 
enzymatic deiodination was also suggested.

Tokar′ et al. (1989) and Balabolkin et al. (1995) have also reported 

4The lower range of fluoride in drinking water in the fluorosis group is not much different 
from the higher range for the controls; however, in India, fluoride concentrations below 1 
mg/L in drinking water are considered “safe” (Trivedi et al. 1993; Susheela et al. 2005) so the 
demarcation is at least a logical one.
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thyroid effects in fluoride- or fluorine-exposed workers; full details of 
these studies are not available in English. Balabolkin et al. (1995) found 
that 51% of the workers examined had subclinical hypothyroidism with 
reduced T3.

No changes in thyroid function were detected in two studies of osteo-
porosis patients treated with NaF for 6 months or several years (Eichner et 
al. 1981; Hasling et al. 1987; for details, see Appendix E, Table E-7). These 
study populations are not necessarily representative of the general popula-
tion, especially with respect to age and the fact that they usually receive cal-
cium supplements. In an earlier clinical study to examine the reported effects 
of fluoride on individuals with hyperthyroidism, Galletti and Joyet (1958) 
found that, in 6 of 15 patients, both basal metabolic rate and protein-bound 
iodine fell to normal concentrations, and the symptoms of hyperthyroidism 
were relieved after fluoride treatment. Fluoride was considered clinically 
ineffective in the other 9 patients, although improvement in basal metabolic 
rate or protein-bound iodine was observed in some of them. In the 6 patients 
for whom fluoride was effective, tachycardia and tremor disappeared within 
4-8 weeks, and weight loss was stopped. The greatest clinical improvement 
was observed in women between 40 and 60 years old with a moderate de-
gree of thyrotoxicosis; young patients with the classic symptoms of Graves’ 
disease did not respond to fluoride therapy. Radioiodine uptake tests were 
performed on 10 of the patients, 7 of whom showed an inhibitory effect on 
initial 131I uptake by the thyroid.

Discussion (Effects on Thyroid Function)

In studies of animals with dietary iodine sufficiency, effects on thyroid 
function were seen at fluoride doses of 3-6 mg/kg/day (Stolc and Podoba 
1960; Bobek et al. 1976; Guan et al. 1988; Zhao et al. 1998); in one study, 
effects were seen at doses as low as 0.4-0.6 mg/kg/day (Bobek et al. 1976). 
In low-iodine situations, more severe effects on thyroid function were seen 
at these doses (Stolc and Podoba 1960; Guan et al. 1988; Zhao et al. 1998). 
Effects on thyroid function in low-iodine situations have also been noted at 
fluoride doses as low as 0.06 mg/kg/day (Zhao et al. 1998), ≤0.7 mg/kg/day 
(Hillman et al. 1979), and 1 mg/kg/day (Guan et al. 1988). Studies showing 
no effect of fluoride on thyroid function did not measure actual hormone 
concentrations (Gedalia et al. 1960; Choubisa 1999), did not report iodine 
intakes (Gedalia et al. 1960; Clay and Suttie 1987; Choubisa 1999), used 
fluoride doses (<1.5 mg/kg/day) below those (3-6 mg/kg/day) associated 
with effects in other studies (Gedalia et al. 1960; Clay and Suttie 1987), or 
did not discuss a possibly complicating factor of the experimental proce-
dure used (Siebenhüner et al. 1984). Only one animal study (Hara 1980) 
measured TSH concentrations, although that is considered a “precise and 
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specific barometer” of thyroid status in most situations (Larsen et al. 2002). 
Full details of Hara’s report are not available in English.

Goiter prevalence of at least 20% has been reported in humans exposed 
to water fluoride concentrations ≥ 0.2 mg/L (low-iodine situation; Day and 
Powell-Jackson 1972) or 1.5-3 mg/L (undernutrition, but adequate iodine; 
Jooste et al. 1999); however, other causes of goiter have not been ruled out. 
Bachinskii et al. (1985) showed increased TSH concentrations and reduced 
T3 concentrations in a population with a fluoride concentration of 2.3 mg/L 
in their drinking water (in comparison to a group with 1.0 mg/L), and Lin et 
al. (1991) showed similar results for a population with 0.88 mg/L fluoride 
in the drinking water (in comparison to a group with 0.34 mg/L); another 
study showed no effect at 3 mg/L (Baum et al. 1981). Among children 
considered to have adequate iodine supplementation, Susheela et al. (2005) 
found derangements of thyroid hormones in 54% of children with enamel 
fluorosis (1.1-14.3 mg/L fluoride in drinking water), and in 45-50% of 
“control” children without enamel fluorosis but with elevated serum fluo-
ride concentrations. Mikhailets et al. (1996) observed an increase in TSH in 
workers with increased exposure time and with more severe fluorosis; low 
T3 was found in 65% of workers with more than 10 years of service and 
in 54% of workers with Stage 2 fluorosis. Several studies do not include 
measurements of T4, T3, or TSH (Siddiqui 1960; Gedalia and Brand 1963; 
Leone et al. 1964; Day and Powell-Jackson 1972; Teotia et al. 1978; Desai 
et al. 1993; Jooste et al. 1999).

Nutritional information (especially the adequacy of iodine and selenium 
intake) is lacking for many (iodine) or all (selenium) of the available stud-
ies on humans. As with the animal studies, high fluoride intake appears to 
exacerbate the effects of low iodine concentrations (Day and Powell-Jackson 
1972; Lin et al. 1991). Uncertainty about total fluoride exposures based on 
water fluoride concentrations, variability in exposures within population 
groups, and variability in response among individuals generally have not 
been addressed. Although no thyroid effects were reported in studies using 
controlled doses of fluoride for osteoporosis therapy, the study populations 
are not necessarily representative of the general population with respect to 
age, calcium intake, and the presence of metabolic bone disease.

Thus, several lines of information indicate an effect of fluoride exposure 
on thyroid function. However, because of the complexity of interpretation 
of various parameters of thyroid function (Larsen et al. 2002), the possi-
bility of peripheral effects on thyroid function instead of or in addition to 
direct effects on the thyroid, the absence of TSH measurements in most of 
the animal studies, the difficulties of exposure estimation in human studies, 
and the lack of information in most studies on nutritional factors (iodine, 
selenium) that are known to affect thyroid function, it is difficult to predict 
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exactly what effects on thyroid function are likely at what concentration of 
fluoride exposure and under what circumstances.

Suggested mechanisms of action for the results reported to date include 
decreased production of thyroid hormone, effects on thyroid hormone trans-
port in blood, and effects on peripheral conversion of T4 to T3 or on nor-
mal deiodination processes, but details remain uncertain. Both peripheral 
conversion of T4 to T3 and normal deiodination (deactivation) processes 
require the deiodinases (Types I and II for converting T4 to T3 and Types I 
and III for deactivation; Schneider et al. 2001; Larsen et al. 2002; Goodman 
2003). Several sets of reported results are consistent with an inhibiting effect 
of fluoride on deiodinase activity; these effects include decreased plasma 
T3 with normal or elevated T4 and TSH and normal T3 with elevated T4 
(Bachinskii et al. 1985; Guan et al. 1988; Lin et al. 1991; Balabolkin et al. 
1995; Michael et al. 1996; Mikhailets et al. 1996; Susheela et al. 2005). 
The antihyperthyroid effect that Galletti and Joyet (1958) observed in some 
patients is also consistent with an inhibition of deiodinase activity in those 
individuals.

The available studies have generally dealt with mean values of various 
parameters for the study groups, rather than with indications of the clini-
cal significance, such as the fraction of individuals with a value (e.g., TSH 
concentration) outside the normal range or with clinical thyroid disease. For 
example, in the two populations of asymptomatic individuals compared by 
Bachinskii et al. (1985), the elevated mean TSH value in the higher-fluoride 
group is still within the normal range, but the number of individuals in that 
group with TSH values above the normal range is not given.

In the absence of specific information in the reports, it cannot be as-
sumed that all individuals with elevated TSH or altered thyroid hormone 
concentrations were asymptomatic, although many might have been. For 
asymptomatic individuals, the significance of elevated TSH or altered thy-
roid hormone concentrations is not clear. Belchetz and Hammond (2003) 
point out that the population-derived reference standards (e.g., for T4 and 
TSH) reflect the mean plus or minus two standard deviations, meaning that 
5% of normal people have results outside a given range. At the same time, 
healthy individuals might regulate plasma T4 within a “personal band” that 
could be much more narrow than the reference range; this brings up the 
question of whether a disorder shifting hormone values outside the personal 
band but within the population reference range requires treatment (Da-
vies and Larsen 2002; Belchetz and Hammond 2003). For example, early 
hypothyroidism can present with symptoms and raised TSH but with T4 
concentrations still within the reference range (Larsen et al. 2002; Belchetz 
and Hammond 2003).

Subclinical hypothyroidism is considered a strong risk factor for later 
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development of overt hypothyroidism (Weetman 1997; Helfand 2004). 
Biondi et al. (2002) associate subclinical thyroid dysfunction (either hypo- 
or hyperthyroidism) with changes in cardiac function and corresponding 
increased risks of heart disease. Subclinical hyperthyroidism can cause bone 
demineralization, especially in postmenopausal women, while subclinical 
hypothyroidism is associated with increased cholesterol concentrations, 
increased incidence of depression, diminished response to standard psychi-
atric treatment, cognitive dysfunction, and, in pregnant women, decreased 
IQ of their offspring (Gold et al. 1981; Brucker-Davis et al. 2001). Klein 
et al. (2001) report an inverse correlation between severity of maternal 
hypothyroidism (subclinical or asymptomatic) and the IQ of the offspring 
(see also Chapter 7).

A number of authors have reported delayed eruption of teeth, enamel 
defects, or both, in cases of congenital or juvenile hypothyroidism (Hinrichs 
1966; Silverman 1971; Biggerstaff and Rose 1979; Noren and Alm 1983; 
Loevy et al. 1987; Bhat and Nelson 1989; Mg’ang’a and Chindia 1990; 
Pirinen 1995; Larsen and Davies 2002; Hirayama et al. 2003; Ionescu et al. 
2004). No information was located on enamel defects or effects on eruption 
of teeth in children with either mild or subclinical hypothyroidism. The pos-
sibility that either dental fluorosis (Chapter 4) or the delayed tooth eruption 
noted with high fluoride intake (Chapter 4; see also Short 1944) may be 
attributable at least in part to an effect of fluoride on thyroid function has 
not been studied.

thyroid ParaFolliCular Cells

The parafollicular cells (C cells) of the thyroid produce a 32-amino acid 
peptide hormone called calcitonin (Bringhurst et al. 2002; Goodman 2003). 
Calcitonin acts to lower blood calcium and phosphate concentrations, pri-
marily or exclusively by inhibiting osteoclastic (bone resorption) activity. 
Calcitonin does not play a major role in calcium homeostasis in humans, 
and its primary importance seems to be to protect against excessive bone 
resorption (Bringhurst et al. 2002; Goodman 2003). At high concentrations, 
calcitonin can also increase urinary excretion of calcium and phosphate, but 
these effects in humans are small and not physiologically important for low-
ering blood calcium (Goodman 2003). Parafollicular cells express the same 
G-protein-coupled, calcium-sensing receptors in their surface membranes as 
do the chief cells of the parathyroid glands, receptors that respond directly 
to ionized calcium in blood; however, the secretory response of the parafol-
licular cells is opposite that of the parathyroid chief cells (Bringhurst et al. 
2002; Goodman 2003).
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Animal Studies

Very few animal studies have examined the effects of fluoride exposure 
on parafollicular cells or calcitonin secretion (see Appendix E, Table E-8). 
Sundström (1971) found no evidence for short-term release of calcitonin in 
response to fluoride treatment in rats, in line with the view that NaF admin-
istration to rats by lavage resulted in hyperparathyroidism, secondary to the 
calcitonin-like (blood calcium-lowering) action of fluoride on bone tissue. 
Rantanen et al. (1972) reported that fluoride exposure had a retarding ef-
fect on cortical bone remodeling in female pigs and that an intact thyroid 
gland was necessary for this effect. Replacing thyroid hormone (but not 
calcitonin) in thyroidectomized pigs eliminated the retarding effect of fluo-
ride, suggesting that the effect involved the formation, release, or enhanced 
action of calcitonin.

Human Studies

Teotia et al. (1978) found elevated calcitonin concentrations in seven 
patients with skeletal fluorosis in a high-fluoride area and in one of two 
patients who had moved to low-fluoride areas and showed improvement in 
various parameters (see Appendix E, Tables E-9 and E-10). Elevated calci-
tonin was found in all patients with an estimated fluoride intake of at least 
9 mg/day and in one patient with an estimated current fluoride intake of 3.8 
mg/day and a previous (until 2 years before) intake of 30 mg/day. Four of the 
individuals also had elevated parathyroid hormone (PTH), and radiographs 
of two suggested secondary hyperparathyroidism. Plasma calcium in the 
fluorosis patients was generally in the normal range, but urinary calcium 
concentrations were lower than those of controls; dietary calcium intakes 
were considered to be adequate. Vitamin D deficiency was not found.

In a review of skeletal fluorosis, Krishnamachari (1986) mentioned, 
but did not elaborate on, “significant alterations” in the “parathyroid-thy-
rocalcitonin axis,” also stating that the sequence of the hormonal changes 
was not clear and that the changes did not occur to the same degree in all 
patients, possibly reflecting the adequacy of calcium intake. Elevated calci-
tonin was found in some but not all cases of skeletal fluorosis in a series of 
epidemiologic studies reviewed by Teotia et al. (1998).

Tokar′ et al. (1989) reported elevated concentrations of calcitonin in the 
blood of workers employed in fluorine production, indicating stimulation of 
thyroid gland parafollicular cells. Huang et al. (2002) reported significantly 
elevated concentrations of serum PTH and calcitonin in 50 male fluoride 
workers and concluded that an excess of fluoride might affect secretion of 
both calcium-adjusting hormones.
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Discussion (Effects on Parafollicular Cell Function)

Calcitonin concentrations do not seem to have been routinely measured 
in cases of skeletal fluorosis, but elevated calcitonin does seem to be pres-
ent when looked for. The effect has been noted at fluoride intakes as low 
as 3.8 mg/day in humans (approximately 0.06 mg/kg/day) and was found 
routinely at intakes of at least 9 mg/day (approximately 0.15 mg/kg/day). 
No animal studies have reported calcitonin concentrations after fluoride 
exposure. Teotia et al. (1978) proposed several possible mechanisms (direct 
and indirect) of fluoride action with respect to effects on calcitonin and PTH 
secretion, but currently the significance of the elevated calcitonin concentra-
tions associated with skeletal fluorosis is not clear.5

Parathyroid glands

In humans, four small parathyroid glands are normally situated on the 
posterior surface of the thyroid. These glands produce PTH, a simple 84-
peptide hormone, which is the principal regulator of extracellular calcium 
(Bringhurst et al. 2002; Goodman 2003).6 The primary effect of PTH is to 
increase the calcium concentration and decrease the phosphate concentra-
tion in blood (Bringhurst et al. 2002; Goodman 2003). The major mecha-
nisms by which this effect occurs include the mobilization of calcium phos-
phate from the bone matrix, primarily from increased osteoclastic activity; 
in the kidney, increased reabsorption of calcium, decreased reabsorption of 
phosphate, and increased activation of vitamin D; and increased intestinal 
absorption of calcium (Bringhurst et al. 2002; Goodman 2003). PTH is 
also important for skeletal homeostasis (bone remodeling). Regulation of 
PTH secretion is inversely related to the concentration of ionized calcium 
(Bringhurst et al. 2002; Goodman 2003).

Healthy individuals secrete PTH throughout the day (1-3 pulses per 
hour); blood concentrations of PTH also exhibit a diurnal pattern, with 
peak values after midnight and minimum values in late morning (el-Hajj 

5Calcitonin inhibits bone resorption by acting directly on the osteoclast, but it appears to 
play only a small role in regulating bone turnover in adults (Raisz et al. 2002). Elevated cal-
citonin concentrations are often present in certain types of malignancy, especially medullary 
thyroid carcinoma (carcinoma arising from the thyroid parafollicular cells; Bringhurst et al. 
2002; Schlumberger et al. 2002), but are considered a marker for the malignancy or for certain 
other severe illnesses, rather than an adverse consequence. One source suggests that subtle 
alterations in calcitonin production or response may play a role in metabolic bone disease 
(Raisz et al. 2002).

6It is important to note that assays of PTH have varied over the years (Bringhurst et al. 2002; 
Goodman 2003), making it difficult to compare reported PTH concentrations among different 
studies; in this report, PTH concentrations (when given) are compared with the controls or 
healthy individuals reported for the specific studies.
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Fuleihan et al. 1997; Goodman 2003). Circadian patterns of PTH concen-
trations differ in men and women (Calvo et al. 1991) and between healthy 
and osteoporotic postmenopausal women (Eastell et al. 1992; Fraser et al. 
1998). The diurnal fluctuations might be important for urinary calcium con-
servation (el-Hajj Fuleihan et al. 1997) and might be involved in anabolic 
responses of bone to PTH (Goodman 2003). Alterations in PTH rhythms 
might contribute to or be associated with osteoporosis (el-Hajj Fuleihan et 
al. 1997; Fraser et al. 1998).

In Vitro Studies

Fluoride ion has been shown to be a potent inhibitor of PTH secretion in 
bovine and human parathyroid cells in vitro (Chen et al. 1988; Shoback and 
McGhee 1988; Sugimoto et al. 1990; Ridefelt et al. 1992); PTH inhibition 
was observed at concentrations ranging from 0.5 to 20 mM (9.5-380 mg/L) 
with maximum effect at or above 5 mM (95 mg/L). This action by fluoride 
either requires or is potentiated by Al3+, consistent with a mechanism of 
G-protein stimulation. Fluoride (or aluminum fluoride), via the G proteins, 
suppresses cAMP accumulation, increases cytosolic Ca2+ (probably by 
stimulating a calcium channel), increases inositol phosphate accumulation, 
and also might directly inhibit the PTH secretory process (Chen et al. 1988; 
Shoback and McGhee 1988; Sugimoto et al. 1990; Ridefelt et al. 1992). No 
single mechanism is clearly responsible for inhibiting PTH secretion, sug-
gesting that several mechanisms might be involved in its regulation.

Animal Studies

A number of animal studies of the effects of fluoride on parathyroid 
function are summarized below (for more details, see Appendix E, Table 
E-11). Administration of NaF as a lavage was found to elicit hyperpara-
thyroidism in rats (Yates et al. 1964, as cited by Sundström 1971); the hy-
perparathyroidism was thought to be secondary to a direct, calcitonin-like, 
action of fluoride on bone tissue (Rich and Feist 1970, as cited by Sundström 
1971). Levy et al. (1970) demonstrated increased resistance (suppressed sen-
sitivity) of alveolar bone to PTH (in pharmacologic doses) in marmosets fed 
fluoride in drinking water (50 mg/L) for 5 months. More recently, increased 
serum inorganic fluoride due to use of the anesthetic isoflurane was associ-
ated with decreased ionized calcium and increased PTH and osteocalcin in 
cynomolgus monkeys (Hotchkiss et al. 1998).

A fivefold increase in blood PTH was seen as early as 1 week in lambs 
given drinking water with fluoride at 90 mg/L (Faccini and Care 1965); by 
1 month, ultrastructural changes considered to be indicative of increased 
activity were observed in the parathyroid glands. The overactivity of the 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


240 FLUORIDE IN DRINKING WATER

parathyroid might be a response to a “more stable mineral system, i.e. 
fluoroapatite” that is “resistant to the normal processes of resorption,” thus 
requiring an increase in PTH activity to maintain normal serum calcium 
concentrations (Faccini 1969).

Chavassieux et al. (1991) reported a significant decrease in serum cal-
cium and phosphorus and increases in serum PTH in sheep fed 1 or 5 mg of 
NaF per kg per day for 45 days, without calcium supplementation. Because 
of wide variation, the increased serum PTH is not considered statistically 
significant, but mean serum PTH in both groups at 45 days was at least 
twice as high as at the beginning of the experiment. This study and those of 
Faccini and Care (1965) and Hotchkiss et al. (1998) suggest a hypocalcemic 
response to the fluoride, followed by increased PTH secretion in response 
to the hypocalcemia.

Two longer-term animal studies with “high” concentrations of calcium 
and vitamin D intake have reported no effect of fluoride exposure on cal-
cium homeostasis or parathyroid function (Andersen et al. 1986; Turner et 
al. 1997). However, two other studies with low-calcium situations found 
an altered parathyroid response. In one of these studies, Li and Ren (1997) 
reported that rats fed fluoride (100 mg/L in drinking water) for 2 months 
along with a low-calcium diet exhibited osteomalacia, osteoporosis, ac-
celerated bone turnover, increased serum alkaline phosphatase, increased 
osteocalcin,7 and increased PTH. Fluoride-treated animals with adequate 
dietary calcium showed only slightly increased osteoblastic activity after 
2 months but elevated serum alkaline phosphatase activity and increased 
average width of trabecular bone after 1 year.

In an earlier study, Rosenquist et al. (1983) fed drinking water contain-
ing fluoride at 50 mg/L to male Wistar rats from the age of 5 weeks until age 
51 weeks; half the animals were given a calcium-deficient diet for the last 
16 weeks. Control animals were fed drinking water containing fluoride at 
<0.5 mg/L. At 35 weeks, average serum immunoreactive PTH was reduced, 
but not significantly, in the fluoride-treated rats. At 51 weeks, calcium-de-
ficient rats without fluoride showed elevated PTH (the normal response), 
whereas calcium-deficient rats with fluoride showed very slightly less PTH 
than calcium-sufficient, fluoride-treated rats. All groups had normal serum 
calcium concentrations. The authors concluded that fluoride in the amount 
used does not increase parathyroid activity and that fluoride supplementa-
tion “seems to prevent the profound changes in parathyroid activity that 
result from calcium deficiency” (Rosenquist et al. 1983). However, a better 
interpretation of the data is that the normal increase in PTH in response to 
a dietary calcium deficiency did not occur in the fluoride-treated animals 

7Elevated osteocalcin and alkaline phosphatase are considered markers for bone turnover 
(Raisz et al. 2002).
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(although some morphological changes occurred), suggesting that normal 
parathyroid function was inhibited. These animals were adults when the 
calcium deficiency was imposed, and the effect of fluoride treatment on ani-
mals with a preexisting calcium deficiency was not examined. Substantially 
wider standard deviations were observed for all fluoride-treated and cal-
cium-deficient groups than in the controls (no fluoride, calcium sufficiency), 
suggesting variable responses in the animals.

Dunipace et al. (1995, 1998) examined the effects of fluoride (up to 50 
mg/L in drinking water) on male Sprague-Dawley rats with a normal diet 
(Dunipace et al. 1995) or with either a calcium-deficient diet or a diet defi-
cient in protein, energy, or total nutrients (Dunipace et al. 1998). Fluoride 
reportedly had no effect on various clinical parameters monitored in normal, 
calcium-deficient, or malnourished animals; however, the papers showed 
results only for combinations of fluoride treatment groups, and calcium-
related parameters such as PTH and calcitonin concentrations were not 
measured. The combination of general malnutrition and calcium deficiency 
was not examined.

Verma and Guna Sherlin (2002b) reported hypocalcemia in female rats 
and their offspring when the mothers were treated with NaF (40 mg/kg/day) 
during gestation and lactation. PTH was not measured.

Tiwari et al. (2004) reported decreased serum calcium, increased serum 
alkaline phosphatase, increased concentrations of vitamin D metabolites 
(both 25(OH)D3 and 1,25(OH)2D3), and lower whole body bone mineral 
density (suggestive of deficient mineralization) in rats born to mothers given 
a calcium-deficient diet and high fluoride (50 mg/L in drinking water) from 
day 11 of gestation; after weaning the pups were given the same low-cal-
cium, high-fluoride regimen. Although the authors did not measure PTH or 
examine bone histomorphometry, they did demonstrate specific changes in 
gene transcription in the duodenal mucosa, including decreased transcrip-
tion of the genes for the vitamin D receptor and calbindin D 9 k (a vitamin-D 
regulated protein that enhances calcium uptake) and altered (decreased at 
9 weeks) transcription of the gene for the calcium-sensing receptor (which 
senses changes in extracellular calcium concentrations and regulates serum 
calcium concentrations by influencing PTH secretion). Excess fluoride con-
tinued to produce alterations in gene expression even when calcium was 
restored to the diet. The changes in gene expression are thought to result in 
decreased absorption of calcium from the gut.

Human Studies (Clinical, Occupational, or Population)

Clinical, occupational, and population studies of the effects of fluoride 
on human parathyroid function are summarized below (for more detail, see 
Appendix E, Table E-12). In one study with healthy subjects, a single oral 
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dose of 27 mg of fluoride was followed by decreases in serum calcium and 
phosphorus and an increase in serum immunoreactive PTH (Larsen et al. 
1978), suggesting a rise in PTH in response to the decrease in serum calcium. 
The fall in serum calcium was attributed to increased mineralization of bone 
in response to the fluoride dose. Oral doses of fluoride at 27 mg/day for 3 
weeks in healthy adults produced a significant increase in serum osteocalcin 
at the end of the 3-week period but not in total or ionized calcium, alkaline 
phosphatase, PTH, and several other parameters (Dandona et al. 1988). The 
mean PTH concentration at 3 weeks was elevated slightly over the initial 
(pretreatment) values, and the standard deviation was considerably larger, 
suggesting that a few individuals might have had significant increases. In a 
follow-up letter, Gill et al. (1989) suggested that the age of the subjects and 
the sensitivity of the PTH assay might influence the findings.

Stamp et al. (1988, 1990) reported increased concentrations of biologi-
cally active PTH in osteoporosis patients receiving both calcium and sodium 
fluoride during short- and long-term treatments. In the short-term (8-day) 
study, two groups of patients were identified with respect to stability of 
serum calcium and phosphorus concentrations (Stamp et al. 1988). In the 
group with more stable serum calcium, NaF inhibited intestinal calcium 
and phosphorus absorption and reduced calcium balance; this inhibition is 
not explainable by the formation of calcium-fluoride complexes and might 
be due to inhibition by fluoride of some step(s) in active transport (Stamp 
et al. 1988).

In patients treated for 15 ± 10 months, the treated group as a whole 
had statistically significant elevation of biologically active PTH and serum 
alkaline phosphatase (Stamp et al. 1990). In those patients (32% of the 
treated group) in whom biologically active PTH was above the upper limit 
of normal, serum alkaline phosphatase was not elevated above control 
concentrations; elevated PTH also was associated with relative hypophos-
phatemia and relative hypercalciuria. Thus, in some individuals, fluoride 
stimulated the synthesis or release of serum alkaline phosphatase, and PTH 
concentrations were in the normal range; in others, serum alkaline phos-
phatase was not increased, indicating failure of the osteoblastic response, 
and PTH concentrations were above the normal range.

Duursma et al. (1987) also found that individuals varied in their re-
sponses to fluoride treatment for osteoporosis. Those individuals who had 
a femoral neck fracture during the treatment period (6 of 91 patients) also 
appeared to have lower serum alkaline phosphatase concentrations and 
higher serum PTH concentrations than other patients.

In a comparison of 25 fluoride-treated osteoporosis patients with 
calcium supplementation and 38 controls with no fluoride treatment (but 
in most cases calcium supplementation), Jackson et al. (1994) reported 
no significant difference in mean calcium concentrations between groups, 
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although 2 of 25 individuals were outside the normal range (versus 0 of 38 
controls). A significant elevation in mean alkaline phosphatase concentra-
tion was observed in the treated group, with 8 of 25 individuals outside 
the normal range (versus 0 of 38 controls); for those 8 individuals, the 
significant elevation was largely due to an increased concentration of bone 
isoenzymes. For the 24 patients for whom baseline (pretreatment) informa-
tion was available, mean calcium concentrations were significantly lower 
and alkaline phosphatase was significantly higher. PTH was not measured 
in these patients, and individuals with a history of thyroid, parathyroid, or 
gastrointestinal problems were not included in the study. The authors stated 
that “none of the mean differences between groups were considered to be 
clinically significant,” but whether some individuals had clinically significant 
situations was not addressed.

Dure-Smith et al. (1996) reported that fluoride-treated osteoporosis 
patients who showed a rapid increase in spinal bone density also showed 
a general state of calcium deficiency and secondary hyperparathyroidism; 
similarly treated patients with a decrease or slow increase in spinal bone 
density were much less likely to be calcium deficient. The degree of calcium 
deficiency appeared to be related to the previous fluoride-dependent increase 
in spinal bone density, indicating that an osteogenic response to fluoride can 
increase the skeletal requirement for calcium, even in patients with a high 
calcium intake. Reasons for the differences in response to fluoride treatment 
(rapid increase versus decrease or slow increase in spinal bone density) were 
not identified.

Osteoporosis patients treated either with slow-release NaF or with a 
placebo (both with concurrent calcium supplementation) showed decreases 
in immunoreactive PTH from initial pretreatment values, presumably due 
to the calcium supplementation (Zerwekh et al. 1997b). PTH values in the 
fluoride-treated group stayed slightly (but not significantly) higher than 
those in the placebo group.

Li et al. (1995) described a population study in China that examined 
adults in regions with various fluoride concentrations in the drinking water 
and either “normal” or “inadequate” nutrition in terms of protein and cal-
cium intake; people in the sample were “healthy” rather than randomly se-
lected. A significant decrease in blood calcium concentration was associated 
with an increase in fluoride exposure in the populations with inadequate 
nutrition but was not detected in subjects with normal nutrition. Elevated 
alkaline phosphatase activity with increased fluoride exposure was observed 
in all populations, with higher values in subjects with inadequate nutrition. 
PTH concentrations were not measured. For calcium, alkaline phosphatase, 
and several other blood parameters, all values were stated to be within the 
normal range regardless of fluoride exposure and nutritional condition, but 
it is not clear whether “all values” refers to mean or individual values.
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Jackson et al. (1997) examined adult volunteers in the United States 
who had lived at least 30 years in communities with natural fluoride concen-
trations in drinking water of 0.2, 1.0, or 4.0 mg/L. Mean values for plasma 
calcium, phosphate, and alkaline phosphatase for all groups were within 
the normal ranges, although there were statistically significant differences 
among groups for calcium and phosphate concentrations. On the basis of 
plasma fluoride concentrations, the group in the 0.2-mg/L community was 
thought to have higher fluoride intake than expected solely from their drink-
ing water. Calcium intakes and general nutritional status were not discussed, 
and PTH concentrations were not measured.

Human Studies (Endemic Skeletal Fluorosis)

Six papers (five from India and one from South Africa) describe para-
thyroid function in cases of endemic skeletal fluorosis (see Appendix E, 
Table E-13). An additional paper describes a U.S. patient with renal insuf-
ficiency, systemic fluorosis attributed to the renal insufficiency (and result-
ing polydipsia), and serum immunoreactive PTH more than three times the 
normal value (Juncos and Donadio 1972). The patient’s fluoride intake at 
the time of the study was about 20 mg/day, or 0.34 mg/kg/day. Johnson 
et al. (1979) refer to that patient and 5 others with renal disease in whom 
fluoride (approximately 1.7-3 mg/L in drinking water) “may have been the 
cause of detectable clinical and roentgenographic effects.” They state that 
plasma PTH concentrations were elevated in all 6, albeit the concentrations 
were considered “relatively low” for the severity of the bone disease. Two 
other U.S. patients with skeletal fluorosis but no renal disease did not have 
elevated PTH concentrations (Felsenfeld and Roberts 1991; Whyte et al. 
2005).

Singh et al. (1966) found significantly higher serum alkaline phos-
phatase values in individuals with fluorosis but no significant differences 
between patients and controls in serum calcium or inorganic phosphate. 
They did not measure PTH.

Teotia and Teotia (1973) reported that 5 of 20 patients with skeletal 
fluorosis had clear evidence of secondary hyperparathyroidism. The esti-
mated mean fluoride intake was ≥25 mg/day; dietary calcium and vitamin 
D were considered adequate. Laboratory results showed increased plasma 
alkaline phosphatase, increased phosphate clearance, decreased tubular re-
absorption of phosphate, increased urinary fluoride, and decreased urinary 
calcium. Plasma calcium and phosphate were normal in four of the patients. 
Elevated serum immunoreactive parathyroid hormone was observed in all 
five, especially in the person with elevated plasma calcium and decreased 
plasma phosphate. This person, who was thought to have been develop-
ing tertiary hyperparathyroidism, was later found to have a parathyroid 
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adenoma. Radiological findings in all five people were consistent with 
hyperparathyroidism.

Teotia et al. (1978) reported increased PTH concentrations in four of 
seven patients with endemic skeletal fluorosis (including the patient with 
the lowest fluoride intake); increased alkaline phosphatase was seen in at 
least three, and increased calcitonin was seen in all seven (Figure 8-3; Table 
E-10). Radiographs of two persons were consistent with secondary hyper-
parathyroidism. Dietary intakes of fluoride were estimated to range from 
8.7 to 52 mg/day. Plasma calcium concentrations in the fluorosis patients 
were generally in the normal range, but urinary calcium concentrations 
were lower than those of controls; dietary calcium intakes were considered 
to be adequate. Vitamin D deficiency was not found. The finding that not 
everyone had elevated PTH is consistent with other observations of vari-
ability in individual responses.

Srivastava et al. (1989) described four siblings in India with skeletal 
fluorosis, normal total and ionized calcium concentrations, and normal 
vitamin D concentrations. The mother of the four had subnormal total and 
ionized calcium and subnormal vitamin D. All five individuals had signifi-
cantly elevated PTH, elevated osteocalcin, and elevated alkaline phospha-
tase (Figure 8-4). Fluoride intakes were estimated to be between 16 and 49 

FIGURE 8-3 Plasma immunoreactive parathyroid hormone (IPTH) versus 
fluoride intake for nine skeletal fluorosis patients (two of whom had moved 
to a low-fluoride area) and five controls (data from Teotia et al. 1978; see 
Appendix E, Tables E-10 and E-13). Note that two of the control patients 
shown with IPTH values of 0.35 µg/mL were actually reported as “< 0.35” 
µg/mL. The four IPTH values of 0.7 µg/mL or greater were considered elevated 
above the values found in healthy controls.
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FIGURE 8-4 Fluoride intake and serum fluoride (upper left) in four Indian 
siblings (subjects 2-5) and their mother (subject 1). Serum PTH and osteocalcin 
and plasma alkaline phosphatase are shown for the same subjects and for 
normal age-matched Indian controls. SOURCE: Srivastava et al. 1989.

mg/day, primarily from a water source containing fluoride at 16.2 mg/L. 
The findings of elevated PTH in the presence of low or normal total and 
ionized calcium concentrations suggest secondary hyperparathyroidism in 
these individuals.

Pettifor et al. (1989) described a study of 260 children between 6 and 
16 years old in an area of South Africa with endemic skeletal fluorosis 
(water fluoride concentrations of 8-12 mg/L). Hypocalcemia was present 
in 23% of these children and in six of nine children presenting with skel-
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etal symptoms who were studied individually. In comparable areas with 
low fluoride concentrations, the prevalence of hypocalcemia was only 2% 
to13%. Bone fluoride was elevated about 10-fold in the seven children 
measured. The children exhibited a reduced phosphaturic response dur-
ing a PTH-stimulation test, suggestive of pseudohypoparathyroidism Type 
II; the response was directly related to the presence of hypocalcemia and 
could be corrected by correcting the hypocalcemia. Biopsies of iliac crest 
bone gave a picture of severe hyperosteoidosis associated with secondary 
hyperparathyroidism and a mineralization defect. The authors suggested 
that fluoride ingestion might increase calcium requirements and exacerbate 
the prevalence of hypocalcemia. The usual result of low calcium intake is 
classical rickets and generalized osteopenia; in this case, the combination of 
low calcium and high fluoride resulted in a different presentation at a later 
age. The degree of hypocalcemia appears to play a major role in determin-
ing the severity of osteomalacia present in endemic skeletal fluorosis and 
influences the renal response to hyperparathyroidism (in terms of variable 
serum phosphate values). The authors also pointed out the “striking male 
predominance” of skeletal fluorosis in their study and cited similar findings 
in previous studies.

Gupta et al. (2001) described a one-time study of children aged 6-12 
in four regions of India with different fluoride intakes (for details, see Ap-
pendix E, Table E-14). Mean serum calcium concentrations were within the 
normal range for all groups. The serum PTH in all groups was correlated 
with the fluoride intake (Figure 8-5) and with the severity of clinical and 
skeletal fluorosis. The authors concluded that the increased serum PTH 
was related to high fluoride ingestion and could be responsible for main-
taining serum calcium concentrations as well as playing a role in the toxic 
manifestations of fluorosis. Calcium intake is not stated in the paper, but 
the primary author has indicated that calcium intake in the study areas was 
normal (S. K. Gupta, Satellite Hospital, Banipark, Jaipur, personal com-
munication, December 11, 2003).

In a review of skeletal fluorosis, Krishnamachari (1986) indicated that 
the nature (osteosclerotic, osteomalacic, osteoporotic) and severity of the 
fluorosis depend on factors such as age, sex, dietary calcium intake, dose 
and duration of fluoride intake, and renal efficiency in fluoride handling. 
In some cases, secondary hyperparathyroidism is observed with associated 
characteristic bone changes. He also noted the preponderance of males 
among fluorosis patients and discussed a possible protective effect of estro-
gens. In his review, Krishnamachari (1986) described a twofold model for 
the body’s handling of fluoride.

1. In the presence of adequate calcium, absorbed fluoride is deposited 
in the bone as calcium fluorapatite. Bone density increases, urinary fluoride 
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FIGURE 8-5 Parathyroid hormone (IPTH) versus fluoride intake for children 
in four villages with different mean fluoride intakes (Gupta et al. 2001; also 
see Appendix E, Tables E-13 and E-14). Vertical lines indicate standard 
deviations on the means. Horizontal lines indicate normal range of IPTH 
(48.1 ± 11.9 pM/L) for this method of measurement.

increases, but urinary calcium and phosphorus are not altered. Osteoscle-
rosis and calcification of many tendons and ligaments occur. Serum alkaline 
phosphatase activity is elevated, but no specific changes occur in other 
constituents of serum. There are minimal hormonal changes and only mild 
secondary hyperparathyroidism. If the situation progresses, there will be 
osteophytosis (bony outgrowths), neurological complications,8 and late 
crippling, producing an osteosclerotic form of fluorosis that primarily affects 
adults.

2. In the presence of inadequate calcium, fluoride directly or indirectly 
stimulates the parathyroid glands, causing secondary hyperparathyroidism 
leading to bone loss. Bone density is variably increased, with areas of scle-
rosis or porosis; there is evidence (radiological and densitometrical) of bone 
loss. There is renal conservation of calcium in spite of hyperparathyroidism, 
with no significant changes in serum biochemistry; urinary hydroxyproline 
excretion is significantly increased. In these conditions, an osteoporotic type 
of skeletal fluorosis occurs at a younger age, and growing children develop 
deformities due to bone softening.

8“Neurological complications” probably refers to the effects of compression of the spinal 
cord, e.g., those described by Singh et al. (1961).
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Teotia et al. (1998) compared a number of epidemiologic studies of 
skeletal fluorosis from 1963 to 1997, including 45,725 children consuming 
water with fluoride at 1.5-25 mg/L. They observed that the combination 
of fluoride exposure and calcium deficiency led to more severe effects of 
fluoride, metabolic bone diseases, and bone deformities, resulting from 
excess fluoride, low calcium, high PTH, and high 1,25-dihydroxy vitamin 
D3. Fluoride exposure in the presence of calcium sufficiency led to an os-
teosclerotic form of fluorosis, with minimal secondary hyperparathyroidism. 
For comparable fluoride intake, metabolic bone disease occurs in 90% of 
children with calcium deficiency versus 25% of children with adequate cal-
cium intake. The authors concluded that the toxic effects of fluoride occur 
at a lower fluoride intake (>2.5 mg/day) when there is a calcium deficiency 
and that fluoride appears to exaggerate the metabolic effects of calcium 
deficiency on bone.

Discussion (Parathyroid Function)

Of the animal studies that actually measured PTH, two studies have 
shown no effect of fluoride on PTH concentrations in blood (Liu and Bay-
link 1977; Andersen et al. 1986); animals in these studies were supplied with 
adequate or high dietary calcium. An additional three studies reported no 
effect of fluoride on serum or plasma calcium concentrations but did not 
measure PTH concentrations (Rosenquist and Boquist 1973; Dunipace et 
al. 1995, 1998). Rosenquist and Boquist (1973) gave no information on 
dietary calcium. One experiment by Dunipace et al. (1998) specifically used 
low dietary calcium for some treatment groups. Turner et al. (1997) found 
decreased serum calcium and elevated (but not significantly so) PTH in 
fluoride-treated animals with high dietary calcium. Both Verma and Guna 
Sherlin (2002b) and Tiwari et al. (2004) reported hypocalcemia due to com-
bined calcium deficiency and fluoride exposure, but PTH was not measured. 
Tiwari et al. (2004) described changes in gene expression that would result 
in reduced calcium absorption from the gut. Elevated PTH concentrations 
were reported for fluoride-treated animals in three papers, including one 
with no information on dietary calcium (Faccini and Care 1965), one with 
normal dietary calcium and decreased serum calcium (Chavassieux et al. 
1991), and one with low dietary calcium (Li and Ren 1997). In one other 
study, the normal response to a calcium deficiency (elevated PTH) did not 
occur in fluoride-exposed animals (Rosenquist et al. 1983).

Human studies show elevated PTH concentrations in at least some 
individuals at doses of 0.4-0.6 mg/kg/day (Teotia and Teotia 1973; Larsen 
et al. 1978; Duursma et al. 1987; Dandona et al. 1988; Stamp et al. 1988, 
1990; Srivastava et al. 1989; Dure-Smith et al. 1996; Gupta et al. 2001) 
and in some cases at doses as low as 0.15 mg/kg/day (Teotia et al. 1978) 
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and 0.34 mg/kg/day (Juncos and Donadio 1972). Li et al. (1995) found a 
significant decrease in mean plasma calcium concentrations with increased 
fluoride exposure in populations of apparently healthy adults with inad-
equate nutrition, but PTH was not measured. Jackson et al. (1994) found 
calcium concentrations outside the normal range in 2 of 25 persons treated 
with fluoride for osteoporosis, but the mean value for the group was within 
the normal range; these persons also received calcium supplementation. 
Calcium concentrations in 24 patients decreased from pretreatment con-
centrations; however, PTH concentrations were not measured. Jackson 
et al. (1997) also found no significant effect of fluoride on blood calcium 
concentrations in people who lived in communities with different fluoride 
concentrations but presumably had adequate nutrition; PTH concentrations 
were not measured.

The indirect action of fluoride on parathyroid function is relatively 
straightforward: fluoride induces a net increase in bone formation (Chavas-
sieux et al. 1991) and also decreases calcium absorption from the gastroin-
testinal tract (beyond the degree expected by formation of calcium-fluoride 
complexes; Krishnamachari 1986; Stamp et al. 1988; Ekambaram and Paul 
2001); both of these effects lead to an increase in the body’s calcium require-
ment (Pettifor et al. 1989; Ekambaram and Paul 2001). If dietary calcium is 
inadequate to support the increased requirement, the response is an increase 
in PTH (secondary hyperparathyroidism). PTH acts to increase resorption 
of bone, but the effect is uneven; low-fluoride bone is resorbed first (Faccini 
1969). As bone fluoride increases, the “solubility” of the bone, or the ease 
with which it is resorbed, is decreased (because of the greater stability of 
fluorapatite), giving an apparent resistance to the effects of PTH (Faccini 
1969; Levy et al. 1970; Messer et al. 1973a,b). The indirect action of fluo-
ride to cause an increased calcium requirement is consistent with reports of 
reduced milk production (due to inadequate mobilization of calcium from 
bone) in livestock with excessive fluoride consumption and of more severe 
fluorosis in lactating animals (due to the higher calcium utilization during 
lactation) (e.g., Eckerlin et al. 1986a,b; Jubb et al. 1993). The work of Ti-
wari et al. (2004) provides an initial description of a mechanism by which 
fluoride exposure in the presence of a calcium deficiency further increases 
the dietary requirement for calcium, namely by altering the expression of 
genes necessary for calcium absorption from the gastrointestinal tract.

Some studies also indicate direct effects of fluoride on the parathyroid 
gland. Elevated PTH in the presence of normal serum calcium might indicate 
a stimulatory effect of fluoride (Gill et al. 1989; Srivastava et al. 1989). The 
absence of the normal elevation of PTH in response to calcium deficiency 
suggests an inhibitory effect (Rosenquist et al. 1983), as do several in vitro 
studies (Chen et al. 1988; Shoback and McGhee 1988; Sugimoto et al. 1990; 
Ridefelt et al. 1992). The possibility also exists that a direct effect on either 
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the parathyroid or the thyroid parafollicular cells leads to a compensatory 
response from the other, but this has not been examined.

Several studies have reported different responses among individuals or 
variability in group responses (Teotia and Teotia 1973; Teotia et al. 1978; 
Krishnamachari 1986; Duursma et al. 1987; Dandona et al. 1988; Stamp 
et al. 1988; 1990; Jackson et al. 1994; Dure-Smith et al. 1996; Gupta et 
al. 2001); the reasons for these differences are not clear but might include 
genetic differences in addition to variability in nutritional factors. The ef-
fects also might vary with age, sex, and the duration (as well as degree) of 
hypocalcemia.

Any cause of hypocalcemia or vitamin D deficiency can lead to sec-
ondary hyperparathyroidism (elevated PTH) in an attempt by the body to 
maintain calcium homeostasis (Ahmad and Hammond 2004).9 Fluoride 
clearly has the effect of decreasing serum calcium and increasing the calcium 
requirement in some or many exposed persons. In those studies which have 
measured it, PTH is elevated in some persons in response to fluoride expo-
sure, indicating secondary hyperparathyroidism. No information has been 
reported in those studies on the clinical effects, if any, in those persons. In 
general, secondary hyperparathyroidism in response to calcium deficiency 
may contribute to a number of diseases, including osteoporosis, hyperten-
sion, arteriosclerosis, degenerative neurological diseases, diabetes mellitus, 
some forms of muscular dystrophy, and colorectal carcinoma (Fujita and 
Palmieri 2000). McCarty and Thomas (2003) suggest that down-regula-
tion of PTH (by calcium and/or vitamin D supplementation) could assist in 
control of weight and prevention of diabetes.

Calcium deficiency induced or exacerbated by fluoride exposure may 
contribute to other adverse health effects. For example, Goyer (1995) indi-
cates that low dietary calcium increases the concentration of lead in critical 
organs and the consequent toxicity. A recent increase in the number of cases 
of nutritional rickets in the United States appears to reflect calcium-deficient 
diets rather than vitamin D deficiencies (DeLucia et al. 2003). These cases 
occur in children whose diet lacks dairy products;10 circulating PTH con-
centrations are elevated, as are alkaline phosphatase concentrations. The 
authors “emphasize that nutritional calcium deficiency may occur in North 
American infants and is not limited to the setting of developing countries” 
and state that “factors that affect calcium absorption may be important in 
determining a susceptibility to the development of rickets.”

9Renal failure is the most common cause of secondary hyperparathyroidism (Ahmad and 
Hammond 2004).

10A diet low in dairy products will have not only a lower calcium content but probably 
also a higher fluoride content, due to greater use of beverages such as juices that have been 
manufactured with fluoridated municipal water (see Chapter 2); absorption and retention of 
fluoride will be higher because of the calcium deficiency.
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Pineal gland

The pineal gland is a small organ (150 mg in humans) located near the 
center of the brain. One of the major components of the mammalian circa-
dian system, it lies in the upper margins of the thalamus in the dorsal aspects 
of the third ventricle and has both physical and neuronal connections with 
the brain. Although the pineal gland lies outside the blood-brain barrier, 
it has access to the cerebrospinal fluid. The pineal gland’s major neuronal 
connections with the brain are the sympathetic nerve fibers coming from the 
superior cervical ganglion; the activity of these sympathetic nerves controls 
synthesis and release of the pineal hormone melatonin (Cone et al. 2002).11 
Other substances (primarily peptides) are also secreted from the pineal gland 
and have been reported to have various physiological effects, including an-
tigonadotropic, metabolic, and antitumor activity (Anisimov 2003).

Most melatonin production occurs during darkness (Reiter 1998; Salti 
et al. 2000; Cone et al. 2002; Murcia García et al. 2002). Peak serum con-
centrations of melatonin occur during childhood in humans, with decreasing 
concentrations during adolescence before stabilization at the low concentra-
tion characteristic of adults (García-Patterson et al. 1996; Murcia García 
et al. 2002); further decreases in melatonin occur at menopause in women 
and at a corresponding age in men (Reiter 1998).

Melatonin affects target tissues, such as the hypophyseal pars tuberalis, 
that have a high density of melatonin receptors. The primary effect seems to 
be temporally specific activation of cAMP-sensitive gene expression in the 
pars tuberalis by the sensitization of adenylyl cyclase, thus synchronizing 
the suprachiasmatic nucleus of the hypothalamus and clock-controlled genes 
in peripheral tissue (Stehle et al. 2003). In humans, changes in melatonin 
are associated with the status of the reproductive system—onset of puberty, 
stage of puberty, menstrual cyclicity, menopause (Reiter 1998; Salti et al. 
2000)—but the functional relationships are not fully understood. The el-
evated melatonin concentrations characteristic of prepubertal age suggest an 
inhibitory effect on pubertal development (Aleandri et al. 1997; Salti et al. 
2000); sexual maturation begins when serum melatonin starts to decrease 
(Aleandri et al. 1997; Reiter 1998). Melatonin also seems to be involved 
with anxiety reactions; for example, the beneficial effects of fluoxetine 
(Prozac) in mice during an anxiety test are not found if the pineal gland has 
been removed (Uz et al. 2004).

Melatonin and pineal peptides have been associated with a number of 
other physiological effects, including regulation of circadian rhythms and 

11Melatonin is also found in cells lining the gut from stomach to colon. Its functions are 
mainly protective, including free radical scavenging. Some of melatonin’s actions are recep-
tor-mediated and involve the central and peripheral sympathetic nervous systems (Reiter et 
al. 2003a).
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sleep (Arendt 2003; Cajochen et al. 2003); regulation of reproductive physi-
ology in seasonal breeders (Aleandri et al. 1997; Reiter 1998; Stehle et al. 
2003); effects on calcium and phosphorus metabolism, parathyroid activity, 
bone growth, and development of postmenopausal osteoporosis (Chen et 
al. 1990, 1991; Sandyk et al. 1992; Shoumura et al. 1992; el-Hajj Fulei-
han et al. 1997; Roth et al. 1999; Cardinali et al. 2003; Goodman 2003); 
oncostatic or anticarcinogenic effects (Cohen et al. 1978; García-Patterson 
et al. 1996; Panzer 1997; Anisimov 2003); antioxidant actions (Srinivasan 
2002; Reiter et al. 2003b); and effects on the central nervous system, psy-
chiatric disease, and sudden infant death syndrome (García-Patterson et al. 
1996; Reiter 1998; Delagrange et al. 2003). Panzer (1997) suggested that 
the simultaneous decrease in melatonin concentrations and the exponential 
increase in bone growth during puberty could be a factor in the typical age 
distribution of osteosarcoma.

Pineal Gland Calcification

The pineal gland is a calcifying tissue; in humans, calcified concretions 
can be found at any age, although the likelihood increases with age (Vígh et 
al. 1998; Akano and Bickler 2003) and may be associated with menopause 
(Sandyk et al. 1992). The occurrence of pineal calcifications varies among 
different populations and nations (Vígh et al. 1998), possibly in associa-
tion with the degree of industrialization (Akano and Bickler 2003), rates of 
breast cancer (Cohen et al. 1978), and high circannual light intensity near 
the equator (Vígh et al. 1998). Osteoporosis might be associated with fewer 
concretions (Vígh et al. 1998).

Melatonin secretion is well correlated with the amount of uncalcified 
pineal tissue (Kunz et al. 1999) but not with the size of pineal calcification 
(Vígh et al. 1998; Kunz et al. 1999). An increase in calcification of the pineal 
gland in humans probably represents a decrease in the number of function-
ing pinealocytes and a corresponding decrease in the individual’s ability to 
produce melatonin (Kunz et al. 1999). The degree of calcification, relative 
to the size of an individual’s pineal gland, has been suggested as a marker 
of the individual’s decreased capability to produce melatonin (Kunz et al. 
1999).

As with other calcifying tissues, the pineal gland can accumulate fluo-
ride (Luke 1997, 2001). Fluoride has been shown to be present in the pineal 
glands of older people (14-875 mg of fluoride per kg of gland in persons 
aged 72-100 years), with the fluoride concentrations being positively re-
lated to the calcium concentrations in the pineal gland, but not to the bone 
fluoride, suggesting that pineal fluoride is not necessarily a function of cu-
mulative fluoride exposure of the individual (Luke 1997, 2001). Fluoride 
has not been measured in the pineal glands of children or young adults, nor 
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has there been any investigation of the relationship between pineal fluoride 
concentrations and either recent or cumulative fluoride intakes.

In Vitro Studies

Few studies have examined the effects of fluoride on pineal function. 
NaF (2.5-20 mM, or fluoride at 47.5-380 mg/L) produces markedly in-
creased adenylyl cyclase activity (up to four times control activity) of rat 
pineal homogenates in vitro (Weiss 1969a,b), as it does in other tissues 
(Weiss 1969a); ATPase activity in the homogenates was inhibited by up to 
50% (Weiss 1969a). Potassium fluoride (7-10 mM, or fluoride at 133-190 
mg/L) has been used experimentally to increase adenylyl cyclase activity in 
rat pineal glands in vitro (Zatz 1977, 1979).

Animal Studies

Details of the effect of fluoride on pineal function are presented in Ap-
pendix E, Table E-15. Luke (1997) examined melatonin production as a 
function of age and time of day in Mongolian gerbils (Meriones unguicula-
tus). On an absolute basis, melatonin production by the low-fluoride group 
was constant at ages 7-28 weeks, with no difference between males and 
females. Relative to body weight, melatonin output declined progressively 
with age until adulthood (by 11.5 weeks in females and 16 weeks in males). 
In contrast, prepubescent gerbils fed the high-fluoride diet had significantly 
lower pineal melatonin production than prepubescent gerbils fed the low-
fluoride diet. Relative to body weight, the normal higher rate of melatonin 
production in sexually immature gerbils did not occur.

Sexual maturation in females occurred earlier in the high-fluoride ani-
mals (Luke 1997); males had increases in melatonin production relative to 
body weight between 11.5 and 16 weeks (when a decrease normally would 
occur), and testicular weight at 16 weeks (but not at 9 or 28 weeks) was sig-
nificantly lower in high-fluoride than in low-fluoride animals. The circadian 
rhythm of melatonin production was altered in the high-fluoride animals 
at 11.5 weeks but not at 16 weeks. In high-fluoride females at 11.5 weeks, 
the nocturnal peak (relative to body weight) occurred earlier than in the 
low-fluoride animals; also, the peak value was lower (but not significantly 
lower) in the high-fluoride animals. In males, a substantial reduction (P < 
0.00001) in the nocturnal peak (relative to body weight) was observed in 
the high-fluoride animals.
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Human Studies

Although no studies are available that specifically address the effect of 
fluoride exposure on pineal function or melatonin production in humans, 
two studies have examined the age of onset of menstruation (age of men-
arche) in girls in fluoridated areas (Schlesinger et al. 1956; Farkas et al. 
1983; for details, see Appendix E, Table E-15);12 the earlier study was dis-
cussed by Luke (1997) as part of the basis for her research. No comparable 
information on sexual maturation in boys is available.

In girls examined approximately 10 years after the onset of fluoridation 
(1.2 mg/L, in 1945) in Newburgh, New York, the average age13 at men-
arche was 12 years, versus 12 years 5 months among girls in unfluoridated 
Kingston (Schlesinger et al. 1956).14 The authors stated that this difference 
was not statistically significant. Note that those girls who reached menarche 
during the time period of the study had not been exposed to fluoride over 
their entire lives, and some had been exposed perhaps for only a few years 
before menarche (they would have been 8-9 years old at the time fluorida-
tion was started). Those girls in Newburgh who had been exposed to fluo-
ridated water since birth (or before birth) had not yet reached menarche by 
the time of the study.

A later study in Hungary (Farkas et al. 1983) reported no difference in 
the menarcheal age of girls in a town with “optimal” fluoride concentra-
tion (1.09 mg/L in Kunszentmárton, median menarcheal age 12.779 years) 
and a similar control town (0.17 mg/L in Kiskunmajsa; median menarcheal 

12Both Schlesinger et al. (1956) and Farkas et al. (1983) referred to tables of the distribution 
of ages at the time of first menstruation, but, in fact, both studies provided only frequencies by 
age (presumably at the time of study, in either 1-year or 0.5-year increments) of girls having 
achieved menarche by the stated age. Farkas et al. (1983) specifically indicated use of the probit 
method for ascertainment of the median age at menarche; the data provided by Schlesinger et al. 
(1956) appear to correspond to that method, but they do not specifically mention it. The probit 
(or status quo) method appears to be routinely used to estimate the median (or other percentiles 
of) age at menarche, sometimes in conjunction with an estimated mean age at menarche based 
on recall data (e.g., Wu et al. 2002; Anderson et al. 2003; Chumlea et al. 2003; Padez and 
Rocha 2003). According to Grumbach and Styne (2002), “The method of ascertainment of the 
age of menarche is of importance. Contemporaneous recordings are performed with the probit 
method of asking, ‘yes’ or ‘no,’ are you menstruating? These may be incorrect because of social 
pressures of the culture and socioeconomic group considered. Recalled ages of menarche are 
used in other studies and considered to be accurate within 1 year (in 90% of cases) during the 
teenage years and in older women, too.”

13Probably the median age, although the text simply says “average.” Similar studies appear 
to use the term “average age at menarche” to refer to the “estimated median age at menarche” 
(Anderson et al. 2003).

14For comparison purposes, estimates of mean or median age at menarche for the white 
population in the United States include 12.80 years for 1963-1970 (Anderson et al. 2003) 
and 12.55-12.7 years for 1988-1994 (Wu et al. 2002; Anderson et al. 2003; Chumlea et al. 
2003).
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age 12.79 years). This study shows postmenarcheal girls present at younger 
ages in the higher fluoride town than in the low-fluoride town, although the 
reported median ages were the same (Farkas et al. 1983).

Discussion (Pineal Function)

Whether fluoride exposure causes decreased nocturnal melatonin pro-
duction or altered circadian rhythm of melatonin production in humans 
has not been investigated. As described above, fluoride is likely to cause 
decreased melatonin production and to have other effects on normal pineal 
function, which in turn could contribute to a variety of effects in humans. 
Actual effects in any individual depend on age, sex, and probably other fac-
tors, although at present the mechanisms are not fully understood.

other endoCrine organs

The effects of fluoride exposure have been examined for several other 
endocrine organs, including the adrenals, the pancreas, and the pituitary 
(for details, see Appendix E, Tables E-16 and E-17). Effects observed in 
animals include changes in organ weight, morphological changes in tissues, 
increased mitotic activity, decreased concentrations of pituitary hormones, 
depressed glucose utilization, elevated serum glucose, and elevated insulin-
like growth factor-1 (IGF-1). Effects reported in humans include “endocrine 
disturbances,” impaired glucose tolerance, and elevated concentrations of 
pituitary hormones. Studies of the effects of fluoride on glucose metabolism 
and in diabetic animals are discussed below; information on other effects 
is extremely limited.

Animal Studies (Diabetic Animals)

Two studies have examined the effects of fluoride exposure in diabetic 
rats. In the first study, Dunipace et al. (1996) compared male Zucker fatty 
diabetic rats and Zucker age-matched controls given drinking water with 
fluoride at 5, 15, or 50 mg/L.15 For the physiological, biochemical, and ge-
netic variables that were monitored, no “measurable adverse effects” were 
noted. Statistically significant differences with respect to fluoride intake (as 
opposed to differences between normal and diabetic animals) were observed 
only for diabetic rats with fluoride at 50 mg/L. No endocrinological param-
eters (e.g., PTH) were measured. Dunipace et al. (1996) reported that fluo-
ride intake, excretion, and balance were generally similar in this study and 

15These fluoride intakes were considered to be equivalent to intakes by humans of 1, 3, and 
10 mg/L (Dunipace et al. 1996).
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in a previous study with Sprague-Dawley rats but that there were “strain-
specific differences in fluoride sensitivity”; these differences were not defined 
or explained. The Zucker fatty diabetic rat is considered to be an animal 
model for human Type II (noninsulin-dependent) diabetes mellitus, although 
the diabetic rats in this study did not experience renal insufficiency, and the 
study was terminated before an age that might be more comparable to ages 
associated with late-onset diabetes and diabetic complications in humans. 
The authors concluded that the diabetic rats “were not at increased risk of 
fluorosis,” even though femoral fluoride concentrations (2,700-9,500 µg/g 
in ash for diabetic rats given fluoride at 15 or 50 mg/L versus 2,500-3,600 
in normal rats given fluoride at 50 mg/L) were in the range associated with 
fluorosis in humans and exceeded concentrations of bone fluoride associated 
with decreased bone strength in rabbits (6,500-8,000 ppm in ash; Turner et 
al. 1997); no basis for their conclusion was given.

In the second study, Boros et al. (1998) compared the effects of fluoride 
at 10 mg/L in drinking water for 3 weeks on young female rats (Charles 
River, Wistar), either normal (nondiabetic) or with streptozotocin-induced, 
untreated diabetes. An additional group of normal rats was given an amount 
of fluoride in drinking water corresponding to the fluoride intake by the 
diabetic rats (up to about 3 mg/day per rat). Both feed and water consump-
tion increased significantly in the diabetic rats (with and without fluoridated 
water); water consumption was significantly higher in the diabetic rats on 
fluoridated water than in those on nonfluoridated water. Fasting blood 
glucose concentrations were increased significantly in both diabetic groups, 
but more so in the group on fluoridated water. Fluoride treatment of non-
diabetic animals did not cause any significant alteration in blood glucose 
concentrations. Plasma fluoride was higher, and bone fluoride was lower, 
in diabetic than in nondiabetic animals given the same amount of fluoride, 
indicating lower deposition of fluoride into bone and lower renal clearance 
of fluoride in the diabetic animals. The increased kidney weight found in 
diabetic animals on nonfluoridated water was not seen in the fluoride-
treated diabetic animals. Additional biochemical and hormonal parameters 
were not measured.

In contrast to the Zucker fatty diabetic rats in the study by Dunipace 
et al. (1996), the streptozotocin-induced diabetic rats in this study (Boros 
et al., 1998) provide an animal model considered representative of Type I 
(insulin-dependent) diabetes mellitus in humans. In these rats, the general 
severity of the diabetes (blood glucose concentrations, kidney function, 
weight loss) was worse in animals given fluoride at 10 mg/L in their drink-
ing water. In both types of diabetic rats, fluoride intake was very high 
because of the several-fold increase in water consumption, and correspond-
ing plasma, soft tissue, and bone fluoride concentrations were elevated 
accordingly. Thus, any health effects related to plasma or bone fluoride 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


2�8 FLUORIDE IN DRINKING WATER

concentrations, for example, would be expected to occur in animals or 
humans with uncontrolled (or inadequately controlled) diabetes at lower 
fluoride concentrations in drinking water than for nondiabetics, because of 
the elevated water intakes. In addition, the results reported by Boros et al. 
(1998) suggested that, for some situations (e.g., diabetes in which kidney 
function is compromised), the severity of the diabetes could be increased 
with increasing fluoride exposure.

Animal Studies (Normal Animals)

Turner et al. (1997) reported a 17% increase in serum glucose in female 
rabbits given fluoride in drinking water at 100 mg/L for 6 months. IGF-1 
was also significantly increased (40%) in these rabbits, but other regulators 
of serum glucose, such as insulin, were not measured. The authors suggested 
that IGF-1 concentrations might have changed in response to changes in 
serum glucose concentrations. Dunipace et al. (1995, 1998) found no sig-
nificant differences with chronic fluoride treatment in mean blood glucose 
concentrations in rats; specific data by treatment group were not reported, 
and parameters such as insulin and IGF-1 were not measured.

Suketa et al. (1985) and Grucka-Mamczar et al. (2005) have reported 
increases in blood glucose concentrations following intraperitoneal injec-
tions of NaF; Suketa et al. (1985) attributed these increases to fluoride 
stimulation of adrenal function. Rigalli et al. (1990, 1992, 1995), in experi-
ments with rats, reported decreases in insulin, increases in plasma glucose, 
and disturbance of glucose tolerance associated with increased plasma 
fluoride concentrations. The effect of high plasma fluoride (0.1-0.3 mg/L) 
appeared to be transient, and the decreased response to a glucose chal-
lenge occurred only when fluoride was administered before (as opposed 
to together with or immediately after) the glucose administration (Rigalli 
et al. 1990). In chronic exposures, effects on glucose metabolism occurred 
when plasma fluoride concentrations exceeded 0.1 mg/L (5 µmol/L) (Rigalli 
et al. 1992, 1995). The in vivo effect appeared to be one of inhibition of 
insulin secretion rather than one of insulin-receptor interaction (Rigalli et 
al. 1990). Insulin secretion (both basal and glucose-stimulated) by isolated 
islets of Langerhans in vitro was also inhibited as a function of fluoride con-
centrations (Rigalli et al. 1990, 1995). Rigalli et al. (1990) pointed out that 
recommended plasma fluoride concentrations for treatment of osteoporosis 
are similar to those shown to affect insulin secretion.

Human Studies

Jackson et al. (1994) reported no differences in mean fasting blood glu-
cose concentrations between osteoporosis patients treated with fluoride and 
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untreated controls, although 3 of 25 treated individuals had values outside 
the normal range (versus 1 of 38 controls). No significant differences were 
found between groups of older adults with different fluoride concentrations 
in drinking water in studies in China (Li et al. 1995; subjects described as 
“healthy” adults) and the United States (Jackson et al. 1997), and all mean 
values were within normal ranges.16 Glucose tolerance tests were not con-
ducted in these studies.

Trivedi et al. (1993) reported impaired glucose tolerance in 40% of 
young adults with endemic fluorosis, with fasting serum glucose concen-
trations related to serum fluoride concentrations; the impaired glucose 
tolerance was reversed after 6 months of drinking water with “acceptable” 
fluoride concentrations (<1 mg/L). It is not clear whether individuals with 
elevated serum fluoride and impaired glucose tolerance had the highest 
fluoride intakes of the group with endemic fluorosis or a greater suscepti-
bility than the others to the effects of fluoride. For all 25 endemic fluorosis 
patients examined, a significant positive correlation between serum fluoride 
and fasting serum immunoreactive insulin (IRI) was observed, along with a 
significant negative correlation between serum fluoride and fasting glucose/
insulin ratio (Trivedi et al. 1993).

The finding of increased IRI contrasts with findings of decreased insulin 
in humans after exposure to fluoride (Rigalli et al. 1990; de la Sota et al. 
1997) and inhibition of insulin secretion by rats, both in vivo and in vitro 
(Rigalli et al. 1990, 1995). However, the assay for IRI used by Trivedi et al. 
(1993) could not distinguish between insulin and proinsulin, and the authors 
suggested that the observed increases in both IRI and serum glucose indicate 
either biologically inactive insulin—perhaps elevated proinsulin—or insulin 
resistance. Inhibition of one of the prohormone convertases (the enzymes 
that convert proinsulin to insulin) would result in both elevated proinsulin 
secretion and increased blood glucose concentrations and would be consis-
tent with the decreased insulin secretion reported by Rigalli et al. (1990, 
1995) and de la Sota et al. (1997). Although Turner et al. (1997) suggested 
fluoride inhibition of insulin-receptor activity as a mechanism for increased 
blood glucose concentrations, Rigalli et al. (1990) found no difference in 
response to exogenous insulin in fluoride-treated versus control rats, consis-
tent with no interference of fluoride with the insulin-receptor interaction.

Discussion (Other Endocrine Function)

More than one mechanism for diabetes or impaired glucose tolerance 
exists in humans, and a variety of responses to fluoride are in keeping with 

16In the study by Jackson et al. (1997), samples were nonfasting; in the study by Li et al. 
(1995), it is not clear whether samples were fasting or nonfasting.
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variability among strains of experimental animals and among the human 
population. The conclusion from the available studies is that sufficient fluo-
ride exposure appears to bring about increases in blood glucose or impaired 
glucose tolerance in some individuals and to increase the severity of some 
types of diabetes. In general, impaired glucose metabolism appears to be 
associated with serum or plasma fluoride concentrations of about 0.1 mg/L 
or greater in both animals and humans (Rigalli et al. 1990, 1995; Trivedi 
et al. 1993; de al Sota et al. 1997). In addition, diabetic individuals will 
often have higher than normal water intake, and consequently, will have 
higher than normal fluoride intake for a given concentration of fluoride in 
drinking water. An estimated 16-20 million people in the United States have 
diabetes mellitus (Brownlee et al. 2002; Buse et al. 2002; American Diabetes 
Association 2004; Chapter 2); therefore, any role of fluoride exposure in 
the development of impaired glucose metabolism or diabetes is potentially 
significant.

summary

The major endocrine effects of fluoride exposures reported in humans 
include elevated TSH with altered concentrations of T3 and T4, increased 
calcitonin activity, increased PTH activity, secondary hyperparathyroid-
ism, impaired glucose tolerance, and possible effects on timing of sexual 
maturity; similar effects have been reported in experimental animals. These 
effects are summarized in Tables 8-1 and 8-2, together with the approximate 
intakes or physiological fluoride concentrations that have been typically as-
sociated with them thus far. Table 8-2 shows that several of the effects are 
associated with average or typical fluoride intakes of 0.05-0.1 mg/kg/day 
(0.03 with iodine deficiency), others with intakes of 0.15 mg/kg/day or 
higher. A comparison with Chapter 2 (Tables 2-13, 2-14, and 2-15) will 
show that the 0.03-0.1 mg/kg/day range will be reached by persons with 
average exposures at fluoride concentrations of 1-4 mg/L in drinking water, 
especially the children. The highest intakes (>0.1 mg/kg/d) will be reached 
by some individuals with high water intakes at 1 mg/L and by many or most 
individuals with high water intakes at 4 mg/L, as well as by young children 
with average exposures at 2 or 4 mg/L.

Most of the studies cited in this chapter were designed to ascertain 
whether certain effects occurred (or in cases of skeletal fluorosis, to see what 
endocrine disturbances might be associated), not to determine the lowest 
exposures at which they do occur or could occur. Estimates of exposure 
listed in these tables and in Appendix E are, in most cases, estimates of aver-
age values for groups based on assumptions about body weight and water 
intake. Thus, individual responses could occur at lower or higher exposures 
than those listed. Although the comparisons are incomplete, similar effects 
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TABLE 8-1 Summary of Major Observed Endocrine Effects of 
Fluoride in Experimental Animals, with Typical Associated Intakes and 
Physiological Fluoride Concentrations

End Point

Fluoride 
Intake, 
mg/kg/day

Fluoride 
in Serum 
or Plasma, 
mg/L

Fluoride 
in Urine, 
mg/L

Fluoride 
in Bone, 
ppm in 
ash Key References

Altered thyroid 
function (altered 
T4 and T3 
concentrations)

3-6 (lower 
with 
iodine 
deficiency)

NAa ≥6 
(possibly 
≥2-3)

≥2,400 Stolc and Podoba 
1960; Bobek et al. 
1976; Hillman et 
al. 1979; Guan et 
al. 1988; Zhao et 
al. 1998; Cinar and 
Selcuk 2005

Altered calcitonin 
activity

2 NA NA 3,200-
3,500b

Rantanen et al. 1972

Altered melatonin 
production; altered 
timing of sexual 
maturity

3.7 NA NA 2,800 Luke 1997

Inhibited 
parathyroid function

5.4 NA NA NA Rosenquist et al. 
1983

Increased serum 
glucose; increased 
severity of diabetes

7-10.5 0.1-0.7c,d NA >1,000 Rigalli et al. 1990, 
1992, 1995; Turner 
et al. 1997; Boros et 
al. 1998

Increased 
parathyroid 
hormone 
concentrations, 
secondary 
hyperparathyroidism

9-10 ≥ 0.2c NA 2,700-
3,200

Faccini and Care 
1965; Chavassieux et 
al. 1991

 aNot available.
 bppm.
 cSerum.
 dPlasma.

are seen in humans at much lower fluoride intakes (or lower water fluoride 
concentrations) than in rats or mice, but at similar fluoride concentrations 
in blood and urine. This is in keeping with the different pharmacokinetic 
behavior of fluoride in rodents and in humans (Chapter 3) and with the 
variability in intake, especially for humans.
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TABLE 8-2 Summary of Major Observed Endocrine Effects of Fluoride 
in Humans, with Typical Associated Intakes and Physiological Fluoride 
Concentrations

End Point

Fluoride 
Intake, 
mg/kg/daya

Fluoride 
in Serum 
or Plasma, 
mg/L

Fluoride 
in Urine, 
mg/L Key References

Altered thyroid 
function (altered 
T4 and/or T3 
concentrations)

0.05-0.1
(0.03 with 
iodine 
deficiency)

≥0.25a 2.4 Bachinskii et al. 1985; Lin et 
al. 1991; Yang et al. 1994; 
Michael et al. 1996; Susheela 
et al. 2005

Elevated TSH 
concentrations

0.05-0.1
(0.03 with 
iodine 
deficiency)

≥0.25a ≥2 Bachinskii et al. 1985; Lin et 
al. 1991; Yang et al. 1994; 
Susheela et al. 2005

Elevated calcitonin 
concentrations

0.06-0.87 0.11-0.26b 2.2-18.5 
mg/day

Teotia et al. 1978

Goiter prevalence ≥ 
20%

0.07-0.13
(≥ 0.01 
with 
iodine 
deficiency)

NAc NA Day and Powell-Jackson 1972; 
Desai et al. 1993; Jooste et al. 
1999

Impaired glucose 
tolerance in some 
individuals

0.07-0.4 0.08a

0.1-0.3b
2-8 Rigalli et al. 1990, 1995; 

Trivedi et al. 1993; de la Sota 
1997

Increased 
parathyroid hormone 
concentrations, 
secondary 
hyperparathyroidism, 
in some individuals

0.15-0.87 0.14-0.45b 3-18.5 
mg/day

Juncos and Donadio 1972; 
Teotia and Teotia 1973; Larsen 
et al. 1978; Teotia et al. 1978; 
Duursma et al. 1987; Dandona 
et al. 1988; Stamp et al. 1988, 
1990; Pettifor et al. 1989; 
Srivastava et al. 1989; Dure-
Smith et al. 1996; Gupta et al. 
2001

 aSerum.
 bPlasma.
 cNot available.

Thyroid Function

Fluoride exposure in humans is associated with elevated TSH concentra-
tions, increased goiter prevalence, and altered T4 and T3 concentrations; 
similar effects on T4 and T3 are reported in experimental animals, but TSH 
has not been measured in most studies. In animals, effects on thyroid func-
tion have been reported at fluoride doses of 3-6 mg/kg/day (some effects at 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


EFFECTS ON THE ENDOCRINE SYSTEM 263

0.4-0.6 mg/kg/day) when iodine intake was adequate (Table 8-1); effects on 
thyroid function were more severe or occurred at lower doses when iodine 
intake was inadequate. In humans, effects on thyroid function were associ-
ated with fluoride exposures of 0.05-0.13 mg/kg/day when iodine intake 
was adequate and 0.01-0.03 mg/kg/day when iodine intake was inadequate 
(Table 8-2).

Several sets of results are consistent with inhibition of deiodinase 
activity, but other mechanisms of action are also possible, and more than 
one might be operative in a given situation. In many cases, mean hormone 
concentrations for groups are within normal limits, but individuals may 
have clinically important situations. In particular, the inverse correlation 
between asymptomatic hypothyroidism in pregnant mothers and the IQ of 
the offspring (Klein et al. 2001) is a cause for concern. The recent decline 
in iodine intake in the United States (CDC 2002d; Larsen et al. 2002) could 
contribute to increased toxicity of fluoride for some individuals.

Thyroid Parafollicular Cell Function

Only one study has reported calcitonin concentrations in fluoride-ex-
posed individuals. This study found elevated calcitonin in all patients with 
fluoride exposures above about 0.15 mg/kg/day and in one patient with a 
current intake of approximately 0.06 mg/kg/day (Table 8-2); these exposures 
corresponded to plasma fluoride concentrations of 0.11-0.26 mg/L. Results 
attributed to altered calcitonin activity have also been found in experimental 
animals at a fluoride exposure of 2 mg/kg/day (Table 8-1). It is not clear 
whether elevated calcitonin is a direct or indirect result of fluoride exposure, 
nor is it clear what the clinical significance of elevated calcitonin concentra-
tions might be in individuals.

Parathyroid Function

In humans, depending on the calcium intake, elevated concentrations of 
PTH are routinely found at fluoride exposures of 0.4-0.6 mg/kg/day and at 
exposures as low as 0.15 mg/kg/day in some individuals (Table 8-2). Similar 
effects and exposures have been found in a variety of human studies; these 
studies indicate that elevated PTH and secondary hyperparathyroidism oc-
cur at fluoride intakes higher than those associated with other endocrine 
effects. In the single study that measured both calcitonin and PTH, all 
individuals with elevated PTH also had elevated calcitonin, and several in-
dividuals had elevated calcitonin without elevated PTH (Teotia et al. 1978). 
Elevated concentrations of PTH and secondary hyperparathyroidism have 
also been reported at fluoride intakes of 9-10 mg/kg/day (and as low as 
0.45-2.3 mg/kg/day in one study) in experimental animals (Table 8-1). One 
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animal study found what appears to be inhibition of the normal parathyroid 
response to calcium deficiency at a fluoride intake of 5.4 mg/kg/day.

As with calcitonin, it is not clear whether altered parathyroid function 
is a direct or indirect result of fluoride exposure. An indirect effect of fluo-
ride by causing an increased requirement for calcium is probable, but direct 
effects could occur as well. Also, although most individuals with skeletal 
fluorosis appear to have elevated PTH, it is not clear whether parathyroid 
function is affected before development of skeletal fluorosis or at lower 
concentrations of fluoride exposure than those associated with skeletal 
fluorosis. Recent U.S. reports of nutritional (calcium-deficiency) rickets as-
sociated with elevated PTH (DeLucia et al. 2003) suggest the possibility that 
fluoride exposure, together with increasingly calcium-deficient diets, could 
have an adverse impact on the health of some individuals.

Pineal Function

The single animal study of pineal function indicates that fluoride ex-
posure results in altered melatonin production and altered timing of sexual 
maturity (Table 8-1). Whether fluoride affects pineal function in humans 
remains to be demonstrated. The two studies of menarcheal age in humans 
show the possibility of earlier menarche in some individuals exposed to 
fluoride, but no definitive statement can be made. Recent information on 
the role of the pineal organ in humans suggests that any agent that affects 
pineal function could affect human health in a variety of ways, including 
effects on sexual maturation, calcium metabolism, parathyroid function, 
postmenopausal osteoporosis, cancer, and psychiatric disease.

Glucose Metabolism

Increased serum glucose and increased severity of existing diabetes have 
been reported in animal studies at fluoride intakes of 7-10.5 mg/kg/day 
(Table 8-1). Impaired glucose tolerance in humans has been reported in 
separate studies at fluoride intakes of 0.07-0.4 mg/kg/day, corresponding to 
serum fluoride concentrations above about 0.1 mg/L. The primary mecha-
nism appears to involve inhibition of insulin production.

General Considerations

The available studies of the effects of fluoride exposure on endocrine 
function have several limitations. In particular, many studies did not mea-
sure actual hormone concentrations, several studies did not report nutri-
tional status (e.g., iodine or calcium intake), and, for thyroid function, other 
possible goitrogenic factors have not been ruled out. Most studies have too 

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


EFFECTS ON THE ENDOCRINE SYSTEM 26�

few exposure groups, with, for example, the “high”-fluoride group in one 
study having lower concentrations of fluoride in drinking water than the 
“normal”-fluoride group in another study. In general, the human exposures 
are not well characterized. Nevertheless, there is consistency among the 
available studies in the types of effects seen in humans and animals and 
in the concentrations or fluoride exposures associated with the effects in 
humans.

For all the endocrine effects reported to occur from fluoride exposure, 
the variability in exposure and response among populations (or strains of an 
experimental animal) or within a human population requires further atten-
tion. For example, correlations between the fluoride intake or the presence 
or degree of fluorosis and the presence (or prevalence) or severity of other 
effects generally have not been examined on an individual basis, which could 
permit identification of individual differences in susceptibility or response. 
Several reports have identified subgroups within an exposed population or 
group, in terms of the response observed, even when group means are not 
statistically different.

Variability in response to fluoride exposures could be due to differ-
ences in genetic background, age, sex, nutrient intake (e.g., calcium, iodine, 
selenium), general dietary status, or other factors. Intake of nutrients such 
as calcium and iodine often is not reported in studies of fluoride effects. 
The effects of fluoride on thyroid function, for instance, might depend on 
whether iodine intake is low, adequate, or high, or whether dietary selenium 
is adequate. Dietary calcium affects the absorption of fluoride (Chapter 3); 
in addition, fluoride causes an increase in the dietary requirements for cal-
cium, and insufficient calcium intake increases fluoride toxicity. Available 
information now indicates a role for aluminum in the interaction of fluoride 
on the second messenger system; thus, differences in aluminum exposure 
might explain some of the differences in response to fluoride exposures 
among individuals and populations.

The clinical significance of fluoride-related endocrine effects requires 
further attention. For example, most studies have not mentioned the clinical 
significance for individuals of hormone values out of the normal range, and 
some studies have been limited to consideration of “healthy” individuals. As 
discussed in the various sections of this chapter, recent work on borderline 
hormonal imbalances and endocrine-disrupting chemicals indicates that 
significant adverse health effects, or an increased risk for development of 
clearly adverse health outcomes, could be associated with seemingly mild 
imbalances or perturbations in hormone concentrations (Brucker-Davis et 
al. 2001). In addition, the different endocrine organs do not function en-
tirely separately: thyroid effects (especially elevated TSH) may be associated 
with parathyroid effects (Stoffer et al. 1982; Paloyan Walker et al. 1997), 
and glucose metabolism may be affected by thyroid or parathyroid status 
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(e.g., McCarty and Thomas 2003; Procopio and Borretta 2003; Cettour-
Rose et al. 2005). Adverse effects in individuals might occur when hormone 
concentrations are still in the normal ranges for a population but are low or 
high for that individual (Brucker-Davis et al. 2001; Belchetz and Hammond 
2003). Some investigators suggest that endocrine-disrupting chemicals could 
be associated with nonmonotonic dose-response curves (e.g., U-shaped or 
inverted-U-shaped curves resulting from the superimposition of multiple 
dose-response curves) and that a threshold for effects cannot be assumed 
(Bigsby et al. 1999; Brucker-Davis et al. 2001).

In summary, evidence of several types indicates that fluoride affects 
normal endocrine function or response; the effects of the fluoride-induced 
changes vary in degree and kind in different individuals. Fluoride is there-
fore an endocrine disruptor in the broad sense of altering normal endocrine 
function or response, although probably not in the sense of mimicking a 
normal hormone. The mechanisms of action remain to be worked out and 
appear to include both direct and indirect mechanisms, for example, direct 
stimulation or inhibition of hormone secretion by interference with second 
messenger function, indirect stimulation or inhibition of hormone secretion 
by effects on things such as calcium balance, and inhibition of peripheral 
enzymes that are necessary for activation of the normal hormone.

reCommendations

•	 Further effort is necessary to characterize the direct and indirect 
mechanisms of fluoride’s action on the endocrine system and the factors 
that determine the response, if any, in a given individual. Such studies would 
address the following:

 — the in vivo effects of fluoride on second messenger function
 — the in vivo effects of fluoride on various enzymes
 — the integration of the endocrine system (both internally and with 

other systems such as the neurological system)
 — identification of those factors, endogenous (e.g., age, sex, genetic 

factors, or preexisting disease) or exogenous (e.g., dietary calcium or iodine 
concentrations, malnutrition), associated with increased likelihood of effects 
of fluoride exposures in individuals

 — consideration of the impact of multiple contaminants (e.g., fluo-
ride and perchlorate) that affect the same endocrine system or mechanism

 — examination of effects at several time points in the same individu-
als to identify any transient, reversible, or adaptive responses to fluoride 
exposure.

•	 Better characterization of exposure to fluoride is needed in epidemiol-
ogy studies investigating potential endocrine effects of fluoride. Important 
exposure aspects of such studies would include the following:
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 — collecting data on general dietary status and dietary factors that 
could influence the response, such as calcium, iodine, selenium, and alumi-
num intakes

 — characterizing and grouping individuals by estimated (total) ex-
posure, rather than by source of exposure, location of residence, fluoride 
concentration in drinking water, or other surrogates

 — reporting intakes or exposures with and without normalization for 
body weight (e.g., mg/day and mg/kg/day), to reduce some of the uncertainty 
associated with comparisons of separate studies

 — addressing uncertainties associated with exposure and response, 
including uncertainties in measurements of fluoride concentrations in 
bodily fluids and tissues and uncertainties in responses (e.g., hormone 
concentrations)

 — reporting data in terms of individual correlations between intake 
and effect, differences in subgroups, and differences in percentages of indi-
viduals showing an effect and not just differences in group or population 
means.

 — examining a range of exposures, with normal or control groups 
having very low fluoride exposures (below those associated with 1 mg/L in 
drinking water for humans).

•	 The effects of fluoride on various aspects of endocrine function 
should be examined further, particularly with respect to a possible role in 
the development of several diseases or mental states in the United States. 
Major areas for investigation include the following:

 — thyroid disease (especially in light of decreasing iodine intake by 
the U.S. population);

 — nutritional (calcium deficiency) rickets;
 — calcium metabolism (including measurements of both calcitonin 

and PTH);
 — pineal function (including, but not limited to, melatonin produc-

tion); and
 — development of glucose intolerance and diabetes.
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9

Effects on the Gastrointestinal, Renal, 
Hepatic, and Immune Systems

This chapter evaluates the effects of fluoride on the gastrointestinal sys-
tem (GI), the kidney, the liver, and the immune system, focusing primarily 
on new data that have been generated since the earlier NRC (1993) review. 
Studies that involved exposures to fluoride in the range of 2-4 milligrams per 
liter (mg/L) are emphasized, so that the safety of the maximum-contaminant-
level goal (MCLG) can be evaluated.

gi system

Fluoride occurs in drinking water primarily as free fluoride. When 
ingested some fluorides combine with hydrogen ions to form hydrogen 
fluoride (HF), depending on the pH of the contents of the stomach (2.4% 
HF at pH 5; 96% HF at pH 2). HF easily crosses the gastric epithelium, 
and is the major form in which fluoride is absorbed from the stomach (see 
Chapter 3). Upon entering the interstitial fluid in the mucosa where the pH 
approaches neutrality, HF dissociates to release fluoride and hydrogen ions 
which can cause tissue damage. Whether damage occurs depends on the 
concentrations of these ions in the tissue. It appears that an HF concentra-
tion somewhere between 1.0 and 5.0 mmol/L (20 and 100 mg/L), applied 
to the stomach mucosa for at least 15 minutes, is the threshold for effects 
on the function and structure of the tissue (Whitford et al. 1997). Reported 
GI symptoms, such as nausea, may not be accompanied by visible damage 
to the gastric mucosa. Thus, the threshold for adverse effects (discomfort) 
is likely to be lower than that proposed by Whitford et al. This review is 
concerned primarily with the chronic ingestion of fluoride in drinking wa-
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ter containing fluoride at 2-4 mg/L. Single high doses of ingested fluoride 
are known to elicit acute GI symptoms, such as nausea and vomiting, but 
whether chronic exposure to drinking water with fluoride at 4 mg/L can 
elicit the same symptoms has not been documented well.

The primary symptoms of GI injury are nausea, vomiting, and abdomi-
nal pain (see Table 9-1). Such symptoms have been reported in case studies 
(Waldbott 1956; Petraborg 1977) and in a clinical study involving double-
blind tests on subjects drinking water artificially fluoridated at 1.0 mg/L 
(Grimbergen 1974). In the clinical study, subjects were selected whose GI 
symptoms appeared with the consumption of fluoridated water and disap-
peared when they switched to nonfluoridated water. A pharmacist prepared 
solutions of sodium fluoride (NaF) and sodium silicofluoride (Na2SiF6) so 
that the final fluoride ion concentrations were 1.0 mg/L. Eight bottles of 
water were prepared with either fluoridated water or distilled water. Patients 
were instructed to use one bottle at a time for 2 weeks. They were asked 
to record their symptoms throughout the study period. Neither patients 
nor the physician administering the water knew which water samples were 
fluoridated until after the experiments were completed. The fluoridation 
chemicals added to the water at the time of the experiments were likely the 
best candidates to produce these symptoms. Despite those well-documented 
case reports, the authors did not estimate what percentage of the population 
might have GI problems. The authors could have been examining a group 
of patients whose GI tracts were particularly hypersensitive. The possibil-
ity that a small percentage of the population reacts systemically to fluoride, 
perhaps through changes in the immune system, cannot be ruled out (see 
section on the immune system later in this chapter).

Perhaps it is safe to say that less than 1% of the population complains 
of GI symptoms after fluoridation is initiated (Feltman and Kosel 1961). 
The numerous fluoridation studies in the past failed to rigorously test 
for changes in GI symptoms and there are no studies on drinking water 
containing fluoride at 4 mg/L in which GI symptoms were carefully docu-
mented. Nevertheless, there are reports of areas in the United States where 
the drinking water contains fluoride at concentrations greater than 4 mg/L 
and as much as 8 mg/L (Leone et al. 1955b). Symptoms of GI distress or 
discomfort were not reported. In the United Kingdom, where tea drinking 
is more common, people can consume up to 9 mg of fluoride a day (Jenkins 
1991). GI symptoms were not reported in the tea drinkers. The absence of 
symptoms might be related to the hardness of the water, which is high in 
some areas of the United Kingdom. Jenkins (1991) reported finding unex-
pectedly high concentrations of fluoride (as high as 14 mg/L) in soft water 
compared with hard water when boiled. In contrast, in India, where endemic 
fluorosis is well documented, severe GI symptoms are common (Gupta et al. 
1992; Susheela et al. 1993; Dasarathy et al. 1996). One cannot rule out the 
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2�4 FLUORIDE IN DRINKING WATER

influence of poor nutrition (the absence of dietary calcium in the stomach) 
contributing to the GI upset from fluoride ingestion. Chronic ingestion of 
drinking water rich in fluoride on an empty stomach is more likely to elicit 
symptoms.

GI Symptoms Relating to the Concentration of Fluoride Intake

It is important to realize that GI effects depend more on the net concen-
tration of the aqueous solution of fluoride in the stomach than on the total 
fluoride dose in the fluid or solid ingested. The presence of gastric fluids 
already in the stomach when the fluoride is ingested can affect the concen-
tration of the fluoride to which the gut epithelium is exposed. The residual 
volume of stomach fluid ranges between 15 and 30 mL in people fasting 
overnight (Narchi et al. 1993; Naguib et al. 2001; Chang et al. 2004). Such 
volumes would decrease the fluoride concentration of a glass of drinking 
water by only about 10%. In Table 9-1, the concentrations of fluoride in 
the stomach were estimated from the mean reported fluoride exposures. 
A dilution factor was used when it was clear that the subjects already had 
fluid in their stomach. The results from the water fluoridation overfeed re-
ports (concentrations of fluoride in the stomach between 20 and 250 mg/L) 
indicate that GI symptoms, such as nausea and vomiting, are common side 
effects from exposure to high concentrations of fluoride.

Fluoride supplements are still routinely used today in areas where natu-
ral fluoride in the drinking water falls below 0.7 mg/L. In an early clinical 
trial using fluoride supplements, Feltman and Kosel (1961) administered 
fluoride tablets containing 1.2 mg of fluoride or placebo tablets to pregnant 
mothers and children up to 9 years of age. They determined that about 1% 
of the subjects complained of GI symptoms from the fluoride ingredient in 
the test tablets. If it is assumed that the stomach fluid volume after taking 
the fluoride supplement was approximately 250 mL, the concentration to 
which the stomach mucosal lining was exposed was in the neighborhood 
of 5 mg/L. GI effects appear to have been rarely evaluated in the fluoride 
supplement studies that followed the early ones in the 1950s and 1960s. 
Table 9-1 suggests that, as the fluoride concentration increases in drinking 
water, the percentage of the population with GI symptoms also increases. 
The table suggests that fluoride at 4 mg/L in the drinking water results in 
approximately 1% of the population experiencing GI symptoms (see Felt-
man and Kosel 1961).

Chronic Moderate Dose Ingestion of Fluoride

It is clear from the fluoride and osteoporosis clinical trial literature (also 
see Chapter 5) that gastric side effects were common in these studies (e.g., 
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Mamelle et al. 1988; Hodsman and Drost 1989; Kleerekoper and Mend-
lovic 1993). Slow-release fluorides and calcium supplementation helped to 
reduce GI side effects (Kleerekoper and Mendlovic 1993; Das et al. 1994; 
Haguenauer et al. 2000). In areas of endemic fluorosis, such as parts of 
India, most subjects suffer from GI damage and adverse GI symptoms 
(Gupta et al. 1992; Susheela et al. 1993; Dasarathy et al. 1996). In one study 
(Susheela et al. 1993), every fourth person exposed to fluoride in drinking 
water (<1 to 8 mg/L) reported adverse GI symptoms. The results from these 
studies cannot be compared with the water fluoridation studies summarized 
in Table 9-1, because in the osteoporosis trials fluoride was nearly always 
administered as enteric coated tablets along with calcium supplements and 
the nutrition status of populations in endemic fluorosis areas is different 
from that in the United States.

Fluoride Injury Mechanisms in the GI Tract

Because 1% of the population is likely to experience GI symptoms, and 
GI symptoms are common in areas of endemic fluorosis, especially where 
there is poor nutrition (Gupta et al. 1992; Susheela et al. 1993; Dasarathy 
et al. 1996), it is important to understand the biological and physiological 
pathways for the effects of fluoride on the GI system. Those mechanisms 
have been investigated in many animal studies. In those studies, the concen-
trations of fluoride used were generally 100- to 1,000-fold higher than what 
occurs in the serum of subjects drinking fluoridated water. Although some 
tissues encounter enormous elevations in fluoride concentrations relative to 
the serum (e.g., kidney, bone), it is unlikely that the gut epithelium would 
be exposed to millimolar concentrations of fluoride unless there has been 
ingestion of large doses of fluoride from acute fluoride poisoning. During 
the ingestion of a large acute dose of fluoride such as fluoride-rich oral care 
products, contaminated drinking water during fluoridation accidents, and 
fluoride drugs for the treatment of osteoporosis, the consumption of large 
amounts of drinking water containing fluoride at 4 mg/L would serve only 
to aggravate the GI symptoms. Animal studies (see Table 9-2) have provided 
some important information on the mechanisms involved in GI toxicity 
from fluoride. Fluoride can stimulate secretion of acid in the stomach (As-
sem and Wan 1982; Shayiq et al. 1984), reduce blood flow away from the 
stomach lining, dilate blood vessels, increase redness of the stomach lining 
(Fujii and Tamura 1989; Whitford et al. 1997), and cause cell death and 
desquamation of the GI tract epithelium (Easmann et al. 1984; Pashley et 
al. 1984; Susheela and Das 1988; Kertesz et al. 1989; NTP 1990; Shashi 
2002).

Because fluoride is a known inhibitor of several metabolic intracel-
lular enzymes, it is not surprising that, at very high exposures, there is cell 
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death and desquamation of the GI gut epithelium wall. The mechanisms 
involved in altering secretion remain unknown but are likely the result of 
fluoride’s ability to activate guanine nucleotide regulatory proteins (G pro-
teins) (Nakano et al. 1990; Eto et al. 1996; Myers et al. 1997). Whether 
fluoride activates G proteins in the gut epithelium at very low doses (e.g., 
from fluoridated water at 4.0 mg/L) and has significant effects on the gut 
cell chemistry must be examined in biochemical studies.

the renal system

The kidney is the organ responsible for excreting most of the fluoride. 
It is exposed to concentrations of fluoride about five times higher than in 
other organs, as the tissue/plasma ratio for the kidney is approximately 5 to 
1, at least in the rat (Whitford 1996). Kidneys in humans may be exposed 
to lower fluoride concentrations than in rats. Human kidneys, nevertheless, 
have to concentrate fluoride as much as 50-fold from plasma to urine. Por-
tions of the renal system may therefore be at higher risk of fluoride toxicity 
than most soft tissues. In this section, three aspects of kidney function are 
discussed in the context of fluoride toxicity. First, can long-term ingestion of 
fluoride in drinking water at 4 mg/L contribute to the formation of kidney 
stones? Second, what are the mechanisms of fluoride toxicity on renal tis-
sues and function? And third, what special considerations have to be made 
in terms of residents who already have kidney failure and who are living in 
communities with fluoride at 4 mg/L in their drinking water?

Does Fluoride in Drinking Water Contribute to Kidney Stones?

Early water fluoridation studies did not carefully assess changes in renal 
function. It has long been suspected that fluoride, even at concentrations 
below 1.2 mg/L in drinking water, over the years can increase the risk for re-
nal calculi (kidney stones). Research on this topic, on humans and animals, 
has been sparse, and the direction of the influence of fluoride (promotion 
or prevention of kidney stones) has been mixed (Table 9-3; Juuti and Hei-
nonen 1980; Teotia et al. 1991; Li et al. 1992; Shashi et al. 2002). Singh et 
al. (2001) carried out an extensive examination of more than 18,700 people 
living in India where fluoride concentrations in the drinking water ranged 
from 3.5 to 4.9 mg/L. Patients were interviewed for a history of urolithiasis 
(kidney stone formation) and examined for symptoms of skeletal fluorosis, 
and various urine and blood tests were conducted. The patients with clear 
signs and symptoms of skeletal fluorosis were 4.6 times more likely to de-
velop kidney stones. Because the subjects of this study were likely at greater 
risk of kidney stone formation because of malnutrition, similar research 
should be conducted in North America in areas with fluoride at 4 mg/L 
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in the drinking water. It is possible that the high incidence of uroliths is 
related to the high incidence of skeletal fluorosis, a disorder that has not 
been studied extensively in North America. If fluoride in drinking water is 
a risk factor for kidney stones, future studies should be directed toward 
determining whether kidney stone formation is the most sensitive end point 
on which to base the MCLG.

Mechanisms of Fluoride Toxicity on Kidney Tissue and Function

Fluoride in acute and chronic doses can dramatically affect the kidney, 
but, again, it is the dose that is important. People living in fluoridated areas 
(at 1.0 mg/L) drinking 1.0 L of water a day will consume 1 mg of fluoride 
a day (less than 0.014 mg/kg for the average 70-kg person). There are no 
published studies that show that fluoride ingestion on a chronic basis at 
that concentration can affect the kidney. However, people living in an area 
where the drinking water contains fluoride at 4 mg/L who consume 2-3 L 
of water per day will ingest as much as 12 mg fluoride per day on a chronic 
basis (see Chapter 2). On the basis of studies carried out on people living 
in regions where there is endemic fluorosis, ingestion of fluoride at 12 mg 
per day would increase the risk for some people to develop adverse renal 
effects (Singh et al. 2001).

Humans can be exposed to even higher acute doses of fluoride either un-
intentionally (water fluoridation accidents, hemodialysis accidents, acciden-
tal poisoning) or intentionally, such as from fluorinated general anesthetics. 
Administration of certain halothane anesthetics, which are defluorinated by 
the liver, can result in serum fluoride concentrations that are 50-fold higher 
than normal, and those concentrations are maintained during surgery and 
well afterward (see Table 9-3 and Chapter 2). These concentrations of fluo-
ride in the serum have been associated with nephrotoxicity, but most of the 
symptoms resolve after surgery when fluoride concentrations are allowed to 
decline. Although it is unlikely that consuming fluoridated drinking water 
could lead to such high serum fluoride concentrations, one has to consider 
that subjects who already have impaired kidney function and are unable to 
excrete fluoride efficiently will retain more fluoride. At this time, there are 
no studies to distinguish between adverse effects produced by fluoride and 
the defluorinated metabolites of fluorinated general anesthetics. Therefore, 
it is plausible that the defluorinated metabolites are responsible for some, 
most, or even all of the side effects on the kidneys.

