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INTRODUCTION

From September 22-24, 2014, representatives of states, U.S. territories, tribes, federal agencies,
and other interested organizations and individuals attended the 2014 National Forum on
Contaminants in Fish in Alexandria, Virginia. The U.S. Environmental Protection Agency (EPA)
sponsored the Forum.

The 2014 Forum was the twelfth National Fish Forum. The first Forum was convened in 1990,
and regular Forums have been held every few years. The location of the Forum has rotated
around the country and has included Alexandria, Virginia (1994, 1995, 1997, 1999); Chicago,
Illinois (2001); Burlington, Vermont (2002); San Diego, California (2004); Baltimore, Maryland
(2005); Portland, Maine (2007); Portland, Oregon (2009); and Alexandria, Virginia (2014).

Early Forums were attended by representatives from states and tribes, but as public interest in
fish consumption advisories increased, additional groups became involved. Attendees now
include local and national environmental groups, fishing industry representatives, fish marketing
firms, fish and shellfish aquaculture groups, members of the medical and allied health
communities, the national press, and interested private citizens. In addition, representatives from
several other agencies, including the U.S. Food and Drug Administration (FDA), the U.S.
Geological Survey (USGS), as well as representatives from other countries, routinely participate
in the Forum.

The agenda for each Forum is developed by a steering committee, generally composed of
representatives of state, tribal, and federal agencies. The agenda was developed to provide a
variety of perspectives and approaches to assessing and communicating public health risks
associated with consumption of contaminated fish. The Forums present the latest science and
public health policies.

Topics for the 2014 National Forum on Contaminants in Fish included:
e Fish Sampling and Analysis

Federal, State, and Tribal Advisory Coordination

Emerging Issue — Harmful Algal Blooms and Fish Consumption

Risk Assessment, Epidemiology, and Toxicology

Health Benefits and Risk Management

e Communications to the Public

In addition to the technical presentation sessions, a poster session was held to further the
exchange of ideas and share state and tribal outreach materials related to fish advisories. States
and tribes were also invited to bring samples of their outreach/communication materials for
display and distribution at the Forum.

This document contains the proceedings of the Forum, including the agenda, abstracts of
presentations, and slides used by the presenters.
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For additional information, please contact:
Jeff Bigler

U.S. Environmental Protection Agency
William Jefferson Clinton Building

1200 Pennsylvania Avenue, NW

Mail Code: 4305T

Washington, DC 20460

Email: bigler.jeff@epa.gov

Phone: 202-566-0389
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SECTION | AGENDA

EPA 2014 NATIONAL FORUM ON CONTAMINANTS IN FISH — AGENDA - PAGE 1

2014 National
Forumon

Contaminants
in Fish

Alexandria, Virginia / September 22-24, 2014

Sunday, September 21
5:00pm - 8:00pm  Early Registration

Monday, September 22
7:00am - 5:30pm  Registration

7:30am - 8:00am  Visit Poster and QOutreach Display

8:00am - 8:40am  Welcome and Introductions
Elizabeth Southerland, Director
Office of Science and Technology
.S, Environmental Protection Agency

SESSION 1:

Fish Sampling and Analysis
Moderator: Rick Greene, Delaware Department of Natural Resources and Environmental Control

8:40am - 8:45am  Introduction
Rick Greene

8:45am - 9:05am  Mercury and Legacy Organic Compounds in Fish from
U.S. Rivers — A National Perspective
John Wathen, U.S. Environmental Protection Agency

9:05am - 9:25am  Perfluorinated Compounds in Fish from
U.8. Urban Rivers and the Great Lakes
Leanne Stahl, U.S. Environmental Protection Agency
9:25am - 9:45am  Identifying Emerging Contaminants for Monitoring
in State Fish Programs
Beth Murphy, U.S. Environmental Protection Agency

9:45am -10:05am Safety Testing of Gulf of Mexico Reef Fish after the BP Qil Spill
Tim Fiizgerald, Environmental Defense Fund
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s
\'IEPA 2014 National Forum on Contaminants in Fish