Animal studies have helped in determining just how the kidney re-
sponds to high doses of fluoride. Borke and Whitford (1999) showed that 
ATP-dependent calcium uptake in rat kidneys was significantly affected by 
exposures equivalent to that of patients undergoing hemodialysis. Cittanova 
et al. (2002) showed that high concentrations of fluoride affected the ATPase 
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TABLE 9-3 Renal Effects of Fluoride

Species Study Findings Proposed Mechanisms Comments Reference

Renal Stone Formation

Human Incidence of renal 
stones in Finnish 
hospital districts with 
different concentrations 
of fluoride in drinking 
water, in a fluoridated 
community, and a 
nonfluoridated city.

At fluoride concentrations of 1.5 mg/L or greater, the 
standardized hospital admission rates for urolithiasis 
was increased about one-sixth. No differences were 
found with fluoride concentrations of ≤0.49 mg/L 
and 0.50-1.49 mg/L. A separate comparison of a 
fluoridated city (1 mg/L) and a referent city (<0.49 
mg/L) found a 25% lower rate of urolithiasis in the 
fluoridated city.

Juuti and 
Heinonen 
1980

Human 20 children with vesical 
stones were evaluated 
for fluoride intake and 
content of renal stones.

Mean fluoride intake was 2.5 ± 0.8 mg in 24 hours. 
Subjects had normal plasma and urinary excretion 
of fluoride. No statistically significant difference in 
fluoride content between the center and periphery of 
the stones. Fluoride content was higher in stones with 
calcium than in those with uric acid or ammonium 
urate. Authors conclude that fluoride does not cause 
initiation or growth of the nucleus of vesical stones.

Fluoride’s role as a promoter of kidney 
stones was ruled out but this is based 
on a small sample size. The authors did 
not study nephrolithiasis and excessive 
chronic fluoride intake.

Teotia 
et al. 
1991

Human 18,706 tribal people 
from fluoride endemic 
and nonendemic areas 
of India were evaluated 
for history of renal 
stones.

In endemic areas, fluoride in drinking water was 
3.5-4.9 mg/L. Prevalence of urolithiasis was 4.6 times 
higher in the endemic area than in the nonendemic 
area. In the endemic area, subjects with fluorosis had 
nearly double the prevalence of urolithiasis compared 
with those without fluorosis.

Lack of nutrition in the population 
leads to increases in oxalate 
excretion. Oxalate increases 
oxidative load, which increases 
cellular damage where urinary 
crystals have an opportunity to 
grow. Fluoride contributes to 
the oxidative load and passively 
participates in renal crystal 
formation.

Water fluoride concentration was at EPA’s 
current MCLG, but malnutrition among 
the study population probably made risk 
for renal stones higher.

Singh 
et al. 
2001

Rat Effect of NaF on 
ethylene glycol-induced 
renal stone formation 
in rats.

NaF reduced oxalate stone production. NaF inhibition of induced renal 
stones appears to be due to its 
ability to decrease oxalate synthesis 
and urinary oxalate excretion.

Decreased urinary oxalate secretion might 
be a toxic effect on the kidneys.

Li et al. 
1992

Toxic Effects of Fluoride on Kidney Tissues and Function

Human Renal function 
evaluated in 50 patients 
exposed by inhalation 
to sevoflurane 
compared with 25 
controls exposed to 
isoflurane.

Mean peak plasma fluoride was 29.3 ± 1.8 µmol/L 2 
hours after anesthesia and 18 µmol/L after 8 hours. 
Five patients had peak concentrations of greater than 
50 µmol/L. No lasting renal or hepatic functional 
changes found.

Frink 
et al. 
1992
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TABLE 9-3 Renal Effects of Fluoride

Species Study Findings Proposed Mechanisms Comments Reference

Renal Stone Formation

Human Incidence of renal 
stones in Finnish 
hospital districts with 
different concentrations 
of fluoride in drinking 
water, in a fluoridated 
community, and a 
nonfluoridated city.

At fluoride concentrations of 1.5 mg/L or greater, the 
standardized hospital admission rates for urolithiasis 
was increased about one-sixth. No differences were 
found with fluoride concentrations of ≤0.49 mg/L 
and 0.50-1.49 mg/L. A separate comparison of a 
fluoridated city (1 mg/L) and a referent city (<0.49 
mg/L) found a 25% lower rate of urolithiasis in the 
fluoridated city.

Juuti and 
Heinonen 
1980

Human 20 children with vesical 
stones were evaluated 
for fluoride intake and 
content of renal stones.

Mean fluoride intake was 2.5 ± 0.8 mg in 24 hours. 
Subjects had normal plasma and urinary excretion 
of fluoride. No statistically significant difference in 
fluoride content between the center and periphery of 
the stones. Fluoride content was higher in stones with 
calcium than in those with uric acid or ammonium 
urate. Authors conclude that fluoride does not cause 
initiation or growth of the nucleus of vesical stones.

Fluoride’s role as a promoter of kidney 
stones was ruled out but this is based 
on a small sample size. The authors did 
not study nephrolithiasis and excessive 
chronic fluoride intake.

Teotia 
et al. 
1991

Human 18,706 tribal people 
from fluoride endemic 
and nonendemic areas 
of India were evaluated 
for history of renal 
stones.

In endemic areas, fluoride in drinking water was 
3.5-4.9 mg/L. Prevalence of urolithiasis was 4.6 times 
higher in the endemic area than in the nonendemic 
area. In the endemic area, subjects with fluorosis had 
nearly double the prevalence of urolithiasis compared 
with those without fluorosis.

Lack of nutrition in the population 
leads to increases in oxalate 
excretion. Oxalate increases 
oxidative load, which increases 
cellular damage where urinary 
crystals have an opportunity to 
grow. Fluoride contributes to 
the oxidative load and passively 
participates in renal crystal 
formation.

Water fluoride concentration was at EPA’s 
current MCLG, but malnutrition among 
the study population probably made risk 
for renal stones higher.

Singh 
et al. 
2001

Rat Effect of NaF on 
ethylene glycol-induced 
renal stone formation 
in rats.

NaF reduced oxalate stone production. NaF inhibition of induced renal 
stones appears to be due to its 
ability to decrease oxalate synthesis 
and urinary oxalate excretion.

Decreased urinary oxalate secretion might 
be a toxic effect on the kidneys.

Li et al. 
1992

Toxic Effects of Fluoride on Kidney Tissues and Function

Human Renal function 
evaluated in 50 patients 
exposed by inhalation 
to sevoflurane 
compared with 25 
controls exposed to 
isoflurane.

Mean peak plasma fluoride was 29.3 ± 1.8 µmol/L 2 
hours after anesthesia and 18 µmol/L after 8 hours. 
Five patients had peak concentrations of greater than 
50 µmol/L. No lasting renal or hepatic functional 
changes found.

Frink 
et al. 
1992
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Species Study Findings Proposed Mechanisms Comments Reference

Human Renal damage 
evaluated in 23 patients 
exposed by inhalation 
to sevoflurane 
compared with 11 
controls exposed to 
isoflurane.

8 patients had serum fluoride concentrations > 50 
µmol/L. An inverse correlation was found between 
peak fluoride concentration and maximal urinary 
osmolality after the injection of vasopressin (r = 
-0.42, P < 0.05). Increased urinary N-acetyl-β-
glucosaminidase excretion, but no lasting damage to 
the kidney.

Higuchi 
et al. 
1995

Human 
(in 
vitro)

Immortalized ascending 
duct cells of kidneys 
were incubated with 
0-100 mM fluoride.

Fluoride decreased cell number by 23% (P < 0.05), 
total protein content by 30% (P < 0.05), and 
hydrogen-leucine incorporation by 43% (P < 0.05). 
LDH release was increased by 236% (P < 0.05), with 
a threshold of 5 mM. There was also a 58% reduction 
in Na,K-ATPase activity at 5 mM (P < 0.05). Crystal 
formations found in mitochondria.

Mitochondrion appears to be 
the target of fluoride toxicity 
in collecting duct cells. Effects 
are partly responsible for the 
urinary concentrating defects in 
patients after administration of 
biotransformed inhaled anesthetics.

Cittanova 
et al. 
1996

Human Renal function 
evaluated in 50 patients 
exposed by inhalation 
to sevoflurane.

Mean peak plasma fluoride was 28.2 ± 14 µmol/L 1 
hour after exposure. 2 patients had concentrations 
> 50 µmol/L 12-24 hours after anesthesia and raised 
blood urea nitrogen and creatinine concentrations.

Authors concluded that sevoflurane might 
induce nephrotoxicity.

Goldberg 
et al. 
1996

Human Health survey of 
residents of rural areas 
in China exposed to 
airborne fluoride from 
combustion of coal.

Glomerular filtration rate was affected, as shown 
by significantly lower urinary inorganic phosphate 
concentrations in exposed populations compared with 
control populations.

Ando 
et al. 
2001

Human 
(in 
vitro)

Effects of fluoride on 
renal acid phophatases 
in the afferent 
arterioles and in 
glomeruli.

Alkaline fixation-resistant and lysosomal acid 
phosphatase activities were significantly inhibited 
at 75 µM. Tartrate-resistant activity was also 
significantly inhibited at 250 µM.

Partanen 
2002

Human Renal function in 
Chinese children (n 
= 210) exposed to 
different concentrations 
of fluoride in drinking 
water. Subjects 
stratified into 7 groups 
(n = 30), including 
controls. Comparisons 
made between subjects 
with “high fluoride 
load” and enamel 
fluorosis (details not 
provided) in areas with 
fluoride at <1.0, 1.0-
2.0, 2.0-3.0, and >3.0 
mg/L.

Significant increase in urine NAG and gamma-GT 
activities in children with enamel fluorosis exposed to 
fluoride at 2.58 mg/L and in children exposed at 4.51 
mg/L. Dose-response relationship observed between 
fluoride concentration and these two measures of 
renal damage.

Subjects were similar with respect to age, 
gender, and nutritional status.

Liu et al. 
2005

TABLE 9-3 Continued
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Species Study Findings Proposed Mechanisms Comments Reference

Human Renal damage 
evaluated in 23 patients 
exposed by inhalation 
to sevoflurane 
compared with 11 
controls exposed to 
isoflurane.

8 patients had serum fluoride concentrations > 50 
µmol/L. An inverse correlation was found between 
peak fluoride concentration and maximal urinary 
osmolality after the injection of vasopressin (r = 
-0.42, P < 0.05). Increased urinary N-acetyl-β-
glucosaminidase excretion, but no lasting damage to 
the kidney.

Higuchi 
et al. 
1995

Human 
(in 
vitro)

Immortalized ascending 
duct cells of kidneys 
were incubated with 
0-100 mM fluoride.

Fluoride decreased cell number by 23% (P < 0.05), 
total protein content by 30% (P < 0.05), and 
hydrogen-leucine incorporation by 43% (P < 0.05). 
LDH release was increased by 236% (P < 0.05), with 
a threshold of 5 mM. There was also a 58% reduction 
in Na,K-ATPase activity at 5 mM (P < 0.05). Crystal 
formations found in mitochondria.

Mitochondrion appears to be 
the target of fluoride toxicity 
in collecting duct cells. Effects 
are partly responsible for the 
urinary concentrating defects in 
patients after administration of 
biotransformed inhaled anesthetics.

Cittanova 
et al. 
1996

Human Renal function 
evaluated in 50 patients 
exposed by inhalation 
to sevoflurane.

Mean peak plasma fluoride was 28.2 ± 14 µmol/L 1 
hour after exposure. 2 patients had concentrations 
> 50 µmol/L 12-24 hours after anesthesia and raised 
blood urea nitrogen and creatinine concentrations.

Authors concluded that sevoflurane might 
induce nephrotoxicity.

Goldberg 
et al. 
1996

Human Health survey of 
residents of rural areas 
in China exposed to 
airborne fluoride from 
combustion of coal.

Glomerular filtration rate was affected, as shown 
by significantly lower urinary inorganic phosphate 
concentrations in exposed populations compared with 
control populations.

Ando 
et al. 
2001

Human 
(in 
vitro)

Effects of fluoride on 
renal acid phophatases 
in the afferent 
arterioles and in 
glomeruli.

Alkaline fixation-resistant and lysosomal acid 
phosphatase activities were significantly inhibited 
at 75 µM. Tartrate-resistant activity was also 
significantly inhibited at 250 µM.

Partanen 
2002

Human Renal function in 
Chinese children (n 
= 210) exposed to 
different concentrations 
of fluoride in drinking 
water. Subjects 
stratified into 7 groups 
(n = 30), including 
controls. Comparisons 
made between subjects 
with “high fluoride 
load” and enamel 
fluorosis (details not 
provided) in areas with 
fluoride at <1.0, 1.0-
2.0, 2.0-3.0, and >3.0 
mg/L.

Significant increase in urine NAG and gamma-GT 
activities in children with enamel fluorosis exposed to 
fluoride at 2.58 mg/L and in children exposed at 4.51 
mg/L. Dose-response relationship observed between 
fluoride concentration and these two measures of 
renal damage.

Subjects were similar with respect to age, 
gender, and nutritional status.

Liu et al. 
2005
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Species Study Findings Proposed Mechanisms Comments Reference

Rat NaF 10, 50, 150 mg/L 
in drinking water for 6 
weeks.

Plasma fluoride concentrations were <0.4, 2, 7, and 
35 µmol/L, respectively. ATP-dependent 45Ca uptake 
was significantly lower in the high exposure group 
than in controls (P < 0.05). Thapsigargin treatment 
showed that the lower uptake was associated with 
significantly lower activities of both the plasma 
membrane Ca2+-pump (in high-dose group compared 
with controls, P < 0.05) and endoplasmic reticulum 
Ca2+-pump (in the mid- and high-dose groups 
compared with controls, P < 0.05).

Ca2+ homeostasis appears to 
have been affected by an increase 
in turnover or breakdown 
or decreasing the expression 
of plasma membrane and 
endoplasmic reticulum Ca2+-pump 
proteins.

Borke 
and 
Whitford 
1999

Rat 30 and 100 mg/L in 
drinking water for 7 
months.

Decreased phosphatidylethanolamine and 
phosphatidylcholine phospholipids and ubiquinon 
in the kidney. Increased lipid peroxidation. Electron 
microscopy revealed alterations in renal structures, 
including mitochondrial swelling in the proximal 
convoluted tubules and decreased numbers of 
microvilli and disintegrated brush border at the 
luminal surface.

The pathogenesis of chronic 
fluorosis might be due to oxidative 
stress and modification of cellular 
membrane lipids. Those alterations 
might explain observed systemic 
effects, especially in soft tissues and 
organs.

Guan 
et al. 
2000

Rat (in 
vitro)

Kidney epithelial cells 
(NRK-52E) were 
cultured with NaF.

Calcium accumulation was significantly increased. Elevation of ER-type Ca2+ATPase 
activity appears to operate as 
a regulatory system to protect 
against large increases in cytosolic 
calcium concentrations due to 
increased influx of calcium into 
the ER.

Murao 
et al. 
2000

Rabbit 
(in 
vitro)

Immortalized kidney 
cells of the thick 
ascending limb were 
cultured with 1, 5, or 
10 mmol of NaF for 24 
hours; or 5 mmol for 1, 
5, and 10 hours.

At 5 mmol after 24 hours, fluoride decreased cell 
numbers by 14% (P < 0.05), protein content by 16%, 
leucine incorporation by 54%, and Na-K-2Cl activity 
by 84%. There was a 145% increase in LDH and a 
190% increase in N-acetyl-β-glucosaminidase release. 
Na,K-ATPase activity was significantly impaired at 1 
mmol for 24 hours and after 2 hours at 5 mmol.

Na,K-ATPase pump appears to be 
a major target of fluoride toxicity 
in the loop of Henle.

Cittanova 
et al. 
2002

Rabbit NaF at 5, 10, 20, and 
50 mg/kg/day injected 
subcutaneously for 15 
weeks.

At 10 mg/kg/day and higher, increased cloudy 
swellings, degeneration of the tubular epithelium, cell 
death, vacuolization of the renal tubules, hypertrophy 
and atrophy of the glomeruli, exudation, interstitial 
edema, and interstitial nephritis.

Mechanism for the damage not 
proposed 

Shashi 
et al. 
2002
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Species Study Findings Proposed Mechanisms Comments Reference

Rat NaF 10, 50, 150 mg/L 
in drinking water for 6 
weeks.

Plasma fluoride concentrations were <0.4, 2, 7, and 
35 µmol/L, respectively. ATP-dependent 45Ca uptake 
was significantly lower in the high exposure group 
than in controls (P < 0.05). Thapsigargin treatment 
showed that the lower uptake was associated with 
significantly lower activities of both the plasma 
membrane Ca2+-pump (in high-dose group compared 
with controls, P < 0.05) and endoplasmic reticulum 
Ca2+-pump (in the mid- and high-dose groups 
compared with controls, P < 0.05).

Ca2+ homeostasis appears to 
have been affected by an increase 
in turnover or breakdown 
or decreasing the expression 
of plasma membrane and 
endoplasmic reticulum Ca2+-pump 
proteins.

Borke 
and 
Whitford 
1999

Rat 30 and 100 mg/L in 
drinking water for 7 
months.

Decreased phosphatidylethanolamine and 
phosphatidylcholine phospholipids and ubiquinon 
in the kidney. Increased lipid peroxidation. Electron 
microscopy revealed alterations in renal structures, 
including mitochondrial swelling in the proximal 
convoluted tubules and decreased numbers of 
microvilli and disintegrated brush border at the 
luminal surface.

The pathogenesis of chronic 
fluorosis might be due to oxidative 
stress and modification of cellular 
membrane lipids. Those alterations 
might explain observed systemic 
effects, especially in soft tissues and 
organs.

Guan 
et al. 
2000

Rat (in 
vitro)

Kidney epithelial cells 
(NRK-52E) were 
cultured with NaF.

Calcium accumulation was significantly increased. Elevation of ER-type Ca2+ATPase 
activity appears to operate as 
a regulatory system to protect 
against large increases in cytosolic 
calcium concentrations due to 
increased influx of calcium into 
the ER.

Murao 
et al. 
2000

Rabbit 
(in 
vitro)

Immortalized kidney 
cells of the thick 
ascending limb were 
cultured with 1, 5, or 
10 mmol of NaF for 24 
hours; or 5 mmol for 1, 
5, and 10 hours.

At 5 mmol after 24 hours, fluoride decreased cell 
numbers by 14% (P < 0.05), protein content by 16%, 
leucine incorporation by 54%, and Na-K-2Cl activity 
by 84%. There was a 145% increase in LDH and a 
190% increase in N-acetyl-β-glucosaminidase release. 
Na,K-ATPase activity was significantly impaired at 1 
mmol for 24 hours and after 2 hours at 5 mmol.

Na,K-ATPase pump appears to be 
a major target of fluoride toxicity 
in the loop of Henle.

Cittanova 
et al. 
2002

Rabbit NaF at 5, 10, 20, and 
50 mg/kg/day injected 
subcutaneously for 15 
weeks.

At 10 mg/kg/day and higher, increased cloudy 
swellings, degeneration of the tubular epithelium, cell 
death, vacuolization of the renal tubules, hypertrophy 
and atrophy of the glomeruli, exudation, interstitial 
edema, and interstitial nephritis.

Mechanism for the damage not 
proposed 

Shashi 
et al. 
2002
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Species Study Findings Proposed Mechanisms Comments Reference

Fluoride Toxicity in Hemodialysis Patients

Human Plasma and bone 
concentrations of 
fluoride and renal 
osteodystrophy in HD 
patients

Mean plasma concentration of fluoride was 10.8 
µmol/L in 34 patients with residual glomerular 
filtration rates (RGFR) and 15.6 µmol/L in 25 patients 
with anuria. Mean bone ash concentration of fluoride 
was 5,000 mg/kg in 14 patients with RGFR and 
7,200 mg/kg in 26 patients with anuria. Evidence 
of secondary hyperparathyroidism. Evidence of 
osteodystrophy reported, but did not appear to be of 
the advanced degree found with skeletal fluorosis.

The bone concentrations of fluoride fall 
within the ranges historically associated 
with stage II and stage III skeletal fluorosis 
(see Chapter 5). The study reported no 
skeletal fluorosis, but it was unclear what 
criteria were used for assessment of the 
condition. Suggests bone concentrations 
alone do not adequately predict skeletal 
fluorosis. 
The patients were supplemented with 
calcium, and were given aluminum 
hydroxide if serum phosphate was too 
high.

Erben 
et al. 
1984

Human Comparison of serum 
fluoride concentrations 
in 17 HD patients and 
17 CAPD patients.

Higher serum fluoride concentrations found in HD 
patients (4.0 ± 0.5 µmol/L) compared with CAPD 
patients (2.5 ± 0.3 µmol/L), P < 0.005.

Authors noted that fluoride content of 
the HD fluids, which were prepared with 
fluoridated water, was significantly higher 
than in commercially prepared peritoneal 
dialysis fluid.

Bello and 
Gitelman 
1990

Human Renal osteodystrophy 
in 209 HD patients in 
Saudi Arabia.

Bone and joint pain reported in 25.8% of patients. 
The major radiological finding was osteosclerosis 
in 70% of patients. Mean serum concentration of 
aluminum was 25.4 ± 17.7 µg/L; of 1,25-dihydroxy 
vitamin D3 was 8.1 ± 4.2 ng/L; and of fluoride was 
92.2 ± 31.4 µg/L.

Osteodystrophy could be related to 
aluminum exposure. Water quality in 
Saudi Arabia is not the same as in the 
United States.

Huraib 
et al. 
1993

Human Effects on plasma 
potassium 
concentration of 
25 HD patients 
from mineral water 
containing fluoride at 
9 mg/L.

There was a significant correlation between plasma 
fluoride and potassium concentrations before 
dialysis (P < 1 × 10–7) but not after. Group-by-group 
comparisons indicated that the correlation was 
linked to the group consuming the mineral water 
(P < 1 × 10–7), which had higher plasma potassium 
concentrations before dialysis than the group that did 
not drink the mineral water (P < 0.005).

Nicolay 
et al. 
1999

Human Serum fluoride 
concentrations 
evaluated in 29 HD 
patients.

Serum fluoride was significantly higher in patients 
before and after HD than in healthy subjects. Despite 
net clearance of fluoride during HD, serum fluoride 
did not return to normal concentrations.

Usuda 
et al. 
1997
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Species Study Findings Proposed Mechanisms Comments Reference

Fluoride Toxicity in Hemodialysis Patients

Human Plasma and bone 
concentrations of 
fluoride and renal 
osteodystrophy in HD 
patients

Mean plasma concentration of fluoride was 10.8 
µmol/L in 34 patients with residual glomerular 
filtration rates (RGFR) and 15.6 µmol/L in 25 patients 
with anuria. Mean bone ash concentration of fluoride 
was 5,000 mg/kg in 14 patients with RGFR and 
7,200 mg/kg in 26 patients with anuria. Evidence 
of secondary hyperparathyroidism. Evidence of 
osteodystrophy reported, but did not appear to be of 
the advanced degree found with skeletal fluorosis.

The bone concentrations of fluoride fall 
within the ranges historically associated 
with stage II and stage III skeletal fluorosis 
(see Chapter 5). The study reported no 
skeletal fluorosis, but it was unclear what 
criteria were used for assessment of the 
condition. Suggests bone concentrations 
alone do not adequately predict skeletal 
fluorosis. 
The patients were supplemented with 
calcium, and were given aluminum 
hydroxide if serum phosphate was too 
high.

Erben 
et al. 
1984

Human Comparison of serum 
fluoride concentrations 
in 17 HD patients and 
17 CAPD patients.

Higher serum fluoride concentrations found in HD 
patients (4.0 ± 0.5 µmol/L) compared with CAPD 
patients (2.5 ± 0.3 µmol/L), P < 0.005.

Authors noted that fluoride content of 
the HD fluids, which were prepared with 
fluoridated water, was significantly higher 
than in commercially prepared peritoneal 
dialysis fluid.

Bello and 
Gitelman 
1990

Human Renal osteodystrophy 
in 209 HD patients in 
Saudi Arabia.

Bone and joint pain reported in 25.8% of patients. 
The major radiological finding was osteosclerosis 
in 70% of patients. Mean serum concentration of 
aluminum was 25.4 ± 17.7 µg/L; of 1,25-dihydroxy 
vitamin D3 was 8.1 ± 4.2 ng/L; and of fluoride was 
92.2 ± 31.4 µg/L.

Osteodystrophy could be related to 
aluminum exposure. Water quality in 
Saudi Arabia is not the same as in the 
United States.

Huraib 
et al. 
1993

Human Effects on plasma 
potassium 
concentration of 
25 HD patients 
from mineral water 
containing fluoride at 
9 mg/L.

There was a significant correlation between plasma 
fluoride and potassium concentrations before 
dialysis (P < 1 × 10–7) but not after. Group-by-group 
comparisons indicated that the correlation was 
linked to the group consuming the mineral water 
(P < 1 × 10–7), which had higher plasma potassium 
concentrations before dialysis than the group that did 
not drink the mineral water (P < 0.005).

Nicolay 
et al. 
1999

Human Serum fluoride 
concentrations 
evaluated in 29 HD 
patients.

Serum fluoride was significantly higher in patients 
before and after HD than in healthy subjects. Despite 
net clearance of fluoride during HD, serum fluoride 
did not return to normal concentrations.

Usuda 
et al. 
1997
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Species Study Findings Proposed Mechanisms Comments Reference

Human Serum fluoride 
concentrations 
evaluated in 39 patients 
with end stage renal 
disease living in an area 
with fluoride at 47.4 ± 
3.28 µM/L in drinking 
water. 30 patients 
treated with HD and 9 
with CAPD.

Mean serum fluoride was significantly higher 
in dialysis patients (2.67 ± 1.09 µM/L) than 
in controls. CAPD patients had higher mean 
fluoride concentrations (3.1 ± 1.97 µM/L) than 
HD patients (2.5 ± 1.137 µM/L). 39% of dialysis 
patients had serum fluoride concentrations > 3.0 
µM/L, a concentration believed to pose a risk of 
osteodystrophy.

Al-
Wakeel 
et al. 
1997

Human Plasma fluoride 
concentrations 
measured in 35 dialysis 
patients.

Highly significant correlation between fluoride 
concentrations before and after dialysis (P < 0.00001) 
and between the months of hemodialysis and average 
fluoride concentration before dialysis (r = 0.624; P = 
0.008).

Nicolay 
et al. 
1997

Human Serum fluoride 
concentrations 
measured in 150 
dialysis patients.

Serum fluoride concentrations were approximately 
3.3 times higher in dialysis patients than in healthy 
subjects.

Torra 
et al. 
1998

Human 153 iliac crest bone 
biopsies from renal 
osteodystrophy patients 
were analyzed.

Increase in bone fluoride was weakly associated with 
increased osteoid volume, surface, and thickness. 
Bone fluoride had a negative correlation with bone 
microhardness.

Fluoride incorporation at the 
mineralizing front increases 
mineralization lag time.

The authors speculated that accumulated 
fluoride interacted with aluminum in 
dialysis patients, altering bone properties.

Ng et al. 
2004

Hemodialysis Accidents

Human Evaluation of 12 
patients who became 
severely ill after HD 
treatment and 20 
patients who did 
not become ill after 
treatment in the same 
unit.

12 of 15 patients treated in one room had severe 
pruritus, multiple nonspecific symptoms, and/or fatal 
ventricular fibrillation (3 patients). Serum fluoride 
concentration in ill patients was as high as 716 µmol/
L. 20 patients treated in a different room did not 
become ill (P < 0.0001).

Water used for dialysis in the ill 
patients was found to have excessive 
concentrations of fluoride because of 
errors in maintenance of the deionization 
system.

Arnow 
et al. 
1994

ABBREVIATIONS: CAPD, continuous ambulatory peritoneal dialysis; ER, endoplasmic 
reticulum; GT, glutamyltransferase; HD, hemodialysis; LDH, lactate dehydrogenase; NAG, 
N-acetyl-beta-D-glucosaminidase.
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Species Study Findings Proposed Mechanisms Comments Reference

Human Serum fluoride 
concentrations 
evaluated in 39 patients 
with end stage renal 
disease living in an area 
with fluoride at 47.4 ± 
3.28 µM/L in drinking 
water. 30 patients 
treated with HD and 9 
with CAPD.

Mean serum fluoride was significantly higher 
in dialysis patients (2.67 ± 1.09 µM/L) than 
in controls. CAPD patients had higher mean 
fluoride concentrations (3.1 ± 1.97 µM/L) than 
HD patients (2.5 ± 1.137 µM/L). 39% of dialysis 
patients had serum fluoride concentrations > 3.0 
µM/L, a concentration believed to pose a risk of 
osteodystrophy.

Al-
Wakeel 
et al. 
1997

Human Plasma fluoride 
concentrations 
measured in 35 dialysis 
patients.

Highly significant correlation between fluoride 
concentrations before and after dialysis (P < 0.00001) 
and between the months of hemodialysis and average 
fluoride concentration before dialysis (r = 0.624; P = 
0.008).

Nicolay 
et al. 
1997

Human Serum fluoride 
concentrations 
measured in 150 
dialysis patients.

Serum fluoride concentrations were approximately 
3.3 times higher in dialysis patients than in healthy 
subjects.

Torra 
et al. 
1998

Human 153 iliac crest bone 
biopsies from renal 
osteodystrophy patients 
were analyzed.

Increase in bone fluoride was weakly associated with 
increased osteoid volume, surface, and thickness. 
Bone fluoride had a negative correlation with bone 
microhardness.

Fluoride incorporation at the 
mineralizing front increases 
mineralization lag time.

The authors speculated that accumulated 
fluoride interacted with aluminum in 
dialysis patients, altering bone properties.

Ng et al. 
2004

Hemodialysis Accidents

Human Evaluation of 12 
patients who became 
severely ill after HD 
treatment and 20 
patients who did 
not become ill after 
treatment in the same 
unit.

12 of 15 patients treated in one room had severe 
pruritus, multiple nonspecific symptoms, and/or fatal 
ventricular fibrillation (3 patients). Serum fluoride 
concentration in ill patients was as high as 716 µmol/
L. 20 patients treated in a different room did not 
become ill (P < 0.0001).

Water used for dialysis in the ill 
patients was found to have excessive 
concentrations of fluoride because of 
errors in maintenance of the deionization 
system.

Arnow 
et al. 
1994

ABBREVIATIONS: CAPD, continuous ambulatory peritoneal dialysis; ER, endoplasmic 
reticulum; GT, glutamyltransferase; HD, hemodialysis; LDH, lactate dehydrogenase; NAG, 
N-acetyl-beta-D-glucosaminidase.
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pump in cultured rabbit ascending loop cells. Guan et al. (2000) showed 
that the same concentrations of fluoride that caused dental fluorosis in rats 
affected kidney phospholipids. Rat studies show that the animals that had 
most of their renal tissue surgically removed retained more fluoride in their 
bones, which became more susceptible to fracture (Turner et al. 1996). 
Turner’s rat studies were also conducted to simulate the concentrations that 
humans would be exposed to in regions where the drinking water contained 
fluoride at 3-10 mg/L.

Patients with Renal Impairment

Several investigators have shown that patients with impaired renal func-
tion, or on hemodialysis, tend to accumulate fluoride much more quickly 
than normal. Patients with renal osteodystrophy can have higher fluoride 
concentrations in their serum (see Table 9-3). Whether some bone changes 
in renal osteodystrophy can be attributed to excess bone fluoride accumula-
tion alone, or in combination with other elements such as magnesium and 
aluminum, has not been clearly established (Erben et al. 1984; Huraib et 
al. 1993; Ng et al. 2004). Extreme caution should be used in patients on 
hemodialysis because failures of the dialysis equipment have occurred in the 
past, resulting in fluoride intoxication (Arnow et al. 1994).

hePatiC system

Although some studies have observed histopathologic changes in the 
liver in response to high doses of fluoride (Kapoor et al. 1993; Grucka-
Mamczar et al. 1997), the changes have not been carefully quantified. In a 
study to examine the histologic effects of NaF directly on the liver, rats fed 
5-50 mg/kg/day showed vacuolization of the hepatic cells, cellular necrosis, 
and dilated and engorged liver tissue that was not seen in the control animals 
(Shashi and Thapar 2001).

In some of the studies in which effects of chronic or acute fluoride 
doses were observed in kidneys, the livers were also examined for signs of 
toxicity. Tormanen (2003) showed that fluoride caused substrate inhibi-
tion of rat liver arginase at substrate concentrations above 4 mM, and 
rat kidney arginase was more sensitive than liver arginase to inhibition by 
fluoride. de Camargo and Merzel (1980) first reported significant increases 
in fatty deposits in the livers of rats but not in their kidneys when they were 
given NaF at 1, 10, or 100 mg/L in tap water for 180 days. Twenty years 
later, Wang et al. (2000) used high-performance liquid chromatography to 
document the changes in liver lipids after rats were fed drinking water with 
fluoride at 30 or 100 mg/L for 7 months. The higher concentration of fluo-
ride reduced total phospholipids. Within the phospholipids, the saturated 
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fatty acid components increased and polyunsaturated fatty acids decreased. 
Liver cholesterol and dolichol were unchanged. The authors concluded that 
fluoride-induced alteration in liver membrane lipids could be an important 
factor in the pathogenesis of chronic fluorosis.

Whether any of these changes has relevance to the long-term daily in-
gestion of drinking water containing fluoride at 4 mg/L will require careful 
analysis of liver function tests in areas with high and low concentrations of 
fluoride in the drinking water. The clinical trials involving fluoride therapy 
for treating osteoporosis require that subjects be administered fluoride at 
concentrations approaching 1.0 mg/kg/day. Although such studies are rarely 
carried out for more than 5 years, this period of time should be sufficient 
to measure any changes in hepatic function. Jackson et al. (1994) reported 
that there was a significant increase in liver function enzymes in test subjects 
taking 23 mg of fluoride a day for 18 months, but the enzyme concentrations 
were still within the normal range. It is possible that a lifetime ingestion of 
5-10 mg/day from drinking water containing fluoride at 4 mg/L might turn 
out to have long-term effects on the liver, and this should be investigated in 
future epidemiologic studies.

Finally, because the liver is the primary organ for defluorinating toxic 
organofluorides, there is a concern that added fluoride body burden that 
would be experienced in areas where the drinking water had fluoride at 4 
mg/L might interfere with the activity of the cytochrome P450 complex 
(Baker and Ronnenberg 1992; Kharasch and Hankins 1996).

immune system

Hypersensitivity

In the studies by physicians treating patients who reported problems 
after fluoridation was initiated, there were several reports of skin irritation 
(Waldbott 1956; Grimbergen 1974; Petraborg 1977). Although blinded 
experiments suggested that the symptoms were the result of chemicals in 
the water supply, various anecdotal reports from patients complaining, for 
example, of oral ulcers, colitis, urticaria, skin rashes, nasal congestion, and 
epigastric distress, do not represent type I (anaphylactic), II (cytotoxic), III 
(toxic complex), or IV (delayed type reactivity) hypersensitivity, according 
to the American Academy of Allergy (Austen et al. 1971). These patients 
might be sensitive to the effects of silicofluorides and not the fluoride ion 
itself. In a recent study, Machalinski et al. (2003) reported that the four 
different human leukemic cell lines were more susceptible to the effects of 
sodium hexafluorosilicate, the compound most often used in fluoridation, 
than to NaF.

Nevertheless, patients who live in either an artificially fluoridated com-
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munity or a community where the drinking water naturally contains fluoride 
at 4 mg/L have all accumulated fluoride in their skeletal systems and po-
tentially have very high fluoride concentrations in their bones (see Chapter 
3). The bone marrow is where immune cells develop and that could affect 
humoral immunity and the production of antibodies to foreign chemicals. 
For example, Butler et al. (1990) showed that fluoride can be an adjuvant, 
causing an increase in the production of antibodies to an antigen and an 
increase in the size and cellularity of the Peyer’s patches and mesenteric 
lymph nodes. The same group (Loftenius et al. 1999) then demonstrated 
that human lymphocytes were more responsive to the morbilli antigen. Jain 
and Susheela (1987), on the other hand, showed that rabbit lymphocytes 
exposed to NaF had reduced antibody production to transferrin.

At the very early stages of stem cell differentiation in bone, fluoride 
could affect which cell line is stimulated or inhibited. Kawase et al. (1996) 
suggested that NaF (0.5 mM for 0-4 days) stimulates the granulocytic 
pathway of the progenitor cells in vitro. This was confirmed by Oguro et 
al. (2003), who concluded that “NaF [<0.5 mM] induces early differentia-
tion of bone marrow hemopoietic progenitor cells along the granulocytic 
pathway but not the monocytic pathway.”

It has long been claimed that cells do not experience the concentrations 
of fluoride that are used in vitro to demonstrate the changes seen in cell cul-
ture. Usually millimolar concentrations are required to observe an effect in 
culture. Because serum fluoride normally is found in the micromolar range, 
it has been claimed that there is no relevance to the in vivo situation. How-
ever, studies by Okuda et al. (1990) on resorbing osteoclasts reported that: 
“NaF in concentrations of 0.5-1.0 mM decreased the number of resorption 
lacunae made by individual osteoclasts and decreased the resorbed area 
per osteoclast. We argue that the concentration of fluoride in these experi-
ments may be within the range ‘seen’ by osteoclasts in mammals treated for 
prolonged periods with approximately 1 mg of NaF/kg body weight (bw) 
per day.” Sodium fluoride intake at 1 mg/kg/day in humans could result 
in bone fluoride concentrations that might occur in an elderly person with 
impaired renal function drinking 2 L of water per day containing fluoride 
at 4 mg/L (see Chapters 3 and 5 for more information on bone fluoride 
concentrations).

Cellular Immunity

Macrophage function is a major first line of defense in immunity. When 
macrophage function is impaired, the body could fail to control the invasion 
of foreign cells or molecules and their destructive effects. The studies that 
have investigated the function of the cells involved in humoral immunity 
are summarized in Table 9-4.
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Fluoride, usually in the millimolar range, has a number of effects on 
immune cells, including polymorphonuclear leukocytes, lymphocytes, and 
neutrophils. Fluoride interferes with adherence to substrate in vitro. The 
variety of biochemical effects on immune cells in culture are described in 
Table 9-4. Fluoride also augments the inflammatory response to irritants. 
Several mechanisms have been proposed, and the main route is thought to be 
by means of activation of the G-protein complex. It appears that aluminum 
combines with fluoride to form aluminum fluoride, a potent activator of G 
protein. In a study by O’Shea et al. (1987), for example, AlF4 had a greater 
influence on lymphocyte lipid metabolism than did fluoride in the absence 
of aluminum. On the other hand, Goldman et al. (1995) showed that the 
aluminofluoride effect of activating various enzymes in macrophages is 
independent of the G-protein complex.

There is no question that fluoride can affect the cells involved in pro-
viding immune responses. The question is what proportion, if any, of the 
population consuming drinking water containing fluoride at 4.0 mg/L on 
a regular basis will have their immune systems compromised? Not a single 
epidemiologic study has investigated whether fluoride in the drinking wa-
ter at 4 mg/L is associated with changes in immune function. Nor has any 
study examined whether a person with an immunodeficiency disease can 
tolerate fluoride ingestion from drinking water. Because most of the stud-
ies conducted to date have been carried out in vitro and with high fluoride 
concentrations, Challacombe (1996) did not believe they warranted atten-
tion. However, as mentioned previously in this chapter, bone concentrates 
fluoride and the blood-borne progenitors could be exposed to exceptionally 
high fluoride concentrations. Thus, more research needs to be carried out 
before one can state that drinking water containing fluoride at 4 mg/L has 
no effect on the immune system.

Findings

The committee did not find any human studies on drinking water con-
taining fluoride at 4 mg/L where GI, renal, hepatic, or immune effects were 
carefully documented. Most reports of GI effects involve exposures to high 
concentrations of fluoride from accidental overfeeds of fluoride into water 
supplies or from therapeutic uses. There are a few case reports of GI upset 
in subjects exposed to drinking water fluoridated at 1 mg/L. Those effects 
were observed in only a small number of cases, which suggest hypersensitiv-
ity. However, the available data are not robust enough to determine whether 
that is the case.

Studies of the effects of fluoride on the kidney, liver, and immune system 
indicate that exposure to concentrations much higher than 4 mg/L can affect 
renal tissues and function and cause hepatic and immunologic alterations 
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TABLE 9-4 Effects of Fluoride on Immune System Cells

Species Study Findings Application/Proposed Mechanisms Comments Reference

In �itro

Human Metabolism factors measured 
in cultured PMNs incubated 
with mM concentrations of 
fluoride.

Significant inhibition of PMN metabolic 
activity at 0.1 mM fluoride for O2 generation. 
Activity was also inhibited at 0.5 mM for 14CO2 
release from labeled glucose and at 1.0 mM for 
nitroblue tetrazolium-reduction.

Inhibition was primarily due to 
suppression of nonoxidative glucose 
metabolism. Peak effect was at 20 mM, a 
lethal dose to the cells.

Gabler 
and Leong 
1979

Human Leukocyte capillary 
migration inhibition assay.

8% inhibition with 0.5 ppm fluoride and 20% 
inhibition with 20 ppm fluoride.

Effect at 0.5 ppm fluoride likely not 
significant.
20 ppm fluoride is 100 times higher 
than serum fluoride concentrations 
expected if 1.5 L of 4 ppm fluoride 
in water is consumed.

Gibson 
1992

Various Evaluated signal transduction 
in cultured macrophages 
exposed to NaF with or 
without aluminum.

NaF reduced intracellular ATP concentrations, 
suppressed agonist-induced protein tyrosine 
phosphorylation and reactive oxygen species 
formation. There was in situ activation of 
nitrogen-activated protein kinase, phospholipase 
A2, and phosphatidylinositol-phospholipase 
C. Little or no effect on NaF-mediated enzyme 
action was observed when cells were treated 
with AlCl3 or deferoxamine.

Authors suggest that some of the 
pleiotropic effects of NaF in intact cells 
might be due to depletion of ATP and 
not by G-protein activation.

Goldman 
et al. 1995

Human Cell migration assay and 
micropore filter assay used 
to assess effect of NaF on 
locomotion and chemotaxis 
of human blood leukocytes.

Significant reduction in chemotaxis and 
locomotion observed with 1 mM fluoride.

1 mM fluoride is a high 
concentration relative to blood 
fluoride, but such a concentration 
might be possible within the 
Haversian canal system of bone, 
restricting migration of leukocytes 
through bone.

Wilkinson 
1983

Human Cultured neutrophils treated 
with fluoride.

Fluoride activated diacylglycerol generation 
and phospholipase D activity. Increased 
diradylglycerol mass, with kinetics similar to 
superoxide generation.

Data are consistent with the activation 
of phosphatidic acid and diglyceride 
generation by both phopholipase D-
dependent and independent mechanisms.

Olson 
et al. 1990

Human Electropermeabilized 
neutrophils treated with 
fluoride.

O2 production was increased by 
electropermeabilization. That effect was 
antagonized by GDP[β-S], required Mg2+, and 
was blocked by staurosporine and H-7.

Supports the hypothesis that fluoride 
activates G protein, most likely Gp, by 
interacting with the nucleotide-binding 
site on the G α subunit.

Hartfield 
and 
Robinson 
1990

Human Adherence assay of PMNs 
cultured with 0.0625-4.0 µM 
with or without autologous 
serum.

No effect in the absence of serum. With serum, 
adherence significantly decreased at 0.5 µM. 
Decrease was 1.1% at 0.125 µM and 52.7% at 
1.5 µM.

Effect is not direct and is probably 
modulated by a seric factor.

Concentrations of fluoride tested 
are similar to those found in blood.

Gomez-
Ubric 
et al. 1992
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TABLE 9-4 Effects of Fluoride on Immune System Cells

Species Study Findings Application/Proposed Mechanisms Comments Reference

In �itro

Human Metabolism factors measured 
in cultured PMNs incubated 
with mM concentrations of 
fluoride.

Significant inhibition of PMN metabolic 
activity at 0.1 mM fluoride for O2 generation. 
Activity was also inhibited at 0.5 mM for 14CO2 
release from labeled glucose and at 1.0 mM for 
nitroblue tetrazolium-reduction.

Inhibition was primarily due to 
suppression of nonoxidative glucose 
metabolism. Peak effect was at 20 mM, a 
lethal dose to the cells.

Gabler 
and Leong 
1979

Human Leukocyte capillary 
migration inhibition assay.

8% inhibition with 0.5 ppm fluoride and 20% 
inhibition with 20 ppm fluoride.

Effect at 0.5 ppm fluoride likely not 
significant.
20 ppm fluoride is 100 times higher 
than serum fluoride concentrations 
expected if 1.5 L of 4 ppm fluoride 
in water is consumed.

Gibson 
1992

Various Evaluated signal transduction 
in cultured macrophages 
exposed to NaF with or 
without aluminum.

NaF reduced intracellular ATP concentrations, 
suppressed agonist-induced protein tyrosine 
phosphorylation and reactive oxygen species 
formation. There was in situ activation of 
nitrogen-activated protein kinase, phospholipase 
A2, and phosphatidylinositol-phospholipase 
C. Little or no effect on NaF-mediated enzyme 
action was observed when cells were treated 
with AlCl3 or deferoxamine.

Authors suggest that some of the 
pleiotropic effects of NaF in intact cells 
might be due to depletion of ATP and 
not by G-protein activation.

Goldman 
et al. 1995

Human Cell migration assay and 
micropore filter assay used 
to assess effect of NaF on 
locomotion and chemotaxis 
of human blood leukocytes.

Significant reduction in chemotaxis and 
locomotion observed with 1 mM fluoride.

1 mM fluoride is a high 
concentration relative to blood 
fluoride, but such a concentration 
might be possible within the 
Haversian canal system of bone, 
restricting migration of leukocytes 
through bone.

Wilkinson 
1983

Human Cultured neutrophils treated 
with fluoride.

Fluoride activated diacylglycerol generation 
and phospholipase D activity. Increased 
diradylglycerol mass, with kinetics similar to 
superoxide generation.

Data are consistent with the activation 
of phosphatidic acid and diglyceride 
generation by both phopholipase D-
dependent and independent mechanisms.

Olson 
et al. 1990

Human Electropermeabilized 
neutrophils treated with 
fluoride.

O2 production was increased by 
electropermeabilization. That effect was 
antagonized by GDP[β-S], required Mg2+, and 
was blocked by staurosporine and H-7.

Supports the hypothesis that fluoride 
activates G protein, most likely Gp, by 
interacting with the nucleotide-binding 
site on the G α subunit.

Hartfield 
and 
Robinson 
1990

Human Adherence assay of PMNs 
cultured with 0.0625-4.0 µM 
with or without autologous 
serum.

No effect in the absence of serum. With serum, 
adherence significantly decreased at 0.5 µM. 
Decrease was 1.1% at 0.125 µM and 52.7% at 
1.5 µM.

Effect is not direct and is probably 
modulated by a seric factor.

Concentrations of fluoride tested 
are similar to those found in blood.

Gomez-
Ubric 
et al. 1992
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Species Study Findings Application/Proposed Mechanisms Comments Reference

Human Promyelocytic HL-60 cells 
treated with 0.5 mM NaF for 
0-4 days.

Cell proliferation was inhibited by NaF and 
was augmented by the addition of 1,25-
dihydroxyvitamin D3. Other observations 
were changes in cellular morphology, increased 
cellular adhesion to plastic, reduced nuclear/
cytoplasmic ratio, and increased cellular 
expression of chloroacetate esterase. No effect 
on cellular nonspecific esterase activity.

NaF stimulates the early stages of HL-60 
differentiation toward a granulocyte-
like cell. 1,25-Dihydroxyvitamin D3 
acts as a cofactor with NaF, primarily 
through interaction with an endogenous 
NaF-induced cyclooxygenase product(s), 
possibly PGE2.

Kawase 
et al. 1996

Human Blood lymphocytes incubated 
with NaF at 0.31, 0.62, or 
1.2 mM.

NaF augmented lymphocyte response to a 
mitogen (PHA) or a specific antigen (morbilli 
antigen from infected cells). Simultaneous 
incubation of NaF at 0.62 mM with PHA 
significantly increased cytokine INF-γ release 
from activated T and/or NK cells compared 
with treatment with PHA alone (P < 0.01).

Authors concluded that NaF’s effect on 
INF-γ release during an immune response 
might be one of the primary ways that 
fluoride ion influences the immune 
system.

Loftenius 
et al. 1999

Human CD34+ cells isolated from 
umbilical cord blood were 
incubated with 1, 10, and 
50 mM NaF for 30 and 120 
minutes.

At 10 and 50 mM NaF, there was damage to 
CFU-GM and significantly decreased cloning 
potential of these cells. Growth of BFU-E was 
also inhibited.

Machalinski 
et al. 2000

Rat Liver macrophages treated 
with fluoride.

Arachidonic acid and prostaglandins were 
released (required extracellular calcium), but 
there was no formation of inositol phosphates 
or superoxide. Those effects were inhibited 
by staurosporine and phorbol ester. Protein 
kinase C was translocated from the cytosol to 
membranes.

Calcium-dependent protein kinase C 
appears to be involved in fluoride’s 
action on liver macrophages.

Schulze-
Specking 
et al. 1991

Mouse Cultured lymphocytes treated 
with NaF and AlCl3.

With NaF, there was a breakdown of 
polyphosphoinositides, decreased production of 
phosphoinositols, increased cytosolic Ca2+, and 
start of phosphorylation of the T-cell receptor. 
Effects were potentiated by addition of AlCl3.

The active moiety is AlF4-. AlF4–induced 
effects were insensitive to cyclic 
adenosine monophosphate.

O’Shea 
et al. 1987

Mouse Bone marrow progenitor 
cells cultured with 0.1-0.5 
mM NaF.

Upregulation in the activities of intracellular 
enzymes (LDH, β-glucuronidase, acid 
phosphatase), cellular reduction of nitroblue 
tetrazolium, and nitric oxide production.

Authors suggest that NaF induces 
early differentiation of bone marrow 
hemopoietic progenitor cells along 
the granulocytic pathway but not the 
monocytic pathway linked to osteoclast 
formation.

Oguro 
et al. 2003

TABLE 9-4 Continued
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Species Study Findings Application/Proposed Mechanisms Comments Reference

Human Promyelocytic HL-60 cells 
treated with 0.5 mM NaF for 
0-4 days.

Cell proliferation was inhibited by NaF and 
was augmented by the addition of 1,25-
dihydroxyvitamin D3. Other observations 
were changes in cellular morphology, increased 
cellular adhesion to plastic, reduced nuclear/
cytoplasmic ratio, and increased cellular 
expression of chloroacetate esterase. No effect 
on cellular nonspecific esterase activity.

NaF stimulates the early stages of HL-60 
differentiation toward a granulocyte-
like cell. 1,25-Dihydroxyvitamin D3 
acts as a cofactor with NaF, primarily 
through interaction with an endogenous 
NaF-induced cyclooxygenase product(s), 
possibly PGE2.

Kawase 
et al. 1996

Human Blood lymphocytes incubated 
with NaF at 0.31, 0.62, or 
1.2 mM.

NaF augmented lymphocyte response to a 
mitogen (PHA) or a specific antigen (morbilli 
antigen from infected cells). Simultaneous 
incubation of NaF at 0.62 mM with PHA 
significantly increased cytokine INF-γ release 
from activated T and/or NK cells compared 
with treatment with PHA alone (P < 0.01).

Authors concluded that NaF’s effect on 
INF-γ release during an immune response 
might be one of the primary ways that 
fluoride ion influences the immune 
system.

Loftenius 
et al. 1999

Human CD34+ cells isolated from 
umbilical cord blood were 
incubated with 1, 10, and 
50 mM NaF for 30 and 120 
minutes.

At 10 and 50 mM NaF, there was damage to 
CFU-GM and significantly decreased cloning 
potential of these cells. Growth of BFU-E was 
also inhibited.

Machalinski 
et al. 2000

Rat Liver macrophages treated 
with fluoride.

Arachidonic acid and prostaglandins were 
released (required extracellular calcium), but 
there was no formation of inositol phosphates 
or superoxide. Those effects were inhibited 
by staurosporine and phorbol ester. Protein 
kinase C was translocated from the cytosol to 
membranes.

Calcium-dependent protein kinase C 
appears to be involved in fluoride’s 
action on liver macrophages.

Schulze-
Specking 
et al. 1991

Mouse Cultured lymphocytes treated 
with NaF and AlCl3.

With NaF, there was a breakdown of 
polyphosphoinositides, decreased production of 
phosphoinositols, increased cytosolic Ca2+, and 
start of phosphorylation of the T-cell receptor. 
Effects were potentiated by addition of AlCl3.

The active moiety is AlF4-. AlF4–induced 
effects were insensitive to cyclic 
adenosine monophosphate.

O’Shea 
et al. 1987

Mouse Bone marrow progenitor 
cells cultured with 0.1-0.5 
mM NaF.

Upregulation in the activities of intracellular 
enzymes (LDH, β-glucuronidase, acid 
phosphatase), cellular reduction of nitroblue 
tetrazolium, and nitric oxide production.

Authors suggest that NaF induces 
early differentiation of bone marrow 
hemopoietic progenitor cells along 
the granulocytic pathway but not the 
monocytic pathway linked to osteoclast 
formation.

Oguro 
et al. 2003
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Species Study Findings Application/Proposed Mechanisms Comments Reference

In �i�o

Rabbit Rabbits immunized with 
transferrin before or after 
9 months treatment with 
10 mg/kg/day. Circulating 
anti-transferrin titers were 
measured during the 9 
months. DNA and protein 
synthesis were determined 
by [3H]thymidine and 
[14C]leucine incorporation.

NaF inhibited antibody formation and had a 
threshold of 0.78 ppm in circulation. DNA and 
protein synthesis were also inhibited.

Antibody formation appears to be 
inhibited because of the decrease 
in lymphocyte proliferation and 
inhibition of protein synthetic ability of 
immunocytes.

General inhibition of metabolic 
function.

Jain and 
Susheela 
1987

Rat Sensitization assay performed 
with rats administered 5 mL 
of a 100-mmol solution of 
NaF twice a week for 2-3 
weeks and given ovalbumin 
in drinking water.

Significant increase in surface immunoglobulin 
expression on lymphocytes from the Peyer’s 
patches and mesenteric lymph nodes.

Microulcerations of the gastric mucosa. Authors note that the 
concentrations tested were 
within the range that could be 
inadvertently ingested by infants/
children or adults from fluoride 
supplements or gels.

Butler 
et al. 1990

Rat 0.1, 0.2, and 0.4 mg of 
fluoride administered 
intratracheally.

Significant PMN-leukocyte infiltration in the 
lungs observed 24 hours after treatment with 
0.2 and 0.4 mg. mRNA of chemokines and 
proinflammatory cytokines was increased. 
Increased adhesion of PMNs to plastic dish.

S. Hirano 
et al. 1999

Mouse Antibacterial defense 
mechanisms and lung 
damage were assessed in 
mice exposed to 2, 5, 10 
mg/m3 of a fluoride aerosol 
in an inhalation chamber for 
4 hours per day for 14 days.

Suppression of pulmonary bactericidal activity 
against Staphylococcus aureus at 5 and 10 
mg/m3. Significant decrease in the number 
of alveolar macrophages in bronchoalveolar 
lavage fluid at 10 mg/m3 in mice not bacterially 
challenged. Significant increase in PMNs and 
lymphocytes at 10 mg/m3.

 Authors concluded that inhalation of 
fluoride can cause cellular alterations 
in the lung that diminish the ability to 
respond to infectious bacteria.

Yamamoto 
et al. 2001

ABBREVIATIONS: BFU-E, burst forming unit of erythrocytes; CFU-GM, colony-forming unit 
of granulocyte-macrophages; GDP[β-S], guanosine 5′-[β-thio]diphosphate; INF-γ, interferon 
γ; LDH, lactate dehydrogenase; PGE2, prostaglandin E; PHA, phytohemaggultinin ; PMN, 
polymorphonuclear leukocyte.

TABLE 9-4 Continued
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Species Study Findings Application/Proposed Mechanisms Comments Reference

In �i�o

Rabbit Rabbits immunized with 
transferrin before or after 
9 months treatment with 
10 mg/kg/day. Circulating 
anti-transferrin titers were 
measured during the 9 
months. DNA and protein 
synthesis were determined 
by [3H]thymidine and 
[14C]leucine incorporation.

NaF inhibited antibody formation and had a 
threshold of 0.78 ppm in circulation. DNA and 
protein synthesis were also inhibited.

Antibody formation appears to be 
inhibited because of the decrease 
in lymphocyte proliferation and 
inhibition of protein synthetic ability of 
immunocytes.

General inhibition of metabolic 
function.

Jain and 
Susheela 
1987

Rat Sensitization assay performed 
with rats administered 5 mL 
of a 100-mmol solution of 
NaF twice a week for 2-3 
weeks and given ovalbumin 
in drinking water.

Significant increase in surface immunoglobulin 
expression on lymphocytes from the Peyer’s 
patches and mesenteric lymph nodes.

Microulcerations of the gastric mucosa. Authors note that the 
concentrations tested were 
within the range that could be 
inadvertently ingested by infants/
children or adults from fluoride 
supplements or gels.

Butler 
et al. 1990

Rat 0.1, 0.2, and 0.4 mg of 
fluoride administered 
intratracheally.

Significant PMN-leukocyte infiltration in the 
lungs observed 24 hours after treatment with 
0.2 and 0.4 mg. mRNA of chemokines and 
proinflammatory cytokines was increased. 
Increased adhesion of PMNs to plastic dish.

S. Hirano 
et al. 1999

Mouse Antibacterial defense 
mechanisms and lung 
damage were assessed in 
mice exposed to 2, 5, 10 
mg/m3 of a fluoride aerosol 
in an inhalation chamber for 
4 hours per day for 14 days.

Suppression of pulmonary bactericidal activity 
against Staphylococcus aureus at 5 and 10 
mg/m3. Significant decrease in the number 
of alveolar macrophages in bronchoalveolar 
lavage fluid at 10 mg/m3 in mice not bacterially 
challenged. Significant increase in PMNs and 
lymphocytes at 10 mg/m3.

 Authors concluded that inhalation of 
fluoride can cause cellular alterations 
in the lung that diminish the ability to 
respond to infectious bacteria.

Yamamoto 
et al. 2001

ABBREVIATIONS: BFU-E, burst forming unit of erythrocytes; CFU-GM, colony-forming unit 
of granulocyte-macrophages; GDP[β-S], guanosine 5′-[β-thio]diphosphate; INF-γ, interferon 
γ; LDH, lactate dehydrogenase; PGE2, prostaglandin E; PHA, phytohemaggultinin ; PMN, 
polymorphonuclear leukocyte.
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in test animals and in vitro test systems. For example, a few studies suggest 
that fluoride might be associated with kidney stone formation, while other 
studies suggest that it might inhibit stone formation. Some effects on liver 
enzymes have been observed in studies of osteoporosis patients treated with 
fluoride, but the available data are not sufficient to draw any conclusions 
about potential risks from low-level long-term exposures. Little data is 
available on immunologic parameters in human subjects exposed to fluoride 
from drinking water or osteoporosis therapy, but in vitro and animal data 
suggest the need for more research in this area.

As noted earlier in Chapters 2 and 3, several subpopulations are likely 
to be susceptible to the effects of fluoride from exposure and pharmacoki-
netic standpoints. With regard to the end points covered in this chapter, it is 
important to consider subpopulations that accumulate large concentrations 
of fluoride in their bones (e.g., renal patients). When bone turnover occurs, 
the potential exists for immune system cells and stem cells to be exposed to 
concentrations of fluoride in the interstitial fluids of bone that are higher 
than would be found in serum. From an immunologic standpoint, indi-
viduals who are immunocompromised (e.g., AIDS, transplant, and bone-
marrow-replacement patients) could be at greater risk of the immunologic 
effects of fluoride.

reCommendations

Gastric Effects

•	 Studies are needed to evaluate gastric responses to fluoride from 
natural sources at concentrations up to 4 mg/L and from artificial sources. 
Data on both types of exposures would help to distinguish between the 
effects of water fluoridation chemicals and natural fluoride. Consideration 
should be given to identifying groups that might be more susceptible to the 
gastric effects of fluoride.

•	 The influence of fluoride and other minerals, such as calcium and 
magnesium, present in water sources containing natural concentrations of 
fluoride up to 4 mg/L on gastric responses should be carefully measured.

Renal and Hepatic Effects

•	 Rigorous epidemiologic studies should be carried out in North 
America to determine whether fluoride in drinking water at 4 mg/L is as-
sociated with an increased incidence of kidney stones. There is a particular 
need to study patients with renal impairments.

•	 Additional studies should be carried out to determine the incidence, 
prevalence, and severity of renal osteodystrophy in patients with renal im-
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pairments in areas where there is fluoride at up to 4 mg/L in the drinking 
water.

•	 The effect of low doses of fluoride on kidney and liver enzyme func-
tions in humans needs to be carefully documented in communities exposed 
to different concentrations of fluoride in drinking water.

Immune Response

•	 Epidemiologic studies should be carried out to determine whether 
there is a higher prevalence of hypersensitivity reactions in areas where 
there is elevated fluoride in the drinking water. If evidence is found, hyper-
sensitive subjects could then be selected to test, by means of double-blinded 
randomized clinical trials, which fluoride chemicals can cause hypersensitiv-
ity. In addition, studies could be conducted to determine what percentage 
of immunocompromised subjects have adverse reactions when exposed to 
fluoride in the range of 1-4 mg/L in drinking water.

•	 More research is needed on the immunotoxic effects of fluoride in 
animals and humans to determine if fluoride accumulation can influence 
immune function.

•	 It is paramount that careful biochemical studies be conducted to 
determine what fluoride concentrations occur in the bone and surrounding 
interstitial fluids from exposure to fluoride in drinking water at up to 4 
mg/L, because bone marrow is the source of the progenitors that produce 
the immune system cells.
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10

Genotoxicity and Carcinogenicity

This chapter reviews research publications and relevant review articles 
published since the earlier NRC (1993) report and other relevant papers not 
included in that review, and also considers salient earlier papers. Evalua-
tion of the plausibility and potential for carcinogenicity is based on human 
epidemiologic studies, laboratory animal lifetime bioassays, shorter-term 
genotoxicity tests, metabolism and pharmacokinetic data, and mechanistic 
information. Genotoxicity tests indicate the potential for fluoride to cause 
mutations, affect the structure of chromosomes and other genomic material; 
affect DNA replication, repair, and the cell cycle; and/or transform cultured 
cell lines to enable them to cause tumors when implanted into host animals. 
In interpreting the experimental studies and the consistency among dispa-
rate tests and systems, factors to be considered include the chemical form, 
concentrations, duration of exposure or application, vehicle or route of 
exposure, presence or absence of dose response, and information that each 
study provides about the potential stage of cancer development at which 
the chemical might operate. The degree of consistency of genotoxicity tests 
with the epidemiologic studies and whole animal bioassays on these points 
was evaluated.

genotoxiCity

Genotoxicity tests comprise in vitro and in vivo assays to assess the 
effects on DNA and chromosomal structure and/or function. The results 
of these assays serve as indicators of the potential interaction of chemicals 
with the genetic material. Changes in chromosomal or DNA structure or 
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function may be a step in the pathway to carcinogenesis. More often, they 
indicate interference with the normal duplication, function, and control of 
cell division and genetic activity that also might result in precancer or early 
neoplastic processes. Genotoxicity also encompasses the ability to cause 
germ cell and somatic cell mutations that cause malformations, disease, and 
other adverse health outcomes.

Many cell systems derived from various organisms have been used to the 
assess genotoxicity of a large array of chemicals. In evaluating the applica-
bility of the results of these tests to human risk from fluoride ingestion, some 
of the key parameters are the concentrations used in the assays compared 
with physiologic concentrations, the form and vehicle for fluoride exposure 
in the assay, and existing data on overall applicability of the various assays 
to risk in humans. Tennant (1987) and Tennant et al. (1987) concluded that 
the Salmonella reverse mutation assay was the best short-term genotoxicity 
assay available for predicting carcinogenicity in mammals. However, Parodi 
et al. (1991) reviewed the results of various genotoxicity tests in comparison 
with animal carcinogenicity studies, and found that in vitro cytogenetic 
tests, particularly sister-chromatid exchange tests (SCEs), were more predic-
tive of carcinogenicity than the Salmonella reverse mutation assay. Tice et 
al. (1996) subsequently reviewed relative sensitivities of rodents and humans 
to genotoxic agents and concluded that humans are more than an order of 
magnitude more sensitive than rodents to most of the genotoxic agents they 
examined using the genetic activity profile database.

The available new genotoxicity studies of fluoride are detailed in Table 
10-1. The most extensive and important additions to the genotoxicity litera-
ture on fluoride since 1993 are in vivo assays in human populations and, to 
a lesser extent, in vitro assays using human cell lines and in vivo experiments 
with rodents. These studies are discussed below.

Gene Mutation

Mutagenicity indicates direct action of a substance on DNA. Altera-
tions in DNA suggest that the chemical has the potential to cause genetic 
effects as well as carcinogenic potential. In 1993, the existing literature did 
not indicate that fluoride posed a mutation hazard. The literature included 
assays with Salmonella (virtually all negative results), various mammalian 
cells lines (virtually all negative), and cultured human lymphocytes. Posi-
tive results in the human lymphocytes were seen at fluoride concentrations 
above 65 micrograms per milliliter (µg/mL) (parts per million [ppm]) and 
generally at more than 200 µg/mL, (much greater concentrations than those 
to which human cells in vivo typically would be exposed). No pertinent 
studies have been found since those reviewed in the 1993 NRC report. The 
committee interprets the weight of evidence from in vivo rodent studies to 
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indicate very low probability of a mutagenic risk for humans (NRC 1993; 
WHO 2002; ATSDR 2003).

Chromosomal Changes and DNA Damage

This section describes studies of fluoride’s effects on chromosomes and 
chromatids, formation of micronuclei, and DNA damage. Chromosomal 
alterations can include changes in chromosome number (aneuploidy) and 
aberrations of the chromosomes (before DNA synthesis) or chromatids (af-
ter DNA synthesis). (Nondisjunction or translocation of chromosome 21, 
producing Down’s syndrome, is discussed in Chapter 6 on Reproductive 
and Developmental Effects.) Classification of chromosome/chromatid aber-
rations has become standardized in recent years: some types of aberrations 
(e.g., chromatid gaps) are judged to be less important in evaluating effects 
on chromosomes than other major aberrations (e.g., breaks and transloca-
tions). SCE is not known to be on the causal pathway of any adverse health 
effects, but it is considered a generic indication of exposure to substances 
that can affect chromosomal structure, many of which are also carcinogens. 
The SCE assay is a helpful and widely used assay because of its greater sen-
sitivity at lower concentrations than chromosome aberrations. Fewer cells 
need to be scored in order to establish with confidence whether an increase 
in SCEs has occurred in a specific test system.

Micronuclei are DNA-containing bodies derived from chromosomal 
material that is left behind during mitosis. Either a faulty mitotic process or 
chromosomal breaks can cause this phenomenon. Micronuclei can be visual-
ized in nondividing cells. The relatively new “Comet assay” detects single-
strand DNA damage in individual cells using microgel electrophoresis.

Effects on cell survival (cytotoxicity) and effects on cell division are 
commonly investigated and reported in the course of conducting in vitro 
cytogenetic studies, and they are included in the summary below.

Human Cells In Vitro

Interpreting the health significance of observed cytogenetic effects on 
human cells in culture depends on the dose, timing of application relative to 
the point in the cell cycle, and type of cultured cells, among other factors. 
As of the 1993 NRC report, the existing data of this type were inconsistent 
regarding the cytogenetic effects of fluorides. Since that time, Tsutsui et al. 
(1995) applied sodium fluoride (NaF) at or near concentrations found in 
water supplies (1 to 10 ppm, equivalent to 0.45 to 4.5 ppm fluoride ion) 
to diploid fibroblasts for up to 3 weeks and did not observe clastogenicity. 
Aardema and Tsutsui (1995) using a similar cell system found aberrations 
only above 50 ppm. The cell phases at which these effects were observed 
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suggested that the underlying mechanism of the chromosomal aberrations 
might be interference by fluoride with DNA synthesis and repair. In human 
diploid IMR90 cells, Oguro et al. (1995) observed clastogenicity only above 
5 ppm NaF after short- and long-term applications. Gadhia and Joseph 
(1997) noted that 20 and 30 ppm NaF, but not 10 ppm, caused aberrations. 
No effects on SCEs were seen in their study. Recently, Wang et al. (2004) 
used the Comet assay to study genotoxicity in human embryo hepatocytes 
after treatment with NaF. They observed a dose-related increase in single-
strand DNA damage at concentrations of 40, 80, and 160 mg/L.

Other Mammalian Systems In Vitro

Previous studies with a wide variety of test systems found cytogenetic 
effects in some but not all systems used (NRC 1993; WHO 2002; ATSDR 
2003).

Recent studies with in vitro rodent systems include those by Khalil and 
Da’dara (1994) and Khalil (1995). They evaluated effects on cultured bone 
marrow cells of Sprague-Dawley rats after exposure to NaF or potassium 
fluoride (KF) at concentrations ranging from 0.1 µM to 0.1 mM (up to 2 
ppm fluoride) for 12 to 36 hours. They did not observe increased SCE levels 
at any concentration, although there was dose-dependent cytotoxicity. Both 
NaF and KF induced chromosomal aberrations in a dose-dependent man-
ner between 0.1 and 100 µM. Mihashi and Tsutsui (1996) studied effects 
on cultured vertebral cells of F344/N rats after 1 to 3 days of 9 to 18 ppm 
NaF treatment and found dose-dependent increases in chromosomal aberra-
tions based on time and concentrations. Kishi and Ishida (1993) compared 
activity of NaF on chromosome aberrations for a series of cell lines from 
rodents, prosimians, great apes, and humans. Clastogenicity by 42 to 252 
ppm NaF was seen only in the great ape and human cell lines. Their work 
thus indicates a greater sensitivity to fluoride in human than in rodent cells. 
In an older study not included in the NRC (1993) report, Jagiello and Lin 
(1974) reported that in vitro exposure of oocytes to NaF disrupted meiotic 
anaphase of ewes and cows but not of mice. The effective doses were the 
same order of magnitude as those reported by NRC in 1993 to cause chro-
mosome aberrations in human lymphocytes. In vivo tests performed only in 
mice indicated that fluoride was not genotoxic, even at high doses. Ribeiro 
et al. (2004b) used the Comet assay to assess effects of NaF on Chinese 
hamster ovary cells in vitro. No damage was observed at concentrations of 
up to 100 µg/mL.
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Rodent Systems In Vivo

Zeiger et al. (1994) administered NaF in drinking water for 6 weeks 
to B6C3F1 mice and assayed micronuclei and chromosome aberration oc-
currences. They observed no increases over unexposed controls. Similarly, 
Dunipace et al. (1996) exposed diabetic and nondiabetic Zucker male rats 
to fluoride concentrations up to 50 mg/L in water for up to 6 months. They 
found no increase in the rate of SCEs for any test group.

Ribeiro et al. (2004a) exposed Wistar rats to NaF at 7 and 100 mg/L in 
drinking water for 6 weeks. Comet assays of peripheral blood, oral mucosa, 
and brain cells in vivo showed no increase in single-strand DNA damage.

Nonmammalian Systems In Vivo

Previous work on nonmammalian systems was sparse but did not 
indicate consistent cytogenetic effects. No new relevant studies have been 
reported.

Human Cells In Vivo

The NRC 1993 report noted the absence of human in vivo genotoxic-
ity studies. Since 1993, important contributions to the evaluation of geno-
toxicity of fluoride have been in the area of cytogenetic studies of human 
populations exposed via diverse routes to various fluorides. Studies of hu-
man populations have the advantage of evaluating pertinent concentrations 
in a physiologically relevant context, despite the limitations inherent in all 
epidemiologic observational studies of not controlling for all factors that 
might be pertinent. Relevant studies are summarized below according to 
route of exposure.

Ingestion Route

The most well-documented in vivo human study published was that of 
Y. Li et al. (1995), who assayed the fluoride concentrations in water, plasma, 
and urine in more than 700 individuals. Six groups of 120 subjects resided 
in different locales with average naturally occurring fluoride concentra-
tions in drinking water varying between 0.2 and 5 mg/L. They observed 
that, although plasma and urine fluoride concentrations varied with water 
concentrations, the groups of subjects living in the regions with higher con-
centrations of fluoride had lower average SCEs per cell. The study controlled 
for the nutritional status of the subjects. Subsequently, Jackson et al. (1997) 
compared SCE occurrence in lymphocytes of residents of communities with 
water fluoride concentrations of 0.2, 1, and 4 mg/L. Residents of the 4-mg/L 
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fluoride community had more average SCEs. In a follow-up study, there 
was no difference between the mean SCE level of a subsample of residents 
using the 4-mg/L community water and another sample of residents using 
0.3-mg/L well water.

The following three less-well-documented studies reported associations 
between cytogenetic effects and residence in areas with high natural fluoride 
concentrations in drinking water. Sheth et al. (1994) published a preliminary 
investigation of SCEs in 100 residents of Gujarat, India, with fluorosis and 
21 unaffected controls. They reported higher SCE rates among the fluorosis 
cases as well as higher fluoride concentrations in the cases’ water. The design 
of this study was seriously deficient, particularly because of the possibility 
of selection bias; cases and controls were recruited from different areas 
(cases were from areas with higher naturally occurring fluoride in drinking 
water). Additionally, clinical criteria for case definition were not adequately 
documented. Wu and Wu (1995) examined peripheral blood lymphocytes in 
a small series (n = 53) of residents in a high-natural-fluoride area (4 to 15 
mg/L) and 30 control residents from a low-fluoride area (<1 mg/L) of Inner 
Mongolia. SCEs and micronuclei were more frequent only among subjects 
with fluorosis and not among those with higher exposures who did not ex-
hibit fluorosis. The report had a dearth of information on subject selection 
and on control of potential confounding factors. Joseph and Gadhia (2000) 
later compared residents of three villages that had drinking water concentra-
tions of fluoride at 1.6 to 3.5 mg/L with residents of Gujarat, India, where 
there is fluoride in residential drinking water at 0.7 mg/L . Chromosome ab-
errations were strongly elevated in residents of all three of the villages. SCE 
rates were elevated only in residents of one of those, and the same village’s 
residents also demonstrated higher chromosome aberrations in mitomycin-
C-treated lymphocytes. Only 14 individuals were tested from each village, 
and the method of subject selection was not reported.

Van Asten et al. (1998) found no cytogenetic effects (aberrations, 
micronuclei, or cell cycle progression) on cultured lymphocytes in women 
who had been treated with fluoride (22.6 to 33.9 mg/day) for osteoporosis 
for 1 to 4 years.

Inhalation and/or Dermal Routes

Two articles published by Meng et al. (1995) and Meng and Zhang 
(1997) described cytogenetic assays in phosphate fertilizer workers. Inhala-
tion of fluoride is the principal chemical exposure in these plants. The air 
concentrations of fluoride ranged from 0.5 to 0.8 mg/m3 at the time of the 
study. Chromosomal aberrations, micronuclei, and SCEs were all elevated 
in exposed workers. The length of exposure did not show a dose-dependent 
relationship with these cytogenetic effects; those working at the plant for 5 
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to 10 years had the greatest effect compared with those working for more 
than 10 years or less than 5 years. It is not clear, however, whether length 
of employment is a pertinent exposure metric concerning the plausibility of 
cytogenetic risk of fluoride for this cohort. 

Cell Transformation

Cell transformation is the conversion of normal cells to neoplastic cells 
in vitro. In the 1993 NRC report, the positive transformation results re-
ported were largely in Syrian hamster embryo (SHE) cells for which results 
cannot be extrapolated to human systems or other cell types (NRC 1993). 
However, in the one study that included an additional system, BALB/3T3 
mouse cells (Lasne et al. 1988), transformation was observed with NaF at 
25 to 50 ppm primarily in a promotional model with a known carcinogen 
as an initiator, suggesting this mechanism for a potential carcinogenic effect 
of fluoride. Since that time, the only additional pertinent publication is by 
Matthews et al. (1993), who also used a BALB/3T3 system with assay modi-
fications to increase sensitivity. They tested numerous chemicals including 
1.2 to 4.6 mM NaF (19 to 193 ppm), which did not exhibit transformational 
activity according to their criteria.

DNA Synthesis and Repair

A report from India (Ramesh et al. 2001) described a case series of 20 
osteosarcoma patients of which the two with the highest fluoride concen-
trations in their tumor tissue had mutations of the tumor-suppressor gene 
p�3 and the others did not. The normal p�3 allele appears to protect cells 
from some mutagenic exposures by enhancing DNA repair mechanisms, 
and the dominant, null mutation is often found in soft tissue and osteosar-
comas (Wadayama et al. 1993; Hung and Anderson 1997; Semenza and 
Weasel 1997). However, it should be noted that the fluoride concentration 
reported in the tumors with p�3 mutations (i.e., 64,000 and 89,000 mg/kg 
versus 1,000-27,000 mg/kg in the remaining patients) exceed the theoretical 
maximum fluoride concentration of 37,700 mg/kg in bone (see Chapter 3). 
No data were presented regarding drinking water concentrations or other 
sources of fluoride exposures for those patients. The observations in this 
small case series are consistent with a role of fluoride in p�3 mutations that 
could influence the development of osteosarcoma.

No other studies on DNA synthesis or repair have been found since 
those reviewed in the 1993 NRC report. Previous results were inconsistent 
but suggested that a mechanism for genotoxicity might be secondary to 
inhibition of protein or DNA synthesis (NRC 1993).
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Update on Genotoxicity Conclusions and Recommendations of NRC 
(1993)

Overall, the results in in vitro systems summarized above are incon-
sistent and do not strongly indicate the presence or absence of genotoxic 
potential for fluoride. In 1993, NRC concluded that the existing genotoxic-
ity data probably were not of “genetic significance.” There were no specific 
1993 NRC recommendations regarding genotoxicity studies, although the 
report did mention the dearth of human in vivo assays. The more recent 
literature on in vitro assays does not resolve the overall inconsistencies in 
the earlier literature.

The human population in vivo studies published during the past 10 
years comprise a new body of data that might be pertinent to evaluating the 
genotoxic potential of fluoride; those population studies by definition inte-
grate the pharmacokinetic contexts and actual cell environment parameters 
resulting from external exposures, whether via water or other environmental 
media. However, the inconsistencies in the results of these in vivo studies 
do not enable a straightforward evaluation of fluoride’s practical genotoxic 
potential in humans.

CarCinogeniCity

Animal Cancer Studies

Two studies were judged in the 1993 NRC review as adequate for the 
consideration of carcinogenic evidence in animals: an NTP study in F344/
N rats and B6C3F1 mice (NTP 1990) and studies in Sprague-Dawley rats 
(Maurer et al. 1990) and in CD-1 mice (Maurer et al. 1993). The latter 
study in CD-1 mice was in press at the time of the NRC (1993) review. Two 
neoplasms were noted in the weight-of-evidence discussion:

1. Positive dose-related increase in the trend (P = 0.027) of osteosar-
coma in male F344/N rats through drinking water route of exposure (NTP 
1990)

2. Positive increase of osteoma in male and female CD-1 mice through 
dietary inclusion exposure (Maurer et al. 1993).

The review concluded that “the collective data from the rodent fluoride 
toxicological studies do not present convincing evidence of an association 
between fluoride and increased occurrence of bone cancer in animals” (NRC 
1993).

Since the publication of the 1993 NRC review, the discussion on the 
uncertainties and overall weight of evidence in animals was further ex-
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panded (WHO 2002; ATSDR 2003). Most of the uncertainties had already 
been highlighted in the NTP study. However, the nature of uncertainties in 
the existing data could also be viewed as supporting a greater precaution 
regarding the potential risk to humans. The key issues are presented in this 
section. In addition, the committee found another NTP study that adds to 
the database on fluoride.

NTP Studies

In the chronic bioassays by NTP (1990), F344/N rats and B6C3F1 mice 
were administered NaF in drinking water at of 25, 100, and 175 mg/L, 7 
days per week for 2 years. A summary of the neoplasms found is presented 
in Table 10-2. Osteosarcomas of the bone were found in male rats (1 of 
50 and 3 of 80 in the mid- and high-dose groups, respectively) but not in 
female rats or in mice. An additional male rat in the 175-mg/L group had 
osteosarcoma of the subcutaneous tissue. Rats and mice exhibited tooth 
discoloration, and male rats had tooth deformities and attrition.

To adequately assess the oncogenicity of a chemical, it is important 
that the dose range used in the study is sufficiently high, attaining the 
maximum tolerated dose (MTD) or minimally toxic dose. There was a 
lack of significant toxicity of NaF in F344/N rats and B6C3F1 mice, which 
suggested that higher doses could be tolerated (NTP 1990). Thus, it can be 
argued that the oncogenicity of fluoride in drinking water cannot be fully 
assessed on the basis of this study. Although this could be the case for the 
study in mice, given that rats at the high dose already showed various tooth 
abnormalities, higher-dose treatment might interfere with the rat’s ability 
to eat (NTP 1990).

Increased incidence of osteosarcoma was reported in the high-dose 
male rats (Table 10-2). Opinion differs regarding the appropriateness of 
including the one case of extraskeletal osteosarcoma in the remaining inci-
dence of osteosarcomas found in vertebrae and humerus (NTP 1990; PHS 
1991; ATSDR 2003). The incidence from all sites gives stronger statistical 
significance than from the bone alone, lowering the P value from P = 0.027 
to P = 0.01 for dose- related trend (logistic regression test) and from P = 
0.099 to P = 0.057 for the pair-wise comparison with the controls (NTP 
1990). A comparison with the historical control series was also presented, 
although its significance was compromised because of the higher fluoride in 
the standard diet used for the historical data, and because the radiograph 
used in the fluoride drinking water study was not routinely used in bone 
examinations (NTP 1990). Osteosarcoma is a rare tumor in rats. More re-
cent historical data from Haseman et al. (1998) became available after the 
data from Haseman et al. (1985) that were used for the evaluation in the 
fluoride drinking water study. The data published in 1985 included studies 
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TABLE 10-2 Incidence of Neoplasms Highlighted in the NTP and 
Maurer et al. Studies

NaF in Drinking Water (NTP 1��0)a

Site of Neoplasm Control 25 mg/L 100 mg/L 175 mg/L
Male F344/N rats
Osteosarcoma: bone 0/80 (0%)+ 0/51 (0%) 1/50 (2%) 3/80 (4%)
Osteosarcoma: all sites 0/80 (0%)++ 0/51 (0%) 1/50 (2%) 4/80 (5%)
Oral cavityb 0/80 (0%) 1/51 (2%) 2/50 (4%) 3/80 (4%)
Thyroidc 1/80 (1%)+ 1/51 (2%) 1/50 (2%) 4/80 (5%)
Female F344/N rats
Osteosarcoma: bone 0/80 (0%) 0/50 (0%) 0/50 (0%) 0/81 (0%)
Osteosarcoma: all sites 0/80 (0%) 0/50 (0%) 0/50 (0%) 0/81 (0%)
Oral cavityb 1/80 (1%) 1/50 (2%) 1/50 (2%) 3/81 (4%)
Thyroidc 2/80 (3%) 0/50 (0%) 2/50 (4%) 2/81 (2%)

NaF in Drinking Water (NTP 1��2)
Site of Neoplasm Control 250 mg/L
Male F344 rats
Osteosarcoma: bone 2/49 (4%) 1/49 (2%)

NaF in Diet (Maurer et al. 1��3)d

Site of neoplasm Control 4 mg/kg/day 10 mg/kg/day 25 mg/kg/day
Male CD-1 mice
Osteoma: bone 1/50 (2%) 0/42 (0%) 2/44 (5%) 13/50 (26%)***
Female CD-1 mice
Osteoma: bone 2/50 (3%) 4/42 (10%) 2/44 (5%) 13/50 (26%)**

 aStatistical significance: trend test at P ≤ 0.05 (+); P ≤ 0.01 (++). Fisher pair-wise comparison 
at P ≤ 0.01 (**); P ≤ 0.001 (***). The average daily dose for the male rat control, 25-, 100-, 
or 175-mg/L group was 0.2, 0.8, 2.5, or 4.1 mg of fluoride/kg/day. 
 bIncluded squamous papillomas and squamous cell carcinomas in oral mucosa, tongue, or 
pharynx.
 cFollicular cell adenomas or carcinomas.
 dThe given dose is in NaF. Adjusted for the 45% weight difference between fluoride and NaF, 
the dose for the treatment group was 1.8, 4.5, or 11.3 mg of fluoride/kg/day. Fluoride intake 
for the control mice was 0.9 mg of NaF/kg/day (0.4 mg of fluoride/kg/day) for the males and 
1.1 mg of NaF/kg/day (0.5 mg of fluoride/kg/day) for the females.

completed between 1979 and 1984, whereas the data published in 1998 
were a 7-year collection up to January 1997. The 1990-1997 data showed 
a lower historical incidence of 0.1% (range 0% to 2%) each for bone and 
for all skin sites (Haseman et al. 1998). Ideally, historical data closer to the 
time frame of the bioassay of comparison would be more pertinent. On 
the basis of the 1990-1997 data, the incidence of osteosarcoma at the high 
dose appeared to exceed the historical range. Nevertheless, the same issues 
in making comparisons with historical data remain—historical control 
animals were not fed a low-fluoride diet and their bones were probably not 
examined with radiograph.

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


GENOTOXICITY AND CARCINOGENICITY 31�

Additionally highlighted in the NTP report were the oral cavity squa-
mous papillomas and squamous cell carcinomas (oral mucosa, tongue, 
pharynx) in male and female rats and thyroid follicular cell adenomas and 
carcinomas in high-dose male rats (Table 10-2). Both showed some increase 
with dose. The incidence at the high dose exceed the historical control but 
stayed within the high end of the historical range and was not statistically 
significant from the concurrent control. The marginal increase in these 
neoplasms might not provide additional weight to the overall evidence of 
oncogenicity, but their occurrence could serve as an additional guide for 
epidemiologic studies.

Among the other tumor sites and types highlighted in the NTP report as 
not statistically and biologically significant was the hepatocellular neoplasm 
(adenoma, carcinoma, hepatoblastoma, and hepatocholangiocarcinoma) in 
male and female mice (NTP 1990). Among these neoplasms, five in male and 
four in female treatment groups (unspecified) were reported by the contract 
laboratory as hepatocholangiocarcinoma (NTP 1990). All but one in the 
females were reclassified into hepatoblastoma by the NTP pathology work-
ing group (NTP 1990). The incidence of these rare neoplasms not seen in the 
concurrent controls (historical hepatoblastoma of 0/2,197 in male mice and 
1/2,202 in female mice) was judged as not significant when grouped with the 
more common hepatocellular adenomas and carcinomas (NTP 1990).

Another study conducted by NTP (1992, released in 2005) that bears 
on the carcinogenicity evaluation of fluoride is one that investigated the 
interaction of fluoride on the development of osteosarcoma induced by 
ionizing radiation. Pertinent to the committee’s evaluation was a group of 
nonirradiated male F344 rats that were administered NaF at 250 mg/L in 
drinking water for two years. Of the 49 rats per group that were examined, 
osteosarcoma of the bone occurred in one NaF treated rats and two non-
irradiated controls. Thus, the results did not show an increase of osteosar-
coma with NaF. However, this single data point does not have sufficient 
statistical power for detecting low level effects and rendered its observed 
results statistically compatible with those from the NTP (1990) bioassay. 
It is noteworthy that the study had the unexpected result that none of the 
irradiated animals developed osteosarcoma.

Maurer et al. Studies

Maurer et al. (1990, 1993) fed Sprague-Dawley rats and CD-1 mice 
diets containing NaF at doses of 4, 10, and 25 mg/kg/day for up to 99 weeks 
(rats) or 97 weeks (mice). Evidence of toxicity included decreased weight 
gain in the high-dose rats and non-neoplastic changes of the teeth (rats and 
mice), bones (rats and mice), joints (mice), and stomach (rats). In rats, no 
incidence of preneoplastic or neoplastic lesions was significantly different 
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from that in controls. In mice, increased incidence of osteomas (noncancer-
ous bone tumors) was reported (Table 10-2).

The many limitations of the studies in rats and mice were identified in 
the earlier NRC (1993) review. The histopathologic examination of bones 
was not performed for all test animals (PHS 1991; WHO 2002; ATSDR 
2003). Data on neoplasm were reported only for the bone and stomach. 
Moreover, based on the joint review by the Carcinogenicity Assessment 
Committee, Center for Drug Evaluation and Research, and U.S. Food and 
Drug Administration, questions were raised about the adequacy of the his-
topathologic examinations (PHS 1991). In the original report, fibroblastic 
sarcoma with areas of osteoid formation, chordoma, and chondroma were 
found in the males and osteosarcoma and chondroma were found in the 
females. However, the joint review discovered additional osteosarcoma in 
males and females. Collectively, those discrepancies called into question the 
weight of this negative study in the overall weight-of-evidence consideration 
(PHS 1991).

In the study with CD-1 mice, increased osteoma was reported in males 
and females at the high dose (Maurer et al. 1993). The authors reported 
that retrovirus infection in mice from all test groups might have confounded 
the occurrence of osteoma. The earlier NRC (1993) review considered the 
impact of the infection and concluded that the fluoride exposure was the 
most obvious cause for the increase in osteoma. However, based on the view 
of the Armed Forces Institute of Pathology (AFIP) that the osteomas were 
more reminiscent of a hyperplastic lesion, NRC (1993) concluded that their 
relevance to humans was questionable.

Human Cancer Studies

General Issues

Inherent difficulties for conducting epidemiologic studies of the cancer 
potential of fluoride and drinking water are similar to those challenges of 
studying most environmental chemicals. The limitations severely affect the 
possibility of identifying relatively small effects on cancer incidence and, 
especially, cancer mortality. Chief among them are the latency of cancer 
diagnosis after exposure to causal factors, typically spanning more than 10 
years and often reaching 30 years. Migrations into and out of fluoridated 
areas often lead to misclassification of exposures when individual residency 
histories are not known. The diversity of cancers, comprising many differ-
ent diseases rather than a single entity, necessitates evaluating each type of 
cancer separately rather than all cancers combined. Even so, there are few 
cancers for which specific environmental chemicals impart high attributable 
risks for the overall population or even among exposed populations.
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The basic criteria for evaluating studies are appropriate methodology, 
potential selection and information biases, statistical power to detect real 
associations, appropriate time windows for assessing exposures and poten-
tial effects, and control for potential confounding by sociodemographic and 
other factors. In addition, sufficiently specific end points (types of cancer) 
and adequate exposure estimation are necessary for any epidemiologic 
study of fluoride and cancer to be informative for the committee’s task. A 
further issue is consideration of sensitive subpopulations based on a priori 
physiologic or previous epidemiologic data. Finally, it is necessary to apply 
biologic plausibility criteria and a weight-of-evidence approach to evaluate 
whether any observed associations should be interpreted as causal.

Many of the studies published before and since the 1993 NRC report 
are “ecologic studies.” In these designs, populations rather than individu-
als are the units of observation. A typical ecologic study regresses disease 
rates in different areas against average exposures. Such studies are usually 
less expensive and less time-consuming to conduct because the component 
data are already available. Incidence data are often very reliable if they 
are derived from high-quality population-based registries and census data. 
However, ecologic studies are often insensitive to small effects because of 
their design. The Agency for Toxic Substances and Disease Registry (ATSDR 
2003) estimated that the ecologic studies performed to date for fluoride and 
cancer did not have sensitivities to detect less than 10% to 20% increases 
in cancer risk. Ecologic studies can be subject to large amounts of bias. 
Confounding factors and limited ability to control for such factors can be 
particularly serious problems (see Appendix C for a more detailed discus-
sion of ecologic bias).

In semi-individual (partially ecologic) designs, individual-level infor-
mation is collected for outcome and important variables, but exposure is 
assigned at the group level (e.g., based on residence or job title). Although 
such studies can share some characteristics of fully ecologic studies, they 
have much better ability to control confounding (see Appendix C).

Individual-based studies are composed of (1) case-control studies in 
which a group of people with a disease are compared with a sample of 
the population giving rise to the cases (controls) with regard to exposures 
that occurred before diagnosis, (2) cohort studies in which exposed and 
nonexposed people are followed forward in time and the disease experi-
ence of the two groups are compared, and (3) hybrids of these case-control 
and cohort designs. In environmental epidemiology, generally hundreds of 
subjects are required to detect with statistical significance any less than a 
twofold increase in risk of disease associated with a particular exposure. 
If an environmental agent is a weak carcinogen, with risks as low as 1 per 
100,000 or 1 per 1,000,000 of those affected, it is extremely difficult to 
detect such effects by standard epidemiologic methods. This is particularly 
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true of cohort studies, which would need to enroll large numbers of sub-
jects to detect differences between exposed and unexposed cohorts when 
the risks are low.

Epidemiology Data for Carcinogenicity of Fluoride

The weight of evidence for epidemiologic studies that NRC reviewed 
in 1993 did not indicate cancer risk to humans from fluoride exposure. 
However, the predominant methods used, particularly ecologic studies for 
which individual exposure histories could not be collected and confounding 
variables could not be controlled, were inadequate to rule out a weak effect. 
Some studies reported positive associations and some did not, but many of 
the studies were flawed in that adjustment for potential sociodemographic 
confounders was lacking or inadequate.

Epidemiologic studies published since the early 1990s and other perti-
nent studies not included in the 1993 NRC review are detailed in Table 10-3. 
The data are discussed below according to target sites for which associations 
with fluoride have been reported by at least one study.

Bone and Joint Cancers, Particularly Osteosarcoma

Osteosarcoma presents the greatest a priori plausibility as a potential 
cancer target site because of fluoride’s deposition in bone, the NTP animal 
study findings of borderline increased osteosarcomas in male rats, and the 
known mitogenic effect of fluoride on bone cells in culture (see Chapter 
5). Principles of cell biology indicate that stimuli for rapid cell division 
increase the risks for some of the dividing cells to become malignant, either 
by inducing random transforming events or by unmasking malignant cells 
that previously were in nondividing states. Osteosarcoma is a rare disease, 
with an overall annual incidence rate of approximately 0.3 per 100,000 in 
the United States (Schottenfeld and Fraumeni 1996). The age of diagnosis 
is bimodal with peaks before age 20 and after age 50.

The incidence and mortality studies of osteosarcoma reviewed by NRC 
1993 were ecologic or semi-ecologic in design. Their results were contradic-
tory and inconclusive. The incidence studies of Hoover et al. (1991) at the 
National Cancer Institute observed that osteosarcoma rates in young males 
increased in the fluoridated areas compared with the nonfluoridated areas of 
two SEER registries they analyzed (Iowa and Seattle). However, the authors 
concluded that an association of fluoridation and osteosarcoma was not 
supported by the data because there was no linear trend of increased rate 
of osteosarcoma with the duration of fluoridation of the pertinent water 
supplies. The Hrudey et al. (1990) osteosarcoma incidence study in Alberta, 
Canada, and the Freni and Gaylor (1992) mortality analysis of bone cancer 
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for 40 cancer registries worldwide found no evidence of association with 
fluoride.

Cohn (1992) in New Jersey had findings suggestive of an association of 
fluoride in public water with increased osteosarcoma in young males. The 
osteosarcoma rate ratio among males below age 20 in the Cohn analysis, 
based on 20 cases, was 3.4 (95% confidence interval [CI] 1.8 to 6). Ma-
honey et al. (1991) generated bone cancer and osteosarcoma incidence rate 
ratios for the years 1975-1987 for fluoridated and nonfluoridated counties 
of New York State (excluding New York City). The authors did not observe 
an association of fluoridation and osteosarcoma or other bone cancers for 
either gender, including for those younger than age 30.

As discussed above, strengths of all the ecologic studies included the 
largely complete ascertainment of cases through the population-based can-
cer registries; the chief limitation is the potential for large amounts of bias 
and poor ability to adjust for covariates.

Since the 1993 NRC report, Yang et al. (2000)1 conducted an ecologic 
analysis of cancer mortality in 20 municipalities in Taiwan, half with mea-
surable naturally occurring fluoride concentrations. They controlled for 
urbanization and sociodemographic variables. Bone cancers (not specifically 
osteosarcoma) were nonsignificantly elevated (rate ratio [RR] of 1.6, 95% 
CI 0.92 to 2.17) in males but decreased in females (RR of 0.87, 95% CI 
0.52 to 1.44). The range of fluoride concentrations was not reported, but 
the median and mean were about 0.25 mg/L.

Also since 1993, four individual-based studies have been published. 
Gelberg (1994) and Gelberg et al. (1995) conducted a population-based 
case-control study of osteosarcoma before age 25 in New York State. It 
included 130 cases and one matched control for each case. Controls were 
drawn from birth certificates, with replacement for those that could not 
be located. Parents and/or patients were interviewed regarding residence 
history and exposure to fluoride through drinking water, consumer dental 
products, dental supplements, and fluoride treatments. Analyses were con-
ducted according to estimated lifetime dose of fluoride in total milligrams 
from each source of potential exposure, both separately and combined. 
When data on all subjects were analyzed, total fluoride exposures showed 
an inverse relationship with osteosarcoma. Use of fluoride gels had strong 
negative associations with osteosarcoma. Based on the parents’ interviews 
alone (97% of subjects), the authors found negative associations with to-
tal estimated fluoride intake from all sources, particularly due to a strong 
negative association of osteosarcoma with estimated quantities of fluoride 
ingested from toothpaste. Odds ratios (ORs) were above 1.0 for all catego-

1This study did not analyze age subgroups and, therefore, did not address particular risk 
for young males or females.

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


GENOTOXICITY AND CARCINOGENICITY 32�

ries of lifetime fluoride intake from drinking water compared with those 
with zero estimated intake from that source, particularly among females. 
This distinction is particularly noteworthy because Gelberg et al. had higher 
estimates of the relative contributions of fluoride from toothpaste ingestion 
compared with drinking water than those reflected in Chapter 2 of this 
report (see Figure 2-1). The source of the study’s estimates of toothpaste 
ingestion was not specified, but the relative proportions were most similar 
to those shown in Figure 2-1 for ages 2 to 6. If the relative contributions 
from toothpaste were exaggerated, then the findings regarding fluoride 
specifically from drinking water could arguably be given greater weight. 
Analyses of average annual fluoride exposure did not differ markedly from 
the observations on cumulative exposure estimates, thereby controlling to 
some degree for age of diagnoses.

A reduced set of 59 respondent pairs who were the actual patients or 
their controls (i.e, excluding proxies) showed positive associations, with 
very wide CIs, for both fluoridated water alone and for total fluoride ex-
posure (only combined genders were analyzed in this smaller series). There 
were no analyses using lagged exposure estimates to consider hypothetical 
latencies between potential exposures and diagnosis of osteosarcoma, so it 
is possible that inclusion of nonpertinent exposures could lead to misclas-
sification of relevant exposures.

Gelberg et al. concluded that their study showed no association of os-
teosarcoma and fluoride exposure. To date, this study is the closest to fulfill-
ing the recommendation of the 1993 NRC report regarding conducting one 
or more analytic studies of osteosarcoma and fluoride exposure. However, 
no bone fluoride concentrations could be assessed through this design.

Moss et al. (1995) conducted a case-control analysis of osteosarcoma 
in Wisconsin by using only public records (without interviews). For the 
167 cases, 989 cancer controls were selected from the state cancer registry 
among patients with other types of cancer (brain, digestive system). The 
study controlled for size of town, age at diagnosis, and radium levels in 
drinking water and did not observe an association of fluoridation at the 
time of case diagnosis with osteosarcoma. Because exposure classifications 
were assigned without interviews or other sources of residence history or 
water source data, this design is similar to that of a semiecologic study. The 
authors also examined young age groups specifically.

A pilot hospital-based case-control study of patients under age 40 was 
published by McGuire et al. (1991), indicating a nonsignificant negative 
association with a small series of osteosarcomas (34 cases and matched 
controls). A full-scale case-control study by this group (Douglass 2004) is 
now under way. Its design is described below because of its potential for 
future contribution to this issue.

Grandjean et al. (1992) and Grandjean and Olsen (2004) conducted 
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a historical cohort study among cryolite production workers in Denmark 
who previously had been documented to suffer high rates of skeletal fluo-
rosis. Cryolite is composed of about 50% fluoride, and the workers were 
not believed to be exposed to suspected carcinogens of any other type via 
their work. The authors did not control for smoking. There were no bone 
fluoride measurements. However, daily dose of fluoride to these workers 
during their time of employment could be estimated at about 30 mg/day. 
Over many years of employment, workers’ exposure would tend to greatly 
exceed chronic exposures from ingestion of fluoride at the current MCL of 
4 mg/L. No osteosarcoma incident or mortality cases were observed among 
their 522 subjects, and, given the rarity of osteosarcoma, the authors con-
cluded an 18-fold upper bound on the relative risks of this disease from the 
exposures encountered by their cohort.

The central research chapter of an unpublished dissertation by Bassin 
(2001) on fluoride and osteosarcoma has recently become publicly available. 
The author described the work as exploratory. The report has important 
strengths and major deficits, some of which are described below.

The design is a case-control study of people under 20 years of age from 
11 teaching hospitals in the United States. Cases (n = 91) were retrospec-
tively ascertained and 188 controls were hospitalized patients in the same 
orthopedics departments. Controls were matched with cases according 
to distance of residence from the hospital. Hospital-based controls can 
introduce serious selection bias; osteosarcomas treated at the participating 
teaching hospitals are more likely to be representative of all osteosarcomas 
occurring in the surrounding populations, whereas patients treated for 
fractures or other common orthopedic ailments at these teaching hospitals 
may not be as representative of the overall population that gave rise to the 
cases. If fluoride exposure is either a risk factor or a protective factor for 
the group of hospitalized controls (e.g., fracture patients), the resulting rela-
tive risk estimates could be biased downward or upward, respectively. For 
example, the dissertation did not provide any data on what proportion of 
the controls comprised fracture patients.

All subjects or their surrogates were interviewed about lifetime resi-
dence history, a strength of the design. However, individual information 
on key socioeconomic factors such as education and income was not col-
lected. Average income levels based on zip codes were used but might not 
reflect individual socioeconomic status. Lack of such information can be 
problematic if socioeconomic status, or factors for which it is a surrogate, 
introduce confounding.

The primary exposure metrics for fluoride in drinking water were based 
on a combination of data from the Centers for Disease Control and Preven-
tion, states, locales, and purveyors on year-specific water system fluoride 
concentrations expressed as proportions of the recommended fluoride 
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guidelines. Based on tertiles for the controls, three exposure categories were 
expressed as 100%, 30% to 99%, and <30% of the target concentrations 
for fluoridated water.

A unique feature of the analysis published in the literature so far was 
an exploratory analysis of ORs for each specific year of age. Bassin found 
elevated ORs for the highest tertile compared with the lowest centering on 
ages 6 to 8. At age 7, the respective ORs (and 95% confidence intervals) 
were 7.2 (1.7 to 30.0) for males and 2.0 (0.43 to 9.28) for females. For 
the highest tertile, graphed results for males indicated a gradual increase 
and then a decrease of estimated relative risk from exposure at ages 0 to 
15 with peaks at age 7, with the middle tertile, compared with the lowest, 
showing stable ORs across all ages. For females, both the middle and high-
est tertiles of exposure showed relatively unchanging relative risk estimates 
across exposure ages.

There was no analysis of cumulative exposures to fluoride, and there-
fore it is difficult to compare the Gelberg study, which used only cumulative 
exposure indices, with the Bassin work. This dissertation had a paucity of 
data in the results section, hampering its interpretation; for example, the 
report did not provide numbers of subjects in the categories upon which 
the ultimate analyses were based. Also, there were no data on bias potential 
stemming from nonparticipation of subjects due to refusal to be included 
or inability to locate them.

Nevertheless, the higher ORs for males than for females, and the highest 
ORs at ages 6 to 8, during what the author describes as the “mid-child-
hood growth spurt for boys,” are consistent with some previous ecologic or 
semiecologic studies (Hoover et al. 1991; Cohn 1992) and with a hypothesis 
of fluoride as an osteosarcoma risk factor operating during these ages. A 
publication based on the Bassin thesis is expected in the spring/summer of 
2006 (E. Bassin, personal communication, Jan. 5, 2006). If this paper pro-
vides adequate documentation and analyses or the findings are confirmed 
by another study, more weight would be given to an assessment of fluoride 
as a human carcinogen.

A relatively large hospital-based case-control study of osteosarcoma 
and fluoride exposure is under way (Douglass 2004) and is expected to be 
reported in the summer of 2006 (C. Douglass, Harvard School of Dental 
Medicine, personal communication, January 3, 2006). Most of the incident 
cases are identified via eight participating medical centers in California, Dis-
trict of Columbia, Florida, Illinois, Massachusetts, Nebraska, and Ohio. The 
study has prospectively identified 189 incident cases of osteosarcoma and 
289 hospital controls. Controls are orthopedic patients at the same hospitals 
as osteosarcoma patients and include patients diagnosed with malignancies 
other than osteosarcoma and other patients admitted for benign tumors, 
injuries, and inflammatory diseases. Matching criteria include gender, age, 
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and geographic characteristics. The investigation includes residence histo-
ries and detailed interviews about water consumption as well as fluoride 
assays of bone specimens and toenails of all subjects. The ultimate analysis 
and validity of this study will depend partly on the degree to which control 
selection is not biased in such a way as to artificially increase or decrease 
the likelihood of fluoride exposure compared with the general population 
to which this study is intended to apply.

A preliminary retrospective recruitment phase of this investigation, 
including telephone interviews, residential history reconstruction, and an 
attempt to estimate dietary fluoride intakes, reported ORs of 1.2 to 1.4 that 
were not statistically significant (Douglass 2004). No confidence intervals 
were provided. The Douglass study may have limited statistical power to 
detect a small increase in osteosarcoma risk due to fluoride exposure, but the 
committee expects the forthcoming report is likely to be a useful addition 
to the weight of evidence regarding the presence or degree of carcinogenic 
hazard that fluoride ingestion might pose to osteosarcoma risk, particularly 
if it addresses some of the limitations of hospital-based studies that are men-
tioned above in the description and critique of the Bassin thesis.

Kidney and Bladder Cancers

The plausibility of the bladder as a target for fluoride is supported 
by the tendency of hydrogen fluoride to form under physiologically acid 
conditions, such as found in urine. Hydrogen fluoride is caustic and might 
increase the potential for cellular damage, including genotoxicity. The 
Hoover et al. (1991) analyses of the Iowa and Seattle cancer registries in-
dicated a consistent, but not statistically significant, trend of kidney cancer 
incidence with duration of fluoridation. This trend has not been noted in 
other publications, although Yang et al. (2000) observed that the adjusted 
mortality rate ratios of kidney cancers among males in Taiwan was 1.55 
(95% CI 0.84 to 2.84). The analogous rate for females was 1.37 (95% CI 
0.51 to 3.70). Yang et al. noted statistically significant RRs in females for 
bladder cancer (RR = 2.79, 95% CI 1.41 to 5.55; for males RR = 1.27, 
95% CI 0.75 to 2.15).

The Grandjean et al. (1992) and Grandjean and Olsen (2004) histori-
cal occupational cohort study of cryolite workers in Denmark (described 
earlier in the section on bone and joint cancers), who were followed from 
1941 to 2002, observed an elevated standardized incidence ratio (SIR) for 
bladder cancers (SIR = 1.67, 95% CI 1.02 to 2.59). The SIR is the ratio 
of observed cases of cancer to the expected number of cases based on inci-
dence rates of the general population. Higher SIRs were seen among males 
employed more than 10 years, males less than 35 years old when follow-up 
began, and among workers observed after a minimum latency of 30 years 
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(Grandjean and Olsen 2004). In the absence of data on smoking, the au-
thors interpreted the higher SIRs for bladder cancer than for lung cancer 
to suggest that smoking was unlikely to be the major cause of the elevated 
bladder cancer incidence. The authors proposed (2002) that excretion of 
fluoride compounds entailed exposure of the pertinent target tissues. As 
noted above, the estimated exposures of the cryolite workers were about 
4-fold greater than those estimated from ingestion of fluoridated water at 
the MCL of 4 mg/L. However, those workers were exposed for fewer years 
than those involved in lifetime residency.

Romundstad et al. (2000) reported on cancer among Norwegian alumi-
num workers exposed to polycyclic aromatic hydrocarbons and fluorides. 
SIRs for bladder and lung cancer were elevated among the exposed workers. 
However, separate effects from the two exposures could not be distinguished 
from this paper. Further, the authors review and compare earlier studies that 
used different aluminum plant processes, which support the role of polycy-
clic aromatic hydrocarbons in bladder cancer among the exposed cohort. It 
may be noteworthy that smoking did not appear to be a confounder for the 
risk of bladder or lung cancer among the exposed cohort. The authors state, 
but do not present data, that they found a “weak association” of bladder 
for fluoride exposures lagged less than 20 years.

Oral-Pharyngeal Cancer

The NCI analysis (Hoover et al. 1991) indicated an a priori interest in 
oral cancers. In Iowa, one of the two cancer registries they analyzed, the 
authors observed a trend among males in the incidence rates of oropha-
ryngeal cancer with duration of fluoridation, but mortality analyses did 
not indicate an association with fluoridation. However, in an earlier study 
in England, oral-pharyngeal cancers among females constituted the only 
site-gender category for which standardized mortality ratios in England 
were found to be significantly elevated in areas with naturally occurring 
high fluoride concentrations, defined as more than 1.0 mg/L. Twenty-four 
site-gender combinations were examined for 67 small areas (Chilvers and 
Conway 1985).

Uterine Cancer

An association of uterine cancer (combination of cervical and corpus 
uteri) with fluoridation was reported by Tohyama (1996), who observed 
mortality rates in Okinawa before and after fluoridation was terminated, 
controlling for sociodemographics. This analysis is a follow-up of the 
positive results from a previous exploratory analysis that comprised a large 
number of comparisons conducted by this researcher with the same data 
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set. The only other recent publication to report on uterine cancers is that of 
Yang et al. (2000), who observed a mortality rate ratio of 1.25 with 95% 
CI of 0.98 to 1.60.

Other Specific Cancers

Respiratory cancers were elevated among the cohort of Danish cryolite 
miners for whom exposure was by the inhalation route (Grandjean et al. 
1992; Grandejan and Olsen 2004; see discussions above on this cohort 
study). SIRs of 1.51 (95% CI 1.11 to 2.01) were observed for the cohort 
as a whole, with higher SIRs among those after 30 years of exposure and 
among males younger than 35 when follow-up began. No smoking data 
on the cohort were collected. Also, except for mortality among females in 
Taiwan (Yang et al. 2000), there has not been corroborating data from other 
analyses for respiratory cancers.

No association between lung cancer and exposure to polycyclic aro-
matic hydrocarbons and fluorides was found in a study of the Norwegian 
aluminum industry (Romundstad et al. 2000).

The NCI incidence or mortality analyses conducted by Hoover et al. 
(1991) observed a few suggestive increases among some subgroups for soft 
tissue sarcoma, non-Hodgkin’s lymphoma, colorectal cancer, and lip cancer, 
but those cancers were not a priori of concern as related to fluoride exposure 
based on biologic plausibility.

All Cancers Combined

A large number of mortality analyses for all cancers combined have been 
reported and reviewed previously (NRC 1993; McDonagh et al. 2000a), 
and most of those did not detect an association of combined cancer mor-
tality with fluoridated water. Typically, studies that only report combined 
cancer rates are not informative for assessing possible associations between 
an environmental exposure and a specific cancer outcome, particularly an 
uncommon cancer. Thus, the committee did not use these types of studies 
as part of its evaluation.

Other Studies E�aluated

The following three studies were reviewed but were not included by 
the committee in the evaluation of weight of evidence of carcinogenicity of 
fluoride for the reasons summarized below.

Takahashi et al. (2001) conducted an ecologic analysis of data from 
nine U.S. cities for three 5-year intervals spanning 1978-1992 combined 
with fluoridation data. Their analysis involved regression of log-transformed 
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cancer incidence rates on the log-transformed proportion of residents re-
ceiving fluoridated water. This paper is difficult to interpret and to compare 
with other studies in part because of its novel method of analysis. Unusual 
cancer subsites are included and major anatomical groupings typically 
appearing in cancer incidence reports (e.g., lymphocytic leukemia, breast, 
uterus) were omitted. Results were incompletely reported for subsets of 
data for particular cancer sites, creating issues of multiple comparisons and 
selective presentation. Another issue is that the ecologic exposure variable 
is the percentage of the population in each area with fluoridated water (or 
naturally occurring fluoride at 0.7 mg/L or higher). This is an aggregated 
form of a dichotomous variable on the individual level, which tends to bias 
results away from the null. There was inconsistent standardization of the 
outcome variable (which was age standardized) and the exposure variable 
(which was not), which can lead to bias. There was no adjustment for 
confounding by urbanization or other sociodemographic factors among 
the nine cities, which included widely different geographic, industrial, and 
demographic characteristics, and there was no population weighting by size. 
Finally, ecologic bias is best understood for linear or log-linear regression, 
making this study harder to interpret.

Steiner (2002) conducted an ecologic analysis of latitude, temperature, 
and fluoridated water in 49 cities worldwide. When fluoride concentrations 
were unavailable for these cities, he substituted data from neighboring areas. 
Average daily temperature and latitude were also included in his models, but 
not simultaneously. Steiner analyzed only all cancers combined. He found a 
negative association between cancer incidence and fluoridation.

Yiamouyiannis (1993) subtracted female from male cancer incidence 
rates for the United States and for New Jersey as an indication of fluoride’s 
carcinogenic effect among males. This paper used circular reasoning to reach 
a conclusion of causality; that is, it concluded that higher cancer rates in 
males indicate an association with fluoride on the basis of a presumed cau-
sation by fluoride of cancers in males. Because most cancers do not occur 
at the same rates in each gender, the committee judges it is inappropriate to 
subtract rates of women from those of men as a means of evaluating factors 
that only affect bone cancer in males.

It has been suggested that differences in osteosarcoma rates found in 
provinces of Kenya could be related to fluoride exposure (C. Neurath, 
Fluoride Action Network, unpublished data, June 17, 2005). For eight 
provinces of Kenya, Neurath correlated enamel fluorosis prevalences re-
ported by Chibole (1987) with osteosarcoma incidence rates reported by 
Bovill et al. (1985) and found a strong association. This type of fully eco-
logic analysis (see Appendix C) has its inherent advantages and limitations; 
in this instance, however, the underlying ratios of observed-to-expected 
osteosarcoma incidence are not reliable because Bovill et al. do not state 
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that their incidence data were adjusted for differences in the age structure 
of various provincial populations. Bovill et al. state that Kenya is charac-
terized by strong contrasts of ethnicity and other demographics among its 
geographic regions. The provincial summaries are weighted averages of the 
children examined, but it is not stated if they are also weighted averages 
of the underlying populations. Chibole does not state how the children 
examined in Kenyan schools and hospitals were selected (i.e., whether the 
fluorosis prevalence data collected were ascertained in a manner that would 
accurately reflect the populations of the component provinces). Chibole’s 
detailed table indicates a wide range of prevalences of fluorosis within many 
of the provinces (e.g., from 3.7% to 69.5% in the Rift Valley province).

Summary of Cancer Epidemiology Findings

The combined literature described above does not clearly indicate that 
fluoride either is or is not carcinogenic in humans. The typical challenges 
of environmental epidemiology are magnified for the evaluation of whether 
fluoride is a risk factor for osteosarcoma. These challenges include: detec-
tion of relatively low risks, accurate exposure classification assessment of 
pertinent dose to target tissues, multiple causes for the effect of interest, 
and multiple effects of the exposure of interest. Assessing whether fluoride 
constitutes a risk factor for osteosarcoma is complicated by (1) how uncom-
mon the disease is, so that cohort or semi-ecologic studies are not based on 
large numbers of outcomes, and (2) the difficulty of characterizing biologic 
dose of interest for fluoride because of the ubiquity of population exposure 
to fluoride and the difficulty of acquiring bone samples in nonaffected 
individuals.

In summary, there has been partial but incomplete fulfillment of NRC’s 
recommendations on individual-based cancer studies in the intervening 
years since 1993; one analytic study of osteosarcoma has been published, 
but bone samples were not included. The alternative (hospital-based) design, 
including bone assays, from the Harvard group might be more useful in 
addressing this issue.

ePa guidelines and PraCtiCe in setting mClgs 
regarding CarCinogeniCity

The EPA Office of Drinking Water establishes MCLGs of zero for con-
taminants that are known or probable human carcinogens. Chemicals for 
which cancer hazard is judged to be absent are regulated via the reference 
dose (RfD) method (see Chapter 11). “Methodology for Deriving Ambient 
Water Quality Criteria for the Protection of Human Health (2000)” re-
viewed EPA’s additional practice of applying an uncertainty factor between 
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“1 and 10” to an RfD derived from noncancer health effects (EPA 2000d). 
This procedure has been used for substances judged to be possibly carcino-
genic in humans. That methodology document also stipulates that the water 
concentrations estimated to result in 10−6 to 10−5 excess cancer risks should 
also be assessed under the RfD scenario for comparison.

As of April 2005, EPA has adopted new “Guidelines for Carcinogen 
Risk Assessment,” which has replaced the 1986 categories with weight-of-
evidence descriptors, involving textual consideration and explanation of 
how each category was arrived at. In addition, the Guidelines provide for 
consideration of mode of action and sensitive subpopulations, especially 
children (EPA 2005a,b). In addition to mode of action, other factors for 
weighing human epidemiologic studies and lifetime whole animal bioassays 
include data on biomarkers (genotoxicity and other assays of exposure, sus-
ceptibility, and effect) and toxicokinetics. Thus, key decisions about cancer 
pertinent to a MCLG for drinking water include an assessment of whether 
an MCLG of zero is appropriate based on the current epidemiologic, animal 
bioassay, and additional contributing data. If not, EPA will need to decide 
whether an uncertainty (safety) factor greater than 1.0 and up to 10.0 
should be applied to an RfD derived from a precursor response to tumors.

Some recent examples of the use by EPA of RfDs with additional safety 
factors imposed because of possible carcinogenic hazard, based on the July 
1999 Cancer Guidelines, include the MCLG for disinfection by-products 
(EPA 2003c). For dibromochloromethane (DBCM), EPA imposed an ad-
ditional uncertainty factor of 10 to account for possible carcinogenicity 
based on studies of DBCM by NTP in 1985 that showed an increase in 
liver tumors in both genders of mice but no increase in either gender of 
rats. Similarly for trichloroacetic acid (TCA), an additional uncertainty 
factor of 10 was added to the MCLG derived from the RfD; TCA induced 
liver tumors in mice but not in rats. The MCLGs for all regulated chemicals 
considered to be possible carcinogens has included the additional 10-fold 
risk management factor applied to the RfD (J. Donohue, EPA, personal 
commun., 2004).

Findings

The 1993 NRC report recommended the following:

Conduct one or more highly focused, carefully designed analytical studies (case 
control or cohort) of the cancer sites that are most highly suspect, based on data 
from animal studies and the few suggestions of a carcinogenic effect reported 
in the epidemiological literature. Such studies should be designed to gather 
information on individual study subjects so that adjustments can be made for 
the potential confounding effects of other risk factors in analyses of individu-
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als. Information on fluoride exposure from sources other than water must be 
obtained, and estimates of exposure from drinking water should be as accurate 
as possible. In addition, analysis of fluoride in bone samples from patients and 
controls would be valuable in inferring total lifetime exposures to fluoride. 
Among the disease outcomes that warrant separate study are osteosarcomas 
and cancers of the buccal cavity, kidney, and bones and joints.

As described above, some progress in those directions have been made, with 
the most comprehensive study still in progress (Douglass 2004).

Fluoride appears to have the potential to initiate or promote cancers, 
particularly of the bone, but the evidence to date is tentative and mixed 
(Tables 10-4 and 10-5). As noted above, osteosarcoma is of particular 
concern as a potential effect of fluoride because of (1) fluoride deposition 
in bone, (2) the mitogenic effect of fluoride on bone cells, (3) animal results 
described above, and (4) pre-1993 publication of some positive, as well as 
negative, epidemiologic reports on associations of fluoride exposure with 
osteosarcoma risk.

Several studies indicating at least some positive associations of fluoride 
with one or more types of cancer have been published since the 1993 NRC 
report. Several in vivo human studies of genotoxicity, although limited, sug-
gest fluoride’s potential to damage chromosomes. The human epidemiology 
study literature as a whole is still mixed and equivocal. As pointed out by 
Hrudey et al. (1990), rare diseases such as osteosarcoma are difficult to 
detect with good statistical power.

In animal studies, the overall incidence of osteosarcoma in male rats 
showed a positive trend. Based on the more recent historical control data 
(Haseman et al. 1998) that were closer to the time frame of the NTP study, 
the 4% to 5% incidence at the high dose might have exceeded the historical 
range. The relevance of rat osteosarcoma to humans was discussed based on 
the species differences in the development of long bone, the common site of 
human osteosarcoma (NTP 1990). Specifically, ossification of human long 
bones is completed by 18 years of age whereas it continues in rats through-
out the first year of life (PHS 1991). Nevertheless, most of the osteosarcomas 
found in male rats were not in long bones.

In another study (NTP 1992), that used the same strain and sex of rats, 
no increase in osteosarcomas was reported, even though the animals were 
exposed to a higher concentration of fluoride than in the earlier study. How-
ever, the primary intent of the NTP (1992) study was to test the hypothesis 
that ionizing radiation is an initiator of osteosarcoma and that fluoride is 
a promoter, and the committee thought it was noteworthy that none of the 
irradiated animals developed osteosarcomas.

The 1993 NRC review concluded that the increase in osteoma in male 
and female mice (Maurer et al. 1993) was related to fluoride treatment. 
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TABLE 10-4 Evidence Summary for Carcinogenicity of Fluoride: 
Epidemiologic Studies and Rodent Lifetime Bioassays

Cancer 
Site/Type

Individual-Based 
Epidemiology Studies

Ecologic Epidemiology 
Studies Animal Data

Osteosarcoma Case-control studies 
ambiguous (additional 
comprehensive hospital-
based case-control study 
including bone fluoride 
measurements is under 
way).

Mixed. Male F344/N rats: 
Borderline positive.
Male F344 rats: 
inconclusive

Oral cavity NCI incidence elevated 
in males, but no 
mortality trends. Several 
other reports positive.

Nonstatistically 
significant increase 
in male rats.

Thyroid Nonstatistically 
significant increase 
in male rats.

Kidney and/or 
bladder

Occupational cohort: 
positive finding, inhalation 
route, high exposures.

Some positive reports.

Uterine One positive report.

Respiratory Occupational cohort 
positive finding, inhalation 
route, high exposures.

One positive report.

TABLE 10-5 Evidence Summary for Carcinogenicity of Fluoride: 
Genotoxicity and Mechanistic Assays

Type of Effect and Assay Strength of Evidence

Mitogenesis Well established.
Cytogenetic effects: human in vivo 

exposure, in vitro assay.
Inconsistent; and the positive findings were 

from weak papers.
Cytogenetic effects: human in vitro 

exposure, in vitro assay.
Inconsistent.

Cytogenetic effects: other mammalian 
systems.

Inconsistent.

Transformation. Inconsistent; the positive results are consistent 
with a promotion mechanism.

DNA repair mechanism: human. Suggestive positive finding regarding tumor 
suppressor gene, small case series.

Mutation: mammalian systems. Inconsistent.
Mutation: microorganisms. Negative.
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Although the subsequent review by AFIP considered these mouse osteomas 
as more closely resembling hyperplasia than neoplasia, given that osteoma is 
widely recognized as neoplastic, the evidence of osteoma remains important 
in the overall weight-of-evidence consideration. The increased incidence 
and severity of osteosclerosis in high-dose female rats in the NTP study 
demonstrated the mitogenic effect of fluoride in stimulating osteoblasts and 
osteoid production (NTP 1990) (see also Chapter 5).

The genotoxicity data, particularly from in vivo human studies, are also 
conflicting; whereas three were positive on the basis of the ingestion route 
(Sheth et al. 1994; Wu and Wu 1995; Joseph and Gadhia 2000), all three 
of these reports had serious deficits in design and/or reporting, including the 
characterization of how the study populations were selected and whether 
the exposed and unexposed study subjects were comparable. Two studies 
(Meng et al. 1995; Meng and Zhang 1997) were positive for the inhalation 
route among workers in a phosphate fertilizer factory, although other con-
taminants cannot be ruled out as the causal factors. Contrasting negative 
observations by other investigators (Li et al. 1995; Jackson et al. 1997; Van 
Asten et al. 1998) must also be considered.

reCommendations

Carcinogenicity

•	 The results of the Douglass et al. multicenter osteosarcoma study 
(expected in the summer of 2006) could add important data to the current 
body of literature on fluoride risks for osteosarcoma because the study in-
cludes bone fluoride concentrations for cases and controls. When this study 
is published, it should be considered in context with the existing body of 
evidence to help determine what follow-up studies are needed.

•	 Further research on a possible effect of fluoride on bladder cancer 
risk should be conducted. Since bladder cancer is relatively common (com-
pared with osteosarcoma), both cohort and case-control designs would 
be feasible to address this question. For example, valuable data might be 
yielded by analyses of cancer outcomes among the cohorts followed for 
other health outcomes, such as fractures (see Chapter 5).

Genotoxicity

•	 The positive in vivo genotoxicity studies described in the chapter 
were conducted in India and China, where fluoride concentrations in drink-
ing water are often higher than those in the United States. Further, each had 
a dearth of information on the selection of subjects and was based on small 
numbers of participants. Therefore, in vivo human genotoxicity studies 
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in U.S. populations or other populations with nutritional and sociodemo-
graphic variables similar to those in the United States should be conducted. 
Documentation of subject enrollment with different fluoride concentrations 
would be useful for addressing the potential genotoxic hazards of fluori-
dated water in this country.
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Drinking Water Standards for Fluoride

The U.S. Environmental Protection Agency (EPA) has three standards 
for fluoride in drinking water: a maximum-contaminant-level goal (MCLG), 
a maximum contaminant level (MCL), and a secondary maximum contami-
nant level (SMCL). In this chapter, the committee reviews the MCLG and 
SMCL for fluoride, the two nonenforceable standards, for their scientific 
basis and adequacy for protecting the public from adverse effects. First, 
an overview of current procedures for establishing exposure standards is 
provided, and risk assessment issues that have developed since the original 
MCLG and SMCL for fluoride were established are discussed.

Current methods For setting standards 
For drinking Water

To establish MCLGs for drinking water, EPA reviews studies of health 
effects of individual contaminants and uses the information to calculate 
an exposure level at which no known or anticipated adverse health effects 
would occur with an adequate margin of safety. MCLGs consider only pub-
lic health and not the limits of detection or treatment technology, so they 
may be set at concentrations that water systems cannot achieve.

Noncarcinogenic Contaminants

For noncarcinogenic chemicals, the MCLG is based on the reference 
dose, which is defined as an estimate (with uncertainty spanning perhaps 
an order of magnitude or greater) of a daily dose to the human population 
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(including susceptible subpopulations) that is likely to have no appreciable 
risk of deleterious health effects during a lifetime. The reference dose char-
acterizes exposure conditions that are unlikely to cause noncancer health 
effects, which are typically assumed to have a threshold dose above which 
adverse health effects would be expected to occur.

Traditionally, reference doses are determined by identifying the most 
sensitive health effects that are relevant to the human, selecting a no-ob-
served-adverse-effect level (NOAEL) or a lowest-observed-adverse-effect 
level (LOAEL), and dividing the NOAEL or LOAEL by one or more uncer-
tainty factors to provide a margin of safety. Uncertainty factors are applied 
to address uncertainties with using experimental animal data for human 
effects (interspecies differences) to account for variable susceptibilities in 
the human population (intraspecies differences), to adjust for differences 
between the LOAEL and NOAEL when a LOAEL is used instead of a NO-
AEL (LOAEL-to-NOAEL extrapolation), to account for uncertainties with 
predicting chronic exposure effects on the basis of subchronic exposure 
studies (subchronic to chronic extrapolation), and to address uncertainties 
when the database on the chemical is inadequate. Sometimes a modifying 
factor is used to account for additional uncertainty not addressed by the 
standard uncertainty factors.

Typically, uncertainty factors are assigned values ranging from 1 to 10. 
If information about a factor is sparse and uncertainty is high, a default 
value of 10 is generally used. If information is available, the uncertainty 
factor might be reduced to 1. For an uncertainty factor that falls between 
1 and 10, a factor of 3 is typically assigned, because 3 is the approximate 
logarithmic mean of 1 and 10, and it is assumed that the uncertainty factor 
is distributed lognormally (EPA 1994). To calculate a reference dose, the 
NOAEL or LOAEL is divided by the product of the uncertainty factors. 
EPA typically uses a maximum of 3,000 for the product of four uncertainty 
factors that individually are greater than 1 and a maximum of 10,000 with 
five uncertainty factors (Dourson 1994).

More recently, the benchmark dose is being used as the starting point 
for calculating reference doses. The benchmark dose is a dose with a speci-
fied low level of excess health risk, generally in the range of 1% to 10%, 
which can be estimated from data with little or no extrapolation outside 
the experimental dose range. Specifically, the benchmark dose is derived by 
modeling the data in the observed experimental range, selecting an incidence 
level within or near the observed range (e.g., the effective dose producing 
a 10% increased incidence of response), and determining the upper confi-
dence limit on the model. To account for experimental variation, a lower 
confidence limit or uncertainty factors on the benchmark dose are used to 
ensure that the specified excess risk is not likely to be exceeded.

To derive an MCLG, the reference dose is multiplied by a typical adult 
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body weight of 70 kg and divided by an assumed daily water consumption 
of 2 L to yield a drinking water equivalent level. That level is multiplied 
by a percentage of the total daily exposure contributed by drinking water 
(usually 20%) to calculate the MCLG. EPA then uses the MCLG to set an 
enforceable standard (the MCL). The MCL is set as close to the MCLG as 
feasible.

Carcinogenic Contaminants

EPA sets MCLGs of zero for contaminants that are known or probable 
human carcinogens. For chemicals judged to be possibly carcinogenic to 
humans, EPA has recently begun applying an uncertainty factor between 
1 and 10 to the reference dose derived from noncancer health effects to 
determine some exposure standards, such as certain ambient water-quality 
criteria (EPA 2000d). EPA stipulates that the water concentrations estimated 
to result in 1 × 10−6 to 1 × 10−5 excess cancer risks should also be compared 
with the reference dose.

neW risk assessment Considerations

Since the fluoride MCLG and SMCL were originally issued, there have 
been a number of developments in risk assessment. A few of those issues 
were described above in the discussion of current risk assessment practices 
(e.g., use of benchmark dose). Below, a few specific issues relevant to the 
committee’s review of the drinking water standards for fluoride are dis-
cussed, including advances in carcinogenicity assessment, relative source 
contribution, special considerations for children, and explicit treatment of 
uncertainty and variability.

Carcinogenicity Assessment

In 2005, EPA issued its new Guidelines for Carcinogen Risk Assessment 
(EPA 2005a) as a replacement for its 1986 guidelines (EPA 1986). The re-
vised guidelines were issued partly to address changes in the understanding 
of the variety of ways in which carcinogens can operate. For example, the 
guidelines provide a framework that allows all relevant biological infor-
mation to be incorporated and the flexibility to consider future scientific 
advances.

The guidelines provide several options for constructing the dose-re-
sponse relationship, in contrast to the single default dose-response rela-
tionship of the 1986 cancer guidelines. Biologically based extrapolation is 
the preferred approach for quantifying risk. It involves extrapolating from 
animals to humans based on a similar underlying mode of action. However, 
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in the absence of data on the parameters used in such models, the guidelines 
allow for alternative quantitative methods. In the default approaches, re-
sponse data are modeled in the range of observation and then the point of 
departure or the range of extrapolation below the range of observation is 
determined. In addition to modeling tumor data, other kinds of responses 
are modeled if they are considered measures of carcinogenic risk. Three 
default approaches—linear, nonlinear, and both—are provided. Curve fit-
ting in the observed range provides the effective dose corresponding to the 
lower 95% limit on a dose associated with a low level of response (usually 
in the range of 1% to 10%). That dose is then used as a point of departure 
for extrapolating the origin as the linear default or for a margin of exposure 
as the nonlinear default.

Other modifications of interest in the new guidelines include the 
following:

•	 All biological information and not just tumor findings is considered 
in the hazard-assessment phase of risk assessment.

•	 Mode of action is emphasized to reduce the uncertainty in describing 
the likelihood of harm and in determining the dose-response approaches.

•	 A weight-of-evidence narrative replaces the 1986 alphanumeric 
classification categories. The narrative describes the key evidence, potential 
modes of action, conditions of hazard expression, and key default options 
used.

•	 Direction is provided on how the overall conclusion and the con-
fidence about risk are presented and a call is made for assumptions and 
uncertainties to be clearly explained.

Relative Source Contribution

EPA has developed a relative source contribution policy for assess-
ing total human exposure to a contaminant. Under this policy, nonwater 
sources of exposure are considered in development of the reference dose. 
The percentage of total exposure typically accounted for by drinking water 
is applied to the reference dose to determine the maximum amount of the 
reference dose “apportioned” to drinking water reflected by the MCLG 
value. In the drinking water program, the MCLG cannot account for more 
than 80% or for less than 20% of the reference dose (EPA 2000d). Typically, 
a conservative approach is used by applying a relative source contribution 
factor of 20% to the reference dose when exposure data are inadequate. 
It is assumed that the major portion (80%) of the total exposure comes 
from other sources, such as the diet. This policy contrasts with past “sub-
traction” methods of determining relative source contributions, in which 
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sources of exposure other than drinking water were subtracted from the 
reference dose.

In EPA’s Methodology for Deri�ing Ambient Water Quality Criteria for 
the Protection of Human Health, a process called the exposure decision tree 
(Figure 11-1) is proposed as another means for determining relative source 

FIGURE 11-1 Exposure Decision Tree for Defining Proposed Reference 
Dose Apportionment. SOURCE: EPA 2000d. Abbreviations: POD, point of 
departure; UF, uncertainty factor
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contributions (EPA 2000d). This method considers the adequacy of avail-
able exposure data, levels of exposure, relevant sources/media of exposure, 
and regulatory agendas. The exposure decision tree approach offers flex-
ibility in the reference dose apportionment among sources of exposure and 
uses chemical information (e.g., chemical and physical properties, uses of the 
chemical, environmental fate and transformation, likelihood of occurrence 
in various media) when monitoring data are inadequate. The process also 
allows for use of either the subtraction or the percentage method to account 
for other exposures, depending on whether one or more health-based crite-
rion is relevant for the chemical in question. The subtraction method can be 
used when only one criterion is relevant to a chemical. In those cases, other 
sources of exposure can be considered “background” and can be subtracted 
from the reference dose (EPA 2000d).

Risk to Children

In 1996, EPA’s Office of the Administrator issued En�ironmental Health 
Threats to Children (EPA 1996b) and set an agenda that called for consid-
ering children’s risks in all EPA actions. Children are considered a special 
subpopulation because their health risks can differ from those of adults as 
a result of their immature physiology, metabolism, and differing levels of 
exposure due to factors such as greater food consumption per unit of body 
weight and outdoor play activities. Different levels of exposure for children 
are typically considered in risk assessments, but the underlying toxicity data-
base often does not specifically address effects on children. Such limitations 
in toxicity data are typically addressed by applying uncertainty factors to 
protect susceptible populations. In 2005, EPA issued special guidance for as-
sessing susceptibility to carcinogens during early life stages (EPA 2005b).

Fluoride standards

Maximum-Contaminant-Level Goal

In 1986, EPA established an MCLG for fluoride of 4 mg/L to protect 
against “crippling” (clinical stage III) skeletal fluorosis. At that time, a ref-
erence dose for fluoride was not available, and the MCLG was calculated 
from a LOAEL of 20 mg/day estimated from case studies (Moller and 
Gudjonsson 1932), the assumption that adult water intake is 2 L per day, 
and the application of a safety factor of 2.5. EPA selected the safety factor 
to establish an MCLG that was in agreement with a recommendation from 
the U.S. Surgeon General (see Chapter 1).

The committee considered three toxicity end points for which there 
were sufficient relevant data for assessing the adequacy of the MCLG for 
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fluoride to protect public health: severe enamel fluorosis, skeletal fluorosis, 
and bone fractures.

Severe Enamel Fluorosis

In the past, moderate to severe forms of enamel fluorosis were consid-
ered to be aesthetically displeasing but not adverse to health, largely because 
there was no direct evidence that moderate-to-severe enamel fluorosis, as ob-
served in the United States, had resulted in tooth loss, loss of tooth function, 
or psychological problems. In reviewing the collective evidence, the com-
mittee considered moderate and severe forms of the condition separately. 
Severe enamel fluorosis is characterized by enamel loss and pitting. This 
damage compromises enamel’s protective barrier and can make the teeth 
more susceptible to environmental stresses and to caries formation because 
it allows bacteria, plaque, and food particles to become entrapped in the 
enamel. Caries is dental decay caused by bacterial infection. When the infec-
tion goes unchecked, cavities may form that can cause toothache and tooth 
sensitivity to temperature and sweets. If cavities are untreated, the infection 
can lead to abscess, destruction of bone, and spread of the infection to other 
parts of the body (USDHHS 2000). While increased risk of caries has not 
been firmly established, the majority of the committee found that destruc-
tion of the enamel and the clinical practice of treating the condition even 
in the absence of caries provide additional lines of evidence for concluding 
that severe enamel fluorosis is an adverse health effect. Severe enamel fluo-
rosis occurs at an appreciable frequency, approximately 10% on average, 
among children in U.S. communities with water fluoride concentrations at 
or near the current MCLG of 4 mg/L. Thus, the committee concludes that 
the MCLG of 4 mg/L is not protective against severe enamel fluorosis.

Two of the 12 members of the committee did not agree that severe 
enamel fluorosis should now be considered an adverse health effect. They 
agreed that it is an adverse dental effect but found that no new evidence has 
emerged to suggest a link between severe enamel fluorosis, as experienced in 
the United States, and a person’s ability to function. They judged that dem-
onstration of enamel defects alone from fluorosis is not sufficient to change 
the prevailing opinion that severe enamel fluorosis is an adverse cosmetic 
effect. Despite their disagreement on characterization of the condition, these 
two members concurred with the committee’s conclusion that the MCLG 
should prevent the occurrence of this unwanted condition.

Strong evidence exits that the prevalence of severe enamel fluorosis is 
nearly zero at water fluoride concentrations to below 2 mg/L. For example, 
Horowitz et al. (1972) found that partial defluorination of drinking water 
from 6.7 mg/L to slightly below 2 mg/L prevented severe enamel fluorosis. 
Moderate forms of enamel fluorosis decreased from 42% to 3%.
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Skeletal Fluorosis

Skeletal fluorosis is a bone and joint condition associated with pro-
longed exposure to high concentrations of fluoride. Fluoride increases bone 
density and appears to exacerbate the growth of osteophytes in the bone 
and joints, which leads to the radiological characteristics of the condition 
and associated pain. Crippling skeletal fluorosis (or clinical stage III) is the 
current basis of EPA’s MCLG. The term crippling historically has been used 
to describe alterations in bone architecture and calcification of tissues that 
progress to the degree that they limit an individual’s range of motion.

The committee judges that stage II skeletal fluorosis (the stage before 
mobility is significantly affected) should also be considered an adverse health 
effect. This stage is characterized by chronic joint pain, arthritic symptoms, 
slightly calcified ligaments, increased osteosclerosis/cancellous bones, and 
possibly osteoporosis of long bones (PHS 1991). No new studies and few 
clinical cases of skeletal fluorosis in healthy U.S. populations have been re-
ported in recent decades. To determine whether EPA’s MCLG protects the 
general public from stage II and stage III skeletal fluorosis, the committee 
compared pharmacokinetic predictions of bone-fluoride concentrations and 
historical data on iliac-crest bone-fluoride concentrations associated with 
the different stages of skeletal fluorosis. It found that bone-fluoride con-
centrations estimated to be achieved from lifetime exposure to fluoride at 
4 mg/L (10,000 to 12,000 milligrams per kilogram [mg/kg] ash) fall within 
or exceed the ranges historically associated with stage II and stage III skel-
etal fluorosis (4,300 to 9,200 gm/kg ash and 4,200 to 12,700 mg/kg ash, 
respectively). This suggests that the MCLG might not protect all individuals 
from the adverse stages of the condition. However, stage III skeletal fluorosis 
appears to be a rare condition in the United States, and the existing epide-
miologic evidence is insufficient for determining whether stage II skeletal 
fluorosis is occurring in U.S. residents. Thus, before any conclusions can be 
drawn, more research is needed to clarify the relationship between fluoride 
ingestion, fluoride concentrations in bone, and stage of skeletal fluorosis.

Bone Fractures

The database on fluoride’s effects on bone fractures has expanded since 
the earlier National Research Council (NRC) review. A number of obser-
vational studies have compared bone fracture rates between populations 
exposed to different concentrations of fluoride in drinking water. The com-
mittee focused its review on studies involving exposure to fluoride near or 
within the range of 2 to 4 mg/L. Several strong studies (Sowers et al. 1991; 
Kurttio et al. 1999; Li et al. 2001) indicated an increased risk of bone frac-
ture, and the results of other studies (Sowers et al. 1986; Alarcón-Herrera et 
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al. 2001) were qualitatively consistent with that finding. The one study using 
serum fluoride concentrations found no appreciable relationship to fractures 
(Sowers et al. 2005). Because serum fluoride concentrations may not be a 
good measure of bone fluoride concentrations or long-term exposure, the 
ability to show an association might have been diminished.

A larger database on clinical trials of fluoride as an osteoporosis treat-
ment was also reviewed. A meta-analysis of randomized clinical trials of 
fluoride reported an elevated risk of new nonvertebral fractures (1.85, 95% 
CI = 1.36, 2.50) and a slightly decreased risk of vertebral fractures (0.90, 
95% CI = 0.71, 1.14) after 4 years (Haguenauer et al. 2000). An increased 
risk of bone fracture was found among those studies. Although the doses of 
fluoride were higher in the clinical trials than were experienced by people 
drinking water with fluoride at 4 mg/L, the length of exposure was shorter. 
Although comparison of these sets of data involves several assumptions, the 
ranges of estimated concentrations of bone fluoride were similar in the clini-
cal trials (5,400 to 12,000 mg/kg ash) and observational studies (6,200 to 
>1,000 mg/kg ash). Pharmacokinetic modeling indicates that these concen-
trations of fluoride in bone could result from lifetime exposure to fluoride 
at 4 mg/L in drinking water.

Fracture risk and bone strength have been studied in animal models. 
The studies have shown that fluoride increases bone mass but results about 
its effect on the strength of bone are conflicting. Some investigators have 
reported a biphasic effect on bone strength (Beary 1969; Rich and Feist 
1970; Turner et al. 1992), with lower concentrations of fluoride increasing 
strength and higher concentrations reducing it, but others have not found 
this effect (Turner et al. 1995). The weight of the evidence from labora-
tory studies indicates that, although fluoride might increase bone volume, 
strength per unit volume is lower. Studies of rats indicate that bone strength 
begins to decline when fluoride in bone ash reaches the range of 6,000 to 
7,000 mg/kg (Turner et al. 1992). Studies in rabbits have shown that fluoride 
might decrease bone strength by altering the structural integrity of the bone 
microarchitecture (Turner et al. 1997; Chachra et al. 1999). However, more 
research is needed to address uncertainties associated with extrapolating 
animal data on bone strength and fractures to humans.

Overall, there was consensus among the committee that there is scien-
tific evidence that under certain conditions fluoride can weaken bone and 
increase the risk of fractures. The majority of the committee concluded that 
lifetime exposure to fluoride at drinking water concentrations of 4 mg/L or 
higher is likely to increase fracture rates in the population, compared with 
exposure to 1 mg/L, particularly in some demographic subgroups that are 
prone to accumulate fluoride in their bones (e.g., people with renal disease). 
However, 3 of the 12 members judged that the evidence only supported a 
conclusion that the MCLG might not be protective against bone fracture. 
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These members judge that more evidence is needed that bone fractures oc-
cur at an appreciable frequency in human populations exposed to fluoride 
at 4 mg/L before drawing a conclusion that the MCLG is likely to be not 
protective.

Secondary Maximum Contaminant Level

EPA established an SMCL of 2 mg/L on the basis of cosmetically “ob-
jectionable” enamel fluorosis, defined as discoloration and/or pitting of 
teeth. The SMCL was selected to prevent objectionable enamel fluorosis in 
a significant portion of the population. EPA reviewed data on the prevalence 
of moderate and severe enamel fluorosis and found that, at a fluoride con-
centration of 2 mg/L in drinking water, the prevalence of moderate fluorosis 
ranged from 4% to 15% and that severe cases were observed at concentra-
tions above 2.5 mg/L. Because of the anticaries properties of fluoride, EPA 
judged 2 mg/L to be an adequate upper-boundary guideline to limit the 
occurrence of objectionable enamel fluorosis and provide some anticaries 
benefit. The SMCL is not a recommendation to add fluoride to drinking 
water. The SMCL is a guideline for naturally occurring fluoride to be used 
by the states for reducing the occurrence and severity of enamel fluorosis, 
a condition considered by EPA to be a cosmetic condition. If fluoride in a 
community water system exceeds the SMCL but not the regulatory MCL, 
a notice about the potential risk of enamel fluorosis must be sent to all cus-
tomers served by the system. The committee evaluated the SMCL only in 
terms of its protection against adverse cosmetic and health effects, including 
enamel fluorosis, skeletal fluorosis, and bone fracture. Prevention of caries 
was not evaluated.

Enamel Fluorosis

The committee considers moderate enamel fluorosis to be a cosmetic 
effect, because the available data are inadequate for categorizing the mod-
erate form as adverse to health on the basis of structural or psychological 
effects. There are no studies since 1993 to assess the prevalence of enamel 
fluorosis at 2 mg/L, but previous reports have shown a distinct increase 
(approximately 15%) in moderate enamel fluorosis around 2 mg/L. Thus, 
the SMCL will not completely prevent the occurrence of moderate enamel 
fluorosis. As noted above, SMCL was intended to reduce the severity and 
occurrence of the condition to 15% or less of the exposed population. The 
available data indicates that less than 15% of children would experience 
moderate enamel fluorosis of aesthetic concern (discoloration of the front 
teeth). However, the degree to which moderate enamel fluorosis might go 
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beyond a cosmetic effect to create an adverse psychological effect or an 
adverse effect on social functioning is not known.

While a few cases of severe enamel fluorosis occasionally have been 
reported in populations exposed at 2 mg/L, it appears that other sources 
of exposure to fluoride or other factors contributed to the condition. For 
example, similar rates of severe enamel fluorosis were reported in popula-
tions exposed to negligible amounts of fluoride in drinking water and in 
populations exposed at 2 mg/L (Selwitz et al. 1995; Kumar and Swango 
1999; Nowjack-Raymer et al. 1995). Thus, the committee concludes that 
the SMCL of 2 mg/L adequately protects the public from the most severe 
stage of the condition (enamel pitting).

Skeletal Fluorosis

Few new data are available on skeletal fluorosis in populations exposed 
to fluoride in drinking water at 2 mg/L. Thus, the committee’s evaluation 
was based on new estimates of the accumulation of fluoride into bone (iliac 
crest/pelvis) at that concentration (on average 4,000 to 5,000 mg/kg ash) 
and historical information on stage II skeletal fluorosis (4,300 to 9,200 
mg/kg ash). A comparison of the bone concentrations indicates that life-
time exposure at the SMCL could lead to bone fluoride concentrations that 
historically have been associated with stage II skeletal fluorosis. However, 
as noted above, the existing epidemiologic evidence is insufficient for deter-
mining whether stage II skeletal fluorosis is occurring in U.S. residents, so 
no quantitative conclusions could be made about risks or safety at 2-mg/L 
exposures.

Bone Fracture

There were few studies to assess bone fracture risk in populations 
exposed to fluoride at 2 mg/L in drinking water. The best available study 
was from Finland, which provided data that suggested an increased rate 
of hip fracture in populations exposed to fluoride at >1.5 mg/L (Kurttio et 
al. 1999). However, this study alone is not sufficient to base judgment of 
fracture risk for people exposed to fluoride at 2 mg/L in drinking water. 
Thus, no quantitative conclusions could be drawn about fracture risk or 
safety at the SMCL.

Susceptible Subpopulations

Populations in need of special consideration when determining the 
MCLG and SMCL for fluoride include those at risk because their exposure 
to fluoride is greater than that of the average person or because they are 
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particularly vulnerable to the effects of fluoride. The first category includes 
people who consume much larger volumes of water than assumed by EPA, 
such as athletes and outdoor workers, who consume large volumes of water 
to replace fluids lost because of strenuous activity, and people with medical 
conditions that cause them to consume excessive amounts of water (e.g., 
diabetes insipidus). Individuals who consume well over 2 L of water per day 
will accumulate more fluoride and reach critical bone concentrations before 
the average water drinker exposed to the same concentration of fluoride in 
drinking water. In Chapter 2, it was estimated that for high-water-intake 
individuals, drinking water would contribute 92% to 98% of the exposure 
to fluoride at 4 mg/L and 86% to 96% at 2 mg/L. Another consideration 
is individuals who are exposed to other significant sources of fluoride, such 
as occupational, industrial, and therapeutic sources.

There are also environmental, metabolic, and disease conditions that 
cause more fluoride to be retained in the body. For example, fluoride re-
tention might be affected by environments or conditions that chronically 
affect urinary pH, including diet, drugs, altitude, and certain diseases (e.g., 
chronic obstructive pulmonary disease) (reviewed by Whitford 1996). It 
is also affected by renal function, because renal excretion is the primary 
route of fluoride elimination. Age and health status can affect renal excre-
tion. Individuals with renal disease are of particular concern because their 
ability to excrete fluoride can be seriously inhibited, causing greater uptake 
of fluoride into their bones. However, the available data are insufficient to 
provide quantitative estimates of the differences between healthy individuals 
and people with renal disease.

Another category of individuals in need of special consideration in-
cludes those who are particularly susceptible or vulnerable to the effects 
of fluoride. For example, children are vulnerable for developing enamel 
 fluorosis, because the condition occurs only when there is exposure while 
teeth are being formed (the pre-eruption stages). Thus, children up to the 
age of 8 are the susceptible subpopulation of concern for that end point. 
The elderly are another population of concern because of their long-term 
accumulation of fluoride into their bones. There are also medical conditions 
that can make people more susceptible to the effects of fluoride.

Relative Source Contribution

At the time the MCLG was established for fluoride, a reference dose 
was not available and the MCLG was calculated directly from available data 
rather than as an apportioned part of the reference dose. In Chapter 2, the 
committee shows that at 4 mg/L, drinking water is the primary contributor 
to total fluoride exposure, ranging from 72% to 94% for average-water-
intake individuals and from 92% to 98% for high-water-intake individuals. 
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At 2 mg/L, drinking water contributes 57% to 90% for average-water-in-
take individuals and 86% to 96% for high-water-intake individuals. Thus, 
it is important that future revisions to the MCLG take into consideration 
that water is a significant, and sometimes the most significant, source of 
exposure to fluoride.

Findings and reCommendations

Maximum-Contaminant-Level Goal

In light of the collective evidence on various health end points and 
total exposure to fluoride, the committee concludes that EPA’s MCLG of 4 
mg/L should be lowered. Lowering the MCLG will prevent children from 
developing severe enamel fluorosis and will reduce the lifetime accumulation 
of fluoride into bone that the majority of the committee concluded is likely 
to put individuals at increased risk of bone fracture and possibly skeletal 
fluorosis, which are particular concerns for subpopulations that are prone 
to accumulating fluoride in their bone.

Recommendation: To develop an MCLG that is protective of severe 
enamel fluorosis, clinical stage II skeletal fluorosis, and bone frac-
tures, EPA should update the risk assessment of fluoride to include 
new data on health risks and better estimates of total exposure 
(relative source contribution) in individuals and to use current 
approaches to quantifying risk, considering susceptible subpopula-
tions, and characterizing uncertainties and variability.

Secondary Maximum Contaminant Level

The prevalence of severe enamel fluorosis is very low (near zero) at fluo-
ride concentrations below 2 mg/L. However, from a cosmetic standpoint, 
the SMCL does not completely prevent the occurrence of moderate enamel 
fluorosis. EPA has indicated that the SMCL was intended to reduce the se-
verity and occurrence of the condition to 15% or less of the exposed popu-
lation. The available data indicates that fewer than 15% of children would 
experience moderate enamel fluorosis of aesthetic concern (discoloration of 
the front teeth). However, the degree to which moderate enamel fluorosis 
might go beyond a cosmetic effect to create an adverse psychological effect 
or an adverse effect on social functioning is not known.

Recommendations: Additional studies, including longitudinal stud-
ies, of the prevalence and severity of enamel fluorosis should be 
done in U.S. communities with fluoride concentrations greater than 
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1 mg/L. These studies should focus on moderate and severe enamel 
fluorosis in relation to caries and in relation to psychological, be-
havioral, and social effects among affected children, among their 
parents, and among affected children after they become adults.

To better define the aesthetics of enamel fluorosis, methods should 
be developed and validated to objectively assess enamel fluorosis. 
Staining and mottling of the anterior teeth should be distinguished 
from staining of the posterior teeth so that aesthetic consequences 
can be more easily assessed.
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Machaliński, B., M. Zejmo, I. Stecewicz, A. Machalinska, Z. Machoy, and M.Z. Ratajczak. 
2000. The influence of sodium fluoride on the clonogenecity of human hematopoietic 
progenitor cells: Preliminary report. Fluoride 33(4):168-173.
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JOHN DOULL (Chair) is professor emeritus of pharmacology and toxicol-
ogy at the University of Kansas Medical School. His distinguished career in 
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merous scientific advisory committees. Most notably, he is past president of 
the Society of Toxicology and the American Board of Toxicology. Dr. Doull 
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Award from the International Society for Regulatory Toxicology and Phar-
macology, the Commanders Award for Public Service from the Department 
of the Army, and the Stockinger Award from the American Conference of 
Governmental Industrial Hygienists. He was the first recipient of the John 
Doull Award, which was established by the Central States Chapter of the 
Society of Toxicology to recognize his contributions to the discipline of 
toxicology. He is former chair of the NRC Committee on Toxicology and 
former vice chair of the Board on Environmental Studies and Toxicology. 
He is a national associate of the National Academies. Dr. Doull received his 
M.D. and Ph.D. in pharmacology from the University of Chicago.

KIM BOEKELHEIDE is professor and acting chair of the Department of 
Pathology and Laboratory Medicine at Brown University. His research 
interests are in male reproductive biology and toxicology, particularly the 
potential roles of germ-cell proliferation and apoptosis and local paracrine 
growth factors in regulating spermatogenesis after toxicant-induced injury. 
Dr. Boekelheide serves on the NRC Committee on Toxicity Testing and 
Assessment of Environmental Agents and has served on the Committee on 
Gender Differences in Susceptibility to Environmental Factors: A Priority 
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Assessment. He is a past member of the Board of Scientific Counselors of the 
National Toxicology Program (NTP), currently serves on the NTP Center 
for the Evaluation of Risks to Human Reproduction expert panel that is 
evaluating di-(2-ethlyhexyl)phthalate, and was chair of the National Insti-
tutes of Health Center for Scientific Review Special Emphasis Panel, Fetal 
Basis of Adult Disease: Role of the Environment. Dr. Boekelheide received 
his M.D. and Ph.D. in pathology from Duke University and is board certi-
fied in anatomic and clinical pathology.

BARBARA FARISHIAN is a practicing dentist in Washington, DC, and is 
on the faculty of the University of Maryland Dental School. She is a fellow 
of the Academy of General Dentistry, past president of the Capitol Acad-
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D.D.S. from the Georgetown University Dental School.
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the International Behavioral Neuroscience Society and is a recipient of the 
Society’s Lifetime Achievement Award. He serves on a number of editorial 
boards, including that of Brain Research. He has received fellow status in 
several scientific societies. He has served as chairperson and member of sev-
eral committees of the Society for Neuroscience. In the past he has served as 
a member of grant review panels for the National Institutes of Health, the 
National Institute of Mental Health, and the National Science Foundation. 
He received his Ph.D. from the University of Michigan.

JUDITH B. KLOTZ is an adjunct associate professor at the University of 
Medicine and Dentistry of New Jersey School of Public Health. Previously, 
she was program manager of the cancer surveillance and environmental 
epidemiology programs at the New Jersey Department of Health and Se-
nior Services. Her research interests are in epidemiological studies of can-
cer incidence and reproductive outcomes, gene-environment interactions, 
evaluation of biological exposures to environmental contaminants, and the 
application of health risk assessment and epidemiology to public policy. 
She received her M.S. in genetics from the University of Michigan and her 
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Dr.P.H. in environmental health sciences from Columbia University School 
of Public Health.

JAYANTH V. KUMAR is director of the Oral Health Surveillance & Re-
search Unit, Bureau of Dental Health, at the New York State Department 
of Health. He also holds an appointment as an associate professor in the 
Department of Health Policy, Management, and Behavior at the School of 
Public Health of the University at Albany, State University of New York. He 
is a diplomate and former president of the American Board of Dental Public 
Health. His research interests are in exposure to fluoride, its effects on oral 
health, and health promotion and disease prevention strategies. Dr. Kumar 
received his dental degree from Bangalore University, M.P.H. from Johns 
Hopkins University, and postdoctoral certificate in dental public health from 
the New York State Department of Health.

HARDY LIMEBACK is an associate professor and head of preventive den-
tistry at the University of Toronto; he is also a part-time practicing dentist. 
His research interests are in tooth development, enamel proteins, caries, and 
prevention of dental fluorosis. Dr. Limeback is a former president of the 
Canadian Association of Dental Research. He has been involved for many 
years in reviewing the scientific literature related to fluoridation of drinking 
water. He received his Ph.D. in collagen biochemistry and his D.D.S. from 
the University of Toronto.

CHARLES POOLE is an associate professor in the Department of Epi-
demiology at the University of North Carolina School of Public Health. 
Previously, he was with the Boston University School of Public Health. 
Dr. Poole’s work currently focuses on the development and utilization of 
epidemiologic methods and principles, including problem definition, study 
design, data collection, statistical analysis, and interpretation and applica-
tion of research results, including systematic review and meta-analysis. His 
research experience includes studies in environmental and occupational 
epidemiology and other substantive areas. Dr. Poole was an epidemiologist 
in the Office of Pesticides and Toxic Substances of the U.S. Environmental 
Protection Agency for 5 years and worked for a decade as an epidemiologic 
consultant, both with a firm and independently. He received his M.P.H in 
health administration from the University of North Carolina School of Pub-
lic Health and his Sc.D. in epidemiology from the Harvard School of Public 
Health. Dr. Poole was a member of the Institute of Medicine Committee on 
Gulf War and Health: Review of the Literature on Pesticides and Solvents 
and the National Research Council Committee on Estimating the Health-
Risk-Reduction Benefits of Proposed Air Pollution Regulations.
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J. EDWARD PUZAS is the Donald and Mary Clark Professor of Orthopae-
dics at the University of Rochester School of Medicine and Dentistry. He 
also holds faculty appointments in biochemistry, biomedical engineering, 
oncology, and pathology and laboratory medicine. He is director of the 
university’s Osteoporosis Center and Center for Musculoskeletal Research. 
His research interests are in all aspects of bone, cartilage, orthopaedic, and 
dental biology, with a particular interest in diseases of the skeleton, such 
as osteoporosis and some skeletal cancers. He also directs the osteotoxicol-
ogy research core at the university’s National Institutes of Environmental 
Health Sciences center program at the University of Rochester Medical 
Center, where he conducts research on adverse impacts of environmental 
agents on skeletal tissue. He has won several awards for his research, in-
cluding the Kappa Delta Prize for Outstanding Orthopaedic Research and 
the Kroc Foundation Award for Excellence in Cartilage and Bone Research. 
Dr. Puzas is president of the Orthopaedic Research Society. He received his 
M.S. and Ph.D. in radiation biology and biophysics from the University of 
Rochester.

NU-MAY RUBY REED is a staff toxicologist with the California Environ-
mental Protection Agency’s (Cal/EPA) Department of Pesticide Regulation, 
where she is the lead person on risk assessment issues in the health assess-
ment section. Her research interests are in evaluating health risks and devel-
oping dietary assessment guidelines for pesticides. She has been on several 
Cal/EPA working groups that initiate, research, and revise risk assessment 
guidelines and policies, and she represented her department in task forces on 
community concerns and emergency response, risk management guidance, 
and public education. Dr. Reed is also a lecturer on health risk assessment 
at the University of California at Davis. She received her Ph.D. from the 
University of California at Davis and is a diplomate of the American Board 
of Toxicology.

KATHLEEN M. THIESSEN is a senior scientist at SENES Oak Ridge, 
Inc., Center for Risk Analysis. She has extensive experience in evaluating 
exposures, doses, and risks to human health from environmental contami-
nants and in using uncertainty analysis for environmental and health risk 
assessment. More recently, Dr. Thiessen has led a working group on dose 
reconstruction for the International Atomic Energy Agency’s Biosphere 
Modeling and Assessment Methods program. She received her Ph.D. in 
genetics from the University of Tennessee-Oak Ridge Graduate School of 
Biomedical Sciences.

THOMAS WEBSTER is assistant professor in the Department of Envi-
ronmental Health at the Boston University School of Public Health. His 
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research interests include methods in environmental epidemiology (particu-
larly spatial epidemiology and ecologic bias), applications of mathematical 
modeling to toxicology and epidemiology, and persistent organic pollutants, 
particularly brominated fire retardants. He received his D.Sc. in environ-
mental health from the Boston University School of Public Health.
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B

Measures of Exposure 
to Fluoride in the United States: 

Supplementary Information

u.s. data on artiFiCial and natural Fluoride 
in drinking Water

The recommended “optimal” fluoride concentrations for community 
public water supply systems and school public water supply systems are 
shown in Table B-1. Both sets of recommendations are based on the “an-
nual average of maximum daily air temperatures” (CDC 1995, based on 
two studies in the 1950s). Table B-2 provides the approximate number of 
persons receiving artificially fluoridated public water in 1992, by fluoride 
concentration. In practice, most states seem to use a single fluoride con-
centration for the whole state. Figure B-1 shows the fluoride concentration 
by state with respect to annual average temperature for that state over 
the period 1971-2000. Table B-3 presents the approximate number of 
persons receiving naturally fluoridated public water in 1992, by fluoride 
concentration.

The number of persons served with public water supplies exceeding 
4 milligrams (mg) of fluoride per liter (L) is expected to be substantially 
lower now than in 1992. For example, South Carolina, which had more 
than half of the persons in that category in 1992 (Table B-3), now has only 
occasional violations of the maximum contaminant level (MCL) (e.g., two 
water systems with 10 violations in calendar year 2003; SCDHEC 20041). 
On the other hand, a recent news article indicates that some areas in Virginia 

1See also local drinking water information by state at http://www.epa.gov/safewater/dwinfo.
htm.
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TABLE B-1 Recommended Optimal Fluoride Concentrations for Public 
Water Supply Systems

Annual Average of Maximum 
Daily Air Temperaturesa Recommended Fluoride Concentrations, mg/L

°F °C Community Water Systems School Water Systemsb

50.0-53.7 10.0-12.0 1.2 5.4
53.8-58.3 12.1-14.6 1.1 5.0
58.4-63.8 14.7-17.7 1.0 4.5
63.9-70.6 17.8-21.4 0.9 4.1
70.7-79.2 21.5-26.2 0.8 3.6
79.3-90.5 26.3-32.5 0.7 3.2

 aBased on temperature data obtained for a minimum of 5 years.
 bBased on 4.5 times the optimal fluoride level for communities. School water fluoridation 
is recommended only when the school has its own source of water and is not connected to 
a community water system. Several other criteria are also considered; for example, if >25% 
of the children attending the school already receive optimally fluoridated water at home, the 
school’s water should not be fluoridated.

SOURCE: CDC 1995.

are still served by water systems with fluoride exceeding 4 mg/L (Hirschauer 
2004).

Miller-Ihli et al. (2003) reported on fluoride concentrations in water 
samples collected in 1999 from 24 locations nationwide; these locations 
were expected to provide nationally representative samples for the National 
Food and Nutrient Analysis Program.2 Not unexpectedly, their findings in-
dicate a bimodal distribution of fluoride concentrations in public drinking 
water: either water was fluoridated at approximately 1 mg/L or it was not 
fluoridated, with concentrations bordering on undetectable.

Water ingestion and Fluoride intakes

Tables B-4 to B-7 summarize recent estimates by the U.S. Environmental 
Protection Agency (EPA) of the mean and selected percentiles of water in-
gestion by source (community supplies, bottled water, “other” sources, and 
all sources combined) and subpopulation (EPA 2000a); Tables B-8 and B-9 

2Miller-Ihli et al. (2003) reported that 40% of the samples were fluoridated and suggested 
that, rather than using an average fluoride concentration for the country, an individual should 
be assumed to have a 40% probability of ingesting fluoridated water and a 60% probability 
of ingesting nonfluoridated water. However, CDC (2002a) estimates that about two-thirds 
of the U.S. population served by public water supplies receives fluoridated water. Thus, the 
sampling reported by Miller-Ihli et al. was probably not sufficiently representative on a popu-
lation-weighted basis.
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give the corresponding estimates for consumption of community water or 
all water as a function of body weight. The data in Tables B-4 through B-9 
are for those persons who actually consume water from the indicated source, 
rather than per capita estimates for the entire population. Estimates include 
plain (noncarbonated) drinking water and indirect water (water added to 
foods and beverages during preparation at home or by local food service 
establishments). Water in processed foods (commercial water) or naturally 
contained in foods (biological water) was not included.

TABLE B-2 Population Sizes by Level of Artificial Fluoridation in 1992

Fluoride, 
mg/L

Number 
of Statesa Population Percentage States

0.7 1 149,290 0.11 Hawaii
0.7-0.9 1 8,014,583 5.88 Texas
0.7-1.0 1 1,282,425 0.94 Arizona
0.8 4 12,886,396 9.46 Florida, Louisiana, Oklahoma, South 

Carolina
0.8-1.0 1 432,700 0.32 Delaware
0.9 2 7,177,525 5.27 Kentucky,b Virginiac

0.9-1.2 1 1,921,525 1.41 Colorado
1.0 29 93,060,026 68.30 Alabama, California, Connecticut, 

District of Columbia, Georgia, Idaho, 
Illinois, Indiana,c Kansas, Maryland, 
Massachusetts, Michigan, Mississippi, 
Missouri, Nebraska, Nevada, New 
Jersey, New Mexico, New York, 
North Carolina,c Ohio, Oregon, 
Pennsylvania, Rhode Island, Tennessee, 
Utah, Washington, West Virginia,c 
Wisconsin

1.0-1.1 2 1,931,337 1.42 Iowa, Wyoming
1.0-1.2 2 214,865 0.16 Montana, New Hampshire
1.1 1 233,447 0.17 Vermontd

1.2 5 5,026,243 3.69 Alaska, Maine, Minnesota,e North 
Dakota, South Dakota

No dataf 2 3,911,884 2.87 Arkansas, Puerto Rico
Total 52 136,242,246 100

 aIncludes the 50 states, the District of Columbia, and Puerto Rico.
 bA few small water supplies have artificial fluoride concentrations of 4.0 mg/L.
 cA few small water supplies have artificial fluoride concentrations of 4.5 mg/L.
 dA few small water supplies have artificial fluoride concentrations of 4.9 mg/L.
 eA few small water supplies have artificial fluoride concentrations of 5.4 mg/L.
 fData for Arkansas were not provided (the table for Arkansas contained a duplication of 
the Alaska data). The water fluoridation data were not provided for Puerto Rico.

SOURCE: CDC 1993.
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APPENDIX B 41�

FIGURE B-1 Level of artificial fluoridation in 1992 by state (Table B-2; CDC 
1993) versus area-weighted annual average temperature (°F) for that state 
over the period 1971-2000 (NCDC 2002a). Temperature for the District of 
Columbia is for Climate District 4 of the state of Maryland (NCDC 2002b). 
States with a range of artificial fluoride levels (Arizona, Colorado, Delaware, 
Iowa, Montana, New Hampshire, Texas, and Wyoming) are included at 
each relevant fluoride level. Arkansas and Puerto Rico are not included 
because of the lack of information on fluoride levels. Thin line indicates 
the “recommended optimal fluoride levels” for the given range of “annual 
average of maximum daily air temperatures” (emphasis added; Table B-1; 
CDC 1995).

EPA’s estimates are based on U.S. Department of Agriculture surveys 
taken in 1994, 1995, and 1996 of food ingestion data for two nonconsecu-
tive days for a sample of more than 15,000 individuals in the 50 states and 
the District of Columbia selected to represent the entire U.S. population 
based on 1990 census data (EPA 2000a). (An additional survey of children 
in 1998 was included in the estimates used in Chapter 2.) Because these 
estimates were developed for the purpose of estimating people’s exposures 
to substances in drinking water and also are based on relatively recent data, 
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428 APPENDIX B

they are appropriate for the present purpose of estimating the range of cur-
rent exposures to fluoride. These estimates are based on a 2-day average, 
whereas for fluoride exposure, long-term averages of intake are usually more 
important. However, given the size of the population sampled, the likelihood 
that the entire sample represents days of unusually high or unusually low 
water intake is small. Thus, these values are considered reasonable indica-
tors both of typical water consumption and of the likely range of water 
consumption from various sources on a long-term basis. However, they 
should not be used by themselves to estimate the number of individuals or 
percentage of the population that consumes a given amount of water on a 
long-term basis, especially not at the extremes of the range. Water intakes 
at the low end are not of major importance for the present report, and 
water intakes at the high end are considered separately (Chapter 2), with 
additional information beyond what is provided by EPA.

It may be helpful to compare the water intakes (all sources, Table 
B-7) with values for adequate intake3 (AI) of water recently published by 
the Institute of Medicine (IOM 2004; Table B-10). The AI for total water 
(drinking water, other beverages, and moisture contained in food) is set “to 
prevent deleterious, primarily acute, effects of dehydration, which include 
metabolic and functional abnormalities” (IOM 2004). “Given the extreme 
variability in water needs which are not solely based on differences in me-
tabolism, but also in environmental conditions and activity, there is not 
a single level of water intake that would ensure adequate hydration and 
optimal health for half4 of all apparently healthy persons in all environ-
mental conditions” (IOM 2004). The AI for total water is based on the 
median total water intake from U.S. survey data (NHANES III, 1988-1994; 
described by IOM 2004). Daily consumption below the AI is not necessar-
ily a concern “because a wide range of intakes is compatible with normal 
hydration. Higher intakes of total water will be required for those who are 
physically active or who are exposed to [a] hot environment” (IOM 2004). 
For the intake values shown in Table B-10, approximately 80% of the intake 
comes from drinking water and other beverages (including caffeinated and 
alcoholic beverages).

Use of bottled water in the United States has at least doubled since 1990 
(Grossman 2002), suggesting that more people use bottled water now than 
in 1994-1996 and/or that individuals use more bottled water per person. 

3“Adequate intake” is defined as “the recommended average daily intake level based on 
observed or experimentally determined approximations or estimates of nutrient intake by a 
group (or groups) of apparently healthy people that are assumed to be adequate—used when 
an RDA [recommended dietary allowance] cannot be determined” (IOM 2004).

4The estimated average requirement (EAR) on which a recommended dietary allowance is 
based is defined as “the average daily nutrient intake level estimated to meet the requirement 
of half the healthy individuals in a particular life stage and gender group” (IOM 2004).
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TABLE B-10 Adequate Intake Values (L/day) for Total Water

Group

Males Females

From 
Foods

From 
Beverages

Total 
Water

From 
Foods

From 
Beverages

Total 
Water

0-6 months 0 0.7 0.7 0 0.7 0.7
7-12 months 0.2 0.6 0.8 0.2 0.6 0.8
1-3 years 0.4 0.9 1.3 0.4 0.9 1.3
4-8 years 0.5 1.2 1.7 0.5 1.2 1.7
9-13 years 0.6 1.8 2.4 0.5 1.6 2.1
14-18 years 0.7 2.6 3.3 0.5 1.8 2.3
>19 years 0.7 3.0 3.7 0.5 2.2 2.7
Pregnancya — — — 0.7 2.3 3.0
Lactationa — — — 0.7 3.1 3.8

 aWomen aged 14-50 years.

SOURCE: IOM 2004.

However, total water consumption per person from all sources combined 
probably has not changed substantially. Information for a few groups in the 
tables (children < 1 year of age, pregnant and lactating women) is based 
on relatively small sample sizes, and the confidence to be placed in specific 
percentile values is therefore lower. Sample sizes for some other population 
subgroups of potential interest (e.g., Native Americans with traditional 
lifestyles, people in hot climates, people with high physical activity, people 
with certain medical conditions) were not large enough to evaluate intake 
by members of the subgroup, although some people from those groups are 
included in the overall sample (EPA 2000a).

Tables B-11 to B-14 summarize fluoride intakes that would result from 
ingestion of community water (for the mean, 90th, 95th, and 99th percen-
tiles of consumption estimated by EPA) at various levels of water fluoride 
(“optimal” fluoridation levels of 0.7, 1.0, or 1.2 mg/L, and the present 
secondary MCL [SMCL] and MCL of 2 and 4 mg/L, respectively). The 
SMCL and MCL are included for purposes of comparison; most people in 
the Unites States do not drink water with those fluoride levels. An average 
consumer below the age of 6 months would have an intake of 0.06-0.1 
mg/kg/day from fluoridated water (0.7-1.2 mg/L), whereas an adult would 
ingest approximately 0.01-0.02 mg/kg/day. Individuals at the upper levels 
of water intake from EPA’s estimates (Table B-14) could have fluoride in-
takes in excess of 1 mg/day at the lowest levels of fluoridation up to about 
6 mg/day for some adults, depending on age and level of water fluoridation. 
Persons in the high-water-intake groups described above could have even 
higher intakes.
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TABLE B-11 Estimated Intake of Fluoride from Community Water for 
Average Consumersa

Population

Water 
Intake, 
mL/day

Fluoride Level

0.7 mg/L 1 mg/L 1.2 mg/L 2 mg/L 4 mg/L

Intake, mg/day

All consumers 1,000 0.70 1.00 1.20 2.00 4.00
<0.5 year 529 0.37 0.53 0.63 1.06 2.12
0.5-0.9 year 502 0.35 0.50 0.60 1.00 2.01
1-3 years 351 0.25 0.35 0.42 0.70 1.40
4-6 years 454 0.32 0.45 0.54 0.91 1.82
7-10 years 485 0.34 0.49 0.58 0.97 1.94
11-14 years 641 0.45 0.64 0.77 1.28 2.56
15-19 years 817 0.57 0.82 0.98 1.63 3.27
20-24 years 1,033 0.72 1.03 1.24 2.07 4.13
25-54 years 1,171 0.82 1.17 1.41 2.34 4.68
55-64 years 1,242 0.87 1.24 1.49 2.48 4.97
≥65 years 1,242 0.87 1.24 1.49 2.48 4.97

Water 
Intake, 
mL/kg/day Intake, mg per kg body weight/day

All consumers 17 0.012 0.017 0.020 0.034 0.068
<0.5 year 88 0.062 0.088 0.106 0.176 0.352
0.5-0.9 year 56 0.039 0.056 0.067 0.112 0.224
1-3 years 26 0.018 0.026 0.031 0.052 0.104
4-6 years 23 0.016 0.023 0.028 0.046 0.092
7-10 years 16 0.011 0.016 0.019 0.032 0.064
11-14 years 13 0.009 0.013 0.016 0.026 0.052
15-19 years 12 0.008 0.012 0.014 0.024 0.048
20-24 years 15 0.011 0.015 0.018 0.030 0.060
25-54 years 16 0.011 0.016 0.019 0.032 0.064
55-64 years 17 0.012 0.017 0.020 0.034 0.068
≥65 years 18 0.013 0.018 0.022 0.036 0.072

 aBased on water consumption rates estimated by EPA (2000a).

exPosures From Fluorinated anesthetiCs

The sampled data in Table B-15 illustrate wide ranges of reported mean 
peak serum fluoride concentrations from the use of fluorinated anesthetics 
under various surgical conditions and for different age groups ranging from 
22-day-old infants to people > 70 years old. These data are collected from 
studies conducted in many countries, including Australia, France, Finland, 
Germany, Ireland, Japan, the United Kingdom, and the United States. The 
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minimum alveolar concentration per hour (MAC-hr) ranged from short-
term (e.g., for cesarean section as reported by Abboud et al. 1989) to 
prolonged (e.g., >10 hours as reported by Murray et al. 1992 and Obata et 
al. 2000) surgery and up to 7 days of continuous exposure for critically ill 
patients (e.g., as reported by Osborne et al. 1996). Test subjects included 
healthy males who underwent 3-9 hours of anesthesia (Munday et al. 1995), 
female smokers (Laisalmi et al. 2003), infants and children (age as indicated 

TABLE B-12 Estimated Intake of Fluoride from Community Water for 
90th Percentile Consumersa

Population

Water 
Intake, 
mL/day

Fluoride Level

0.7 mg/L 1 mg/L 1.2 mg/L 2 mg/L 4 mg/L

Intake, mg/day

All consumers 2,069 1.45 2.07 2.48 4.14 8.28
<0.5 year 943 0.66 0.94 1.13 1.89 3.77
0.5-0.9 year 950 0.67 0.95 1.14 1.90 3.80
1-3 years 719 0.50 0.72 0.86 1.44 2.88
4-6 years 940 0.66 0.94 1.13 1.88 3.76
7-10 years 995 0.70 1.00 1.19 1.99 3.98
11-14 years 1,415 0.99 1.42 1.70 2.83 5.66
15-19 years 1,669 1.17 1.67 2.00 3.34 6.68
20-24 years 2,175 1.52 2.18 2.61 4.35 8.70
25-54 years 2,326 1.63 2.33 2.79 4.65 9.30
55-64 years 2,297 1.61 2.30 2.76 4.59 9.19
≥65 years 2,190 1.53 2.19 2.63 4.38 8.76

Water 
Intake, 
mL/kg/day Intake, mg per kg body weight/day

All consumers 33 0.023 0.033 0.040 0.066 0.132
<0.5 year 169 0.118 0.169 0.203 0.338 0.676
0.5-0.9 year 116 0.081 0.116 0.139 0.232 0.464
1-3 years 53 0.037 0.053 0.064 0.106 0.212
4-6 years 45 0.032 0.045 0.054 0.090 0.180
7-10 years 33 0.023 0.033 0.040 0.066 0.132
11-14 years 27 0.019 0.027 0.032 0.054 0.108
15-19 years 26 0.018 0.026 0.031 0.052 0.104
20-24 years 31 0.022 0.031 0.037 0.062 0.124
25-54 years 32 0.022 0.032 0.038 0.064 0.128
55-64 years 32 0.022 0.032 0.038 0.064 0.128
≥65 years 32 0.022 0.032 0.038 0.064 0.128

 aBased on water consumption rates estimated by EPA (2000a).
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TABLE B-13 Estimated Intake of Fluoride from Community Water for 
95th Percentile Consumersa

Population

Water 
Intake, 
mL/day

Fluoride Level

0.7 mg/L 1 mg/L 1.2 mg/L 2 mg/L 4 mg/L

Intake, mg/day

All consumers 2,600 1.82 2.60 3.12 5.20 10.40
<0.5 year 1,064 0.74 1.06 1.28 2.13 4.26
0.5-0.9 year 1,122 0.79 1.12 1.35 2.24 4.49
1-3 years 952 0.67 0.95 1.14 1.90 3.81
4-6 years 1,213 0.85 1.21 1.46 2.43 4.85
7-10 years 1,241 0.87 1.24 1.49 2.48 4.96
11-14 years 1,742 1.22 1.74 2.09 3.48 6.97
15-19 years 2,159 1.51 2.16 2.59 4.32 8.64
20-24 years 3,082 2.16 3.08 3.70 6.16 12.33
25-54 years 2,926 2.05 2.93 3.51 5.85 11.70
55-64 years 2,721 1.90 2.72 3.27 5.44 10.88
≥65 years 2,604 1.82 2.60 3.12 5.21 10.42

Water 
Intake, 
mL/kg/day Intake, mg per kg body weight/day

All consumers 44 0.031 0.044 0.053 0.088 0.176
<0.5 year 204 0.143 0.204 0.245 0.408 0.816
0.5-0.9 year 127 0.089 0.127 0.152 0.254 0.508
1-3 years 68 0.048 0.068 0.082 0.136 0.272
4-6 years 65 0.046 0.065 0.078 0.130 0.260
7-10 years 39 0.027 0.039 0.047 0.078 0.156
11-14 years 36 0.025 0.036 0.043 0.072 0.144
15-19 years 32 0.022 0.032 0.038 0.064 0.128
20-24 years 39 0.027 0.039 0.047 0.078 0.156
25-54 years 40 0.028 0.040 0.048 0.080 0.160
55-64 years 38 0.027 0.038 0.046 0.076 0.152
≥65 years 37 0.026 0.037 0.044 0.074 0.148

 aBased on water consumption rates estimated by EPA (2000a).

in Table B-15), and patients with renal insufficiency (Conzen et al. 1995). 
In general, higher MAC-hr resulted in higher peak serum inorganic fluoride 
concentration. None of the studies presented in Table B-15 shows clear 
evidence of renal impairment as a result of the increased serum fluoride con-
centration, except transient reduction in renal function among the elderly 
(>70 years) reported by Hase et al. (2000). Higher peak serum concentration 
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TABLE B-14 Estimated Intake of Fluoride from Community Water for 
99th Percentile Consumersa

Population Water Intake, 
mL/day

Fluoride Level.

0.7 mg/L 1 mg/L 1.2 mg/L 2 mg/L 4 mg/L

Intake, mg/day

All consumers 4,273 2.99 4.27 5.13 8.55 17.09
<0.5 year 1,366 0.96 1.37 1.64 2.73 5.46
0.5-0.9 year 1,529 1.07 1.53 1.83 3.06 6.12
1-3 years 1,387 0.97 1.39 1.66 2.77 5.55
4-6 years 1,985 1.39 1.99 2.38 3.97 7.94
7-10 years 1,999 1.40 2.00 2.40 4.00 8.00
11-14 years 2,564 1.79 2.56 3.08 5.13 10.26
15-19 years 3,863 2.70 3.86 4.64 7.73 15.45
20-24 years 5,356 3.75 5.36 6.43 10.71 21.42
25-54 years 4,735 3.31 4.74 5.68 9.47 18.94
55-64 years 4,222 2.96 4.22 5.07 8.44 16.89
≥65 years 3,668 2.57 3.67 4.40 7.34 14.67

Water 
Intake, 
mL/kg/day Intake, mg per kg body weight/day

All consumers 79 0.055 0.079 0.095 0.158 0.316
<0.5 year 240 0.168 0.240 0.288 0.480 0.960
0.5-0.9 year 170 0.119 0.170 0.204 0.340 0.680
1-3 years 112 0.078 0.112 0.134 0.224 0.448
4-6 years 95 0.067 0.095 0.114 0.190 0.380
7-10 years 60 0.042 0.060 0.072 0.120 0.240
11-14 years 54 0.038 0.054 0.065 0.108 0.216
15-19 years 62 0.043 0.062 0.074 0.124 0.248
20-24 years 80 0.056 0.080 0.096 0.160 0.320
25-54 years 65 0.046 0.065 0.078 0.130 0.260
55-64 years 58 0.041 0.058 0.070 0.116 0.232
≥65 years 53 0.037 0.053 0.064 0.106 0.212

 aBased on water consumption rates estimated by EPA (2000a).

was reported for smokers (Cousins et al. 1976; Laisalmi et al. 2003) and is 
associated with alcohol, obesity, and multiple drug use (Cousins et al. 1976). 
Because the reference point for the potential nephrotoxicity in these studies 
was the peak serum fluoride concentration, data are generally not available 
for an estimation of the total fluoride load or the area under the curve from 
the use of these anesthetics.
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reFerenCe intakes oF Fluoride

Table B-16 provides the median weight and range of fluoride intake 
(mg/day; safe and adequate daily dietary intake5), by age group, from the 
National Research Council (NRC 1989b). Table B-17 provides the reference 

5The term “safe and adequate daily dietary intake” was used by the NRC (1989b) “when 
data were sufficient to estimate a range of requirements, but insufficient for developing [a 
Recommended Dietary Allowance].” This category was to be accompanied by “the caution 
that upper levels in the safe and adequate range should not be habitually exceeded because 
the toxic level for many trace elements may be only several times usual intakes.” Use of this 

TABLE B-16 Summary of Estimated Safe and Adequate Daily Dietary 
Intakesa of Fluoride

Age, years Weight, kgb Range, mg/day Range, mg/kg/dayc

0-0.5 6 0.1 0.5 0.017 0.083
0.5-1 9 0.2 1.0 0.022 0.11
1-3 13 0.5 1.5 0.038 0.12
4-6 20 1.0 2.5 0.050 0.13
7-10 28 1.5 2.5 0.054 0.089

Males
11-14 45 1.5 2.5 0.033 0.056
15-18 66 1.5 2.5d 0.023 0.038
19-24 72 1.5 4.0e 0.021 0.056
25-50 79 1.5 4.0 0.019 0.051
51+ 77 1.5 4.0 0.019 0.052

Females
11-14 46 1.5 2.5 0.033 0.054
15-18 55 1.5 2.5d 0.027 0.045
19-24 58 1.5 4.0e 0.026 0.069
25-50 63 1.5 4.0 0.024 0.063
51+ 65 1.5 4.0 0.023 0.062

 aThe term “safe and adequate daily dietary intake” was used by the NRC (1989b) “when 
data were sufficient to estimate a range of requirements, but insufficient for developing [a 
Recommended Dietary Allowance].” This category was to be accompanied by “the caution 
that upper levels in the safe and adequate range should not be habitually exceeded because the 
toxic level for many trace elements may be only several times usual intakes.” Use of this term 
should not be taken to imply that the present committee considers these intakes to be safe or 
adequate.
 bMedian for age group.
 cCalculated from range (mg/day) and weight (kg) given for age groups.
 dUpper limit for children and adolescents (upper age not specified).
 eUpper limit for adults.

SOURCE: NRC 1989b.
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TABLE B-17 Summary of Dietary Reference Intakes of Fluoride

Age, years
Reference 
Weight, kg

Adequate Intake Tolerable Upper Intake

mg/d mg/kg/daya mg/d mg/kg/daya

0-0.5 7 0.01 0.0014 0.7 0.10
0.5-1 9 0.5 0.056 0.9 0.10
1-3 13 0.7 0.054 1.3 0.10
4-8 22 1 0.045 2.2 0.10
9-13 40 2 0.050 10 0.25
Boys 14-18 64 3 0.047 10 0.16
Girls 14-18 57 3 0.053 10 0.18
Males 19+ 76 4 0.053 10 0.13
Females 19+ 61 3 0.049 10 0.16

 aCalculated from intake (mg/day) and weight (kg) given for age groups by IOM (1997) and 
ADA (2005).

SOURCES: IOM 1997; ADA 2005.

weight and range of fluoride intake (mg/day; dietary reference intake), by 
age group, from the Institute of Medicine (IOM 1997) and the American 
Dental Association (ADA 2005). In both tables, the intakes in terms of mg/
kg/day were calculated from the cited information as indicated.

term should not be taken to imply that the present committee considers these intakes to be 
safe or adequate.
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appendix 
C

Ecologic and Partially Ecologic 
Studies in Epidemiology

Individual-level studies collect information on outcome, exposure, and 
covariates (potential confounders and effect modifiers) for each individual. 
Ecologic studies collect information about groups. Partially ecologic studies 
use a combination of individual-level and group-level variables.

The goal of most ecologic studies is to make inferences about individu-
als based on aggregated data. Unfortunately, severe bias can occur. (Bias in 
this context means systematic errors in the results of the analysis; it does 
not impugn the integrity or intention of the researchers). Ecologic bias has 
several sources (Greenland 1992; Greenland and Robins 1994; Morgenstern 
1998; Webster 2000):

•	 Nondifferential exposure misclassification within groups (which 
tends to bias results away from the null)

•	 Confounding within and between groups
•	 Effect measure modification within and between groups
•	 Misspecification error when model is nonlinear
•	 Inadequate control of covariates
•	 Magnification of bias by aggregation due to confounding by group 

and effect measure modification by group
•	 Failure to weight by population
•	 Failure to standardize both outcome and exposure in the same 

way.

Instead of simply dismissing all ecologic studies as unreliable, it is pref-
erable to estimate the direction and magnitude of potential biases. Quantify-
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ing bias in ecologic studies is quite difficult in practice. Nevertheless, certain 
design features tend to reduce ecologic bias, including the following:

1. Studies with outcome variables that can be modeled with weighted 
or ordinary least-squares regression (e.g., bone fluoride levels) are generally 
preferable to those with binary outcomes or rates, commonly modeled with 
logistic or log-linear regression. Nonlinear ecologic models can induce bias 
due to misspecification.

2. Exposure variables that are continuous on the individual-level before 
aggregation are generally preferable to those that are dichotomous (aggre-
gation of dichotomous exposures typically produces variables of the form 
“fraction exposed”). The latter can be subject to nondifferential exposure 
misclassification within groups, tending to bias ecologic studies away from 
the null; they also tend to increase the amount of bias magnification. In 
contrast, using of the average exposure within each group need not cause 
measurement error on the ecologic level, a special case of the Berkson error 
model. Errors of this type produce unbiased results in ordinary linear regres-
sion; in log-linear regression, bias also depends on variance of the errors.

3. Exposure should be as uniform as possible within groups but as dif-
ferent as possible between groups.

4. Avoid, if possible, confounders with highly nonlinear relationships to 
outcome, because these can be very difficult to control in ecologic studies.

The following two types of partially ecologic studies are often used in 
epidemiology.

1. Multilevel models typically supplement individual-level variables 
with contextual variables. The latter are intrinsically group-level variables 
that have no real counterpart on the individual-level, (e.g., herd immunity 
or income inequality).

2. Studies that measure outcome and covariates at the individual level, 
but exposure at the group level, are commonly used in environmental and 
occupational epidemiology. This design is sometimes called “semi-indi-
vidual.” For example, fluoride concentrations might be measured in the 
water system serving a community. Everyone in that group is assigned the 
same exposure. Exposure is an aggregated variable, not an intrinsically 
group-level variable. Feasibility is the typical reason for using this design; 
individual exposure measurements are typically expensive and time-consum-
ing, if they are possible at all.

The semi-individual kind of partially ecologic study can be thought of 
as individual-level with exposure measurement error. Unfortunately, semi-
individual studies are not necessarily free of ecologic bias. Suppose the 
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ecologic exposure variable is the fraction exposed in the group (aggregated 
from dichotomous exposures at the individual level). Nondifferential expo-
sure misclassification within groups tends to produce bias away from the 
null as in ecologic studies. Although bias magnification (see list above) can 
occur, the amount of bias tends to be intermediate between a fully ecologic 
study and a fully individual study (at least in certain cases that have been 
analyzed). Because covariate information is collected at the individual level, 
the ability to control for confounding can be much better than with purely 
ecologic studies. For more discussions of these issues, see Webster (2000, 
2002) and Björk and Strömberg (2002).

In sum, semi-individual studies are generally more trustworthy than 
fully ecologic studies. Studies using exposure variables based on continuous 
individual-level exposures are preferable to those based on dichotomous 
individual-level exposures.
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appendix 
D

Comparative Pharmacokinetics 
of Rats and Humans

In healthy young and middle-aged adult humans, fasting plasma fluoride 
concentrations (expressed as micromoles per liter [µmol/L]) are thought to 
be approximately equal to concentrations in water (expressed as parts per 
million [ppm] or milligrams per liter [mg/L]) provided that water is the 
major source of chronic exposure (NRC 1993; Whitford 1996). Dunipace 
et al. (1995) exposed weanling male Sprague-Dawley rats to fluoride in wa-
ter plus a low-fluoride diet for 18 months. Plasma fluoride concentrations 
increased up to 3 months and remained fairly constant afterward. Plasma 
levels (µmol/L) were three to seven times less than water concentrations 
(ppm or mg/L) at several different concentrations and time points. In an-
other chronic experiment with Sprague-Dawley rats, plasma/water fluoride 
ratios decreased from 4.2 at 2 months to 1.5 at 18 months (Whitford and 
Birdsong-Whitford 2000; G. Whitford, University of Georgia, personal 
communication, June 2, 2004). The reason for the difference between the 
experiments is unclear. Dunipace et al. (1995) concluded that rats require 
about five times greater water concentrations than humans to reach the 
same plasma concentration. That factor appears uncertain, in part because 
the ratio can change with age or length of exposure. In addition, this ap-
proach compares water concentrations, not dose. Plasma levels can also 
vary considerably both between people and in the same person over time 
(Ekstrand 1978).

Comparing bone fluoride levels in a 16-week rat experiment with hu-
man data from Zipkin et al. (1958), Turner et al. (1992) estimated that 
“humans incorporate fluoride ~18 times more readily than rats when the 
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rats are on a normal calcium diet.” The comparison was based on water 
fluoride concentrations.

Several longer-term animal experiments are compared in Table D-1. The 
National Toxicology Program (NTP) (Bucher et al. 1991) and Maurer et 
al. (1990) experiments are well-known long-term fluoride carcinogenicity 
assays. Of the four studies, Maurer et al. (1990) added fluoride to feed; the 
others added fluoride to water. Figure D-1 shows results for male rats for the 
three studies that added fluoride to water. Fluoride bone concentrations for 
female rats were somewhat higher in the NTP study and somewhat lower 
in the Maurer et al. study. Femur and vertebra fluoride concentrations were 
similar in the Dunipace et al. (1995) study. Femur diaphysis fluoride con-
centrations were similar to concentrations in other sites, except for femur 
epiphysis, which was higher (Whitford and Birdsong-Whitford 2000; G. 
Whitford, University of Georgia, personal communication, June 2, 2004). 
Figure D-1 also shows regression lines through each set of rat data, as well as 
the crude and adjusted estimates for the human data (Zipkin et al. 1958) dis-
cussed earlier. The adjusted line estimates bone concentrations in males with 
70 years of residence, but the slope is very similar to the crude model.

Assuming that linear models are realistic in this range and that rats at 
18 to 24 months are roughly physiologically comparable to humans at 70 
years (Dunipace et al. 1995), the committee compared the slopes for the 
human and rat studies. The estimates in the left column of Table D-2 (bone 
versus water) were computed by dividing the slopes for the human data by 
the slopes estimated for the Dunipace and NTP rat studies. (The commit-

TABLE D-1 Four Chronic Rat Experiments That Measured Fluoride in 
Bone

Dunipace et al. 
1995 NTPa

Maurer et al. 
1990

Whitford and 
Birdsong-Whitford 
2000b

Strain Sprague-Dawley F344/N Sprague-Dawley Sprague-Dawley
Sampling 3, 6, 12, 18 months 103 weeks 99 weeks 2, 6, 12, 18 months
Start time Weanling Weanling 6 weeks 6 weeks
Sex M M, F M, F
Water fluoride, 

mg/L
0, 5, 15, 50 0, 11, 45, 79 — 1, 10, 100

Diet fluoride, 
ppm

≤1.2 8 Various

Bone samples Femur, vertebra Humerus Radius, ulna Femur, radius, 
calvarium

 aThe NTP results were published by Bucher et al. (1991).
 bData are available only in abstract form; unpublished data provided by G. Whitford, 
University of Georgia, personal communication, June 2, 2004
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FIGURE D-1 Comparison of bone concentrations in humans and rats on 
the basis of drinking water concentration

Male rats: NTP (humerus), Whitford (femur diaphysis), Dunipace (femur).
Zipkin data: Regression results from crude and adjusted model, the latter 

assuming males and 70 years residency.

Regression results:
Dunipace: y = 625 + 147x (r2 = 0.97)
NTP: y = 443 + 63.1x (r2 = 0.99)
Human (crude): y = 517 + 1,549x
Human (adjusted to male, 70 years residence): y = 1,300 + 1,527x

tee also estimated two slopes for the human data, crude and adjusted for 
length of residency and sex. The crude and adjusted estimates are similar, 
barely changing the ratios in Table D-2.) These results suggest that rats 
require water concentrations 10 to 20 times higher than humans to achieve 
comparable bone fluoride concentrations.

Why are the Dunipace bone concentrations larger than the NTP re-
sults? As shown in Table D-1, the NTP study was longer and had higher 
fluoride concentrations in feed, but both of those factors should increase 
bone concentrations. The use of different rat strains could contribute to the 
difference. Type of bone is unlikely to explain the difference. Even if water 
concentrations are the same, doses might be different. The NTP study pro-
vided estimates of average absorbed fluoride doses (assuming 100% from 
water, 60% from feed) of 0.2, 0.8, 2.5, and 4.1 mg/kg/day for the four 
experimental groups. Using data provided by Dunipace et al. (1995), the 
committee estimates average fluoride doses of 0.042, 0.34, 0.96, and 2.83 
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TABLE D-2 Comparative Uptake of Fluoride 
Between Humans and Rats

Bone Versus Water Bone Versus Dosea

Zipkin/NTP 24 to 25b 42
Zipkin/Dunipace 10 to 11b 20
Zipkin/Maurer NA 40

 aUse of the crude and adjusted human models produces very similar 
results (difference of less than 1).
 bThe lower value uses the adjusted human model (male, 70 years 
residency); the higher value uses the crude human model.

mg/kg/day for the four experimental groups (divide fluoride intake, µg/day, 
by body weight for each water concentration and each time interval: 3, 6, 
12, and 18 months). At each water concentration, the doses decrease over 
time. Compute the time-weighted average dose. That does not account for 
absorption, but feed intake is a small fraction of the total, especially for 
higher doses. Figure D-2 plots the average doses versus bone fluoride for 
both studies. Use of average dose reduces the difference in slopes between 
the Dunipace and NTP studies but not very much. Dunipace et al. found that 
bone fluoride concentrations increased very rapidly in the first 3 months, 
followed by a slow increase. As a result, average dose might not be the best 
metric. On the basis of water consumption rates, exposures appear similar 
at 3 months (C. Turner, Indiana University, personal communication). Cal-
cium concentrations in feed were higher in the NTP study (0.6 ppm) than 
in the Dunipace study (0.5 ppm), reducing fluoride absorption (C. Turner, 
Indiana University, personal communication). The slope estimated for the 
Maurer data lies between the other two, but the results of this experiment 
appear to be nonlinear.

To estimate dose for the Zipkin data, the committee assumed the same 
water consumption (2 L/day) and body weight (70 kg) for every subject, 
based on standard the U.S. Environmental Protection Agency figures. This 
assumption multiplies the slope calculated earlier by a constant, 70/2.

The right-hand column of Table D-2 compares human and rat fluoride 
uptake on an average dose basis. The ratio of the slopes has increased to 
20 to 40. The ratios would be higher if a smaller water consumption rate 
for humans had been assumed. The very high bone concentration predicted 
by Rao et al. (1995) for women exposed to fluoride in drinking water at 4 
mg/L for 70 years suggests an even higher ratio.

Because many assumptions were involved in estimating the values pre-
sented in Table D-2, they should be used with caution. But values support 
a rat-to-human conversion factor for bone fluoride uptake of at least an 
order of magnitude.
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446 APPENDIX D

FIGURE D-2 Comparison of bone concentrations in humans and rats on 
the basis of estimated dose.

To keep the results visible, the figure omits the high data point from Maurer 
et al. (11.3 mg of fluoride/kg/day, 16,760 mg/kg ash).

Male rats: NTP (humerus), Dunipace (femur), Maurer (radius and ulna).
Zipkin data: Regression results from crude and adjusted model, the latter 

assuming males and 70 years residency.