Monday, September 22 conTinUED
10:05am - 10:20am Question and Answer Session

10:20am - 10:35am Break

SESSION 2:

Federal, State, and Tribal Advisory Coordination
Moderator: Rick Greene, Delaware Department of Natural Resources and Environmental Control

10:35am - 10:40am Introduction
Rick Greenhe

10:40am - 11:10am State-Tribal Partnership for Developing Advisories for Cook Inlet
Bob Gerlach, Alaska
Michael Opheim and Tracie Merrill, Seldovia Village Tribe

11:10am - 11:40am State-Tribal Partnership for Developing Advisories
for the Upper Columbia River/Lake Roosevelt
Liz Carr, Washington
Cindy Marchand, Confederated Tribes of the Colville Reservation

11:40am - 12:10pm State-Tribal Partnership for Updating the Advisory for Clear Lake
Margy Gassel California
Sarah Ryan, Big Valley Rancheria Band of Pomo Indians

12:10pm -1:40pm Lunch {on your own)

1:40pm -2:10pm  State-Tribal Partnership for Developing Advisories
for the St. Lawrence River Watershed
Faith Schoftenfeld, New York
Tony David, Saint Regis Mohawk Tribe

2:10pm -2:30pm Communication of Fish Advisories between States and Federal
Lands: Results from a Survey of 21 Western National Parks
David Wong, U.S. Departiment of the Interior, National Park Service

2:30pm -2:50pm  How EPA Utilizes Fish Advisories as

Institutional Controls at Superfund Sites
Steve Ridenour, U.S. Environmental Protection Agency
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Monday, September 22 cONTINUED
2:50pm - 3:05pm  Question and Answer Session

3:05pm -3:20pm  Break
SESSION 3:

Emerging Issue - Harmful Algal Blooms and Fish Consumption
Moderator: Amy D. Kyle, University of Califomnia - Berkeley, School of Public Health

3:20pm - 3:40pm  Introduction and Overview: Significance
of Cyanotoxins for Human Health
Amy D. Kyle

3:40pm -4:05pm  Analytical Methods and Seasonal Variations of Selected
Cyanotoxins in Lake, Fish, and Plant Tissue in Nebraska
Dan Snow, University of Nebraska — Lincoin

4:05pm -4:30pm  Considerations for Fish Advisory Programs for Cyanotoxins in Fish
Tom Hornshaw, Iflinois Environmental Frotection Agency

4:30pm -4:55pm  Cyanotoxin Toxicity: Fish and Human Health Assessment
Lesley V. D'Anglada, U.S. Environmenftal Protection Agency

4:55pm - 5:10pm  Question and Answer Session
5:10pm - 5:30pm  Break

5:30pm -6:00pm  Visit Poster and Outreach Display
Tuesday, September 23

7:30am - 5:30pm  Registration

7:30am - 8:00am  Visit Poster and Outreach Display
SESSION 4:

Risk Assessment, Epidemiology, and Toxicology
Moderator: Alan Stern , New Jersey Department of Environmental Protection

8:00am - 8:05am  Introduction
Alan Stern

g8:05am - 8:25am  PFOA - PFOS Health Effects: Draft Office of Water Health Assessments
Joyece Donohue, U.S. Environmental Protection Agency
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Tuesday, September 23 CONTINUED

8:25am - 8:45am  EPA’s Dioxin Reassessment and Toxicity-Equivalence
Factors for Dioxin-Like Compounds
Jeff Swartout, U.S. Environmental Protection Agency

8:45am - 9:05am  EPA’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed
Geniece Lehmann, U.S. Environmental Frotection Agency

9:05am - 9:25am  Co-occurrence of PCBs and Mercury In Fish Tissue: Is There a Case
for Additivity Based on Common Developmental Endpoints?
Vince Cogliano, U.S. Environmental Protection Agency

9:25am - 9:45am  National Time Trends in Environmental Exposures and Fish Consumption
in U.S. Women of Reproductive Age (NHANES 1999-2012)
Rebecca Birch, Westat