Regression results:
Dunipace: y = 415 + 2,664x (r2 = 0.98)
NTP: y = 145 + 1,283x (r2 = 0.99)
Maurer: y = 1,911+1,345x (r2 = 0.98)
Human (crude): y = 517 + 1,549(70/2)x
Human (adjusted to male, 

70 years residence): y = 1,300 + 1,527(70/2)x
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appendix 
E

Detailed Information on 
Endocrine Studies of Fluoride

The tables that follow contain detailed information on the endocrine 
studies discussed in Chapter 8, including study design, exposure informa-
tion, and reported effects. Exposure conditions and duration and fluoride 
concentrations are provided as given in the published articles. Many of the 
tables include estimates of exposure in units of mg/kg/day to aid in compar-
ing studies. When possible, these estimates were made from information 
(e.g., intake rate of drinking water, body weight) given in the articles. Where 
such information was not available in a published article, the assumptions 
used to make the estimates are listed in footnotes to the tables. Note that 
for most of the human studies, the exposure estimates (mg/kg/day) are for 
typical or average values for the groups and do not reflect the full range of 
likely exposures.
.
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4�6 APPENDIX E

TABLE E-3 Summary of Selected Findings for Fluoride-Exposed Dairy 
Cows

Herda
Number 
Observed

Urinary 
Fluoride, 
mg/Lb

Serum T4, 
µg/dLc

Serum T3, 
ng/dLd

Plasma 
Calcium, 
mg/dLe

W 12 2.92 ± 0.52 4.60 ± 0.34 175 ± 7.2 10.1 ± 0.15
B 12 5.37 ± 0.43 4.83 ± 0.19 168 ± 5.8 9.5 ± 0.11
M 12 6.39 ± 0.92 5.30 ± 0.38 177 ± 8.4 9.6 ± 0.11
G 12 6.33 ± 0.74 4.82 ± 0.28 159 ± 7.7 9.4 ± 0.15
P 12 3.47 ± 0.47 — — 9.3 ± 0.12
S1 12 6.29 ± 1.08 3.59 ± 0.26 126 ± 8.4 9.1 ± 0.17
C4 9 —f 2.21 ± 0.54 — 9.5 ± 0.14
V3 10 — 3.35 ± 0.47 — 9.5 ± 0.13
B2 13 — 3.39 ± 0.42 — 8.9 ± 0.12

 aHerd identification as reported by Hillman et al. (1979). Enamel fluorosis and elevated 
bone fluoride were confirmed in herds S1, C4, V3, and B2. Cows were uniformly distributed 
throughout lactation in all herds.
 bW < all others (P < 0.05).
 cC4 < all others; S1, V3, B2 < W, B, M, G (P < 0.05).
 dS1 < W, B, M, G (P < 0.05).
 eB2 < M, W; S1, P, G < W (P < 0.05).
 f—indicates not measured or not reported.

SOURCE: Hillman et al. 1979. Reprinted with permission; copyright 1979, Journal of Dairy 
Science.
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APPENDIX E 46�

TABLE E-5 Summary of Selected Parameters for Six South African 
Towns

Town
Sample 
Size

Fluoride in 
Drinking 
Water, mg/L

Goiter 
Prevalence, 
%

Median 
Urinary 
Iodine, µg/La

Iodine in 
Drinking 
Water, µg/Lb

Iodine in 
Iodized 
Salt, ppm

Williston 85 0.3 15.3 > 201 105 28
Victoria West 127 0.5 17.3 > 201 > 201 5
Frazerburg 87 0.9 18.4 193 127 11
Carnarvon 95 1.1 5.2 > 201 —c 9
Brandvlei 94 1.7 27.7 > 201 > 201 5
Kenhardt 183 2.6 29.0 > 201 143 4

 aReported as > 1.58, > 1.58, 1.52, > 1.58, > 1.58, and > 1.58 µmol/L, respectively.
 bReported as 0.83, > 1.58, 1.00, > 1.58, and 1.13 µmol/L, respectively.
 cNo water sample.

SOURCE: Jooste et al. 1999. Reprinted with permission; copyright 1999, Macmillian Publishers 
Ltd.
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4�2 APPENDIX E

TABLE E-15 Effects of Fluoride on Pineal Function in Animal and 
Human Studies

Species
Exposure 
Conditions

Concentration or 
Dosea

Exposure 
Duration Effects Reference

Mongolian gerbil (Meriones 
unguiculatus; males and 
females, from birth)

Fluoride 
in feed 
(primarily); 
oral 
administration 
of fluoride 
through 24 
days for high-
fluoride group

Low-fluoride 
group, 7 mg/kgfeed 
after age 24 days
[0.7 mg/kg/day]b

High-fluoride 
group, 2.3 mg/kg/
day orally, 5 days/
week through age 
24 days; 37 mg/
kgfeed thereafter
[3.7 mg/kg/day]b,c

Birth through 28 
weeks
24-hour urinary 
6-sulfatoxymelatonin 
measured at 7, 9, 
11.5, 16, 28 weeks

Altered rhythms and peaks of melatonin production; significantly lower pineal 
melatonin production in prepubescent gerbils in high-fluoride than in low-
fluoride group.
Sexual maturation in females occurred earlier in high-fluoride group (79% 
versus 42% showing vaginal opening at 7 weeks and 70% versus 16% 
showing differentiated ventral glands at 11.5 weeks).
Lower testicular weight at 16 weeks in males.
At 28 weeks, fluoride concentration in trabecular bone ash was 600-700 mg/kg 
in low-fluoride animals and 2,800 mg/kg in high-fluoride animals.

Luke 1997

Humans (female; 233 in 
Newburgh, NY; 172 in 
Kingston, NY)
Ecologic study; most of the 
eligible children in both cities; 
nonblinded

Fluoride in 
drinking 
water

Newburgh, 1.2 
mg/L
[0.01-0.2 
mg/kg/day]d

Kingston, 
“essentially 
fluoride-free”
[0.001-0.02 
mg/kg/day]e

Up to 10 years 
(ages 7-18 at time 
of study; ages 
at beginning of 
exposure varied 
from prenatal to 9 
years)

Average age at menarche 12 years in Newburgh, versus 12 years 5 months in 
Kingston; described as not statistically significant.
At time of study, 35.2% in Newburgh and 35.0% in Kingston were past 
menarche (adjusted for age distribution).
Distributions of actual menarcheal age not available.
Girls exposed since birth or before had not yet reached menarche.

Schlesinger 
et al. 1956

Humans (female; 337 in 
Kunszentmárton and 467 in 
Kiskunmajsa, ages 10-19.5 at 
time of study)
Ecologic study; probably 
included most of the eligible 
children in both cities; 
nonblinded

Fluoride in 
drinking 
water 
(probably 
natural 
fluoride)

Kunszentmárton, 
1.09 mg/L
Kiskunmajsa, 0.17 
mg/L
[0.01-0.2 mg/kg/
day versus 0.001-
0.02 mg/kg/day]f

Lifelong Median value of menarcheal age; 12.779 years in Kunszentmárton and 12.79 
years in Kiskunmajsa; distributions of actual menarcheal age not available.
Distributions of the frequency of girls having reached menarche by the time 
of the study show, for most age groups below 15 years, higher likelihood of 
having reached menarche for Kunszentmárton than for Kiskunmajsa (data 
were not adjusted for different age distributions in the two towns).
Of those reporting having reached menarche by the time of the study (159 
in Kunszentmárton and 270 in Kiskunmajsa), the youngest were 10 (1 girl), 
11 (2 girls), and 11.5 (6 girls) in Kunszentmárton (8.0% of the total in the 
10-11.5 age groups, 5.7% of all postmenarcheal girls) and 11.5 (5 girls) 
in Kiskunmajsa (4.7% of the total in the 10-11.5 age groups, 1.9% of all 
postmenarcheal girls).

Farkas et 
al. 1983

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on estimated feed consumption of about 10% of body weight per day.
 cHigh-fluoride group was given 50 mg/L in drinking water during 24-hour metabolism 
studies when usual feed was not given.
 dEstimated fluoride intakes based on ranges of weight and water consumption for children 
aged 0-18 and fluoride concentration of 1.2 mg/L in drinking water; higher fluoride intakes 
are associated with the smallest children or the highest water intakes. Some individual intakes 
could have been lower or higher than the range shown.
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APPENDIX E 4�3

TABLE E-15 Effects of Fluoride on Pineal Function in Animal and 
Human Studies

Species
Exposure 
Conditions

Concentration or 
Dosea

Exposure 
Duration Effects Reference

Mongolian gerbil (Meriones 
unguiculatus; males and 
females, from birth)

Fluoride 
in feed 
(primarily); 
oral 
administration 
of fluoride 
through 24 
days for high-
fluoride group

Low-fluoride 
group, 7 mg/kgfeed 
after age 24 days
[0.7 mg/kg/day]b

High-fluoride 
group, 2.3 mg/kg/
day orally, 5 days/
week through age 
24 days; 37 mg/
kgfeed thereafter
[3.7 mg/kg/day]b,c

Birth through 28 
weeks
24-hour urinary 
6-sulfatoxymelatonin 
measured at 7, 9, 
11.5, 16, 28 weeks

Altered rhythms and peaks of melatonin production; significantly lower pineal 
melatonin production in prepubescent gerbils in high-fluoride than in low-
fluoride group.
Sexual maturation in females occurred earlier in high-fluoride group (79% 
versus 42% showing vaginal opening at 7 weeks and 70% versus 16% 
showing differentiated ventral glands at 11.5 weeks).
Lower testicular weight at 16 weeks in males.
At 28 weeks, fluoride concentration in trabecular bone ash was 600-700 mg/kg 
in low-fluoride animals and 2,800 mg/kg in high-fluoride animals.

Luke 1997

Humans (female; 233 in 
Newburgh, NY; 172 in 
Kingston, NY)
Ecologic study; most of the 
eligible children in both cities; 
nonblinded

Fluoride in 
drinking 
water

Newburgh, 1.2 
mg/L
[0.01-0.2 
mg/kg/day]d

Kingston, 
“essentially 
fluoride-free”
[0.001-0.02 
mg/kg/day]e

Up to 10 years 
(ages 7-18 at time 
of study; ages 
at beginning of 
exposure varied 
from prenatal to 9 
years)

Average age at menarche 12 years in Newburgh, versus 12 years 5 months in 
Kingston; described as not statistically significant.
At time of study, 35.2% in Newburgh and 35.0% in Kingston were past 
menarche (adjusted for age distribution).
Distributions of actual menarcheal age not available.
Girls exposed since birth or before had not yet reached menarche.

Schlesinger 
et al. 1956

Humans (female; 337 in 
Kunszentmárton and 467 in 
Kiskunmajsa, ages 10-19.5 at 
time of study)
Ecologic study; probably 
included most of the eligible 
children in both cities; 
nonblinded

Fluoride in 
drinking 
water 
(probably 
natural 
fluoride)

Kunszentmárton, 
1.09 mg/L
Kiskunmajsa, 0.17 
mg/L
[0.01-0.2 mg/kg/
day versus 0.001-
0.02 mg/kg/day]f

Lifelong Median value of menarcheal age; 12.779 years in Kunszentmárton and 12.79 
years in Kiskunmajsa; distributions of actual menarcheal age not available.
Distributions of the frequency of girls having reached menarche by the time 
of the study show, for most age groups below 15 years, higher likelihood of 
having reached menarche for Kunszentmárton than for Kiskunmajsa (data 
were not adjusted for different age distributions in the two towns).
Of those reporting having reached menarche by the time of the study (159 
in Kunszentmárton and 270 in Kiskunmajsa), the youngest were 10 (1 girl), 
11 (2 girls), and 11.5 (6 girls) in Kunszentmárton (8.0% of the total in the 
10-11.5 age groups, 5.7% of all postmenarcheal girls) and 11.5 (5 girls) 
in Kiskunmajsa (4.7% of the total in the 10-11.5 age groups, 1.9% of all 
postmenarcheal girls).

Farkas et 
al. 1983

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on estimated feed consumption of about 10% of body weight per day.
 cHigh-fluoride group was given 50 mg/L in drinking water during 24-hour metabolism 
studies when usual feed was not given.
 dEstimated fluoride intakes based on ranges of weight and water consumption for children 
aged 0-18 and fluoride concentration of 1.2 mg/L in drinking water; higher fluoride intakes 
are associated with the smallest children or the highest water intakes. Some individual intakes 
could have been lower or higher than the range shown.

 eEstimated as a factor of 10 lower than for a fluoride concentration of 1.2 mg/L. Some 
individual intakes could have been lower or higher than the range shown.
 fRanges assumed to be close to those given for Schlesinger et al. (1956) above. Some 
individual intakes could have been lower or higher than the ranges shown.
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4�4 APPENDIX E

TABLE E-16 Effects of Fluoride on Other Endocrine Organs in 
Experimental Animals

Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rabbits (young adult) Intravenous 3 mg/kg/day 2 months Adrenal weights averaged 20% greater than in controls.
Body weight increase was 17% lower than in controls.

Stormont 
et al. 
1931

Rats (Long-Evans; 2 groups, 
each with 10 experimental 
and 5 control; age 49 or 52 
days at start, 160-180 g)

Intraperitoneal
(controls 
injected with 
NaCl)

Acute, 406.47 mg, NaF total
[average dose, 68 mg/kg/day]b

Chronic, 1131.65 mg of NaF 
total
[average dose, 18 mg/kg/day]b

Acute, 15 
days
Chronic, 
100 days

Acute: 7 of 10 survived, 6 were analyzed (1 “exhibited such bizarre overall 
changes” that it was omitted from the study).
Chronic: 5 of 10 survived.
Increased adrenal weight (about 30%) in both groups; enlarged adrenal cortex; 
normal cortical and medullary cytology.
Increased width of connective tissue and increased mitotic activity in pancreases 
of most animals.

Ogilvie 
1953

Rats (Hebrew University 
albino, males; infants at 
start, 30-32 g)
See also Table E-l

Drinking 
water

0.55, 1, or 10 mg/L
[0.055, 0.1, and 1 mg/kg/day]c

9 months No histological changes or weight differences in adrenals or pancreases; increase 
in pituitary weight (not significant for 1 mg/L, significant for 10 mg/L).

Gedalia 
et al. 
1960

Rats (Sprague-Dawley, 
males, 325-350 g)

Intravenous 6 mg/kg/hour 3 hours Depression of glucose utilization, measured in terms of the output of 14CO2; 
serum glucose was not measured but presumably was elevated in accordance 
with decreased utilization.

Dost 
et al. 
1977

Rats (Wistar)
See also Table E-1

Drinking 
water and diet

Water: 0, 1, 5, 10, 50, 100, or 
200 mg/L
Diet: 0.31 or 34.5 ppm
[0, 0.1, 0.5, 1, 5, 10, or 20 mg/
kg/day from water and 0.025 
or 2.8 mg/kg/day from feed]d

54-58 days Decrease in pituitary weight in animals receiving 200 mg/L in drinking water.
Decreased TSH and growth hormone in animals receiving 100 or 200 mg/L in 
drinking water.
Full details not available.

Hara 
1980

Rats (Wistar albino, males, 
95-105 g)

Intraperitoneal
(controls 
injected with 
NaCl)

15.8 mg/kg (35 mg/kg of NaF) Single dose Elevated serum glucose and enhanced glucose-6-phosphate dehydrogenase 
(G6PD) activities in liver and kidney; attributed to stimulation of 
adrenal function, both medullary and cortical; changes in glucose 
concentrations and G6PD activities suppressed by adrenalectomy but not by 
thyroid-parathyroidectomy.

Suketa et 
al. 1985

Rats (inbred strain IIM, 
females, 180-220 g)

Oral 
administration 
of NaF by 
gastric tube

7.6 mg/kg Single 
dose, after 
fasting for 
24 hours

Immediate fall in insulin concentrations (to 50% of basal concentration after 
15 minutes) and consequent increase in glycemia (peak at about 1 1/2 hours), 
returned to normal in 4-5 hours.
Decreased insulin response to glucose challenge when fluoride administered 15 
minutes before glucose challenge (versus together with or immediately after).
Appeared to be direct effect on insulin secretion, not on insulin receptors; 
hypoglycemic response to exogenous insulin was not impaired by pretreatment 
with fluoride.
Plasma fluoride: 0.1-0.3 mg/L (5-15 µmol/L).

Rigalli 
et al. 
1990
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TABLE E-16 Effects of Fluoride on Other Endocrine Organs in 
Experimental Animals

Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rabbits (young adult) Intravenous 3 mg/kg/day 2 months Adrenal weights averaged 20% greater than in controls.
Body weight increase was 17% lower than in controls.

Stormont 
et al. 
1931

Rats (Long-Evans; 2 groups, 
each with 10 experimental 
and 5 control; age 49 or 52 
days at start, 160-180 g)

Intraperitoneal
(controls 
injected with 
NaCl)

Acute, 406.47 mg, NaF total
[average dose, 68 mg/kg/day]b

Chronic, 1131.65 mg of NaF 
total
[average dose, 18 mg/kg/day]b

Acute, 15 
days
Chronic, 
100 days

Acute: 7 of 10 survived, 6 were analyzed (1 “exhibited such bizarre overall 
changes” that it was omitted from the study).
Chronic: 5 of 10 survived.
Increased adrenal weight (about 30%) in both groups; enlarged adrenal cortex; 
normal cortical and medullary cytology.
Increased width of connective tissue and increased mitotic activity in pancreases 
of most animals.

Ogilvie 
1953

Rats (Hebrew University 
albino, males; infants at 
start, 30-32 g)
See also Table E-l

Drinking 
water

0.55, 1, or 10 mg/L
[0.055, 0.1, and 1 mg/kg/day]c

9 months No histological changes or weight differences in adrenals or pancreases; increase 
in pituitary weight (not significant for 1 mg/L, significant for 10 mg/L).

Gedalia 
et al. 
1960

Rats (Sprague-Dawley, 
males, 325-350 g)

Intravenous 6 mg/kg/hour 3 hours Depression of glucose utilization, measured in terms of the output of 14CO2; 
serum glucose was not measured but presumably was elevated in accordance 
with decreased utilization.

Dost 
et al. 
1977

Rats (Wistar)
See also Table E-1

Drinking 
water and diet

Water: 0, 1, 5, 10, 50, 100, or 
200 mg/L
Diet: 0.31 or 34.5 ppm
[0, 0.1, 0.5, 1, 5, 10, or 20 mg/
kg/day from water and 0.025 
or 2.8 mg/kg/day from feed]d

54-58 days Decrease in pituitary weight in animals receiving 200 mg/L in drinking water.
Decreased TSH and growth hormone in animals receiving 100 or 200 mg/L in 
drinking water.
Full details not available.

Hara 
1980

Rats (Wistar albino, males, 
95-105 g)

Intraperitoneal
(controls 
injected with 
NaCl)

15.8 mg/kg (35 mg/kg of NaF) Single dose Elevated serum glucose and enhanced glucose-6-phosphate dehydrogenase 
(G6PD) activities in liver and kidney; attributed to stimulation of 
adrenal function, both medullary and cortical; changes in glucose 
concentrations and G6PD activities suppressed by adrenalectomy but not by 
thyroid-parathyroidectomy.

Suketa et 
al. 1985

Rats (inbred strain IIM, 
females, 180-220 g)

Oral 
administration 
of NaF by 
gastric tube

7.6 mg/kg Single 
dose, after 
fasting for 
24 hours

Immediate fall in insulin concentrations (to 50% of basal concentration after 
15 minutes) and consequent increase in glycemia (peak at about 1 1/2 hours), 
returned to normal in 4-5 hours.
Decreased insulin response to glucose challenge when fluoride administered 15 
minutes before glucose challenge (versus together with or immediately after).
Appeared to be direct effect on insulin secretion, not on insulin receptors; 
hypoglycemic response to exogenous insulin was not impaired by pretreatment 
with fluoride.
Plasma fluoride: 0.1-0.3 mg/L (5-15 µmol/L).

Rigalli 
et al. 
1990

continued

Copyright © National Academy of Sciences. All rights reserved.

Fluoride in Drinking Water:  A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

http://www.nap.edu/catalog/11571.html


4�6 APPENDIX E

Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rats (female, IIM line, age 
21 days at start)

Drinking 
water (NaF)

95 mg/L (5 mmol/L)
[10 mg/kg/day]c

100 days Subtle disturbance of glucose tolerance as shown by glucose tolerance tests, 
associated with period of elevated fluoride concentrations in plasma and 
soft tissue (deterioration of glucose tolerance for about 50 days and then 
normalization by 100 days, when maximum bone mass was achieved and 
plasma fluoride returned to normal concentrations).
Bone mass higher 6-12% greater in fluoride-treated animals (depending on 
portion of skeleton considered).
Bone fluoride (ppm in ash): controls, 1,160-1,410; treated, 6,880-8,550 
(depending on portion of skeleton considered).

Rigalli 
et al. 
1992

Rats (Sprague-Dawley, 
male, 40-50 g weanlings 
at start, 68-77 animals per 
group)

Drinking 
water

5, 15, or 50 mg/L
[0.26-0.45, 0.69-1.31, 
and 2.08-3.46 mg/kg/day] 
(changing with increasing body 
weight)

3, 6, 12, 
or 18 
months

“No significant effect” on fasting plasma glucose concentrations; specific data by 
treatment group not reported.

Dunipace 
et al. 
1995

Rats (female, IIM line, age 
21 days at start)

Drinking 
water (NaF)

95 mg/L (5 mmol/L)
[10 mg/kg/day]c

3 months Abnormal glucose tolerance tests when plasma diffusible fluoride exceeds 0.1 
mg/L (5 µmol/L).
Effects on glucose homeostasis not seen with equivalent (5 mmol/L) amount of 
sodium monofluorophosphate (MFP); plasma diffusable fluoride always below 
0.04 mg/L (2 µmol/L); protein-bound MFP did not affect glucose homeostasis.

Rigalli 
et al. 
1995

Rats (Zucker, males, normal 
and fatty diabetic, age-
matched, 8 weeks old at 
start of study, initial weights 
282 g for controls and 351 
g for diabetics)

Drinking 
water (NaF)
(minimal 
contribution 
from feed)

0, 5, 15, or 50 mg/L in 
drinking water
(<1.2 ppm in feed)
[Control: 0.05, 0.31, 0.85, and 
2.8 mg/kg/day
Diabetic: 0.09, 2.0, 6.0, and 
15.5 mg/kg/day]e

Reported doses for control 
rats (mg/kg/day): 0.33 for 5 
mg/L and 3.04 or 50 mg/L; for 
diabetic rats, 1.99 for 5 mg/L 
and 16.26 for 50 mg/L

3 or 6 
months

Water intake and fluoride intake approximately 6 times higher in diabetics than 
in controls for a given fluoride concentration; fluoride absorption about 75% 
in diabetics versus 63% in controls; fluoride retention about 40% (39-42%) in 
diabetics versus increasing with fluoride dose (27-45%) in controls.
Plasma and tissue fluoride concentrations increased with fluoride dose, 
significantly higher for diabetics than for controls.
Plasma fluoride (mg/L) in controls: 0.008-0.010, 0.015-0.017, 0.029, and 0.072-
0.082; in diabetics: 0.0097-0.012, 0.036-0.046, 0.10-0.12, and 0.26-0.36.f

Bone fluoride (ppm in ash) in controls: 171-194, 410-560, 872-1,330, and 
2,500-3,600; in diabetics: 200-310, 1,000-2,000, 2,700-4,700, and 6,800-9,500.
Same mean blood glucose value (453.5 ± 8.2 mg/dL) given for initial and final 
values in diabetic rats—one of them is probably not correct; for controls, initial 
value of 121.9 ± 1.7 mg/dL and final value of 129.6 ± 1.7 mg/dL.
Markers examined: plasma urea, glucose (nonfasting), creatinine, calcium, 
phosphorus, uric acid, cholesterol, total protein, albumin, total bilirubin, 
alkaline phosphatase, glutamate oxaloacetate transaminase; urine urea, 
creatinine; creatinine clearance; histological evaluations; bone marrow sister 
chromatid exchanges.
Significant differences in many parameters between normal and diabetic animals; 
with respect to fluoride intake, significant differences only for diabetic rats with 
fluoride at 50 mg/L (lower plasma cholesterol, higher total protein in plasma, 
increased width of tibial cortex).

Dunipace 
et al. 
1996
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Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rats (female, IIM line, age 
21 days at start)

Drinking 
water (NaF)

95 mg/L (5 mmol/L)
[10 mg/kg/day]c

100 days Subtle disturbance of glucose tolerance as shown by glucose tolerance tests, 
associated with period of elevated fluoride concentrations in plasma and 
soft tissue (deterioration of glucose tolerance for about 50 days and then 
normalization by 100 days, when maximum bone mass was achieved and 
plasma fluoride returned to normal concentrations).
Bone mass higher 6-12% greater in fluoride-treated animals (depending on 
portion of skeleton considered).
Bone fluoride (ppm in ash): controls, 1,160-1,410; treated, 6,880-8,550 
(depending on portion of skeleton considered).

Rigalli 
et al. 
1992

Rats (Sprague-Dawley, 
male, 40-50 g weanlings 
at start, 68-77 animals per 
group)

Drinking 
water

5, 15, or 50 mg/L
[0.26-0.45, 0.69-1.31, 
and 2.08-3.46 mg/kg/day] 
(changing with increasing body 
weight)

3, 6, 12, 
or 18 
months

“No significant effect” on fasting plasma glucose concentrations; specific data by 
treatment group not reported.

Dunipace 
et al. 
1995

Rats (female, IIM line, age 
21 days at start)

Drinking 
water (NaF)

95 mg/L (5 mmol/L)
[10 mg/kg/day]c

3 months Abnormal glucose tolerance tests when plasma diffusible fluoride exceeds 0.1 
mg/L (5 µmol/L).
Effects on glucose homeostasis not seen with equivalent (5 mmol/L) amount of 
sodium monofluorophosphate (MFP); plasma diffusable fluoride always below 
0.04 mg/L (2 µmol/L); protein-bound MFP did not affect glucose homeostasis.

Rigalli 
et al. 
1995

Rats (Zucker, males, normal 
and fatty diabetic, age-
matched, 8 weeks old at 
start of study, initial weights 
282 g for controls and 351 
g for diabetics)

Drinking 
water (NaF)
(minimal 
contribution 
from feed)

0, 5, 15, or 50 mg/L in 
drinking water
(<1.2 ppm in feed)
[Control: 0.05, 0.31, 0.85, and 
2.8 mg/kg/day
Diabetic: 0.09, 2.0, 6.0, and 
15.5 mg/kg/day]e

Reported doses for control 
rats (mg/kg/day): 0.33 for 5 
mg/L and 3.04 or 50 mg/L; for 
diabetic rats, 1.99 for 5 mg/L 
and 16.26 for 50 mg/L

3 or 6 
months

Water intake and fluoride intake approximately 6 times higher in diabetics than 
in controls for a given fluoride concentration; fluoride absorption about 75% 
in diabetics versus 63% in controls; fluoride retention about 40% (39-42%) in 
diabetics versus increasing with fluoride dose (27-45%) in controls.
Plasma and tissue fluoride concentrations increased with fluoride dose, 
significantly higher for diabetics than for controls.
Plasma fluoride (mg/L) in controls: 0.008-0.010, 0.015-0.017, 0.029, and 0.072-
0.082; in diabetics: 0.0097-0.012, 0.036-0.046, 0.10-0.12, and 0.26-0.36.f

Bone fluoride (ppm in ash) in controls: 171-194, 410-560, 872-1,330, and 
2,500-3,600; in diabetics: 200-310, 1,000-2,000, 2,700-4,700, and 6,800-9,500.
Same mean blood glucose value (453.5 ± 8.2 mg/dL) given for initial and final 
values in diabetic rats—one of them is probably not correct; for controls, initial 
value of 121.9 ± 1.7 mg/dL and final value of 129.6 ± 1.7 mg/dL.
Markers examined: plasma urea, glucose (nonfasting), creatinine, calcium, 
phosphorus, uric acid, cholesterol, total protein, albumin, total bilirubin, 
alkaline phosphatase, glutamate oxaloacetate transaminase; urine urea, 
creatinine; creatinine clearance; histological evaluations; bone marrow sister 
chromatid exchanges.
Significant differences in many parameters between normal and diabetic animals; 
with respect to fluoride intake, significant differences only for diabetic rats with 
fluoride at 50 mg/L (lower plasma cholesterol, higher total protein in plasma, 
increased width of tibial cortex).

Dunipace 
et al. 
1996
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Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rabbits (Dutch-Belted, 
female, 3 1/2 months old at 
start, 1.55 kg)
See also Table E-11

Drinking 
water

0 and 100 mg/L
[7-10.5 mg/kg/day]g

6 months Statistically significant (P < 0.05) increase in serum glucose (17%).
Increased IGF-1 (40%).
Insulin or other regulators of serum glucose were not measured.
No effect of fluoride on serum urea, creatinine, phosphorus, total protein, 
albumin, or bilirubin; serum glutamate oxaloacetate transaminase; or total 
alkaline phosphatase.
Increased serum fluoride (0.728 versus 0.0441 mg/L)h and bone fluoride (6,650-
7,890 versus 850-1,150 ppm in ash).

Turner 
et al. 
1997

Rats (Sprague-Dawley, 
male, 30-40 g weanlings at 
start, 432 animals total)

Drinking 
water
Either 
calcium-
deficient 
diet or diet 
deficient 
in protein, 
energy, or 
total nutrients

5, 15, or 50 mg/L
[0.5, 1.5, or 5 mg/kg/day]c

16 or 48 
weeks

No significant effect on fasting plasma glucose; specific data by fluoride 
treatment group not reported.
Combination of general malnutrition and calcium deficiency was not examined.

Dunipace 
et al. 
1998

 Rats (Charles River, Wistar, 
females, normal and with 
streptozotocin-induced 
diabetes, 8 per group)
C: normal, no fluoride in 
water
F10: normal, fluoride in 
water
D: diabetic, no fluoride in 
water
DF10: diabetic, fluoride in 
water
FF: normal, with fluoride 
intake adjusted to match 
that of DF10 (1.6-3 mg/day 
per rat)

Drinking 
water and 
feed (NaF 
in drinking 
water)

Drinking water:
Groups C and D, 0 mg/L
Groups F10 and DF10, 10 mg/L
Group FF, adjusted to match 
fluoride intake of DF10
Feed: 13 ppm (all groups)
[C: 1.0-1.5 mg/kg/day
F10: 2.1-2.9 mg/kg/day
D: 2.2-2.5 mg/kg/day
DF10: 8.4-18.6 mg/kg/day
FF: 8.3-11.8 mg/kg/day]i

3 weeks Normal rats had similar intakes of feed and water regardless of fluoride intake; 
final body weights were similar.
Diabetic rats had 3-5 times higher water intake than normal rats and almost 
twice the feed intake; final body weights for group D were lower than for 
normal rats; final body weights for group DF10 were lower than initial body 
weights.
Increase in overall severity of diabetes and higher fasting blood glucose 
concentrations in fluoride-treated diabetic rats; about 400 mg/dL (22 mM/L) in 
DF10 versus 250 mg/dL (14 mM/L) in D and 90 mg/dL (5 mmol/L) in C, F10, 
and FF.
Plasma fluoride (approximate, mg/L): C, 0.029; F10, 0.038; D, 0.038; DF10, 
0.095; FF, 0.057.j

Bone (femoral) fluoride (approximate, ppm in ash): C, 400; F10, 600; D, 400; 
DF10, 1000; FF, 1900).
Fluoride treatment in nondiabetic rats did not cause significant alteration of 
blood glucose concentrations.

Boros et 
al. 1998

Horses (6 total, 
thoroughbreds, average age 
5 years, average weight 509 
kg, euthanized at end of 
experiment)

Sevoflurane 
anesthesia

Not available Mean, 
18.5 hours

Mean plasma fluoride after 8 hours was 0.7-0.9 mg/L (38-45 µmol/L).
Total and ionized calcium decreased over time; ionized calcium remained within 
normal limits; total calcium below normal values after 2 hours.
Serum glucose concentrations increased throughout, exceeding normal 
concentrations at 6 hours and thereafter, but within the values commonly 
observed during general inhalation anesthesia in horses; glucosuria also present 
after 10 hours.

Driessen 
et al. 
2002
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Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rabbits (Dutch-Belted, 
female, 3 1/2 months old at 
start, 1.55 kg)
See also Table E-11

Drinking 
water

0 and 100 mg/L
[7-10.5 mg/kg/day]g

6 months Statistically significant (P < 0.05) increase in serum glucose (17%).
Increased IGF-1 (40%).
Insulin or other regulators of serum glucose were not measured.
No effect of fluoride on serum urea, creatinine, phosphorus, total protein, 
albumin, or bilirubin; serum glutamate oxaloacetate transaminase; or total 
alkaline phosphatase.
Increased serum fluoride (0.728 versus 0.0441 mg/L)h and bone fluoride (6,650-
7,890 versus 850-1,150 ppm in ash).

Turner 
et al. 
1997

Rats (Sprague-Dawley, 
male, 30-40 g weanlings at 
start, 432 animals total)

Drinking 
water
Either 
calcium-
deficient 
diet or diet 
deficient 
in protein, 
energy, or 
total nutrients

5, 15, or 50 mg/L
[0.5, 1.5, or 5 mg/kg/day]c

16 or 48 
weeks

No significant effect on fasting plasma glucose; specific data by fluoride 
treatment group not reported.
Combination of general malnutrition and calcium deficiency was not examined.

Dunipace 
et al. 
1998

 Rats (Charles River, Wistar, 
females, normal and with 
streptozotocin-induced 
diabetes, 8 per group)
C: normal, no fluoride in 
water
F10: normal, fluoride in 
water
D: diabetic, no fluoride in 
water
DF10: diabetic, fluoride in 
water
FF: normal, with fluoride 
intake adjusted to match 
that of DF10 (1.6-3 mg/day 
per rat)

Drinking 
water and 
feed (NaF 
in drinking 
water)

Drinking water:
Groups C and D, 0 mg/L
Groups F10 and DF10, 10 mg/L
Group FF, adjusted to match 
fluoride intake of DF10
Feed: 13 ppm (all groups)
[C: 1.0-1.5 mg/kg/day
F10: 2.1-2.9 mg/kg/day
D: 2.2-2.5 mg/kg/day
DF10: 8.4-18.6 mg/kg/day
FF: 8.3-11.8 mg/kg/day]i

3 weeks Normal rats had similar intakes of feed and water regardless of fluoride intake; 
final body weights were similar.
Diabetic rats had 3-5 times higher water intake than normal rats and almost 
twice the feed intake; final body weights for group D were lower than for 
normal rats; final body weights for group DF10 were lower than initial body 
weights.
Increase in overall severity of diabetes and higher fasting blood glucose 
concentrations in fluoride-treated diabetic rats; about 400 mg/dL (22 mM/L) in 
DF10 versus 250 mg/dL (14 mM/L) in D and 90 mg/dL (5 mmol/L) in C, F10, 
and FF.
Plasma fluoride (approximate, mg/L): C, 0.029; F10, 0.038; D, 0.038; DF10, 
0.095; FF, 0.057.j

Bone (femoral) fluoride (approximate, ppm in ash): C, 400; F10, 600; D, 400; 
DF10, 1000; FF, 1900).
Fluoride treatment in nondiabetic rats did not cause significant alteration of 
blood glucose concentrations.

Boros et 
al. 1998

Horses (6 total, 
thoroughbreds, average age 
5 years, average weight 509 
kg, euthanized at end of 
experiment)

Sevoflurane 
anesthesia

Not available Mean, 
18.5 hours

Mean plasma fluoride after 8 hours was 0.7-0.9 mg/L (38-45 µmol/L).
Total and ionized calcium decreased over time; ionized calcium remained within 
normal limits; total calcium below normal values after 2 hours.
Serum glucose concentrations increased throughout, exceeding normal 
concentrations at 6 hours and thereafter, but within the values commonly 
observed during general inhalation anesthesia in horses; glucosuria also present 
after 10 hours.

Driessen 
et al. 
2002
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Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rats (Wistar, adult females, 
150-170 g at start; fluoride 
administered during 
pregnancy and lactation)k

NaF orally by 
feeding tube

40 mg/kg/day NaF (18 mg/kg/
day fluoride to the mothers)

Day 6 of 
gestation 
through 
day 21 of 
lactation

Marked hypoglycemia in mothers and offspring, attributed to reduced feed 
consumption.
Reduced serum protein content, significant increases in serum sodium and 
potassium.
Significant recovery on withdrawal of NaF or supplementation with vitamins C, 
D, and E.

Verma 
and 
Guna 
Sherlin 
2002a

Rats (Wistar FL, males, 14 
weeks old, 8 treated, 10 
controls)

Intraperitoneal 
injection

35 mg/kg NaF (15.8 mg/kg 
fluoride) in physiological saline
Controls, saline only

Single 
dose, 
sacrificed 
90 minutes 
later

Hyperglycemia (47% increase), accompanied by impairment in renal function, 
decreased calcium concentrations (13%).

Grucka-
Mamczar 
et al. 
2005

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on average of initial and final mean body weights.
 cBased on water consumption of about 10% of body weight, with no significant differences 
in body weight with fluoride intake.
 dBased on water consumption of about 10% of body weight and feed consumption of about 
8% of body weight, with no significant differences in body weight with fluoride intake.
 eBased on final (6-month) mean body weights of 508.8 g for controls and 445.4 g for 
diabetics, with pretermination (3- and 6-month combined) metabolic data for fluoride 
intake.
 fPlasma fluoride (µmol/L) in controls: 0.42-0.54, 0.8-0.9, 1.5, and 3.8-4.3; in diabetics: 
0.51-0.65, 1.9-2.4, 5.5-6.1, and 13.6-19.2
 gBased on average daily water consumption of 163 mL, mean initial weight of 1.55 kg, and 
mean final weight of 2.33 kg for the fluoride-treated group.
 hSerum fluoride: 38.31 versus 2.32 µmol/L.
 IBased on average daily fluoride intake for days 1-4 with average initial body weight for 
all groups and average daily intake for days 15-21 with average final body weight for the 
group.
 jPlasma fluoride (approximate, µmol/L): C, 1.5; F10, 2; D, 2; DF10, 5; FF, 3.
 kIn many mammalian species, maternal fluoride exposures are not well reflected by fluoride 
concentrations in milk; therefore, the impacts of fetal exposure and of reduced milk production 
by the mothers must also be considered.
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Species and Strain
Exposure 
Conditions Concentration or Dosea

Exposure 
Duration Effects Reference

Rats (Wistar, adult females, 
150-170 g at start; fluoride 
administered during 
pregnancy and lactation)k

NaF orally by 
feeding tube

40 mg/kg/day NaF (18 mg/kg/
day fluoride to the mothers)

Day 6 of 
gestation 
through 
day 21 of 
lactation

Marked hypoglycemia in mothers and offspring, attributed to reduced feed 
consumption.
Reduced serum protein content, significant increases in serum sodium and 
potassium.
Significant recovery on withdrawal of NaF or supplementation with vitamins C, 
D, and E.

Verma 
and 
Guna 
Sherlin 
2002a

Rats (Wistar FL, males, 14 
weeks old, 8 treated, 10 
controls)

Intraperitoneal 
injection

35 mg/kg NaF (15.8 mg/kg 
fluoride) in physiological saline
Controls, saline only

Single 
dose, 
sacrificed 
90 minutes 
later

Hyperglycemia (47% increase), accompanied by impairment in renal function, 
decreased calcium concentrations (13%).

Grucka-
Mamczar 
et al. 
2005

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on average of initial and final mean body weights.
 cBased on water consumption of about 10% of body weight, with no significant differences 
in body weight with fluoride intake.
 dBased on water consumption of about 10% of body weight and feed consumption of about 
8% of body weight, with no significant differences in body weight with fluoride intake.
 eBased on final (6-month) mean body weights of 508.8 g for controls and 445.4 g for 
diabetics, with pretermination (3- and 6-month combined) metabolic data for fluoride 
intake.
 fPlasma fluoride (µmol/L) in controls: 0.42-0.54, 0.8-0.9, 1.5, and 3.8-4.3; in diabetics: 
0.51-0.65, 1.9-2.4, 5.5-6.1, and 13.6-19.2
 gBased on average daily water consumption of 163 mL, mean initial weight of 1.55 kg, and 
mean final weight of 2.33 kg for the fluoride-treated group.
 hSerum fluoride: 38.31 versus 2.32 µmol/L.
 IBased on average daily fluoride intake for days 1-4 with average initial body weight for 
all groups and average daily intake for days 15-21 with average final body weight for the 
group.
 jPlasma fluoride (approximate, µmol/L): C, 1.5; F10, 2; D, 2; DF10, 5; FF, 3.
 kIn many mammalian species, maternal fluoride exposures are not well reflected by fluoride 
concentrations in milk; therefore, the impacts of fetal exposure and of reduced milk production 
by the mothers must also be considered.
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TABLE E-17 Effects of Fluoride on Other Endocrine Organs in Humans

Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

76 male and female inmates of Japanese mental 
hospital
Observational study; summary of cases; 
cross-sectional

Thought to be 
from pesticide 
use

Not available
Chronic

Endocrine disturbances including melanosis in 20 of 76 patients; attributed to 
dysfunction of parathyroids and adrenals, reversed upon treatment for chronic 
fluorine poisoning.

Spira 
1962

41 Russian males with fluorosis, ages 33-45, 19 
controls (no contact with fluorine compounds)
Case-control study; cross-sectional; full details not 
available

Occupational 
exposure

Not available
>15 years for 
some

Elevated follicle-stimulating hormone and decreased testosterone in blood in all 
men with fluorosis; elevated blood luteinizing hormone in men with long-term 
exposure (>15 years).

Tokar’ 
and 
Savchenko 
1977

Volunteers in Argentina, 6 adults
Experimental study; subjects included the authors 
of the report and members of their laboratory

Oral 
administration 
to fasting 
persons

27 mg of fluoride 
(60 mg of NaF) 
[0.4 mg/kg]b

Single dose

After 1 hour, significant fall of plasma insulin concentrations and increased 
fluoride; reduced insulin response to glucose challenge.
Plasma fluoride: 0.1-0.3 mg/L (5-15 µmol/L).

Rigalli 
et al. 
1990

25 young adults (14 males, 11 females) in India 
with endemic fluorosis (skeletal and enamel), 
ages 15-30 years (nonobese, nonsmokers, no 
personal or family history of diabetes mellitus or 
hypertension)
25 controls with normal fluoride intake (age, sex, 
and body mass index matched; comparable social 
and working conditions)
Case-control study; cross-sectional for all; 
longitudinal for subjects initially found to have 
impaired glucose tolerance; tests were repeated 
after 6 months on a low-fluoride water source

Drinking water 2-13 mg/L in 
drinking water
[0.067-0.43 
mg/kg/day]c

Controls: < 1 
mg/L
[< 0.03 
mg/kg/day]c

Since birth

Impaired glucose tolerance (IGT) in 40% (6 males, 4 females); fasting serum 
fluoride concentrations positively correlated (P < 0.01) with area under glucose 
curve in those 10; effect appeared to be reversible on provision of drinking 
water with “acceptable” fluoride concentrations (<1 mg/L).
For all 25 endemic fluorosis patients, significant positive correlation between 
serum fluoride and fasting serum immunoreactive insulin; significant negative 
correlation between serum fluoride and fasting glucose:insulin ratio.
Normal serum calcium, inorganic phosphorus, and vitamin D; elevated serum 
alkaline phosphatase in patients with endemic fluorosis.
Urine fluoride (mg/L): fluorosis patients, 2-8; controls, 0.2-0.5.
Serum fluoride (mg/L): patients with IGT, 0.08 ± 0.04; patients with normal 
glucose tolerance, 0.02 ± 0.01; controls, 0.01 ± 0.009; IGT patients after 6 
months on low-fluoride water, 0.02 ± 0.01.

Trivedi 
et al. 
1993

Poland, residents of Skawina (living in the vicinity 
of an aluminum smelter) and Chorzów (employed 
in any of 3 industries); approximately 50 
individuals per group (approximately 200 total)
Ecologic measure of exposure (exposure to 
environmental fluorides from industrial pollution)

Airborne 
fluorides
Skawina: 
chronic 
exposure 
to fluorine 
compounds
Chorzów: 
chronic 
exposure to 
environmental 
fluorides and 
other toxic 
compounds

8-10 times 
the Maximum 
Allowable 
Concentration 
for fluoride of 
1.6 µg/m3 (12.8-
16 µg/m3)

Excessive excretion of fluorides in urine (53-100% with urine fluoride > 2.3 
mg/L; for Skawina, mean = 5.6 mg/L; SD = 2.5, n = 46), associated with 
a decrease in urine and erythrocyte magnesium concentrations (36-65% 
with urine magnesium < 5.4 mg/L); increased blood glucose and lactate 
concentrations, which were normalized by magnesium supplementation.
For Skawina, 74% had blood glucose results above the norm (70-100 mg/dL or 
3.89-5.55 mmol/L; n = 42).

Kedryna 
et al. 
1993
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TABLE E-17 Effects of Fluoride on Other Endocrine Organs in Humans

Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

76 male and female inmates of Japanese mental 
hospital
Observational study; summary of cases; 
cross-sectional

Thought to be 
from pesticide 
use

Not available
Chronic

Endocrine disturbances including melanosis in 20 of 76 patients; attributed to 
dysfunction of parathyroids and adrenals, reversed upon treatment for chronic 
fluorine poisoning.

Spira 
1962

41 Russian males with fluorosis, ages 33-45, 19 
controls (no contact with fluorine compounds)
Case-control study; cross-sectional; full details not 
available

Occupational 
exposure

Not available
>15 years for 
some

Elevated follicle-stimulating hormone and decreased testosterone in blood in all 
men with fluorosis; elevated blood luteinizing hormone in men with long-term 
exposure (>15 years).

Tokar’ 
and 
Savchenko 
1977

Volunteers in Argentina, 6 adults
Experimental study; subjects included the authors 
of the report and members of their laboratory

Oral 
administration 
to fasting 
persons

27 mg of fluoride 
(60 mg of NaF) 
[0.4 mg/kg]b

Single dose

After 1 hour, significant fall of plasma insulin concentrations and increased 
fluoride; reduced insulin response to glucose challenge.
Plasma fluoride: 0.1-0.3 mg/L (5-15 µmol/L).

Rigalli 
et al. 
1990

25 young adults (14 males, 11 females) in India 
with endemic fluorosis (skeletal and enamel), 
ages 15-30 years (nonobese, nonsmokers, no 
personal or family history of diabetes mellitus or 
hypertension)
25 controls with normal fluoride intake (age, sex, 
and body mass index matched; comparable social 
and working conditions)
Case-control study; cross-sectional for all; 
longitudinal for subjects initially found to have 
impaired glucose tolerance; tests were repeated 
after 6 months on a low-fluoride water source

Drinking water 2-13 mg/L in 
drinking water
[0.067-0.43 
mg/kg/day]c

Controls: < 1 
mg/L
[< 0.03 
mg/kg/day]c

Since birth

Impaired glucose tolerance (IGT) in 40% (6 males, 4 females); fasting serum 
fluoride concentrations positively correlated (P < 0.01) with area under glucose 
curve in those 10; effect appeared to be reversible on provision of drinking 
water with “acceptable” fluoride concentrations (<1 mg/L).
For all 25 endemic fluorosis patients, significant positive correlation between 
serum fluoride and fasting serum immunoreactive insulin; significant negative 
correlation between serum fluoride and fasting glucose:insulin ratio.
Normal serum calcium, inorganic phosphorus, and vitamin D; elevated serum 
alkaline phosphatase in patients with endemic fluorosis.
Urine fluoride (mg/L): fluorosis patients, 2-8; controls, 0.2-0.5.
Serum fluoride (mg/L): patients with IGT, 0.08 ± 0.04; patients with normal 
glucose tolerance, 0.02 ± 0.01; controls, 0.01 ± 0.009; IGT patients after 6 
months on low-fluoride water, 0.02 ± 0.01.

Trivedi 
et al. 
1993

Poland, residents of Skawina (living in the vicinity 
of an aluminum smelter) and Chorzów (employed 
in any of 3 industries); approximately 50 
individuals per group (approximately 200 total)
Ecologic measure of exposure (exposure to 
environmental fluorides from industrial pollution)

Airborne 
fluorides
Skawina: 
chronic 
exposure 
to fluorine 
compounds
Chorzów: 
chronic 
exposure to 
environmental 
fluorides and 
other toxic 
compounds

8-10 times 
the Maximum 
Allowable 
Concentration 
for fluoride of 
1.6 µg/m3 (12.8-
16 µg/m3)

Excessive excretion of fluorides in urine (53-100% with urine fluoride > 2.3 
mg/L; for Skawina, mean = 5.6 mg/L; SD = 2.5, n = 46), associated with 
a decrease in urine and erythrocyte magnesium concentrations (36-65% 
with urine magnesium < 5.4 mg/L); increased blood glucose and lactate 
concentrations, which were normalized by magnesium supplementation.
For Skawina, 74% had blood glucose results above the norm (70-100 mg/dL or 
3.89-5.55 mmol/L; n = 42).

Kedryna 
et al. 
1993
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Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

U.S., female osteoporosis patients (patients with 
previous history of hyperparathyroidism and 
several other conditions were excluded)
Initial recruitment included 203 in-state patients 
from previous fluoride trials and 95 controls 
who had not taken fluoride; of these, 40 fluoride 
patients and 43 controls were scheduled for 
appointments; 15 fluoride patients were no 
longer taking fluoride or failed the appointments; 
5 controls failed the appointments; final study 
included 25 fluoride patients and 38 controls 
(mean ages, 70.1 for fluoride group, 69.5 for 
controls)
Cross-sectional study; fluoride-treated patients 
and non-fluoride-treated controls recruited 
from database of osteoporosis patients of one 
investigator; fasting samples; analyses of drinking 
water, blood, and urine performed blindly; results 
reported as means of groups and as number outside 
the normal range for the parameter; urine and 
plasma fluoride clearly different between groups; 
no significant difference in mean water fluoride 
concentrationsSee also Table E-12

Slow-release 
sodium 
monofluoro-
phosphate 
plus 1,500 
mg/day calcium 
carbonate
Most controls 
(n = 38) 
had calcium 
supplementation

23 mg/day (mean 
dose)
[0.33 
mg/kg/day]b

1.4-12.6 years 
(mean, 4.2 years)

Mean fasting blood glucose concentrations 104.7 (SD = 53.0) for fluoride-
treated group and 95.2 (SD = 10.3) for controls (difference not considered 
significant); 3 of 25 fluoride-treated individuals outside normal range (versus 1 
of 38 controls). 
Urine fluoride (mg/L, mean and SD): fluoride group, 9,7 (4.1); controls, 0.8 
(0.5); plasma fluoride (mg/L, mean and SD)d: fluoride group, 0.17 (0.068); 
controls, 0.019 (0.0076).

Jackson 
et al. 
1994

China, healthy adults (approximately 120 per 
group, with either normal or inadequate nutritional 
intakes; mean ages of groups, 44.9-47.7 years)
Cross-sectional cohort study; subjects grouped 
by location (water fluoride concentration) and 
nutritional status; populations generally similar 
(e.g., socially and economically); estimated fluoride 
intakes and measurements of urine and plasma 
fluoride and other parameters were made for 
individuals but results reported only for groups; 
probably overlap between low (<0.3 mg/L) and 
middle (around 1 mg/L) fluoride exposure groups 
for each nutritional category; no mention of 
whether analyses were performed blindly
See also Table E-12

Drinking water
Normal 
nutrition defined 
as > 75 g/day 
protein and Ca 
>600 mg/day
Inadequate 
nutrition defined 
as <60 g/day 
protein and Ca 
<400 mg/day

0.23, 1.02, 
and 5.03 
mg/L (normal 
nutrition)
0.11, 0.90, 
and 4.75 mg/L 
(inadequate 
nutrition)
Estimated 
intakes: 1.70, 
3.49, and 14.8 
mg/day (normal 
nutrition); 1.20, 
2.64, 15.32 mg/
day (inadequate 
nutrition)
At least 35 years 
of continuous 
residency in the 
study area

No significant differences in mean blood glucose concentrations among groups.
Not clear whether samples were fasting or nonfasting.

Li et al. 
1995

TABLE E-17 Continued
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Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

U.S., female osteoporosis patients (patients with 
previous history of hyperparathyroidism and 
several other conditions were excluded)
Initial recruitment included 203 in-state patients 
from previous fluoride trials and 95 controls 
who had not taken fluoride; of these, 40 fluoride 
patients and 43 controls were scheduled for 
appointments; 15 fluoride patients were no 
longer taking fluoride or failed the appointments; 
5 controls failed the appointments; final study 
included 25 fluoride patients and 38 controls 
(mean ages, 70.1 for fluoride group, 69.5 for 
controls)
Cross-sectional study; fluoride-treated patients 
and non-fluoride-treated controls recruited 
from database of osteoporosis patients of one 
investigator; fasting samples; analyses of drinking 
water, blood, and urine performed blindly; results 
reported as means of groups and as number outside 
the normal range for the parameter; urine and 
plasma fluoride clearly different between groups; 
no significant difference in mean water fluoride 
concentrationsSee also Table E-12

Slow-release 
sodium 
monofluoro-
phosphate 
plus 1,500 
mg/day calcium 
carbonate
Most controls 
(n = 38) 
had calcium 
supplementation

23 mg/day (mean 
dose)
[0.33 
mg/kg/day]b

1.4-12.6 years 
(mean, 4.2 years)

Mean fasting blood glucose concentrations 104.7 (SD = 53.0) for fluoride-
treated group and 95.2 (SD = 10.3) for controls (difference not considered 
significant); 3 of 25 fluoride-treated individuals outside normal range (versus 1 
of 38 controls). 
Urine fluoride (mg/L, mean and SD): fluoride group, 9,7 (4.1); controls, 0.8 
(0.5); plasma fluoride (mg/L, mean and SD)d: fluoride group, 0.17 (0.068); 
controls, 0.019 (0.0076).

Jackson 
et al. 
1994

China, healthy adults (approximately 120 per 
group, with either normal or inadequate nutritional 
intakes; mean ages of groups, 44.9-47.7 years)
Cross-sectional cohort study; subjects grouped 
by location (water fluoride concentration) and 
nutritional status; populations generally similar 
(e.g., socially and economically); estimated fluoride 
intakes and measurements of urine and plasma 
fluoride and other parameters were made for 
individuals but results reported only for groups; 
probably overlap between low (<0.3 mg/L) and 
middle (around 1 mg/L) fluoride exposure groups 
for each nutritional category; no mention of 
whether analyses were performed blindly
See also Table E-12

Drinking water
Normal 
nutrition defined 
as > 75 g/day 
protein and Ca 
>600 mg/day
Inadequate 
nutrition defined 
as <60 g/day 
protein and Ca 
<400 mg/day

0.23, 1.02, 
and 5.03 
mg/L (normal 
nutrition)
0.11, 0.90, 
and 4.75 mg/L 
(inadequate 
nutrition)
Estimated 
intakes: 1.70, 
3.49, and 14.8 
mg/day (normal 
nutrition); 1.20, 
2.64, 15.32 mg/
day (inadequate 
nutrition)
At least 35 years 
of continuous 
residency in the 
study area

No significant differences in mean blood glucose concentrations among groups.
Not clear whether samples were fasting or nonfasting.

Li et al. 
1995

TABLE E-17 Continued
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Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

2 postmenopausal women in Argentina
Experimental study; subjects were members of the 
authors’ department who were receiving NaF as 
treatment for osteoporosis and who volunteered 
to undergo glucose tolerance tests; tests were 
administered in the fasting state

Treatment for 
osteoporosis

13.6 mg/day (30 
mg/day NaF)
[0.23 mg/kg/day]e 
9 and 24 months

Disturbed glucose homeostasis when given glucose tolerance test.
Plasma F: 0.11 and 0.13 mg/L (5.6 and 6.7 µM/L).

Rigalli 
et al. 
1995

24 women and 2 men, ages 44-66, former residents 
of an area of endemic fluorosis in Argentina
Ecologic exposure measure; cross-sectional study; 
fasting blood samples

Drinking water Not stated
Chronic

Inverse relationship between plasma fluoride and area under curve of insulin 
during a standard glucose tolerance test.
Plasma F: 0.01-0.18 mg/L (0.5-9.2 µM/L).
Urine F: > 1.1 mg/day.

de la Sota 
et al. 
1997

U.S., 199 adult volunteers (mean ages of groups, 
62.3, 58.6, 57.2 years)
Ecological study; cross-sectional; subjects grouped 
by location (water fluoride concentration); subjects 
not randomly selected; nonfasting samples; urine 
and plasma fluoride concentrations significantly 
different for groups; study parameters reported by 
groups; no information on whether analyses were 
performed blindly
See also Table E-12

Drinking water, 
natural fluoride
Dietary calcium 
and calcium 
concentrations 
in drinking 
water were not 
discussed

0.2, 1.0, 4.0 
mg/L
[0.003, 0.01, 
0.06 mg/kg/day]b

At least 30 years 
of continuous 
residency in their 
communities

No significant differences among mean glucose concentrations (nonfasting); all 
mean values were within normal ranges.

Jackson 
et al. 
1997

160 males ages 20-50 years, in Mexico
Ecologic exposure measure based on occupation; 
exposure groups overlapped; no information on 
selection of subjects

Drinking water 
alone for 27 
men (low 
group)
Occupational 
exposure and 
drinking water 
for 133 men 
(high group)

3.0 mg/L in 
drinking water
2-13 mg/day 
estimated for low 
group [0.03-0.19 
mg/kg/day]b

3.4-27.4 mg/day 
estimated for 
high group [0.05-
0.39 mg/kg/day]b

Chronic (at 
least 1 year for 
occupational 
exposure)

Elevated follicle stimulating hormone; decreased testosterone, inhibin B, and 
prolactin; apparent reduction in sensitivity of the hypothalamic-pituitary axis to 
negative feedback action from inhibin B.
Fluoride exposures of the two groups overlapped, and occupational exposures 
included other chemicals besides fluoride.

Ortiz-
Perez 
et al. 
2003

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on 70-kg per person.
 cBased on consumption of 2 L of drinking water per day by a 60-kg adult.
 dReported as 9.0 (3.6) µmol/L for the fluoride group and 1.0 (0.4) µmol/L for the 
controls.
 eBased on 60-kg per person.
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Study Population(s)
Exposure 
Conditions

Concentration 
or Dosea and 
Exposure 
Duration Effects Reference

2 postmenopausal women in Argentina
Experimental study; subjects were members of the 
authors’ department who were receiving NaF as 
treatment for osteoporosis and who volunteered 
to undergo glucose tolerance tests; tests were 
administered in the fasting state

Treatment for 
osteoporosis

13.6 mg/day (30 
mg/day NaF)
[0.23 mg/kg/day]e 
9 and 24 months

Disturbed glucose homeostasis when given glucose tolerance test.
Plasma F: 0.11 and 0.13 mg/L (5.6 and 6.7 µM/L).

Rigalli 
et al. 
1995

24 women and 2 men, ages 44-66, former residents 
of an area of endemic fluorosis in Argentina
Ecologic exposure measure; cross-sectional study; 
fasting blood samples

Drinking water Not stated
Chronic

Inverse relationship between plasma fluoride and area under curve of insulin 
during a standard glucose tolerance test.
Plasma F: 0.01-0.18 mg/L (0.5-9.2 µM/L).
Urine F: > 1.1 mg/day.

de la Sota 
et al. 
1997

U.S., 199 adult volunteers (mean ages of groups, 
62.3, 58.6, 57.2 years)
Ecological study; cross-sectional; subjects grouped 
by location (water fluoride concentration); subjects 
not randomly selected; nonfasting samples; urine 
and plasma fluoride concentrations significantly 
different for groups; study parameters reported by 
groups; no information on whether analyses were 
performed blindly
See also Table E-12

Drinking water, 
natural fluoride
Dietary calcium 
and calcium 
concentrations 
in drinking 
water were not 
discussed

0.2, 1.0, 4.0 
mg/L
[0.003, 0.01, 
0.06 mg/kg/day]b

At least 30 years 
of continuous 
residency in their 
communities

No significant differences among mean glucose concentrations (nonfasting); all 
mean values were within normal ranges.

Jackson 
et al. 
1997

160 males ages 20-50 years, in Mexico
Ecologic exposure measure based on occupation; 
exposure groups overlapped; no information on 
selection of subjects

Drinking water 
alone for 27 
men (low 
group)
Occupational 
exposure and 
drinking water 
for 133 men 
(high group)

3.0 mg/L in 
drinking water
2-13 mg/day 
estimated for low 
group [0.03-0.19 
mg/kg/day]b

3.4-27.4 mg/day 
estimated for 
high group [0.05-
0.39 mg/kg/day]b

Chronic (at 
least 1 year for 
occupational 
exposure)

Elevated follicle stimulating hormone; decreased testosterone, inhibin B, and 
prolactin; apparent reduction in sensitivity of the hypothalamic-pituitary axis to 
negative feedback action from inhibin B.
Fluoride exposures of the two groups overlapped, and occupational exposures 
included other chemicals besides fluoride.

Ortiz-
Perez 
et al. 
2003

 aInformation in brackets was calculated from information given in the papers or as otherwise 
noted.
 bBased on 70-kg per person.
 cBased on consumption of 2 L of drinking water per day by a 60-kg adult.
 dReported as 9.0 (3.6) µmol/L for the fluoride group and 1.0 (0.4) µmol/L for the 
controls.
 eBased on 60-kg per person.
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Public Comment Script for NEJAC Public Meeting – August 8, 2024 

Good afternoon. I am John Mueller, retired public works engineer in Edmond, 
Oklahoma, and after nine previous meetings that I have attended with you over the 
past three years, I thank you again for the opportunity to participate in these 
meetings. 

Since the NEJAC members at the start of this meeting shared what they feel they are 
most proud of with their EJ efforts and achievements, I want to do the same.  
Accordingly, I am reciting a piece of my oral presentation at the April NEJAC meeting 
earlier this year.  In that meeting, I stated the following:  

Your letter and report from your WATER INFRASTRUCTURE WORKGROUP, dated 
August 29 last year, with excellent recommendations to EPA Administrator Regan, 
included Appendix C which presents a list of nine issues that the Workgroup 
suggests that “NEJAC consider for future EPA charges.” Issue #2 in that list includes 
fluoride as one of the  “. . . chemicals and emerging contaminants that have a negative impact on

public and environmental health (e.g., PFAS/Lead/Fluoride/Chromium VI and others).”   

In closing, I want to you a recent letter to the editor of the writer’s local newspaper, 
about the harm from exposure to fluoride from tap water, from both drinking and 
bathing. 

“Emerging evidence suggests a concerning link between fluoridated water and neurobehavioral 
issues in children. Stories are being collected about children who have removed fluoridated water 
from their lives and seen a dramatic reduction in their wild behaviors. One mother, Audrey Adams, 
observed a dramatic reduction in her autistic son's disruptive behaviors within days of removing 
fluoridated tap water from his diet. Later, eliminating fluoride from his showers alleviated his 
morning headaches.  

As plaintiffs suing the US EPA over the neurotoxicity of fluoride in public drinking water, we're 
alarmed by recent findings. Experts have published studies showing fluoride exposure during 
pregnancy and infancy can lower IQ and increase ADHD rates. The NTP’s systematic review found 
no safe level of fluoride exposure. Although this publication has been blocked from release, it was 
subpoenaed in the case by Judge Edward Chen and made available as a draft. 

Recent high-quality research funded by the National Institutes of Health and published in JAMA 
revealed that children of Californian mothers with higher fluoride exposure during pregnancy had 
nearly double the odds of neurobehavioral problems. These included emotional reactivity, anxiety, 
depression, somatic symptoms, and autism-related symptoms.  

Given these findings, we urge immediate action to protect our children's neurological health. We 
call on local water authorities to suspend fluoridation practices until further research can 
guarantee its safety. We also encourage parents to educate themselves about fluoride exposure 
and consider using fluoride-free water for their families, especially during pregnancy and early 
childhood.” 

Thank you, NEJAC members, for all you can do to end the environmental injustice of 
fluoridation. 
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(1)

1 This title, the ‘‘Safe Drinking Water Act’’, consists of title XIV of the Public Health Service
Act (42 U.S.C. 300f–300j–9) as added by Public Law 93–523 (Dec. 16, 1974) and the amend-
ments made by subsequent enactments.

THE SAFE DRINKING WATER ACT
AS AMENDED BY

THE SAFE DRINKING WATER ACT OF 1996

NOTE

Amendments made by Public Law 104–182 are shown as follows:
Existing law omitted is enclosed in øblack brackets¿, new matter
is printed in italic, existing law in which no change occurs is shown
in roman:

TITLE XIV OF THE PUBLIC HEALTH SERVICE ACT (THE
SAFE DRINKING WATER ACT) 1

[As amended by P.L. 104–182, August 6, 1996]

TITLE XIV—SAFETY OF PUBLIC WATER SYSTEMS

SHORT TITLE

SEC. 1400. This title may be cited as the ‘‘Safe Drinking Water
Act’’.

PART A—DEFINITIONS

DEFINITIONS

SEC. 1401. For purposes of this title:
(1) The term ‘‘primary drinking water regulation’’ means a

regulation which—
(A) applies to public water systems;
(B) specifies contaminants which, in the judgment of

the Administrator, may have any adverse effect on the
health of persons;

(C) specifies for each such contaminant either—
(i) a maximum contaminant level, if, in the judg-

ment of the Administrator, it is economically and tech-
nologically feasible to ascertain the level of such con-
taminant in water in public water systems, or

(ii) if, in the judgment of the Administrator, it is
not economically or technologically feasible to so ascer-
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tain the level of such contaminant, each treatment
technique known to the Administrator which leads to
a reduction in the level of such contaminant sufficient
to satisfy the requirements of section 1412; and
(D) contains criteria and procedures to assure a supply

of drinking water which dependably complies with such
maximum contaminant levels; including accepted methods
for quality control and testing procedures to insure compli-
ance with such levels and to insure proper operation and
maintenance of the system, and requirements as to (i) the
minimum quality of water which may be taken into the
system and (ii) siting for new facilities for public water
systems. At any time after promulgation of a regulation re-
ferred to in this paragraph, the Administrator may add
equally effective quality control and testing procedures by
guidance published in the Federal Register. Such proce-
dures shall be treated as an alternative for public water
systems to the quality control and testing procedures listed
in the regulation.
(2) The term ‘‘secondary drinking water regulation’’ means

a regulation which applies to public water systems and which
specifies the maximum contaminant levels which, in the judg-
ment of the Administrator, are requisite to protect the public
welfare. Such regulations may apply to any contaminant in
drinking water (A) which may adversely affect the odor or ap-
pearance of such water and consequently may cause a substan-
tial number of the persons served by the public water system
providing such water to discontinue its use, or (B) which may
otherwise adversely affect the public welfare. Such regulations
may vary according to geographic and other circumstances.

(3) The term ‘‘maximum contaminant level’’ means the
maximum permissible level of a contaminant in water which is
delivered to any user of a public water system.

ø(4) The¿ (4) PUBLIC WATER SYSTEM.—
(A) IN GENERAL.—The term ‘‘public water system’’

means a system for the provision to the public of øpiped
water for human consumption¿ water for human consump-
tion through pipes or other constructed conveyances, if such
system has at least fifteen service connections or regularly
serves at least twenty-five individuals. Such term includes
øA¿ (i) any collection, treatment, storage, and distribution
facilities under control of the operator of such system and
used primarily in connection with such system, and øB¿
(ii) any collection or pretreatment storage facilities not
under such control which are used primarily in connection
with such system.

(B) CONNECTIONS.—
(i) IN GENERAL.—For purposes of subparagraph

(A), a connection to a system that delivers water by a
constructed conveyance other than a pipe shall not be
considered a connection, if—

(I) the water is used exclusively for purposes
other than residential uses (consisting of drinking,
bathing, and cooking, or other similar uses);
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(II) the Administrator or the State (in the case
of a State exercising primary enforcement respon-
sibility for public water systems) determines that
alternative water to achieve the equivalent level of
public health protection provided by the applicable
national primary drinking water regulation is pro-
vided for residential or similar uses for drinking
and cooking; or

(III) the Administrator or the State (in the
case of a State exercising primary enforcement re-
sponsibility for public water systems) determines
that the water provided for residential or similar
uses for drinking, cooking, and bathing is centrally
treated or treated at the point of entry by the pro-
vider, a pass-through entity, or the user to achieve
the equivalent level of protection provided by the
applicable national primary drinking water regu-
lations.
(ii) IRRIGATION DISTRICTS.—An irrigation district

in existence prior to May 18, 1994, that provides pri-
marily agricultural service through a piped water sys-
tem with only incidental residential or similar use
shall not be considered to be a public water system if
the system or the residential or similar users of the sys-
tem comply with subclause (II) or (III) of clause (i).
(C) TRANSITION PERIOD.—A water supplier that would

be a public water system only as a result of modifications
made to this paragraph by the Safe Drinking Water Act
Amendments of 1996 shall not be considered a public water
system for purposes of the Act until the date that is two
years after the date of enactment of this subparagraph. If
a water supplier does not serve 15 service connections (as
defined in subparagraphs (A) and (B)) or 25 people at any
time after the conclusion of the 2-year period, the water
supplier shall not be considered a public water system.
(5) The term ‘‘supplier of water’’ means any person who

owns or operates a public water system.
(6) The term ‘‘contaminant’’ means any physical, chemical,

biological, or radiological substance or matter in water.
(7) The term ‘‘Administrator’’ means the Administrator of

the Environmental Protection Agency.
(8) The term ‘‘Agency’’ means the Environmental Protec-

tion Agency.
(9) The term ‘‘Council’’ means the National Drinking

Water Advisory Council established under section 1446.
(10) The term ‘‘municipality’’ means a city, town, or other

public body created by or pursuant to State law, or an Indian
tribe.

(11) The term ‘‘Federal agency’’ means any department,
agency, or instrumentality of the United States.

(12) The term ‘‘person’’ means an individual, corporation,
company, association, partnership, State, municipality, or Fed-
eral agency (and includes officers, employees, and agents of
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any corporation, company, association, State, municipality, or
Federal agency).

(13) øThe¿ (A) Except as provided in subparagraph (B), the
term ‘‘State’’ includes, in addition to the several States, only
the District of Columbia, Guam, the Commonwealth of Puerto
Rico, the Northern Mariana Islands, the Virgin Islands, Amer-
ican Samoa, and the Trust Territory of the Pacific Islands.

(B) For purposes of section 1452, the term ‘‘State’’ means
each of the 50 States, the District of Columbia, and the Com-
monwealth of Puerto Rico.

(14) The term ‘‘Indian Tribe’’ means any Indian tribe hav-
ing a Federally recognized governing body carrying out sub-
stantial governmental duties and powers over any area. For
purposes of section 1452, the term includes any Native village
(as defined in section 3(c) of the Alaska Native Claims Settle-
ment Act (43 U.S.C. 1602(c))).

(15) COMMUNITY WATER SYSTEM.—The term ‘‘community
water system’’ means a public water system that—

(A) serves at least 15 service connections used by year-
round residents of the area served by the system; or

(B) regularly serves at least 25 year-round residents.
(16) NONCOMMUNITY WATER SYSTEM.—The term ‘‘non-

community water system’’ means a public water system that is
not a community water system.

[42 U.S.C. 300f]

PART B—PUBLIC WATER SYSTEMS

COVERAGE

SEC. 1411. Subject to sections 1415 and 1416, national primary
drinking water regulations under this part shall apply to each pub-
lic water system in each State; except that such regulations shall
not apply to a public water system—

(1) which consists only of distribution and storage facilities
(and does not have any collection and treatment facilities);

(2) which obtains all of its water from, but is not owned
or operated by, a public water system to which such regula-
tions apply;

(3) which does not sell water to any person; and
(4) which is not a carrier which conveys passengers in

interstate commerce.
[42 U.S.C. 300g]

NATIONAL DRINKING WATER REGULATIONS

SEC. 1412. (a)(1) Effective on the enactment of the Safe Drink-
ing Water Act Amendments of 1986, each national interim or re-
vised primary drinking water regulation promulgated under this
section before such enactment shall be deemed to be a national pri-
mary drinking water regulation under subsection (b). No such regu-
lation shall be required to comply with the standards set forth in
subsection (b)(4) unless such regulation is amended to establish a
different maximum contaminant level after the enactment of such
amendments.
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(2) After the enactment of the Safe Drinking Water Act
Amendments of 1986 each recommended maximum contaminant
level published before the enactment of such amendments shall
be treated as a maximum contaminant level goal.

(3) Whenever a national primary drinking water regulation is
proposed under øparagraph (1), (2), or (3) of subsection (b)¿ sub-
section (b) for any contaminant, the maximum contaminant level
goal for such contaminant shall be proposed simultaneously. When-
ever a national primary drinking water regulation is promulgated
under øparagraph (1), (2), or (3) of subsection (b)¿ subsection (b) for
any contaminant, the maximum contaminant level goal for such
contaminant shall be published simultaneously.

(4) Paragraph (3) shall not apply to any recommended maxi-
mum contaminant level published before the enactment of the Safe
Drinking Water Act Amendments of 1986.

ø(b)(1) In the case of those contaminants listed in the Advance
Notice of Proposed Rulemaking published in volume 47, Federal
Register, page 9352, and in volume 48, Federal Register, page
45502, the Administrator shall publish maximum contaminant
level goals and promulgate national primary drinking water
regulations—

ø(A) not later than 12 months after the enactment of
the Safe Drinking Water Act Amendments of 1986 for not
less than 9 of those listed contaminants;

ø(B) not later than 24 months after such enactment
for not less than 40 of those listed contaminants; and

ø(C) not later than 36 months after such enactment
for the remainder of such listed contaminants.
ø(2)(A) If the Administrator identifies a drinking water

contaminant the regulation of which, in the judgment of the
Administrator, is more likely to be protective of public health
(taking into account the schedule for regulation under para-
graph (1) than a contaminant referred to in paragraph (1), the
Administrator may publish a maximum contaminant level goal
and promulgate a national primary drinking water regulation
for such identified contaminant in lieu of regulating the con-
taminant referred to in such paragraph. There may be no more
than 7 contaminants in paragraph (1) for which substitutions
may be made. Regulation of a contaminant identified under
this paragraph shall be in accordance with the schedule appli-
cable to the contaminant for which the substitution is made.

ø(B) If the Administrator identifies one or more con-
taminants for substitution under this paragraph, the Ad-
ministrator shall publish in the Federal Register not late
than one year after the enactment of the Safe Drinking
Water Act Amendments of 1986 a list of contaminants pro-
posed for substitution, the contaminants referred to in
paragraph (1) for which substitutions are to be made, and
the basis for the judgment that regulation of such pro-
posed substitute contaminants is more likely to be protec-
tive public health (taking into account the schedule for
regulation under such paragraph). Following a period of 60
days for public comment, the Administrator shall publish
in the Federal Register a final list of contaminants to be



6

substituted and contaminants referred to in paragraph (1)
for which substitutions are to be made, together with re-
sponses to significant comments.

ø(C) Any contaminant referred to in paragraph (1) for
which a substitution is made, pursuant to subparagraph
(A) of this paragraph, shall be included on the priority list
to be published by the Administrator not later than Janu-
ary 1, 1988, pursuant to paragraph (3)(A).

ø(D) The Administrator’s decision to regulate a con-
taminant identified pursuant to this paragraph in lieu of
a contaminant referred to in paragraph (1) shall not be
subject to judicial review.
ø(3)(A) The Administrator shall publish maximum con-

taminant level goals and promulgate national primary drink-
ing water regulations for each contaminant (other than a con-
taminant referred to in paragraph (1) or (2) for which a na-
tional primary drinking water regulation was promulgated)
which, in the judgment of the Administrator, may have any ad-
verse effect on the health of persons and which is known or an-
ticipated to occur in public water systems. Not later than Jan-
uary 1, 1988, and at 3-year intervals thereafter, the Adminis-
trator shall publish a list of contaminants which are known or
anticipated to occur in public water systems and which may re-
quire regulation under this Act.

ø(B) For the purpose of establishing the list under
subparagraph (A), the Administrator shall form an advi-
sory working group including members from the National
Toxicology Program and the Environmental Protection
Agency’s Offices of Drinking Water, Pesticides, Toxic Sub-
stances, Ground Water, Solid Waste and Emergency Re-
sponse and any others the Administrator deems appro-
priate. The Administrator’s consideration of priorities shall
include, but not be limited to, substances referred to in
section 101(14) of the Comprehensive Environmental Re-
sponse, Compensation, and Liability Act of 1980, and sub-
stances registered as pesticides under the Federal Insecti-
cide, Fungicide, and Rodenticide Act.

ø(C) Not later than 24 months after the listing of con-
taminants under subparagraph (A), the Administrator
shall publish proposed maximum contaminant level goals
and national primary drinking water regulations for not
less than 25 contaminants from the list established under
subparagraph (A).

ø(D) Not later than 36 months after the listing of con-
taminants under subparagraph (A), the Administrator
shall publish a maximum contaminant goal and promul-
gate a national primary drinking water regulation for
those contaminants for which proposed maximum contami-
nant level goals and proposed national primary drinking
water regulations were published under subparagraph
(C).¿

(b) STANDARDS.—
(1) IDENTIFICATION OF CONTAMINANTS FOR LISTING.—
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(A) GENERAL AUTHORITY.—The Administrator shall, in
accordance with the procedures established by this sub-
section, publish a maximum contaminant level goal and
promulgate a national primary drinking water regulation
for a contaminant (other than a contaminant referred to in
paragraph (2) for which a national primary drinking water
regulation has been promulgated as of the date of enact-
ment of the Safe Drinking Water Act Amendments of 1996)
if the Administrator determines that—

(i) the contaminant may have an adverse effect on
the health of persons;

(ii) the contaminant is known to occur or there is
a substantial likelihood that the contaminant will
occur in public water systems with a frequency and at
levels of public health concern; and

(iii) in the sole judgment of the Administrator, reg-
ulation of such contaminant presents a meaningful op-
portunity for health risk reduction for persons served
by public water systems.
(B) REGULATION OF UNREGULATED CONTAMINANTS.—

(i) LISTING OF CONTAMINANTS FOR CONSIDER-
ATION.—(I) Not later than 18 months after the date of
enactment of the Safe Drinking Water Act Amendments
of 1996 and every 5 years thereafter, the Administrator,
after consultation with the scientific community, in-
cluding the Science Advisory Board, after notice and
opportunity for public comment, and after considering
the occurrence data base established under section
1445(g), shall publish a list of contaminants which, at
the time of publication, are not subject to any proposed
or promulgated national primary drinking water regu-
lation, which are known or anticipated to occur in pub-
lic water systems, and which may require regulation
under this title.

(II) The unregulated contaminants considered
under subclause (I) shall include, but not be limited to,
substances referred to in section 101(14) of the Com-
prehensive Environmental Response, Compensation,
and Liability Act of 1980, and substances registered as
pesticides under the Federal Insecticide, Fungicide,
and Rodenticide Act.

(III) The Administrator’s decision whether or not
to select an unregulated contaminant for a list under
this clause shall not be subject to judicial review.

(ii) DETERMINATION TO REGULATE.—(I) Not later
than 5 years after the date of enactment of the Safe
Drinking Water Act Amendments of 1996, and every 5
years thereafter, the Administrator shall, after notice of
the preliminary determination and opportunity for
public comment, for not fewer than 5 contaminants in-
cluded on the list published under clause (i), make de-
terminations of whether or not to regulate such con-
taminants.
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(II) A determination to regulate a contaminant
shall be based on findings that the criteria of clauses
(i), (ii), and (iii) of subparagraph (A) are satisfied.
Such findings shall be based on the best available pub-
lic health information, including the occurrence data
base established under section 1445(g).

(III) The Administrator may make a determination
to regulate a contaminant that does not appear on a
list under clause (i) if the determination to regulate is
made pursuant to subclause (II).

(IV) A determination under this clause not to regu-
late a contaminant shall be considered final agency ac-
tion and subject to judicial review.

(iii) REVIEW.—Each document setting forth the de-
termination for a contaminant under clause (ii) shall
be available for public comment at such time as the de-
termination is published.
(C) PRIORITIES.—In selecting unregulated contami-

nants for consideration under subparagraph (B), the Ad-
ministrator shall select contaminants that present the
greatest public health concern. The Administrator, in mak-
ing such selection, shall take into consideration, among
other factors of public health concern, the effect of such con-
taminants upon subgroups that comprise a meaningful por-
tion of the general population (such as infants, children,
pregnant women, the elderly, individuals with a history of
serious illness, or other subpopulations) that are identifi-
able as being at greater risk of adverse health effects due
to exposure to contaminants in drinking water than the
general population.

(D) URGENT THREATS TO PUBLIC HEALTH.—The Admin-
istrator may promulgate an interim national primary
drinking water regulation for a contaminant without mak-
ing a determination for the contaminant under paragraph
(4)(C), or completing the analysis under paragraph (3)(C),
to address an urgent threat to public health as determined
by the Administrator after consultation with and written
response to any comments provided by the Secretary of
Health and Human Services, acting through the director of
the Centers for Disease Control and Prevention or the direc-
tor of the National Institutes of Health. A determination for
any contaminant in accordance with paragraph (4)(C) sub-
ject to an interim regulation under this subparagraph shall
be issued, and a completed analysis meeting the require-
ments of paragraph (3)(C) shall be published, not later
than 3 years after the date on which the regulation is pro-
mulgated and the regulation shall be repromulgated, or re-
vised if appropriate, not later than 5 years after that date.

(E) REGULATION.—For each contaminant that the Ad-
ministrator determines to regulate under subparagraph (B),
the Administrator shall publish maximum contaminant
level goals and promulgate, by rule, national primary
drinking water regulations under this subsection. The Ad-
ministrator shall propose the maximum contaminant level
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goal and national primary drinking water regulation for a
contaminant not later than 24 months after the determina-
tion to regulate under subparagraph (B), and may publish
such proposed regulation concurrent with the determination
to regulate. The Administrator shall publish a maximum
contaminant level goal and promulgate a national primary
drinking water regulation within 18 months after the pro-
posal thereof. The Administrator, by notice in the Federal
Register, may extend the deadline for such promulgation
for up to 9 months.

(F) HEALTH ADVISORIES AND OTHER ACTIONS.—The Ad-
ministrator may publish health advisories (which are not
regulations) or take other appropriate actions for contami-
nants not subject to any national primary drinking water
regulation.
(2) SCHEDULES AND DEADLINES.—

(A) IN GENERAL.—In the case of the contaminants list-
ed in the Advance Notice of Proposed Rulemaking pub-
lished in volume 47, Federal Register, page 9352, and in
volume 48, Federal Register, page 45502, the Administrator
shall publish maximum contaminant level goals and pro-
mulgate national primary drinking water regulations—

(i) not later than 1 year after June 19, 1986, for
not fewer than 9 of the listed contaminants;

(ii) not later than 2 years after June 19, 1986, for
not fewer than 40 of the listed contaminants; and

(iii) not later than 3 years after June 19, 1986, for
the remainder of the listed contaminants.
(B) SUBSTITUTION OF CONTAMINANTS.—If the Adminis-

trator identifies a drinking water contaminant the regula-
tion of which, in the judgment of the Administrator, is
more likely to be protective of public health (taking into ac-
count the schedule for regulation under subparagraph (A))
than a contaminant referred to in subparagraph (A), the
Administrator may publish a maximum contaminant level
goal and promulgate a national primary drinking water
regulation for the identified contaminant in lieu of regulat-
ing the contaminant referred to in subparagraph (A). Sub-
stitutions may be made for not more than 7 contaminants
referred to in subparagraph (A). Regulation of a contami-
nant identified under this subparagraph shall be in accord-
ance with the schedule applicable to the contaminant for
which the substitution is made.

(C) DISINFECTANTS AND DISINFECTION BYPRODUCTS.—
The Administrator shall promulgate an Interim Enhanced
Surface Water Treatment Rule, a Final Enhanced Surface
Water Treatment Rule, a Stage I Disinfectants and Dis-
infection Byproducts Rule, and a Stage II Disinfectants
and Disinfection Byproducts Rule in accordance with the
schedule published in volume 59, Federal Register, page
6361 (February 10, 1994), in table III.13 of the proposed
Information Collection Rule. If a delay occurs with respect
to the promulgation of any rule in the schedule referred to
in this subparagraph, all subsequent rules shall be com-
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pleted as expeditiously as practicable but no later than a
revised date that reflects the interval or intervals for the
rules in the schedule.
(3) RISK ASSESSMENT, MANAGEMENT, AND COMMUNICA-

TION.—
(A) USE OF SCIENCE IN DECISIONMAKING.—In carrying

out this section, and, to the degree that an Agency action
is based on science, the Administrator shall use—

(i) the best available, peer-reviewed science and
supporting studies conducted in accordance with sound
and objective scientific practices; and

(ii) data collected by accepted methods or best
available methods (if the reliability of the method and
the nature of the decision justifies use of the data).
(B) PUBLIC INFORMATION.—In carrying out this section,

the Administrator shall ensure that the presentation of in-
formation on public health effects is comprehensive, inform-
ative, and understandable. The Administrator shall, in a
document made available to the public in support of a reg-
ulation promulgated under this section, specify, to the ex-
tent practicable—

(i) each population addressed by any estimate of
public health effects;

(ii) the expected risk or central estimate of risk for
the specific populations;

(iii) each appropriate upper-bound or lower-bound
estimate of risk;

(iv) each significant uncertainty identified in the
process of the assessment of public health effects and
studies that would assist in resolving the uncertainty;
and

(v) peer-reviewed studies known to the Adminis-
trator that support, are directly relevant to, or fail to
support any estimate of public health effects and the
methodology used to reconcile inconsistencies in the sci-
entific data.
(C) HEALTH RISK REDUCTION AND COST ANALYSIS.—

(i) MAXIMUM CONTAMINANT LEVELS.—When pro-
posing any national primary drinking water regulation
that includes a maximum contaminant level, the Ad-
ministrator shall, with respect to a maximum contami-
nant level that is being considered in accordance with
paragraph (4) and each alternative maximum contami-
nant level that is being considered pursuant to para-
graph (5) or (6)(A), publish, seek public comment on,
and use for the purposes of paragraphs (4), (5), and (6)
an analysis of each of the following:

(I) Quantifiable and nonquantifiable health
risk reduction benefits for which there is a factual
basis in the rulemaking record to conclude that
such benefits are likely to occur as the result of
treatment to comply with each level.

(II) Quantifiable and nonquantifiable health
risk reduction benefits for which there is a factual
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basis in the rulemaking record to conclude that
such benefits are likely to occur from reductions in
co-occurring contaminants that may be attributed
solely to compliance with the maximum contami-
nant level, excluding benefits resulting from com-
pliance with other proposed or promulgated regu-
lations.

(III) Quantifiable and nonquantifiable costs
for which there is a factual basis in the rule-
making record to conclude that such costs are like-
ly to occur solely as a result of compliance with the
maximum contaminant level, including monitor-
ing, treatment, and other costs and excluding costs
resulting from compliance with other proposed or
promulgated regulations.

(IV) The incremental costs and benefits associ-
ated with each alternative maximum contaminant
level considered.

(V) The effects of the contaminant on the gen-
eral population and on groups within the general
population such as infants, children, pregnant
women, the elderly, individuals with a history of
serious illness, or other subpopulations that are
identified as likely to be at greater risk of adverse
health effects due to exposure to contaminants in
drinking water than the general population.

(VI) Any increased health risk that may occur
as the result of compliance, including risks associ-
ated with co-occurring contaminants.

(VII) Other relevant factors, including the
quality and extent of the information, the uncer-
tainties in the analysis supporting subclauses (I)
through (VI), and factors with respect to the degree
and nature of the risk.
(ii) TREATMENT TECHNIQUES.—When proposing a

national primary drinking water regulation that in-
cludes a treatment technique in accordance with para-
graph (7)(A), the Administrator shall publish and seek
public comment on an analysis of the health risk re-
duction benefits and costs likely to be experienced as
the result of compliance with the treatment technique
and alternative treatment techniques that are being
considered, taking into account, as appropriate, the
factors described in clause (i).

(iii) APPROACHES TO MEASURE AND VALUE BENE-
FITS.—The Administrator may identify valid ap-
proaches for the measurement and valuation of benefits
under this subparagraph, including approaches to
identify consumer willingness to pay for reductions in
health risks from drinking water contaminants.

(iv) AUTHORIZATION.—There are authorized to be
appropriated to the Administrator, acting through the
Office of Ground Water and Drinking Water, to con-
duct studies, assessments, and analyses in support of
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regulations or the development of methods, $35,000,000
for each of fiscal years 1996 through 2003.

ø(4) Each¿ (4) GOALS AND STANDARDS.—
(A) MAXIMUM CONTAMINANT LEVEL GOALS.—Each max-

imum contaminant level goal established under this sub-
section shall be set at the level at which no known or an-
ticipated adverse effects on the health of persons occur and
which allows an adequate margin of safety.

øEach national¿ (B) MAXIMUM CONTAMINANT LEV-
ELS.—Except as provided in paragraphs (5) and (6), each
national primary drinking water regulation for a contami-
nant for which a ømaximum level¿ maximum contaminant
level goal is established under this subsection shall specify
a ømaximum level¿ maximum contaminant level for such
contaminant which is as close to the maximum contami-
nant level goal as is feasible.

(C) DETERMINATION.—At the time the Administrator
proposes a national primary drinking water regulation
under this paragraph, the Administrator shall publish a
determination as to whether the benefits of the maximum
contaminant level justify, or do not justify, the costs based
on the analysis conducted under paragraph (3)(C).

ø(5) For the¿ (D) DEFINITION OF FEASIBLE.—For the
purposes of this subsection, the term ‘‘feasible’’ means fea-
sible with the use of the best technology, treatment tech-
niques and other means which the Administrator finds,
after examination for efficacy under field conditions and
not solely under laboratory conditions, are available (tak-
ing cost into consideration). For the purpose of øparagraph
4¿ this paragraph, granular activated carbon is feasible for
the control of synthetic organic chemicals, and any tech-
nology, treatment technique, or other means found to be
the best available for the control of synthetic organic
chemicals must be at least as effective in controlling syn-
thetic organic chemicals as granular activated carbon.

ø(6) Each national¿ (E) FEASIBLE TECHNOLOGIES.—
(i) IN GENERAL.—Each national primary drinking

water regulation which establishes a maximum con-
taminant level shall list the technology, treatment
techniques, and other means which the Administrator
finds to be feasible for purposes of meeting such maxi-
mum contaminant level, but a regulation under øthis
paragraph¿ this subsection shall not require that any
specified technology, treatment technique, or other
means be used for purposes of meeting such maximum
contaminant level.

(ii) LIST OF TECHNOLOGIES FOR SMALL SYSTEMS.—
The Administrator shall include in the list any tech-
nology, treatment technique, or other means that is af-
fordable, as determined by the Administrator in con-
sultation with the States, for small public water sys-
tems serving—

(I) a population of 10,000 or fewer but more
than 3,300;
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(II) a population of 3,300 or fewer but more
than 500; and

(III) a population of 500 or fewer but more
than 25;

and that achieves compliance with the maximum con-
taminant level or treatment technique, including
packaged or modular systems and point-of-entry or
point-of-use treatment units. Point-of-entry and point-
of-use treatment units shall be owned, controlled and
maintained by the public water system or by a person
under contract with the public water system to ensure
proper operation and maintenance and compliance
with the maximum contaminant level or treatment
technique and equipped with mechanical warnings to
ensure that customers are automatically notified of
operational problems. The Administrator shall not in-
clude in the list any point-of-use treatment technology,
treatment technique, or other means to achieve compli-
ance with a maximum contaminant level or treatment
technique requirement for a microbial contaminant (or
an indicator of a microbial contaminant). If the Amer-
ican National Standards Institute has issued product
standards applicable to a specific type of point-of-entry
or point-of-use treatment unit, individual units of that
type shall not be accepted for compliance with a maxi-
mum contaminant level or treatment technique require-
ment unless they are independently certified in accord-
ance with such standards. In listing any technology,
treatment technique, or other means pursuant to this
clause, the Administrator shall consider the quality of
the source water to be treated.

(iii) LIST OF TECHNOLOGIES THAT ACHIEVE COMPLI-
ANCE.—Except as provided in clause (v), not later than
2 years after the date of enactment of this clause and
after consultation with the States, the Administrator
shall issue a list of technologies that achieve compli-
ance with the maximum contaminant level or treat-
ment technique for each category of public water sys-
tems described in subclauses (I), (II), and (III) of clause
(ii) for each national primary drinking water regula-
tion promulgated prior to the date of enactment of this
paragraph.

(iv) ADDITIONAL TECHNOLOGIES.—The Adminis-
trator may, at any time after a national primary drink-
ing water regulation has been promulgated, supple-
ment the list of technologies describing additional or
new or innovative treatment technologies that meet the
requirements of this paragraph for categories of small
public water systems described in subclauses (I), (II),
and (III) of clause (ii) that are subject to the regulation.

(v) TECHNOLOGIES THAT MEET SURFACE WATER
TREATMENT RULE.—Within one year after the date of
enactment of this clause, the Administrator shall list
technologies that meet the Surface Water Treatment
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Rule for each category of public water systems de-
scribed in subclauses (I), (II), and (III) of clause (ii).

(5) ADDITIONAL HEALTH RISK CONSIDERATIONS.—
(A) IN GENERAL.—Notwithstanding paragraph (4), the

Administrator may establish a maximum contaminant
level for a contaminant at a level other than the feasible
level, if the technology, treatment techniques, and other
means used to determine the feasible level would result in
an increase in the health risk from drinking water by—

(i) increasing the concentration of other contami-
nants in drinking water; or

(ii) interfering with the efficacy of drinking water
treatment techniques or processes that are used to com-
ply with other national primary drinking water regula-
tions.
(B) ESTABLISHMENT OF LEVEL.—If the Administrator

establishes a maximum contaminant level or levels or re-
quires the use of treatment techniques for any contaminant
or contaminants pursuant to the authority of this
paragraph—

(i) the level or levels or treatment techniques shall
minimize the overall risk of adverse health effects by
balancing the risk from the contaminant and the risk
from other contaminants the concentrations of which
may be affected by the use of a treatment technique or
process that would be employed to attain the maximum
contaminant level or levels; and

(ii) the combination of technology, treatment tech-
niques, or other means required to meet the level or lev-
els shall not be more stringent than is feasible (as de-
fined in paragraph (4)(D)).

(6) ADDITIONAL HEALTH RISK REDUCTION AND COST CONSID-
ERATIONS.—

(A) IN GENERAL.—Notwithstanding paragraph (4), if
the Administrator determines based on an analysis con-
ducted under paragraph (3)(C) that the benefits of a maxi-
mum contaminant level promulgated in accordance with
paragraph (4) would not justify the costs of complying with
the level, the Administrator may, after notice and oppor-
tunity for public comment, promulgate a maximum con-
taminant level for the contaminant that maximizes health
risk reduction benefits at a cost that is justified by the bene-
fits.

(B) EXCEPTION.—The Administrator shall not use the
authority of this paragraph to promulgate a maximum con-
taminant level for a contaminant, if the benefits of compli-
ance with a national primary drinking water regulation for
the contaminant that would be promulgated in accordance
with paragraph (4) experienced by—

(i) persons served by large public water systems;
and

(ii) persons served by such other systems as are un-
likely, based on information provided by the States, to
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receive a variance under section 1415(e) (relating to
small system variances);

would justify the costs to the systems of complying with the
regulation. This subparagraph shall not apply if the con-
taminant is found almost exclusively in small systems eligi-
ble under section 1415(e) for a small system variance.

(C) DISINFECTANTS AND DISINFECTION BYPRODUCTS.—
The Administrator may not use the authority of this para-
graph to establish a maximum contaminant level in a
Stage I or Stage II national primary drinking water regu-
lation (as described in paragraph (2)(C)) for contaminants
that are disinfectants or disinfection byproducts, or to es-
tablish a maximum contaminant level or treatment tech-
nique requirement for the control of cryptosporidium. The
authority of this paragraph may be used to establish regu-
lations for the use of disinfection by systems relying on
ground water sources as required by paragraph (8).

(D) JUDICIAL REVIEW.—A determination by the Admin-
istrator that the benefits of a maximum contaminant level
or treatment requirement justify or do not justify the costs
of complying with the level shall be reviewed by the court
pursuant to section 1448 only as part of a review of a final
national primary drinking water regulation that has been
promulgated based on the determination and shall not be
set aside by the court under that section unless the court
finds that the determination is arbitrary and capricious.

(7)(A) The Administrator is authorized to promulgate a na-
tional primary drinking water regulation that requires the use of
a treatment technique in lieu of establishing a maximum contami-
nant level, if the Administrator makes a finding that it is not eco-
nomically or technologically feasible to ascertain the level of the
contaminant. In such case, the Administrator shall identify those
treatment techniques which, in the Administrator’s judgment,
would prevent known or anticipated adverse effects on the health
of persons to the extent feasible. Such regulations shall specify
each treatment technique known to the Administrator which meets
the requirements of this paragraph, but the Administrator may
grant a variance from any specified treatment technique in accord-
ance with section 1415(a)(3).

(B) Any schedule referred to in this subsection for the promul-
gation of a national primary drinking water regulation for any con-
taminant shall apply in the same manner if the regulation requires
a treatment technique in lieu of establishing a maximum contami-
nant level.

(C)(i) Not later than 18 months after the enactment of the Safe
Drinking Water Act Amendments of 1986, the Administrator shall
propose and promulgate national primary drinking water regula-
tions specifying criteria under which filtration (including coagula-
tion and sedimentation, as appropriate) is required as a treatment
technique for public water systems supplied by surface water
sources. In promulgating such rules, the Administrator shall con-
sider the quality of source waters, protection afforded by watershed
management, treatment practices (such as disinfection and length
of water storage) and other factors relevant to protection of health.
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(ii) In lieu of the provisions of section 1415 the Administrator
shall specify procedures by which the State determines which pub-
lic water systems within its jurisdiction shall adopt filtration under
the criteria of clause (i). The State may require the public water
system to provide studies or other information to assist in this de-
termination. The procedures shall provide notice and opportunity
for public hearing on this determination. If the State determines
that filtration is required, the State shall prescribe a schedule for
compliance by the public water system with the filtration require-
ment. A schedule shall require compliance within 18 months of a
determination made under clause (iii).

(iii) Within 18 months from the time that the Administrator
establishes the criteria and procedures under this subparagraph, a
State with primary enforcement responsibility shall adopt any nec-
essary regulations to implement this subparagraph. Within 12
months of adoption of such regulations the State shall make deter-
minations regarding filtration for all the public water systems
within its jurisdiction supplied by surface waters.

(iv) If a State does not have primary enforcement responsibility
for public water systems, the Administrator shall have the same
authority to make the determination in clause (ii) in such State as
the State would have under that clause. Any filtration requirement
or schedule under this subparagraph shall be treated as if it were
a requirement of a national primary drinking water regulation.

(v) As an additional alternative to the regulations promulgated
pursuant to clauses (i) and (iii), including the criteria for avoiding
filtration contained in 40 CFR 141.71, a State exercising primary
enforcement responsibility for public water systems may, on a case-
by-case basis, and after notice and opportunity for public comment,
establish treatment requirements as an alternative to filtration in
the case of systems having uninhabited, undeveloped watersheds in
consolidated ownership, and having control over access to, and ac-
tivities in, those watersheds, if the State determines (and the Ad-
ministrator concurs) that the quality of the source water and the al-
ternative treatment requirements established by the State ensure
greater removal or inactivation efficiencies of pathogenic organisms
for which national primary drinking water regulations have been
promulgated or that are of public health concern than would be
achieved by the combination of filtration and chlorine disinfection
(in compliance with this section).

ø(8) Not later than 36 months after the enactment of the
Safe Drinking Water Act Amendments of 1986, the Adminis-
trator shall propose and promulgate¿ DISINFECTION.—At any
time after the end of the 3-year period that begins on the date
of enactment of the Safe Drinking Water Act Amendments of
1996, but not later than the date on which the Administrator
promulgates a Stage II rulemaking for disinfectants and dis-
infection byproducts (as described in paragraph (2)(C)), the Ad-
ministrator shall also promulgate national primary drinking
water regulations requiring disinfection as a treatment tech-
nique for all public water systems, including surface water sys-
tems and, as necessary, ground water systems. After consulta-
tion with the States, the Administrator shall (as part of the
regulations) promulgate criteria that the Administrator, or a
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State that has primary enforcement responsibility under sec-
tion 1413, shall apply to determine whether disinfection shall
be required as a treatment technique for any public water sys-
tem served by ground water. The Administrator shall simulta-
neously promulgate a rule specifying criteria that will be used
by the Administrator (or delegated State authorities) to grant
variances from this requirement according to the provisions of
sections 1415(a)(1)(B) and 1415(a)(3). In implementing section
ø1442(g)¿ 1442(e) the Administrator or the delegated State au-
thority shall, where appropriate, give special consideration to
providing technical assistance to small public water systems in
complying with the regulations promulgated under this para-
graph.

ø(9) National primary drinking water regulations shall be
amended whenever changes in technology, treatment tech-
niques, and other means permit greater protection of the
health of persons, but in any event such regulations shall be
reviewed at least once every 3 years. Such review shall include
an analysis of innovations or changes in technology, treatment
techniques or other activities that have occurred over the pre-
vious 3-year period and that may Drovide for greater protec-
tion of the health of Dersons. The findings of such review shall
be published in the Federal Register. If, after opportunity for
public comment, the Administrator concludes that the tech-
nology, treatment techniques, or other means resulting from
such innovations or changes are not feasible within the mean-
ing of Daraaraph (5), an explanation of such conclusion shall
be pubished in the Federal Register.¿

(9) REVIEW AND REVISION.—The Administrator shall, not
less often than every 6 years, review and revise, as appropriate,
each national primary drinking water regulation promulgated
under this title. Any revision of a national primary drinking
water regulation shall be promulgated in accordance with this
section, except that each revision shall maintain, or provide for
greater, protection of the health of persons.

øNational primary drinking water regulations promul-
gated under this subsection (and amendments thereto) shall
take effect eighteen months after the date of their promulga-
tion. Regulations under subsection (a) shall be superseded by
regulations under this subsection to the extent provided by the
regulations under this subsection.¿

(10) EFFECTIVE DATE.—A national primary drinking water
regulation promulgated under this section (and any amendment
thereto) shall take effect on the date that is 3 years after the
date on which the regulation is promulgated unless the Admin-
istrator determines that an earlier date is practicable, except
that the Administrator, or a State (in the case of an individual
system), may allow up to 2 additional years to comply with a
maximum contaminant level or treatment technique if the Ad-
ministrator or State (in the case of an individual system) deter-
mines that additional time is necessary for capital improve-
ments.
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(11) No national primary drinking water regulation may
require the addition of any substance for preventive health care
purposes unrelated to contamination of drinking water.

(12) CERTAIN CONTAMINANTS.—
(A) ARSENIC.—

(i) SCHEDULE AND STANDARD.—Notwithstanding
the deadlines set forth in paragraph (1), the Adminis-
trator shall promulgate a national primary drinking
water regulation for arsenic pursuant to this sub-
section, in accordance with the schedule established by
this paragraph.

(ii) STUDY PLAN.—Not later than 180 days after
the date of enactment of this paragraph, the Adminis-
trator shall develop a comprehensive plan for study in
support of drinking water rulemaking to reduce the un-
certainty in assessing health risks associated with ex-
posure to low levels of arsenic. In conducting such
study, the Administrator shall consult with the Na-
tional Academy of Sciences, other Federal agencies,
and interested public and private entities.

(iii) COOPERATIVE AGREEMENTS.—In carrying out
the study plan, the Administrator may enter into coop-
erative agreements with other Federal agencies, State
and local governments, and other interested public and
private entities.

(iv) PROPOSED REGULATIONS.—The Administrator
shall propose a national primary drinking water regu-
lation for arsenic not later than January 1, 2000.

(v) FINAL REGULATIONS.—Not later than January
1, 2001, after notice and opportunity for public com-
ment, the Administrator shall promulgate a national
primary drinking water regulation for arsenic.

(vi) AUTHORIZATION.—There are authorized to be
appropriated $2,500,000 for each of fiscal years 1997
through 2000 for the studies required by this para-
graph.
(B) SULFATE.—

(i) ADDITIONAL STUDY.—Prior to promulgating a
national primary drinking water regulation for sulfate,
the Administrator and the Director of the Centers for
Disease Control and Prevention shall jointly conduct
an additional study to establish a reliable dose-re-
sponse relationship for the adverse human health ef-
fects that may result from exposure to sulfate in drink-
ing water, including the health effects that may be ex-
perienced by groups within the general population (in-
cluding infants and travelers) that are potentially at
greater risk of adverse health effects as the result of
such exposure. The study shall be conducted in con-
sultation with interested States, shall be based on the
best available, peer-reviewed science and supporting
studies conducted in accordance with sound and objec-
tive scientific practices, and shall be completed not
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later than 30 months after the date of enactment of the
Safe Drinking Water Act Amendments of 1996.
(ii) DETERMINATION.—The Administrator shall include

sulfate among the 5 or more contaminants for which a de-
termination is made pursuant to paragraph (3)(B) not later
than 5 years after the date of enactment of the Safe Drink-
ing Water Act Amendments of 1996.

(iii) PROPOSED AND FINAL RULE.—Notwithstanding the
deadlines set forth in paragraph (2), the Administrator
may, pursuant to the authorities of this subsection and
after notice and opportunity for public comment, promul-
gate a final national primary drinking water regulation for
sulfate. Any such regulation shall include requirements for
public notification and options for the provision of alter-
native water supplies to populations at risk as a means of
complying with the regulation in lieu of a best available
treatment technology or other means.
(13) RADON IN DRINKING WATER.—

(A) NATIONAL PRIMARY DRINKING WATER REGULA-
TION.—Notwithstanding paragraph (2), the Administrator
shall withdraw any national primary drinking water regu-
lation for radon proposed prior to the date of enactment of
this paragraph and shall propose and promulgate a regula-
tion for radon under this section, as amended by the Safe
Drinking Water Act Amendments of 1996.

(B) RISK ASSESSMENT AND STUDIES.—
(i) ASSESSMENT BY NAS.—Prior to proposing a na-

tional primary drinking water regulation for radon,
the Administrator shall arrange for the National Acad-
emy of Sciences to prepare a risk assessment for radon
in drinking water using the best available science in
accordance with the requirements of paragraph (3).
The risk assessment shall consider each of the risks as-
sociated with exposure to radon from drinking water
and consider studies on the health effects of radon at
levels and under conditions likely to be experienced
through residential exposure. The risk assessment shall
be peer-reviewed.

(ii) STUDY OF OTHER MEASURES.—The Adminis-
trator shall arrange for the National Academy of
Sciences to prepare an assessment of the health risk re-
duction benefits associated with various mitigation
measures to reduce radon levels in indoor air. The as-
sessment may be conducted as part of the risk assess-
ment authorized by clause (i) and shall be used by the
Administrator to prepare the guidance and approve
State programs under subparagraph (G).

(iii) OTHER ORGANIZATION.—If the National Acad-
emy of Sciences declines to prepare the risk assessment
or studies required by this subparagraph, the Adminis-
trator shall enter into a contract or cooperative agree-
ment with another independent, scientific organization
to prepare such assessments or studies.
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(C) HEALTH RISK REDUCTION AND COST ANALYSIS.—Not
later than 30 months after the date of enactment of this
paragraph, the Administrator shall publish, and seek pub-
lic comment on, a health risk reduction and cost analysis
meeting the requirements of paragraph (3)(C) for potential
maximum contaminant levels that are being considered for
radon in drinking water. The Administrator shall include
a response to all significant public comments received on
the analysis with the preamble for the proposed rule pub-
lished under subparagraph (D).

(D) PROPOSED REGULATION.—Not later than 36 months
after the date of enactment of this paragraph, the Adminis-
trator shall propose a maximum contaminant level goal
and a national primary drinking water regulation for
radon pursuant to this section.

(E) FINAL REGULATION.—Not later than 12 months
after the date of the proposal under subparagraph (D), the
Administrator shall publish a maximum contaminant level
goal and promulgate a national primary drinking water
regulation for radon pursuant to this section based on the
risk assessment prepared pursuant to subparagraph (B)
and the health risk reduction and cost analysis published
pursuant to subparagraph (C). In considering the risk as-
sessment and the health risk reduction and cost analysis in
connection with the promulgation of such a standard, the
Administrator shall take into account the costs and benefits
of control programs for radon from other sources.

(F) ALTERNATIVE MAXIMUM CONTAMINANT LEVEL.—If
the maximum contaminant level for radon in drinking
water promulgated pursuant to subparagraph (E) is more
stringent than necessary to reduce the contribution to radon
in indoor air from drinking water to a concentration that
is equivalent to the national average concentration of radon
in outdoor air, the Administrator shall, simultaneously
with the promulgation of such level, promulgate an alter-
native maximum contaminant level for radon that would
result in a contribution of radon from drinking water to
radon levels in indoor air equivalent to the national aver-
age concentration of radon in outdoor air. If the Adminis-
trator promulgates an alternative maximum contaminant
level under this subparagraph, the Administrator shall,
after notice and opportunity for public comment and in
consultation with the States, publish guidelines for State
programs, including criteria for multimedia measures to
mitigate radon levels in indoor air, to be used by the States
in preparing programs under subparagraph (G). The guide-
lines shall take into account data from existing radon miti-
gation programs and the assessment of mitigation meas-
ures prepared under subparagraph (B).

(G) MULTIMEDIA RADON MITIGATION PROGRAMS.—
(i) IN GENERAL.—A State may develop and submit

a multimedia program to mitigate radon levels in in-
door air for approval by the Administrator under this
subparagraph. If, after notice and the opportunity for
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public comment, such program is approved by the Ad-
ministrator, public water systems in the State may
comply with the alternative maximum contaminant
level promulgated under subparagraph (F) in lieu of
the maximum contaminant level in the national pri-
mary drinking water regulation promulgated under
subparagraph (E).

(ii) ELEMENTS OF PROGRAMS.—State programs
may rely on a variety of mitigation measures including
public education, testing, training, technical assistance,
remediation grant and loan or incentive programs, or
other regulatory or nonregulatory measures. The effec-
tiveness of elements in State programs shall be evalu-
ated by the Administrator based on the assessment pre-
pared by the National Academy of Sciences under sub-
paragraph (B) and the guidelines published by the Ad-
ministrator under subparagraph (F).

(iii) APPROVAL.—The Administrator shall approve
a State program submitted under this paragraph if the
health risk reduction benefits expected to be achieved
by the program are equal to or greater than the health
risk reduction benefits that would be achieved if each
public water system in the State complied with the
maximum contaminant level promulgated under sub-
paragraph (E). The Administrator shall approve or dis-
approve a program submitted under this paragraph
within 180 days of receipt. A program that is not dis-
approved during such period shall be deemed ap-
proved. A program that is disapproved may be modi-
fied to address the objections of the Administrator and
be resubmitted for approval.

(iv) REVIEW.—The Administrator shall periodi-
cally, but not less often than every 5 years, review each
multimedia mitigation program approved under this
subparagraph to determine whether it continues to
meet the requirements of clause (iii) and shall, after
written notice to the State and an opportunity for the
State to correct any deficiency in the program, with-
draw approval of programs that no longer comply with
such requirements.

(v) EXTENSION.—If, within 90 days after the pro-
mulgation of an alternative maximum contaminant
level under subparagraph (F), the Governor of a State
submits a letter to the Administrator committing to de-
velop a multimedia mitigation program under this sub-
paragraph, the effective date of the national primary
drinking water regulation for radon in the State that
would be applicable under paragraph (10) shall be ex-
tended for a period of 18 months.

(vi) LOCAL PROGRAMS.—In the event that a State
chooses not to submit a multimedia mitigation pro-
gram for approval under this subparagraph or has
submitted a program that has been disapproved, any
public water system in the State may submit a pro-
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gram for approval by the Administrator according to
the same criteria, conditions, and approval process that
would apply to a State program. The Administrator
shall approve a multimedia mitigation program if the
health risk reduction benefits expected to be achieved
by the program are equal to or greater than the health
risk reduction benefits that would result from compli-
ance by the public water system with the maximum
contaminant level for radon promulgated under sub-
paragraph (E).

(14) RECYCLING OF FILTER BACKWASH.—The Administrator
shall promulgate a regulation to govern the recycling of filter
backwash water within the treatment process of a public water
system. The Administrator shall promulgate such regulation
not later than 4 years after the date of enactment of the Safe
Drinking Water Act Amendments of 1996 unless such recycling
has been addressed by the Administrator’s Enhanced Surface
Water Treatment Rule prior to such date.

(15) VARIANCE TECHNOLOGIES.—
(A) IN GENERAL.—At the same time as the Adminis-

trator promulgates a national primary drinking water reg-
ulation for a contaminant pursuant to this section, the Ad-
ministrator shall issue guidance or regulations describing
the best treatment technologies, treatment techniques, or
other means (referred to in this paragraph as ‘‘variance
technology’’) for the contaminant that the Administrator
finds, after examination for efficacy under field conditions
and not solely under laboratory conditions, are available
and affordable, as determined by the Administrator in con-
sultation with the States, for public water systems of vary-
ing size, considering the quality of the source water to be
treated. The Administrator shall identify such variance
technologies for public water systems serving—

(i) a population of 10,000 or fewer but more than
3,300;

(ii) a population of 3,300 or fewer but more than
500; and

(iii) a population of 500 or fewer but more than 25,
if, considering the quality of the source water to be treated,
no treatment technology is listed for public water systems
of that size under paragraph (4)(E). Variance technologies
identified by the Administrator pursuant to this paragraph
may not achieve compliance with the maximum contami-
nant level or treatment technique requirement of such regu-
lation, but shall achieve the maximum reduction or inac-
tivation efficiency that is affordable considering the size of
the system and the quality of the source water. The guid-
ance or regulations shall not require the use of a technology
from a specific manufacturer or brand.

(B) LIMITATION.—The Administrator shall not identify
any variance technology under this paragraph, unless the
Administrator has determined, considering the quality of
the source water to be treated and the expected useful life
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of the technology, that the variance technology is protective
of public health.

(C) ADDITIONAL INFORMATION.—The Administrator
shall include in the guidance or regulations identifying
variance technologies under this paragraph any assump-
tions supporting the public health determination referred to
in subparagraph (B), where such assumptions concern the
public water system to which the technology may be ap-
plied, or its source waters. The Administrator shall provide
any assumptions used in determining affordability, taking
into consideration the number of persons served by such
systems. The Administrator shall provide as much reliable
information as practicable on performance, effectiveness,
limitations, costs, and other relevant factors including the
applicability of variance technology to waters from surface
and underground sources.

(D) REGULATIONS AND GUIDANCE.—Not later than 2
years after the date of enactment of this paragraph and
after consultation with the States, the Administrator shall
issue guidance or regulations under subparagraph (A) for
each national primary drinking water regulation promul-
gated prior to the date of enactment of this paragraph for
which a variance may be granted under section 1415(e).
The Administrator may, at any time after a national pri-
mary drinking water regulation has been promulgated,
issue guidance or regulations describing additional vari-
ance technologies. The Administrator shall, not less often
than every 7 years, or upon receipt of a petition supported
by substantial information, review variance technologies
identified under this paragraph. The Administrator shall
issue revised guidance or regulations if new or innovative
variance technologies become available that meet the re-
quirements of this paragraph and achieve an equal or
greater reduction or inactivation efficiency than the vari-
ance technologies previously identified under this subpara-
graph. No public water system shall be required to replace
a variance technology during the useful life of the tech-
nology for the sole reason that a more efficient variance
technology has been listed under this subparagraph.

(c) The Administrator shall publish proposed national second-
ary drinking water regulations within 270 days after the date of
enactment of this title. Within 90 days after publication of any
such regulation, he shall promulgate such regulation with such
modifications as he deems appropriate. Regulations under this sub-
section may be amended from time to time.

(d) Regulations under this section shall be prescribed in ac-
cordance with section 553 of title 5, United States Code (relating
to rulemaking), except that the Administrator shall provide oppor-
tunity for public hearing prior to promulgation of such regulations.
In proposing and promulgating regulations under this section, the
Administrator shall consult with the Secretary and the National
Drinking Water Advisory Council.

(e) The Administrator shall request comments from the Science
Advisory Board (established under the Environmental Research,
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Development, and Demonstration Act of 1978) prior to proposal of
a maximum contaminant level goal and national primary drinking
water regulation. The Board shall respond, as it deems appro-
priate, within the time period applicable for promulgation of the
national primary drinking water standard concerned. This sub-
section shall, under no circumstances, be used to delay final pro-
mulgation of any national primary drinking water standard.
[42 U.S.C. 300g–1]

STATE PRIMARY ENFORCEMENT RESPONSIBILITY

SEC. 1413. (a) For purposes of this title, a State has primary
enforcement responsibility for public water systems during any pe-
riod for which the Administrator determines (pursuant to regula-
tions prescribed under subsection (b)) that such State—

ø(1) has adopted drinking water regulations which are no
less stringent than the national primary drinking water regu-
lations in effect under such section 1412(a) and 1412(b);¿

(1) has adopted drinking water regulations that are no less
stringent than the national primary drinking water regulations
promulgated by the Administrator under subsections (a) and (b)
of section 1412 not later than 2 years after the date on which
the regulations are promulgated by the Administrator, except
that the Administrator may provide for an extension of not
more than 2 years if, after submission and review of appro-
priate, adequate documentation from the State, the Adminis-
trator determines that the extension is necessary and justified;

(2) has adopted and is implementing adequate procedures
for the enforcement of such State regulations, including con-
ducting such monitoring and making such inspections as the
Administrator may require by regulation;

(3) will keep such records and make such reports with re-
spect to its activities under paragraphs (1) and (2) as the Ad-
ministrator may require by regulation;

(4) if it permits variances or exemptions, or both, from the
requirements of its drinking water regulations which meet the
requirements of paragraph (1), permits such variances and ex-
emptions under conditions and in a manner which is not less
stringent than the conditions under, and the manner in, which
variances and exemptions may be granted under sections 1415
and 1416; øand¿

(5) has adopted and can implement an adequate plan for
the provision of safe drinking water under emergency cir-
cumstances including earthquakes, floods, hurricanes, and
other natural disasters, as appropriateƒ.≈; and

(6) has adopted authority for administrative penalties (un-
less the constitution of the State prohibits the adoption of the
authority) in a maximum amount—

(A) in the case of a system serving a population of more
than 10,000, that is not less than $1,000 per day per viola-
tion; and

(B) in the case of any other system, that is adequate to
ensure compliance (as determined by the State);
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except that a State may establish a maximum limitation on the
total amount of administrative penalties that may be imposed
on a public water system per violation.
(b)(1) The Administrator shall, by regulation (proposed within

180 days of the date of the enactment of this title), prescribe the
manner in which a State may apply to the Administrator for a de-
termination that the requirements of paragraphs (1), (2), (3), and
(4) of subsection (a) are satisfied with respect to the State, the
manner in which the determination is made, the period for which
the determination will be effective, and the manner in which the
Administrator may determine that such requirements are no longer
met. Such regulations shall require that before a determination of
the Administrator that such requirements are met or are no longer
met with respect to a State may become effective, the Adminis-
trator shall notify such State of the determination and the reasons
therefor and shall provide an opportunity for public hearing on the
determination. Such regulations shall be promulgated (with such
modifications as the Administrator deems appropriate) within 90
days of the publication of the proposed regulations in the Federal
Register. The Administrator shall promptly notify in writing the
chief executive officer of each State of the promulgation of regula-
tions under this paragraph. Such notice shall contain a copy of the
regulations and shall specify a State’s authority under this title
when it is determined to have primary enforcement responsibility
for public water systems.

(2) When an application is submitted in accordance with the
Administrator’s regulations under paragraph (1), the Administrator
shall within 90 days of the date on which such application is sub-
mitted (A) make the determination applied for, or (B) deny the ap-
plication and notify the applicant in writing of the reasons for his
denial.

(c) INTERIM PRIMARY ENFORCEMENT AUTHORITY.—A State that
has primary enforcement authority under this section with respect
to each existing national primary drinking water regulation shall be
considered to have primary enforcement authority with respect to
each new or revised national primary drinking water regulation
during the period beginning on the effective date of a regulation
adopted and submitted by the State with respect to the new or re-
vised national primary drinking water regulation in accordance
with subsection (b)(1) and ending at such time as the Administrator
makes a determination under subsection (b)(2)(B) with respect to the
regulation.
[42 U.S.C. 300g–2]

ENFORCEMENT OF DRINKING WATER REGULATIONS

SEC. 1414. (a)(1)(A) Whenever the Administrator finds during
a period during which a State has primary enforcement responsibil-
ity for public water systems (within the meaning of section 1413(a))
that any public water system—

(i) for which a variance under section 1415 or an exemp-
tion under section 1416 is not in effect, does not comply with
øany national primary drinking water regulation in effect
under section 1412¿ any applicable requirement, or
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(ii) for which a variance under section 1415 or an exemp-
tion under section 1416 is in effect, does not comply with any
schedule or other requirement imposed pursuant thereto,

he shall so notify the State and such public water system and pro-
vide such advice and technical assistance to such State and public
water system as may be appropriate to bring the system into com-
pliance øwith such regulation or requirement¿ with the require-
ment by the earliest feasible time.

(B) If, beyond the thirtieth day after the Administrator’s notifi-
cation under subparagraph (A), the State has not commenced ap-
propriate enforcement action, the Administrator shall issue an
order under subsection (g) requiring the public water system to
comply with such øregulation or¿ applicable requirement or the
Administrator shall commence a civil action under subsection (b).

ø(2) Whenever, on the basis of information available to
him, the Administrator finds during a period during which a
State does not have primary enforcement responsibility for
public water systems that a public water system in such
State—

ø(A) for which a variance under section 1415(a)(2) or
an exemption under section 1416(f) is not in effect, does
not comply with any national primary drinking water reg-
ulation in effect under section 1412, or

ø(B) for which a variance under section 1415(a)(2) or
an exemption under section 1416(f) is in effect, does not
comply with any schedule or other requirement imposed
pursuant thereto,

the Administrator shall issue an order under subsection (g) re-
quiring the public water system to comply with such regulation
or requirement or the Administrator shall commence a civil ac-
tion under subsection (b).¿

(2) ENFORCEMENT IN NONPRIMACY STATES.—
(A) IN GENERAL.—If, on the basis of information avail-

able to the Administrator, the Administrator finds, with re-
spect to a period in which a State does not have primary
enforcement responsibility for public water systems, that a
public water system in the State—

(i) for which a variance under section 1415 or an
exemption under section 1416 is not in effect, does not
comply with any applicable requirement; or

(ii) for which a variance under section 1415 or an
exemption under section 1416 is in effect, does not com-
ply with any schedule or other requirement imposed
pursuant to the variance or exemption;

the Administrator shall issue an order under subsection (g)
requiring the public water system to comply with the re-
quirement, or commence a civil action under subsection (b).

(B) NOTICE.—If the Administrator takes any action
pursuant to this paragraph, the Administrator shall notify
an appropriate local elected official, if any, with jurisdic-
tion over the public water system of the action prior to the
time that the action is taken.

(b) The Administrator may bring a civil action in the appro-
priate United States district court to require compliance with øa
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national primary drinking water regulation¿ any applicable re-
quirement, with an order issued under subsection (g), or with any
schedule or other requirement imposed pursuant to a variance or
exemption granted under section 1415 or 1416 if—

(1) authorized under paragraph (1) or (2) of subsection (a),
or

(2) if requested by (A) the chief executive officer of the
State in which is located the public water system which is not
in compliance with such regulation or requirement, or (B) the
agency of such State which has jurisdiction over compliance by
public water systems in the State with national primary drink-
ing water regulations or State drinking water regulations.

The court may enter, in an action brought under this subsection,
such judgment as protection of public health may require, taking
into consideration the time necessary to comply and the availability
of alternative water supplies; and, if the court determines that
there has been a violation of the regulation or schedule or other re-
quirement with respect to which the action was brought, the court
may, taking into account the seriousness of the violation, the popu-
lation at risk, and other appropriate factors, impose on the violator
a civil penalty of not to exceed $25,000 for each day in which such
violation occurs.

ø(c) Each owner or operator of a public water system shall give
notice to the persons served by it—

ø(1) of any failure on the part of the public water system to—
ø(A) comply with an applicable maximum contaminant

level or treatment technique requirement of, or a testing proce-
dure prescribed by, a national primary drinking water regula-
tion, or

ø(B) perform monitoring required by section 1445(a), and
ø(2) if the public water system is subject to a variance granted

under section 1415(a)(1)(A) or 1415(a)(2) for an inability to meet a
maximum contaminant level requirement or is subject to an ex-
emption granted under section 1416, of—

ø(A) the existence of such variance or exemption, and
ø(B) any failure to comply with the requirements of any

schedule prescribed pursuant to the variance or exemption.
øThe Administrator shall by regulation prescribe the form,

manner, and frequency for giving notice under this subsection.
Within 15 months after the enactment of the Safe Drinking Water
Act Amendments of 1986, the Administrator shall amend such reg-
ulations to provide for different types and frequencies of notice
based on the differences between violations which are intermittent
or infrequent and violations which are continuous or frequent. Such
regulations shall also take into account the seriousness of any po-
tential adverse health effects which may be involved. Notice of any
violation of a maximum contaminant level or any other violation
designated by the Administrator as posing a serious potential ad-
verse health effect shall be given as soon as possible, but in no case
later than 14 days after the violation. Notice of a continuous viola-
tion of a regulation other than a maximum contaminant level shall
be given no less frequently than every 3 months. Notice of viola-
tions judged to be less serious shall be given no less frequently
than annually. The Administrator shall specify the types of notice
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to be used to provide information as promptly and effectively as
possible taking into account both the seriousness of any potential
adverse health effects and the likelihood of reaching all affected
persons. Notification of violations shall include notice by general
circulation newspaper serving the area and, whenever appropriate,
shall also include a press release to electronic media and individual
mailings. Notice under this subsection shall provide a clear and
readily understandable explanation of the violation, any potential
adverse health effects, the steps that the system is taking to cor-
rect such violation and the necessity for seeking alternative water
supplies, if any until the violation is corrected. Until such amended
regulations are promulgated, the regulations in effect on the date
of the enactment of the Safe Drinking Water Act Amendments of
1986 shall remain in effect. The Administrator may also require
the owner or operator of a public water system to give notice to the
persons served by it of contaminant levels of any unregulated con-
taminant required to be monitored under section 1445(a). Any per-
son who violates this subsection or regulations issued under this
subsection shall be subject to a civil penalty of not to exceed
$25,000.¿

(c) NOTICE TO PERSONS SERVED.—
(1) IN GENERAL.—Each owner or operator of a public water

system shall give notice of each of the following to the persons
served by the system:

(A) Notice of any failure on the part of the public water
system to—

(i) comply with an applicable maximum contami-
nant level or treatment technique requirement of, or a
testing procedure prescribed by, a national primary
drinking water regulation; or

(ii) perform monitoring required by section
1445(a).
(B) If the public water system is subject to a variance

granted under subsection (a)(1)(A), (a)(2), or (e) of section
1415 for an inability to meet a maximum contaminant level
requirement or is subject to an exemption granted under
section 1416, notice of—

(i) the existence of the variance or exemption; and
(ii) any failure to comply with the requirements of

any schedule prescribed pursuant to the variance or ex-
emption.
(C) Notice of the concentration level of any unregulated

contaminant for which the Administrator has required pub-
lic notice pursuant to paragraph (2)(E).
(2) FORM, MANNER, AND FREQUENCY OF NOTICE.—

(A) IN GENERAL.—The Administrator shall, by regula-
tion, and after consultation with the States, prescribe the
manner, frequency, form, and content for giving notice
under this subsection. The regulations shall—

(i) provide for different frequencies of notice based
on the differences between violations that are intermit-
tent or infrequent and violations that are continuous or
frequent; and
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(ii) take into account the seriousness of any poten-
tial adverse health effects that may be involved.
(B) STATE REQUIREMENTS.—

(i) IN GENERAL.—A State may, by rule, establish
alternative notification requirements—

(I) with respect to the form and content of no-
tice given under and in a manner in accordance
with subparagraph (C); and

(II) with respect to the form and content of no-
tice given under subparagraph (D).
(ii) CONTENTS.—The alternative requirements

shall provide the same type and amount of information
as required pursuant to this subsection and regulations
issued under subparagraph (A).

(iii) RELATIONSHIP TO SECTION 1413.—Nothing in
this subparagraph shall be construed or applied to
modify the requirements of section 1413.
(C) VIOLATIONS WITH POTENTIAL TO HAVE SERIOUS AD-

VERSE EFFECTS ON HUMAN HEALTH.—Regulations issued
under subparagraph (A) shall specify notification proce-
dures for each violation by a public water system that has
the potential to have serious adverse effects on human
health as a result of short-term exposure. Each notice of
violation provided under this subparagraph shall—

(i) be distributed as soon as practicable after the
occurrence of the violation, but not later than 24 hours
after the occurrence of the violation;

(ii) provide a clear and readily understandable ex-
planation of—

(I) the violation;
(II) the potential adverse effects on human

health;
(III) the steps that the public water system is

taking to correct the violation; and
(IV) the necessity of seeking alternative water

supplies until the violation is corrected;
(iii) be provided to the Administrator or the head

of the State agency that has primary enforcement re-
sponsibility under section 1413 as soon as practicable,
but not later than 24 hours after the occurrence of the
violation; and

(iv) as required by the State agency in general reg-
ulations of the State agency, or on a case-by-case basis
after the consultation referred to in clause (iii), consid-
ering the health risks involved—

(I) be provided to appropriate broadcast
media;

(II) be prominently published in a newspaper
of general circulation serving the area not later
than 1 day after distribution of a notice pursuant
to clause (i) or the date of publication of the next
issue of the newspaper; or
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(III) be provided by posting or door-to-door no-
tification in lieu of notification by means of broad-
cast media or newspaper.

(D) WRITTEN NOTICE.—
(i) IN GENERAL.—Regulations issued under sub-

paragraph (A) shall specify notification procedures for
violations other than the violations covered by subpara-
graph (C). The procedures shall specify that a public
water system shall provide written notice to each per-
son served by the system by notice (I) in the first bill
(if any) prepared after the date of occurrence of the vio-
lation, (II) in an annual report issued not later than 1
year after the date of occurrence of the violation, or
(III) by mail or direct delivery as soon as practicable,
but not later than 1 year after the date of occurrence
of the violation.

(ii) FORM AND MANNER OF NOTICE.—The Adminis-
trator shall prescribe the form and manner of the no-
tice to provide a clear and readily understandable ex-
planation of the violation, any potential adverse health
effects, and the steps that the system is taking to seek
alternative water supplies, if any, until the violation is
corrected.
(E) UNREGULATED CONTAMINANTS.—The Administrator

may require the owner or operator of a public water system
to give notice to the persons served by the system of the con-
centration levels of an unregulated contaminant required to
be monitored under section 1445(a).
(3) REPORTS.—

(A) ANNUAL REPORT BY STATE.—
(i) IN GENERAL.—Not later than January 1, 1998,

and annually thereafter, each State that has primary
enforcement responsibility under section 1413 shall
prepare, make readily available to the public, and sub-
mit to the Administrator an annual report on viola-
tions of national primary drinking water regulations
by public water systems in the State, including viola-
tions with respect to (I) maximum contaminant levels,
(II) treatment requirements, (III) variances and exemp-
tions, and (IV) monitoring requirements determined to
be significant by the Administrator after consultation
with the States.

(ii) DISTRIBUTION.—The State shall publish and
distribute summaries of the report and indicate where
the full report is available for review.
(B) ANNUAL REPORT BY ADMINISTRATOR.—Not later

than July 1, 1998, and annually thereafter, the Adminis-
trator shall prepare and make available to the public an
annual report summarizing and evaluating reports submit-
ted by States pursuant to subparagraph (A) and notices
submitted by public water systems serving Indian Tribes
provided to the Administrator pursuant to subparagraph
(C) or (D) of paragraph (2) and making recommendations
concerning the resources needed to improve compliance



31

with this title. The report shall include information about
public water system compliance on Indian reservations and
about enforcement activities undertaken and financial as-
sistance provided by the Administrator on Indian reserva-
tions, and shall make specific recommendations concerning
the resources needed to improve compliance with this title
on Indian reservations.
(4) CONSUMER CONFIDENCE REPORTS BY COMMUNITY WATER

SYSTEMS.—
(A) ANNUAL REPORTS TO CONSUMERS.—The Adminis-

trator, in consultation with public water systems, environ-
mental groups, public interest groups, risk communication
experts, and the States, and other interested parties, shall
issue regulations within 24 months after the date of enact-
ment of this paragraph to require each community water
system to mail to each customer of the system at least once
annually a report on the level of contaminants in the drink-
ing water purveyed by that system (referred to in this para-
graph as a ‘‘consumer confidence report’’). Such regulations
shall provide a brief and plainly worded definition of the
terms ‘‘maximum contaminant level goal’’, ‘‘maximum con-
taminant level’’, ‘‘variances’’, and ‘‘exemptions’’ and brief
statements in plain language regarding the health concerns
that resulted in regulation of each regulated contaminant.
The regulations shall also include a brief and plainly
worded explanation regarding contaminants that may rea-
sonably be expected to be present in drinking water, includ-
ing bottled water. The regulations shall also provide for an
Environmental Protection Agency toll-free hotline that con-
sumers can call for more information and explanation.

(B) CONTENTS OF REPORT.—The consumer confidence
reports under this paragraph shall include, but not be lim-
ited to, each of the following:

(i) Information on the source of the water
purveyed.

(ii) A brief and plainly worded definition of the
terms ‘‘maximum contaminant level goal’’, ‘‘maximum
contaminant level’’, ‘‘variances’’, and ‘‘exemptions’’ as
provided in the regulations of the Administrator.

(iii) If any regulated contaminant is detected in the
water purveyed by the public water system, a statement
setting forth (I) the maximum contaminant level goal,
(II) the maximum contaminant level, (III) the level of
such contaminant in such water system, and (IV) for
any regulated contaminant for which there has been a
violation of the maximum contaminant level during the
year concerned, the brief statement in plain language
regarding the health concerns that resulted in regula-
tion of such contaminant, as provided by the Adminis-
trator in regulations under subparagraph (A).

(iv) Information on compliance with national pri-
mary drinking water regulations, as required by the
Administrator, and notice if the system is operating
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under a variance or exemption and the basis on which
the variance or exemption was granted.

(v) Information on the levels of unregulated con-
taminants for which monitoring is required under sec-
tion 1445(a)(2) (including levels of cryptosporidium
and radon where States determine they may be found).

(vi) A statement that the presence of contaminants
in drinking water does not necessarily indicate that the
drinking water poses a health risk and that more infor-
mation about contaminants and potential health effects
can be obtained by calling the Environmental Protec-
tion Agency hotline.

A public water system may include such additional infor-
mation as it deems appropriate for public education. The
Administrator may, for not more than 3 regulated contami-
nants other than those referred to in subclause (IV) of
clause (iii), require a consumer confidence report under this
paragraph to include the brief statement in plain language
regarding the health concerns that resulted in regulation of
the contaminant or contaminants concerned, as provided by
the Administrator in regulations under subparagraph (A).

(C) COVERAGE.—The Governor of a State may deter-
mine not to apply the mailing requirement of subparagraph
(A) to a community water system serving fewer than 10,000
persons. Any such system shall—

(i) inform, in the newspaper notice required by
clause (iii) or by other means, its customers that the
system will not be mailing the report as required by
subparagraph (A);

(ii) make the consumer confidence report available
upon request to the public; and

(iii) publish the report referred to in subparagraph
(A) annually in one or more local newspapers serving
the area in which customers of the system are located.
(D) ALTERNATIVE TO PUBLICATION.—For any commu-

nity water system which, pursuant to subparagraph (C), is
not required to meet the mailing requirement of subpara-
graph (A) and which serves 500 persons or fewer, the com-
munity water system may elect not to comply with clause
(i) or (iii) of subparagraph (C). If the community water sys-
tem so elects, the system shall, at a minimum—

(i) prepare an annual consumer confidence report
pursuant to subparagraph (B); and

(ii) provide notice at least once per year to each of
its customers by mail, by door-to-door delivery, by post-
ing or by other means authorized by the regulations of
the Administrator that the consumer confidence report
is available upon request.
(E) ALTERNATIVE FORM AND CONTENT.—A State exer-

cising primary enforcement responsibility may establish, by
rule, after notice and public comment, alternative require-
ments with respect to the form and content of consumer
confidence reports under this paragraph.
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(d) Whenever, on the basis of information available to him, the
Administrator finds that within a reasonable time after national
secondary drinking water regulations have been promulgated, one
or more public water systems in a State do not comply with such
secondary regulations, and that such noncompliance appears to re-
sult from a failure of such State to take reasonable action to assure
that public water systems throughout such State meet such second-
ary regulations, he shall so notify the State.

(e) Nothing in this title shall diminish any authority of a State
or political subdivision to adopt or enforce any law or regulation re-
specting drinking water regulations or public water systems, but no
such law or regulation shall relieve any person of any requirement
otherwise applicable under this title.

(f) If the Administrator makes a finding of noncompliance (de-
scribed in subparagraph (A) or (B) of subsection (a)(1)) with respect
to a public water system in a State which has primary enforcement
responsibility, the Administrator may, for the purpose of assisting
that State in carrying out such responsibility and upon the petition
of such State or public water system or persons served by such sys-
tem, hold, after appropriate notice, public hearings for the purpose
of gathering information from technical or other experts, Federal,
State, or other public officials, representatives of such public water
system, persons served by such system, and other interested per-
sons on—

(1) the ways in which such system can within the earliest
feasible time be brought into compliance with the regulation or
requirement with respect to which such finding was made, and

(2) the means for the maximum feasible protection of the
public health during any period in which such system is not in
compliance with a national primary drinking water regulation
or requirement applicable to a variance or exemption.

On the basis of such hearings the Administrator shall issue rec-
ommendations which shall be sent to such State and public water
system and shall be made available to the public and communica-
tions media.

(g)(1) In any case in which the Administrator is authorized to
bring a civil action under this section or under section 1445 with
respect to any øregulation, schedule, or other¿ applicable require-
ment, the Administrator also may issue an order to require compli-
ance with such øregulation, schedule, or other¿ applicable require-
ment.

(2) An order issued under this subsection shall not take øeffect
until after notice and opportunity for public hearing and,¿ effect, in
the case of a State having primary enforcement responsibility for
public water systems in that State, until after the Administrator
has provided the State with an opportunity to confer with the Ad-
ministrator regarding the øproposed¿ order. A copy of any order is-
sued under this subsection shall be sent to the appropriate State
agency of the State involved if the State has primary enforcement
responsibility for public water systems in that State. Any order
øproposed to be¿ issued under this subsection shall state with rea-
sonable specificity the nature of the violation. In any case in which
an order under this subsection is issued to a corporation, a copy of
such order shall be issued to appropriate corporate officers.
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(3)(A) Any person who violates, or fails or refuses to comply
with, an order under this subsection shall be liable to the United
States for a civil penalty of not more than $25,000 per day of viola-
tion.

ø(B) any failure to comply with the requirements of any sched-
ule prescribed pursuant to the variance or exemption.

øThe Administrator shall by regulation prescribe the form,
manner, and frequency for giving notice under this subsection.
Within 15 months after the enactment of the Safe Drinking Water
Act Amendments of 1986, the Administrator shall amend such reg-
ulations to provide for different types and frequencies of notice
based on the differences between violations which are intermittent
or infrequent and violations which are continuous or frequent. Such
regulations shall also take into account the seriousness of any po-
tential adverse health effects which may be involved. Notice of any
violation of a maximum contaminant level or any other violation
designated by the Administrator as posing a serious potential ad-
verse health effect shall be given as soon as possible, but in no case
later than 14 days after the violation. Notice of a continuous viola-
tion of a regulation other than a maximum contaminant level shall
be given no less frequently than every 3 months. Notice of viola-
tions judged to be less serious shall be given no less frequently
than annually. The Administrator shall specify the types of notice
to be used to provide information as promptly and effectively as
possible taking into account both the seriousness of any potential
adverse health effects and the likelihood of reaching all affected
persons. Notification of violations shall include notice by general
circulation newspaper serving the area and, whenever appropriate,
shall also include a press release to electronic media and individual
mailings. Notice under this subsection shall provide a clear and
readily understandable explanation of the violation, any potential
adverse health effects, the steps that the system is taking to cor-
rect such violation and the necessity for seeking alternative water
supplies, if any until the violation is corrected. Until such amended
regulations are promulgated, the regulations in effect on the date
of the enactment of the Safe Drinking Water Act Amendments of
1986 shall remain in effect. The Administrator may also require
the owner or operator of a public water system to give notice to the
persons served by it of contaminant levels of any unregulated con-
taminant required to be monitored under section 1445(a). Any per-
son who violates this subsection or regulations issued under this
subsection shall be subject to a civil penalty of not to exceed
$25,000.¿

(B) In a case in which a civil penalty sought by the Adminis-
trator under this paragraph does not exceed $5,000, the penalty
shall be assessed by the Administrator after notice and opportunity
for a public hearing (unless the person against whom the penalty
is assessed requests a hearing on the record in accordance with sec-
tion 554 of title 5, United States Code). In a case in which a civil
penalty sought by the Administrator under this paragraph exceeds
$5,000, but does not exceed $25,000, the penalty shall be assessed
by the Administrator after notice and opportunity for a hearing on
the record in accordance with section 554 of title 5, United States
Code.
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(C) Whenever any civil penalty sought by the Administrator
under this øparagraph exceeds $5,000¿ subsection for a violation of
an applicable requirement exceeds $25,000, the penalty shall be as-
sessed by a civil action brought by the Administrator in the appro-
priate United States district court (as determined under the provi-
sions of title 28 of the United States Code).

(D) If any person fails to pay an assessment of a civil penalty
after it has become a final and unappealable order, or after the ap-
propriate court of appeals has entered final judgment in favor of
the Administrator, the Attorney General shall recover the amount
for which such person is liable in any appropriate district court of
the United States. In any such action, the validity and appropriate-
ness of the final order imposing the civil penalty shall not be sub-
ject to review.

(h) CONSOLIDATION INCENTIVE.—
(1) IN GENERAL.—An owner or operator of a public water

system may submit to the State in which the system is located
(if the State has primary enforcement responsibility under sec-
tion 1413) or to the Administrator (if the State does not have
primary enforcement responsibility) a plan (including specific
measures and schedules) for—

(A) the physical consolidation of the system with 1 or
more other systems;

(B) the consolidation of significant management and
administrative functions of the system with 1 or more other
systems; or

(C) the transfer of ownership of the system that may
reasonably be expected to improve drinking water quality.
(2) CONSEQUENCES OF APPROVAL.—If the State or the Ad-

ministrator approves a plan pursuant to paragraph (1), no en-
forcement action shall be taken pursuant to this part with re-
spect to a specific violation identified in the approved plan prior
to the date that is the earlier of the date on which consolidation
is completed according to the plan or the date that is 2 years
after the plan is approved.
(i) DEFINITION OF APPLICABLE REQUIREMENT.—In this section,

the term ‘‘applicable requirement’’ means—
(1) a requirement of section 1412, 1414, 1415, 1416, 1417,

1441, or 1445;
(2) a regulation promulgated pursuant to a section referred

to in paragraph (1);
(3) a schedule or requirement imposed pursuant to a section

referred to in paragraph (1); and
(4) a requirement of, or permit issued under, an applicable

State program for which the Administrator has made a deter-
mination that the requirements of section 1413 have been satis-
fied, or an applicable State program approved pursuant to this
part.

[42 U.S.C. 300g–3]
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VARIANCES

SEC. 1415. (a) Notwithstanding any other provision of this
part, variances from national primary drinking water regulations
may be granted as follows:

(1)(A) A State which has primary enforcement responsibil-
ity for public water systems may grant one or more variances
from an applicable national primary drinking water regulation
to one or more public water systems within its jurisdiction
which, because of characteristics of the raw water sources
which are reasonably available to the systems, cannot meet the
requirements respecting the maximum contaminant levels of
such drinking water regulation. A variance may be issued to
a system on condition that the system install the best tech-
nology, treatment techniques, or other means, which the Ad-
ministrator finds are available (taking costs into consider-
ation), and based upon an evaluation satisfactory to the State
that indicates that alternative sources of water are not reason-
ably available to the system. The Administrator shall propose
and promulgate his finding of the best available technology,
treatment techniques or other means available for each con-
taminant for purposes of this subsection at the time he pro-
poses and promulgates a maximum contaminant level for each
such contaminant. The Administrator’s finding of best avail-
able technology, treatment techniques or other means for pur-
poses of this subsection may vary depending on the number of
persons served by the system or for other physical conditions
related to engineering feasibility and costs of compliance with
maximum contaminant levels as considered approprate by Ad-
ministrator. Before a State may grant a variance under this
subparagraph, the State must find that the variance will not
result in an unreasonable risk to health. If a State grants a
public water system a variance under this subparagraph, the
State shall prescribe at the the time the variance is granted,
a schedule for—

(i) compliance (including increments of progress) by
the public water system with each contaminant level re-
quirement with respect to which the variance was granted,
and

(ii) implementation by the public water system of such
additional control measures as the State may require for
each contaminant, subject to such contaminant level re-
quirement, during the period ending on the date compli-
ance with such requirement is required.

Before a schedule prescribed by a State pursuant to this sub-
paragraph may take effect, the State shall provide notice and
opportunity for a public hearing on the schedule. A notice
given pursuant to the preceding sentence may cover the pre-
scribing of more than one such schedule and a hearing held
pursuant to such notice shall include each of the schedules cov-
ered by the notice. A schedule prescribed pursuant to this sub-
paragraph for a public water system granted a variance shall
require compliance by the system with each contaminant level
requirement with respect to which the variance was granted as
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expeditiously as practicable (as the State may reasonably de-
termine).

(B) A State which has primary enforcement responsibility
for public water systems may grant to one or more public
water systems within its jurisdiction one or more variances
from any provision of a national primary drinking water regu-
lation which requires the use of a specified treatment tech-
nique with respect to a contaminant if the public water system
applying for the variance demonstrates to the satisfaction of
the State that such treatment technique is not necessary to
protect the health of persons because of the nature of the raw
water source of such system. A variance granted under this
subparagraph shall be conditioned on such monitoring and
other requirements as the Administrator may prescribe.

(C) Before a variance proposed to be granted by a State
under subparagraph (A) or (B) may take effect, such State
shall provide notice and opportunity for public hearing on the
proposed variance. A notice given pursuant to the preceding
sentence may cover the granting of more than one variance
and a hearing held pursuant to such notice shall include each
of the variances covered by the notice. The State shall prompt-
ly notify the Administrator of all variances granted by it. Such
notification shall contain the reason for the variance (and in
the case of a variance under subparagraph (A), the basis for
the finding required by that subparagraph before the granting
of the variance) and documentation of the need for the vari-
ance.

(D) Each public water system’s variance granted by a
State under subparagraph (A) shall be conditioned by the State
upon compliance by the public water system with the schedule
prescribed by the State pursuant to that subparagraph. The re-
quirements of each schedule prescribed by a State pursuant to
that subparagraph shall be enforceable by the State under its
laws. Any requirement of a schedule on which a variance
granted under that subparagraph is conditioned may be en-
forced under section 1414 as if such requirement was part of
a national primary drinking water regulation.

(E) Each schedule prescribed by a State pursuant to sub-
paragraph (A) shall be deemed approved by the Administrator
unless the variance for which it was prescribed is revoked by
the Administrator under such subparagraph.

(F) Not later than 18 months after the effective date of the
interim national primary drinking water regulations the Ad-
ministrator shall complete a comprehensive review of the
variances granted under subparagraph (A) (and schedules pre-
scribed pursuant thereto) and under subparagraph (B) by the
States during the one-year period beginning on such effective
date. The Administrator shall conduct such subsequent reviews
of variances and schedules as he deems necessary to carry out
the purposes of this title, but each subsequent review shall be
completed within each 3-year period following the completion
of the first review under this subparagraph. Before conducting
any review under this subparagraph, the Administrator shall
publish notice of the proposed review in the Federal Register.
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Such notice shall (i) provide information respecting the location
of data and other information respecting the variances to be re-
viewed (including data and other information concerning new
scientific matters bearing on such variances), and (ii) advise of
the opportunity to submit comments on the variances reviewed
and on the need for continuing them. Upon completion of any
such review, the Administrator shall publish in the Federal
Register the results of his review together with findings re-
sponsive to comments submitted in connection with such re-
view.

(G)(i) If the Administrator finds that a State has, in a sub-
stantial number of instances, abused its discretion in granting
variances under subparagraph (A) or (B) or that in a substan-
tial number of cases the State has failed to prescribe schedules
in accordance with subparagraph (A), the Administrator shall
notify the State of his findings. In determining if a State has
abused its discretion in granting variances in a substantial
number of instances, the Administrator shall consider the
number of persons who are affected by the variances and if the
requirements applicable to the granting of the variances were
complied with. A notice under this clause shall—

(I) identify each public water system with respect to
which the finding was made,

(II) specify the reasons for the finding, and
(III) as appropriate, propose revocations of specific

variances or propose revised schedules or other require-
ments for specific public water systems granted variances,
or both.
(ii) The Administrator shall provide reasonable notice and

public hearing on the provisions of each notice given pursuant
to clause (i) of this subparagraph. After a hearing on a notice
pursuant to such clause, the Administrator shall (I) rescind the
finding for which the notice was given and promptly notify the
State of such rescission, or (II) promulgate (with such modifica-
tions as he deems appropriate) such variance revocations and
revised schedules or other requirements proposed in such no-
tice as he deems appropriate. Not later than 180 days after the
date a notice is given pursuant to clause (i) of this subpara-
graph, the Administrator shall complete the hearing on the no-
tice and take the action required by the preceding sentence.

(iii) If a State is notified under clause (i) of this subpara-
graph of a finding of the Administrator made with respect to
a variance granted a public water system within that State or
to a schedule or other requirement for a variance and if, before
a revocation of such variance or a revision of such schedule or
other requirement promulgated by the Administrator takes ef-
fect, the State takes corrective action with respect to such vari-
ance or schedule or other requirement which the Administrator
determines makes his finding inapplicable to such variance or
schedule or other requirement, the Administrator shall rescind
the application of his finding to that variance or schedule or
other requirement. No variance revocation or revised schedule
or other requirement may take effect before the expiration of
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90 days following the date of the notice in which the revocation
or revised schedule or other requirement was proposed.

(2) If a State does not have primary enforcement respon-
sibility for public water systems, the Administrator shall have
the same authority to grant variances in such State as the
State would have under paragraph (1) if it had primary en-
forcement responsibility.

(3) The Administrator may grant a variance from any
treatment technique requirement of a national primary drink-
ing water regulation upon a showing by any person that an al-
ternative treatment technique not included in such require-
ment is at least as efficient in lowering the level of the con-
taminant with respect to which such requirement was pre-
scribed. A variance under this paragraph shall be conditioned
on the use of the alternative treatment technique which is the
basis of the variance.
(b) Any schedule or other requirement on which a variance

granted under paragraph (1)(B) or (2) of subsection (a) is condi-
tioned may be enforced under section 1414 as if such schedule or
other requirement was part of a national primary drinking water
regulation.

(c) If an application for a variance under subsection (a) is
made, the State receiving the application or the Administrator, as
the case may be, shall act upon such application within a reason-
able period (as determined under regulations prescribed by the Ad-
ministrator) after the date of its submission.

(d) For purposes of this section, the term ‘‘treatment technique
requirement’’ means a requirement in a national primary drinking
water regulation which specifies for a contaminant (in accordance
with section 1401(1)(C)(ii)) each treatment technique known to the
Administrator which leads to a reduction in the level of such con-
taminant sufficient to satisfy the requirements of section 1412(b).

(e) SMALL SYSTEM VARIANCES.—
(1) IN GENERAL.—A State exercising primary enforcement

responsibility for public water systems under section 1413 (or
the Administrator in nonprimacy States) may grant a variance
under this subsection for compliance with a requirement speci-
fying a maximum contaminant level or treatment technique
contained in a national primary drinking water regulation to—

(A) public water systems serving 3,300 or fewer per-
sons; and

(B) with the approval of the Administrator pursuant to
paragraph (9), public water systems serving more than
3,300 persons but fewer than 10,000 persons,

if the variance meets each requirement of this subsection.
(2) AVAILABILITY OF VARIANCES.—A public water system

may receive a variance pursuant to paragraph (1), if—
(A) the Administrator has identified a variance tech-

nology under section 1412(b)(15) that is applicable to the
size and source water quality conditions of the public water
system;

(B) the public water system installs, operates, and
maintains, in accordance with guidance or regulations is-
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sued by the Administrator, such treatment technology,
treatment technique, or other means; and

(C) the State in which the system is located determines
that the conditions of paragraph (3) are met.
(3) CONDITIONS FOR GRANTING VARIANCES.—A variance

under this subsection shall be available only to a system—
(A) that cannot afford to comply, in accordance with

affordability criteria established by the Administrator (or
the State in the case of a State that has primary enforce-
ment responsibility under section 1413), with a national
primary drinking water regulation, including compliance
through—

(i) treatment;
(ii) alternative source of water supply; or
(iii) restructuring or consolidation (unless the Ad-

ministrator (or the State in the case of a State that has
primary enforcement responsibility under section 1413)
makes a written determination that restructuring or
consolidation is not practicable); and
(B) for which the Administrator (or the State in the

case of a State that has primary enforcement responsibility
under section 1413) determines that the terms of the vari-
ance ensure adequate protection of human health, consider-
ing the quality of the source water for the system and the
removal efficiencies and expected useful life of the treat-
ment technology required by the variance.
(4) COMPLIANCE SCHEDULES.—A variance granted under

this subsection shall require compliance with the conditions of
the variance not later than 3 years after the date on which the
variance is granted, except that the Administrator (or the State
in the case of a State that has primary enforcement responsibil-
ity under section 1413) may allow up to 2 additional years to
comply with a variance technology, secure an alternative source
of water, restructure or consolidate if the Administrator (or the
State) determines that additional time is necessary for capital
improvements, or to allow for financial assistance provided pur-
suant to section 1452 or any other Federal or State program.

(5) DURATION OF VARIANCES.—The Administrator (or the
State in the case of a State that has primary enforcement re-
sponsibility under section 1413) shall review each variance
granted under this subsection not less often than every 5 years
after the compliance date established in the variance to deter-
mine whether the system remains eligible for the variance and
is conforming to each condition of the variance.

(6) INELIGIBILITY FOR VARIANCES.—A variance shall not be
available under this subsection for—

(A) any maximum contaminant level or treatment tech-
nique for a contaminant with respect to which a national
primary drinking water regulation was promulgated prior
to January 1, 1986; or

(B) a national primary drinking water regulation for a
microbial contaminant (including a bacterium, virus, or
other organism) or an indicator or treatment technique for
a microbial contaminant.
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(7) REGULATIONS AND GUIDANCE.—
(A) IN GENERAL.—Not later than 2 years after the date

of enactment of this subsection and in consultation with the
States, the Administrator shall promulgate regulations for
variances to be granted under this subsection. The regula-
tions shall, at a minimum, specify—

(i) procedures to be used by the Administrator or
a State to grant or deny variances, including require-
ments for notifying the Administrator and consumers
of the public water system that a variance is proposed
to be granted (including information regarding the con-
taminant and variance) and requirements for a public
hearing on the variance before the variance is granted;

(ii) requirements for the installation and proper
operation of variance technology that is identified (pur-
suant to section 1412(b)(15)) for small systems and the
financial and technical capability to operate the treat-
ment system, including operator training and certifi-
cation;

(iii) eligibility criteria for a variance for each na-
tional primary drinking water regulation, including re-
quirements for the quality of the source water (pursu-
ant to section 1412(b)(15)(A)); and

(iv) information requirements for variance applica-
tions.
(B) AFFORDABILITY CRITERIA.—Not later than 18

months after the date of enactment of the Safe Drinking
Water Act Amendments of 1996, the Administrator, in con-
sultation with the States and the Rural Utilities Service of
the Department of Agriculture, shall publish information to
assist the States in developing affordability criteria. The af-
fordability criteria shall be reviewed by the States not less
often than every 5 years to determine if changes are needed
to the criteria.
(8) REVIEW BY THE ADMINISTRATOR.—

(A) IN GENERAL.—The Administrator shall periodically
review the program of each State that has primary enforce-
ment responsibility for public water systems under section
1413 with respect to variances to determine whether the
variances granted by the State comply with the require-
ments of this subsection. With respect to affordability, the
determination of the Administrator shall be limited to
whether the variances granted by the State comply with the
affordability criteria developed by the State.

(B) NOTICE AND PUBLICATION.—If the Administrator
determines that variances granted by a State are not in
compliance with affordability criteria developed by the
State and the requirements of this subsection, the Adminis-
trator shall notify the State in writing of the deficiencies
and make public the determination.
(9) APPROVAL OF VARIANCES.—A State proposing to grant a

variance under this subsection to a public water system serving
more than 3,300 and fewer than 10,000 persons shall submit
the variance to the Administrator for review and approval prior
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to the issuance of the variance. The Administrator shall ap-
prove the variance if it meets each of the requirements of this
subsection. The Administrator shall approve or disapprove the
variance within 90 days. If the Administrator disapproves a
variance under this paragraph, the Administrator shall notify
the State in writing of the reasons for disapproval and the vari-
ance may be resubmitted with modifications to address the ob-
jections stated by the Administrator.

(10) OBJECTIONS TO VARIANCES.—
(A) BY THE ADMINISTRATOR.—The Administrator may

review and object to any variance proposed to be granted
by a State, if the objection is communicated to the State not
later than 90 days after the State proposes to grant the
variance. If the Administrator objects to the granting of a
variance, the Administrator shall notify the State in writ-
ing of each basis for the objection and propose a modifica-
tion to the variance to resolve the concerns of the Adminis-
trator. The State shall make the recommended modification
or respond in writing to each objection. If the State issues
the variance without resolving the concerns of the Adminis-
trator, the Administrator may overturn the State decision
to grant the variance if the Administrator determines that
the State decision does not comply with this subsection.

(B) PETITION BY CONSUMERS.—Not later than 30 days
after a State exercising primary enforcement responsibility
for public water systems under section 1413 proposes to
grant a variance for a public water system, any person
served by the system may petition the Administrator to ob-
ject to the granting of a variance. The Administrator shall
respond to the petition and determine whether to object to
the variance under subparagraph (A) not later than 60
days after the receipt of the petition.

(C) TIMING.—No variance shall be granted by a State
until the later of the following:

(i) 90 days after the State proposes to grant a vari-
ance.

(ii) If the Administrator objects to the variance, the
date on which the State makes the recommended modi-
fications or responds in writing to each objection.

[42 U.S.C. 300g–4]

EXEMPTIONS

SEC. 1416. (a) A State which has primary enforcement respon-
sibility may exempt any public water system within the State’s ju-
risdiction from any requirement respecting a maximum contami-
nant level or any treatment technique requirement, or from both,
of an applicable national primary drinking water regulation upon
a finding that—

(1) due to compelling factors (which may include economic
factors, including qualification of the public water system as a
system serving a disadvantaged community pursuant to section
1452(d)), the public water system is unable to comply with
such contaminant level or treatment technique requirement, or
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to implement measures to develop an alternative source of water
supply,

(2) the public water system was in operation on the effec-
tive date of such contaminant level or treatment technique re-
quirement, a system that was not in operation by that date,
only if no reasonable alternative source of drinking water is
available to such new system, ø; and¿

(3) the granting of the exemption will not result in an un-
reasonable risk to health; and

(4) management or restructuring changes (or both) cannot
reasonably be made that will result in compliance with this
title or, if compliance cannot be achieved, improve the quality
of the drinking water.
(b)(1) If a State grants a public water system an exemption

under subsection (a), the State shall prescribe, at the time the ex-
emption is granted, a schedule for—

(A) compliance ø(including increments of progress¿ (in-
cluding increments of progress or measures to develop an alter-
native source of water supply) by the public water system with
each contaminant level ørequirement and treatment¿ require-
ment or treatment technique requirement with respect to which
the exemption was granted, and

(B) implementation by the public water system of such
control measures as the State may require for each contami-
nant, subject to such contaminant level requirement or treat-
ment technique requirement, during the period ending on the
date compliance with such requirement is required.

Before a schedule prescribed by a State pursuant to this subsection
may take effect, the State shall provide notice and opportunity for
a public hearing on the schedule. A notice given pursuant to the
preceding sentence may cover the prescribing of more than one
such schedule and a hearing held pursuant to such notice shall in-
clude each of the schedules covered by the notice.

(2)(A) A schedule prescribed pursuant to this subsection for a
public water system granted an exemption under subsection (a)
shall require compliance by the system with each contaminant
level and treatment technique requirement with respect to which
the exemption was granted as expeditiously as practicable (as the
State may reasonably determine) but ø(except as provided in sub-
paragraph (B)—

ø(i) in the case of an exemption granted with respect to a
contaminant level or treatment technique requirement pre-
scribed by the national primary drinking water regulations
promulgated under section 1412(a), not later than 12 months
after enactment of the Safe Drinking Water Act Amendments
of 1986; and

ø(ii) in the case of an exemption granted with respect to
a contaminant level or treatment technique requirement pre-
scribed by national primary drinking water regulations, other
than a regulation referred to in section 1412(a), 12 months
after the date of issuance of the exemption.
ø(B) The final date for compliance provided in any schedule in

the case of any exemption may be extended by the State (in the
case of a State which has primary enforcement responsibility) or by
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the Administrator (in any other case) for a period not to exceed 3
years after the date of the issuance of the exemption if¿ not later
than 3 years after the otherwise applicable compliance date estab-
lished in section 1412(b)(10).

(B) No exemption shall be granted unless the public water sys-
tem establishes that—

(i) the system cannot meet the standard without capital
improvements which cannot be completed øwithin the period of
such exemption¿ prior to the date established pursuant to sec-
tion 1412(b)(10);

(ii) in the case of a system which needs financial assist-
ance for the necessary improvement, the system has entered
into an agreement to obtain such financial assistance or assist-
ance pursuant to section 1452, or any other Federal or State
program is reasonably likely to be available within the period
of the exemption; or

(iii) the system has entered into an enforceable agreement
to become a part of a regional public water system; and

the system is taking all practicable steps to meet the standard.
(C) In the case of a system which does not serve more than

ø500 service connections¿ a population of 3,300 and which needs
financial assistance for the necessary improvements, an exemption
granted under clause (i) or (ii) of subparagraph (B) may be renewed
for one or more additional 2-year periods, but not to exceed a total
of 6 years, if the system establishes that it is taking all practicable
steps to meet the requirements of subparagraph (B).

(D) LIMITATION.—A public water system may not receive an ex-
emption under this section if the system was granted a variance
under section 1415(e).

(3) Each public water system’s exemption granted by a State
under subsection (a) shall be conditioned by the State upon compli-
ance by the public water system with the schedule prescribed by
the State pursuant to this subsection. The requirements of each
schedule prescribed by a State pursuant to this subsection shall be
enforceable by the State under its laws. Any requirement of a
schedule on which an exemption granted under this section is con-
ditioned may be enforced under section 1414 as if such requirement
was part of a national primary drinking water regulation.

(4) Each schedule prescribed by a State pursuant to this sub-
section shall be deemed approved by the Administrator unless the
exemption for which it was prescribed is revoked by the Adminis-
trator under subsection (d)(2) or the schedule is revised by the Ad-
ministrator under such subsection.

(c) Each State which grants an exemption under subsection (a)
shall promptly notify the Administrator of the granting of such ex-
emption. Such notification shall contain the reasons for the exemp-
tion (including the basis for the finding required by subsection
(a)(3) before the exemption may be granted) and document the
need for the exemption.

(d)(1) Not later than 18 months after the effective date of the
interim national primary drinking water regulations the Adminis-
trator shall complete a comprehensive review of the exemptions
granted (and schedules prescribed pursuant thereto) by the States
during the one-year period beginning on such effective date. The
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Administrator shall conduct such subsequent reviews of exemptions
and schedules as he deems necessary to carry out the purposes of
this title, but each subsequent review shall be completed within
each 3-year period following the completion of the first review
under this subparagraph. Before conducting any review under this
subparagraph, the Administrator shall publish notice of the pro-
posed review in the Federal Register. Such notice shall (A) provide
information respecting the location of data and other information
respecting the exemptions to be reviewed (including data and other
information concerning new scientific matters bearing on such ex-
emptions), and (B) advise of the opportunity to submit comments
on the exemptions reviewed and on the need for continuing them.
Upon completion of any such review, the Administrator shall pub-
lish in the Federal Register the results of his review together with
findings responsive to comments submitted in connection with such
review.

(2)(A) If the Administrator finds that a State has, in a substan-
tial number of instances, abused its discretion in granting exemp-
tions under subsection (a) or failed to prescribe schedules in accord-
ance with subsection (b), the Administrator shall notify the State
of his finding. In determining if a State has abused its discretion
in granting exemptions in a substantial number of instances, the
Administrator shall consider the number of persons who are af-
fected by the exemptions and if the requirements applicable to the
granting of the exemptions were complied with. A notice under this
subparagraph shall—

(i) identify each exempt public water system with respect
to which the finding was made,

(ii) specify the reasons for the finding, and
(iii) as appropriate, propose revocations of specific exemp-

tions or propose revised schedules for specific exempt public
water systems, or both.
(B) The Administrator shall provide reasonable notice and pub-

lic hearing on the provisions of each notice given pursuant to sub-
paragraph (A). After a hearing on a notice pursuant to subpara-
graph (A), the Administrator shall (i) rescind the finding for which
the notice was given and promptly notify the State of such rescis-
sion, or (ii) promulgate (with such modifications as he deems ap-
propriate) such exemption revocations and revised schedules pro-
posed in such notice as he deems appropriate. Not later than 180
days after the date a notice is given pursuant to subparagraph (A),
the Administrator shall complete the hearing on the notice and
take the action required by the preceding sentence.

(C) If a State is notified under subparagraph (A) of a finding
of the Administrator made with respect to an exemption granted a
public water system within that State or to a schedule prescribed
pursuant to such an exemption and if before a revocation of such
exemption or a revision of such schedule promulgated by the Ad-
ministrator takes effect the State takes corrective action with re-
spect to such exemption or schedule which the Administrator deter-
mines makes his finding inapplicable to such exemption or sched-
ule, the Administrator shall rescind the application of his finding
to that exemption or schedule. No exemption revocation or revised
schedule may take effect before the expiration of 90 days following
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the date of the notice in which the revocation or revised schedule
was proposed.

(e) For purposes of this section, the term ‘‘treatment technique
requirement’’ means a requirement in a national primary drinking
water regulation which specifies for a contaminant (in accordance
with section 1401(1)(C)(ii)) each treatment technique known to the
Administrator which leads to a reduction in the level of such con-
taminant sufficient to satisfy the requirements of section 1412(b).

(f) If a State does not have primary enforcement responsibility
for public water systems, the Administrator shall have the same
authority to exempt public water systems in such State from maxi-
mum contaminant level requirements and treatment technique re-
quirements under the same conditions and in the same manner as
the State would be authorized to grant exemptions under this sec-
tion if it had primary enforcement responsibility.

(g) If an application for an exemption under this section is
made, the State receiving the application or the Administrator, as
the case may be, shall act upon such application within a reason-
able period (as determined under regulations prescribed by the Ad-
ministrator) after the date of its submission.
[42 U.S.C. 300g–5]

øSEC. 1417. PROHIBITION ON USE OF LEAD PIPES, SOLDER, AND FLUX¿

PROHIBITION ON USE OF LEAD PIPES, SOLDER, AND FLUX

SEC. 1417. (a) IN GENERAL.—
ø(1) PROHIBITION.—Any pipe, solder, or flux, which is used

after the enactment of the Safe Drinking Water Act Amendments
of 1986, in the installation or repair of—

ø(A) any public water system, or
ø(B) any plumbing in a residential or nonresidential facil-

ity providing water for human consumption which is connected
to a public water system,

øshall be lead free (within the meaning of subsection (d)). This
paragraph shall not apply to leaded joints necessary for the repair
of cast iron pipes.¿

(1) PROHIBITIONS.—
(A) IN GENERAL.—No person may use any pipe, any

pipe or plumbing fitting or fixture, any solder, or any flux,
after June 19, 1986, in the installation or repair of—

(i) any public water system; or
(ii) any plumbing in a residential or nonresidential

facility providing water for human consumption,
that is not lead free (within the meaning of subsection (d)).

(B) LEADED JOINTS.—Subparagraph (A) shall not
apply to leaded joints necessary for the repair of cast iron
pipes.
(2) PUBLIC NOTICE REQUIREMENTS.—

(A) IN GENERAL.—Each owner or operator of a public
water system shall identify and provide notice to persons
that may be affected by lead contamination of their drink-
ing water where such contamination results from either or
both of the following:
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(i) The lead content in the construction materials
of the public water distribution system.

(ii) Corrosivity of the water supply sufficient to
cause leaching of lead.

The notice shall be provided in such manner and form as
may be reasonably required by the Administrator. Notice
under this paragraph shall be provided notwithstanding
the absence of a violation of any national drinking water
standard.

(B) CONTENTS OF NOTICE.—Notice under this para-
graph shall provide a clear and readily understandable ex-
planation of—

(i) the potential sources of lead in the drinking
water,

(ii) potential adverse health effects,
(iii) reasonably available methods of mitigating

known or potential lead content in drinking water,
(iv) any steps the system is taking to mitigate

lead content in drinking water, and
(v) the necessity for seeking alternative water sup-

plies, if any.
(3) UNLAWFUL ACTS.—Effective 2 years after the date of en-

actment of this paragraph, it shall be unlawful—
(A) for any person to introduce into commerce any pipe,

or any pipe or plumbing fitting or fixture, that is not lead
free, except for a pipe that is used in manufacturing or in-
dustrial processing;

(B) for any person engaged in the business of selling
plumbing supplies, except manufacturers, to sell solder or
flux that is not lead free; or

(C) for any person to introduce into commerce any sol-
der or flux that is not lead free unless the solder or flux
bears a prominent label stating that it is illegal to use the
solder or flux in the installation or repair of any plumbing
providing water for human consumption.

(b) STATE ENFORCEMENT.—
(1) ENFORCEMENT OF PROHIBITION.—The requirements of

subsection (a)(1) shall be enforced in all States effective 24
months after the enactment of this section. States shall enforce
such requirements through State or local plumbing codes, or
such other means of enforcement as the State may determine
to be appropriate.

(2) ENFORCEMENT OF PUBLIC NOTICE REQUIREMENTS.—The
requirements of subsection (a)(2) shall apply in all States effec-
tive 24 months after the enactment of this section.
(c) PENALTIES.—If the Administrator determines that a State is

not enforcing the requirements of subsection (a) as required pursu-
ant to subsection (b), the Administrator may withhold up to 5 per-
cent of Federal funds available to that State for State program
grants under section 1443(a).

(d) DEFINITION OF LEAD FREE.—For purposes of this section,
the term ‘‘lead free’’—
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(1) when used with respect to solders and flux refers to sol-
ders and flux containing not more than 0.2 percent ølead and¿
lead;

(2) when used with respect to pipes and pipe fittings refers
to pipes and pipe fittings containing not more than 8.0 percent
ølead.¿ lead; and

(3) when used with respect to plumbing fittings and fix-
tures, refers to plumbing fittings and fixtures in compliance
with standards established in accordance with subsection (e).
(e) PLUMBING FITTINGS AND FIXTURES.—

(1) IN GENERAL.—The Administrator shall provide accurate
and timely technical information and assistance to qualified
third-party certifiers in the development of voluntary standards
and testing protocols for the leaching of lead from new plumb-
ing fittings and fixtures that are intended by the manufacturer
to dispense water for human ingestion.

(2) STANDARDS.—
(A) IN GENERAL.—If a voluntary standard for the

leaching of lead is not established by the date that is 1 year
after the date of enactment of this subsection, the Adminis-
trator shall, not later than 2 years after the date of enact-
ment of this subsection, promulgate regulations setting a
health-effects-based performance standard establishing
maximum leaching levels from new plumbing fittings and
fixtures that are intended by the manufacturer to dispense
water for human ingestion. The standard shall become ef-
fective on the date that is 5 years after the date of promul-
gation of the standard.

(B) ALTERNATIVE REQUIREMENT.—If regulations are re-
quired to be promulgated under subparagraph (A) and
have not been promulgated by the date that is 5 years after
the date of enactment of this subsection, no person may im-
port, manufacture, process, or distribute in commerce a new
plumbing fitting or fixture, intended by the manufacturer
to dispense water for human ingestion, that contains more
than 4 percent lead by dry weight.

[42 U.S.C. 300g–6]

MONITORING OF CONTAMINANTS

SEC. 1418. (a) INTERIM MONITORING RELIEF AUTHORITY.—
(1) IN GENERAL.—A State exercising primary enforcement

responsibility for public water systems may modify the monitor-
ing requirements for any regulated or unregulated contami-
nants for which monitoring is required other than microbial
contaminants (or indicators thereof), disinfectants and disinfec-
tion byproducts or corrosion byproducts for an interim period to
provide that any public water system serving 10,000 persons or
fewer shall not be required to conduct additional quarterly
monitoring during an interim relief period for such contami-
nants if—

(A) monitoring, conducted at the beginning of the pe-
riod for the contaminant concerned and certified to the
State by the public water system, fails to detect the presence
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of the contaminant in the ground or surface water supply-
ing the public water system; and

(B) the State, considering the hydrogeology of the area
and other relevant factors, determines in writing that the
contaminant is unlikely to be detected by further monitor-
ing during such period.
(2) TERMINATION; TIMING OF MONITORING.—The interim re-

lief period referred to in paragraph (1) shall terminate when
permanent monitoring relief is adopted and approved for such
State, or at the end of 36 months after the date of enactment
of the Safe Drinking Water Act Amendments of 1996, whichever
comes first. In order to serve as a basis for interim relief, the
monitoring conducted at the beginning of the period must occur
at the time determined by the State to be the time of the public
water system’s greatest vulnerability to the contaminant con-
cerned in the relevant ground or surface water, taking into ac-
count in the case of pesticides the time of application of the pes-
ticide for the source water area and the travel time for the pes-
ticide to reach such waters and taking into account, in the case
of other contaminants, seasonality of precipitation and contami-
nant travel time.
(b) PERMANENT MONITORING RELIEF AUTHORITY.—

(1) IN GENERAL.—Each State exercising primary enforce-
ment responsibility for public water systems under this title and
having an approved source water assessment program may
adopt, in accordance with guidance published by the Adminis-
trator, tailored alternative monitoring requirements for public
water systems in such State (as an alternative to the monitoring
requirements for chemical contaminants set forth in the appli-
cable national primary drinking water regulations) where the
State concludes that (based on data available at the time of
adoption concerning susceptibility, use, occurrence, or wellhead
protection, or from the State’s drinking water source water as-
sessment program) such alternative monitoring would provide
assurance that it complies with the Administrator’s guidelines.
The State program must be adequate to assure compliance
with, and enforcement of, applicable national primary drinking
water regulations. Alternative monitoring shall not apply to
regulated microbiological contaminants (or indicators thereof),
disinfectants and disinfection byproducts, or corrosion byprod-
ucts. The preceding sentence is not intended to limit other au-
thority of the Administrator under other provisions of this title
to grant monitoring flexibility.

(2) GUIDELINES.—
(A) IN GENERAL.—The Administrator shall issue, after

notice and comment and at the same time as guidelines are
issued for source water assessment under section 1453,
guidelines for States to follow in proposing alternative
monitoring requirements under paragraph (1) for chemical
contaminants. The Administrator shall publish such guide-
lines in the Federal Register. The guidelines shall assure
that the public health will be protected from drinking water
contamination. The guidelines shall require that a State al-
ternative monitoring program apply on a contaminant-by-
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contaminant basis and that, to be eligible for such alter-
native monitoring program, a public water system must
show the State that the contaminant is not present in the
drinking water supply or, if present, it is reliably and con-
sistently below the maximum contaminant level.

(B) DEFINITION.—For purposes of subparagraph (A),
the phrase ‘‘reliably and consistently below the maximum
contaminant level’’ means that, although contaminants
have been detected in a water supply, the State has suffi-
cient knowledge of the contamination source and extent of
contamination to predict that the maximum contaminant
level will not be exceeded. In determining that a contami-
nant is reliably and consistently below the maximum con-
taminant level, States shall consider the quality and com-
pleteness of data, the length of time covered and the vola-
tility or stability of monitoring results during that time,
and the proximity of such results to the maximum contami-
nant level. Wide variations in the analytical results, or an-
alytical results close to the maximum contaminant level,
shall not be considered to be reliably and consistently below
the maximum contaminant level.
(3) EFFECT OF DETECTION OF CONTAMINANTS.—The guide-

lines issued by the Administrator under paragraph (2) shall re-
quire that if, after the monitoring program is in effect and oper-
ating, a contaminant covered by the alternative monitoring pro-
gram is detected at levels at or above the maximum contami-
nant level or is no longer reliably or consistently below the max-
imum contaminant level, the public water system must either—

(A) demonstrate that the contamination source has
been removed or that other action has been taken to elimi-
nate the contamination problem; or

(B) test for the detected contaminant pursuant to the
applicable national primary drinking water regulation.
(4) STATES NOT EXERCISING PRIMARY ENFORCEMENT RE-

SPONSIBILITY.—The Governor of any State not exercising pri-
mary enforcement responsibility under section 1413 on the date
of enactment of this section may submit to the Administrator a
request that the Administrator modify the monitoring require-
ments established by the Administrator and applicable to pub-
lic water systems in that State. After consultation with the Gov-
ernor, the Administrator shall modify the requirements for pub-
lic water systems in that State if the request of the Governor is
in accordance with each of the requirements of this subsection
that apply to alternative monitoring requirements established
by States that have primary enforcement responsibility. A deci-
sion by the Administrator to approve a request under this
clause shall be for a period of 3 years and may subsequently be
extended for periods of 5 years.
(c) TREATMENT AS NPDWR.—All monitoring relief granted by

a State to a public water system for a regulated contaminant under
subsection (a) or (b) shall be treated as part of the national primary
drinking water regulation for that contaminant.

(d) OTHER MONITORING RELIEF.—Nothing in this section shall
be construed to affect the authority of the States under applicable
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national primary drinking water regulations to alter monitoring re-
quirements through waivers or other existing authorities. The Ad-
ministrator shall periodically review and, as appropriate, revise
such authorities.
[42 U.S.C. 300g–7]

OPERATOR CERTIFICATION

SEC. 1419. (a) GUIDELINES.—Not later than 30 months after the
date of enactment of the Safe Drinking Water Act Amendments of
1996 and in cooperation with the States, the Administrator shall
publish guidelines in the Federal Register, after notice and oppor-
tunity for comment from interested persons, including States and
public water systems, specifying minimum standards for certifi-
cation (and recertification) of the operators of community and non-
transient noncommunity public water systems. Such guidelines
shall take into account existing State programs, the complexity of
the system, and other factors aimed at providing an effective pro-
gram at reasonable cost to States and public water systems, taking
into account the size of the system.

(b) STATE PROGRAMS.—Beginning 2 years after the date on
which the Administrator publishes guidelines under subsection (a),
the Administrator shall withhold 20 percent of the funds a State is
otherwise entitled to receive under section 1452 unless the State has
adopted and is implementing a program for the certification of oper-
ators of community and nontransient noncommunity public water
systems that meets the requirements of the guidelines published pur-
suant to subsection (a) or that has been submitted in compliance
with subsection (c) and that has not been disapproved.

(c) EXISTING PROGRAMS.—For any State exercising primary en-
forcement responsibility for public water systems or any other State
which has an operator certification program, the guidelines under
subsection (a) shall allow the State to enforce such program in lieu
of the guidelines under subsection (a) if the State submits the pro-
gram to the Administrator within 18 months after the publication
of the guidelines unless the Administrator determines (within 9
months after the State submits the program to the Administrator)
that such program is not substantially equivalent to such guide-
lines. In making this determination, an existing State program
shall be presumed to be substantially equivalent to the guidelines,
notwithstanding program differences, based on the size of systems
or the quality of source water, providing the State program meets
the overall public health objectives of the guidelines. If disapproved,
the program may be resubmitted within 6 months after receipt of
notice of disapproval.

(d) EXPENSE REIMBURSEMENT.—
(1) IN GENERAL.—The Administrator shall provide reim-

bursement for the costs of training, including an appropriate
per diem for unsalaried operators, and certification for persons
operating systems serving 3,300 persons or fewer that are re-
quired to undergo training pursuant to this section.

(2) STATE GRANTS.—The reimbursement shall be provided
through grants to States with each State receiving an amount
sufficient to cover the reasonable costs for training all such op-
erators in the State, as determined by the Administrator, to the
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extent required by this section. Grants received by a State pur-
suant to this paragraph shall first be used to provide reim-
bursement for training and certification costs of persons operat-
ing systems serving 3,300 persons or fewer. If a State has reim-
bursed all such costs, the State may, after notice to the Admin-
istrator, use any remaining funds from the grant for any of the
other purposes authorized for grants under section 1452.

(3) AUTHORIZATION.—There are authorized to be appro-
priated to the Administrator to provide grants for reimburse-
ment under this section $30,000,000 for each of fiscal years
1997 through 2003.

(4) RESERVATION.—If the appropriation made pursuant to
paragraph (3) for any fiscal year is not sufficient to satisfy the
requirements of paragraph (1), the Administrator shall, prior to
any other allocation or reservation, reserve such sums as nec-
essary from the funds appropriated pursuant to section 1452(m)
to provide reimbursement for the training and certification costs
mandated by this subsection.

[42 U.S.C. 300g–8]

CAPACITY DEVELOPMENT

SEC. 1420. (a) STATE AUTHORITY FOR NEW SYSTEMS.—A State
shall receive only 80 percent of the allotment that the State is other-
wise entitled to receive under section 1452 (relating to State loan
funds) unless the State has obtained the legal authority or other
means to ensure that all new community water systems and new
nontransient, noncommunity water systems commencing operation
after October 1, 1999, demonstrate technical, managerial, and fi-
nancial capacity with respect to each national primary drinking
water regulation in effect, or likely to be in effect, on the date of
commencement of operations.

(b) SYSTEMS IN SIGNIFICANT NONCOMPLIANCE.—
(1) LIST.—Beginning not later than 1 year after the date of

enactment of this section, each State shall prepare, periodically
update, and submit to the Administrator a list of community
water systems and nontransient, noncommunity water systems
that have a history of significant noncompliance with this title
(as defined in guidelines issued prior to the date of enactment
of this section or any revisions of the guidelines that have been
made in consultation with the States) and, to the extent prac-
ticable, the reasons for noncompliance.

(2) REPORT.—Not later than 5 years after the date of enact-
ment of this section and as part of the capacity development
strategy of the State, each State shall report to the Adminis-
trator on the success of enforcement mechanisms and initial ca-
pacity development efforts in assisting the public water systems
listed under paragraph (1) to improve technical, managerial,
and financial capacity.

(3) WITHHOLDING.—The list and report under this sub-
section shall be considered part of the capacity development
strategy of the State required under subsection (c) of this section
for purposes of the withholding requirements of section
1452(a)(1)(G)(i) (relating to State loan funds).
(c) CAPACITY DEVELOPMENT STRATEGY.—



53

(1) IN GENERAL.—Beginning 4 years after the date of enact-
ment of this section, a State shall receive only—

(A) 90 percent in fiscal year 2001;
(B) 85 percent in fiscal year 2002; and
(C) 80 percent in each subsequent fiscal year,

of the allotment that the State is otherwise entitled to receive
under section 1452 (relating to State loan funds), unless the
State is developing and implementing a strategy to assist public
water systems in acquiring and maintaining technical, manage-
rial, and financial capacity.

(2) CONTENT.—In preparing the capacity development strat-
egy, the State shall consider, solicit public comment on, and in-
clude as appropriate—

(A) the methods or criteria that the State will use to
identify and prioritize the public water systems most in
need of improving technical, managerial, and financial ca-
pacity;

(B) a description of the institutional, regulatory, finan-
cial, tax, or legal factors at the Federal, State, or local level
that encourage or impair capacity development;

(C) a description of how the State will use the authori-
ties and resources of this title or other means to—

(i) assist public water systems in complying with
national primary drinking water regulations;

(ii) encourage the development of partnerships be-
tween public water systems to enhance the technical,
managerial, and financial capacity of the systems; and

(iii) assist public water systems in the training and
certification of operators;
(D) a description of how the State will establish a base-

line and measure improvements in capacity with respect to
national primary drinking water regulations and State
drinking water law; and

(E) an identification of the persons that have an inter-
est in and are involved in the development and implemen-
tation of the capacity development strategy (including all
appropriate agencies of Federal, State, and local govern-
ments, private and nonprofit public water systems, and
public water system customers).
(3) REPORT.—Not later than 2 years after the date on which

a State first adopts a capacity development strategy under this
subsection, and every 3 years thereafter, the head of the State
agency that has primary responsibility to carry out this title in
the State shall submit to the Governor a report that shall also
be available to the public on the efficacy of the strategy and
progress made toward improving the technical, managerial,
and financial capacity of public water systems in the State.

(4) REVIEW.—The decisions of the State under this section
regarding any particular public water system are not subject to
review by the Administrator and may not serve as the basis for
withholding funds under section 1452.
(d) FEDERAL ASSISTANCE.—

(1) IN GENERAL.—The Administrator shall support the
States in developing capacity development strategies.
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(2) INFORMATIONAL ASSISTANCE.—
(A) IN GENERAL.—Not later than 180 days after the

date of enactment of this section, the Administrator shall—
(i) conduct a review of State capacity development

efforts in existence on the date of enactment of this sec-
tion and publish information to assist States and pub-
lic water systems in capacity development efforts; and

(ii) initiate a partnership with States, public water
systems, and the public to develop information for
States on recommended operator certification require-
ments.
(B) PUBLICATION OF INFORMATION.—The Administrator

shall publish the information developed through the part-
nership under subparagraph (A)(ii) not later than 18
months after the date of enactment of this section.
(3) PROMULGATION OF DRINKING WATER REGULATIONS.—In

promulgating a national primary drinking water regulation,
the Administrator shall include an analysis of the likely effect
of compliance with the regulation on the technical, financial,
and managerial capacity of public water systems.

(4) GUIDANCE FOR NEW SYSTEMS.—Not later than 2 years
after the date of enactment of this section, the Administrator
shall publish guidance developed in consultation with the
States describing legal authorities and other means to ensure
that all new community water systems and new nontransient,
noncommunity water systems demonstrate technical, manage-
rial, and financial capacity with respect to national primary
drinking water regulations.
(e) VARIANCES AND EXEMPTIONS.—Based on information ob-

tained under subsection (c)(3), the Administrator shall, as appro-
priate, modify regulations concerning variances and exemptions for
small public water systems to ensure flexibility in the use of the
variances and exemptions. Nothing in this subsection shall be inter-
preted, construed, or applied to affect or alter the requirements of
section 1415 or 1416.

(f) SMALL PUBLIC WATER SYSTEMS TECHNOLOGY ASSISTANCE
CENTERS.—

(1) GRANT PROGRAM.—The Administrator is authorized to
make grants to institutions of higher learning to establish and
operate small public water system technology assistance centers
in the United States.

(2) RESPONSIBILITIES OF THE CENTERS.—The responsibil-
ities of the small public water system technology assistance cen-
ters established under this subsection shall include the conduct
of training and technical assistance relating to the information,
performance, and technical needs of small public water systems
or public water systems that serve Indian Tribes.

(3) APPLICATIONS.—Any institution of higher learning inter-
ested in receiving a grant under this subsection shall submit to
the Administrator an application in such form and containing
such information as the Administrator may require by regula-
tion.
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(4) SELECTION CRITERIA.—The Administrator shall select
recipients of grants under this subsection on the basis of the fol-
lowing criteria:

(A) The small public water system technology assist-
ance center shall be located in a State that is representative
of the needs of the region in which the State is located for
addressing the drinking water needs of small and rural
communities or Indian Tribes.

(B) The grant recipient shall be located in a region that
has experienced problems, or may reasonably be foreseen to
experience problems, with small and rural public water sys-
tems.

(C) The grant recipient shall have access to expertise in
small public water system technology management.

(D) The grant recipient shall have the capability to dis-
seminate the results of small public water system tech-
nology and training programs.

(E) The projects that the grant recipient proposes to
carry out under the grant are necessary and appropriate.

(F) The grant recipient has regional support beyond the
host institution.
(5) CONSORTIA OF STATES.—At least 2 of the grants under

this subsection shall be made to consortia of States with low
population densities.

(6) AUTHORIZATION OF APPROPRIATIONS.—There are author-
ized to be appropriated to make grants under this subsection
$2,000,000 for each of the fiscal years 1997 through 1999, and
$5,000,000 for each of the fiscal years 2000 through 2003.
(g) ENVIRONMENTAL FINANCE CENTERS.—

(1) IN GENERAL.—The Administrator shall provide initial
funding for one or more university-based environmental finance
centers for activities that provide technical assistance to State
and local officials in developing the capacity of public water
systems. Any such funds shall be used only for activities that
are directly related to this title.

(2) NATIONAL CAPACITY DEVELOPMENT CLEARINGHOUSE.—
The Administrator shall establish a national public water sys-
tem capacity development clearinghouse to receive and dissemi-
nate information with respect to developing, improving, and
maintaining financial and managerial capacity at public water
systems. The Administrator shall ensure that the clearinghouse
does not duplicate other federally supported clearinghouse ac-
tivities.

(3) CAPACITY DEVELOPMENT TECHNIQUES.—The Adminis-
trator may request an environmental finance center funded
under paragraph (1) to develop and test managerial, financial,
and institutional techniques for capacity development. The tech-
niques may include capacity assessment methodologies, manual
and computer based public water system rate models and cap-
ital planning models, public water system consolidation proce-
dures, and regionalization models.

(4) AUTHORIZATION OF APPROPRIATIONS.—There are author-
ized to be appropriated to carry out this subsection $1,500,000
for each of the fiscal years 1997 through 2003.
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(5) LIMITATION.—No portion of any funds made available
under this subsection may be used for lobbying expenses.

[42 U.S.C. 300g–9]

PART C—PROTECTION OF UNDERGROUND SOURCES OF DRINKING
WATER

REGULATIONS FOR STATE PROGRAMS

SEC. 1421. (a)(1) The Administrator shall publish proposed reg-
ulations for State underground injection control programs within
180 days after the date of enactment of this title. Within 180 days
after publication of such proposed regulations, he shall promulgate
such regulations with such modifications as he deems appropriate.
Any regulation under this subsection may be amended from time
to time.

(2) Any regulation under this section shall be proposed and
promulgated in accordance with section 553 of title 5, United
States Code (relating to rulemaking), except that the Administrator
shall provide opportunity for public hearing prior to promulgation
of such regulations. In proposing and promulgating regulations
under this section, the Administrator shall consult with the Sec-
retary, the National Drinking Water Advisory Council, and other
appropriate Federal entities and with interested State entities.

(b)(1) Regulations under subsection (a) for State underground
injection programs shall contain minimum requirements for effec-
tive programs to prevent underground injection which endangers
drinking water sources within the meaning of subsection (d)(2).
Such regulations shall require that a State program, in order to be
approved under section 1422—

(A) shall prohibit, effective on the date on which the appli-
cable underground injection control program takes effect, any
underground injection in such State which is not authorized by
a permit issued by the State (except that the regulations may
permit a State to authorize underground injection by rule);

(B) shall require (i) in the case of a program which pro-
vides for authorization of underground injection by permit,
that the applicant for the permit to inject must satisfy the
State that the underground injection will not endanger drink-
ing water sources, and (ii) in the case of a program which pro-
vides for such an authorization by rule, that no rule may be
promulgated which authorizes any underground injection
which endangers drinking water sources;

(C) shall include inspection, monitoring, recordkeeping,
and reporting requirements; and

(D) shall apply (i) as prescribed by section 1447(b), to un-
derground injections by Federal agencies, and (ii) to under-
ground injections by any other person whether or not occurring
on property owned or leased by the United States.
(2) Regulations of the Administrator under this section for

State underground injection control programs may not prescribe re-
quirements which interfere with or impede—

(A) the underground injection of brine or other fluids
which are brought to the surface in connection with oil or natu-
ral gas production or natural gas storage operations, or
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(B) any underground injection for the secondary or tertiary
recovery of oil or natural gas,

unless such requirements are essential to assure that underground
sources of drinking water will not be endangered by such injection.

(3)(A) The regulations of the Administrator under this section
shall permit or provide for consideration of varying geologic,
hydrological, or historical conditions in different States and in dif-
ferent areas within a State.

(B)(i) In prescribing regulations under this section the Admin-
istrator shall, to the extent feasible, avoid promulgation of require-
ments which would unnecessarily disrupt State underground injec-
tion control programs which are in effect and being enforced in a
substantial number øor¿ of States.

(ii) For the purpose of this subparagraph, a regulation pre-
scribed by the Administrator under this section shall be deemed to
disrupt a State underground injection control program only if it
would be infeasible to comply with both such regulation and the
State underground injection control program.

(iii) For the purpose of this subparagraph, a regulation pre-
scribed by the Administrator under this section shall be deemed
unnecessary only if, without such regulation, underground sources
of drinking water will not be endangered by any underground injec-
tion.

(C) Nothing in this section shall be construed to alter or affect
the duty to assure that underground sources of drinking water will
not be endangered by any underground injection.

(c)(1) The Administrator may, upon application of the Governor
of a State which authorizes underground injection by means of per-
mits, authorize such State to issue (without regard to subsection
(b)(1)(B)(i)) temporary permits for underground injection which
may be effective until the expiration of four years after the date of
enactment of this title, if—

(A) the Administrator finds that the State has dem-
onstrated that it is unable and could not reasonably have been
able to process all permit applications within the time avail-
able;

(B) the Administrator determines the adverse effect on the
environment of such temporary permits is not unwarranted;

(C) such temporary permits will be issued only with re-
spect to injection wells in operation on the date on which such
State’s permit program approved under this part first takes ef-
fect and for which there was inadequate time to process its
permit application; and

(D) the Administrator determines the temporary permits
require the use of adequate safeguards established by rules
adopted by him.
(2) The Administrator may, upon application of the Governor

of a State which authorizes underground injection by means of per-
mits, authorize such State to issue (without regard to subsection
(b)(1)(B)(i)), but after reasonable notice and hearing, one or more
temporary permits each of which is applicable to a particular injec-
tion well and to the underground injection of a particular fluid and
which may be effective until the expiration of four years after the
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date of enactment of this title, if the State finds, on the record of
such hearing—

(A) that technology (or other means) to permit safe injec-
tion of the fluid in accordance with the applicable underground
injection control program is not generally available (taking
costs into consideration);

(B) that injection of the fluid would be less harmful to
health than the use of other available means of disposing of
waste or producing the desired product; and

(C) that available technology or other means have been
employed (and will be employed) to reduce the volume and tox-
icity of the fluid and to minimize the potentially adverse effect
of the injection on the public health.
(d) For purposes of this part:

(1) The term ‘‘underground injection’’ means the sub-
surface emplacement of fluids by well injection. Such term does
not include the underground injection of natural gas for pur-
poses of storage.

(2) Underground injection endangers drinking water
sources if such injection may result in the presence in under-
ground water which supplies or can reasonably be expected to
supply any public water system of any contaminant, and if the
presence of such contaminant may result in such system’s not
complying with any national primary drinking water regula-
tion or may otherwise adversely affect the health of persons.

[42 U.S.C. 300h]

STATE PRIMARY ENFORCEMENT RESPONSIBILITY

SEC. 1422. (a) Within 180 days after the date of enactment of
this title, the Administrator shall list in the Federal Register each
State for which in his judgment a State underground injection con-
trol program may be necessary to assure that underground injec-
tion will not endanger drinking water sources. Such list may be
amended from time to time.

(b)(1)(A) Each State listed under subsection (a) shall within
270 days after the date of promulgation of any regulation under
section 1421 (or, if later, within 270 days after such State is first
listed under subsection (a)) submit to the Administrator an applica-
tion which contains a showing satisfactory to the Administrator
that the State—

(i) has adopted after reasonable notice and public hearings,
and will implement, an underground injection control program
which meets the requirements of regulations in effect under
section 1421; and

(ii) will keep such records and make such reports with re-
spect to its activities under its underground injection control
program as the Administrator may require by regulation.

The Administrator may, for good cause, extend the date for submis-
sion of an application by any State under this subparagraph for a
period not to exceed an additional 270 days.

(B) Within 270 days of any amendment of a regulation under
section 1421 revising or adding any requirement respecting State
underground injection control programs, each State listed under
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subsection (a) shall submit (in such form and manner as the Ad-
ministrator may require) a notice to the Administrator containing
a showing satisfactory to him that the State underground injection
control program meets the revised or added requirement.

(2) Within ninety days after the State’s application under para-
graph (1)(A) or notice under paragraph (1)(B) and after reasonable
opportunity for presentation of views, the Administrator shall by
rule either approve, disapprove, or approve in part and disapprove
in part, the State’s underground injection control program.

(3) If the Administrator approves the State’s program under
paragraph (2), the State shall have primary enforcement respon-
sibility for underground water sources until such time as the Ad-
ministrator determines, by rule, that such State no longer meets
the requirements of clause (i) or (ii) of paragraph (1)(A) of this sub-
section.

(4) Before promulgating any rule under paragraph (2) or (3) of
this subsection, the Administrator shall provide opportunity for
public hearing respecting such rule.

(c) If the Administrator disapproves a State’s program (or part
thereof) under subsection (b)(2), if the Administrator determines
under subsection (b)(3) that a State no longer meets the require-
ments of clause (i) or (ii) of subsection (b)(1)(A), or if a State fails
to submit an application or notice before the date of expiration of
the period specified in subsection (b)(1), the Administrator shall by
regulation within 90 days after the date of such disapproval, deter-
mination, or expiration (as the case may be) prescribe (and may
from time to time by regulation revise) a program applicable to
such State meeting the requirements of section 1421(b). Such pro-
gram may not include requirements which interfere with or
impede—

(1) the underground injection of brine or other fluids which
are brought to the surface in connection with oil or natural gas
production or natural gas storage operations, or

(2) any underground injection for the secondary or tertiary
recovery of oil or natural gas,

unless such requirements are essential to assure that underground
sources of drinking water will not be endangered by such injection.
Such program shall apply in such State to the extent that a pro-
gram adopted by such State which the Administrator determines
meets such requirements is not in effect. Before promulgating any
regulation under this section, the Administrator shall provide op-
portunity for public hearing respecting such regulation.

(d) For purposes of this title, the term ‘‘applicable underground
injection control program’’ with respect to a State means the pro-
gram (or most recent amendment thereof) (1) which has been
adopted by the State and which has been approved under sub-
section (b), or (2) which has been prescribed by the Administrator
under subsection (c).

(e) An Indian Tribe may assume primary enforcement respon-
sibility for underground injection control under this section consist-
ent with such regulations as the Administrator has prescribed pur-
suant to Part C and section 1451 of this Act. The area over which
such Indian Tribe exercises governmental jurisdiction need not
have been listed under subsection (a) of this section, and such
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Tribe need not submit an application to assume primary enforce-
ment responsibility within the 270-day deadline noted in sub-
section (b)(1)(A) of this section. Until an Indian Tribe assumes pri-
mary enforcement responsibility, the currently applicable under-
ground injection control program shall continue to apply. If an ap-
plicable underground injection control program does not exist for
an Indian Tribe, the Administrator shall prescribe such a program
pursuant to subsection (c) of this section, and consistent with sec-
tion 1421(b), within 270 days after the enactment of the Safe
Drinking Water Act Amendments of 1986, unless an Indian Tribe
first obtains approval to assume primary enforcement responsibil-
ity for underground injection control.
[42 U.S.C. 300h–1]

ENFORCEMENT OF PROGRAM

SEC. 1423. (a)(1) Whenever the Administrator finds during a
period during which a State has primary enforcement responsibil-
ity for underground water sources (within the meaning of section
1422(b)(3) or section 1425(c)) that any person who is subject to a
requirement of an applicable underground injection control pro-
gram in such State is violating such requirement, he shall so notify
the State and the person violating such requirement. If beyond the
thirtieth day after the Administrator’s notification the State has
not commenced appropriate enforcement action, the Administrator
shall issue an order under subsection (c) requiring the person to
comply with such requirement or the Administrator shall com-
mence a civil action under subsection (b).

(2) Whenever the Administrator finds during a period during
which a State does not have primary enforcement responsibility for
underground water sources that any person subject to any require-
ment of any applicable underground injection control program in
such State is violating such requirement, the Administrator shall
issue an order under subsection (c) requiring the person to comply
with such requirement or the Administrator shall commence a civil
action under subsection (b).

(b) CIVIL AND CRIMINAL ACTIONS.—Civil actions referred to in
paragraphs (1) and (2) of subsection (a) shall be brought in the ap-
propriate United States district court. Such court shall have juris-
diction to require compliance with any requirement of an applicable
underground injection program or with an order issued under sub-
section (c). The court may enter such judgment as protection of
public health may require. Any person who violates any require-
ment of an applicable underground injection control program or an
order requiring compliance under subsection (c)—

(1) shall be subject to a civil penalty of not more than
$25,000 for each day of such violation, and

(2) if such violation is willful, such person may, in addition
to or in lieu of the civil penalty authorized by paragraph (1),
be imprisoned for not more than 3 years, or fined in accordance
with title 18 of the United States Code, or both.
(c) ADMINISTRATIVE ORDERS.—(1) In any case in which the Ad-

ministrator is authorized to bring a civil action under this section
with respect to any regulation or other requirement of this part
other than those relating to—
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(A) the underground injection of brine or other fluids
which are brought to the surface in connection with oil or natu-
ral gas production, or

(B) any underground injection for the secondary or tertiary
recovery of oil or natural gas,

the Administrator may also issue an order under this subsection ei-
ther assessing a civil penalty of not more than $10,000 for each day
of violation for any past or current violation, up to a maximum ad-
ministrative penalty of $125,000, or requiring compliance with such
regulation or other requirement, or both.