9:45am - 10:00am Question and Answer Session

10:00am - 10:15am Break

10:15am - 10:35am Implications of Recent Epidemiological Evidence on Effects of
Methylmercury for Fish Consumption Advice

Ned Groth, Geffond Fund

10:35am - 10:55am Neurodevelopment Effects of Methylmercury
Glenn Rice, U.S. Environmental Protection Agency

10:565am - 11:15am Epidemiolegical Evidence of Fish Consumption, Methylmercury
Exposure, and Risk of Cardiovascular Diseases in Adults
Jyrki Virtanen, University of Eastern Finland

11:15am - 11:35am Status of IRIS Update for Organic and Inorganic Mercury
Vince Cogliano, U.S. Environmental Protection Agency

11:35am - 11:50am Question and Answer Session

11:50am - 1:00pm Lunch {on your own)
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Tuesday, September 23 coNTINUED

SESSION 5:
Health Benefits and Risk Management
Moderator: Robert Brodberg, California Office of Environmental Health Hazard Assessment

1:00pm - 1:05pm  Introduction
Robert Brodberg

1:05pm -1:25pm  Fatty Acid Content in Fish Species from the
Great Lakes and Nearby Watersheds
Meghan Willlams, Wisconsin Department of Natural Resources

1:25pm - 1:45pm  Great Lakes Basin Fish Consumption, Vitamin D, Selenium, Fatty Acids,
Contaminant Distributicns and Associations in 154 Wisconsin Anglers
Henry Anderson, Wisconsin Division of Public Health

1:45pm -2:05pm  Mercury-Nutrient Signatures in Seafood
and in Blood of Seafood Consumers
Roxanne Karimi, Stony Brook University

2:25pm -2:45pm  Mercury, Selenium, and Selenium:Mercury Ratios in Fish
and Risk Management
Joanna Burger, Rutgers University, and Michael Gochfeld

2:45pm - 3:00pm  Question and Answer Session
3:00pm - 3:15pm  Break

3:15pm - 3:35pm  Risks and Benefits of Fish Consumption for Cardiovascular Diseases
Dariush Mozaffarian, Harvard Medical School, Tufts University

3:35pm - 3:55pm  Maternal Fish Intake during
Pregnancy and Child Cognition
Emily Oken, Harvard Medical School

3:55pm -4:15pm  FDA Assessment of Net Effects on Neurodevelopment from

Eating Commercial Fish During Pregnancy
Phil Spifler, U.S. Food and Drug Adiministration
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Tuesday, September 23 CONTINUED

4:15pm - 4:35pm  Risk-Benefit of Consuming Lake Erie Fish
Satyendra Bhavsat, Ontario Ministry of the Environment and Climate Change

4:35pm -5:05pm  Updated Approach for Balancing the Risks and Benefits
of Fish Consumption on Neurodevelopmental Endpeints
Gary Ginsberg, Connecticut Department of Public Health

5:05pm -5:30pm  Question and Answer Session

Wednesday, September 24
7:30am - 1:00pm  Registration

8:00am - 9:00am  Visit Poster and Outreach Display
SESSION 6:

Communications to the Public
Moderator: Barbara Knuth, Cornell University, Department of Natural Resources

9:00am - 9:05am  Introduction
Barbara Knuth

9:05am - 9:25am  Dissemination of Information about FDA’'s Seafood-Associated
Rhabdomyolysis, Puffer Fish Poisoning and Ciguatera Fish Peisoning
Research Project
Karen Swaflan, U.S. Food and Drug Administration

9:25am - 9:-45am  Consumer Understanding of the Benefits and Risks
of Fish Consumption During Pregnancy
Amy Lando, U.S. Food and Drug Administration

9:45am - 10:05am |mproving Communication of Fish Advisories: Providing Benefits
and Risk Infermation to Increase Consumer Knowledge
Mario Teis! University of Maine

10:05am - 10:25am Communicating Fish Advisory Information
to Women of Childbearing Age
Nancy Connelly, Cornell University

10:25am - 10:45am Urban Anglers’ Fish Consumption and

Response to Advisory Messages
Bruce Lauber, Cornell University
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Wednesday, September 23 conTiNUED