(2) In any case in which the Administrator is authorized to
bring a civil action under this section with respect to any regula-
tion, or other requirement of this part relating to—

(A) the underground injection of brine or other fluids
which are brought to the surface in connection with oil or natu-
ral gas production, or

(B) any underground injection for the secondary or tertiary
recovery of oil or natural gas,

the Administrator may also issue an order under this subsection ei-
ther assessing a civil penalty of not more than $5,000 for each day
of violation for any past or current violation, up to a maximum ad-
ministrative penalty of $125,000, or requiring compliance with such
regulation or other requirement, or both.

(3)(A) An order under this subsection shall be issued by the
Administrator after opportunity (provided in accordance with this
subparagraph) for a hearing. Before issuing the order, the Adminis-
trator shall give to the person to whom it is directed written notice
of the Administrator’s proposal to issue such order and the oppor-
tunity to request, within 30 days of the date the notice is received
by such person, a hearing on the order. Such hearing shall not be
subject to section 554 or 556 of title 5, United States Code, but
shall provide a reasonable opportunity to be heard and to present
evidence.

(B) The Administrator shall provide public notice of, and rea-
sonable opportunity to comment on, any proposed order.

(C) Any citizen who comments on any proposed order under
subparagraph (B) shall be given notice of any hearing under this
subsection and of any order. In any hearing held under subpara-
graph (A), such citizen shall have a reasonable opportunity to be
heard and to present evidence.

(D) Any order issued under this subsection shall become effec-
tive 30 days following its issuance unless an appeal is taken pursu-
ant to paragraph (6).

(4)(A) Any order issued under this subsection shall state with
reasonable specificity the nature of the violation and may specify
a reasonable time for compliance.

(B) In assessing any civil penalty under this subsection, the
Administrator shall take into account appropriate factors, including
(i) the seriousness of the violation; (ii) the economic benefit (if any)
resulting from the violation; (iii) any history of such violations; (iv)
any good-faith efforts to comply with the applicable requirements;
(v) the economic impact of the penalty on the violator; and (vi) such
other matters as justice may require.
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(5) Any violation with respect to which the Administrator has
commenced and is diligently prosecuting an action, or has issued
an order under this subsection assessing a penalty, shall not be
subject to an action under subsection (b) of this section or section
1424(c) or 1449, except that the foregoing limitation on civil actions
under section 1449 of this Act shall not apply with respect to any
violation for which—

(A) a civil action under section 1449(a)(1) has been filed
prior to commencement of an action under this subsection, or

(B) a notice of violation under section 1449(b)(1) has been
given before commencement of an action under this subsection
and an action under section 1449(a)(1) of this Act is filed before
120 days after such notice is given.
(6) Any person against whom an order is issued or who com-

mented on a proposed order pursuant to paragraph (3) may file an
appeal of such order with the United States District Court for the
District of Columbia or the district in which the violation is alleged
to have occurred. Such an appeal may only be filed within the 30-
day period beginning on the date the order is issued. Appellant
shall simultaneously send a copy of the appeal by certified mail to
the Administrator and to the Attorney General. The Administrator
shall promptly file in such court a certified copy of the record on
which such order was imposed. The district court shall not set
aside or remand such order unless there is not substantial evidence
on the record, taken as a whole, to support the finding of a viola-
tion or, unless the Administrator’s assessment of penalty or re-
quirement for compliance constitutes an abuse of discretion. The
district court shall not impose additional civil penalties for the
same violation unless the Administrator’s assessment of a penalty
constitutes an abuse of discretion. Notwithstanding section
1448(a)(2), any order issued under paragraph (3) shall be subject
to judicial review exclusively under this paragraph.

(7) If any person fails to pay an assessment of a civil penalty—
(A) after the order becomes effective under paragraph (3),

or
(B) after a court, in an action brought under paragraph (6),

has entered a final judgment in favor of the Administrator,
the Administrator may request the Attorney General to bring a
civil action in an appropriate district court to recover the amount
assessed (plus costs, attorneys’ fees, and interest at currently pre-
vailing rates from the date the order is effective or the date of such
final judgment, as the case may be). In such an action, the validity,
amount, and appropriateness of such penalty shall not be subject
to review.

(8) The Administrator may, in connection with administrative
proceedings under this subsection, issue subpoenas compelling the
attendance and testimony of witnesses and subpoenas duces tecum,
and may request the Attorney General to bring an action to enforce
any subpoena under this section. The district courts shall have ju-
risdiction to enforce such subpoenas and impose sanction.

(d) Nothing in this title shall diminish any authority of a State
or political subdivision to adopt or enforce any law or regulation re-
specting underground injection but no such law or regulation shall
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relieve any person of any requirement otherwise applicable under
this title.
[42 U.S.C. 300h–2]

INTERIM REGULATION OF UNDERGROUND INJECTIONS

SEC. 1424. (a)(1) Any person may petition the Administrator to
have an area of a State (or States) designated as an area in which
no new underground injection well may be operated during the pe-
riod beginning on the date of the designation and ending on the
date on which the applicable underground injection control pro-
gram covering such area takes effect unless a permit for the oper-
ation of such well has been issued by the Administrator under sub-
section (b). The Administrator may so designate an area within a
State if he finds that the area has one aquifer which is the sole
or principal drinking water source for the area and which, if con-
taminated, would create a significant hazard to public health.

(2) Upon receipt of a petition under paragraph (1) of this sub-
section, the Administrator shall publish it in the Federal Register
and shall provide an opportunity to interested persons to submit
written data, views, or arguments thereon. Not later than the 30th
day following the date of the publication of a petition under this
paragraph in the Federal Register, the Administrator shall either
make the designation for which the petition is submitted or deny
the petition.

(b)(1) During the period beginning on the date an area is des-
ignated under subsection (a) and ending on the date the applicable
underground injection control program covering such area takes ef-
fect, no new underground injection well may be operated in such
area unless the Administrator has issued a permit for such oper-
ation.

(2) Any person may petition the Administrator for the issuance
of a permit for the operation of such a well in such an area. A peti-
tion submitted under this paragraph shall be submitted in such
manner and contain such information as the Administrator may re-
quire by regulation. Upon receipt of such a petition, the Adminis-
trator shall publish it in the Federal Register. The Administrator
shall give notice of any proceeding on a petition and shall provide
opportunity for agency hearing. The Administrator shall act upon
such petition on the record of any hearing held pursuant to the
preceding sentence respecting such petition. Within 120 days of the
publication in the Federal Register of a petition submitted under
this paragraph, the Administrator shall either issue the permit for
which the petition was submitted or shall deny its issuance.

(3) The Administrator may issue a permit for the operation of
a new underground injection well in an area designated under sub-
section (a) only if he finds that the operation of such well will not
cause contamination of the aquifer of such area so as to create a
significant hazard to public health. The Administrator may condi-
tion the issuance of such a permit upon the use of such control
measures in connection with the operation of such well, for which
the permit is to be issued, as he deems necessary to assure that
the operation of the well will not contaminate the aquifer of the
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designated area in which the well is located so as to create a sig-
nificant hazard to public health.

(c) Any person who operates a new underground injection well
in violation of subsection (b), (1) shall be subject to a civil penalty
of not more than $5,000 for each day in which such violation oc-
curs, or (2) if such violation is willful, such person may, in lieu of
the civil penalty authorized by clause (1), be fined not more than
$10,000 for each day in which such violation occurs. If the Adminis-
trator has reason to believe that any person is violating or will vio-
late subsection (b), he may petition the United States district court
to issue a temporary restraining order or injunction (including a
mandatory injunction) to enforce such subsection.

(d) For purposes of this section, the term ‘‘new underground in-
jection well’’ means an underground injection well whose operation
was not approved by appropriate State and Federal agencies before
the date of the enactment of this title.

(e) If the Administrator determines, on his own initiative or
upon petition, that an area has an aquifer which is the sole or prin-
cipal drinking water source for the area and which, if contami-
nated, would create a significant hazard to public health, he shall
publish notice of that determination in the Federal Register. After
the publication of any such notice, no commitment for Federal fi-
nancial assistance (through a grant, contract, loan guarantee, or
otherwise) may be entered into for any project which the Adminis-
trator determines may contaminate such aquifer through a re-
charge zone so as to create a significant hazard to public health,
but a commitment for Federal financial assistance may, if author-
ized under another provision of law, be entered into to plan or de-
sign the project to assure that it will not so contaminate the aqui-
fer.
[42 U.S.C. 300h–3]

OPTIONAL DEMONSTRATION BY STATES RELATING TO OIL OR NATURAL
GAS

SEC. 1425. (a) For purposes of the Administrator’s approval or
disapproval under section 1422 of that portion of any State under-
ground injection control program which relates to—

(1) the underground injection of brine or other fluids which
are brought to the surface in connection with oil or natural gas
production or natural gas storage operations, or

(2) any underground injection for the secondary or tertiary
recovery of oil or natural gas,

in lieu of the showing required under subparagraph (A) of section
1422(b)(1) the State may demonstrate that such portion of the
State program meets the requirements of subparagraphs (A)
through (D) of section 1421(b)(1) and represents an effective pro-
gram (including adequate recordkeeping and reporting) to prevent
underground injection which endangers drinking water sources.

(b) If the Administrator revises or amends any requirement of
a regulation under section 1421 relating to any aspect of the under-
ground injection referred to in subsection (a), in the case of that
portion of a State underground injection control program for which
the demonstration referred to in subsection (a) has been made, in
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1 Public Law 104–66 struck the designation ‘‘(a)’’ and subsection (b). Section 501(f)(2) of Public
Law 104–182 amended the section heading and designation. The ‘‘(a)’’ should be deleted.

lieu of the showing required under section 1422(b)(1)(B) the State
may demonstrate that, with respect to that aspect of such under-
ground injection, the State program meets the requirements of sub-
paragraphs (A) through (D) of section 1421(b)(1) and represents an
effective program (including adequate recordkeeping and reporting)
to prevent underground injection which endangers drinking water
sources.

(c)(1) Section 1422(b)(3) shall not apply to that portion of any
State underground injection control program approved by the Ad-
ministrator pursuant to a demonstration under subsection (a) of
this section (and under subsection (b) of this section where applica-
ble).

(2) If pursuant to such a demonstration, the Administrator ap-
proves such portion of the State program, the State shall have pri-
mary enforcement responsibility with respect to that portion until
such time as the Administrator determines, by rule, that such dem-
onstration is no longer valid. Following such a determination, the
Administrator may exercise the authority of subsection (c) of sec-
tion 1422 in the same manner as provided in such subsection with
respect to a determination described in such subsection.

(3) Before promulgating any rule under paragraph (2), the Ad-
ministrator shall provide opportunity for public hearing respecting
such rule.
[42 U.S.C. 300h–4]

øSEC. 1426. REGULATION OF STATE PROGRAMS¿

REGULATION OF STATE PROGRAMS

SEC. 1426. (a) 1 Not later than 18 months after enactment of
the Safe Drinking Water Act Amendments of 1986, the Adminis-
trator shall modify regulations issued under this Act for Class I in-
jection wells to identify monitoring methods, in addition to those in
effect on November 1, 1985, including groundwater monitoring. In
accordance with such regulations, the Administrator, or delegated
State authority, shall determine the applicability of such monitor-
ing methods, wherever appropriate, at locations and in such a man-
ner as to proivide the earliest possible detection of fluid migration
into, or in the direction of, underground sources of drinking water
from such wells, based on its assessment of the potential for fluid
migration from the injection zone that may be harmful to human
health or the environment. For purposes of this subsection, a class
I injection well is defined in accordance with 40 CFR 146.05 as in
effect on November 1, 1985.
[42 U.S.C. 300h–5]

øSEC. 1427. SOLE SOURCE AQUIFER DEMONSTRATION PROGRAM¿

SOLE SOURCE AQUIFER DEMONSTRATION PROGRAM

SEC. 1427. (a) PURPOSE.—The purpose of this section is to es-
tablish procedures for development, implementation, and assess-
ment of demonstration programs designed to protect critical aquifer
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protection areas located within areas designated as sole or prin-
cipal source aquifers under section 1424(e) of this Act.

(b) DEFINITION.—For purposes of this section, the term ‘‘critical
aquifer protection area’’ means either of the following:

(1) All or part of an area located within an area for which
an application or designation as a sole or principal source aqui-
fer pursuant to section 1424(e), has been submitted and ap-
proved by the Administrator ønot later than 24 months after
the enactment of the Safe Drinking Water Act Amendments of
1986¿ and which satisfies the criteria established by the Ad-
ministrator under subsection (d).

(2) All or part of an area which is within an aquifer des-
ignated as a sole source aquifer as of the enactment of the Safe
Drinking Water Act Amendments of 1986 and for which an
areawide ground water quality protection plan has been ap-
proved under section 208 of the Clean Water Act prior to such
enactment.
(c) APPLICATION.—Any State, municipal or local government or

political subdivision thereof of any planning entity (including any
interstate regional planning entity) that identifies a critical aquifer
protection area over which it has authority or jurisdiction may
apply to the Administrator for the selection of such area for a dem-
onstration program under this section. Any applicant shall consult
with other government or planning entities with authority or juris-
diction in such area prior to application. Applicants, other than the
Governor, shall submit the application for a demonstration pro-
gram jointly with the Governor.

(d) CRITERIA.—Not later than 1 year after the enactment of the
Safe Drinking Water Act Amendments of 1986, the Administrator
shall, by rule, establish criteria for identifying critical aquifer pro-
tection areas under this section. In establishing such criteria, the
Administrator shall consider each of the following:

(1) The vulnerability of the aquifer to contamination due
to hydrogeologic characteristics.

(2) The number of persons or the proportion of population
using the ground water as a drinking water source.

(3) The economic, social and environmental benefits that
would result to the area from maintenance of ground water of
high quality.

(4) The economic, social and environmental costs that
would result from degradation of the quality of the ground
water.
(e) CONTENTS OF APPLICATION.—An application submitted to

the Administrator by any applicant for demonstration program
under this section shall meet each of the following requirements:

(1) The application shall propose boundaries for the critical
aquifer protection area within its jurisdiction.

(2) The application shall designate or, if necessary, estab-
lish a planning entity (which shall be a public agency and
which shall include representation of elected local and State
governmental officials) to develop a comprehensive manage-
ment plan (hereinafter in this section referred to as the ‘‘plan’’)
for the critical protection area. Where a local government plan-
ning agency exists with adequate authority to carry out this
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section with respect to any proposed critical protection area,
such agency shall be designated as the planning entity.

(3) The application shall establish procedures for public
participation in the development of the plan, for review, ap-
proval, and adoption of the plan, and for assistance to munici-
palities and other public agencies with authority under State
law to implement the plan.

(4) The application shall include a hydrogeologic assess-
ment of surface and ground water resources within the critical
protection area.

(5) The application shall include a comprehensive manage-
ment plan for the proposed protection area.

(6) The application shall include the measures and sched-
ule proposed for implementation of such plan.
(f) COMPREHENSIVE PLAN.—

(1) The objective of a comprehensive management plan
submitted by an applicant under this section shall be to main-
tain the quality of the ground water in the critical protection
area in a manner reasonably expected to protect human
health, the environment and ground water resources. In order
to achieve such objective, the plan may be designed to main-
tain, to the maximum extent possible, the natural vegetative
and hydrogeological conditions. Each of the following elements
shall be included in such a protection plan:

(A) A map showing the detailed boundary of the criti-
cal protection area.

(B) An identification of existing and potential point
and nonpoint sources of ground water degradation.

(C) An assessment of the relationship between activi-
ties on the land surface and ground water quality.

(D) Specific actions and management practices to be
implemented in the critical protection area to prevent ad-
verse impacts on ground water quality.

(E) Identification of authority adequate to implement
the plan, estimates of program costs, and sources of State
matching funds.
(2) Such plan may also include the following:

(A) A determination of the quality of the existing
ground water recharged through the special protection
area and the natural recharge capabilities of the special
protection area watershed.

(B) Requirements designed to maintain existing un-
derground drinking water quality or improve underground
drinking water quality if prevailing conditions fail to meet
drinking water standards, pursuant to this Act and State
law.

(C) Limits on Federal, State, and local government, fi-
nancially assisted activities and projects which may con-
tribute to degradation of such ground water or any loss of
natural surface and subsurface infiltration of purification
capability of the special protection watershed.

(D) A comprehensive statement of land use manage-
ment including emergency contingency planning as it per-
tains to the maintenance of the quality of underground
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sources of drinking water or to the improvement of such
sources if necessary to meet drinking water standards pur-
suant to this Act and State law.

(E) Actions in the special protection area which would
avoid adverse impacts on water quality, recharge capabili-
ties, or both.

(F) Consideration of specific techniques, which may in-
clude clustering, transfer of development rights, and other
innovative measures sufficient to achieve the objectives of
this section.

(G) Consideration of the establishment of a State insti-
tution to facilitate and assist funding a development trans-
fer credit system.

(H) A program for State and local implementation of
the plan described in this subsection in a manner that will
insure the continued, uniform, consistent protection of the
critical protection area in accord with the purposes of this
section.

(I) Pollution abatement measures, if appropriate.
(g) PLANS UNDER SECTION 208 OF THE CLEAN WATER ACT.—A

plan approved before the enactment of the Safe Drinking Water
Act Amendments of 1986 under section 208 of the Clean Water Act
to protect a sole source aquifer designated under section 1424(e) of
this Act shall be considered a comprehensive management plan for
the purposes of this section.

(h) CONSULTATION AND HEARINGS.—During the development of
a comprehensive management plan under this section, the plan-
ning entity shall consult with, and consider the comments of, ap-
propriate officials of any municipality and State or Federal agency
which has jurisdiction over lands and waters within the special
protection area, other concerned organizations and technical and
citizen advisory committees. The planning entity shall conduct pub-
lic hearings at places within the special protection area for the pur-
pose of providing the opportunity to comment on any aspect of the
plan.

(i) APPROVAL OR DISAPPROVAL.—Within 120 days after receipt
of an application under this section, the Administrator shall ap-
prove or disapprove the application. The approval or disapproval
shall be based on a determination that the critical protection area
satisfies the criteria established under subsection (d) and that a
demonstration program for the area would provide protection for
ground water quality consistent with the objectives stated in sub-
section (f). The Administrator shall provide to the Governor a writ-
ten explanation of the reasons for the disapproval of any such ap-
plication. Any petitioner may modify and resubmit any application
which is not approved. Upon approval of an application, the Admin-
istrator may enter into a cooperative agreement with the applicant
to establish a demonstration program under this section.

(j) GRANTS AND REIMBURSEMENT.—Upon entering a cooperative
agreement under subsection (i), the Administrator may provide to
the applicant, on a matching basis, a grant of 50 per centum of the
costs of implementing the plan established under this section. The
Administrator may also reimburse the applicant of an approved
plan up to 50 per centum of the costs of developing such plan, ex-
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cept for plans approved under section 208 of the Clean Water Act.
The total amount of grants under this section for any one aquifer,
designated under section 1424(e), shall not exceed $4,000,000 in
any one fiscal year.

(k) ACTIVITIES FUNDED UNDER OTHER LAW.—No funds author-
ized under this øsubsection¿ section may be used to fund activities
funded under other sections of this Act or the Clean Water Act, the
Solid Waste Disposal Act, the Comprehensive Environmental Re-
sponse, Compensation, and Liability Act of 1980 or other environ-
mental laws.

(l) SAVINGS PROVISION.—Nothing under this section shall be
construed to amend, supersede or abrogate rights to quantities of
water which have been established by interstate water compacts,
Supreme Court decrees, or State water laws, or any requirement
imposed or right provided under any Federal or State environ-
mental or public health statute.

(m) AUTHORIZATION.—There are authorized to be appropriated
to carry out this section not more than the following amounts:
Fiscal year: Amount

1987 ................................................................................................. $10,000,000
1988 ................................................................................................. 15,000,000
1989 ................................................................................................. 17,500,000
1990 ................................................................................................. 17,500,000
1991 ................................................................................................. 17,500,000
1992–2003 ........................................................................................ 15,000,000.

Matching grants under this section may also be used to implement
or update any water quality management plan for a sole or prin-
cipal source aquifer approved (before the date of the enactment of
this section) by the Administrator under section 208 of the Federal
Water Pollution Control Act.
[42 U.S.C. 300h–6]

øSEC. 1428. STATE PROGRAMS TO ESTABLISH WELLHEAD PROTECTION
AREAS¿

STATE PROGRAMS TO ESTABLISH WELLHEAD PROTECTION AREAS

SEC. 1428. (a) STATE PROGRAMS.—The Governor ordir Gov-
ernor’s designee of each State shall, within 3 years of the date of
enactment of the Safe Drinking Water Act Amendments of 1986,
adopt and submit to the Administrator a State program to protect
wellhead areas within their jurisdiction from contaminants which
may have any adverse effect on the health of persons. Each State
program under this section shall, at a minimum—

(1) specify the duties of State agencies, local governmental
entities, and public water supply systems with respect to the
development and implementation of programs required by this
section;

(2) for each wellhead, determine the wellhead protection
areas as defined in subsection (e) based on all reasonably avail-
able hydrogeologic information on ground water flow, recharge
and discharge and other information the State deems nec-
essary to adequately determine the wellhead protection area;

(3) identify within each wellhead protection area all poten-
tial anthropogenic sources of contaminants which may have
any adverse effect on the health of persons;
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(4) describe a program that contains, as appropriate, tech-
nical assistance, financial assistance, implementation of control
measures, education, training, and demonstration projects to
protect the water supply within wellhead protection areas from
such contaminants;

(5) include contingency plans for the location and provision
of alternate drinking water supplies for each public water sys-
tem in the event of well or wellfield contamination by such con-
taminants; and

(6) include a requirement that consideration be given to all
potential sources of such contaminants within the expected
wellhead area of a new water well which serves a public water
supply system.
(b) PUBLIC PARTICIPATION.—To the maximum extent possible,

each State shall establish procedures, including but not limited to
the establishment of technical and citizens’ advisory committees, to
encourage the public to participate in developing the protection
program for wellhead areas and source water assessment programs
under section 1453. Such procedures shall include notice and oppor-
tunity for public hearing on the State program before it is submit-
ted to the Administrator.

(c) DISAPPROVAL.—
(1) IN GENERAL.—If, in the judgment of the Administrator,

a State program or portion thereof under subsection (a) is not
adequate to protect public water systems as required by sub-
section (a) or a State program under section 1453 or section
1418(b) does not meet the applicable requirements of section
1453 or section 1418(b), the Administrator shall disapprove
such program or portion thereof. A State program developed
pursuant to subsection (a) shall be deemed to be adequate un-
less the Administrator determines, within 9 months of the re-
ceipt of a State program, that such program (or portion there-
of) is inadequate for the purpose of protecting public water sys-
tems as required by this section from contaminants that may
have any adverse effect on the health of persons. A State pro-
gram developed pursuant to section 1453 or section 1418(b)
shall be deemed to meet the applicable requirements of section
1453 or section 1418(b) unless the Administrator determines
within 9 months of the receipt of the program that such pro-
gram (or portion thereof) does not meet such requirements. If
the Administrator determines that a proposed State program
(or any portion thereof) øis inadequate¿ is disapproved, the Ad-
ministrator shall submit a written statement of the reasons for
such determination to the Governor of the State.

(2) MODIFICATION AND RESUBMISSION.—Within 6 months
after receipt of the Administrator’s written notice under para-
graph (1) that any proposed State program (or portion thereof)
is disapproved, the Governor or Governor’s designee, shall
modify the program based upon the recommendations of the
Administrator and resubmit the modified program to the Ad-
ministrator.
(d) FEDERAL ASSISTANCE.—After the date 3 years after the en-

actment of this section, no State shall receive funds authorized to
be appropriated under this section except for the purpose of imple-
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menting the program and requirements of paragraphs (4) and (6)
of subsection (a).

(e) DEFINITION OF WELLHEAD PROTECTION AREA.—As used in
this section, the term ‘‘wellhead protection area’’ means the surface
and subsurface area surrounding a water well or wellfield, supply-
ing a public water system, through which contaminants are reason-
ably likely to move toward and reach such water well or wellfield.
The extent of a wellhead protection area, within a State, necessary
to provide protection from contaminants which may have any ad-
verse effect on the health of persons is to be determined by the
State in the program submitted under subsection (a). Not later
than one year after the enactment of the Safe Drinking Water Act
Amendments of 1986, the Administrator shall issue technical guid-
ance which States may use in making such determinations. Such
guidance may reflect such factors as the radius of influence around
a well or wellfield, the depth of drawdown of the water table by
such well or wellfield at any given point, the time or rate of travel
of various contaminants in various hydrologic conditions, distance
from the well or wellfield, or other factors affecting the likelihood
of contaminants reaching the well or wellfield, taking into account
available engineering pump tests or comparable data, field recon-
naissance, topographic information, and the geology of the forma-
tion in which the well or wellfield is located.

(f) PROHIBITIONS.—
(1) ACTIVITIES UNDER OTHER LAWS.—No funds authorized

to be appropriated under this section may be used to support
activities authorized by the Federal Water Pollution Control
Act, the Solid Waste Disposal Act, the Comprehensive Environ-
mental Response, Compensation, and Liability Act of 1980, or
other sections of this Act.

(2) INDIVIDUAL SOURCES.—No funds authorized to be ap-
propriated under this section may be used to bring individual
sources of contamination into compliance.
(g) IMPLEMENTATION.—Each State shall make every reasonable

effort to implement the State wellhead area protection program
under this section within 2 years of submitting the program to the
Administrator. Each State shall submit to the Administrator a bi-
ennial status report describing the State’s progress in implement-
ing the program. Such report shall include amendments to the
State program for water wells sited during the biennial period.

(h) FEDERAL AGENCIES.—Each department, agency, and instru-
mentality of the executive, legislative, and judicial branches of the
Federal Government having jurisdiction over any potential source
of contaminants identified by a State program pursuant to the pro-
visions of subsection (a)(3) shall be subject to and comply with all
requirements of the State program developed according to sub-
section (a)(4) applicable to such potential source of contaminants,
both substantive and procedural, in the same manner, and to the
same extent, as any other person is subject to such requirements,
including payment of reasonable charges and fees. The President
may exempt any potential source under the jurisdiction of any de-
partment, agency, or instrumentality in the executive branch if the
President determines it to be in the paramount interest of the
United States to do so. No such exemption shall be granted due to
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the lack of an appropriation unless the President shall have specifi-
cally requested such appropriation as part of the budgetary process
and the Congress shall have failed to make available such re-
quested appropriations.

(i) ADDITIONAL REQUIREMENT.—
(1) IN GENERAL.—In addition to the provisions of sub-

section (a) of this section, States in which there are more than
2,500 active wells at which annular injection is used as of Jan-
uary 1, 1986, shall include in their State program a certifi-
cation that a State program exists and is being adequately en-
forced that provides protection from contaminants which may
have any adverse effect on the health of persons and which are
associated with the annular injection or surface disposal of
brines associated with oil and gas production.

(2) DEFINITION.—For purposes of this subsection, the term
‘‘annular injection’’ means the reinjection of brines associated
with the production of oil or gas between the production and
surface casings of a conventional oil or gas producing well.

(3) REVIEW.—The Administrator shall conduct a review of
each program certified under this subsection.

(4) DISAPPROVAL.—If a State fails to include the certifi-
cation required by this subsection or if in the judgment of the
Administrator the State program certified under this sub-
section is not being adequately enforced, the Administrator
shall disapprove the State program submitted under subsection
(a) of this section.
(j) COORDINATION WITH OTHER LAWS.—Nothing in this section

shall authorize or require any department, agency, or other instru-
mentality of the Federal Government or State or local government
to apportion, allocate or otherwise regulate the withdrawal or bene-
ficial use of ground or surface waters, so as to abrogate or modify
any existing rights to water established pursuant to State or Fed-
eral law, including interstate compacts.

(k) AUTHORIZATION OF APPROPRIATIONS.—Unless the State pro-
gram is disapproved under this section, the Administrator shall
make grants to the State for not less than 50 or more than 90 per-
cent of the costs incurred by a State (as determined by the Admin-
istrator) in developing and implementing each State program
under this section. For purposes of making such grants there is au-
thorized to be appropriated not more than the following amounts:
Fiscal year: Amount

1987 ................................................................................................. $20,000,000
1988 ................................................................................................. 20,000,000
1989 ................................................................................................. 35,000,000
1990 ................................................................................................. 35,000,000
1991 ................................................................................................. 35,000,000
1992–2003 ........................................................................................ 30,000,000.

[42 U.S.C. 300h–7]

STATE GROUND WATER PROTECTION GRANTS

SEC. 1429. (a) IN GENERAL.—The Administrator may make a
grant to a State for the development and implementation of a State
program to ensure the coordinated and comprehensive protection of
ground water resources within the State.
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(b) GUIDANCE.—Not later than 1 year after the date of enact-
ment of the Safe Drinking Water Act Amendments of 1996, and an-
nually thereafter, the Administrator shall publish guidance that es-
tablishes procedures for application for State ground water protec-
tion program assistance and that identifies key elements of State
ground water protection programs.

(c) CONDITIONS OF GRANTS.—
(1) IN GENERAL.—The Administrator shall award grants to

States that submit an application that is approved by the Ad-
ministrator. The Administrator shall determine the amount of
a grant awarded pursuant to this paragraph on the basis of an
assessment of the extent of ground water resources in the State
and the likelihood that awarding the grant will result in sus-
tained and reliable protection of ground water quality.

(2) INNOVATIVE PROGRAM GRANTS.—The Administrator may
also award a grant pursuant to this subsection for innovative
programs proposed by a State for the prevention of ground
water contamination.

(3) ALLOCATION OF FUNDS.—The Administrator shall, at a
minimum, ensure that, for each fiscal year, not less than 1 per-
cent of funds made available to the Administrator by appro-
priations to carry out this section are allocated to each State
that submits an application that is approved by the Adminis-
trator pursuant to this section.

(4) LIMITATION ON GRANTS.—No grant awarded by the Ad-
ministrator may be used for a project to remediate ground
water contamination.
(d) AMOUNT OF GRANTS.—The amount of a grant awarded pur-

suant to paragraph (1) shall not exceed 50 percent of the eligible
costs of carrying out the ground water protection program that is
the subject of the grant (as determined by the Administrator) for the
1-year period beginning on the date that the grant is awarded. The
State shall pay a State share to cover the costs of the ground water
protection program from State funds in an amount that is not less
than 50 percent of the cost of conducting the program.

(e) EVALUATIONS AND REPORTS.—Not later than 3 years after
the date of enactment of the Safe Drinking Water Act Amendments
of 1996, and every 3 years thereafter, the Administrator shall evalu-
ate the State ground water protection programs that are the subject
of grants awarded pursuant to this section and report to the Con-
gress on the status of ground water quality in the United States and
the effectiveness of State programs for ground water protection.

(f) AUTHORIZATION OF APPROPRIATIONS.—There are authorized
to be appropriated to carry out this section $15,000,000 for each of
fiscal years 1997 through 2003.
[42 U.S.C. 300h–8]

PART D—EMERGENCY POWERS

EMERGENCY POWERS

SEC. 1431. (a) Notwithstanding any other provision of this
title, the Administrator, upon receipt of information that a con-
taminant which is present in or is likely to enter a public water
system or an underground source of drinking water may present an
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imminent and substantial endangerment to the health of persons,
and that appropriate State and local authorities have not acted to
protect the health of such persons, may take such actions as he
may deem necessary in order to protect the health of such persons.
To the extent he determines it to be practicable in light of such im-
minent endangerment, he shall consult with the State and local au-
thorities in order to confirm the correctness of the information on
which action proposed to be taken under this subsection is based
and to ascertain the action which such authorities are or will be
taking. The action which the Administrator may take may include
(but shall not be limited to) (1) issuing such orders as may be nec-
essary to protect the health of persons who are or may be users of
such system (including travelers), including orders requiring the
provision of alternative water supplies by persons who caused or
contributed to the endangerment, and (2) commencing a civil action
for appropriate relief, including a restraining order or permanent
or temporary injunction.

(b) Any person who violates or fails or refuses to comply with
any order issued by the Administrator under subsection (a)(1) may,
in an action brought in the appropriate United States district court
to enforce such order, be subject to a civil penalty of not to exceed
ø$5,000¿ $15,000 for each day in which such violation occurs or
failure to comply continues.
[42 U.S.C. 300i]

øSEC. 1432. TAMPERING WITH PUBLIC WATER SYSTEMS¿

TAMPERING WITH PUBLIC WATER SYSTEMS

SEC. 1432. (a) TAMPERING.—Any person who tampers with a
public water system shall be imprisoned for not more than 5 years,
or fined in accordance with title 18 of the United States Code, or
both.

(b) ATTEMPT OR THREAT.—Any person who attempts to tamper,
or makes a threat to tamper, with a public drinking water system
shall be imprisoned for not more than 3 years, or fined in accord-
ance with title 18 of the United States Code, or both.

(c) CIVIL PENALTY.—The Administrator may bring a civil action
in the appropriate United States district court (as determined
under the provisions of title 28 of the United States Code) against
any person who tampers, attempts to tamper, or makes a threat to
tamper with a public water system. The court may impose on such
person a civil penalty of not more than $50,000 for such tampering
or not more than $20,000 for such attempt or threat.

(d) DEFINITION OF ‘‘TAMPER’’.—For purposes of this section, the
term ‘‘tamper’’ means—

(1) to introduce a contaminant into a public water system
with the intention of harming persons; or

(2) to otherwise interfere with the operation of a public
water system with the intention of harming persons.

[42 U.S.C. 300i–1]
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PART E—GENERAL PROVISIONS

ASSURANCE OF AVAILABILITY OF ADEQUATE SUPPLIES OF CHEMICALS
NECESSARY FOR TREATMENT OF WATER

SEC. 1441. (a) If any person who uses chlorine, activated car-
bon, lime, ammonia, soda ash, potassium permanganate, caustic
soda, or other chemical or substance for the purpose of treating
water in any public water system or in any public treatment works
determines that the amount of such chemical or substance nec-
essary to effectively treat such water is not reasonably available to
him or will not be so available to him when required for the effec-
tive treatment of such water, such person may apply to the Admin-
istrator for a certification (hereinafter in this section referred to as
a ‘‘certification of need’’) that the amount of such chemical or sub-
stance which such person requires to effectively treat such water
is not reasonably available to him or will not be so available when
required for the effective treatment of such water.

(b)(1) An application for a certification of need shall be in such
form and submitted in such manner as the Administrator may re-
quire and shall (A) specify the persons the applicant determines
are able to provide the chemical or substance with respect to which
the application is submitted, (B) specify the persons from whom the
applicant has sought such chemical or substance, and (C) contain
such other information as the Administrator may require.

(2) Upon receipt of an application under this section, the Ad-
ministrator shall (A) publish in the Federal Register a notice of the
receipt of the application and a brief summary of it, (B) notify in
writing each person whom the President or his delegate (after con-
sultation with the Administrator) determines could be made subject
to an order required to be issued upon the issuance of the certifi-
cation of need applied for in such application, and (C) provide an
opportunity for the submission of written comments on such appli-
cation. The requirements of the preceding sentence of this para-
graph shall not apply when the Administrator for good cause finds
(and incorporates the finding with a brief statement of reasons
therefor in the order issued) that waiver of such requirements is
necessary in order to protect the public health.

(3) Within 30 days after—
(A) the date a notice is published under paragraph (2) in

the Federal Register with respect to an application submitted
under this section for the issuance of a certification of need, or

(B) the date on which such application is received if as au-
thorized by the second sentence of such paragraph no notice is
published with respect to such application,

the Administrator shall take action either to issue or deny the issu-
ance of a certification of need.

(c)(1) If the Administrator finds that the amount of a chemical
or substance necessary for an applicant under an application sub-
mitted under this section to effectively treat water in a public
water system or in a public treatment works is not reasonably
available to the applicant or will not be so available to him when
required for the effective treatment of such water, the Adminis-
trator shall issue a certification of need. Not later than seven days
following the issuance of such certification, the President or his del-
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egate shall issue an order requiring the provision to such person
of such amounts of such chemical or substance as the Adminis-
trator deems necessary in the certification of need issued for such
person. Such order shall apply to such manufacturers, producers,
processors, distributors, and repackagers of such chemical or sub-
stance as the President or his delegate deems necessary and appro-
priate, except that such order may not apply to any manufacturer,
producer, or processor of such chemical or substance who manufac-
tures, produces, or processes (as the case may be) such chemical or
substance solely for its own use. Persons subject to an order issued
under this section shall be given a reasonable opportunity to con-
sult with the President or his delegate with respect to the imple-
mentation of the order.

(2) Orders which are to be issued under paragraph (1) to man-
ufacturers, producers, and processors of a chemical or substance
shall be equitably apportioned, as far as practicable, among all
manufacturers, producers, and processors of such chemical or sub-
stance; and orders which are to be issued under paragraph (1) to
distributors and repackagers of a chemical or substance shall be
equitably apportioned, as far as practicable, among all distributors
and repackagers of such chemical or substance. In apportioning or-
ders issued under paragraph (1) to manufacturers, producers, proc-
essors, distributors, and repackagers of chlorine, the President or
his delegate shall, in carrying out the requirements of the preced-
ing sentence, consider—

(A) the geographical relationships and established commer-
cial relationships between such manufacturers, producers,
processors, distributors, and repackagers and the persons for
whom the orders are issued;

(B) in the case of orders to be issued to producers of chlo-
rine, the (i) amount of chlorine historically supplied by each
such producer to treat water in public water systems and pub-
lic treatment works, and (ii) share of each such producer of the
total annual production of chlorine in the United States; and

(C) such other factors as the President or his delegate may
determine are relevant to the apportionment of orders in ac-
cordance with the requirements of the preceding sentence.
(3) Subject to subsection (f), any person for whom a certifi-

cation of need has been issued under this subsection may upon the
expiration of the order issued under paragraph (1) upon such cer-
tification apply under this section for additional certifications.

(d) There shall be available as a defense to any action brought
for breach of contract in a Federal or State court arising out of
delay or failure to provide, sell, or offer for sale or exchange a
chemical or substance subject to an order issued pursuant to sub-
section (c)(1), that such delay or failure was caused solely by com-
pliance with such order.

(e)(1) Whoever knowingly fails to comply with any order issued
pursuant to subsection (c)(1) shall be fined not more than $5,000
for each such failure to comply.

(2) Whoever fails to comply with any order issued pursuant to
subsection (c)(1) shall be subject to a civil penalty of not more than
$2,500 for each such failure to comply.



77

(3) Whenever the Administrator or the President or his dele-
gate has reason to believe that any person is violating or will vio-
late any order issued pursuant to subsection (c)(1), he may petition
a United States district court to issue a temporary restraining
order or preliminary or permanent injunction (including a manda-
tory injunction) to enforce the provisions of such order.

(f) No certification of need or order issued under this section
may remain in effect for more than one year.
[42 U.S.C. 300j]

RESEARCH, TECHNICAL ASSISTANCE, INFORMATION, TRAINING OF
PERSONNEL

SEC. 1442. (a)(1) The Administrator may conduct research,
studies, and demonstrations relating to the causes, diagnosis, treat-
ment, control, and prevention of physical and mental diseases and
other impairments of man resulting directly or indirectly from con-
taminants in water, or to the provision of a dependably safe supply
of drinking water, including—

(A) improved methods (i) to identify and measure the exist-
ence of contaminants in drinking water (including methods
which may be used by State and local health and water offi-
cials), and (ii) to identify the source of such contaminants;

(B) improved methods to identify and measure the health
effects of contaminants in drinking water;

(C) new methods of treating raw water to prepare it for
drinking, so as to improve the efficiency of water treatment
and to remove contaminants from water;

(D) improved methods for providing a dependably safe sup-
ply of drinking water, including improvements in water purifi-
cation and distribution, and methods of assessing the health
related hazards of drinking water; and

(E) improved methods of protecting underground water
sources of public water systems from contamination.
ø(2)(A) The Administrator shall, to the maximum extent fea-

sible, provide technical assistance to the States and municipalities
in the establishment and administration of public water system su-
pervision programs (as defined in section 1443(c)(1)).¿

(2) INFORMATION AND RESEARCH FACILITIES.—In carrying out
this title, the Administrator is authorized to—

(A) collect and make available information pertaining to re-
search, investigations, and demonstrations with respect to pro-
viding a dependably safe supply of drinking water, together
with appropriate recommendations in connection with the infor-
mation; and

(B) make available research facilities of the Agency to ap-
propriate public authorities, institutions, and individuals en-
gaged in studies and research relating to this title.
ø(3)(A) The Administrator shall conduct studies, and make

periodic reports to Congress, on the costs of carrying out regula-
tions prescribed under section 1412.

ø(B) Not later than eighteen months after the date of enact-
ment of this subparagraph, the Administrator shall submit a report
to Congress which identifies and analyzes—



78

ø(i) the anticipated costs of compliance with interim and
revised national primary drinking water regulations and the
anticipated costs to States and units of local governments in
implementing such regulations;

ø(ii) alternative methods of (including alternative treat-
ment techniques for) compliance with such regulations;

ø(iii) methods of paying the costs of compliance by public
water systems with national primary drinking water regula-
tions, including user charges, State or local taxes or subsidies,
Federal grants (including planning or construction grants, or
both), loans, and loan guarantees, and other methods of assist-
ing in paying the costs of such compliance;

ø(iv) the advantages and disadvantages of each of the
methods referred to in clauses (ii) and (iii);

ø(v) the sources of revenue presently available (and pro-
jected to be available) to public water systems to meet current
and future expenses; and

ø(vi) the costs of drinking water paid by residential and in-
dustrial consumers in a sample of large, medium, and small
public water systems and of individually owned wells, and the
reasons for any differences in such costs.
øThe report required by this subparagraph shall identify and
analyze the items required in clauses (i) through (v) separately
with respect to public water systems serving small commu-
nities. The report required by this subparagraph shall include
such recommendations as the Administrator deems appro-
priate.
ø(11)¿ (3) The Administrator shall carry out a study of poly-

chlorinated biphenyl contamination of actual or potential sources of
drinking water, contamination of such sources by other substances
known or suspected to be harmful to public health, the effects of
such contamination, and means of removing, treating, or otherwise
controlling such contamination. To assist in carrying out this para-
graph, the Administrator is authorized to make grants to public
agencies and private nonprofit institutions.

(4) The Administrator shall conduct a survey and study of—
(A) disposal of waste (including residential waste) which

may endanger underground water which supplies, or can rea-
sonably be expected to supply, any public water systems, and

(B) means of control of such waste disposal.
Not later than one year after the date of enactment of this title,
he shall transmit to the Congress the results of such survey and
study, together with such recommendations as he deems appro-
priate.

(5) The Administrator shall carry out a study of methods of un-
derground injection which do not result in the degradation of un-
derground drinking water sources.

(6) The Administrator shall carry out a study of methods of
preventing, detecting, and dealing with surface spills of contami-
nants which may degrade underground water sources for public
water systems.

(7) The Administrator shall carry out a study of virus contami-
nation of drinking water sources and means of control of such con-
tamination.
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(8) The Administrator shall carry out a study of the nature and
extent of the impact on underground water which supplies or can
reasonably be expected to supply public water systems of (A) aban-
doned injection or extraction wells; (B) intensive application of pes-
ticides and fertilizers in underground water recharge areas; and (C)
ponds, pools, lagoons, pits, or other surface disposal of contami-
nants in underground water recharge areas.

(9) The Administrator shall conduct a comprehensive study of
public water supplies and drinking water sources to determine the
nature, extent, sources of and means of control of contamination by
chemicals or other substances suspected of being carcinogenic. Not
later than six months after the date of enactment of this title, he
shall transmit to the Congress the initial results of such study, to-
gether with such recommendations for further review and correc-
tive action as he deems appropriate.

(10) The Administrator shall carry out a study of the reaction
of chlorine and humic acids and the effects of the contaminants
which result from such reaction on public health and on the safety
of drinking water, including any carcinogenic effect.

ø(b) In carrying out this title, the Administrator is authorized
to—

ø(1) collect and make available information pertaining to
research, investigations, and demonstrations with respect to
providing a dependably safe supply of drinking water together
with appropriate recommendations in connection therewith;

ø(2) make available research facilities of the Agency to ap-
propriate public authorities, institutions, and individuals en-
gaged in studies and research relating to the purposes of this
title;¿
ø(B)¿ (b) The Administrator is authorized to provide technical

assistance and to make grants to States, or publicly owned water
systems to assist in responding to and alleviating any emergency
situation affecting public water systems (including sources of water
for such systems) which the Administrator determines to present
substantial danger to the public health. Grants provided under this
subparagraph shall be used only to support those actions which (i)
are necessary for preventing, limiting or mitigating danger to the
public health in such emergency situation and (ii) would not, in the
judgment of the Administrator, be taken without such emergency
assistance. The Administrator may carry out the program author-
ized under this subparagraph as part of, and in accordance with
the terms and conditions of, any other program of assistance for en-
vironmental emergencies which the Administrator is authorized to
carry out under any other provision of law. No limitation on appro-
priations for any such other program shall apply to amounts appro-
priated under this subparagraph.

ø(c) Not later than 2 years after the date of enactment of the
Safe Drinking Water Act Amendments of 1995, and every 5 years
thereafter, the Administrator shall submit a report to Congress on
the present and projected future availability of an adequate and de-
pendable supply of safe drinking water to meet present and pro-
jected future need. Such report shall include an analysis of the fu-
ture demand for drinking water and other competing uses of water,
the availability and use of methods to conserve water or reduce de-



80

mand, the adequacy of present measures to assure adequate and
dependable supplies of safe drinking water, and the problems (fi-
nancial, legal, or other) which need to be resolved in order to as-
sure the availability of such supplies for the future. Existing infor-
mation and data compiled by the National Water Commission and
others shall be utilized to the extent possible.

ø(d)¿ (c) The Administrator shall—
(1) provide training for, and make grants for training (in-

cluding postgraduate training) of (A) personnel of State agen-
cies which have primary enforcement responsibility and of
agencies or units of local government to which enforcement re-
sponsibilities have been delegated by the State, and (B) person-
nel who manage or operate public water systems, and

(2) make grants for postgraduate training of individuals
(including grants to educational institutions for traineeships)
for purposes of qualifying such individuals to work as person-
nel referred to in paragraph (1).

(3) make grants to, and enter into contracts with, any pub-
lic agency, educational institution, and any other organization,
in accordance with procedures prescribed by the Administrator,
under which he may pay all or a part of the costs (as may be
determined by the Administrator) of any project or activity
which is designed—

(A) to develop, expand, or carry out a program (which
may combine training education and employment) for
training persons for occupations involving the public
health aspects of providing safe drinking water;

(B) to train inspectors and supervisory personnel to
train or supervise persons in occupations involving the
public health aspects of providing safe drinking water; or

(C) to develop and expand the capability of programs
of States and municipalities to carry out the purposes of
this title (other than by carrying out State programs of
public water system supervision or underground water
source protection (as defined in section 1443(c))).

Reasonable fees may be charged for training provided under
paragraph (1)(B) to persons other than personnel of State or
local agencies but such training shall be provided to personnel
of State or local agencies without charge.
ø(f)¿ (d) There are authorized to be appropriated to carry out

the provisions of this section other than subsection (a)(2)(B) and
provisions relating to research $15,000,000 for the fiscal year end-
ing June 30, 1975; $25,000,000 for the fiscal year ending June 30,
1976; $35,000,000 for the fiscal year ending June 30, 1977;
$17,000,000 for each of the fiscal years 1978 and 1979; $21,405,000
for the fiscal year ending September 30, 1980; $30,000,000 for the
fiscal year ending September 30, 1981; and $35,000,000 for the fis-
cal year ending September 30, 1982. There are authorized to be ap-
propriated to carry out subsection (a)(2)(B) $8,000,000 for each of
the fiscal years 1978 through 1982. There are authorized to be ap-
propriated to carry out subsection (a)(2)(B) not more than the fol-
lowing amounts:
Fiscal year: Amount

1987 ................................................................................................. $7,650,000
1988 ................................................................................................. 7,650,000
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1989 ................................................................................................. 8,050,000
1990 ................................................................................................. 8,050,000
1991 ................................................................................................. 8,050,000

There are authorized to be appropriated to carry out the provisions
of this section (other then subsection (g), subsection (a)(2)(B), and
provisions relating to research), not more than the following
amounts:
Fiscal year: Amount

1987 ................................................................................................. $35,600,000
1988 ................................................................................................. 35,600,000
1989 ................................................................................................. 38,020,000
1990 ................................................................................................. 38,020,000
1991 ................................................................................................. 38,020,000

ø(g)¿ (e) TECHNICAL ASSISTANCE.—The Administrator øis au-
thorized to¿ may provide technical assistance to small public water
systems to enable such systems to achieve and maintain compli-
ance with applicable national primary drinking water regulations.
Such assistance may include circuit-rider and multi-State regional
technical assistance programs, training, and preliminary engineer-
ing østudies¿ evaluations. øThere are authorized to be appropriated
to carry out this subsection $10,000,000 for each of the fiscal years
1987 through 1991.¿ The Administrator shall ensure that technical
assistance pursuant to this subsection is available in each State.
Each nonprofit organization receiving assistance under this sub-
section shall consult with the State in which the assistance is to be
expended or otherwise made available before using assistance to un-
dertake activities to carry out this subsection. There are authorized
to be appropriated to the Administrator to be used for such tech-
nical assistance $15,000,000 for each of the fiscal years 1997
through 2003.

øNot less than the greater of—
ø(1) 3 percent of the amounts appropriated under this

subsection, or
ø(2) $280,000

øshall be utilized for technical assistance to public water
systems owned or operated by Indian tribes.¿

No portion of any State loan fund established under section 1452
(relating to State loan funds) and no portion of any funds made
available under this subsection may be used for lobbying expenses.
Of the total amount appropriated under this subsection, 3 percent
shall be used for technical assistance to public water systems owned
or operated by Indian Tribes.
[42 U.S.C. 300j–1]

GRANTS FOR STATE PROGRAMS

SEC. 1443. (a)(1) From allotments made pursuant to paragraph
(4), the Administrator may make grants to States to carry out pub-
lic water system supervision programs.

(2) No grant may be made under paragraph (1) unless an ap-
plication therefor has been submitted to the Administrator in such
form and manner as he may require. The Administrator may not
approve an application of a State for its first grant under para-
graph (1) unless he determines that the State—
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(A) has established or will establish within one year from
the date of such grant a public water system supervision pro-
gram, and

(B) will, within that one year, assume primary enforce-
ment responsibility for public water systems within the State.

No grant may be made to a State under paragraph (1) for any pe-
riod beginning more than one year after the date of the State’s first
grant unless the State has assumed and maintains primary en-
forcement responsibility for public water systems within the State.
The prohibitions contained in the preceding two sentences shall not
apply to such grants when made to Indian Tribes.

(3) A grant under paragraph (1) shall be made to cover not
more than 75 per centum of the grant recipient’s costs (as deter-
mined under regulations of the Administrator) in carrying out, dur-
ing the one-year period beginning on the date the grant is made,
a public water system supervision program.

(4) In each fiscal year the Administrator shall, in accordance
with regulations, allot the sums appropriated for such year under
paragraph (5) among the States on the basis of population, geo-
graphical area, number of public water systems, and other relevant
factors. No State shall receive less than 1 per centum of the annual
appropriation for grants under paragraph (1): Provided, That the
Administrator may, by regulation, reduce such percentage in ac-
cordance with the criteria specified in this paragraph: And pro-
vided further, That such percentage shall not apply to grants allot-
ted to Guam, American Samoa, or the Virgin Islands.

(5) The prohibition contained in the last sentence of paragraph
(2) may be waived by the Administrator with respect to a grant to
a State through fiscal year 1979 but such prohibition may only be
waived if, in the judgment of the Administrator—

(A) the State is making a diligent effort to assume and
maintain primary enforcement responsibility for public water
systems within the State;

(B) the State has made significant progress toward assum-
ing and maintaining such primary enforcement responsibility;
and

(C) there is reason to believe the State will assume such
primary enforcement responsibility by October 1, 1979.

The amount of any grant awarded for the fiscal years 1978 and
1979 pursuant to a waiver under this paragraph may not exceed
75 per centum of the allotment which the State would have re-
ceived for such fiscal year if it had assumed and maintained such
primary enforcement responsibility. The remaining 25 per centum
of the amount allotted to such State for such fiscal year shall be
retained by the Administrator, and the Administrator may award
such amount to such State at such time as the State assumes such
responsibility before the beginning of fiscal year 1980. At the begin-
ning of each fiscal years 1979 and 1980 the amounts retained by
the Administrator for any preceding fiscal year and not awarded by
the beginning of fiscal year 1979 or 1980 to the States to which
such amounts were originally allotted may be removed from the
original allotment and reallotted for fiscal year 1979 or 1980 (as
the case may be) to States which have assumed primary enforce-
ment responsibility by the beginning of such fiscal year.
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(6) The Administrator shall notify the State of the approval or
disapproval of any application for a grant under this section—

(A) within ninety days after receipt of such application, or
(B) not later than the first day of the fiscal year for which

the grant application is made, whichever is later.
(7) AUTHORIZATION.—For the purpose of making grants

under paragraph (1), there are authorized to be appropriated
$100,000,000 for each of fiscal years 1997 through 2003.

(8) RESERVATION OF FUNDS BY THE ADMINISTRATOR.—If the
Administrator assumes the primary enforcement responsibility
of a State public water system supervision program, the Admin-
istrator may reserve from funds made available pursuant to
this subsection an amount equal to the amount that would oth-
erwise have been provided to the State pursuant to this sub-
section. The Administrator shall use the funds reserved pursu-
ant to this paragraph to ensure the full and effective adminis-
tration of a public water system supervision program in the
State.

(9) STATE LOAN FUNDS.—
(A) RESERVATION OF FUNDS.—For any fiscal year for

which the amount made available to the Administrator by
appropriations to carry out this subsection is less than the
amount that the Administrator determines is necessary to
supplement funds made available pursuant to paragraph
(8) to ensure the full and effective administration of a pub-
lic water system supervision program in a State, the Ad-
ministrator may reserve from the funds made available to
the State under section 1452 (relating to State loan funds)
an amount that is equal to the amount of the shortfall.
This paragraph shall not apply to any State not exercising
primary enforcement responsibility for public water systems
as of the date of enactment of the Safe Drinking Water Act
Amendments of 1996.

(B) DUTY OF ADMINISTRATOR.—If the Administrator re-
serves funds from the allocation of a State under subpara-
graph (A), the Administrator shall carry out in the State
each of the activities that would be required of the State if
the State had primary enforcement authority under section
1413.

(b)(1) From allotments made pursuant to paragraph (4), the
Administrator may make grants to States to carry out underground
water source protection programs.

(2) No grant may be made under paragraph (1) unless an ap-
plication therefor has been submitted to the Administrator in such
form and manner as he may require. No grant may be made to any
State under paragraph (1) unless the State has assumed primary
enforcement responsibility within two years after the date the Ad-
ministrator promulgates regulations for State underground injec-
tion control programs under section 1421. The prohibition con-
tained in the preceding sentence shall not apply to such grants
when made to Indian Tribes.

(3) A grant under paragraph (1) shall be made to cover not
more than 75 per centum of the grant recipient’s costs (as deter-
mined under regulations of the Administrator) in carrying out, dur-
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ing the one-year period beginning on the date the grant is made,
an underground water source protection program.

(4) In each fiscal year the Administrator shall, in accordance
with regulations, allot the sums appropriated for such year under
paragraph (5) among the States on the basis of population, geo-
graphical area, and other relevant factors.

(5) For purposes of making grants under paragraph (1) there
are authorized to be appropriated $5,000,000 for the fiscal year
ending June 30, 1976, $7,500,000 for the fiscal year ending June
30, 1977, $10,000,000 for each of the fiscal years 1978 and 1979,
$7,795,000 for the fiscal year ending September 30, 1980,
$18,000,000 for the fiscal year ending September 30, 1981, and
$21,000,000 for the fiscal year ending September 30, 1982. For the
purpose of making grants under paragraph (1) there are authorized
to be appropriated not more than the following amounts:
Fiscal year: Amount

1987 ................................................................................................. $19,700,000
1988 ................................................................................................. 19,700,000
1989 ................................................................................................. 20,850,000
1990 ................................................................................................. 20,850,000
1991 ................................................................................................. 20,850,000
1992–2003 ........................................................................................ 15,000,000.

(c) For purposes of this section:
(1) The term ‘‘public water system supervision program’’

means a program for the adoption and enforcement of drinking
water regulations (with such variances and exemptions from
such regulations under conditions and in a manner which is
not less stringent than the conditions under, and the manner
in, which variances and exemptions may be granted under sec-
tions 1415 and 1416) which are no less stringent than the na-
tional primary drinking water regulations under section 1412,
and for keeping records and making reports required by section
1413(a)(3).

(2) The term ‘‘underground water source protection pro-
gram’’ means a program for the adoption and enforcement of
a program which meets the requirements of regulations under
section 1421 and for keeping records and making reports re-
quired by section 1422(b)(1)(A)(ii). Such term includes, where
applicable, a program which meets the requirements of section
1425.
(d) NEW YORK CITY WATERSHED PROTECTION PROGRAM.—

(1) IN GENERAL.—The Administrator is authorized to pro-
vide financial assistance to the State of New York for dem-
onstration projects implemented as part of the watershed pro-
gram for the protection and enhancement of the quality of
source waters of the New York City water supply system, in-
cluding projects that demonstrate, assess, or provide for com-
prehensive monitoring and surveillance and projects necessary
to comply with the criteria for avoiding filtration contained in
40 CFR 141.71. Demonstration projects which shall be eligible
for financial assistance shall be certified to the Administrator
by the State of New York as satisfying the purposes of this sub-
section. In certifying projects to the Administrator, the State of
New York shall give priority to monitoring projects that have
undergone peer review.
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(2) REPORT.—Not later than 5 years after the date on which
the Administrator first provides assistance pursuant to this
paragraph, the Governor of the State of New York shall submit
a report to the Administrator on the results of projects assisted.

(3) MATCHING REQUIREMENTS.—Federal assistance pro-
vided under this subsection shall not exceed 50 percent of the
total cost of the protection program being carried out for any
particular watershed or ground water recharge area.

(4) AUTHORIZATION.—There are authorized to be appro-
priated to the Administrator to carry out this subsection for
each of fiscal years 1997 through 2003, $15,000,000 for the pur-
pose of providing assistance to the State of New York to carry
out paragraph (1).

[42 U.S.C. 300j–2]

SPECIAL STUDY AND DEMONSTRATION PROJECT GRANTS; GUARANTEED
LOANS

SEC. 1444. (a) The Administrator may make grants to any per-
son for the purposes of—

(1) assisting in the development and demonstration (in-
cluding construction) of any project which will demonstrate a
new or improved method, approach, or technology, for provid-
ing a dependably safe supply of drinking water to the public;
and

(2) assisting in the development and demonstration (in-
cluding construction) of any project which will investigate and
demonstrate health implications involved in the reclamation,
recycling, and reuse of waste waters for drinking and the proc-
esses and methods for the preparation of safe and acceptable
drinking water.
(b) Grants made by the Administrator under this section shall

be subject to the following limitations:
(1) Grants under this section shall not exceed 662⁄3 per

centum of the total cost of construction of any facility and 75
per centum of any other costs, as determined by the Adminis-
trator.

(2) Grants under this section shall not be made for any
project involving the construction or modification of any facili-
ties for any public water system in a State unless such project
has been approved by the State agency charged with the re-
sponsibility for safety of drinking water (or if there is no such
agency in a State, by the State health authority).

(3) Grants under this section shall not be made for any
project unless the Administrator determines, after consulting
the National Drinking Water Advisory Council, that such
project will serve a useful purpose relating to the development
and demonstration of new or improved techniques, methods, or
technologies for the provision of safe water to the public for
drinking.

(4) Priority for grants under this section shall be given
where there are known or potential public health hazards
which require advanced technology for the removal of particles
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which are too small to be removed by ordinary treatment tech-
nology.
(c) For the purposes of making grants under subsections (a)

and (b) of this section there are authorized to be appropriated
$7,500,000 for the fiscal year ending June 30, 1975; and $7,500,000
for the fiscal year ending June 30, 1976; and $10,000,000 for the
fiscal year ending June 30, 1977.

(d) The Administrator during the fiscal years ending June 30,
1975, and June 30, 1976, shall carry out a program of guaranteeing
loans made by private lenders to small public water systems for the
purpose of enabling such systems to meet national primary drink-
ing water regulations prescribed under section 1412. No such guar-
antee may be made with respect to a system unless (1) such system
cannot reasonably obtain financial assistance necessary to comply
with such regulations from any other source, and (2) the Adminis-
trator determines that any facilities constructed with a loan guar-
anteed under this subsection is not likely to be made obsolete by
subsequent changes in primary regulations. The aggregate amount
of indebtedness guaranteed with respect to any system may not ex-
ceed $50,000. The aggregate amount of indebtedness guaranteed
under this subsection may not exceed $50,000,000. The Adminis-
trator shall prescribe regulations to carry out this subsection.
[42 U.S.C. 300j–3]

RECORDS AND INSPECTIONS

SEC. 1445. (a)(1)(A) øEvery person who is a supplier of water,
who is or may be otherwise subject to a primary drinking water
regulation prescribed under section 1412 or to an applicable under-
ground injection control program (as defined in section 1422(C)),
who is or may be subject to the permit requirement of section 1424
or to an order issued under section 1441, or who is a grantee¿
Every person who is subject to any requirement of this title or who
is a grantee, shall establish and maintain such records, make such
reports, conduct such monitoring, and provide such information as
the Administrator may reasonably require by regulation to assist
the Administrator in establishing regulations under this title, in
determining whether such person has acted or is acting in compli-
ance with this title, in administering any program of financial as-
sistance under this title, in evaluating the health risks of unregu-
lated contaminants, or in advising the public of such risks. In re-
quiring a public water system to monitor under this subsection, the
Administrator may take into consideration the system size and the
contaminants likely to be found in the system’s drinking water.

(B) Every person who is subject to a national primary drinking
water regulation under section 1412 shall provide such information
as the Administrator may reasonably require, after consultation
with the State in which such person is located if such State has pri-
mary enforcement responsibility for public water systems, on a case-
by-case basis, to determine whether such person has acted or is act-
ing in compliance with this title.

(C) Every person who is subject to a national primary drinking
water regulation under section 1412 shall provide such information
as the Administrator may reasonably require to assist the Adminis-
trator in establishing regulations under section 1412 of this title,
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after consultation with States and suppliers of water. The Adminis-
trator may not require under this subparagraph the installation of
treatment equipment or process changes, the testing of treatment
technology, or the analysis or processing of monitoring samples, ex-
cept where the Administrator provides the funding for such activi-
ties. Before exercising this authority, the Administrator shall first
seek to obtain the information by voluntary submission.

(D) The Administrator shall not later than 2 years after the
date of enactment of this subparagraph, after consultation with
public health experts, representatives of the general public, and offi-
cials of State and local governments, review the monitoring require-
ments for not fewer than 12 contaminants identified by the Admin-
istrator, and promulgate any necessary modifications.

ø(2) Not later than 18 months after enactment of the Safe
Drinking Water Act Amendments of 1986, the Administrator shall
promulgate regulations requiring every public water system to con-
duct a monitoring program for unregulated contaminants. The reg-
ulations shall require monitoring of drinking water supplied by the
system and shall vary the frequency and schedule of monitoring re-
quirements for systems based on the number of persons served by
the system, the source of supply, and the contaminants likely to be
found. Each system shall be required to monitor at least once every
5 years after the effective date of the Administrator’s regulations
unless the Administrator requires more frequent monitoring.

ø(3) Regulations under paragraph (2) shall list unregulated
contaminants for which systems may be required to monitor, and
shall include criteria by which the primary enforcement authority
in each State could show cause for addition or deletion of contami-
nants from the designated list. The primary State enforcement au-
thority may delete contaminants for an individual system, in ac-
cordance with these criteria, after obtaining approval of assessment
of the contaminants potentially to be found in the system. The Ad-
ministrator shall approve or disapprove such an assessment sub-
mitted by a State within 60 days. A State may add contaminants,
in accordance with these criteria, without making an assessment,
but in no event shall such additions increase Federal expenditures
authorized by this section.

ø(4) Public water systems conducting monitoring of un-
regulated contaminants pursuant to this section shall provide
the results of such monitoring to the primary enforcement au-
thority.

ø(5) Notification of the availability of the results of the
monitoring programs required under paragraph (2), and notifi-
cation of the availability of the results of the monitoring pro-
gram referred to in paragraph (6), shall be given to the persons
served by the system and the Administrator.

ø(6) The Administrator may waive the monitoring require-
ment under paragraph (2) for a system which has conducted a
monitoring program after January 1, 1983, if the Adminis-
trator determines the program to have been consistent with
the regulations promulgated under this section.

ø(7) Any system supplying less than 150 service connec-
tions shall be treated as complying with this subsection if such
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system provides water samples or the opportunity for sampling
according to rules established by the Administrator.

ø(8) There are authorized to be appropriated $30,000,000
in the fiscal year ending September 30, 1987 to remain avail-
able until expended to carry out the provisions of this sub-
section.¿

(2) MONITORING PROGRAM FOR UNREGULATED CONTAMI-
NANTS.—

(A) ESTABLISHMENT.—The Administrator shall pro-
mulgate regulations establishing the criteria for a monitor-
ing program for unregulated contaminants. The regulations
shall require monitoring of drinking water supplied by
public water systems and shall vary the frequency and
schedule for monitoring requirements for systems based on
the number of persons served by the system, the source of
supply, and the contaminants likely to be found, ensuring
that only a representative sample of systems serving 10,000
persons or fewer are required to monitor.

(B) MONITORING PROGRAM FOR CERTAIN UNREGULATED
CONTAMINANTS.—

(i) INITIAL LIST.—Not later than 3 years after the
date of enactment of the Safe Drinking Water Act
Amendments of 1996 and every 5 years thereafter, the
Administrator shall issue a list pursuant to subpara-
graph (A) of not more than 30 unregulated contami-
nants to be monitored by public water systems and to
be included in the national drinking water occurrence
data base maintained pursuant to subsection (g).

(ii) GOVERNORS’ PETITION.—The Administrator
shall include among the list of contaminants for which
monitoring is required under this paragraph each con-
taminant recommended in a petition signed by the
Governor of each of 7 or more States, unless the Ad-
ministrator determines that the action would prevent
the listing of other contaminants of a higher public
health concern.
(C) MONITORING PLAN FOR SMALL AND MEDIUM SYS-

TEMS.—
(i) IN GENERAL.—Based on the regulations promul-

gated by the Administrator, each State may develop a
representative monitoring plan to assess the occurrence
of unregulated contaminants in public water systems
that serve a population of 10,000 or fewer in that State.
The plan shall require monitoring for systems rep-
resentative of different sizes, types, and geographic lo-
cations in the State.

(ii) GRANTS FOR SMALL SYSTEM COSTS.—From
funds reserved under section 1452(o) or appropriated
under subparagraph (H), the Administrator shall pay
the reasonable cost of such testing and laboratory anal-
ysis as are necessary to carry out monitoring under the
plan.
(D) MONITORING RESULTS.—Each public water system

that conducts monitoring of unregulated contaminants pur-
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suant to this paragraph shall provide the results of the
monitoring to the primary enforcement authority for the
system.

(E) NOTIFICATION.—Notification of the availability of
the results of monitoring programs required under para-
graph (2)(A) shall be given to the persons served by the sys-
tem.

(F) WAIVER OF MONITORING REQUIREMENT.—The Ad-
ministrator shall waive the requirement for monitoring for
a contaminant under this paragraph in a State, if the State
demonstrates that the criteria for listing the contaminant
do not apply in that State.

(G) ANALYTICAL METHODS.—The State may use screen-
ing methods approved by the Administrator under sub-
section (i) in lieu of monitoring for particular contaminants
under this paragraph.

(H) AUTHORIZATION OF APPROPRIATIONS.—There are
authorized to be appropriated to carry out this paragraph
$10,000,000 for each of the fiscal years 1997 through 2003.

(b)(1) Except as provided in paragraph (2), the Administrator,
or representatives of the Administrator duly designated by him,
upon presenting appropriate credentials and a written notice to
any supplier of water or other person subject to (A) a national pri-
mary drinking water regulation prescribed under section 1412, (B)
an applicable underground injection control program, or (C) any re-
quirement to monitor an unregulated contaminant pursuant to sub-
section (a), or person in charge of any of the property of such sup-
plier or other person referred to in clause (A), (B), or (C), is author-
ized to enter any establishment, facility, or other property of such
supplier or other person in order to determine whether such sup-
plier or other person has acted or is acting in compliance with this
title, including for this purpose, inspection, at reasonable times, of
records, files, papers, processes, controls, and facilities, or in order
to test any feature of a public water system, including its raw
water source. The Administrator or the Comptroller General (or
any representative designated by either) shall have access for the
purpose of audit and examination to any records, reports, or infor-
mation of a grantee which are required to be maintained under
subsection (a) or which are pertinent to any financial assistance
under this title.

(2) No entry may be made under the first sentence of para-
graph (1) in an establishment, facility, or other property of a sup-
plier of water or other person subject to a national primary drink-
ing water regulation if the establishment, facility, or other property
is located in a State which has primary enforcement responsibility
for public water systems unless, before written notice of such entry
is made, the Administrator (or his representative) notifies the State
agency charged with responsibility for safe drinking water of the
reasons for such entry. The Administrator shall, upon a showing by
the State agency that such an entry will be detrimental to the ad-
ministration of the State’s program of primary enforcement respon-
sibility, take such showing into consideration in determining
whether to make such entry. No State agency which receives notice
under this paragraph of an entry proposed to be made under para-
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graph (1) may use the information contained in the notice to inform
the person whose property is proposed to be entered of the pro-
posed entry; and if a State agency so uses such information, notice
to the agency under this paragraph is not required until such time
as the Administrator determines the agency has provided him sat-
isfactory assurances that it will no longer so use information con-
tained in a notice under this paragraph.

(c) Whoever fails or refuses to comply with any requirement of
subsection (a) or to allow the Administrator, the Comptroller Gen-
eral, or representatives of either, to enter and conduct any audit
or inspection authorized by subsection (b) shall be subject to a civil
penalty of not to exceed $25,000.

(d)(1) Subject to paragraph (2), upon a showing satisfactory to
the Administrator by any person that any information required
under this section from such person, if made public, would divulge
trade secrets or secret processes of such person, the Administrator
shall consider such information confidential in accordance with the
purposes of section 1905 of title 18 of the United States Code. If
the applicant fails to make a showing satisfactory to the Adminis-
trator, the Administrator shall give such applicant thirty days’ no-
tice before releasing the information to which the application re-
lates (unless the public health or safety requires an earlier release
of such information).

(2) Any information required under this section (A) may be dis-
closed to other officers, employees, or authorized representatives of
the United States concerned with carrying out this title or to com-
mittees of the Congress, or when relevant in any proceeding under
this title, and (B) shall be disclosed to the extent it deals with the
level of contaminants in drinking water. For purposes of this sub-
section the term ‘‘information required under this section’’ means
any papers, books, documents, or information, or any particular
part thereof, reported to or otherwise obtained by the Adminis-
trator under this section.

(e) For purposes of this section, (1) the term ‘‘grantee’’ means
any person who applies for or receives financial assistance, by
grant, contract, or loan guarantee under this title, and (2) the term
‘‘person’’ includes a Federal agency.

(f) INFORMATION REGARDING DRINKING WATER COOLERS.—The
Administrator may utilize the authorities of this section for pur-
poses of part F. Any person who manufactures, imports, sells, or
distributes drinking water coolers in interstate commerce shall be
treated as a supplier of water for purposes of applying the provi-
sions of this section in the case of persons subject to part F.

(g) OCCURRENCE DATA BASE.—
(1) IN GENERAL.—Not later than 3 years after the date of

enactment of the Safe Drinking Water Act Amendments of 1996,
the Administrator shall assemble and maintain a national
drinking water contaminant occurrence data base, using infor-
mation on the occurrence of both regulated and unregulated
contaminants in public water systems obtained under sub-
section (a)(1)(A) or subsection (a)(2) and reliable information
from other public and private sources.

(2) PUBLIC INPUT.—In establishing the occurrence data
base, the Administrator shall solicit recommendations from the
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Science Advisory Board, the States, and other interested parties
concerning the development and maintenance of a national
drinking water contaminant occurrence data base, including
such issues as the structure and design of the data base, data
input parameters and requirements, and the use and interpreta-
tion of data.

(3) USE.—The data shall be used by the Administrator in
making determinations under section 1412(b)(1) with respect to
the occurrence of a contaminant in drinking water at a level of
public health concern.

(4) PUBLIC RECOMMENDATIONS.—The Administrator shall
periodically solicit recommendations from the appropriate offi-
cials of the National Academy of Sciences and the States, and
any person may submit recommendations to the Administrator,
with respect to contaminants that should be included in the na-
tional drinking water contaminant occurrence data base, in-
cluding recommendations with respect to additional unregu-
lated contaminants that should be listed under subsection
(a)(2). Any recommendation submitted under this clause shall
be accompanied by reasonable documentation that—

(A) the contaminant occurs or is likely to occur in
drinking water; and

(B) the contaminant poses a risk to public health.
(5) PUBLIC AVAILABILITY.—The information from the data

base shall be available to the public in readily accessible form.
(6) REGULATED CONTAMINANTS.—With respect to each con-

taminant for which a national primary drinking water regula-
tion has been established, the data base shall include informa-
tion on the detection of the contaminant at a quantifiable level
in public water systems (including detection of the contaminant
at levels not constituting a violation of the maximum contami-
nant level for the contaminant).

(7) UNREGULATED CONTAMINANTS.—With respect to con-
taminants for which a national primary drinking water regula-
tion has not been established, the data base shall include—

(A) monitoring information collected by public water
systems that serve a population of more than 10,000, as re-
quired by the Administrator under subsection (a);

(B) monitoring information collected from a representa-
tive sampling of public water systems that serve a popu-
lation of 10,000 or fewer; and

(C) other reliable and appropriate monitoring informa-
tion on the occurrence of the contaminants in public water
systems that is available to the Administrator.

(h) AVAILABILITY OF INFORMATION ON SMALL SYSTEM TECH-
NOLOGIES.—For purposes of sections 1412(b)(4)(E) and 1415(e) (re-
lating to small system variance program), the Administrator may
request information on the characteristics of commercially available
treatment systems and technologies, including the effectiveness and
performance of the systems and technologies under various operat-
ing conditions. The Administrator may specify the form, content,
and submission date of information to be submitted by manufactur-
ers, States, and other interested persons for the purpose of consider-
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ing the systems and technologies in the development of regulations
or guidance under sections 1412(b)(4)(E) and 1415(e).

(i) SCREENING METHODS.—The Administrator shall review new
analytical methods to screen for regulated contaminants and may
approve such methods as are more accurate or cost-effective than es-
tablished reference methods for use in compliance monitoring.
[42 U.S.C. 300j–4]

NATIONAL DRINKING WATER ADVISORY COUNCIL

SEC. 1446. (a) There is established a National Drinking Water
Advisory Council which shall consist of fifteen members appointed
by the Administrator after consultation with the Secretary. Five
members shall be appointed from the general public; five members
shall be appointed from appropriate State and local agencies con-
cerned with water hygiene and public water supply; and five mem-
bers shall be appointed from representatives of private organiza-
tions or groups demonstrating an active interest in the field of
water hygiene and public water supply, of which two such members
shall be associated with small, rural public water systems. Each
member of the Council shall hold office for a term of three years,
except that—

(1) any member appointed to fill a vacancy occurring prior
to the expiration of the term for which his predecessor was ap-
pointed shall be appointed for the remainder of such term; and

(2) the terms of the members first taking office shall expire
as follows: Five shall expire three years after the date of enact-
ment of this title, five shall expire two years after such date,
and five shall expire one year after such date, as designated
by the Administrator at the time of appointment.

The members of the Council shall be eligible for reappointment.
(b) The Council shall advise, consult with, and make rec-

ommendations to, the Administrator on matters relating to activi-
ties, functions, and policies of the Agency under this title.

(c) Members of the Council appointed under this section shall,
while attending meetings or conferences of the Council or otherwise
engaged in business of the Council, receive compensation and al-
lowances at a rate to be fixed by the Administrator, but not exceed-
ing the daily equivalent of the annual rate of basic pay in effect
for grade GS–18 of the General Schedule for each day (including
traveltime) during which they are engaged in the actual perform-
ance of duties vested in the Council. While away from their homes
or regular places of business in the performance of services for the
Council, members of the Council shall be allowed travel expenses,
including per diem in lieu of subsistence, in the same manner as
persons employed intermittently in the Government service are al-
lowed expenses under section 5703(b) of title 5 of the United States
Code.

(d) Section 14(a) of the Federal Advisory Committee Act (relat-
ing to termination) shall not apply to the Council.
[42 U.S.C. 300j–5]
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FEDERAL AGENCIES

SEC. 1447. ø(a) Each Federal agency (1) having jurisdiction
over any federally owned or maintained public water system or (2)
engaged in any activity resulting, or which may result in, under-
ground injection which endangers drinking water (within the
meaning of section 1421(d)(2)) shall be subject to, and comply with,
all Federal, State, and local requirements, administrative authori-
ties, and process and sanctions respecting the provision of safe
drinking water and respecting any underground injection program
in the same manner, and to the same extent, as any nongovern-
mental entity. The preceding sentence shall apply (A) to any re-
quirement whether substantive or procedural (including any rec-
ordkeeping or reporting requirement, any requirement respecting
permits, and any other requirement whatsoever), (B) to the exer-
cise of any Federal, State, or local administrative authority, and
(C) to any process or sanction, whether enforced in Federal, State,
or local courts or in any other manner. This subsection shall apply,
notwithstanding any immunity of such agencies, under any law or
rule of law. No officer, agent, or employee of the United States
shall be personally liable for any civil penalty under this title with
respect to any act or omission within the scope of his official duties.

ø(b) The Administrator shall waive compliance with subsection
(a) upon request of the Secretary of Defense and upon a determina-
tion by the President that the requested waiver is necessary in the
interest of national security. The Administrator shall maintain a
written record of the basis upon which such waiver was granted
and make such record available for in camera examination when
relevant in a judicial proceeding under this title. Upon the issuance
of such a waiver, the Administrator shall publish in the Federal
Register a notice that the waiver was granted for national security
purposes, unless, upon the request of the Secretary of Defense, the
Administrator determines to omit such publication because the
publication itself would be contrary to the interests of national se-
curity, in which event the Administrator shall submit notice to the
Armed Services Committee of the Senate and House of Representa-
tives.¿

(a) IN GENERAL.—Each department, agency, and instrumental-
ity of the executive, legislative, and judicial branches of the Federal
Government—

(1) owning or operating any facility in a wellhead protec-
tion area;

(2) engaged in any activity at such facility resulting, or
which may result, in the contamination of water supplies in any
such area;

(3) owning or operating any public water system; or
(4) engaged in any activity resulting, or which may result

in, underground injection which endangers drinking water
(within the meaning of section 1421(d)(2)),

shall be subject to, and comply with, all Federal, State, interstate,
and local requirements, both substantive and procedural (including
any requirement for permits or reporting or any provisions for in-
junctive relief and such sanctions as may be imposed by a court to
enforce such relief), respecting the protection of such wellhead areas,
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respecting such public water systems, and respecting any under-
ground injection in the same manner and to the same extent as any
person is subject to such requirements, including the payment of
reasonable service charges. The Federal, State, interstate, and local
substantive and procedural requirements referred to in this sub-
section include, but are not limited to, all administrative orders and
all civil and administrative penalties and fines, regardless of
whether such penalties or fines are punitive or coercive in nature or
are imposed for isolated, intermittent, or continuing violations. The
United States hereby expressly waives any immunity otherwise ap-
plicable to the United States with respect to any such substantive
or procedural requirement (including, but not limited to, any in-
junctive relief, administrative order or civil or administrative pen-
alty or fine referred to in the preceding sentence, or reasonable serv-
ice charge). The reasonable service charges referred to in this sub-
section include, but are not limited to, fees or charges assessed in
connection with the processing and issuance of permits, renewal of
permits, amendments to permits, review of plans, studies, and other
documents, and inspection and monitoring of facilities, as well as
any other nondiscriminatory charges that are assessed in connection
with a Federal, State, interstate, or local regulatory program re-
specting the protection of wellhead areas or public water systems or
respecting any underground injection. Neither the United States,
nor any agent, employee, or officer thereof, shall be immune or ex-
empt from any process or sanction of any State or Federal Court
with respect to the enforcement of any such injunctive relief. No
agent, employee, or officer of the United States shall be personally
liable for any civil penalty under any Federal, State, interstate, or
local law concerning the protection of wellhead areas or public
water systems or concerning underground injection with respect to
any act or omission within the scope of the official duties of the
agent, employee, or officer. An agent, employee, or officer of the
United States shall be subject to any criminal sanction (including,
but not limited to, any fine or imprisonment) under any Federal or
State requirement adopted pursuant to this title, but no department,
agency, or instrumentality of the executive, legislative, or judicial
branch of the Federal Government shall be subject to any such sanc-
tion. The President may exempt any facility of any department,
agency, or instrumentality in the executive branch from compliance
with such a requirement if he determines it to be in the paramount
interest of the United States to do so. No such exemption shall be
granted due to lack of appropriation unless the President shall have
specifically requested such appropriation as a part of the budgetary
process and the Congress shall have failed to make available such
requested appropriation. Any exemption shall be for a period not in
excess of 1 year, but additional exemptions may be granted for peri-
ods not to exceed 1 year upon the President’s making a new deter-
mination. The President shall report each January to the Congress
all exemptions from the requirements of this section granted during
the preceding calendar year, together with his reason for granting
each such exemption.

(b) ADMINISTRATIVE PENALTY ORDERS.—
(1) IN GENERAL.—If the Administrator finds that a Federal

agency has violated an applicable requirement under this title,
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the Administrator may issue a penalty order assessing a pen-
alty against the Federal agency.

(2) PENALTIES.—The Administrator may, after notice to the
agency, assess a civil penalty against the agency in an amount
not to exceed $25,000 per day per violation.

(3) PROCEDURE.—Before an administrative penalty order is-
sued under this subsection becomes final, the Administrator
shall provide the agency an opportunity to confer with the Ad-
ministrator and shall provide the agency notice and an oppor-
tunity for a hearing on the record in accordance with chapters
5 and 7 of title 5, United States Code.

(4) PUBLIC REVIEW.—
(A) IN GENERAL.—Any interested person may obtain re-

view of an administrative penalty order issued under this
subsection. The review may be obtained in the United
States District Court for the District of Columbia or in the
United States District Court for the district in which the
violation is alleged to have occurred by the filing of a com-
plaint with the court within the 30-day period beginning on
the date the penalty order becomes final. The person filing
the complaint shall simultaneously send a copy of the com-
plaint by certified mail to the Administrator and the Attor-
ney General.

(B) RECORD.—The Administrator shall promptly file in
the court a certified copy of the record on which the order
was issued.

(C) STANDARD OF REVIEW.—The court shall not set
aside or remand the order unless the court finds that there
is not substantial evidence in the record, taken as a whole,
to support the finding of a violation or that the assessment
of the penalty by the Administrator constitutes an abuse of
discretion.

(D) PROHIBITION ON ADDITIONAL PENALTIES.—The
court may not impose an additional civil penalty for a vio-
lation that is subject to the order unless the court finds that
the assessment constitutes an abuse of discretion by the Ad-
ministrator.

(c) LIMITATION ON STATE USE OF FUNDS COLLECTED FROM
FEDERAL GOVERNMENT.—Unless a State law in effect on the date of
enactment of the Safe Drinking Water Act Amendments of 1996 or
a State constitution requires the funds to be used in a different
manner, all funds collected by a State from the Federal Government
from penalties and fines imposed for violation of any substantive or
procedural requirement referred to in subsection (a) shall be used by
the State only for projects designed to improve or protect the envi-
ronment or to defray the costs of environmental protection or en-
forcement.

ø(c)¿ (d)(1) Nothing in the Safe Drinking Water Amendments
of 1977 shall be construed to alter or affect the status of American
Indian lands or water rights nor to waive any sovereignty over In-
dian lands guaranteed by treaty or statute.

(2) For the purposes of this Act, the term ‘‘Federal agency’’
shall not be construed to refer to or include any American Indian
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tribe, nor to the Secretary of the Interior in his capacity as trustee
of Indian lands.

(e) WASHINGTON AQUEDUCT.—The Secretary of the Army shall
not pass the cost of any penalty assessed under this title on to any
customer, user, or other purchaser of drinking water from the Wash-
ington Aqueduct system, including finished water from the
Dalecarlia or McMillan treatment plant.
[42 U.S.C. 300j–6]

JUDICIAL REVIEW

SEC. 1448. (a) A petition for review of—
(1) actions pertaining to the establishment of national pri-

mary drinking water regulations (including maximum contami-
nant level goals) may be filed only in the United States Court
of Appeals for the District of Columbia circuit; and

(2) any other final action of the Administrator under this
Act may be filed in the circuit in which the petitioner resides
or transacts business which is directly affected by the action.

Any such petition shall be filed within the 45-day period beginning
on the date of the promulgation of the regulation øor issuance of
the order¿ or any other final Agency action with respect to which
review is sought or on the date of the determination with respect
to which review is sought, and may be filed after the expiration of
such 45-day period if the petition is based solely on grounds arising
after the expiration of such period. Action of the Administrator
with respect to which review could have been obtained under this
subsection shall not be subject to judicial review in any civil or
criminal proceeding for enforcement or in any civil action to enjoin
enforcement. In any petition concerning the assessment of a civil
penalty pursuant to section 1414(g)(3)(B), the petitioner shall simul-
taneously send a copy of the complaint by certified mail to the Ad-
ministrator and the Attorney General. The court shall set aside and
remand the penalty order if the court finds that there is not sub-
stantial evidence in the record to support the finding of a violation
or that the assessment of the penalty by the Administrator con-
stitutes an abuse of discretion.

(b) The United States district courts shall have jurisdiction of
actions brought to review (1) the granting of, or the refusing to
grant, a variance or exemption under section 1415 or 1416 or (2)
the requirements of any schedule prescribed for a variance or ex-
emption under such section or the failure to prescribe such a sched-
ule. Such an action may only be brought upon a petition for review
filed with the court within the 45-day period beginning on the date
the action sought to be reviewed is taken or, in the case of a peti-
tion to review the refusal to grant a variance or exemption or the
failure to prescribe a schedule, within the 45-day period beginning
on the date action is required to be taken on the variance, exemp-
tion, or schedule, as the case may be. A petition for such review
may be filed after the expiration of such period if the petition is
based solely on grounds arising after the expiration of such period.
Action with respect to which review could have been obtained
under this subsection shall not be subject to judicial review in any
civil or criminal proceeding for enforcement or in any civil action
to enjoin enforcement.
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(c) In any judicial proceeding in which review is sought of a de-
termination under this title required to be made on the record after
notice and opportunity for hearing, if any party applies to the court
for leave to adduce additional evidence and shows to the satisfac-
tion of the court that such additional evidence is material and that
there were reasonable grounds for the failure to adduce such evi-
dence in the proceeding before the Administrator, the court may
order such additional evidence (and evidence in rebuttal thereof) to
be taken before the Administrator, in such manner and upon such
terms and conditions as the court may deem proper. The Adminis-
trator may modify his findings as to the facts, or make new find-
ings, by reason of the additional evidence so taken, and he shall
file such modified or new findings, and his recommendation, if any,
for the modification or setting aside of his original determination,
with the return of such additional evidence.
[42 U.S.C. 300j–7]

CITIZEN’S CIVIL ACTION

SEC. 1449. (a) Except as provided in subsection (b) of this sec-
tion, any person may commence a civil action on his own behalf—

(1) against any person (including (A) the United States,
and (B) any other governmental instrumentality or agency to
the extent permitted by the eleventh amendment to the Con-
stitution) who is alleged to be in violation of any requirement
prescribed by or under this titleø, or¿;

(2) against the Administrator where there is alleged a fail-
ure of the Administrator to perform any act or duty under this
title which is not discretionary with the Administratorø.¿; or

(3) for the collection of a penalty by the United States Gov-
ernment (and associated costs and interest) against any Federal
agency that fails, by the date that is 18 months after the effec-
tive date of a final order to pay a penalty assessed by the Ad-
ministrator under section 1429(b), to pay the penalty.

No action may be brought under paragraph (1) against a public
water system for a violation of a requirement prescribed by or
under this title which occurred within the 27-month period begin-
ning on the first day of the month in which this title is enacted.
The United States district courts shall have jurisdiction, without
regard to the amount in controversy or the citizenship of the par-
ties, to enforce in an action brought under this subsection any re-
quirement prescribed by or under this title or to order the Adminis-
trator to perform an act, or duty described in paragraph (2), as the
case may be.

(b) No civil action may be commenced—
(1) under subsection (a)(1) of this section respecting viola-

tion of a requirement prescribed by or under this title—
(A) prior to sixty days after the plaintiff has given no-

tice of such violation (i) to the Administrator, (ii) to any al-
leged violator of such requirement and (iii) to the State in
which the violation occurs, or

(B) if the Administrator, the Attorney General, or the
State has commenced and is diligently prosecuting a civil
action in a court of the United States to require compli-
ance with such requirement, but in any such action in a
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court of the United States any person may intervene as a
matter of right; or
(2) under subsection (a)(2) of this section prior to sixty

days after the plaintiff has given notice of such action to the
Administratorø.¿; or

(3) under subsection (a)(3) prior to 60 days after the plain-
tiff has given notice of such action to the Attorney General and
to the Federal agency.

Notice required by this subsection shall be given in such manner
as the Administrator shall prescribe by regulation. No person may
commence a civil action under subsection (a) to require a State to
prescribe a schedule under section 1415 or 1416 for a variance or
exemption, unless such person shows to the satisfaction of the
court that the State has in a substantial number of cases failed to
prescribe such schedules.

(c) In any action under this section, the Administrator or the
Attorney General, if not a party, may intervene as a matter of
right.

(d) The court, in issuing any final order in any action brought
under subsection (a) of this section, may award costs of litigation
(including reasonable attorney and expert witness fees) to any
party whenever the court determines such an award is appropriate.
The court may, if a temporary restraining order or preliminary in-
junction is sought, require the filing of a bond or equivalent secu-
rity in accordance with the Federal Rules of Civil Procedure.

(e) Nothing in this section shall restrict any right which any
person (or class of persons) may have under any statute or common
law to seek enforcement of any requirement prescribed by or under
this title or to seek any other relief. Nothing in this section or in
any other law of the United States shall be construed to prohibit,
exclude, or restrict any State or local government from—

(1) bringing any action or obtaining any remedy or sanc-
tion in any State or local court, or

(2) bringing any administrative action or obtaining any ad-
ministrative remedy or sanction,

against any agency of the United States under State or local law
to enforce any requirement respecting the provision of safe drink-
ing water or respecting any underground injection control program.
Nothing in this section shall be construed to authorize judicial re-
view of regulations or orders of the Administrator under this title,
except as provided in section 1448. For provisions providing for ap-
plication of certain requirements to such agencies in the same man-
ner as to nongovernmental entities, see section 1447.
[42 U.S.C. 300j–8]

GENERAL PROVISIONS

SEC. 1450. (a)(1) The Administrator is authorized to prescribe
such regulations as are necessary or appropriate to carry out his
functions under this title.

(2) The Administrator may delegate any of his functions under
this title (other than prescribing regulations) to any officer or em-
ployee of the Agency.
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(b) The Administrator, with the consent of the head of any
other agency of the United States, may utilize such officers and
employees of such agency as he deems necessary to assist him in
carrying out the purposes of this title.

(c) Upon the request of a State or interstate agency, the Ad-
ministrator may assign personnel of the Agency to such State or
interstate agency for the purposes of carrying out the provisions of
this title.

(d)(1) The Administrator may make payments of grants under
this title (after necessary adjustment on account of previously
made underpayments or overpayments) in advance or by way of re-
imbursement, and in such installments and on such conditions as
he may determine.

(2) Financial assistance may be made available in the form of
grants only to individuals and nonprofit agencies or institutions.
For purposes of this paragraph, the term ‘‘nonprofit agency or insti-
tution’’ means an agency or institution no part of the net earnings
of which inure, or may lawfully inure, to the benefit of any private
shareholder or individual.

(e) The Administrator shall take such action as may be nec-
essary to assure compliance with provisions of the Act of March 3,
1931 (known as the Davis-Bacon Act; 40 U.S.C. 276a–276a(5)). The
Secretary of Labor shall have, with respect to the labor standards
specified in this subsection, the authority and functions set forth in
Reorganization Plan Numbered 14 of 1950 (15 F.R. 3176; 64 Stat.
1267) and section 2 of the Act of June 13, 1934 (40 U.S.C. 276c).

(f) The Administrator shall request the Attorney General to ap-
pear and represent him in any civil action instituted under this
title to which the Administrator is a party. Unless, within a rea-
sonable time, the Attorney General notifies the Administrator that
he will appear in such action, attorneys appointed by the Adminis-
trator shall appear and represent him.

(g) The provisions of this title shall not be construed as affect-
ing any authority of the Administrator under part G of title III of
this Act.

(h) Not later than April 1 of each year, the Administrator shall
submit to the Committee on Commerce, Science, and Transpor-
tation of the Senate and the Committee on Energy and Commerce
of the House of Representatives a report respecting the activities
of the Agency under this title and containing such recommenda-
tions for legislation as he considers necessary. The report of the
Administrator under this subsection which is due not later than
April 1, 1975, and each subsequent report of the Administrator
under this subsection shall include a statement on the actual and
anticipated cost to public water systems in each State of compli-
ance with the requirements of this title. The Office of Management
and Budget may review any report required by this subsection be-
fore its submission to such committees of Congress, but the Office
may not revise any such report, require any revision in any such
report, or delay its submission beyond the day prescribed for its
submission, and may submit to such committees of Congress its
comments respecting any such report.

(i)(1) No employer may discharge any employee or otherwise
discriminate against any employee with respect to his compensa-
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tion, terms, conditions, or privileges of employment because the
employee (or any person acting pursuant to a request of the em-
ployee) has—

(A) commenced, caused to be commenced, or is about to
commence or cause to be commenced a proceeding under this
title or a proceeding for the administration or enforcement of
drinking water regulations or underground injection control
programs of a State,

(B) testified or is about to testify in any such proceeding,
or

(C) assisted or participated or is about to assist or partici-
pate in any manner in such a proceeding or in any other action
to carry out the purposes of this title.
(2)(A) Any employee who believes that he has been discharged

or otherwise discriminated against by any person in violation of
paragraph (1) may, within 30 days after such violation occurs, file
(or have any person file on his behalf) a complaint with the Sec-
retary of Labor (hereinafter in this subsection referred to as the
‘‘Secretary’’) alleging such discharge or discrimination. Upon receipt
of such a complaint, the Secretary shall notify the person named
in the complaint of the filing of the complaint.

(B)(i) Upon receipt of a complaint filed under subparagraph
(A), the Secretary shall conduct an investigation of the violation al-
leged in the complaint. Within 30 days of the receipt of such com-
plaint, the Secretary shall complete such investigation and shall
notify in writing the complainant (and any person acting in his be-
half) and the person alleged to have committed such violation of
the results of the investigation conducted pursuant to this subpara-
graph. Within 90 days of the receipt of such complaint the Sec-
retary shall, unless the proceeding on the complaint is terminated
by the Secretary on the basis of a settlement entered into by the
Secretary and the person alleged to have committed such violation,
issue an order either providing the relief prescribed by clause (ii)
or denying the complaint. An order of the Secretary shall be made
on the record after notice and opportunity for agency hearing. The
Secretary may not enter into a settlement terminating a proceeding
on a complaint without the participation and consent of the com-
plainant.

(ii) If in response to a complaint filed under subparagraph (A)
the Secretary determines that a violation of paragraph (1) has oc-
curred, the Secretary shall order (I) the person who committed
such violation to take affirmative action to abate the violation, (II)
such person to reinstate the complainant to his former position to-
gether with the compensation (including back pay), terms, condi-
tions, and privileges of his employment, (III) compensatory dam-
ages, and (IV) where appropriate, exemplary damages. If such an
order is issued, the Secretary, at the request of the complainant,
shall assess against the person against whom the order is issued
a sum equal to the aggregate amount of all costs and expenses (in-
cluding attorneys’ fees) reasonably incurred, as determined by the
Secretary, by the complainant for, or in connection with, the bring-
ing of the complaint upon which the order was issued.

(3)(A) Any person adversely affected or aggrieved by an order
issued under paragraph (2) may obtain review of the order in the
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United States Court of Appeals for the circuit in which the viola-
tion, with respect to which the order was issued, allegedly occurred.
The petition for review must be filed within sixty days from the is-
suance of the Secretary’s order. Review shall conform to chapter 7
of title 5 of the United States Code. The commencement of proceed-
ings under this subparagraph shall not, unless ordered by the
court, operate as a stay of the Secretary’s order.

(B) An order of the Secretary with respect to which review
could have been obtained under subparagraph (A) shall not be sub-
ject to judicial review in any criminal or other civil proceeding.

(4) Whenever a person has failed to comply with an order is-
sued under paragraph (2)(B), the Secretary shall file a civil action
in the United States District Court for the district in which the vio-
lation was found to occur to enforce such order. In actions brought
under this paragraph, the district courts shall have jurisdiction to
grant all appropriate relief including, but not limited to, injunctive
relief, compensatory, and exemplary damages.

(5) Any nondiscretionary duty imposed by this section is en-
forceable in mandamus proceeding brought under section 1361 of
title 28 of the United States Code.

(6) Paragraph (1) shall not apply with respect to any employee
who, acting without direction from his employer (or the employer’s
agent), deliberately causes a violation of any requirement of this
title.
[42 U.S.C. 300j–9]

øSEC. 1451. INDIAN TRIBES¿

INDIAN TRIBES

SEC. 1451. (a) IN GENERAL.—Subject to the provisions of sub-
section (b), the Administrator—

(1) is authorized to treat Indian Tribes as States under
this title,

(2) may delegate to such Tribes primary enforcement re-
sponsibility for public water systems and for underground in-
jection control, and

(3) may provide such Tribes grant and contract assistance
to carry out functions provided by this title.
(b) EPA REGULATIONS.—

(1) SPECIFIC PROVISIONS.—The Administrator shall, within
18 months after the enactment of the Safe Drinking Water Act
Amendments of 1986, promulgate final regulations specifying
those provisions of this title for which it is appropriate to treat
Indian Tribes as States. Such treatment shall be authorized
only if:

(A) the Indian Tribes is recognized by the Secretary of
the Interior and has a governing body carrying out sub-
stantial governmental duties and powers;

(B) the functions to be exercised by the Indian Tribe
are within the area of the Tribal Government’s jurisdic-
tion; and

(C) the Indian Tribe is reasonably expected to be capa-
ble, in the Administrator’s judgment, of carrying out the
functions to be exercised in a manner consistent with the
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terms and purposes of this title and of all applicable regu-
lations.
(2) PROVISIONS WHERE TREATMENT AS STATE INAPPROPRI-

ATE.—For any provision of this title where treatment of Indian
Tribes as identical to States is inappropriate, administratively
infeasible or otherwise inconsistent with the purposes of this
title, the Administrator may include in the regulations promul-
gated under this section, other means for administering such
provision in a manner that will achieve the purpose of the pro-
vision. Nothing in this section shall be construed to allow In-
dian Tribes to assume or maintain primary enforcement re-
sponsibility for public water systems or for underground injec-
tion control in a manner less protective of the health of persons
than such responsibility may be assumed or maintained by a
State. An Indian tribe shall not be required to exercise crimi-
nal enforcement jurisdiction for purposes of complying with the
preceding sentence.

[42 U.S.C. 300j–11]

STATE REVOLVING LOAN FUNDS

SEC. 1452. (a) GENERAL AUTHORITY.—
(1) GRANTS TO STATES TO ESTABLISH STATE LOAN FUNDS.—

(A) IN GENERAL.—The Administrator shall offer to
enter into agreements with eligible States to make capital-
ization grants, including letters of credit, to the States
under this subsection to further the health protection objec-
tives of this title, promote the efficient use of fund resources,
and for other purposes as are specified in this title.

(B) ESTABLISHMENT OF FUND.—To be eligible to receive
a capitalization grant under this section, a State shall es-
tablish a drinking water treatment revolving loan fund (re-
ferred to in this section as a ‘‘State loan fund’’) and comply
with the other requirements of this section. Each grant to
a State under this section shall be deposited in the State
loan fund established by the State, except as otherwise pro-
vided in this section and in other provisions of this title. No
funds authorized by other provisions of this title to be used
for other purposes specified in this title shall be deposited
in any State loan fund.

(C) EXTENDED PERIOD.—The grant to a State shall be
available to the State for obligation during the fiscal year
for which the funds are authorized and during the follow-
ing fiscal year, except that grants made available from
funds provided prior to fiscal year 1997 shall be available
for obligation during each of the fiscal years 1997 and
1998.

(D) ALLOTMENT FORMULA.—Except as otherwise pro-
vided in this section, funds made available to carry out this
section shall be allotted to States that have entered into an
agreement pursuant to this section (other than the District
of Columbia) in accordance with—

(i) for each of fiscal years 1995 through 1997, a
formula that is the same as the formula used to dis-
tribute public water system supervision grant funds
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under section 1443 in fiscal year 1995, except that the
minimum proportionate share established in the for-
mula shall be 1 percent of available funds and the for-
mula shall be adjusted to include a minimum propor-
tionate share for the State of Wyoming and the District
of Columbia; and

(ii) for fiscal year 1998 and each subsequent fiscal
year, a formula that allocates to each State the propor-
tional share of the State needs identified in the most
recent survey conducted pursuant to subsection (h), ex-
cept that the minimum proportionate share provided to
each State shall be the same as the minimum propor-
tionate share provided under clause (i).
(E) REALLOTMENT.—The grants not obligated by the

last day of the period for which the grants are available
shall be reallotted according to the appropriate criteria set
forth in subparagraph (D), except that the Administrator
may reserve and allocate 10 percent of the remaining
amount for financial assistance to Indian Tribes in addi-
tion to the amount allotted under subsection (i) and none
of the funds reallotted by the Administrator shall be real-
lotted to any State that has not obligated all sums allotted
to the State pursuant to this section during the period in
which the sums were available for obligation.

(F) NONPRIMACY STATES.—The State allotment for a
State not exercising primary enforcement responsibility for
public water systems shall not be deposited in any such
fund but shall be allotted by the Administrator under this
subparagraph. Pursuant to section 1443(a)(9)(A) such sums
allotted under this subparagraph shall be reserved as need-
ed by the Administrator to exercise primary enforcement re-
sponsibility under this title in such State and the remain-
der shall be reallotted to States exercising primary enforce-
ment responsibility for public water systems for deposit in
such funds. Whenever the Administrator makes a final de-
termination pursuant to section 1413(b) that the require-
ments of section 1413(a) are no longer being met by a State,
additional grants for such State under this title shall be
immediately terminated by the Administrator. This sub-
paragraph shall not apply to any State not exercising pri-
mary enforcement responsibility for public water systems as
of the date of enactment of the Safe Drinking Water Act
Amendments of 1996.

(G) OTHER PROGRAMS.—
(i) NEW SYSTEM CAPACITY.—Beginning in fiscal

year 1999, the Administrator shall withhold 20 percent
of each capitalization grant made pursuant to this sec-
tion to a State unless the State has met the require-
ments of section 1420(a) (relating to capacity develop-
ment) and shall withhold 10 percent for fiscal year
2001, 15 percent for fiscal year 2002, and 20 percent
for fiscal year 2003 if the State has not complied with
the provisions of section 1420(c) (relating to capacity
development strategies). Not more than a total of 20
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percent of the capitalization grants made to a State in
any fiscal year may be withheld under the preceding
provisions of this clause. All funds withheld by the Ad-
ministrator pursuant to this clause shall be reallotted
by the Administrator on the basis of the same ratio as
is applicable to funds allotted under subparagraph (D).
None of the funds reallotted by the Administrator pur-
suant to this paragraph shall be allotted to a State un-
less the State has met the requirements of section 1420
(relating to capacity development).

(ii) OPERATOR CERTIFICATION.—The Administrator
shall withhold 20 percent of each capitalization grant
made pursuant to this section unless the State has met
the requirements of 1419 (relating to operator certifi-
cation). All funds withheld by the Administrator pur-
suant to this clause shall be reallotted by the Adminis-
trator on the basis of the same ratio as applicable to
funds allotted under subparagraph (D). None of the
funds reallotted by the Administrator pursuant to this
paragraph shall be allotted to a State unless the State
has met the requirements of section 1419 (relating to
operator certification).

(2) USE OF FUNDS.—Except as otherwise authorized by this
title, amounts deposited in a State loan fund, including loan re-
payments and interest earned on such amounts, shall be used
only for providing loans or loan guarantees, or as a source of
reserve and security for leveraged loans, the proceeds of which
are deposited in a State loan fund established under paragraph
(1), or other financial assistance authorized under this section
to community water systems and nonprofit noncommunity
water systems, other than systems owned by Federal agencies.
Financial assistance under this section may be used by a public
water system only for expenditures (not including monitoring,
operation, and maintenance expenditures) of a type or category
which the Administrator has determined, through guidance,
will facilitate compliance with national primary drinking water
regulations applicable to the system under section 1412 or oth-
erwise significantly further the health protection objectives of
this title. The funds may also be used to provide loans to a sys-
tem referred to in section 1401(4)(B) for the purpose of provid-
ing the treatment described in section 1401(4)(B)(i)(III). The
funds shall not be used for the acquisition of real property or
interests therein, unless the acquisition is integral to a project
authorized by this paragraph and the purchase is from a will-
ing seller. Of the amount credited to any State loan fund estab-
lished under this section in any fiscal year, 15 percent shall be
available solely for providing loan assistance to public water
systems which regularly serve fewer than 10,000 persons to the
extent such funds can be obligated for eligible projects of public
water systems.

(3) LIMITATION.—
(A) IN GENERAL.—Except as provided in subparagraph

(B), no assistance under this section shall be provided to a
public water system that—
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(i) does not have the technical, managerial, and fi-
nancial capability to ensure compliance with the re-
quirements of this title; or

(ii) is in significant noncompliance with any re-
quirement of a national primary drinking water regu-
lation or variance.
(B) RESTRUCTURING.—A public water system described

in subparagraph (A) may receive assistance under this sec-
tion if—

(i) the use of the assistance will ensure compliance;
and

(ii) if subparagraph (A)(i) applies to the system,
the owner or operator of the system agrees to undertake
feasible and appropriate changes in operations (includ-
ing ownership, management, accounting, rates, mainte-
nance, consolidation, alternative water supply, or other
procedures) if the State determines that the measures
are necessary to ensure that the system has the tech-
nical, managerial, and financial capability to comply
with the requirements of this title over the long term.
(C) REVIEW.—Prior to providing assistance under this

section to a public water system that is in significant non-
compliance with any requirement of a national primary
drinking water regulation or variance, the State shall con-
duct a review to determine whether subparagraph (A)(i) ap-
plies to the system.

(b) INTENDED USE PLANS.—
(1) IN GENERAL.—After providing for public review and

comment, each State that has entered into a capitalization
agreement pursuant to this section shall annually prepare a
plan that identifies the intended uses of the amounts available
to the State loan fund of the State.

(2) CONTENTS.—An intended use plan shall include—
(A) a list of the projects to be assisted in the first fiscal

year that begins after the date of the plan, including a de-
scription of the project, the expected terms of financial as-
sistance, and the size of the community served;

(B) the criteria and methods established for the dis-
tribution of funds; and

(C) a description of the financial status of the State
loan fund and the short-term and long-term goals of the
State loan fund.
(3) USE OF FUNDS.—

(A) IN GENERAL.—An intended use plan shall provide,
to the maximum extent practicable, that priority for the use
of funds be given to projects that—

(i) address the most serious risk to human health;
(ii) are necessary to ensure compliance with the re-

quirements of this title (including requirements for fil-
tration); and

(iii) assist systems most in need on a per household
basis according to State affordability criteria.
(B) LIST OF PROJECTS.—Each State shall, after notice

and opportunity for public comment, publish and periodi-
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cally update a list of projects in the State that are eligible
for assistance under this section, including the priority as-
signed to each project and, to the extent known, the ex-
pected funding schedule for each project.

(c) FUND MANAGEMENT.—Each State loan fund under this sec-
tion shall be established, maintained, and credited with repayments
and interest. The fund corpus shall be available in perpetuity for
providing financial assistance under this section. To the extent
amounts in the fund are not required for current obligation or ex-
penditure, such amounts shall be invested in interest bearing obli-
gations.

(d) ASSISTANCE FOR DISADVANTAGED COMMUNITIES.—
(1) LOAN SUBSIDY.—Notwithstanding any other provision of

this section, in any case in which the State makes a loan pursu-
ant to subsection (a)(2) to a disadvantaged community or to a
community that the State expects to become a disadvantaged
community as the result of a proposed project, the State may
provide additional subsidization (including forgiveness of prin-
cipal).

(2) TOTAL AMOUNT OF SUBSIDIES.—For each fiscal year, the
total amount of loan subsidies made by a State pursuant to
paragraph (1) may not exceed 30 percent of the amount of the
capitalization grant received by the State for the year.

(3) DEFINITION OF DISADVANTAGED COMMUNITY.—In this
subsection, the term ‘‘disadvantaged community’’ means the
service area of a public water system that meets affordability
criteria established after public review and comment by the
State in which the public water system is located. The Adminis-
trator may publish information to assist States in establishing
affordability criteria.
(e) STATE CONTRIBUTION.—Each agreement under subsection

(a) shall require that the State deposit in the State loan fund from
State moneys an amount equal to at least 20 percent of the total
amount of the grant to be made to the State on or before the date
on which the grant payment is made to the State, except that a
State shall not be required to deposit such amount into the fund
prior to the date on which each grant payment is made for fiscal
years 1994, 1995, 1996, and 1997 if the State deposits the State con-
tribution amount into the State loan fund prior to September 30,
1999.

(f) TYPES OF ASSISTANCE.—Except as otherwise limited by State
law, the amounts deposited into a State loan fund under this sec-
tion may be used only—

(1) to make loans, on the condition that—
(A) the interest rate for each loan is less than or equal

to the market interest rate, including an interest free loan;
(B) principal and interest payments on each loan will

commence not later than 1 year after completion of the
project for which the loan was made, and each loan will be
fully amortized not later than 20 years after the completion
of the project, except that in the case of a disadvantaged
community (as defined in subsection (d)(3)), a State may
provide an extended term for a loan, if the extended term—
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(i) terminates not later than the date that is 30
years after the date of project completion; and

(ii) does not exceed the expected design life of the
project;
(C) the recipient of each loan will establish a dedicated

source of revenue (or, in the case of a privately owned sys-
tem, demonstrate that there is adequate security) for the re-
payment of the loan; and

(D) the State loan fund will be credited with all pay-
ments of principal and interest on each loan;
(2) to buy or refinance the debt obligation of a municipality

or an intermunicipal or interstate agency within the State at an
interest rate that is less than or equal to the market interest
rate in any case in which a debt obligation is incurred after
July 1, 1993;

(3) to guarantee, or purchase insurance for, a local obliga-
tion (all of the proceeds of which finance a project eligible for
assistance under this section) if the guarantee or purchase
would improve credit market access or reduce the interest rate
applicable to the obligation;

(4) as a source of revenue or security for the payment of
principal and interest on revenue or general obligation bonds
issued by the State if the proceeds of the sale of the bonds will
be deposited into the State loan fund; and

(5) to earn interest on the amounts deposited into the State
loan fund.
(g) ADMINISTRATION OF STATE LOAN FUNDS.—

(1) COMBINED FINANCIAL ADMINISTRATION.—Notwithstand-
ing subsection (c), a State may (as a convenience and to avoid
unnecessary administrative costs) combine, in accordance with
State law, the financial administration of a State loan fund es-
tablished under this section with the financial administration
of any other revolving fund established by the State if otherwise
not prohibited by the law under which the State loan fund was
established and if the Administrator determines that—

(A) the grants under this section, together with loan re-
payments and interest, will be separately accounted for and
used solely for the purposes specified in subsection (a); and

(B) the authority to establish assistance priorities and
carry out oversight and related activities (other than finan-
cial administration) with respect to assistance remains
with the State agency having primary responsibility for ad-
ministration of the State program under section 1413, after
consultation with other appropriate State agencies (as de-
termined by the State): Provided, That in nonprimacy
States eligible to receive assistance under this section, the
Governor shall determine which State agency will have au-
thority to establish priorities for financial assistance from
the State loan fund.
(2) COST OF ADMINISTERING FUND.—Each State may annu-

ally use up to 4 percent of the funds allotted to the State under
this section to cover the reasonable costs of administration of
the programs under this section, including the recovery of rea-
sonable costs expended to establish a State loan fund which are
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incurred after the date of enactment of this section, and to pro-
vide technical assistance to public water systems within the
State. For fiscal year 1995 and each fiscal year thereafter, each
State may use up to an additional 10 percent of the funds allot-
ted to the State under this section—

(A) for public water system supervision programs
under section 1443(a);

(B) to administer or provide technical assistance
through source water protection programs;

(C) to develop and implement a capacity development
strategy under section 1420(c); and

(D) for an operator certification program for purposes
of meeting the requirements of section 1419,

if the State matches the expenditures with at least an equal
amount of State funds. At least half of the match must be addi-
tional to the amount expended by the State for public water su-
pervision in fiscal year 1993. An additional 2 percent of the
funds annually allotted to each State under this section may be
used by the State to provide technical assistance to public water
systems serving 10,000 or fewer persons in the State. Funds uti-
lized under subparagraph (B) shall not be used for enforcement
actions.

(3) GUIDANCE AND REGULATIONS.—The Administrator shall
publish guidance and promulgate regulations as may be nec-
essary to carry out the provisions of this section, including—

(A) provisions to ensure that each State commits and
expends funds allotted to the State under this section as ef-
ficiently as possible in accordance with this title and appli-
cable State laws;

(B) guidance to prevent waste, fraud, and abuse; and
(C) guidance to avoid the use of funds made available

under this section to finance the expansion of any public
water system in anticipation of future population growth.

The guidance and regulations shall also ensure that the States,
and public water systems receiving assistance under this sec-
tion, use accounting, audit, and fiscal procedures that conform
to generally accepted accounting standards.

(4) STATE REPORT.—Each State administering a loan fund
and assistance program under this subsection shall publish
and submit to the Administrator a report every 2 years on its
activities under this section, including the findings of the most
recent audit of the fund and the entire State allotment. The Ad-
ministrator shall periodically audit all State loan funds estab-
lished by, and all other amounts allotted to, the States pursu-
ant to this section in accordance with procedures established by
the Comptroller General.
(h) NEEDS SURVEY.—The Administrator shall conduct an as-

sessment of water system capital improvement needs of all eligible
public water systems in the United States and submit a report to
the Congress containing the results of the assessment within 180
days after the date of enactment of the Safe Drinking Water Act
Amendments of 1996 and every 4 years thereafter.

(i) INDIAN TRIBES.—
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(1) IN GENERAL.—11⁄2 percent of the amounts appropriated
annually to carry out this section may be used by the Adminis-
trator to make grants to Indian Tribes and Alaska Native vil-
lages that have not otherwise received either grants from the
Administrator under this section or assistance from State loan
funds established under this section. The grants may only be
used for expenditures by tribes and villages for public water
system expenditures referred to in subsection (a)(2).

(2) USE OF FUNDS.—Funds reserved pursuant to paragraph
(1) shall be used to address the most significant threats to pub-
lic health associated with public water systems that serve In-
dian Tribes, as determined by the Administrator in consulta-
tion with the Director of the Indian Health Service and Indian
Tribes.

(3) ALASKA NATIVE VILLAGES.—In the case of a grant for a
project under this subsection in an Alaska Native village, the
Administrator is also authorized to make grants to the State of
Alaska for the benefit of Native villages. An amount not to ex-
ceed 4 percent of the grant amount may be used by the State
of Alaska for project management.

(4) NEEDS ASSESSMENT.—The Administrator, in consulta-
tion with the Director of the Indian Health Service and Indian
Tribes, shall, in accordance with a schedule that is consistent
with the needs surveys conducted pursuant to subsection (h),
prepare surveys and assess the needs of drinking water treat-
ment facilities to serve Indian Tribes, including an evaluation
of the public water systems that pose the most significant
threats to public health.
(j) OTHER AREAS.—Of the funds annually available under this

section for grants to States, the Administrator shall make allot-
ments in accordance with section 1443(a)(4) for the Virgin Islands,
the Commonwealth of the Northern Mariana Islands, American
Samoa, and Guam. The grants allotted as provided in this sub-
section may be provided by the Administrator to the governments of
such areas, to public water systems in such areas, or to both, to be
used for the public water system expenditures referred to in sub-
section (a)(2). The grants, and grants for the District of Columbia,
shall not be deposited in State loan funds. The total allotment of
grants under this section for all areas described in this subsection
in any fiscal year shall not exceed 0.33 percent of the aggregate
amount made available to carry out this section in that fiscal year.

(k) OTHER AUTHORIZED ACTIVITIES.—
(1) IN GENERAL.—Notwithstanding subsection (a)(2), a

State may take each of the following actions:
(A) Provide assistance, only in the form of a loan, to

one or more of the following:
(i) Any public water system described in subsection

(a)(2) to acquire land or a conservation easement from
a willing seller or grantor, if the purpose of the acquisi-
tion is to protect the source water of the system from
contamination and to ensure compliance with national
primary drinking water regulations.

(ii) Any community water system to implement
local, voluntary source water protection measures to
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protect source water in areas delineated pursuant to
section 1453, in order to facilitate compliance with na-
tional primary drinking water regulations applicable
to the system under section 1412 or otherwise signifi-
cantly further the health protection objectives of this
title. Funds authorized under this clause may be used
to fund only voluntary, incentive-based mechanisms.

(iii) Any community water system to provide fund-
ing in accordance with section 1454(a)(1)(B)(i).
(B) Provide assistance, including technical and finan-

cial assistance, to any public water system as part of a ca-
pacity development strategy developed and implemented in
accordance with section 1420(c).

(C) Make expenditures from the capitalization grant of
the State for fiscal years 1996 and 1997 to delineate and
assess source water protection areas in accordance with sec-
tion 1453, except that funds set aside for such expenditure
shall be obligated within 4 fiscal years.

(D) Make expenditures from the fund for the establish-
ment and implementation of wellhead protection programs
under section 1428.
(2) LIMITATION.—For each fiscal year, the total amount of

assistance provided and expenditures made by a State under
this subsection may not exceed 15 percent of the amount of the
capitalization grant received by the State for that year and may
not exceed 10 percent of that amount for any one of the follow-
ing activities:

(A) To acquire land or conservation easements pursu-
ant to paragraph (1)(A)(i).

(B) To provide funding to implement voluntary, incen-
tive-based source water quality protection measures pursu-
ant to clauses (ii) and (iii) of paragraph (1)(A).

(C) To provide assistance through a capacity develop-
ment strategy pursuant to paragraph (1)(B).

(D) To make expenditures to delineate or assess source
water protection areas pursuant to paragraph (1)(C).

(E) To make expenditures to establish and implement
wellhead protection programs pursuant to paragraph
(1)(D).
(3) STATUTORY CONSTRUCTION.—Nothing in this section

creates or conveys any new authority to a State, political sub-
division of a State, or community water system for any new reg-
ulatory measure, or limits any authority of a State, political
subdivision of a State or community water system.
(l) SAVINGS.—The failure or inability of any public water sys-

tem to receive funds under this section or any other loan or grant
program, or any delay in obtaining the funds, shall not alter the ob-
ligation of the system to comply in a timely manner with all appli-
cable drinking water standards and requirements of this title.

(m) AUTHORIZATION OF APPROPRIATIONS.—There are authorized
to be appropriated to carry out the purposes of this section
$599,000,000 for the fiscal year 1994 and $1,000,000,000 for each
of the fiscal years 1995 through 2003. To the extent amounts au-
thorized to be appropriated under this subsection in any fiscal year
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are not appropriated in that fiscal year, such amounts are author-
ized to be appropriated in a subsequent fiscal year (prior to the fis-
cal year 2004). Such sums shall remain available until expended.

(n) HEALTH EFFECTS STUDIES.—From funds appropriated pur-
suant to this section for each fiscal year, the Administrator shall re-
serve $10,000,000 for health effects studies on drinking water con-
taminants authorized by the Safe Drinking Water Act Amendments
of 1996. In allocating funds made available under this subsection,
the Administrator shall give priority to studies concerning the
health effects of cryptosporidium (as authorized by section 1458(c)),
disinfection byproducts (as authorized by section 1458(c)), and ar-
senic (as authorized by section 1412(b)(12)(A)), and the implementa-
tion of a plan for studies of subpopulations at greater risk of ad-
verse effects (as authorized by section 1458(a)).

(o) MONITORING FOR UNREGULATED CONTAMINANTS.—From
funds appropriated pursuant to this section for each fiscal year be-
ginning with fiscal year 1998, the Administrator shall reserve
$2,000,000 to pay the costs of monitoring for unregulated contami-
nants under section 1445(a)(2)(C).

(p) DEMONSTRATION PROJECT FOR STATE OF VIRGINIA.—Not-
withstanding the other provisions of this section limiting the use of
funds deposited in a State loan fund from any State allotment, the
State of Virginia may, as a single demonstration and with the ap-
proval of the Virginia General Assembly and the Administrator,
conduct a program to demonstrate alternative approaches to inter-
governmental coordination to assist in the financing of new drink-
ing water facilities in the following rural communities in southwest-
ern Virginia where none exists on the date of enactment of the Safe
Drinking Water Act Amendments of 1996 and where such commu-
nities are experiencing economic hardship: Lee County, Wise Coun-
ty, Scott County, Dickenson County, Russell County, Buchanan
County, Tazewell County, and the city of Norton, Virginia. The
funds allotted to that State and deposited in the State loan fund
may be loaned to a regional endowment fund for the purpose set
forth in this subsection under a plan to be approved by the Admin-
istrator. The plan may include an advisory group that includes rep-
resentatives of such counties.

(q) SMALL SYSTEM TECHNICAL ASSISTANCE.—The Adminis-
trator may reserve up to 2 percent of the total funds appropriated
pursuant to subsection (m) for each of the fiscal years 1997 through
2003 to carry out the provisions of section 1442(e) (relating to tech-
nical assistance for small systems), except that the total amount of
funds made available for such purpose in any fiscal year through
appropriations (as authorized by section 1442(e)) and reservations
made pursuant to this subsection shall not exceed the amount au-
thorized by section 1442(e).

(r) EVALUATION.—The Administrator shall conduct an evalua-
tion of the effectiveness of the State loan funds through fiscal year
2001. The evaluation shall be submitted to the Congress at the same
time as the President submits to the Congress, pursuant to section
1108 of title 31, United States Code, an appropriations request for
fiscal year 2003 relating to the budget of the Environmental Protec-
tion Agency.
[42 U.S.C. 300j–12]
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SOURCE WATER QUALITY ASSESSMENT

SEC. 1453. (a) SOURCE WATER ASSESSMENT.—
(1) GUIDANCE.—Within 12 months after the date of enact-

ment of the Safe Drinking Water Act Amendments of 1996, after
notice and comment, the Administrator shall publish guidance
for States exercising primary enforcement responsibility for pub-
lic water systems to carry out directly or through delegation (for
the protection and benefit of public water systems and for the
support of monitoring flexibility) a source water assessment pro-
gram within the State’s boundaries. Each State adopting modi-
fications to monitoring requirements pursuant to section
1418(b) shall, prior to adopting such modifications, have an ap-
proved source water assessment program under this section and
shall carry out the program either directly or through delega-
tion.

(2) PROGRAM REQUIREMENTS.—A source water assessment
program under this subsection shall—

(A) delineate the boundaries of the assessment areas in
such State from which one or more public water systems in
the State receive supplies of drinking water, using all rea-
sonably available hydrogeologic information on the sources
of the supply of drinking water in the State and the water
flow, recharge, and discharge and any other reliable infor-
mation as the State deems necessary to adequately deter-
mine such areas; and

(B) identify for contaminants regulated under this title
for which monitoring is required under this title (or any
unregulated contaminants selected by the State, in its dis-
cretion, which the State, for the purposes of this subsection,
has determined may present a threat to public health), to
the extent practical, the origins within each delineated area
of such contaminants to determine the susceptibility of the
public water systems in the delineated area to such con-
taminants.
(3) APPROVAL, IMPLEMENTATION, AND MONITORING RE-

LIEF.—A State source water assessment program under this
subsection shall be submitted to the Administrator within 18
months after the Administrator’s guidance is issued under this
subsection and shall be deemed approved 9 months after the
date of such submittal unless the Administrator disapproves the
program as provided in section 1428(c). States shall begin im-
plementation of the program immediately after its approval.
The Administrator’s approval of a State program under this
subsection shall include a timetable, established in consultation
with the State, allowing not more than 2 years for completion
after approval of the program. Public water systems seeking
monitoring relief in addition to the interim relief provided
under section 1418(a) shall be eligible for monitoring relief, con-
sistent with section 1418(b), upon completion of the assessment
in the delineated source water assessment area or areas con-
cerned.

(4) TIMETABLE.—The timetable referred to in paragraph (3)
shall take into consideration the availability to the State of
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funds under section 1452 (relating to State loan funds) for as-
sessments and other relevant factors. The Administrator may
extend any timetable included in a State program approved
under paragraph (3) to extend the period for completion by an
additional 18 months.

(5) DEMONSTRATION PROJECT.—The Administrator shall, as
soon as practicable, conduct a demonstration project, in con-
sultation with other Federal agencies, to demonstrate the most
effective and protective means of assessing and protecting
source waters serving large metropolitan areas and located on
Federal lands.

(6) USE OF OTHER PROGRAMS.—To avoid duplication and to
encourage efficiency, the program under this section may make
use of any of the following:

(A) Vulnerability assessments, sanitary surveys, and
monitoring programs.

(B) Delineations or assessments of ground water
sources under a State wellhead protection program devel-
oped pursuant to this section.

(C) Delineations or assessments of surface or ground
water sources under a State pesticide management plan de-
veloped pursuant to the Pesticide and Ground Water State
Management Plan Regulation (subparts I and J of part 152
of title 40, Code of Federal Regulations), promulgated
under section 3(d) of the Federal Insecticide, Fungicide,
and Rodenticide Act (7 U.S.C. 136a(d)).

(D) Delineations or assessments of surface water
sources under a State watershed initiative or to satisfy the
watershed criterion for determining if filtration is required
under the Surface Water Treatment Rule (section 141.70 of
title 40, Code of Federal Regulations).

(E) Delineations or assessments of surface or ground
water sources under programs or plans pursuant to the
Federal Water Pollution Control Act.
(7) PUBLIC AVAILABILITY.—The State shall make the results

of the source water assessments conducted under this subsection
available to the public.
(b) APPROVAL AND DISAPPROVAL.—For provisions relating to

program approval and disapproval, see section 1428(c).
[42 U.S.C. 300j–13]

SOURCE WATER PETITION PROGRAM

SEC. 1454. (a) PETITION PROGRAM.—
(1) IN GENERAL.—

(A) ESTABLISHMENT.—A State may establish a pro-
gram under which an owner or operator of a community
water system in the State, or a municipal or local govern-
ment or political subdivision of a State, may submit a
source water quality protection partnership petition to the
State requesting that the State assist in the local develop-
ment of a voluntary, incentive-based partnership, among
the owner, operator, or government and other persons likely
to be affected by the recommendations of the partnership,
to—



114

(i) reduce the presence in drinking water of con-
taminants that may be addressed by a petition by con-
sidering the origins of the contaminants, including to
the maximum extent practicable the specific activities
that affect the drinking water supply of a community;

(ii) obtain financial or technical assistance nec-
essary to facilitate establishment of a partnership, or to
develop and implement recommendations of a partner-
ship for the protection of source water to assist in the
provision of drinking water that complies with na-
tional primary drinking water regulations with respect
to contaminants addressed by a petition; and

(iii) develop recommendations regarding voluntary
and incentive-based strategies for the long-term protec-
tion of the source water of community water systems.
(B) FUNDING.—Each State may—

(i) use funds set aside pursuant to section
1452(k)(1)(A)(iii) by the State to carry out a program
described in subparagraph (A), including assistance to
voluntary local partnerships for the development and
implementation of partnership recommendations for
the protection of source water such as source water
quality assessment, contingency plans, and demonstra-
tion projects for partners within a source water area
delineated under section 1453(a); and

(ii) provide assistance in response to a petition sub-
mitted under this subsection using funds referred to in
subsection (b)(2)(B).

(2) OBJECTIVES.—The objectives of a petition submitted
under this subsection shall be to—

(A) facilitate the local development of voluntary, incen-
tive-based partnerships among owners and operators of
community water systems, governments, and other persons
in source water areas; and

(B) obtain assistance from the State in identifying re-
sources which are available to implement the recommenda-
tions of the partnerships to address the origins of drinking
water contaminants that may be addressed by a petition
(including to the maximum extent practicable the specific
activities contributing to the presence of the contaminants)
that affect the drinking water supply of a community.
(3) CONTAMINANTS ADDRESSED BY A PETITION.—A petition

submitted to a State under this subsection may address only
those contaminants—

(A) that are pathogenic organisms for which a national
primary drinking water regulation has been established or
is required under section 1412; or

(B) for which a national primary drinking water regu-
lation has been promulgated or proposed and that are de-
tected by adequate monitoring methods in the source water
at the intake structure or in any collection, treatment, stor-
age, or distribution facilities by the community water sys-
tems at levels—

(i) above the maximum contaminant level; or
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(ii) that are not reliably and consistently below the
maximum contaminant level.

(4) CONTENTS.—A petition submitted under this subsection
shall, at a minimum—

(A) include a delineation of the source water area in
the State that is the subject of the petition;

(B) identify, to the maximum extent practicable, the
origins of the drinking water contaminants that may be ad-
dressed by a petition (including to the maximum extent
practicable the specific activities contributing to the pres-
ence of the contaminants) in the source water area delin-
eated under section 1453;

(C) identify any deficiencies in information that will
impair the development of recommendations by the vol-
untary local partnership to address drinking water con-
taminants that may be addressed by a petition;

(D) specify the efforts made to establish the voluntary
local partnership and obtain the participation of—

(i) the municipal or local government or other po-
litical subdivision of the State with jurisdiction over
the source water area delineated under section 1453;
and

(ii) each person in the source water area delineated
under section 1453—

(I) who is likely to be affected by recommenda-
tions of the voluntary local partnership; and

(II) whose participation is essential to the suc-
cess of the partnership;

(E) outline how the voluntary local partnership has or
will, during development and implementation of rec-
ommendations of the voluntary local partnership, identify,
recognize and take into account any voluntary or other ac-
tivities already being undertaken by persons in the source
water area delineated under section 1453 under Federal or
State law to reduce the likelihood that contaminants will
occur in drinking water at levels of public health concern;
and

(F) specify the technical, financial, or other assistance
that the voluntary local partnership requests of the State to
develop the partnership or to implement recommendations
of the partnership.

(b) APPROVAL OR DISAPPROVAL OF PETITIONS.—
(1) IN GENERAL.—After providing notice and an opportunity

for public comment on a petition submitted under subsection
(a), the State shall approve or disapprove the petition, in whole
or in part, not later than 120 days after the date of submission
of the petition.

(2) APPROVAL.—The State may approve a petition if the pe-
tition meets the requirements established under subsection (a).
The notice of approval shall, at a minimum, include for infor-
mational purposes—

(A) an identification of technical, financial, or other as-
sistance that the State will provide to assist in addressing
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the drinking water contaminants that may be addressed by
a petition based on—

(i) the relative priority of the public health concern
identified in the petition with respect to the other water
quality needs identified by the State;

(ii) any necessary coordination that the State will
perform of the program established under this section
with programs implemented or planned by other States
under this section; and

(iii) funds available (including funds available
from a State revolving loan fund established under
title VI of the Federal Water Pollution Control Act (33
U.S.C. 1381 et seq.)) or section 1452;
(B) a description of technical or financial assistance

pursuant to Federal and State programs that is available
to assist in implementing recommendations of the partner-
ship in the petition, including—

(i) any program established under the Federal
Water Pollution Control Act (33 U.S.C. 1251 et seq.);

(ii) the program established under section 6217 of
the Coastal Zone Act Reauthorization Amendments of
1990 (16 U.S.C. 1455b);

(iii) the agricultural water quality protection pro-
gram established under chapter 2 of subtitle D of title
XII of the Food Security Act of 1985 (16 U.S.C. 3838
et seq.);

(iv) the sole source aquifer protection program es-
tablished under section 1427;

(v) the community wellhead protection program es-
tablished under section 1428;

(vi) any pesticide or ground water management
plan;

(vii) any voluntary agricultural resource manage-
ment plan or voluntary whole farm or whole ranch
management plan developed and implemented under a
process established by the Secretary of Agriculture; and

(viii) any abandoned well closure program; and
(C) a description of activities that will be undertaken

to coordinate Federal and State programs to respond to the
petition.
(3) DISAPPROVAL.—If the State disapproves a petition sub-

mitted under subsection (a), the State shall notify the entity
submitting the petition in writing of the reasons for dis-
approval. A petition may be resubmitted at any time if—

(A) new information becomes available;
(B) conditions affecting the source water that is the

subject of the petition change; or
(C) modifications are made in the type of assistance

being requested.
(c) GRANTS TO SUPPORT STATE PROGRAMS.—

(1) IN GENERAL.—The Administrator may make a grant to
each State that establishes a program under this section that is
approved under paragraph (2). The amount of each grant shall
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not exceed 50 percent of the cost of administering the program
for the year in which the grant is available.

(2) APPROVAL.—In order to receive grant assistance under
this subsection, a State shall submit to the Administrator for
approval a plan for a source water quality protection partner-
ship program that is consistent with the guidance published
under subsection (d). The Administrator shall approve the plan
if the plan is consistent with the guidance published under sub-
section (d).
(d) GUIDANCE.—

(1) IN GENERAL.—Not later than 1 year after the date of en-
actment of this section, the Administrator, in consultation with
the States, shall publish guidance to assist—

(A) States in the development of a source water quality
protection partnership program; and

(B) municipal or local governments or political subdivi-
sions of a State and community water systems in the devel-
opment of source water quality protection partnerships and
in the assessment of source water quality.
(2) CONTENTS OF THE GUIDANCE.—The guidance shall, at a

minimum—
(A) recommend procedures for the approval or dis-

approval by a State of a petition submitted under sub-
section (a);

(B) recommend procedures for the submission of peti-
tions developed under subsection (a);

(C) recommend criteria for the assessment of source
water areas within a State; and

(D) describe technical or financial assistance pursuant
to Federal and State programs that is available to address
the contamination of sources of drinking water and to de-
velop and respond to petitions submitted under subsection
(a).

(e) AUTHORIZATION OF APPROPRIATIONS.—There are authorized
to be appropriated to carry out this section $5,000,000 for each of
the fiscal years 1997 through 2003. Each State with a plan for a
program approved under subsection (b) shall receive an equitable
portion of the funds available for any fiscal year.

(f) STATUTORY CONSTRUCTION.—Nothing in this section—
(1)(A) creates or conveys new authority to a State, political

subdivision of a State, or community water system for any new
regulatory measure; or

(B) limits any authority of a State, political subdivision, or
community water system; or

(2) precludes a community water system, municipal or local
government, or political subdivision of a government from lo-
cally developing and carrying out a voluntary, incentive-based,
source water quality protection partnership to address the ori-
gins of drinking water contaminants of public health concern.

[42 U.S.C. 300j–14]

WATER CONSERVATION PLAN

SEC. 1455. (a) GUIDELINES.—Not later than 2 years after the
date of enactment of the Safe Drinking Water Act Amendments of



118

1996, the Administrator shall publish in the Federal Register guide-
lines for water conservation plans for public water systems serving
fewer than 3,300 persons, public water systems serving between
3,300 and 10,000 persons, and public water systems serving more
than 10,000 persons, taking into consideration such factors as water
availability and climate.

(b) LOANS OR GRANTS.—Within 1 year after publication of the
guidelines under subsection (a), a State exercising primary enforce-
ment responsibility for public water systems may require a public
water system, as a condition of receiving a loan or grant from a
State loan fund under section 1452, to submit with its application
for such loan or grant a water conservation plan consistent with
such guidelines.
[42 U.S.C. 300j–15]

ASSISTANCE TO COLONIAS

SEC. 1456. (a) DEFINITIONS.—As used in this section:
(1) BORDER STATE.—The term ‘‘border State’’ means Ari-

zona, California, New Mexico, and Texas.
(2) ELIGIBLE COMMUNITY.—The term ‘‘eligible community’’

means a low-income community with economic hardship that—
(A) is commonly referred to as a colonia;
(B) is located along the United States-Mexico border

(generally in an unincorporated area); and
(C) lacks a safe drinking water supply or adequate fa-

cilities for the provision of safe drinking water for human
consumption.

(b) GRANTS TO ALLEVIATE HEALTH RISKS.—The Administrator
of the Environmental Protection Agency and the heads of other ap-
propriate Federal agencies are authorized to award grants to a bor-
der State to provide assistance to eligible communities to facilitate
compliance with national primary drinking water regulations or
otherwise significantly further the health protection objectives of this
title.

(c) USE OF FUNDS.—Each grant awarded pursuant to sub-
section (b) shall be used to provide assistance to one or more eligible
communities with respect to which the residents are subject to a sig-
nificant health risk (as determined by the Administrator or the head
of the Federal agency making the grant) attributable to the lack of
access to an adequate and affordable drinking water supply system.

(d) COST SHARING.—The amount of a grant awarded pursuant
to this section shall not exceed 50 percent of the costs of carrying
out the project that is the subject of the grant.

(e) AUTHORIZATION OF APPROPRIATIONS.—There are authorized
to be appropriated to carry out this section $25,000,000 for each of
the fiscal years 1997 through 1999.
[42 U.S.C. 300j–16]

ESTROGENIC SUBSTANCES SCREENING PROGRAM

SEC. 1457. In addition to the substances referred to in section
408(p)(3)(B) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C.
346a(p)(3)(B)) the Administrator may provide for testing under the
screening program authorized by section 408(p) of such Act, in ac-
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cordance with the provisions of section 408(p) of such Act, of any
other substance that may be found in sources of drinking water if
the Administrator determines that a substantial population may be
exposed to such substance.
[42 U.S.C. 300j–17]

DRINKING WATER STUDIES

SEC. 1458. (a) SUBPOPULATIONS AT GREATER RISK.—
(1) IN GENERAL.—The Administrator shall conduct a con-

tinuing program of studies to identify groups within the general
population that may be at greater risk than the general popu-
lation of adverse health effects from exposure to contaminants
in drinking water. The study shall examine whether and to
what degree infants, children, pregnant women, the elderly, in-
dividuals with a history of serious illness, or other subpopula-
tions that can be identified and characterized are likely to expe-
rience elevated health risks, including risks of cancer, from con-
taminants in drinking water.

(2) REPORT.—Not later than 4 years after the date of enact-
ment of this subsection and periodically thereafter as new and
significant information becomes available, the Administrator
shall report to the Congress on the results of the studies.
(b) BIOLOGICAL MECHANISMS.—The Administrator shall con-

duct biomedical studies to—
(1) understand the mechanisms by which chemical con-

taminants are absorbed, distributed, metabolized, and elimi-
nated from the human body, so as to develop more accurate
physiologically based models of the phenomena;

(2) understand the effects of contaminants and the mecha-
nisms by which the contaminants cause adverse effects (espe-
cially noncancer and infectious effects) and the variations in the
effects among humans, especially subpopulations at greater risk
of adverse effects, and between test animals and humans; and

(3) develop new approaches to the study of complex mix-
tures, such as mixtures found in drinking water, especially to
determine the prospects for synergistic or antagonistic inter-
actions that may affect the shape of the dose-response relation-
ship of the individual chemicals and microbes, and to examine
noncancer endpoints and infectious diseases, and susceptible in-
dividuals and subpopulations.
(c) STUDIES ON HARMFUL SUBSTANCES IN DRINKING WATER.—

(1) DEVELOPMENT OF STUDIES.—The Administrator shall,
not later than 180 days after the date of enactment of this sec-
tion and after consultation with the Secretary of Health and
Human Services, the Secretary of Agriculture, and, as appro-
priate, the heads of other Federal agencies, conduct the studies
described in paragraph (2) to support the development and im-
plementation of the most current version of each of the follow-
ing:

(A) Enhanced Surface Water Treatment Rule (59 Fed.
Reg. 38832 (July 29, 1994)).

(B) Disinfectant and Disinfection Byproducts Rule (59
Fed. Reg. 38668 (July 29, 1994)).
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(C) Ground Water Disinfection Rule (availability of
draft summary announced at (57 Fed. Reg. 33960; July 31,
1992)).
(2) CONTENTS OF STUDIES.—The studies required by para-

graph (1) shall include, at a minimum, each of the following:
(A) Toxicological studies and, if warranted, epidemio-

logical studies to determine what levels of exposure from
disinfectants and disinfection byproducts, if any, may be
associated with developmental and birth defects and other
potential toxic end points.

(B) Toxicological studies and, if warranted, epidemio-
logical studies to quantify the carcinogenic potential from
exposure to disinfection byproducts resulting from different
disinfectants.

(C) The development of dose-response curves for patho-
gens, including cryptosporidium and the Norwalk virus.
(3) AUTHORIZATION OF APPROPRIATIONS.—There are author-

ized to be appropriated to carry out this subsection $12,500,000
for each of fiscal years 1997 through 2003.
(d) WATERBORNE DISEASE OCCURRENCE STUDY.—

(1) SYSTEM.—The Director of the Centers for Disease Con-
trol and Prevention, and the Administrator shall jointly—

(A) within 2 years after the date of enactment of this
section, conduct pilot waterborne disease occurrence studies
for at least 5 major United States communities or public
water systems; and

(B) within 5 years after the date of enactment of this
section, prepare a report on the findings of the pilot studies,
and a national estimate of waterborne disease occurrence.
(2) TRAINING AND EDUCATION.—The Director and Adminis-

trator shall jointly establish a national health care provider
training and public education campaign to inform both the pro-
fessional health care provider community and the general pub-
lic about waterborne disease and the symptoms that may be
caused by infectious agents, including microbial contaminants.
In developing such a campaign, they shall seek comment from
interested groups and individuals, including scientists, physi-
cians, State and local governments, environmental groups, pub-
lic water systems, and vulnerable populations.

(3) FUNDING.—There are authorized to be appropriated for
each of the fiscal years 1997 through 2001, $3,000,000 to carry
out this subsection. To the extent funds under this subsection
are not fully appropriated, the Administrator may use not more
than $2,000,000 of the funds from amounts reserved under sec-
tion 1452(n) for health effects studies for purposes of this sub-
section. The Administrator may transfer a portion of such funds
to the Centers for Disease Control and Prevention for such pur-
poses.

[42 U.S.C. 300j–18]
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1 Part F was added by the Lead Contamination Control Act of 1988 (P.L. 100–572; 102 Stat.
2884).

PART F—ADDITIONAL REQUIREMENTS TO REGULATE THE SAFETY OF
DRINKING WATER 1

øSEC. 1461. DEFINITIONS¿

DEFINITIONS

SEC. 1461. As used in this part—
(1) DRINKING WATER COOLER.—The term ‘‘drinking water

cooler’’ means any mechanical device affixed to drinking water
supply plumbing which actively cools water for human con-
sumption.

(2) LEAD FREE.—The term ‘‘lead free’’ means, with respect
to a drinking water cooler, that each part or component of the
cooler which may come in contact with drinking water contains
not more than 8 percent lead, except that no drinking water
cooler which contains any solder, flux, or storage tank interior
surface which may come in contact with drinking water shall
be considered lead free if the solder, flux, or storage tank inte-
rior surface contains more than 0.2 percent lead. The Adminis-
trator may establish more stringent requirements for treating
any part or component of a drinking water cooler as lead free
for purposes of this part whenever he determines that any
such part may constitute an important source of lead in drink-
ing water.

(3) LOCAL EDUCATIONAL AGENCY.—The term ‘‘local edu-
cational agency’’ means—

(A) any local educational agency as defined in section
14101 of the Elementary and Secondary Education Act of
1965,

(B) the owner of any private, nonprofit elementary or
secondary school building, and

(C) the governing authority of any school operating
under the defense dependent’s education system provided
for under the Defense Dependent’s Education Act of 1978
(20 U.S.C. 921 and following).
(4) REPAIR.—The term ‘‘repair’’ means, with respect to a

drinking water cooler, to take such corrective action as is nec-
essary to ensure that water cooler is lead free.

(5) REPLACEMENT.—The term ‘‘replacement’’, when used
with respect to a drinking water cooler, means the permanent
removal of the water cooler and the installation of a lead free
water cooler.

(6) SCHOOL.—The term ‘‘school’’ means any elementary
school or secondary school as defined in section 14101 of the
Elementary and Secondary Education Act of 1965 and any kin-
dergarten or day care facility.

(7) LEAD-LINED TANK.—The term ‘‘lead-lined tank’’ means
a water reservoir container in a drinking water cooler which
container is constructed of lead or which has an interior sur-
face which is not leadfree.

[42 U.S.C. 300j–21]
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øSEC. 1462. RECALL OF DRINKING WATER COOLERS WITH LEAD-LINED
TANKS¿

RECALL OF DRINKING WATER COOLERS WITH LEAD-LINED TANKS

SEC. 1462. For purposes of the Consumer Product Safety Act,
all drinking water coolers identified by the Administrator on the
list under section 1463 as having a lead-lined tank shall be consid-
ered to be imminently hazardous consumer products within the
meaning of section 12 of such Act (15 U.S.C. 2061). After notice
and opportunity for comment, including a public hearing, the
Consumer Product Safety Commission shall issue an order requir-
ing the manufacturers and importers of such coolers to repair, re-
place, or recall and provide a refund for such coolers within 1 year
after the enactment of the Lead Contamination Control Act of
1988. For purposes of enforcement, such order shall be treated as
an order under section 15(d) of that Act (15 U.S.C. 2064(d)).
[42 U.S.C. 300j–22]

øSEC. 1463. DRINKING WATER COOLERS CONTAINING LEAD¿

DRINKING WATER COOLERS CONTAINING LEAD

SEC. 1463. (a) PUBLICATION OF LISTS.—The Administrator
shall, after notice and opportunity for public comment, identify
each brand and model of drinking water cooler which is not lead
free, including each brand and model of drinking water cooler
which has a lead-lined tank. For purposes of identifying the brand
and model of drinking water coolers under this subsection, the Ad-
ministrator shall use the best information available to the Environ-
mental Protection Agency. Within 100 days after the enactment of
this section, the Administrator shall publish a list of each brand
and model of drinking water cooler identified under this subsection.
Such list shall separately identify each brand and model of cooler
which has a lead-lined tank. The Administrator shall continue to
gather information regarding lead in drinking water coolers and
shall revise and republish the list from time to time as may be ap-
propriate as new information or analysis becomes available regard-
ing lead contamination in drinking water coolers.

(b) PROHIBITION.—No person may sell in interstate commerce,
or manufacture for sale in interstate commerce, any drinking water
cooler listed under subsection (a) or any other drinking water cool-
er which is not lead free, including a lead-lined drinking water
cooler.

(c) CRIMINAL PENALTY.—Any person who knowingly violates
the prohibition contained in subsection (b) shall be imprisoned for
not more than 5 years, or fined in accordance with title 18 of the
United States Code, or both.

(d) CIVIL PENALTY.—The Administrator may bring a civil ac-
tion in the appropriate United States District Court (as determined
under the provisions of title 28 of the United States Code) to im-
pose a civil penalty on any person who violates subsection (b). In
any such action the court may impose on such person a civil pen-
alty of not more than $5,000 ($50,000 in the case of a second or
subsequent violation).
[42 U.S.C. 300j–23]
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øSEC. 1464. LEAD CONTAMINATION IN SCHOOL DRINKING WATER¿

LEAD CONTAMINATION IN SCHOOL DRINKING WATER

SEC. 1464. (a) DISTRIBUTION OF DRINKING WATER COOLER
LIST.—Within 100 days after the enactment of this section, the Ad-
ministrator shall distribute to the States a list of each brand and
model of drinking water cooler identified and listed by the Admin-
istrator under section 1463(a).

(b) GUIDANCE DOCUMENT AND TESTING PROTOCOL.—The Ad-
ministrator shall publish a guidance document and a testing proto-
col to assist schools in determining the source and degree of lead
contamination in school drinking water supplies and in remedying
such contamination. The guidance document shall include guide-
lines for sample preservation. The guidance document shall also in-
clude guidance to assist States, schools, and the general public in
ascertaining the levels of lead contamination in drinking water
coolers and in taking appropriate action to reduce or eliminate such
contamination. The guidance document shall contain a testing pro-
tocol for the identification of drinking water coolers which contrib-
ute to lead contamination in drinking water. Such document and
protocol may be revised, republished and redistributed as the Ad-
ministrator deems necessary. The Administrator shall distribute
the guidance document and testing protocol to the States within
100 days after the enactment of this section.

(c) DISSEMINATION TO SCHOOLS, ETC.—Each State shall provide
for the dissemination to local educational agencies, private non-
profit elementary or secondary schools and to day care centers of
the guidance document and testing protocol published under sub-
section (b), together with the list of drinking water coolers pub-
lished under section 1463(a).

(d) REMEDIAL ACTION PROGRAM.—
(1) TESTING AND REMEDYING LEAD CONTAMINATION.—With-

in 9 months after the enactment of this section, each State
shall establish a program, consistent with this section, to assist
local educational agencies in testing for, and remedying, lead
contamination in drinking water from coolers and from other
sources of lead contamination at schools under the jurisdiction
of such agencies.

(2) PUBLIC AVAILABILITY.—A copy of the results of any test-
ing under paragraph (1) shall be available in the administra-
tive offices of the local educational agency for inspection by the
public, including teachers, other school personnel, and parents.
The local educational agency shall notify parent, teacher, and
employee organizations of the availability of such testing re-
sults.

(3) COOLERS.—In the case of drinking water coolers, such
program shall include measures for the reduction or elimi-
nation of lead contamination from those water coolers which
are not lead free and which are located in schools. Such meas-
ures shall be adequate to ensure that within 15 months after
the enactment of this subsection all such water coolers in
schools under the jurisdiction of such agencies are repaired, re-
placed, permanently removed, or rendered inoperable unless



124

the cooler is tested and found (within the limits of testing accu-
racy) not to contribute lead to drinking water.

[42 U.S.C. 300j–24]

øSEC. 1465. FEDERAL ASSISTANCE FOR STATE PROGRAMS REGARDING
LEAD CONTAMINATION IN SCHOOL DRINKING WATER¿

FEDERAL ASSISTANCE FOR STATE PROGRAMS REGARDING LEAD
CONTAMINATION IN SCHOOL DRINKING WATER

SEC. 1465. (a) SCHOOL DRINKING WATER PROGRAMS.—The Ad-
ministrator shall make grants to States to establish and carry out
State programs under section 1464 to assist local educational agen-
cies in testing for, and remedying, lead contamination in drinking
water from drinking water coolers and from other sources of lead
contamination at schools under the jurisdiction of such agencies.
Such grants may be used by States to reimburse local educational
agencies for expenses incurred after the enactment of this section
for such testing and remedial action.

(b) LIMITS.—Each grant under this section shall be used by the
State for testing water coolers in accordance with section 1464, for
testing for lead contamination in other drinking water supplies
under section 1464, or for remedial action under State programs
under section 1464. Not more than 5 percent of the grant may be
used for program administration.

(c) AUTHORIZATION OF APPROPRIATIONS.—There are authorized
to be appropriated to carry out this section not more than
$30,000,000 for fiscal year 1989, $30,000,000 for fiscal year 1990,
and $30,000,000 for fiscal year 1991.
[42 U.S.C. 300j–25]

Æ



RESOLUTION 

ALL PUEBLO COUNCIL OF GOVERNORS 

RESOLUTION NO. APCG 2024-04 

OPPOSING THE US EPA’S PROPOSED REORGANIZATION OF THE NATIONAL 

TRIBAL CAUCUS (NTC) UNDER THE FEDERAL ADVISORY COMMITTEE ACT 

(FACA) 

WHEREAS, the All Pueblo Council of Governors is comprised of the Pueblos of 

Acoma, Cochiti, Isleta, Jemez, Laguna, Nambe, Ohkay Owingeh, Picuris, Pojoaque, San 

Felipe, San Ildefonso, Sandia, Santa Ana, Santa Clara, Santo Domingo, Taos, Tesuque, Zia 

and Zuni, and one Pueblo in Texas, Ysleta Del Sur, each having the sovereign authority to 

govern their own affairs; and 

WHEREAS, the purpose of the All Pueblo Council of Governors is to advocate, foster, 

protect, and encourage the social, cultural, and traditional well-being of the Pueblo Nations; and 

WHEREAS, through their inherent and sovereign rights, the All Pueblo Council of 

Governors will promote the language, health, economic and natural resources, and educational 

advancement of all Pueblo people; and 

WHEREAS, the 20 Pueblos possess inherent government authority and sovereignty 

over their lands, which includes the protection of their environment, language, culture, and 

traditions; and 

WHEREAS, the 20 Pueblos, and all federally recognized tribes nationwide, are 

funded by or eligible for funding under the United States Environmental Protection Agency 

(EPA) General Assistance Program (GAP), which for many tribes creates the foundation for 

an environmental program; and 

WHEREAS, the 20 Pueblos are part of the US EPA Region 6 which is comprised of 

New Mexico, Texas, Oklahoma, Louisiana, and Arkansas and includes 66 federally 

recognized tribes; and 

WHEREAS, the 20 Pueblos’ environmental and natural resources directors and staff 

meet regularly through the Intertribal Resource Advisory Committee (IRAC) whose meetings 

are facilitated by the Eight Northern Indian Pueblos Council (ENIPC) Office of 

Environmental Technical Assistance; and 

WHEREAS, the IRAC nominates 6 Pueblos to serve on the EPA Region 6 Tribal 

Operations Committee (RTOC), represented by the Pueblo Governor or their designees; and  

WHEREAS The RTOC then nominates two representatives, one Pueblo and one 

Tribe, generally from Oklahoma, to serve on the National Tribal Caucus (NTC) for two year 

terms; and 



 

 

 

 

WHEREAS, the National Tribal Caucus is comprised of 19 tribal representatives 

from the 10 US EPA Regions, and meets monthly (virtually) with the US EPA headquarters 

staff, and annually (in person) with US EPA leadership to remind the EPA of their 

consultation and trust responsibilities, to participate in the budgeting process, and to navigate 

the technical programs and authorities of the EPA in support of tribal priorities through 

advocacy and policy; and 

 

WHEREAS, when the National Tribal Caucus was developed 30 years ago, it was 

intentionally designed to be exempt from the Federal Advisory Committee Act (FACA), 

because of the limitations the FACA places on committees, including the requirement for 

meetings to be open to the public; and  

 

WHEREAS, the US EPA, without communication with the NTC announced in April 

that the NTC would be reorganized under the Federal Advisory Committee Act, and then only 

after protest from the NTC and other tribal partnership groups including the National Tribal 

Air Association (NTAA), and the Tribal Waste and Response Steering Committee (TWAR), 

the EPA opened up this proposed reorganization of the NTC for consultation; and 

  

WHEREAS, the proposed changes would include:  

1. A decrease in Region 6 tribal representation on the NTC from two 

representatives to one  

2. A mandate that the NTC meetings be open to the public, industry, and any 

other interested parties 

3. A mandate that the seat can only be filled by elected or appointed tribal leaders, 

removing the flexibility tribal leadership currently has to appoint a 

representative to the Committee  

4. Mandated Federal review every two years of the necessity and charter of the 

NTC 

 

NOW, THEREFORE, BE IT RESOLVED the All Pueblo Council of Governors 

opposes the proposed changes to reorganize the National Tribal Operations Committee under 

the Federal Advisory Committee Act; and 

 

BE IT FURTHER RESOLVED, the All Pueblo Council of Governors requests the 

US EPA American Indian Environmental Office (AIEO) and Office of International and 

Tribal Affairs (OITA) to focus its efforts on working with the NTC, in its existing structure, 

on the existing NTC requested charter revisions. 
 

NOW FINALLY BE IT RESOLVED, that the All Pueblo Council of Governors 

appreciates the work of US EPA leadership and staff, and we look forward to a continued 

strong working partnership in protection of the environment and health of the 20 Pueblos and 

our people. 

 



 

 

 
 

 

CERTIFICATION 

 

We, the undersigned officials of the All Pueblo Council of Governors hereby certify that the 

foregoing Resolution No. APCG 2024-04 was considered and adopted at a duly called council 

meeting held on the 18th day of July, and at which time a quorum was present and the same 

was approved by a vote of 17 in favor, 0 against, 0 abstain, and 3 absent. 
 

 
 

ALL PUEBLO COUNCIL OF GOVERNORS 

 

 

    By: ______________________________ 

             James R. Mountain, APCG Chairman 

 

 

ATTEST:  

___________________________________ 

Governor Arden Kucate, APCG Secretary 
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August 22, 2024 

RE: Title VI Charge - Government Funded Wireless Infrastructure 
Creating Barriers; EHT Comments to the National Environmental Justice 
Advisory Council, August 2024 Virtual Public Listening Session. 

Submitted via email to: nejac@epa.gov 

Dear National Environmental Justice Advisory Council, 

On behalf of the Environmental Health Trust (EHT) these comments address the 
Title VI charge of the National Environmental Justice Advisory Council 
(NEJAC) which seeks input on individuals who have been excluded from 
participating in or denied the benefits of or discriminated against under 
programs or activities receiving federal financial assistance.1  

SUMMARY: 

EHT submits that federally funded wireless network infrastructure is creating 
barriers for some individuals to fully participate in society based on their 
inability to tolerate ubiquitous radiofrequency radiation emitting from wireless 
infrastructure.2 In other countries that have long studied these health effects, 
their wireless networks operate at less than 10% of the emissions allowed in the 
U.S.3  Meanwhile, U.S. wireless networks are increasing exposure to 

1 “The NEJAC is interested in receiving public comments relevant to the following charges and 
recommendations: 1) NEJAC Title VI Charge 2) Other Individuals or groups making remarks 
during the oral public comment period will be limited to three (3) minutes. Please be prepared to 
briefly describe your comments; including your recommendations on what you want the NEJAC 
to advise the EPA to do. Submitting written comments for the record are strongly encouraged.” 
https://usepa.zoomgov.com/webinar/register/WN_nC4GiTCfTS6ok5QafmNvHA#/registration 
https://www.epa.gov/environmentaljustice/national-environmental-justice-advisory-council-
meetings 
2 Examples of individuals who have testified before government regarding their EMS symptoms: 
www.youtube.com/watch?v=OgNLR9fQOX4. 
https://ehtrust.org/wp-content/uploads/Hank-Allen-Idaho-Complaint-as-filed-12-12-23.pdf 
https://www.youtube.com/watch?v=GRYA9puQEFk&t=3s 
https://www.youtube.com/watch?v=LwlcORorYak&t=1 
https://www.youtube.com/watch?v=ZIYNa2YSecI&t=1s 
3 See EHT website for a compilation of what other countries have done to protect their residents: 
https://ehtrust.org/policy/international-policy-actions-on-wireless/ 
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radiofrequency radiation (RFR), an environmental pollutant that requires urgent regulatory attention.4 
 
We urge the NEJAC to advise the Environmental Protection Agency (EPA) to reestablish programs to study, 
monitor, and regulate environmental man-made radiofrequency radiation to protect the public from over 
exposure and safeguard individuals who have electromagnetic sensitivity (EMS). Regulatory gaps are allowing 
unmonitored radiofrequency exposures and jeopardizing public safety and the environment. Safer wired 
networks are not being prioritized due to a lack of knowledge on this issue. We ask the NEJAC to advise the 
EPA to establish programs to cure the current regulatory gaps: 
 

Recommendation 1: Launch Government education programs on the impacts of RF exposure to 
humans, especially children, pregnant people, the sick and the elderly and ways to mitigate these 
impacts. 
 
Recommendation 2: EPA re-establish electromagnetic field programs that ensure health and 
environmental safety that would motivate the industry to “compete on safety.” 
 
Recommendation 3: Ensure that proper NEPA reviews are being conducted on infrastructure emitting 
radio frequency radiation that considers impacts of RF exposures and structural impacts. 
 
Recommendation 4: Ensure that a comprehensive government registry of all wireless transmitting 
infrastructure (including commercial, government and private projects) is maintained. This database 
must include not just macro towers but also 4G and 5G “small cell” facilities and rooftop mounted base 
station network antennas. This database must be transparently posted online and easy to navigate.  
 
Recommendation 5: Ensure the measuring, monitoring and mapping of RF levels.  
 
Recommendation 6: Ensure enforcement for radiofrequency radiation exposure guidelines. 
 
Recommendation 7: Ensure that the proper agencies are engaged in ongoing research and literature 
monitoring related to biological impacts in real world environmental exposures.   
 
Recommendation 8: EPA should conduct hazard evaluations and risk assessment on FCC RFR 
exposure limits and update them accordingly. 
 
Recommendation 9: Recommend that the EPA do health and environmental surveillance to quantify 
adverse effects to humans and wildlife associated with the cumulative radiofrequency environmental 
exposures and specifically quantify disproportionate impacts of RFR exposures to communities seeking 
environmental justice 

 
4 Sagar, S. et al. (2018). Comparison of radiofrequency electromagnetic field exposure levels in different everyday microenvironments in 
an international context. Environment International, Volume 114, 297-306.  
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Recommendation 10: Ensure government accommodates and compensates individuals who are being 
harmed by RFR exposure 
 
Recommendation 11: Recommend for EPA to expand Section 112 under the Clean Air Act to 
specifically include all wireless and cell tower radiofrequency radiation as a pollutant 

 
We thank the NEJAC for the opportunity to submit comments in response to the August 2024 NEJAC Public 
Meeting. The Environmental Health Trust (EHT) is a not-for-profit scientific think tank that promotes a healthier 
environment through research, education and policy. We work directly with policymakers, communities, and 
health and education professionals to bring awareness of environmental hazards and how to mitigate them.5 
 
The Federal Communications Commission (FCC) set human exposure limits for RFR in 1996 and has failed to 
update them. The FCC's RF limits are designed only to protect against heating effects of short-term exposures, 
not from all biological impacts from long-term and low-level exposure.6  
 
In 2019, the FCC decided its 1996 limits did not need to be changed.7 EHT submits these referenced comments 
to provide substantive information regarding the decision of the U.S. Circuit Court of Appeals for the District of 
Columbia in the lawsuit EHT et al v. FCC, 2021 regarding this 2019 decision.8 The court found that the FCC had 
failed to take into account scientific findings relevant to the impacts of radiofrequency radiation (RFR) on 
children and on wildlife that had been submitted to the record, and remanded further action to the FCC. In 
addition, the Court noted that the FCC had not shown consideration of record evidence regarding long-term 
impacts on public health, testimony of those injured, the environment nor the ubiquity of wireless devices and 
other major technological changes since the 1996 RFR exposure guidelines (in use today) were first 
promulgated. To this date the FCC has not taken action on the 2021 court order. 
 
Radiofrequency Radiation an Environmental Justice Issue 
 
Cell towers and wireless network antennas emit radiofrequency radiation (RFR), a type of non-ionizing 
radiation. Government funded and mandated wireless infrastructure9 emitting RFR has created barriers for some 
individuals that have become disabled as a result of RFR exposure. Sources of RFR include cell towers, small 

 
5 www.EHTrust.org 
6 Lin, J. C. (2023). Incongruities in recently revised radiofrequency exposure guidelines and standards. Environmental Research, 222, 
115369; International Commission on the Biological Effects of Electromagnetic Fields (ICBE-EMF), (2022). Scientific evidence 
invalidates health assumptions underlying the FCC and ICNIRP exposure limit determinations for radiofrequency radiation: implications 
for 5G. Environ Health. Oct 18;21(1):92; Lopez I, Rivera M, Feliz N,  Maestu C. (2022) It is mandatory to review environmental 
radiofrequency electromagnetic field measurement protocols and exposure regulations: An opinion article. Front. Public Health, 24 
October; Davis, D., Birnbaum, L., Ben-Ishai, P., Taylor, H., Sears, M., Butler, T., & Scarato, T. (2023). Wireless technologies, non-
ionizing electromagnetic fields and children: Identifying and reducing health risks. Current Problems in Pediatric and Adolescent Health 
Care, 53(2), 101374.   
7 Federal Communications Commission FCC 19-126 https://docs.fcc.gov/public/attachments/FCC-19-126A1.pdf  
8  Final Court Decision EHT et. al v. the FCC 8/13/2021 
https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-1910 111.pdf 
9 Example: https://www.internetforall.gov/programs 
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cells, WiFi routers, and wireless devices, as well as other sources of manmade electromagnetic fields. Individuals 
have testified before the government that they are severely limited in their participation in society as a result of 
electromagnetic sensitivity (EMS) or microwave illness.10 
 
Electromagnetic sensitivity (EMS) is a condition resulting in a diverse array of adverse health symptoms in some 
individuals exposed to wireless radiation.11 This disability is documented in the medical literature12 and 
sometimes also referred to as electromagnetic hypersensitivity (EHS) or microwave sickness. Symptoms include 
serious impacts to the neurological, cardiovascular, reproductive and/or immune systems.13 Symptoms can 

 
10 Example of individuals who have testified before government regarding their EMS symptoms: 
www.youtube.com/watch?v=OgNLR9fQOX4. 
https://ehtrust.org/wp-content/uploads/Hank-Allen-Idaho-Complaint-as-filed-12-12-23.pdf 
https://www.youtube.com/watch?v=GRYA9puQEFk&t=3s 
https://www.youtube.com/watch?v=LwlcORorYak&t=1 
https://www.youtube.com/watch?v=ZIYNa2YSecI&t=1s 
11 Thoradit T, Chabi M, Aguida B, Baouz S, Stierle V, Pooam M, Tousaints S, Akpovi CD, Ahmad M. Hypersensitivity to man-made 
electromagnetic fields (EHS) correlates with immune responsivity to oxidative stress: a case report. Commun Integr Biol. 2024 Aug 
4;17(1):2384874. doi: 10.1080/19420889.2024.2384874. PMID: 39108419; PMCID: PMC11302546. 
Hardell L. and Nilsson M. (2023). Case Report: Summary of seven Swedish case reports on the microwave syndrome associated with 5G 
radiofrequency radiation. Reviews on Environmental Health, 2024. 
12 Belpomme D, Irigaray P. (2023). Combined Neurological Syndrome in Electrohypersensitivity and Multiple Chemical Sensitivity: A 
Clinical Study of 2018 Cases. Journal of Clinical Medicine, 12(23), 7421. 
Molot, J., Sears, M., & Anisman, H. (2023). Multiple chemical sensitivity: It's time to catch up to the science. Neuroscience and 
biobehavioral reviews, 151, 105227. 
Balmori, A. (2022). Evidence for a health risk by RF on humans living around mobile phone base stations: From radiofrequency sickness 
to cancer. Environmental Research, 214, 113851. 
Belpomme, D., Campagnac, C., & Irigaray, P. (2015). Reliable disease biomarkers characterizing and identifying electrohypersensitivity 
and multiple chemical sensitivity as two etiopathogenic aspects of a unique pathological disorder. Reviews on Environmental Health, 
30(4), 251–271. 
Belpomme, D., Carlo, G. L., Irigaray, P., Carpenter, D. O., Hardell, L., Kundi, M., Belyaev, I., Havas, M., Adlkofer, F., Heuser, G., 
Miller, A. B., Caccamo, D., De Luca, C., von Klitzing, L., Pall, M. L., Bandara, P., Stein, Y., Sage, C., Soffritti, M., … Vorst, A. V. 
(2021a). The Critical Importance of Molecular Biomarkers and Imaging in the Study of Electrohypersensitivity. A Scientific Consensus 
International Report. International Journal of Molecular Sciences, 22(14), Article 14. 
Belpomme, D., & Irigaray, P. (2022). Why electrohypersensitivity and related symptoms are caused by non-ionizing man-made 
electromagnetic fields: An overview and medical assessment. Environmental Research, 212(Pt A), 113374. 
Belpomme, D., & Irigaray, P. (2020). Electrohypersensitivity as a Newly Identified and Characterized Neurologic Pathological Disorder: 
How to Diagnose, Treat, and Prevent It. International Journal of Molecular Sciences, 21(6), E1915. 
Belyaev, I., Dean, A., Eger, H., Hubmann, G., Jandrisovits, R., Kern, M., Kundi, M., Moshammer, H., Lercher, P., Müller, K., Oberfeld, 
G., Ohnsorge, P., Pelzmann, P., Scheingraber, C., & Thill, R. (2016). EUROPAEM EMF Guideline 2016 for the prevention, diagnosis 
and treatment of EMF-related health problems and illnesses. Reviews on Environmental Health, 31(3), 363–397. 
13 Heuser, G., & Heuser, S. A. (2017). Functional brain MRI in patients complaining of electrohypersensitivity after long term exposure 
to electromagnetic fields. Reviews on Environmental Health, 32(3), 291–299. 
Leszczynski, D. (2022). The lack of international and national health policies to protect persons with self-declared electromagnetic 
hypersensitivity. Reviews on Environmental Health. 
McCarty, D. E., Carrubba, S., Chesson, A. L., Frilot, C., Gonzalez-Toledo, E., & Marino, A. A. (2011). Electromagnetic hypersensitivity: 
Evidence for a novel neurological syndrome. The International Journal of Neuroscience, 121(12), 670–676. 
Redmayne M, Johansson O. Could myelin damage from radiofrequency electromagnetic field exposure help explain the functional 
impairment electrohypersensitivity? A review of the evidence. J Toxicol Environ Health B Crit Rev. 2014;17(5):247-58. 
Nilsson M, Hardell L. (2023) Development of the Microwave Syndrome in Two Men Shortly after Installation of 5G on the Roof above 
their Office. Ann Clin Case Rep. 8: 2378.  
Redmayne, M., & Reddel, S. (2021). Redefining electrosensitivity: A new literature-supported model. Electromagnetic Biology and 
Medicine, 40(2), 227–235. https://doi.org/10.1080/15368378.2021.1874971 
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generally abate in the absence of exposure. 
 
Multiple government entities on the Federal, State and Local levels have recognized EMS as a disability that 
needs to be accommodated,14 however no such accommodations are being provided for in any broadband 
infrastructure installation programs, government funded or otherwise. 
 
Despite these issues, wireless technologies are often put forward as the solution to bridge the digital divide and 
connect the unconnected.  Thus, vulnerable populations often end up receiving significantly increased exposure 
to RFR, an emerging environmental justice issue.  
 

 
Sage, C. (2015). The implications of non-linear biological oscillations on human electrophysiology for electrohypersensitivity (EHS) and 
multiple chemical sensitivity (MCS). Reviews on Environmental Health, 30(4), 293–303. 
Stein, Y., & Udasin, I. G. (2020). Electromagnetic hypersensitivity (EHS, microwave syndrome) – Review of mechanisms. 
Environmental Research, 186, 109445. 
Verma, R., Swanson, R. L., Parker, D., Ould Ismail, A. A., Shinohara, R. T., Alappatt, J. A., Doshi, J., Davatzikos, C., Gallaway, M., 
Duda, D., Chen, H. I., Kim, J. J., Gur, R. C., Wolf, R. L., Grady, M. S., Hampton, S., Diaz-Arrastia, R., & Smith, D. H. (2019). 
Neuroimaging Findings in US Government Personnel With Possible Exposure to Directional Phenomena in Havana, Cuba. JAMA, 322(4), 
336–347. 
Hardell L. and Nilsson M. (2023). Case Report: A 52-Year Healthy Woman Developed Severe Microwave Syndrome Shortly After 
Installation of a 5G Base Station Close to Her Apartment. Annals of Clinical and Medical Case Reports. V10(16): 1-10 
Hardell, L., & Nilsson, M. (2023). Case Report: The Microwave Syndrome after Installation of 5G Emphasizes the Need for Protection 
from Radiofrequency Radiation. Annals of Case Reports. 
Hardell L, Nilsson M. An Eight Year Old Boy Developed Severe Headache in A School Close to A Mast with 5G Base Stations. Ann Clin 
Case Stud. 2024; 6(1): 1093. 
Nilsson M, Hardell L (2023) A 49-Year-Old Man Developed Severe Microwave Syndrome after Activation of 5G Base Station 20 Meters 
from his Apartment. J Community Med Public Health 7: 382.  
Nilsson, M., Hardel, L. (2023). 5G Radiofrequency Radiation Caused the Microwave Syndrome in a Family Living Close to the Base 
Stations. Journal of Cancer Science and Clinical Therapeutics, 7(2), 127-134. 
Nilsson M, Hardell L, Case Report: Both Parents and their Three Children Developed Symptoms of the Microwave Syndrome while on 
Holiday near a 5G Tower. Ann Clin Med Case Rep. 2023; V12(1): 1-7 
Hardell L, Nilsson M. A Woman aged 82 years with Electromagnetic Hypersensitivity since Almost Four Decades Developed the 
Microwave Syndrome after Installation of 5G Base Stations in her Living Vicinity – Ethical Principles in Medicine are violated  Journal 
of Environmental Science and Public Health. 8 (2024): 01-08. 
 
14 Many federal agencies have recognized EMS and the need for accommodations 
In 2000 the US Architectural and Transportation Barriers Compliance Board recognized the need for special Housing for People Disabled 
by EMS. letter 
In 2002 the US Access Board - recognized that EMS can be considered a disability under the ADA 
In 2003 and again in 2020 the Social Security Administration recognized Electromagnetic Sensitivity as a Severe Impairment and 
awarded benefits 
In 2005 the National Institute of Building Sciences (NIBS) Indoor Environmental Quality (IEQ) published a Report on how to 
accommodate EMS disabled individuals IN federally funded buildings 
In 2022 the National Council on Disability: Health Equity Framework: 
Provided mandatory industry guidance, policies, training and best practices, to address the needs of people with EMS. 
The Job Accommodations Network also issued a list of guidelines to accommodate people disabled by EMS 
Just recently in 2024 the Department of Health and Human Services, rules on Nondiscrimination on the Basis of Disability in Programs 
and Activities Receiving Federal Financial Assistance 45 CFR Part 84 recognized EMS can be a disability needing ADA 
accommodations. 
Several states including the states of Alabama, Colorado, Connecticut and Florida, some Counties and Cities have issued proclamations 
OR official statements proclaiming the month of May as Electromagnetic Sensitivity Month. 
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Because of FCC wireless infrastructure preemption orders, cell antennas are being put up in front of homes and 
apartments and residents are not being notified nor are they a part of the decision-making process. Individuals 
with Electromagnetic Sensitivity (EMS) are given no option but to live in an environment that makes them sick 
or move out of their homes.15 In vulnerable and lower income communities, moving away from the exposure 
source is much more challenging. 
 
There are alternatives– choosing wired broadband over wireless can eliminate or greatly reduce RFR exposures 
to people and the environment. Because the government, as a whole, is not proactively providing 
accommodations for EMS as a disability, safer alternatives (like wired connections) are not put forth as 
solutions. 
 
The Science Ignored by the FCC 
 
An ever growing body of scientific evidence documents adverse effects from RFR at exposure levels well below 
FCC limits16 with research findings that include cancer17, the induction of oxidative stress, epigenetic effects, 
impacts to neurotransmitters, memory, brain development and damage to the immune, endocrine, hematological 
and reproductive systems.18 Further, studies have found impacts to tree canopy, plant growth, pollinator health 

 
15 Hardell L. and Nilsson M. (2023). Case Report: Summary of seven Swedish case reports on the microwave syndrome associated with 
5G radiofrequency radiation. Reviews on Environmental Health, 2024. 
Nilsson M, Hardell L. (2023) Development of the Microwave Syndrome in Two Men Shortly after Installation of 5G on the Roof above 
their Office. Ann Clin Case Rep. 8: 2378.  
Hardell L. and Nilsson M. (2023). Case Report: A 52-Year Healthy Woman Developed Severe Microwave Syndrome Shortly After 
Installation of a 5G Base Station Close to Her Apartment. Annals of Clinical and Medical Case Reports. V10(16): 1-10 
Hardell, L., & Nilsson, M. (2023). Case Report: The Microwave Syndrome after Installation of 5G Emphasizes the Need for Protection 
from Radiofrequency Radiation. Annals of Case Reports. 
Hardell L, Nilsson M. An Eight Year Old Boy Developed Severe Headache in A School Close to A Mast with 5G Base Stations. Ann Clin 
Case Stud. 2024; 6(1): 1093. 
Nilsson M, Hardell L (2023) A 49-Year-Old Man Developed Severe Microwave Syndrome after Activation of 5G Base Station 20 Meters 
from his Apartment. J Community Med Public Health 7: 382.  
Nilsson, M., Hardel, L. (2023). 5G Radiofrequency Radiation Caused the Microwave Syndrome in a Family Living Close to the Base 
Stations. Journal of Cancer Science and Clinical Therapeutics, 7(2), 127-134. 
Nilsson M, Hardell L, Case Report: Both Parents and their Three Children Developed Symptoms of the Microwave Syndrome while on 
Holiday near a 5G Tower. Ann Clin Med Case Rep. 2023; V12(1): 1-7 
Hardell L, Nilsson M. A Woman aged 82 years with Electromagnetic Hypersensitivity since Almost Four Decades Developed the 
Microwave Syndrome after Installation of 5G Base Stations in her Living Vicinity – Ethical Principles in Medicine are violated  Journal 
of Environmental Science and Public Health. 8 (2024): 01-08. 
16 Belpomme, D., Hardell, L., Belyaev, I., Burgio, E., & Carpenter, D. O. (2018). Thermal and non-thermal health effects of low intensity 
non-ionizing radiation: An international perspective. Environmental Pollution, 242, 643–658; McCredden, J. E., Cook, N., Weller, S., & 
Leach, V. (2022). Wireless technology is an environmental stressor requiring new understanding and approaches in health care. Frontiers 
in Public Health, 10; Miller, A. B., Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update, following the 2011 
IARC evaluation of radiofrequency electromagnetic fields (Monograph 102). Environmental Research, 167, 673–683.  
17 “Cell Phone Radio Frequency Radiation.” National Institute of Environmental Health Sciences, U.S. Department of Health and Human 
Services, 13 Feb. 2024, ntp.niehs.nih.gov/whatwestudy/topics/cellphones.  
18 Panagopoulos, D. J., Karabarbounis, A., Yakymenko, I., & Chrousos, G. P. (2021). Human‑made electromagnetic fields: Ion 
forced‑oscillation and voltage‑gated ion channel dysfunction, oxidative stress and DNA damage (Review). International Journal of 
Oncology, 59(5), 92; McCredden, J. E., Cook, N., Weller, S., & Leach, V. (2022). Wireless technology is an environmental stressor 
requiring new understanding and approaches in health care. Frontiers in Public Health, 10; Davis, D., Birnbaum, L., Ben-Ishai, P., Taylor, 
H., Sears, M., Butler, T., & Scarato, T. (2023). Wireless technologies, non-ionizing electromagnetic fields and children: Identifying and 
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and the orientation, migration and breeding of wildlife.19 The science clearly indicates that wireless networks 
create harmful interference in humans as well as flora and fauna. Yet no government agency is monitoring 
exposure levels and regulating it. 
 
One of the many examples in research studies on the effects of cell tower ambient RFR is a newly published 
report investigating20 individuals with higher RFR exposure due to living near cell tower base station antennas 
for at least 5 years and found significantly higher chromosomal aberrations in their blood tests. The study 
entitled “Evaluation of oxidative stress and genetic instability among residents near mobile phone base stations 
in Germany” published in the journal Ecotoxicology and Environmental Safety corroborates numerous other 
studies21 that have linked adverse impacts such as cancer and biochemical impacts to cell tower RF radiation.  
 
U.S. Government Regulations are Inadequate 
 
At this time the US government does not monitor rising levels nor ensures compliance in any meaningful way 
related to RF radiation. Research shows that the environmental levels of RFR, that people are exposed to, have 
increased with the densification of cell tower networks closer to where people live, work and play and levels are 

 
reducing health risks. Current Problems in Pediatric and Adolescent Health Care, 53(2), 101374; Directorate-General for Parliamentary 
Research Services (European Parliament), & Belpoggi, F. (2021). Health impact of 5G: Current state of knowledge of 5G related 
carcinogenic and reproductive/developmental hazards as they emerge from epidemiological studies and in vivo experimental studies. 
Publications Office of the European Union.  
19 Levitt, B. B., Lai, H. C., & Manville, A. M. (2022b). Effects of non-ionizing electromagnetic fields on flora and fauna, Part 2 impacts: 
How species interact with natural and man-made EMF. Reviews on Environmental Health, 37(3), 327–406; Thill A, Cammaerts MC, 
Balmori A. Biological effects of electromagnetic fields on insects: a systematic review and meta-analysis. Rev Environ Health. 2023 Nov 
23 ;   
Jérémy S. P. Froidevaux, Laura Recuero Virto, Marek Czerwiński, Arno Thielens, and Kirsty J. Park Addressing Wildlife Exposure to 
Radiofrequency Electromagnetic Fields: Time for Action Environmental Science & Technology Letters, 2024, 11, 1, 3–4 ; Balmori A. 
(2024) Radio-tracking systems emit pulsed waves that could affect the health and alter the orientation of animals, Journal for Nature 
Conservation Volume 77, January ; Balmori A. (2021) Electromagnetic radiation as an emerging driver factor for the decline of insects. 
Science of the Total Environment. 767: 144913 ; Balmori, A. (2015). Anthropogenic radiofrequency electromagnetic fields as an 
emerging threat to wildlife orientation. Science of The Total Environment, 518–519, 58–60; Sivani, S, and D. Sudarsanam. (2012): 
"Impacts of radio-frequency electromagnetic field (RF-EMF) from cell phone towers and wireless devices on biosystem and ecosystem-a 
review." Biology and Medicine 4, no. 4 202-216. 
20 Gulati S, Mosgoeller W, Moldan D, Kosik P, Durdik M, Jakl L, Skorvaga M, Markova E, Kochanova D, Vigasova K, Belyaev I. 
Evaluation of oxidative stress and genetic instability among residents near mobile phone base stations in Germany. Ecotoxicol Environ 
Saf. 2024 Jul 1;279:116486. doi: 10.1016/j.ecoenv.2024.116486. Epub 2024 May 30. PMID: 38820877. 
21 Balmori A. Evidence for a health risk by RF on humans living around mobile phone base stations: From radiofrequency sickness to 
cancer Environ Res. 2022 Nov; 214; Dode, A. C., Leão, M. M. D., Tejo, F. de A. F., Gomes, A. C. R., Dode, D. C., Dode, M. C., Moreira, 
C. W., Condessa, V. A., Albinatti, C., & Caiaffa, W. T. (2011). Mortality by neoplasia and cellular telephone base stations in the Belo 
Horizonte municipality, Minas Gerais state, Brazil. Science of The Total Environment, 409(19), 3649–3665; Levitt, B. B., & Lai, H. 
(2011).Biological effects from exposure to electromagnetic radiation emitted by cell tower base stations and other antenna arrays. 
Environmental Reviews, 19(NA), 495–495; Zothansiama, Zosangzuali, M., Lalramdinpuii, M., & Jagetia, G. C. (2017). Impact of 
radiofrequency radiation on DNA damage and antioxidants in peripheral blood lymphocytes of humans residing in the vicinity of mobile 
phone base stations. Electromagnetic Biology and Medicine, 36(3), 295–305; Zosangzuali, M., Lalremruati, M., Lalmuansangi, C., 
Nghakliana, F., Pachuau, L., Bandara, P., Zothan, S., 2021. Effects of radiofrequency electromagnetic radiation emitted from a mobile 
phone base station on the redox homeostasis in different organs of Swiss albino mice. Electromagn Biol Med 40, 393-407; Rodrigues, N. 
C. P., Dode, A. C., de Noronha Andrade, M. K., O’Dwyer, G., Monteiro, D. L. M., Reis, I. N. C., Rodrigues, R. P., Frossard, V. C., & 
Lino, V. T. S. (2021). The Effect of Continuous Low-Intensity Exposure to Electromagnetic Fields from Radio Base Stations to Cancer 
Mortality in Brazil. International Journal of Environmental Research and Public Health, 18(3),  
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highest in urban areas.22 As an example, a 2018 multi-country study found ambient RF measurements in Los 
Angeles, California are now 70 times higher than levels measured in the City in the late ‘70s, as part of a twelve-
city study by the FCC and EPA.23.  
 
Currently, the public is largely unaware that there are warnings buried in every cell phone to keep the phone at 
least 5 millimeters away from the user’s body.  Wireless networks and devices are not properly measured to 
ascertain if existing exposure levels are being violated.   
 
FCC limits are inadequate to address long term health effects from daily exposure to wireless radiation. As stated 
by the EPA, FDA, and Department of Interior, current FCC guidelines address heating effects of short term 
exposures only.24 Current FCC human exposure guidelines were based on now antiquated limits developed by 
ANSI/IEEE C95.1-1992 and NCRP’s 1986 Report. These limits identified the level of adverse effects based on 
studies which exposed a few monkeys and rats to RF radiation for less than one hour, more than 40 years ago. 
They do not consider the biological effects of non-thermal or long-term low-level exposures of radiofrequency 
radiation documented in the scientific literature.25  Current guidelines also do not consider the documented 
effects of radiofrequency modulations and pulsation on living cells. As the DC Circuit recognized, these 
antiquated studies are a far cry from properly assessing the health and environmental impacts of modern 
technology and ubiquitous wireless devices. 
 

 
22 Brown, R. (2022). Assessment of radiofrequency radiation intensity on 35 Main Streets throughout Pennsylvania, USA during the fall 
of 2021. American Journal of Multidisciplinary Research & Review. 1(4). 8-20; Mazloum, T., Aerts, S., Joseph, W., & Wiart, J. (2019). 
RF-EMF exposure induced by mobile phones operating in LTE small cells in two different urban cities. Annals of Telecommunications, 
74(1), 35–42.; Koppel, T., Ahonen, M., Carlberg, M., Hedendahl, L. K., & Hardell, L. (2019). Radiofrequency radiation from nearby 
mobile phone base stations-a case comparison of one low and one high exposure apartment. Oncology Letters, 18(5), 5383–5391; Koppel, 
T., & Hardell, L. (2022). Measurements of radiofrequency electromagnetic fields, including 5G, in the city of Columbia, SC, USA. World 
Academy of Sciences Journal, 4(3), 1–12.; El-Hajj, A. M., & Naous, T. (2020). Radiation Analysis in a Gradual 5G Network Deployment 
Strategy. 2020 IEEE 3rd 5G World Forum (5GWF), 448–453.; Boussad Y, Chen XL, Legout A, Chaintreau A, Dabbous W. (2022) 
Longitudinal study of exposure to radio frequencies at population scale. Environ Int.Apr;162:107144  
23 Sagar, S. et al. (2018). Comparison of radiofrequency electromagnetic field exposure levels in different everyday microenvironments in 
an international context. Environment International, Volume 114, 297-306.  
24 Guidelines of the FCC, ICNIRP and IEEE are based on protection for short term heating, not for long term exposures.  In 1999, the 
FDA stated in its Nomination to the National Toxicology Program to study wireless radiation that, “As noted above, the existing exposure 
guidelines are based entirely on protection from acute injury from thermal effects of RF exposure, and may not be protective against any 
non-thermal effects of chronic exposures.” FDA Nomination from FDA’s Center from Device and Radiological Health Radio Frequency 
Radiation Emissions of Wireless Communication Devices (CDRH) May 19, 1999  
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/chem_background/exsumpdf/wireless051999_508.pdf;  EPA’s Norbert Hankin 
clarified that the FCC’s 1996 RF limits do not protect against all effects stating that, “federal health and safety agencies have not yet 
developed policies concerning possible risk from long-term, nonthermal exposures” in a 2002 letter https://ehtrust.org/wp-
content/uploads/4c0f61dc30c3d6bb27d90f53a57c616e.pdf 
George Brozowski Regional Health Physicist of the  EPA’s 2014 letter stated, “The standards are intended to prevent adverse health 
effects that may be associated with tissue heating, but are not intended to address low intensity (non-thermal), long-term (chronic) 
exposures. Investigation as to whether there may be effects from exposures too low to cause heating is continuing.” The US Department 
of the Interior stated in a 2014 letter to the NTIA that, “the electromagnetic radiation standards used by the Federal Communications 
Commission (FCC) continue to be based on thermal heating, a criterion now nearly 30 years out of date and inapplicable today.”  
25 International Commission on the Biological Effects of Electromagnetic Fields (ICBE-EMF), (2022). Scientific evidence invalidates 
health assumptions underlying the FCC and ICNIRP exposure limit determinations for radiofrequency radiation: implications for 5G. 
Environ Health. Oct 18;21(1):92.   
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No federal agency with health or science expertise has evaluated the comprehensive body of scientific research 
on the human health and environmental impacts of wireless radiation. Yet an ever growing body of scientific 
evidence documents adverse effects from RFR at exposure levels well below the FCC limits.26  Attachment 2 and 
Attachment 3 below document the significant body of scientific evidence indicating adverse effects to humans 
and the environment from radiofrequency exposure. 
 
Neither FCC, nor the Food and Drug Administration (FDA), have yet to address their responsibilities to ensure 
public health and environmental protection.  As documented in Attachment 1 on Regulatory Gaps, there are no 
federal agencies with health and science expertise engaged in activities related to reviewing the science on health 
effects of rising environmental RF levels from network infrastructure.  
 
Furthermore, other countries are objectively measuring RF radiation throughout their populated areas, and 
making that real-time information available to the public, regulators and researchers. No such exposure 
monitoring is being conducted in the United States. 
 
See below for the following information:  
ATTACHMENT 1: Recommendations for the NEJAC and EPA 
ATTACHMENT 2: Today’s Regulatory Gap Regarding Radiofrequency Bioeffects  
ATTACHMENT 3: Radio-frequency Radiation Impacts on the Environment 
ATTACHMENT 4: Radio-frequency Radiation Impacts on Human Health   
ATTACHMENT 5: Legal and Liability Issues of Wireless  
 
We are happy to provide the NEJAC with additional information and resources. 
 
Sincerely, 
 
Rola Masri 
Director of Government Outreach 
Environmental Health Trust 
RolaMasri@EHTrust.org 

 
 
cc:   Kent Chamberlin, President, EHT 
 Joseph M. Sandri, General Counsel & VP Legal Affairs 
 
 
 

 
26 Belpomme, D., Hardell, L., Belyaev, I., Burgio, E., & Carpenter, D. O. (2018). Thermal and non-thermal health effects of low intensity 
non-ionizing radiation: An international perspective. Environmental Pollution, 242, 643–658; McCredden, J. E., Cook, N., Weller, S., & 
Leach, V. (2022). Wireless technology is an environmental stressor requiring new understanding and approaches in health care. Frontiers 
in Public Health, 10; Miller, A. B., Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update, following the 2011 
IARC evaluation of radiofrequency electromagnetic fields (Monograph 102). Environmental Research, 167, 673–683.  
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ATTACHMENT 1: Recommendations for the NEJAC and EPA 
 
 
EHT RECOMMENDATIONS 
 
Recommendation 1: Launch Government education programs on the impacts of RF exposure to 
humans, especially children, pregnant people, the sick and the elderly and ways to mitigate these 
impacts.27  
 
Buried in each cell phone sold in the United States is a warning to keep the call phone at least 5-millimeters 
away from the user’s skin.  That information should be highlighted, especially to parents of small children and to 
the vulnerable. 

Example: 
Samsung Galaxy Z Fold 3 5G 

"Body-worn SAR testing has been carried out at a separation distance of 1.5 cm. 
To meet RF exposure guidelines during body-worn operation, the device should be 

positioned at least this distance away from the body.” 
 
Environmental Health Trust has developed public health fact sheets and educational resources to communicate 
all the ways to reduce everyday wireless exposures.28   More outreach needs to be done with the American public 
so they understand this issue. We recommend a multimedia educational campaign.  
 
 
Recommendation 2: EPA re-establish electromagnetic field programs that ensure health and 
environmental safety that would motivate the industry to “compete on safety.” 
 
In 2019, when the FCC issued its decision not to update its exposure limits, it interpreted the silence of federal 
agencies to mean agreement with the 1996 guidelines, stating in its November 9, 2020 brief that, “no other 
agency advocated tightening the limits” and “the agency reasonably concluded that the weight of the scientific 
and health evidence, and particularly the judgment of federal agencies expert in health matters, demonstrated that 
no changes were warranted.” However the The U.S. Court of Appeals for the D.C. Circuit 2021, in, 
Environmental Health Trust et al. v. FCC, 29 rejected such reasoning as “arbitrary and capricious” and in 
violation of the Administrative Procedures Act. The Court found no indication—no reports, no reviews, no 

 
27 Davis, D., Birnbaum, L., Ben-Ishai, P., Taylor, H., Sears, M., Butler, T., & Scarato, T. (2023). Wireless technologies, 
non-ionizing electromagnetic fields and children: Identifying and reducing health risks. Current Problems in Pediatric and 
Adolescent Health Care, 53(2), 101374; Clegg, F. M., Sears, M., Friesen, M., Scarato, T., Metzinger, R., Russell, C., 
Stadtner, A., & Miller, A. B. (2020). Building science and radiofrequency radiation: What makes smart and healthy 
buildings. Building and Environment, 176, 106324.   
28 Printable Resources - Environmental Health Trust and Factsheets on Safe Technology - Healthy Tech at Home Project  
and Educational Materials for Classrooms - Environmental Health Trust  

29 https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-1910111.pdf 
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analysis—that the FDA, nor any other agency, had looked at all the scientific evidence and submitted an analysis 
to the official FCC record, stating:   
 

“The silence of other expert agencies, however, does not constitute a reasoned explanation for the 
Commission’s decision to terminate its notice of inquiry for the same reason that the FDA’s conclusory 
statements do not constitute a reasoned explanation: silence does not indicate why the expert agencies 
determined, in light of evidence suggesting to the contrary, that exposure to RF radiation at levels below 
the Commission’s current limits does not cause negative health effects unrelated to cancer. Silence does 
not even indicate whether the expert agencies made any such determination, or whether they considered 
any of the evidence in the record.”  

 
The Court concluded that the FCC had failed to take into account scientific findings relevant to the impacts of 
radiofrequency radiation (RFR) on children, on long-term impacts and on the ubiquity of wireless devices and 
other major technological changes since the 1996 RFR exposure guidelines were first promulgated. The court 
also found that the FCC “completely failed even to acknowledge, let alone respond to, comments concerning the 
impact of RF radiation on the environment. That utter lack of a response does not meet the Commission’s 
obligation to provide a reasoned explanation for terminating the notice of inquiry.”30 The Court remanded further 
action to the FCC to address its exposure guidelines as they relate to: 

● impacts on children and the environment (wildlife),  
● implications of long term exposures,  
● ubiquity of wireless devices,  
● major technological changes since 1996 and  
● cell phone and wireless device premarket RF compliance tests  

 
Despite the 2021 court order, the FCC has taken no action to justify its refusal to update the 1996 
radiofrequency radiation exposure guidelines. Since the FCC admits that they are not a health and environment 
agency, we ask that the NEJAC recommend to the EPA re-establish electromagnetic field programs that ensure 
health and environmental safety. This would force the telecom industry to compete on safety just as the car 
industry has done. 
 
Recommendation 3: Ensure that proper NEPA reviews are being conducted on infrastructure 
emitting radio frequency radiation that considers impacts of RF exposures and structural 
impacts. 
 
Studies have found that environmental RF levels generated from RF emissions of cell towers, base station 
network antennas, satellites and other wireless networks have significantly increased over the last few decades, 
with higher levels in urban areas and in areas in closer proximity to wireless network antennas, especially in 
locations within the main beams of the antennas.31  

 
30 https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-1910111.pdf 

31 Brown, R. (2022). Assessment of radiofrequency radiation intensity on 35 Main Streets throughout Pennsylvania, USA 
during the fall of 2021. American Journal of Multidisciplinary Research & Review. 1(4). 8-20;Baltrėnas, P., Buckus, R., & 
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Yet, the FCC has never done an environmental impact statement on the individual or cumulative impacts of its 
spectrum auctions, which have raised $233 billion to date, nor on the allocation of these proceeds to various 
programs to deploy wireless networks. The FCC has not considered those funding decisions under NEPA, and so 
have not considered them to be major federal actions. In 1986, the FCC categorically excluded most of its 
actions from NEPA review.32  
 
The FCC relies on licensees to measure emission levels and prepare environmental assessments (EA) if needed 
and self-report any exceedances or potential exceedances.33 It is indisputable that NEPA is a federal obligation 
yet the FCC has delegated to the licensees and the carriers the determination of whether a Categorical Exclusion 
applies. Carriers have a due diligence checklist with different requirements to check off yet this document is 
never submitted to the FCC if the applicant determines that the facility is categorically excluded; the FCC has no 
records of carriers doing their due diligence. Only a review finding of a potentially significant environmental 
effect that triggers an Environmental Assessment (EA) gets submitted to the FCC. If nothing is triggered on the 
checklist, then the applicant starts building without the public having access to the checklist and measurements, 
and no ability to refute or comment on the project.  
 
We ask the NEJAC to advise the EPA to work with the FCC to ensure that adequate NEPA reviews are being 
conducted on proposals regarding wireless infrastructure buildout with an analysis that includes health and 
environmental RFR related impacts, cumulative impacts, as well as structural impacts. We recommend that the 
EPA ensure the FCC follow the same NEPA rules that other agencies have to follow in funded government 
programs. Further, full transparency is needed so that all environmental reviews are publicly posted and easily 
accessible.  
 
Recommendation 4: Ensure that a comprehensive government registry of all wireless transmitting 
infrastructure (including commercial, government and private projects) is maintained. This 
database must include not just macro towers but also 4G and 5G “small cell” facilities and 
rooftop mounted base station network antennas. This database must be transparently posted 

 
Vasarevičius, S. (2012). Research and evaluation of the intensity parameters of electromagnetic fields produced by mobile 
communication antennas. Journal of Environmental Engineering and Landscape Management, 20(4), 273–284; Bhatt, C. 
R., Redmayne, M., Billah, B., Abramson, M. J., & Benke, G. (2017). Radiofrequency-electromagnetic field exposures in 
kindergarten children. Journal of Exposure Science & Environmental Epidemiology, 27(5), 497–504; Boussad Y, Chen XL, 
Legout A, Chaintreau A, Dabbous W. (2022) Longitudinal study of exposure to radio frequencies at population scale. 
Environ Int.Apr;162:107144 ; Mazloum, T., Aerts, S., Joseph, W., & Wiart, J. (2019). RF-EMF exposure induced by mobile 
phones operating in LTE small cells in two different urban cities. Annals of Telecommunications, 74(1), 35–42.; Urbinello, 
D., Joseph, W., Verloock, L., Martens, L., & Röösli, M. (2014). Temporal trends of radio-frequency electromagnetic field 
(RF-EMF) exposure in everyday environments across European cities. Environmental Research, 134, 134–142. 
32 Federal Register at page 14999 
https://www.govinfo.gov/content/pkg/FR-1986-04-22/pdf/FR-1986-04-22.pdf 
47 CFR 1.1306 
https://www.ecfr.gov/current/title-47/section-1.1306 

33 FCC Public Notice – April 27, 2000, Year 2000 Deadline For Compliance With Commission’s Regulations Regarding 
Human Exposure To Radiofrequency Emissions  https://www.federalregister.gov/documents/2000/05/05/00-11237/year-
2000-deadline-for-compliance-with-commissions-regulations-regarding-human-exposure-to 



 
  

 
ENVIRONMENTAL HEALTH TRUST  

ehtrust.org I healthytechhome.org I wirelessandwildlife.org 
PO Box 53 Teton Village, WY 83025 

 13 

online and easy to navigate.  
 
Currently, according to the FCC, “The FCC does not have a comprehensive, transmitter-specific database for all 
of the services it regulates. …  In some services, licenses are allowed to utilize additional transmitters or to 
increase power without notifying the FCC.  Other services are licensed by geographic area, such that the FCC 
has no knowledge concerning the actual number or location of transmitters within that geographic area.”34 
 
To better understand exposure to the population, it is imperative that all the base station network wireless 
antenna facilities including commercial, government and private projects are registered in a comprehensive 
government database which is transparently posted online and easy to navigate.  
 
Recommendation 5: Ensure the measuring, monitoring and mapping of RF levels.  
 
Numerous countries regularly measure and map RF levels.  These countries include Qatar,  France , Spain, 
Austria, Greece, Turkey, India, Israel, Gibraltar, Brussels, Belgium,  Switzerland, Bulgaria, Tunisia, Malta, 
Brazil, Bahrain, Monaco, French Polynesia, Bhutan, Senegal.  In contrast, here in the United States, the EPA 
released the last report on RFR measurements in 1986 .  
 
According to the FCC, “The FCC does not have the resources or the personnel to routinely monitor the exposure 
levels at all of the thousands of transmitters that are subject to FCC jurisdiction.  …  In addition, the FCC does 
not routinely perform RF exposure investigations unless there is a reasonable expectation that the FCC exposure 
limits may be exceeded.”35  
 
As stated in a 2020 GAO report36, “Measuring RF exposure in observational studies is a challenge, but these 
types of studies are of interest in making policy relevant recommendations.” In addition to supporting informed 
policy decisions, measuring, monitoring and mapping RF levels would also benefit researchers to compare health 
outcomes of individuals with higher versus those with lower exposures. Continuous monitoring would benefit 
the public, especially sensitive populations like children, pregnant women, the sick, the elderly and those who 
have been harmed by RFR so they can manage their exposures. RF levels should also be monitored in 
wilderness, conservation and ecologically sensitive areas to protect wildlife and plants.  
 
We ask that the EPA resume adequate data gathering regarding measuring, monitoring and mapping of RF levels 
nationwide. Information resulting from continuous RFR measurements is essential for the public, policymakers 
and scientists to study and make informed decisions. 
 
Recommendation 6: Ensure enforcement for radiofrequency radiation exposure guidelines. 

 
34 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
frequency-safety/faq/rf-safety 

35 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
frequency-safety/faq/rf-safety 

36 United States Government Accountability Office Report on Technology Assessment, 5G Wireless, Capabilities and 
Challenges for an Evolving Network; November 2020. https://www.gao.gov/assets/gao-21-26sp.pdf 
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With no routine monitoring of RF exposure levels, people and the environment are at risk of exposures to RF 
levels that exceed current FCC guidelines. Currently, the government relies on the industry to measure and 
police itself in conducting emission testing on their own wireless facilities. Further, FCC has no program to 
ensure wireless facilities are compliant regarding signage and other compliance issues.   
 
The FCC has stated that, “There have been a few situations around the country where RF levels in publicly 
accessible areas have been found to be higher than those recommended in applicable safety standards.”37 Yet, the 
FCC has no meaningful compliance or post market, post deployment surveillance program in place. Thus, 
current FCC activities are inadequate for towers, rooftop facilities and 4G/5G small cells. Some estimates 
purport up to 80% of rooftop sites are out of compliance.38 5G antenna systems that create beams of higher 
power and intensity have exacerbated both the lack of compliance and the risk. As a recent example, an RF study 
submitted to the FDA39 utilizing RF measurements with professional grade calibrated spectrum management 
tools found RF exceedances. Measurements revealed that according to Crest Factor analysis, the emissions 
routinely spiked to 132-to-264% beyond the FCC Human RF exposure standard.  
 
RF regulatory limit violations are likely endemic to rooftop installations nationwide as compliance violations 
have been documented for years, with minimal FCC enforcement.40 In 2012, EMR Policy Institute filed 101 
documented complaints41 with the FCC regarding RF violations, and the FCC took no action, except for one 
incident against Verizon. A 2014 investigation by the Wall Street Journal “Cellphone Boom Spurs Antenna-
Safety Worries”42  found “one in 10 sites violates the rules, according to six engineers who examined more than 
5,000 sites during safety audits for carriers and local municipalities.”  
 
Since then, FCC rules that have mandated automatic approvals for adding antennas at existing cell sites and 
“streamlined” placement of new 5G/4G facilities by preempting state and local authority, have resulted in 
massive antenna proliferation nationwide. Yet, no oversight is required to ensure compliance. As an example, 5G 
poles are constructed and permitted by local authorities with no requirement for yearly RF checks to ensure FCC 
compliance. Furthermore, when facilities are determined to be out of compliance and recommendations are made 

 
37 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
frequency-safety/faq/rf-safety 
38Spectrum Cellular Management https://spectrumcm.com/knowledge/  “SCM estimates that 80% of all cellular roofs are 
NOT FCC safety compliant. 5G is estimated to be 20X more powerful than 4G. All cellular landlords MUST be better 
insured, properly indemnified, FCC safety compliant, and accurately compensated for the liability landlords’ burden.” 
39 Americans for Responsible Technology Petition for Imminent Hazard Rulemaking. Starting at page 225 with statement by 
Sally Jewell Coxe as well as the ATTACHMENT 1 RF Exposure Analysis: 2701 Connecticut Avenue, NW, Washington, 
DC Cardinal Communications, a Division of Thought Delivery Systems, Inc. for THE BALANCE GROUP. 
40 Marv Wesssell’s PPT includes FCC slides used in an April 4, 2005 Enforcement Bureau that were presented at a Las 
Vegas IWCE trade show; the slide indicates several antennas out of compliance.  No enforcement action was taken. 
41 Wireless Industry Safety Failure Introduction 
42 “It’s like having a speed limit and no police,” said Marvin Wessel, an engineer who has audited more than 3,000 sites 
and found one in 10 out of compliance. Cellphone Boom Spurs Antenna-Safety Worries Many Sites Violate Rules Aimed at 
Protecting Workers From Excessive Radio-Frequency Radiation https://www.wsj.com/articles/cellphone-boom-spurs-
antenna-safety-worries-1412293055?mod=WSJ_hpp_MIDDLE_Video_second 
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in RF compliance reports, there are no systems in place to verify that required actions were taken to bring a site 
to compliance.   
 
Cell phone studies by the FCC, as well as Canadian and French governments have found that cell phone RF 
levels exceed FCC’s human exposure limits when laboratory-tested in close proximity (in direct body contact 
and/or with a 2 mm separation as in a tight pocket) usage positions.43  Yet the FCC has no post market 
compliance program in place to enforce RF guidelines for cell phones or personal devices as well as for base 
station antennas.  
 
We recommend that the EPA ensure an adequate oversight and enforcement program regarding radiofrequency 
radiation exposure guideline compliance.  
 
Recommendation 7: Ensure that the proper agencies are engaged in ongoing research and 
literature monitoring related to biological impacts in real world environmental exposures.   
 
Currently, there is no agency or agencies with funded activities to ensure the totality of research is reviewed to 
ensure public and environmental safety. Instead, programs are being closed down.  As demonstrated in  
Attachment 2 (Environmental impacts)  and Attachment 3 (Human health impacts)  biological, health and 
environmental effects are well documented in the scientific literature. A large-scale animal study published in 
Environmental Research found that rats exposed to the same RF levels of cell tower emissions had elevated 
cancers, the very same cancers that were found in the US National Toxicology Program (NTP) animal study on 
cell phones that found “clear evidence” of cancer in carefully controlled conditions. Despite these findings, all 
NTP studies have now ceased44.  
 
Further, current RF exposure guidelines do not protect wildlife, insects, plants and trees as FCC guidelines were 
developed for humans, not flora or fauna. A broad range of impacts to plants and animals are documented in an 
ever growing base of research studies, yet no environmental agency has activities to review the science. See 
Attachment 1 on the Regulatory Gap and lack of federal agency activities. See Attachment 2 for detailed 
scientific information on environmental impacts of RFR, including impacts to plant growth and tree canopy.  
 

 
43 France cell phone test program found phones exceed limits that when converted to US test procedures could mean 
exceedances up to 11 times the FCC limit. See Gandhi, O. P. (2019). Microwave Emissions From Cell Phones Exceed 
Safety Limits in Europe and the US When Touching the Body. IEEE Access, 7, 47050–47052, See also PhoneGate Alerte 
documenting the 48 cell phones either software updated or withdrawn from the market due to violations of French RF limit 
https://phonegatealert.org/france-liste-portables-dangereux/; The FCC cell phone SAR test data showing phones tested 2mm 
separation distance from body exceeded RF human exposure limits was released under FOIA. Details on the FCC tests can 
be found at https://ehtrust.org/environmental-health-trust-foia-project/; EHT's Appeal Letter to the FCC; 
https://ehtrust.org/wp-content/uploads/EHT-Scarato-Appeal-RE_-FOIA-Control-Nos.-2023-000281-and-2023-000325_-
FCC-2-mm-Cell-Phone-Radiation-SAR-Tests-December-28-2023-.docx.pdf ; FCC Letter on Cell Phone Radiation Tests 
Exceeding Limits; Canada has a post market surveillance program that found exceedances of the FCC and Health Canada 
limit of 1.6W/kg for head/body local SAR in some tested phone models tested in close proximity body positions. 
https://phonegatealert.org/en/unsafe-canadian-cell-phones/. 
44 “Follow-Up Research on NTP’s Clear Evidence on RF Causing Malignant Tumors in Rats” IEEE, Microwave Magazine, 
Vol. 25/6, pp 16-18, June 2024 DOI:10.1109/MMM.2024.3378608 
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Recommendation 8: EPA should conduct hazard evaluations and risk assessment on FCC RFR 
exposure limits and update them accordingly. 
 
Currently no government agency is properly assessing FCC guidelines with an up to date science based review 
and quantitative risk analysis to ensure protection for humans and wildlife.   
 
The American Association of Pediatrics wrote a letter to the FCC requesting the limits be updated with the latest 
science stating45, “Current FCC standards do not account for the unique vulnerability and use patterns specific to 
pregnant women and children. It is essential that any new standard for cell phones or other wireless devices be 
based on protecting the youngest and most vulnerable populations to ensure they are safeguarded throughout 
their lifetimes.” The FCC limits use a 6-foot-tall military man as a model for compliance tests and the RF limits 
only protect against heating effects of acute short term exposures. The limits are not based on protection for 
effects from long-term/low-level exposures, children's unique vulnerabilities, the medically vulnerable, the 
elderly and those who have unique sensitivities to EMF. Yet the majority 46 of published research has found non-
thermal biological effects on humans as well as animals.  
 
Furthermore, a wireless signal is complex and uses varying polarized, modulated and pulsated waveforms, 
documented in the scientific literature to have impacts on biological systems.47 Current guidelines do not 

 
45 American Academy of Pediatrics Letters 
46 Leach, Victor, Weller, Steven and Redmayne, Mary. "A novel database of bio-effects from non-ionizing radiation" 
Reviews on Environmental Health, vol. 33, no. 3, 2018, pp. 273-280 says that “the clear majority of 2653 papers captured in 
the database examine outcomes in the 300 MHz–3 GHz range. There are 3 times more biological “Effect” than “No Effect” 
papers;” and “industry-funded studies more often than not find “No Effect”;  McCredden JE, Weller S and Leach V (2023) 
The assumption of safety is being used to justify the rollout of 5G technologies, Front. Public Health 11:1058454 says the 
majority [of existing epidemiology papers in their database] show effects from mm Wave exposures. In 2024 Dr. Henry Lai 
released updated summaries showing the majority of studies show impacts: 89% (316 of 354) RFR oxidative effects studies 
published since 1997 reported significant effects including 95% (82 of 86) studies with a SAR ≤ 0.40 W/kg (which is ten times less than 
the 4.0 W/kg threshold of harm that the FCC and the ICNIRP use to base their RFR exposure limits).70% (328 of 466) RFR genetic 
effects studies published since 1990 reported significant effects including 79% (113 of 144) studies of gene expression; 77% (333 of 435) 
RFR neurological studies published since 2007; 83% (280 of 335) RFR reproduction and development studies published since 1990; 91% 
(286 of 316) ELF/static EMF oxidative effects (or free radical) studies published since 1990; 84% (288 of 344) ELF/static EMF genetic 
effects studies published since 1990 including 95% (168 of 177) of studies of gene expression; 91% (315 of 345) ELF/static EMF 
neurological studies published since 2007; 75% (65 of 87) ELF/static EMF reproduction and development studies published since 1990. 
Dr. Lai’s analysis is posted at Dr. Joel Moskowitz of University of California Berkeleys site at 
https://www.saferemr.com/2018/02/effects-of-exposure-to-electromagnetic.html; Cucurachi et al., (2013). A review of the 
ecological effects of radiofrequency electromagnetic fields (RF-EMF). Environment International, 51, 116–140 reviewed 
113 studies finding RF-EMF had a significant effect on birds, insects, other vertebrates, other organisms, and plants in 70% 
of the studies; Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a systematic 
review and meta-analysis. Rev Environ Health. 2023 Nov 23 found “vast majority of studies found effects, generally 
harmful ones.” ; In 2010, the government of India’s Ministry of the Environment and Forest issued a report on the potential 
impacts of communication towers on wildlife, citing hundreds of research studies that found adverse effects.   The findings 
were summarized in “Impacts of Radio-Frequency Electromagnetic Field (RF-EMF) from Cell Phone Towers and Wireless 
Devices on Biosystem and Ecosystem – A Review,” published in Biology and Medicine by S. Sivani et al., (2013) 
concluding that: regarding total effects 593 of the 919 research papers collected on birds, bees, plants, other animals, and 
humans showed impacts. 180 showed no impacts, and 196 were inconclusive studies.  
47 Panagopoulos, D. J., Johansson, O., & Carlo, G. L. (2015). Polarization: A Key Difference between Man-made and 
Natural Electromagnetic Fields, in regard to Biological Activity. Scientific Reports, 5, 14914; Panagopoulos, D. J. (Ed.). 
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consider the studies showing the effects of polarization, modulations and pulsation on living cells. See 
Attachment 3 for more detailed scientific information on biological effects. Further, FCC limits and compliance 
regulations do not even consider effects on wildlife, they are not science based with a quantified understanding 
of how various species are uniquely sensitive to certain frequencies.48 As an example, pollinators absorb higher 
frequencies more intensely.49   
 
Since the FCC has always clarified that they are not a health and environmental agency50 it should not be viewed 
as the agency with expertise to set RF limits and we request that the EPA investigate the complexities of RF 
exposure and biological impacts and ensure the development of scientifically based safe levels for all living 
systems. 
 
Recommendation 9: Recommend that the EPA do health and environmental surveillance to 
quantify adverse effects to humans and wildlife associated with the cumulative radiofrequency 
environmental exposures and specifically quantify disproportionate impacts of RFR exposures to 
communities seeking environmental justice 
 
Communities who are seeking environmental justice are being targeted for increasing levels of wireless RFR 
radiation in the name of closing the digital divide. As an example, bridging the digital divide is being used to 
justify the 5G jumbo poles in New York City.51 Although generally in urban areas, affordable service is the key 
issue, not access, the wireless industry markets their networks as the vehicle to connect communities52 and 
disregards the fact that wired networks are faster, safer and more secure.  
 
Synergistic effects between chemicals and RFR found in studies will play an important role to further exacerbate 
health outcomes in communities already dealing with disproportionate pollution and chemical exposures. These 
cumulative impacts need to be quantified by the proper agencies and alternative technologies like wired cable or 
fiber optics need to be considered as alternatives to wireless connections. 
 
Cumulative impacts to people and the environment with cost to benefit assessments need to be quantified to 
assure that the U.S. is moving in the right direction with regards to how broadband is delivered. Wired internet 

 
(2022). Electromagnetic Fields of Wireless Communications: Biological and Health Effects (1st ed.). CRC Press; 
Panagopoulos, D. J., Karabarbounis, A., Yakymenko, I., & Chrousos, G. P. (2021). Human‑made electromagnetic fields: 
Ion forced‑oscillation and voltage‑gated ion channel dysfunction, oxidative stress and DNA damage (Review). International 
Journal of Oncology, 59(5), 92; Panagopoulos DJ. Comparing DNA damage induced by mobile telephony and other types 
of man-made electromagnetic fields. Mutat Res Rev Mutat Res. 2019 Jul-Sep;781:53-62.   
48 Levitt, B. B., Lai, H. C., & Manville, A. M. (2021b). Effects of non-ionizing electromagnetic fields on flora and fauna, 
Part 2 impacts: How species interact with natural and man-made EMF. Reviews on Environmental Health, 37(3), 327–406.   
49 Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a systematic review and 
meta-analysis. Rev Environ Health. 2023 Nov 23; Thielens, A., Bell, D., Mortimore, D. B., Greco, M. K., Martens, L., & 
Joseph, W. (2018). Exposure of Insects to Radio-Frequency Electromagnetic Fields from 2 to 120 GHz. Scientific Reports, 
8(1), 3924.  
50 page 4 , para 6 https://docs.fcc.gov/public/attachments/FCC-13-39A1.pdf 
51 32-Foot 5G Towers Proposed for 5 UWS Sites,  
52 Wireless in Communities of Color: Bridging the Digital Divide, 5G’s Power to Close America’s Digital Divide  
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connections can safely and more effectively provide internet connectivity with less risks to individuals and the 
environment. 
 
 
Recommendation 10: Ensure government accommodates and compensates individuals who are 
being harmed by RFR exposure 
 
As stated earlier, a segment of the population has developed or will develop EMS or microwave sickness, a 
debilitating reaction to electromagnetic fields including RFR. EMS is well documented in the medical literature. 
53 54 Electromagnetic related disability is recognized by the US government and multiple other entities.55 In 
addition, certain segments of the population are more vulnerable to radiofrequency impacts, including children, 
pregnant women, the sick and the elderly.56  Government should guarantee accommodations for these 
individuals. Government should also have funds to compensate those severely injured. 
 
Recommendation 11: Recommend for EPA to expand Section 112 under the Clean Air Act to 
specifically include all wireless and cell tower radiofrequency radiation as a pollutant 
 
Wireless electromagnetic radiation is a growing environmental pollutant and yet the EPA is not ensuring public 
safety in regards to the exposure and has no funded activities in regards to EMF health or environmental 
effects.57  Sources include cell towers and 5G/4G networks and other transmitters that are increasingly being 
erected closer to where people live, work, school and recreate. The EPA's last report on the biological effects of 
electromagnetic fields was dated 1984.58  Prior to that the EPA was regularly measuring levels nationwide and 
studying the effects of wireless radiation.59 

 
53 Hocking B. Microwave sickness: a reappraisal. Occup Med (Lond). 2001 Feb;51(1):66-9. doi: 
10.1093/occmed/51.1.66. PMID: 11235831. 
54 Carpenter DO. The microwave syndrome or electro-hypersensitivity: historical background. Rev Environ Health. 
2015;30(4):217-22. doi: 10.1515/reveh-2015-0016. PMID: 26556835. 

55 Resources on Electromagnetic Sensitivity and Accommodations - Environmental Health Trust  
56 Davis, D., Birnbaum, L., Ben-Ishai, P., Taylor, H., Sears, M., Butler, T., & Scarato, T. (2023). Wireless technologies, 
non-ionizing electromagnetic fields and children: Identifying and reducing health risks. Current Problems in Pediatric and 
Adolescent Health Care, 53(2), 101374; Miller, A. B., Sears, M. E., Morgan, L. L., Davis, D. L., Hardell, L., Oremus, M., & 
Soskolne, C. L. (2019). Risks to Health and Well-Being From Radio-Frequency Radiation Emitted by Cell Phones and 
Other Wireless Devices. Frontiers in Public Health, 7; Redmayne, M., & Johansson, O. (2015). Radiofrequency exposure in 
young and old: Different sensitivities in light of age-relevant natural differences. Reviews on Environmental Health, 30(4), 
323–335;Sage, C., & Burgio, E. (2018). Electromagnetic Fields, Pulsed Radiofrequency Radiation, and Epigenetics: How 
Wireless Technologies May Affect Childhood Development. Child Development, 89(1), 129–136; McCredden, J. E., Cook, 
N., Weller, S., & Leach, V. (2022). Wireless technology is an environmental stressor requiring new understanding and 
approaches in health care. Frontiers in Public Health, 10.  
57 Letter from Lee Ann B. Veal, Director of the Radiation Protection Division, U.S. Environmental Protection Agency to 
Theodora Scarato, Executive Director, Environmental Health Trust, (July 8, 2020)https://ehtrust.org/wp-
content/uploads/EPA-Director-Letter-on-EMFs-to-Theodora-Scarato-July-8-2020.pdf 
58 https://nepis.epa.gov/Exe/ZyPDF.cgi/300065H1.PDF?Dockey=300065H1.PDF 
59https://ehtrust.org/wp-content/uploads/2015/12/1995-Briefing-for-the-FCC-by-the-EPA-on-the-Development-of-RF-
Exposure-Guidelines.pdf 
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However, the EPA was defunded from researching this issue.60 FCC is the agency charged with maintaining 
exposure guidelines and admits that they are not a health and safety agency and they say that they defer to the 
EPA, FDA, OSHA and NIOSH for these issues. 
 
However, none of these agencies are researching for health effects, nor conducting hazard evaluations, nor 
properly re-assessing the guidelines to ensure safety,  nor are they monitoring exposures, nor performing health 
and environmental surveillance to ensure human and environmental safety. No agency is doing such research. 
 
RFR is a silent pollutant in every community and will especially exacerbate the issues in environmental justice 
communities. RFR needs to be specifically referenced as a pollutant by the EPA Section 112 of the Clean Air 
Act and appropriate actions must be taken to regulate it. Monitoring, surveillance, cumulative impact research 
and hazard evaluations need to be reinstated at the EPA to ensure public health and environmental wellbeing, 
especially with the exponential increase in RFR levels since 1984. Currently the federal government is failing to 
protect the public.  See ATTACHMENT 1: Today’s Regulatory Gap Regarding Radiofrequency Bioeffects  
 
 
 
RECOMMENDATIONS FROM OTHER EXPERT ORGANIZATIONS ON TECHNOLOGY SAFETY 
 
Recommendations of the New Hampshire State Commission on 5G Health and Environment  
 
In 2019 the New Hampshire government passed House Bill 522 “An act establishing a commission to study the 
environmental and health effects of evolving 5G technology.”61 The Commission released its  Final Report on 
Commission to Study the Environmental and Health Effects of Evolving 5G Technology62 in 2020 with findings 
that safety assurance for wireless technology “come into question because of the thousands of peer-reviewed 
studies documenting deleterious health effects associated with cellphone radiation exposure.” In its report the 
Commission issued 15 recommendations: 
 

1. Support statewide deployment of fiber optic cable connectivity with wired connections inside homes. 
2. New Hampshire schools and libraries should replace Wi-Fi with hardwired connections.  
3. Require setbacks for new wireless antennas from residences, businesses, and schools.   
4. New Hampshire health agencies educate the public on minimizing radiofrequency radiation (RFR) 

exposure with public service announcements on radio, television, and print. “Warnings concerning the 
newborn and young as well as pregnant women” 

5. Establish RFR free zones in commercial and public buildings  
6. New measurement protocols needed to evaluate high data rate, signal characteristics associated with 

 
60 https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=NHEERL&dirEntryID=47568 
61 https://www.gencourt.state.nh.us/bill_status/legacy/bs2016/ 
62 https://www.gencourt.state.nh.us/statstudcomm/committees/1474/reports/5G%20final%20report.pdf 
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biological effects and summative effects of multiple radiation sources.  
7. RFR signal strength measurements for cell sites should be done by independent contractors. 
8. NH professional licensure to offer education so home inspectors can include RFR intensity 

measurements.  
9. Warning signs to be posted in commercial and public buildings. 
10. State should measure RFR and post maps with measurements for the public.  
11. Require 5G structures to be labeled for RFR at eye level and readable from nine feet away. 
12. Engage agencies with ecological knowledge to develop RFR safety limits that will protect the trees, 

plants, birds, insects, and pollinators. 
13. Under the National Environmental Policy Act, FCC should do an environmental impact statement as to 

the effect on New Hampshire and the country as a whole from 5G and the expansion of RF wireless 
technologies. 

14. Cell phones and wireless devices should be equipped with updated software that stops cell phones from 
radiating when positioned against the body. 

15. A resolution to US Congress to require the FCC to commission an independent health study and review 
of safety limits.  

 
The American Academy of Pediatrics  
 
The American Academy of Pediatrics (AAP) has written several letters to the FCC calling on them to update 
wireless safety limits to protect children 63stating that,  “Current FCC standards do not account for the unique 
vulnerability and use patterns specific to pregnant women and children. It is essential that any new standard for 
cell phones or other wireless devices be based on protecting the youngest and most vulnerable populations to 
ensure they are safeguarded throughout their lifetimes.” 
 
The American Academy of Pediatrics states of cell towers64 that, “An Egyptian study confirmed concerns that 
living nearby mobile phone base stations increased the risk for developing: Headaches, Memory problems, 
Dizziness, Depression, Sleep problems” 
 
In response to the National Toxicology Program animal study findings of cancer and DNA damage65 from cell 
phone radiation, the AAP also issued the cell phone safety tips specifically for families66 to reduce exposure to 
wireless radiation including, “If you plan to watch a movie on your device, download it first, then switch to 
airplane mode while you watch in order to avoid unnecessary radiation exposure.”  

 
63 The American Academy of Pediatrics Letters to the FCC https://ehtrust.org/wp-content/uploads/American-Academy-of-
Pediatrics-Letters-to-FCC-and-Congress-.pdf  
AAP Letter to the FCC Chairman calling for the FCC to open up a review of RF guidelines (7/12/2012) 
AAP Letter to US Representative Dennis Kucinich in Support of the Cell Phone Right to Know Act 12/12/2012 
AAP to FCC Commissioner Mignon Clyburn and FDA Commissioner Margaret Hamburg calling for a review of RF 
guidelines 8/29/2013 
64 Electromagnetic Fields: A Hazard to Your Health? - HealthyChildren.org  
65 Cell Phone Radio Frequency Radiation 
66 Cell Phone Radiation & Children’s Health: What Parents Need to Know - HealthyChildren.org 
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The California Department of Health  
 
The California Department of Health released an advisory on how to reduce cell phone radiation67 stating 
children may be more at risk and “Although the science is still evolving, some laboratory experiments and 
human health studies have suggested the possibility that long-term, high use of cell phones may be linked to 
certain types of cancer and other health effects.” Recommendations include, "Parents should consider reducing 
the time their children use cell phones and encourage them to turn the devices off at night.”  
 
The Connecticut Department of Public Health  
 
The Connecticut Department of Public Health states in its FAQs on Cell Phones that it is “wise” to reduce cell 
phone radio frequency to one’s brain.68 
 
The North Carolina Public Health Department 
 
The North Carolina Public Health Department lists the full cancer findings of the NTP study69, the FDA stance 
and also the American Academy of Pediatrics recommendations to reduce cell phone radiation stating “there is 
some concern that exposure to non-ionizing radiation, also called radio frequency radiation, that is emitted by 
cell phones may result in an increased risk of cancer or other health effects” 
 
The Maryland State Children’s Environmental Health And Protection Advisory Council 
 
The Maryland State Children’s Environmental Health And Protection Advisory Council, whose 19 member 
Commission includes experts in public health, pediatricians, state health and environment agencies and 
legislators issued a report recommending reducing wireless exposure to children in schools and homes.70  
 
The Santa Clara Medical Association  
 
The Santa Clara Medical Association Best Practices for Technology in Schools71 recommends reducing Wi-Fi 
exposure and  restricting cell towers near schools.   
 
California Medical Association 
 

 
67 California Department of Public Health, Cell phone advisory (2017)   
68 Connecticut Department of Public Health,Cell Phone Factsheet 2015 
69 North Carolina Department of Health and Human Services,Cell Phones  2020 .  
70 The Maryland State Children’s Environmental Health and Protection Advisory Council Wi-Fi in School Report, Letter to 
the Federal Communications Commission May 1, 2019 and  “Guidelines to Reduce Electromagnetic Field Radiation”  
71  Santa Clara County Medical Association Best Practices for Safe Technology in Schools  
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In 2014, the California Medical Association passed two resolutions regarding wireless standards: 1. To “support 
efforts to reevaluate microwave safety exposure levels associated with wireless communication devices, 
including consideration of adverse non-thermal biologic and health effects from non-ionizing electromagnetic 
radiation used in wireless communications”; and 2. To “support efforts to implement new safety exposure limits 
for wireless devices to levels that do not cause human or environmental harm based on scientific research.”  
 
Scientists With Expertise in Electromagnetic Radiation  
 
Numerous medical groups have called for policies to reduce children’s exposure72.  For example, the EMF 
Scientists are over 259 scientists from 41 countries who have peer-reviewed publications on electromagnetic 
fields who made a 2015 appeal to the United Nations73 and all member States in the world to encourage the 
World Health Organization “to exert strong leadership in fostering the development of more protective EMF 
guidelines, encouraging precautionary measures, and educating the public about health risks, particularly risk to 
children and fetal development.” 
 
INTERNATIONAL RECOMMENDATIONS ON TECHNOLOGY SAFETY 
 
Austrian Medical Chamber, Cyprus Committee on Environment and Children’s Health   

● The 16 Practical Rules to Reduce Cell Phone and Wireless Radiation  
 
Athens Medical Association 

● 16 Recommendations to reduce human exposure to wireless radiation (2017)  
 
France Agency for Food, Environmental and Occupational Health & Safety (ANSES)  
2016 Report “Radiofrequency Exposure and the Health of Children”  

Recommendations of the Agency: ANSES recommends to “reconsider the regulatory exposure limits” to 
ensure “sufficiently large safety margins” to protect the health of young children and 
ANSES reiterated its recommendation, as previously stated, to reduce exposure to children: minimize 
use and prefer a hands-free kit.  

 
Belgium Health Food Environment Agency  

“Experts – including those on the Superior Health Council – advise everyone to limit their exposure to 
mobile phone radiation.” - Health Food Environment Agency of Belgium  

 
German Government   

 
72 Reykjavik Iceland Appeal on Wireless in School; Scientist 5G Appeal to the EU(2017)  
Nicosia Declaration (2017);m the International Society of Doctors for Environment 5G Appeal (2018); 2020 Consensus 
Statement of UK and International Medical and Scientific Experts and Practitioners on Health Effects of Non-Ionising 
Radiation.  
73https://ehtrust.org/wp-
content/uploads/European_Journal_on_Oncology_December_2015.International_EMF_Scientist_Appeal-2.pdf and EMF 
Scientist 
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“Of particular importance is the minimisation of children’s radiation exposure as they are still 
developing and could therefore react more sensitively in terms of health. The BfS therefore recommends 
restricting children's use of mobile phones as far as possible.” 
-German Government Recommendations from the BfS for making telephone calls on mobile phones. 

 
Ireland Department of Health  

“Children are thought to be at higher risk of health implications from the use of mobile phones. This is 
because their skulls and cells are still growing and tend to absorb radiation more easily…It is 
recommended that children use mobile phones only if absolutely necessary.”  
-Advice from the Chief Medical Officer on Mobile Phone Use, Ireland Department of Health   

 
French Polynesia 

“The use of mobile phones by children is not recommended before the age of 15: their brains have not 
matured and are more sensitive to electromagnetic waves. Parents are advised to advise their children or 
adolescents to use their phone only for essential calls.”  
Government multimedia campaign to educate the public 

 
Cyprus  

In 2017 the Minister of Culture and Education issued a directive to ban Wi-Fi from kindergartens, 
remove Wi-Fi from elementary classrooms.  The Cyprus National Committee on Environment and Child 
Health along with the Ministry of Health launched a public information campaign in 2019 that ran large 
scale ads on the backs of buses and featured 5 ways to reduce cell phone and Wi-Fi exposure.  In 2017 
the Cyprus Medical Association  issued Sixteen recommendations to reduce cell phone radiation 
exposure.  

 
Republic of Korea 

“When you are asleep or when you are relaxing, the farther away the phone is from your body, the safer 
you are.”  
 The Korea government has a website with extensive information on what electromagnetic exposures are 
and how to reduce exposure. The webpage on children and EMF has graphics that illustrate how to use 
cell phones in “safer ways” as well as educational videos on how to reduce cell phone radiation exposure 
for children and adults. 

 
United Kingdom 

“The international guidelines recommended by Public Health England (PHE) provide protection for the 
population as a whole; however, uncertainties in the science suggest some additional level of precaution 
is warranted, particularly for sources such as mobile phones where simple measures can be taken to 
reduce exposure.” 
Radio waves: reducing exposure from mobile phones - GOV.UK 

 
Turkey 
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Things to Consider When Using a Mobile Phone by the Electromagnetic Fields Health Effects Assessment 
Subcommittee on General Directorate of Public Health website 
 

● It is not recommended for pregnant women to use mobile phones. 
● Mobile phones should not be used except in emergencies, and whenever possible, wired landline 

phones should be used instead of mobile phones. 
● Conversations on mobile phones should be kept as short as possible and text messages should be 

used more.  
● When buying a mobile phone, phones with low SAR values should be preferred. 
● Mobile phones should be used and kept as far away from the body as possible. It is especially 

recommended to be away from organs such as the heart, brain and kidney. 
● Mobile phones should not be kept in baby rooms, bedrooms and near children. 

 
More government public health recommendations are found at https://ehtrust.org/reduce-cell-phone-
radiation-exposure-list-of-countries-official-recommendations/ 
 
Parliamentary Assembly of the Council of Europe 

Resolution 1815: “The Potential Dangers of Electromagnetic Fields and Their Effect on the 
Environment” which is a call to European governments to “take all reasonable measures” to reduce 
exposure to electromagnetic fields “particularly the exposure to children and young people who seem to 
be most at risk from head tumours.”  

 
European Environment Agency 

'There are many examples of the failure to use the precautionary principle in the past, which have 
resulted in serious and often irreversible damage to health and environments. Appropriate, precautionary 
and proportionate actions taken now to avoid plausible and potentially serious threats to health from 
EMF are likely to be seen as prudent and wise from future perspectives. We must remember that 
precaution is one of the principles of EU environmental policy,' says Professor Jacqueline McGlade, 
Executive Director of the European Environment Agency. 

 
The benefits of mobile telecommunications are many, but, as with other case studies in the 
Late lessons from early warnings Volume 1 (EEA, 2001) and the present report, such benefits need not 
to be accompanied by the possibility of widespread harms. Precautionary actions now to reduce head 
exposures, as pointed out by the EEA in 2007, and many others since, would limit the size and 
seriousness of any brain tumor risk that may exist. Reducing exposures may also help to reduce the other 
possible harms that are not considered in this case study. 
-European Environment Agency, Late lessons II Chapter 21 - Mobile phone use and brain tumour risk: 
early warnings early actions 
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ATTACHMENT 2: Today’s Regulatory Gap Regarding Radiofrequency Bioeffects  
 
Although the public and elected officials assume that federal agencies are engaged in radiofrequency oversight 
activities to ensure public health and environmental protection, this is inaccurate. FCC RF exposure limits are 
guidelines only, not federally developed safety standards.74 Such standards are typically promulgated by agencies 
reviewing the totality of scientific evidence, performing risk analysis, and identifying the levels at which various 
adverse effects occur, as a basis for toxicant exposure limit that ensures adequate public protection. A review of 
federal agency involvement indicates scant research and oversight activities along with serious regulatory gaps 
including but not limited to:  
 
Issues related to the FCC’s 1996 human exposure guidelines : 

● RF guidelines were designed for humans, not animals or plants, and only for effects of high intensity 
short term acute exposures. The limits were not designed to protect against effects of long term 
exposure.  

● There is no periodic or ongoing, transparent evaluation of current scientific research to ensure FCC 
limits are adequate (no hazard evaluation, quantitative risk assessment of the totality of science, 
including impacts to brain development, reproduction or immune system) by any federal agency with 
health and safety expertise. 

 
Issues related to agency authority.  

● There is no agency with authority regarding impacts of ambient environmental exposures from the RF 
emissions of cell towers and base station antennas (including 4G, 5G) which is engaged in any scientific 
activities. In the case of cell phones, FDA has shared authority with FCC, although FDA has shown only 
limited activity.  

● There is no agency with authority nor activities related to impacts of RF exposures to wildlife, animals 
and the natural environment (plants and trees.)  

 
Issues related to bioeffects research and safety testing.  

● There is no regulatory process for premarket safety testing (as currently done with drugs) to ensure new 
wireless communication frequencies, antenna systems and technologies are safe.  

● There is no federal research program on biological impacts, except for a small animal study by the 
National Toxicology Program.75  

● There is no agency carrying out pre-or post-market research activities related to evaluating the health and 
environmental impacts of new technologies (i.e, new modulations such as 5G, or  higher frequencies to 
be used in future technologies and/or antenna systems such as beamforming etc.). 

● There is no agency carrying out activities related to evaluating the health and environmental impacts of 
 

74 The FCC Website Policy on Human Exposure to Radiofrequency Electromagnetic Fields states, “At the present time there 
is no federally-mandated radio frequency (RF) exposure standard.https://www.fcc.gov/general/fcc-policy-human-exposure 
75 NTP announced in January 202424 that “No additional RFR studies are planned.” 
https://ehtrust.org/statement-by-devra-davis-phd-mph-on-the-u-s-government-national-toxicology-program-ceasing-
research-on-cell-phone-radiation/ 
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5G modulations nor for new technologies (i.e, that will use higher frequencies as well as new 
beamforming antenna systems, modulations and pulsation).  

● There is no agency with activities related to impacts of RF exposures to wildlife, animals and the natural 
environment (plants and trees.)  

 
Issues related to cell tower oversight: 

● Currently there is no federal registry for all wireless facility sites, cell towers, or small wireless 
facilities.  

● The US has no measuring, monitoring or mapping of environmental RF levels.  
● There is no federal oversight and enforcement program in place to ensure wireless facilities 

emissions are within FCC guidelines.  
● There is no agency carrying out activities related to evaluating the health and environmental impacts of 

5G modulations nor for new technologies (i.e, that will use higher frequencies as well as new 
beamforming antenna systems, modulations and pulsation).  
 

 
The Environmental Protection Agency (EPA) and RF Guideline Background  
FCC RF exposure limits are guidelines only, as they are not federally developed safety standards76 whereby 
agencies reviewed the totality of scientific evidence, performed risk analysis and identified a level of adverse 
effect to base a limit that would ensure adequate public protection. Such a process never happened.  
 
The EPA was actively engaged in research to develop proper federal safety standards for RF  that would protect 
humans from both thermal and non-thermal impacts, as it had been tasked to do by several federal agencies. 
However, just as the EPA was poised to release its RF limit recommendations in 199577 the EPA was defunded 
from all such activities.  The FCC then promulgated limits based on recommendations developed by 
industry/military connected groups (ANSI/IEEE C95.1-1992 and NCRP’s 1986 Report). At that time, the EPA 

 
76 The FCC Website  Policy on Human Exposure to Radiofrequency Electromagnetic Fields states, “At the present time there is no 
federally-mandated radio frequency (RF) exposure standard.https://www.fcc.gov/general/fcc-policy-human-exposure 
77 In 1995 the EPA had briefed both the FCC and the National Telecommunications and Information Administration 
regarding its two Phases of activities related to the development of RF exposure safety standards. Phase 1 would address 
only short-term thermal impacts of RF radiation but “does not include modulation, chronic exposure or non thermal 
[heating] impacts.”  Phase 2 would address modulated and nonthermal exposures and result in the final guidelines. See 
Memorandum from Robert F. Cleveland, Office of Engineering and Technology to FCC Secretary, Ex Parte Presentation by 
U.S. Environmental Protection Agency (March 22, 1995) 
Three months later, EPA informed the FCC that its final RF guidelines  “are essentially complete” and entering the review 
phase which would include a review by the Radiofrequency Interagency Work Group as well as stakeholders. Letter from E. 
Ramona Trovata, EPA, Office of Radiation and Indoor Air, to Richard M. Smith, Chief, FCC, Office of Engineering and 
Technology (June 19,1995) 
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specifically recommended78 that an “updated, comprehensive review of the biological effects” be initiated as the 
IEEE and NCRP recommendations were based on pre-1986 studies.79  
 
Although the FCC’s 2013 inquiry stated, ”Since the Commission is not a health and safety agency, we defer to 
other organizations and agencies with respect to interpreting the biological research necessary to determine what 
levels are safe,” there has been no updated federal review since 1996.  
 
Yet, in 2019, when the Commission issued its decision not to update its exposure limits, it stated that it “took 
into account” views from other expert agencies and standard-setting organizations. The FCC interpreted the 
silence of federal agencies to mean agreement with the 1996 guidelines, stating in its 11/9/2020 brief that, “no 
other agency advocated tightening the limits” and “the agency reasonably concluded that the weight of the 
scientific and health evidence, and particularly the judgment of federal agencies expert in health matters, 
demonstrated that no changes were warranted.” As mentioned earlier, the DC Circuit, in, EHT et al. v. FCC, 
rejected the FCC’s conclusion as “arbitrary and capricious” and in violation of the Administrative Procedures 
Act. 
 
In July 8, 2020, Lee Ann B. Veal, Director of the EPA Radiation Protection Division Office of Radiation and 
Indoor Air wrote80 Theodora Scarato, EHT Executive Director,  that "EPA’s last review was in the 1984 
document Biological Effects of Radiofrequency Radiation81. The EPA does not currently have a funded mandate 
for radiofrequency matters.”  
 
Federal agencies have not shown a review of the totality of the science (including impacts to the nervous, 
reproductive and immune systems of humans and animals)  to issue such a “judgment.”   The reality is that 
federal agencies are not engaged in researching and evaluating the numerous biological effects of RF to humans, 
flora and fauna. That is why federal agencies such as the EPA did not submit meaningful input to the FCC’s 
Inquiry. They have not been funded or directed to provide a determination or judgment.  
 
The Federal Communications Commission (FCC)  
 
The FCC has minimal to non-existent regulatory activities to ensure RF compliance for wireless networks. In 
several other countries, government agencies monitor RF levels regularly, review industry reports, measure a 
certain percentage of sites for compliance every year, penalize operators for non compliance, and transparently 

 
78 EPA Submission to ET  Docket 93-62 "Guidelines for Evaluating the Environmental Effects of Radiofrequency Radiation 
state,  “The FCC should consider requesting the NCRP to revise its 1986 report to provide an updated, comprehensive 
review of the biological effects on RF radiation and recommendations for exposure criteria.” 
79 As the EPA stated to the FCC, “The 1992 ANSI/IEEE standard is based on literature published before 1986, except for a 
few papers on RF shock and burn. The cut-off date for the literature review supporting the NCRP recommendations is 
1982.” 
80 Letter from Lee Ann B. Veal, Director of the Radiation Protection Division, U.S. Environmental Protection Agency to 
Theodora Scarato, Executive Director, Environmental Health Trust, (July 8, 2020)https://ehtrust.org/wp-
content/uploads/EPA-Director-Letter-on-EMFs-to-Theodora-Scarato-July-8-2020.pdf 
81 U.S. Environmental Protection Agency, 1984 Report Biological Effects of Electromagnetic Radiation 
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=300065H1.TXT 
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post RF levels for the public.82 Not in the USA.   
 
Environmental Health Trust gave a brief presentation on the policies of other countries at the National Spectrum 
Managers Association 2023 Annual Spectrum Management Conference.83  
 
According to the FCC, “The FCC does not have a comprehensive, transmitter-specific database for all of the 
services it regulates. …  In some services, licenses are allowed to utilize additional transmitters or to increase 
power without notifying the FCC.  Other services are licensed by geographic area, such that the FCC has no 
knowledge concerning the actual number or location of transmitters within that geographic area.”84 With no 
comprehensive transmitter-specific database for all the services regulated by the FCC, and the ability for licenses 
to utilize additional transmitters and increase power without notifying the FCC, how are radiofrequency exposure 
levels monitored to remain within FCC guidelines? 
 
Furthermore, according to the FCC, “The FCC does not have the resources or the personnel to routinely monitor 
the exposure levels at all of the thousands of transmitters that are subject to FCC jurisdiction.  …  In addition, the 
FCC does not routinely perform RF exposure investigations unless there is a reasonable expectation that the FCC 
exposure limits may be exceeded.”85 With no routine monitoring of RF exposure levels, people and the 
environment are at risk of exposures to RF levels that exceed current FCC guidelines.  
 
The FCC is not ensuring that RF exposure levels are compliant as it has no monitoring or oversight program in 
place. The FCC has stated that, “There have been a few situations around the country where RF levels in publicly 
accessible areas have been found to be higher than those recommended in applicable safety standards.”86 A 2014 

 
82 Examples of governments with a national program to monitor environmental levels of radiofrequency and/or measure cell 
tower emissions for compliance with government exposure limits include: France, Australia,  Austria,  Brussels Belgium, 
Switzerland, India, Israel, United Kingdom, Thailand, Croatia, Lithuania, Spain, Hungary, Italy, Netherlands, Greece, 
Turkey,  French Polynesia, Senegal,Monaco, Bhutan,  Gibraltar,  Bulgaria, Tunisia, China, Bahrain, Norway , Brazil, Malta, 
Ireland, Romania  
(France even has 5G monitoring stations, Australia Telco posts RF info at ACMA EME Checker . Countries such France, 
Switzerland, Greece, and Belgium now have robust RF monitoring programs with RF measurements posted online in an 
easy to understand website that members of the general public can easily navigate, such as a map where you simply click on 
antenna/tower locations to see the latest measurements and how they compare to the country’s limits. Greece’s National 
Observatory of Electromagnetic Fields is operated by the Greek Atomic Energy Commission with 500 sensors since 2015. 
In India, telecommunications companies are to self-certify compliance at: 1. Launch, 2. With any modification/change and 
3. On a biennial basis. In addition the country also states they audit 5% to 10% of sites annually on a random basis and all 
reports are posted on their EMF dedicated website. https://tarangsanchar.gov.in/EMFPortal/DoT Penalties are Rs. 10 lakh 
per BTS per incidence.  For the year 2022, they reported 320 of the 11,61,281 base stations they tested had emissions 
exceeding regulatory limits resulting in penalties for the telecom service providers.  India’s RF public exposure limits are  
set at 10% of ICNIRP levels.  
83 See Conference site at https://www.nsma.org/conferences/nsma-presentations-2023/ Video of Theodora Scarato at 
https://youtu.be/NNJUT-ZQcqE?si=GtL9k_IEezuEmiUK&t=1597  
84 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
frequency-safety/faq/rf-safety 

85 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
frequency-safety/faq/rf-safety 

86 FCC RF Safety FAQ https://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-
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investigation by the Wall Street Journal “Cellphone Boom Spurs Antenna-Safety Worries87  found “one in 10 
sites violates the rules, according to six engineers who examined more than 5,000 sites during safety audits for 
carriers and local municipalities.” Since then, FCC rules that have mandated automatic approvals for adding 
antennas at existing cell sites and “streamlined” placement of new 5G/4G facilities by preempting state and local 
authority, have resulted in massive antenna proliferation nationwide.  
 
Studies have found that environmental RF levels generated from RF emissions of cell towers, base station 
network antennas, and other wireless systems have significantly increased over the last few decades, with higher 
levels in urban areas and in areas of closer proximity to wireless network antennas, especially in locations within 
the main beams of the antennas.88  As an example, a 2018 multi-country study found ambient RF measurements 
in Los Angeles, California now 70 times higher than levels measured in the City in the late ‘70s, as part of a 
twelve-city study by the FCC and EPA.89 
 
The FCC has never done an environmental impact statement on the individual or cumulative impacts of its 
spectrum auctions, which have raised $233 billion to date, nor on the allocation of these proceeds to various 
programs to deploy wireless networks. The FCC has not considered those funding decisions under NEPA, and so 
have not considered them to be major federal action. In 1986, the FCC categorically excluded most of its actions 
from NEPA review.90  
 
The FCC relies on licensees to measure exposure levels and prepare environmental assessments (EA) if needed 
and self-report any exceedances or potential exceedances.91 It is indisputable that NEPA is a federal obligation 

 
frequency-safety/faq/rf-safety 
87 “It’s like having a speed limit and no police,” said Marvin Wessel, an engineer who has audited more than 3,000 sites 
and found one in 10 out of compliance.Cellphone Boom Spurs Antenna-Safety Worries Many Sites Violate Rules Aimed at 
Protecting Workers From Excessive Radio-Frequency Radiation https://www.wsj.com/articles/cellphone-boom-spurs-
antenna-safety-worries-1412293055?mod=WSJ_hpp_MIDDLE_Video_second 
88 Brown, R. (2022). Assessment of radiofrequency radiation intensity on 35 Main Streets throughout Pennsylvania, USA 
during the fall of 2021. American Journal of Multidisciplinary Research & Review. 1(4). 8-20;Baltrėnas, P., Buckus, R., & 
Vasarevičius, S. (2012). Research and evaluation of the intensity parameters of electromagnetic fields produced by mobile 
communication antennas. Journal of Environmental Engineering and Landscape Management, 20(4), 273–284; Bhatt, C. 
R., Redmayne, M., Billah, B., Abramson, M. J., & Benke, G. (2017). Radiofrequency-electromagnetic field exposures in 
kindergarten children. Journal of Exposure Science & Environmental Epidemiology, 27(5), 497–504; Boussad Y, Chen XL, 
Legout A, Chaintreau A, Dabbous W. (2022) Longitudinal study of exposure to radio frequencies at population scale. 
Environ Int.Apr;162:107144 ; Mazloum, T., Aerts, S., Joseph, W., & Wiart, J. (2019). RF-EMF exposure induced by mobile 
phones operating in LTE small cells in two different urban cities. Annals of Telecommunications, 74(1), 35–42.; Urbinello, 
D., Joseph, W., Verloock, L., Martens, L., & Röösli, M. (2014). Temporal trends of radio-frequency electromagnetic field 
(RF-EMF) exposure in everyday environments across European cities. Environmental Research, 134, 134–142. 
89 Sagar, S. et al. (2018). Comparison of radiofrequency electromagnetic field exposure levels in different everyday 
microenvironments in an international context. Environment International, Volume 114, 297-306.  
90 Federal Register at page 14999 
https://www.govinfo.gov/content/pkg/FR-1986-04-22/pdf/FR-1986-04-22.pdf 
47 CFR 1.1306 
https://www.ecfr.gov/current/title-47/section-1.1306 

91 FCC Public Notice – April 27, 2000, YEAR 2000 DEADLINE FOR COMPLIANCE WITH COMMISSION’S 
REGULATIONS REGARDING HUMAN EXPOSURE TO RADIOFREQUENCY EMISSIONS  
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yet the FCC has delegated to the licensees and the carriers the determination of whether a Categorical Exclusion 
applies. Carriers have a due diligence checklist with different requirements to check off yet this document is 
never submitted to the FCC if the applicant determines that the facility is categorically excluded; the FCC has no 
records of carriers doing their due diligence unless the review finds a potentially significant environmental effect 
that triggers an EA, which they submit. If nothing is triggered on the checklist, then the applicant starts building 
without the public having access to the checklist and measurements, and no ability to refute or comment on the 
project.  
 
 
The Food and Drug Administration (FDA)  
 
The FDA does not regulate, have activities related to, nor have authority regarding the RF emissions of cell 
towers, cell tower antennas, network infrastructure, or 5G facilities.  Thus, this is a regulatory gap, as no agency 
is investigating the issue of health effects from ambient RFR or other EMF environmental levels. Further, in 
regards to cell phones the FDA has not shown an evaluation of the totality of the science. Non cancer issues, 
such as headaches, oxidative stress, brain development, impacts to wildlife, and any studies on vulnerable 
populations such as  pregnant people, children or the medically vulnerable have not been evaluated by the FDA 
in any report or evaluation shared with the public.   
 
The FDA’s very limited activities related to cell phones and cancer include a now outdated literature review 
(with science ending in 2018) focused solely only on cell phones and cancer.92 This literature review, done by 
anonymous individuals (rather than transparently presented experts) is focused only on cancer and omits all non 
cancer studies such as research on brain development,  reproduction, or synergistic effects. The review focused 
only on cell phones and omitted research on Wi-Fi, 5G, 4G or other RF sources. The review is a literature review 
and not a systematic review nor is it a hazard or risk analysis nor is it an evaluation of FCC cell tower radiation 
limits, despite being presented in this way. Several experts sent letters to the FDA93 criticizing the literature 

 
https://www.federalregister.gov/documents/2000/05/05/00-11237/year-2000-deadline-for-compliance-with-commissions-
regulations-regarding-human-exposure-to 

92 FDA, Review of Published Literature between 2008 and 2018 of Relevance to Radiofrequency Radiation and 
Cancer  
93 2019/2020 Letters to the FDA Regarding Inaccurate Information on the NTP and FDA Website 
Letter calling for a retraction of FDA signed by several scientists including  Ronald Melnick PhD, former National Institutes 
of Health Scientist, Samuel Milham MD, former Head of the Chronic Disease Epidemiology Section, Washington State 
Department of Health; David Carpenter MD, Director of the Institute for Health and Environment at University of Albany’s 
School of Public Health, former director of the Wadsworth Laboratory of the New York State Department of Health, 
Lennart Hardell MD, PhD, Professor Department of Oncology, Faculty of Medicine and Health Dr. Anthony Miller, 
Professor Emeritus of University of Toronto and World Health Organization Senior Advisor  
Ronald Melnick PhD’s individual letter to the FDA on the National Toxicology Program study 
Albert Manville PhD, retired Senior Wildlife Biologist, Division of Migratory Bird Management, U.S. Fish & Wildlife 
Service, Wash. DC HQ Office (17 years); Senior Lecturer, Johns Hopkins University  
Prof. Tom Butler of the University College in Cork, Ireland’s letter to the FDA  
Igor Belyaev, PhD, Dr. Sc. Head, Department of Radiobiology of the Cancer Research Institute, Biomedical Research 
Center of the Slovak Academy of Science letter to the FDA   
Paul Heroux PhD, McGill University   
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review for numerous reasons including the fact that it does not follow any scientifically accepted protocols for 
risk or hazard assessment.  
 
The FDA’s 2021 and 2022 Annual reports of the Center for Devices and Radiological Health  have zero mention 
of the issue of cell phones or cell towers or wireless electromagnetic radiation. The 2022 to 2025 Report on 
Strategic Priorities has nothing on the issue of RF radiation.94 The FDA has not shown any evidence of 
monitoring RF bioeffects research via new agency reports, meetings or budget allocations on the issue.  
 
The Government Accountability Report on 5G (GAO 2020) clarified that the FDA and other organizations “only 
reviewed a subset of the relevant research”  and stated in regards to the FDA Literature Review that “The 
assessment focused on cancer-related animal and human studies of frequencies below 6 GHz.”  
 
FDA Statements 
 

“The FDA does not regulate cell towers or cell tower radiation. Therefore, the FDA has no studies or 
information on cell towers to provide in response to your questions.” 
Ellen Flannery, Director, FDA Policy Center for Devices and Radiological Health to a California mother 
with a cell tower on her street who asked the FDA about safety, July 11, 2022 
 
“Under the law, FDA does not review the safety of radiation-emitting consumer products such as cell 
phones and similar wireless devices before they can be sold, as it does with new drugs or medical 
devices.”  
FDA Website until 2019 -    
 
“We don’t have jurisdiction over cellphone towers since those are environmental emitters.”  
Email From FDA’s David Kassiday in 2016 
 

 
The Environmental Health Trust issued a “Report on FDA Activities on Cell Phones and Radiofrequency”95 
which documents the lack of adequate research review and misleading information put forward by the FDA. 
While the FDA webpages and cell phone cancer literature review seem to assert that safety is assured, the FDA 
has not adequately evaluated the totality of the science to reach any such safety or risk conclusion.  
 
 
National Toxicology Program (NTP) 
 

 
Alfonso Balmori, BSc statement to the FDA 
94 https://www.fda.gov/media/155888/download 
95https://ehtrust.org/wp-content/uploads/EHT-Report_-Report-on-FDA-Activities-Related-to-Cell-Phones-and-
Radiofrequency-Radiation-2.pdf 
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In 1999, the FDA requested the NTP perform large scale animal studies on cell phone radiation stating,96 “A 
significant research effort, including well-planned animal experiments, is needed to provide the basis to assess 
the risk to human health of wireless communications devices.”  
 
The findings of  the NTP’s $30 million animal study were released in a 2018 final report which found that long 
term exposure to RF was associated with two types of cancer in male rats, schwannoma of the heart and glioma 
of the brain,97 with the NTP’s highest level of evidence.98  Further, the NTP notably found significant increases 
in DNA damage (Smith-Roe et al., 2020), as well as the induction of cardiomyopathy of the right ventricle in 
male and female rats. The later Ramazzini Institute studies found elevated incidence of the same tumors the NTP 
found - heart schwannomas in male rats - despite the Ramazzini Institute use of much lower RF radiation 
exposures than the NTP which were intended to mimic cell tower base station environmental exposures  
(Falcioni et al., 2018; Vornoli et al., 2019).   
  
Analysis of the NTP data according to current risk assessment guidelines concluded that U.S. government FCC 
limits should be lower by 200 to 400 times to protect children (Uche & Naidenko, 2021).  Several published 
reviews conclude that the current body of evidence indicates RF radiation is a proven Group 1 human carcinogen 
(Miller et al 2018, Peleg et al 2018,  Carlberg and Hardell 2017, Belpomme et al 2018,). 
 
However, the FDA stated that they “disagreed” with the NTP findings99. The DC Circuit rejected FDA’s 
statement, saying “we find them to be of the conclusory variety that we have previously rejected as 
insufficient.”100 
 
National Cancer Institute (NCI) 
Although the NCI has a lengthy web page on cell phones, the NCI has not performed any type of safety 
evaluation, nor any formal research review. The NCI has repeatedly stated that “Neither the literature reviews, 
nor the fact sheets, make safety determinations.” (Letter from NCI to Scarato).  
 
When directly asked about cell phone safety issues by the New Hampshire Commission on 5G101,  the National 
Cancer Institute responded, “As a Federal research agency, the NCI is not involved in the regulation of 
radiofrequency telecommunications infrastructure and devices, nor do we make recommendations for policies 
related to this technology…Our sister agencies, the FDA as well as the FCC, retain responsibility for reviewing 

 
96 FDA CDRH nomination of NTP to Study RFR  Nomination Background: Wireless Communication Devices   
97M. Wyde et al., 2018; M. E. Wyde et al., 2018 https://ntp.niehs.nih.gov/whatwestudy/topics/cellphones 
98 https://ntp.niehs.nih.gov/whatwestudy/testpgm/cartox/criteria 
99 FDA Press Release, Statement from Jeffrey Shuren, M.D., J.D., Director of the FDA’s Center for Devices and 
Radiological Health on the National Toxicology Program’s report on radiofrequency energy exposure, November 1, 2018 
100 EHT et al.v FCC, supra 
101 New Hampshire Commissioner Denise Ricciardi asked the NCI, “What is the NCI opinion on the safety of cell phones? 
If you have one, please share your scientific documentation. The NCI responded, “The FDA and FCC are the responsible 
federal agencies with authority to issue opinions on the safety of these exposures. As a Federal research agency, the NCI is 
not involved in the regulation of radiofrequency telecommunications infrastructure and devices, nor do we make 
recommendations for policies related to this technology.” page 31 of the New Hampshire Commission Report on 5G 
https://www.gencourt.state.nh.us/statstudcomm/committees/1474/reports/5G%20final%20report.pdf 
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guidance on safety concerns and informing the public if those circumstances change.”   
 
The NCI signed onto a one paragraph letter in response to the FCC Inquiry on RF Human Exposure Rules in 
2013 simply thanking the FCC for “FCC’s interest in continuing to work closely with NIH and other federal 
agencies with expertise in public health for guidance and expertise on this matter.” However, NCI never 
submitted a substantive, meaningful comment regarding the adequacy of FCC guidelines, nor a systematic 
research review or evaluation regarding carcinogenicity or any other health issue as the NCI has not engaged in 
such activities.  

Centers for Disease Control (CDC) 

The CDC has no research activities related to EMF bioeffects. There has been no research review or evaluation 
by CDC experts regarding carcinogenicity or any other health issue. While the CDC does have webpages on cell 
phone radiation and wireless wearables, FOIAs show several were drafted with the help of an industry 
consultant.  

National Institute for Occupational Safety and Health (NIOSH)  
 
NIOSH has no current activities related to non ionizing EMFs. Although U.S. NIOSH scientists long have 
recommended precautionary measures to minimize risk from occupational RF exposure102 and developed 
recommendations to reduce extremely low frequency EMF,103 protective policies were never further developed 
or implemented. 
 
 
Department of Labor, Occupational Safety and Health Administration (OSHA) 
 
OSHA currently is not engaged in bioeffect activities.  
On July 1, 2015 OSHA wrote the FCC that, “RF emissions are not on OSHA's active regulatory agenda, so we 
have not conducted a comprehensive literature review or risk assessment on RF hazards” and “OSHA does not 
appear to have a particularized program in place to ensure worker safety with regard to RF exposure from the 
wide variety of RF transmitters regulated by the Commission. … we are not aware that OSHA has adequate 

 
102 December 1979 Radiofrequency (RF) Sealers and Heaters (80-107) | NIOSH | CDC 
“Absorption of RF energy may also result in “nonthermal” effects on cells or tissue, which may occur without a measurable 
increase in tissue or body temperature. “Nonthermal” effects have been reported to occur at exposure levels lower than those 
that cause thermal effects. While scientists are not in complete agreement regarding the significance of reports of 
“nonthermal” effects observed in laboratory animals, NIOSH believes there is sufficient evidence of such effects to cause 
concern about human exposures. NIOSH and OSHA recommend that precautionary measures be instituted to minimize the 
risk to workers from unwarranted exposure to RF energy.” 
103 See “Precautionary Strategies to Reduce Worker Exposures to Extremely Low Frequency (ELF) Magnetic Fields, a 
Possible Carcinogen” by Joseph D. Bowman, PhD, of the Engineering and Physical Hazards Branch at the National Institute 
for Occupational Safety (NIOSH) Slide presentation to the Collaborative on Health and the Environment (Bowman 2016). 
Listen to the presentation at https://www.healthandenvironment.org/partnership_calls/18482 
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resources to ensure compliance with our limits for occupational/controlled exposure among our licensees and 
grantees.” 
 
OSHA was actively engaged in RF bioeffect activities in previous decades. The agency had developed elements 
for a Comprehensive RF Protection Program in the mid 90s104 that was never implemented. An OSHA 
representative also participated in the now defunct RF Interagency workgroup.  
 
 
Inaccurate Statements by Elected Officials  
 
There is a  lack of appropriate oversight in Congress due to the FDA and FCC’s lack of full transparency 
regarding RF safety and their regulatory activities. Agencies should transparently state that they have not 
reviewed the research on health issues such as impacts to memory, epigenetic impacts and impacts to the 
environment (including pollinators). Agencies should also clearly state that the regulations do not address long 
term effects. The FDA should clarify that it has no authority nor judgment regarding health impacts from 
environmental levels of RF exposure from network antennas (including 5G, 4G, small cells, macro cell towers, 
or unlicensed antennas). The Congressional Committees tasked to provide oversight are not even aware this issue 
is in need of accountability.    
 
Inaccurate statements by elected officials regarding the involvement of federal agencies on 5G and RF 
bioeffects.  
 
U.S Senator Schumer’s February 6, 2023 Letter states “Rest assured that as additional studies on microwave 
radiation and RF exposure are published by scientists and reviewed by government agencies…”Many other 
federal agencies, such as the EPA, FDA, NIOSH, OSHA have been actively involved in monitoring and 
investigating issues related to RF exposure.” Yet EPA, NIOSH, and OSHA are not actively involved.  
 
U S. Representative Scott Fitzgerald’s November 5, 2021 letter states that, “In addition to the FCC, Federal 
health and safety agencies such as the Environmental Protection Agency (EPA), the Food and Drug 
Administration (FDA), the National Institute for Occupational Safety and Health (NIOSH) and the Occupational 
Safety and Health Administration (OSHA) have been actively involved in monitoring and investigating issues 
related to radio frequency (RF) exposure.” Yet EPA, NIOSH, and OSHA are not actively involved.  
 
 
Representative Doris Matsui stated in a December 20, 2023 letter105 that “the monitoring and investigation of RF 
exposure on public health is a collaborative effort between several federal agencies. Since 1996, the FCC has 
required all wireless communications devices sold in the United States to meet minimum guidelines for safe 

 
104 Presentation on April 12, 1995 by Robert A. Curtis, Director US DOL/OSHA Health Response Team to the National 
Association of Broadcasters at the Broadcast Engineering Conference Las Vegas, NV 
https://www.osha.gov/radiofrequency-and-microwave-radiation/role-of-rf-measurements  
105 https://ehtrust.org/wp-content/uploads/Representative-Doris-Matsui-Letter-on-5G-December-20-2023.pdf 
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human exposure to RF energy. RF exposure standards are developed by subject matter experts such as the 
Institute of Electrical and Electronics Engineers (IEEE) and the National Council on Radiation Protection and 
Measurements (NCRP) and are used by federal, state and local governments to regulate the teleservice industry 
and protect public health. These regulators and experts have not found conclusive, significant or causal evidence 
to suggest that 5G is harmful to humans.”  Yet there is no collaborative effort in regards to bioeffects.  
 
Senator Diane Feinstein, September 6, 2021, stated, without evidence, “Since 1996, it has been the FCC’s policy 
to cooperate with industry, expert agencies, and health and safety organizations to ensure that guidelines 
continue to be appropriate and scientifically valid.” Yet expert agencies such as  EPA, NIOSH, and OSHA with 
health and science expertise are not working with FCC on this topic.  
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ATTACHMENT 3: Radiofrequency Radiation Impacts on the Environment 

No U.S. agency or international authority has ever acted to review research on wireless radiation effects on the 
environment nor set exposure limits to ensure protections for birds, bees, trees and wildlife.106,107 It is a critical 
regulatory gap. 
 
In 2014, the U.S. Department of Interior wrote a letter to the NTIA detailing several published studies showing 
impacts of wireless radiofrequency radiation (RFR) to birds stating that, “There is a growing level of anecdotal 
evidence linking effects of non-thermal, non-ionizing electromagnetic radiation from communication towers on 
nesting and roosting wild birds and other wildlife.“ It further stated, “However, the electromagnetic radiation 
standards used by the Federal Communications Commission (FCC) continue to be based on thermal heating, a 
criterion now nearly 30 years out of date and inapplicable today.”108 

 
Significant research has accumulated indicating serious environmental effects of RF, yet with no review by 
federal agencies. On August 13, 2021, the United States Court of Appeals for the District of Columbia Circuit 
ruled in our case against the FCC (EHT et al. v FCC),109 stating “we find the Commission’s order arbitrary and 
capricious in its complete failure to respond to comments concerning environmental harm caused by RF 
radiation.” The Commission also “completely failed even to acknowledge, let alone respond to, comments 
concerning the impact of RF radiation on the environment. That utter lack of a response does not meet the 
Commission’s obligation to provide a reasoned explanation for terminating the notice of inquiry.”110  Despite 
the 2021 court order, the FCC has remained silent. It has taken no action to justify its refusal to update its 1996 
wireless radiation exposure guidelines . 
 
Wildlife biologists and wireless radiation experts called for a research agenda and protective actions to address 
wildlife exposures to wireless radiofrequency (RF) radiation in a new article “Addressing Wildlife Exposure to 
Radiofrequency Electromagnetic Fields: Time for Action111 published in Environmental Science & Technology 
Letters.  The article highlighted the ”unprecedented wildlife exposure to radiofrequency electromagnetic fields” 
which has” the potential to exert a wide range of biological effects on wildlife, ranging from reduction in bat 
feeding activity and the alteration of life history characteristics in insects to morphological abnormalities in 
plants.” The researchers highlight how ICNIRP limits (similar  to U.S. FCC limits) are exclusively for humans, 
not wildlife and “are likely to be inadequate in protecting wildlife from RF-induced biological effects because 

 
106 Levitt, B. B., Lai, H. C., & Manville, A. M. (2021). Effects of non-ionizing electromagnetic fields on flora and fauna, 
Part 3. Exposure standards, public policy, laws, and future directions. Reviews on Environmental Health. 

107 Levitt BB, Lai HC and Manville AM II (2022) Low-level EMF effects on wildlife and plants: What research tells 
us about an ecosystem approach. Front. Public Health 10:1000840. doi: 10.3389/fpubh.2022.1000840 

108 https://www.ntia.doc.gov/files/ntia/us_doi_comments.pdf 

109 Final Court Decision EHT et. al v. the FCC 8/13/2021 
https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-1910 
111.pdf 

110 https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-
1910111.pdf 

111 Jérémy S. P. Froidevaux, Laura Recuero Virto, Marek Czerwiński, Arno Thielens, and Kirsty J. Park Addressing 
Wildlife Exposure to Radiofrequency Electromagnetic Fields: Time for ActionEnvironmental Science & Technology Letters   
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the relationships among RF-EMF exposure, dosage, and outcome are expected to be species-specific; i.e., an RF-
EMF exposure that exerts no biological effect in one species could have an effect in another species.”  
  
“We also urge the international community to mandate an independent international organization such as the 
United Nations Environmental Programme or the International Union for Conservation of Nature to address 
wildlife exposure to RF-EMFs.”  
  
Pending further evidence they “strongly recommend the implementation of complementary measures aimed at 
reducing wildlife exposure to RF-EMF, particularly for species of major conservation concern.”  
 
In 2021 and 2022 a three-part landmark research review by U.S experts of over 1,200 studies on the effects of 
non-ionizing radiation to wildlife entitled “Effects of non-ionizing electromagnetic fields on flora and fauna'' 
found adverse effects in all species studied at even very low intensities. Findings included impacts to 
orientation, migration, reproduction, mating, nest, den building and survivorship.112 113 114  
 
In a review published in Environment International on the ecological effects of RF-EMF, 70% of the studies 
reviewed found RF had a significant effect on birds, insects, other vertebrates, organisms, and plants, with 
development and reproduction in birds and insects being the most strongly affected.115 Biologists caution that 
non ionizing electromagnetic radiation is a critical factor in the decline of pollinator and insect populations.116   
 
A 2023 systematic review and meta-analysis of studies on the biological effects on insects of non-ionizing 
electromagnetic fields, including cell tower and Wi-Fi radiation, was published in the journal Reviews on 
Environmental Health, finding the “vast majority of studies found effects, generally harmful ones” with toxic 
effects such as impacts to reproduction and immune health occurring at legally allowed exposure levels. 117 
 
Individual studies investigating 5G have found adverse effects including:  

● An Oregon State University study on zebrafish exposed to the 5G frequency of 3.5 GHz found 
“significant abnormal responses in RFR-exposed fish” which “suggest potential long-term behavioral 
effects. Yang et al 2022 found 3.5 GHZ induced oxidative stress in guinea pigs.  

 
112 Levitt, B. B., Lai, H. C., & Manville, A. M. (2021). Effects of non-ionizing electromagnetic fields on flora and fauna, 

Part 3. Exposure standards, public policy, laws, and future directions. Reviews on Environmental Health. 
113 Levitt, B. B., Lai, H. C., & Manville, A. M. (2021). Effects of non-ionizing electromagnetic fields on flora and fauna, 

part 1. Rising ambient EMF levels in the environment. Reviews on Environmental Health, 37(1), 81–122. 
114 Levitt, B. B., Lai, H. C., & Manville, A. M. (2021). Effects of non-ionizing electromagnetic fields on flora and fauna, 

Part 2 impacts: How species interact with natural and man-made EMF. Reviews on Environmental Health, 37(3), 327–
406. 

115 Cucurachi, S., Tamis, W. L. M., Vijver, M. G., Peijnenburg, W. J. G. M., Bolte, J. F. B., & de Snoo, G. R. (2013). A 
review of the ecological effects of radiofrequency electromagnetic fields (RF-EMF). Environment International, 51, 116–
140. 

116 Balmori A. (2021) Electromagnetic radiation as an emerging driver factor for the decline of insects. Science of the Total 
Environment. 767: 144913 

117 Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a systematic review and 
meta-analysis. Rev Environ Health. 2023 Nov 23 
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● The study “Effects of 700 and 3500 MHz 5G radiofrequency exposure on developing zebrafish 
embryos” published in Science of the Total Environment found “specific organ morphological effects, 
and behavioral effects in activity, anxiety-like behavior, and habituation that lasted in larvae exposed 
during the early embryonic period.”  

● Male rats exposed to a 5G base station (4 months) that transmitted at 3.6 GHz, 28 GHz, and 36 GHz had 
moderately increased stress on neuroendocrine system (Perov et al 2022). 

● A study on 3.5 GHz exposure to both diabetic and healthy rats (Bektas et al 2022) found an increase in 
degenerated neurons in the hippocampus of the brains, changes in oxidative stress parameters and 
changes in the energy metabolism and appetite of both healthy and diabetic rats. The researchers 
conclude that, “5G may not be innocent in terms of its biological effects, especially in the presence of 
diabetes.”  
 

Pollinators at Risk: Higher Exposures to Insects From 5G and Higher Frequencies  
 

● The study “Exposure of Insects to Radio-Frequency Electromagnetic Fields from 2 to 120 GHz” by 
Thielens et al 2018 published in Scientific Reports found that for the 4 insects studied (western 
honeybee, australian stingless bee, beetle, locust), exposure at and above 6 GHz could lead to an increase 
in absorbed power between 3–370% (a factor if over 3 times.) The researchers concluded that “this could 
lead to changes in insect behavior, physiology, and morphology over time…”   

 
● A follow up study on the honeybee entitled “Radio-Frequency Electromagnetic Field Exposure of 

Western Honey Bees” published in Scientific Reports by Thielens et al (2020) modeled exposure in 
various life cycle stages (worker, drone, larva, and queen) and combined the data with in-situ 
measurements of environmental RF-EMF exposure near beehives in Belgium in order to estimate 
realistic exposure and absorbed power values. Again, they found even a relatively small shift of 10% of 
environmental incident power density from frequencies below 3 GHz to higher frequencies will lead to a 
relative increase in absorbed power of a factor higher than 3. 
 

● In a subsequent study, researchers modeled the exposures of  2.5 to 100 GHz into the honeybee brain 
and vital organs in Estimation of the Specific Absorption Rate for a Honey bee Exposed to 
Radiofrequency Electromagnetic Fields from 2.5 to 100 GHz," by Jeladze et al (2023) and found 
relatively higher SAR values are observed at 12, 25, and 40 [GHz] frequencies in the 4.8 - 8 W/Kg 
range, especially for the brain tissue. The SAR values varied depending on exposure parameters such as 
the direction of the incident plane wave, polarization, frequency, and body peculiarities. The authors 
conclude that, “based on the obtained results, we can conclude that the exposure to high-frequency RF-
EMFs on honey bees might have an undesired impact, which can cause an attenuation of the vital 
functions of this important insect.”  
 

● “Radio-frequency exposure of the yellow fever mosquito (A. aegypti) from 2 to 240 GHz,” published in 
PLOS Computational Biology, which found that for the given incident RF power, the absorption 
increases with increasing frequency between 2 and 90 GHz with a maximum between 90 and 240 GHz. 
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Even at the same incident field strength, the power absorption by the mosquito is 16 times higher at 60 
GHz than at 6 GHz.  
For 120 GHz, this increase is even larger compared to 6 GHz, with a factor 21.8. The absorption was 
highest in the region where the wavelength matches the size of the mosquito. The authors conclude that, 
“In the future, the carrier frequency of telecommunication systems will also be higher than 6 GHz. This 
will be paired with higher absorption of EMF by yellow fever mosquitoes, which can cause dielectric 
heating and have an impact on behavior, development and possibly spread of the insect.”  

 
Impacts on Plants  
 
A 2017 review “Weak radiofrequency radiation exposure from mobile phone radiation on plants” found 
physiological and/or morphological effects in 89.9% of studies reviewed.118  

“Additionally, our analysis of the results from these reported studies demonstrates that the maize, roselle, 
pea, fenugreek, duckweeds, tomato, onions and mungbean plants seem to be very sensitive to RF-EMFs. 
Our findings also suggest that plants seem to be more responsive to certain frequencies, especially the 
frequencies between (i) 800 and 1500 MHz (p < 0.0001), (ii) 1500 and 2400 MHz (p < 0.0001) and (iii) 
3500 and 8000 MHz (p = 0.0161).” 

 
Trees are also at risk from wireless. A field monitoring study spanning nine years involving over 100 trees found 
damage on the side of the trees facing transmitting cell antennas.119 Researchers have released subsequent reports 
documenting continued impacts to tree canopy from cell tower antennas.120,121 Other RF effects include impacts 
to leaf, shoot, seedlings of Aspen trees. 122  

Environmental Health Trust has developed a website focused on the science of wildlife and wireless at 
wildlifeandwireless.org.  

 
 
 
 
 
 

 
118 Halgamuge, M. N. (2017). Review: Weak radiofrequency radiation exposure from mobile phone radiation on plants. 
Electromagnetic Biology and Medicine, 36(2), 213–235 

119 Waldmann-Selsam, C., Balmori-de la Puente, A., Breunig, H., & Balmori, A. (2016). Radiofrequency radiation injures 
trees around mobile phone base stations. Science of The Total Environment, 572, 554–569. 

120 Breunig, Helmut. “Tree Damage Caused By Mobile Phone Base Stations An Observation Guide.” (2017). 
121 2021 Report “Tree damage caused by mobile phone base stations” 
122 Haggerty, K. (2010). Adverse Influence of Radio Frequency Background on Trembling Aspen Seedlings: Preliminary 

Observations. International Journal of Forestry Research, 2010, 836278. 
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ATTACHMENT 4: Radiofrequency Radiation Impacts on Human Health  
 
Extensive published scientific evidence indicates that wireless radiofrequency (RF) radiation at levels far 
below FCC limits can cause cancer,123 increased oxidative stress,124 genetic damage,125 structural and 
functional changes of the reproductive system,126 memory deficit,127 behavioral problems128, and neurological 
impacts.129 
 
EHT et al. v. FCC the U.S. Court of Appeals for the D.C. Circuit 202117 also ruled the FCC ignored scientific 
evidence on negative health effects from long term wireless radiation exposure at current allowable levels, 
especially in regards to children, whom the American Academy of 
Pediatrics states130 are more vulnerable to wireless radiation. The court ordered the FCC to examine the record 
evidence regarding long term exposure to children, health effects unrelated to cancer and environmental 
impacts. To date, the FCC has not responded. This landmark ruling highlights how no federal health agency 
has reviewed the full body of current research to ensure current safety standards are protective. 
 
The state of New Hampshire commissioned a study on the Environmental and Health Effects of Evolving 5G 
Technology and issued a final report131 in 2020 with 15 recommendations including: requiring setbacks of all 
wireless transmitters from residences, businesses and schools, adopting a statewide position to encourage fiber 
optics to the premise, acknowledging the need for further studies to outline clinical symptoms related to RF 
exposure, developing RF safety limits to protect the environment, among other recommendations. 

 
123 Miller, A. B., Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update, following the 2011 IARC 

evaluation of radiofrequency electromagnetic fields (Monograph 102). Environmental Research, 167, 673–683. 
https://doi.org/10.1016/j.envres.2018.06.043 

124 Yakymenko, I., Sidorik, E., Kyrylenko, S., & Chekhun, V. (2011). Long-term exposure to microwave radiation provokes 
cancer growth: Evidence from radars and mobile communication systems. Experimental Oncology, 33(2), 62–
70.https://pubmed.ncbi.nlm.nih.gov/21716201/. 

125 Falcioni, L., Bua, L., Tibaldi, E., Lauriola, M., De Angelis, L., Gnudi, F., Mandrioli, D., Manservigi, M., Manservisi, F., 
Manzoli, I., Menghetti, I., Montella, R., Panzacchi, S., Sgargi, D., Strollo, V., Vornoli, A., & Belpoggi, F. (2018). Report 
of final results regarding brain and heart tumors in Sprague-Dawley rats exposed from prenatal life until natural death to 
mobile phone radiofrequency field representative of a 1.8 GHz GSM base station environmental emission. Environmental 
Research, 165, 496–503. https://doi.org/10.1016/j.envres.2018.01.037 

126 Kim S, Han D, Ryu J, Kim K, Kim YH. Effects of mobile phone usage on sperm quality - No time-dependent 
relationship on usage: A systematic review and updated meta-analysis. Environ Res. 2021 Nov;202:111784. doi: 
10.1016/j.envres.2021.111784. Epub 2021 Jul 30. PMID: 34333014 

127 Swiss Tropical and Public Health Institute. "Mobile phone radiation may affect memory performance in adolescents, 
study finds." ScienceDaily. ScienceDaily, 19 July 2018. <www.sciencedaily.com/releases/2018/07/180719121803.htm>. 

128 Divan HA, Kheifets L, Obel C, Olsen J. Cell phone use and behavioral problems in young children. J Epidemiol 
Community Health. 2012 Jun;66(6):524-9. doi: 10.1136/jech.2010.115402. Epub 2010 Dec 7. PMID: 21138897. 

129 Hiie Hinrikus, Jaanus Lass & Maie Bachmann (2021) Threshold of radiofrequency electromagnetic field effect on 
human brain, International Journal of Radiation Biology, 97:11, 1505-1515, DOI: 10.1080/09553002.2021.1969055 

130 AAP Letter to the FCC Chairman calling for the FCC to open up a review of RF guidelines (7/12/2012), AAP Letter to 
US Representative Dennis Kucinich in Support of the Cell Phone Right to Know Act 12/12/2012, AAP to FCC 
Commissioner Mignon Clyburn and FDA Commissioner Margaret Hamburg calling for a review of RF guidelines 
8/29/2013 

131 https://www.gencourt.state.nh.us/statstudcomm/committees/1474/reports/5G%20final%20report.pdf  
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In 2022, the Pittsfield, Massachusetts Board of Health sent a cease-and-desist order to shut down a Verizon cell 
tower. The order 132 issued to Verizon states “Whereas, soon after the facility was activated and began 
transmitting, the City started to receive reports of illness and negative health symptoms from residents living 
nearby the facility,...The negative health symptoms the affected residents have reported include complaints of 
headaches, sleep problems, heart palpitations, tinnitus (ringing in the ears), dizziness, nausea, skin rashes, and 
memory and cognitive problems, among other medical complaints. … Whereas, as further documented below, 
the neurological and dermatological symptoms experienced by the residents are consistent with those described 
in the peer-reviewed scientific and medical literature as being associated with exposure to pulsed and modulated 
Radio Frequency (“RF”) radiation, including RF from cell towers.” 
 
A major 2022 review of the existing scientific literature on cell tower radiation and health found associations 
with radiofrequency sickness, cancer and changes in biochemical parameters.133 For example, a study 
published in Electromagnetic Biology and Medicine on people living near cell antennas found significant 
biochemical changes in the blood. This study evaluated effects in the human blood of individuals living near 
mobile phone base stations compared with healthy controls living more than 300 meters from a base station. 
The group living closer to the antennas had statistically significant higher frequency of micronuclei and a rise 
in lipid peroxidation in their blood; these changes are considered biomarkers predictive of cancer.134 
 
According to Dr. Linda Birnbaum, Scientist Emeritus and Former Director of the National Institute of 
Environmental Health Sciences and National Toxicology Program of the National Institutes of Health, “Aware 
that the FCC’s 1996 limits lacked the underpinning of solid scientific data regarding long term health effects, 
the FDA requested large-scale studies by the National Toxicology Program (NTP) and in 2018 the NTP 
studies found clear evidence of an association with cancer in male rats.135 Additionally, the NTP found heart 
damage and DNA damage, despite the fact that the animals were carefully exposed to non-heating RFR levels 
long assumed to be safe. The Ramazzini Institute animal studies136 used even lower RFR lower exposures to 
approximate cell tower emissions and also found increases of the same tumor type. The NTP studies were 
carefully controlled to ensure exposures did not significantly heat the animals. The animal study findings in 
combination with human studies indicate carcinogenic effects from non heating levels of radiofrequency. 

 
132 https://ehtrust.org/wp-content/uploads/Pittsfield-Health-Board-Cell-Tower-Order-to-Verizon-April-11-2022-FINAL- 

REDACTED.pdf 
133 A. Balmori (2022). Evidence for a health risk by RF on humans living around mobile phone base stations: From 

radiofrequency sickness to cancer. Environ. Res., 214 (2022), Article 113851 
https://doi.org/10.1016/j.envres.2022.113851 

134 Zothansiama, Zosangzuali, M., Lalramdinpuii, M., & Jagetia, G. C. (2017). Impact of radiofrequency radiation on DNA 
damage and antioxidants in peripheral blood lymphocytes of humans residing in the vicinity of mobile phone base 
stations. Electromagnetic Biology and Medicine, 36(3), 295–305. https://doi.org/10.1080/15368378.2017.1350584. 

135 National Toxicology Program Radiofrequency Radiation 
https://ntp.niehs.nih.gov/whatwestudy/topics/cellphones/index.html 

136 Falcioni et al., Report of final results regarding brain and heart tumors in Sprague-Dawley rats exposed from prenatal life 
until natural death to mobile phone radiofrequency field representative of a 1.8 GHz GSM base station environmental 
emission, Environmental Research, Volume 165, 2018, 
Pages 496-503 DOI: 10.1016/j.envres.2018.01.037 
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Currently, several scientists conclude that the weight of currently available, peer-reviewed evidence supports 
the conclusion that radiofrequency radiation is a proven human carcinogen.  
 
A review paper on corporate risk entitled “Limiting Liability with Positioning to Minimize Negative Health 
Effects of Cellular Phone Towers” reviewed the “large and growing body of evidence that human exposure to 
RFR from cellular phone base stations causes negative health effects.” The authors recommend restricting 
antennas near homes and within 500 meters of schools and hospitals to protect companies from future 
liability.137 

 

European Parliament requested a research report “Health Impact of 5G” which was released in July 2021 and 
concluded that commonly used RFR frequencies (450 to 6000 MHz) are probably carcinogenic for humans and 
clearly affect male fertility with possible adverse effects on the development of embryos, fetuses and newborns.  
 
A study entitled The Effect of Continuous Low-Intensity Exposure to Electromagnetic Fields from Radio Base 
Stations to Cancer Mortality in Brazil published in the International Journal of Environmental Research and 
Public Health found higher exposure to cell network arrays linked to higher mortality from all cancer and 
specifically lung and breast cancer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
137 Pearce, J. M. (2020). Limiting liability with positioning to minimize negative health effects of cellular phone towers. 

Environmental Research, 181, 108845. https://doi.org/10.1016/j.envres.2019.108845. 
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ATTACHMENT 5: Legal and Liability Issues of Wireless  
 
U.S. mobile operators have been unable to get insurance to cover liabilities related to damages from long term 
exposure to radiofrequency emissions for well over a decade.138  
 
It is notable that in 2000, the Ecolog Institute Report on radiofrequency health effects, commissioned by T-
Mobile and DeTeMobil Deutsche Telekom MobilNet, recommended an RF exposure limit 1000x lower than the 
FCC’s current power density limit after reviewing the research on biological effects, including impacts to the 
immune system, central nervous system, hormones, cancer, neurotransmitters and fertility.139  
 
Insurers rank 5G and electromagnetic radiation as a “high” risk,140 comparing the issue to lead and asbestos.141  A 
2019 Report142 by Swiss Re Institute, a world leading provider of insurance, classifies 5G mobile networks as a 
“high”, “off-the-leash” risk stating, “Existing concerns regarding potential negative health effects from 
electromagnetic fields (EMF) are only likely to increase. An uptick in liability claims could be a potential long-
term consequence” and “as the biological effects of EMF in general and 5G in particular are still being debated, 
potential claims for health impairments may come with a long latency.”  
 
Due to their understanding of the magnitude of this future financial risk most insurance plans have 
“electromagnetic field exclusions” applied as the market standard.143   As an example, Portland Oregon Public 
School Insurance states,144 ”Exclusions: This insurance does not apply to: Bodily injury, personal injury, 
advertising injury, or property damage arising directly or indirectly out of, resulting from, caused or contributed 
to by electromagnetic radiation, provided that such loss, cost or expense results from or is contributed to by the 
hazardous properties of electromagnetic radiation.” 
 
Wireless and non-ionizing electromagnetic radiation are defined as a type of “pollution” by wireless companies 
themselves. According to pg. 10 of the  Verizon Total Mobile Protection Plan, “Pollution” is defined as “The 
discharge, dispersal, seepage, migration or escape of pollutants. Pollutants means any solid, liquid, gaseous, or 

 
138 Roseanne White Geisel, (2007) Insurers exclude risks associated with electromagnetic radiation, Business Insurance  
139 Review of the Current Scientific Research in view of Precautionary Health Protection, Commissioned by T‐Mobil DeTeMobil 
Deutsche Telekom MobilNet GmbH. (2000)  Translated into English https://ehtrust.org/wp-content/uploads/T-mobile-RF-
Radiation-Ecolog-2000-Report-.pdf  
140  https://ehtrust.org/key-issues/reports-white-papers-insurance-industry/ 
141Lloyd’s of London Report on Electromagnetic Fields “Electromagnetic fields from mobile phones: recent developments.” 
Lloyd’s Emerging Risks Team Report, November 2010; 2016 Austrian Accident Insurance Institute (AUVA) ATHEM 
Report  “Investigation of athermal effects of electromagnetic fields in mobile communications.” ; Business Insurance 
(2011) White paper explores risks that could become 'the next asbestos' 
 See also Factsheets on Legal Liability of Cell Towers at https://ehtrust.org/wp-content/uploads/Legal-Liability-Cell-Tower-
Radiation-Health-Effects-3.pdf 
142 Swiss Re 5G Report”Off the leash – 5G mobile networks” 
https://www.swissre.com/institute/research/sonar/sonar2019/SONAR2019-off-the-leash.html PDF https://ehtrust.org/wp-
content/uploads/Swiss-Re-SONAR-Publication-2019-excerpt-1.pdf 
143 Electromagnetic Field Insurance Policy Exclusions Cell Phone Radiation and EMFs - Environmental Health Trust 
144 page 30 https://ehtrust.org/wp-content/uploads/Portland-Public-School-2017-18-Excess-Liability0D0A-policy-1.pdf 
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thermal irritant or contaminant including smoke, vapor, soot, fumes, acid, alkalis, chemicals, artificially 
produced electric fields, magnetic field, electromagnetic field, sound waves, microwaves, and all artificially 
produced ionizing or nonionizing radiation and/or waste.” Similar definitions for pollution are in the product 
protection plans for AT&T, Sprint, Verizon, and T-Mobile.  
 
Wireless companies inform shareholders of RF risk145 but not the communities impacted by the 
infrastructure.146 Companies clearly inform shareholders that companies may incur significant financial losses 
related to non-ionizing electromagnetic fields. Corporate investor warnings by companies such as T-Mobile, 
AT&T, Verizon, Vodafone and Crown Castle  are contained in their Annual Reports, and Form 10-K (or Form 
20-F or 40-F for foreign companies) with the Securities and Exchange Commission (SEC). For example, 
Crown Castle states in their 10-K tax filing that: 
 

If radio frequency emissions from wireless handsets or equipment on our communications infrastructure 
are demonstrated to cause negative health effects, potential future claims could adversely affect our 
operations, costs or revenues. 
 
The potential connection between radio frequency emissions and certain negative health effects, 
including some forms of cancer, has been the subject of substantial study by the scientific community in 
recent years. We cannot guarantee that claims relating to radio frequency emissions will not arise in the 
future or that the results of such studies will not be adverse to us. 
 
Public perception of possible health risks associated with cellular or other wireless connectivity services 
and wireless technologies (such as 5G) may slow or diminish the growth of wireless companies and 
deployment of new wireless technologies, which may in turn slow or diminish our growth. In particular, 
negative public perception of, and regulations regarding, these perceived health risks may slow or 
diminish the market acceptance of wireless services and technologies. If a connection between radio 
frequency emissions and possible negative health effects were established, our operations, costs, or 
revenues may be materially and adversely affected. We currently do not maintain any significant 
insurance with respect to these matters.” 

 
Verizon stated in its 10-K for 2022 under the section “Legal and Regulatory Risks” that:  

“We are subject to a substantial amount of litigation, which could require us to pay significant damages 
or settlements. We are subject to a substantial amount of litigation and claims in arbitration, including, 
but not limited to, shareholder derivative suits, patent infringement lawsuits, wage and hour class 
actions, contract and commercial claims, personal injury claims, property claims, environmental claims, 
and lawsuits relating to our advertising, sales, billing and collection practices. In addition, our wireless 
business also faces personal injury and wrongful death lawsuits relating to alleged health effects of 

 
145 Corporate Company Investor Warnings in Annual Reports 10k Filings Cell Phone Radiation Risks - Environmental 
Health Trust 
146 https://ehtrust.org/key-issues/corporate-company-investor-warnings-annual-reports-10k-filings-cell-phone-radiatio 

n-risks/ 
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wireless phones. or radio frequency transmitters. We may incur significant expenses in defending these 
lawsuits. In addition, we may be required to pay significant awards or settlements.”  
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Date: August 19, 2024    
 
To: NEJAC 
 
Subject: Comments on “Civil Rights, Title VI Charge” dates April 25, 2024 
 
From: Richard Grow 
 
These written comments follow up on and further elaborate the public comments provided during the 
August 8, 2024 NEJAC Meeting. 
 
By way of background, I retired from the US EPA Region 9 office in 2019 following 40 years on staff, all 
based in a media program (air), the final 21 years with a focus on environmental justice and Title VI. My 
involvement in Title VI was triggered by EPA’s most environmentally unjust Title VI decision in 1998 
regarding the Select Steel facility in Flint, Michigan just up the road from my home town of Detroit. In 
those 20+ years involvement in Title VI I was involved in Title VI complaint investigation and resolution, 
including developing an Informal Resolution Agreement (West Oakland, 2017).  
 
I also staffed Region 9’s involvement in internal EPA policy discussions regarding Title VI by way of Region 
IX being the “lead Region” for Title VI in 2015-2016. In that lead role Region 9 senior management 
advocated for development of “proactive” guidance for recipient agencies, that is, guidance on what 
recipient agencies could be doing proactively to better avoid finding themselves in a reactive posture of 
being investigated due to a Title VI complaint. No such guidance was forthcoming in any form until 
Michael Regan’s being appointed Administrator under the Biden Administration in 2021.    
 
The following are three recommendations intended for consideration by the Title VI Working Group 
(WG) in its responding to the charge. 
 

1. Extend the Title VI Working Group beyond the upcoming change in administrations.  
 
How does this respond to the charges ? This responds to the charge by acknowledging, as a working 
group taking on this work, (1) that advising EPA on Title VI is an issue requiring more attention than be 
given in a few months assignment considering questions of such limited a scope, and (2) that the issues 
will need continued attention regardless of the outcome of the upcoming election. 
 
This would be more of a “global” recommendation, one insisting on the seriousness of the issue as well 
as respect for the “sweat equity” invested in this issue by a working group of nearly twenty members. 
This recommendation can be presented respectfully, but with insistence that the issue of ongoing 
guidance on the Agency’s implementation of Title VI is warranted by the gravity and urgency of the issue. 
 
It should also be obvious that EPA’s response to the recommendations of the WG will extend beyond the 
upcoming change in administrations, and that response (by EPA) should be subject to further review by 
this same WG.  The charge and the WG membership could be revised as needed. 
 

2. Intentional Discrimination. The Agency should ramp up its capacity and methodologies to 
strengthen its capacity to address intentional discrimination. EPA’s consideration of 
intentionality needs to better account for the workings of systemic and institutional racism, 
including legacy and historical effects. 



2 
 

 
The working understanding of term “intentional”, which does not show up in the statutory language of 
Title VI, has become outdated and abused in this post-George Floyd and Black Lives Matter era. The idea 
that a bright line can be drawn between intentional (disparate treatment) and unintentional (disparate 
effect or impact) has been exploited for too long by forces trying to roll back racial progress, most 
apparent recently in the challenges posed by the State of Louisiana and others in challenging EPA’s 
authority to address disparate impacts. 
 
Few if any of these legal challenges have gone after EPA’s authority regarding “intentional” 
discrimination. In its current practices, however, EPA appears to have imposed on itself an unnecessarily  
narrow reading of its own regulations when it comes to intentionality. Yet EPA’s own guidance, reflecting 
that of DOJ, in considering intentionality acknowledges such factors “historical background”, 
“foreseeability” and “history of discriminatory conducts”.1 This broader understanding of so-called 
“intentionality” should be incorporated into EPA’s policies and practices. 
 
How does this respond to the charges ?    
 
This is relevant to “time constraints”, charge #3. The connection is somewhat indirect, in that a main 
constraint often mentioned by EPA’s External Civil Rights (ECR) program with regard to intentional 
discrimination is that such investigations are time and resource consuming.  
 
This is a valid concern, one suggesting the need for bringing the “whole of EPA” approach often 
mentioned by EPA in other contexts, to bear on this. ECR needs to solicit assistance from other programs 
in developing analytical frameworks for bringing historical, legacy and other “social determinants of 
health onto the disproportionate impacts table. With a better grasp of how to identify and assess the 
significance of such effects, “boilerplate” language could be developed to articulate these issues in 
investigative plans and findings. All of this can serve to make efficient use of ECR’s own resource 
concerns. 
 
Progress on intentional discrimination would also be enhanced by progress on the 3rd recommendation 
below regarding “cumulative impacts and Title VI.” 
 

3. Cumulative impacts and Title VI. EPA should integrate the best and latest research on 
cumulative impacts, including the recommendations of the NEJAC Cumulative Impacts Work 
Group, into its working understanding of disproportionate impacts. 

 
For too long discussion of cumulative impacts did not include Title VI. The presentation to the NEJAC by 
the Cumulative Impacts Workgroup during the August 8 NEJAC meeting, however, made clear that 
cumulative impacts assessment is essential to addressing disproportionate impacts. Likewise, EPA’s 2022 

 
1 See discussion in EPA Case Resolution Manual (https://www.epa.gov/sites/default/files/2021-
01/documents/2021.1.5_final_case_resolution_manual_.pdf) brief discussion at p26; which refers and 
links to EPA’s External Civil Rights Compliance Office Compliance Toolkit (“Toolkit”, Jan. 18, 2017), 
https://www.epa.gov/sites/production/files/2017-01/documents/toolkit-chapter1-transmittal_letter-
faqs.pdf. That document discusses intentional discrimination in greater and informative detail at pp3-7, 
the footnotes linking to relevant legal precedents including Arlington Heights. 

https://www.epa.gov/sites/default/files/2021-01/documents/2021.1.5_final_case_resolution_manual_.pdf
https://www.epa.gov/sites/default/files/2021-01/documents/2021.1.5_final_case_resolution_manual_.pdf
https://www.epa.gov/sites/production/files/2017-01/documents/toolkit-chapter1-transmittal_letter-faqs.pdf
https://www.epa.gov/sites/production/files/2017-01/documents/toolkit-chapter1-transmittal_letter-faqs.pdf
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“Interim Environmental Justice and Civil Rights in Permitting Frequently Asked Questions”2 placed 
cumulative impacts squarely on the table in answering the question “How would EPA consider 
“cumulative impacts” within the Title VI disparate impact analysis ?” 

“In the context of Title VI investigations, EPA considers cumulative impacts when evaluating 
whether there is an adverse impact from the recipient’s policy or practice. That is, EPA considers 
whether any adverse impact caused by the permitting decision —may be even greater considering 
cumulative impacts from other chemical and non-chemical stressors.”  

The document goes on to highlight recent ORD formulation of a definition of cumulative impacts: 

“Cumulative impacts” refers to the total burden – positive, neutral, or negative – from chemical and 
non-chemical stressors and their interactions that affect the health, wellbeing, and quality of life of 
an individual, community, or population at a given point in time or over a period of time. 
Cumulative impacts include contemporary exposures in various environments where individuals 
spend time and past exposures that have lingering effects. Total burden encompasses direct health 
effects and indirect effects to people through impacts on resources and the environment that affect 
human health and well-being. Cumulative impacts provide context for characterizing the potential 
state of vulnerability or resilience of the community, i.e., their ability to withstand or recover from 
additional exposures under consideration.” 

This is a good starting point for the range and kinds of impacts that belong on the Title VI table when 
considering disprortionate impacts. EPA basically said this in the 2022 “FAQs” document but it has not 
yet been fit into ECR’s own policies and practices. 

How does this respond to the charges ?    

One obvious fit would be under charge #2, “data collection and analysis” and “what data would 
promote….compliance and enforcement” (from detailed text for charge #2). And it also has implications 
for the time and resource constraints to be addressed in charge #3. 

2 Interim Environmental Justice and Civil Rights in Permitting Frequently Asked Questions, August, 2022; 
https://www.epa.gov/system/files/documents/2024-01/ej_and_cr_permitting_faqs.pdf, pp13-14. 

https://www.epa.gov/system/files/documents/2024-01/ej_and_cr_permitting_faqs.pdf
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