10:45am - 11:00am Question and Answer Session
11:00am - 11:15am Break

11:15am - 11:35am Fish Advisory Outreach to Urban and Rural
Alaska Stakehcelders
Ali Hamade, Alaska Section of Epidemiology

11:35am - 11:55am Engaging Healthcare in Environmental
Exposure Risk Reduction
Michael Hatcher, U.S. Agency for Toxic
Substances and Disease Registry

11:55am - 12:15pm Fish Consumption for Clinicians: Increasing Knowledge of the Risks
and Benefits of Fish and Evaluating Clinical Screening for Mercury
Susan Buchanan, University of ilfinols - Chicago

12:15pm - 12:45pm Communicating Information to Reduce Mercury
Exposures in Women of Childbearing Age
Pat McCann, Minnesota Department of Health

12:45pm - 1:00pm Question and Answer Session
1:00pm - Adjourn Wrap-up: General Forum Moderator
Jeif Bigler

Office of Science and Technology
U.S. Envirohimental Protection Agency
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AND QUESTIONS AND ANSWERS

Welcome

Session 1: Fish Sampling and Analysis

Session 2: Federal, State, and Tribal Advisory Coordination

Session 3: Emerging Issue — Harmful Algal Blooms and Fish Consumption
Session 4: Risk Assessment, Epidemiology, and Toxicology

Session 5: Health Benefits and Risk Management

Session 6: Communications to the Public
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SECTION II-A WELCOME

Welcoming Remarks
Elizabeth Southerland, U.S. Environmental Protection Agency

Biosketch

Dr. Elizabeth Southerland has a Ph.D. in Environmental Sciences and Engineering from Virginia
Tech University. She is currently the Director of the Office of Science and Technology in the U.S.
Environmental Protection Agency (EPA) Office of Water. She is responsible for promulgating best
available treatment technology permit limits for industries, developing aquatic life and human health
water quality criteria under the Clean Water Act, deriving maximum contaminant level goals and
health advisories under the Safe Drinking Water Act, approving or disapproving state water quality
standards, and overseeing EPA’s national fish advisory and beach contamination programs. Dr.
Southerland has also worked in EPA’s Superfund Program, the State of Virginia’s Water Quality
Program, and private consulting.

Welcome Address

Good morning, everyone. | am so happy to be here representing the U.S. Environmental Protection
Agency (EPA) and to welcome you to the 12" National Forum on Contaminants in Fish. EPA’s Fish
Forum brings together representatives and experts from the states, tribes, federal agencies, industry,
environmental advocacy groups, community representatives, healthcare organizations, and
academia. The goal of the Fish Forum is to present and discuss the latest science and public health
policies pertaining to the health risks and benefits of fish consumption. The plenary sessions will
include a variety of perspectives and approaches to assessing and communicating public health risks
and benefits related to fish consumption. In addition to the sessions, we also have the posters and
outreach materials located at the back of the room. This information is available for attendees
throughout the Fish Forum.

The first Fish Forum was held in 1990 in Pittsburgh, Pennsylvania, which was co-sponsored with the
American Fisheries Society. | was actually there as well as other “old-timers” who attended back in
1990, including Rick Greene from Delaware, our first moderator this morning; Brian Toal from
Connecticut; Tom Hornshaw from Illinois; Henry Anderson from Wisconsin; and Jeff Bigler from
EPA’s Office of Water who has planned and chaired the Fish Forum since 1994. Did | miss anyone?
Subsequent Fish Forums have been held every few years since then.

We have many great presentations ahead, but first | want to thank the 2014 Fish Forum Steering
Committee. The committee included Robert Brodberg from the California Environmental Protection
Agency, Office of Environmental Health Assessment; Razelle Hoffman-Contois from the Vermont
Department of Health; Dave McBride from the Washington State Department of Health; Pat
McCann from the Minnesota Department of Health; Sharee Rusnak from the Connecticut
Department of Public Health; Jackie Fisher from EPA’s Great Lakes National Program Office; and
Jeff Bigler from EPA.

First, I’ll provide an overview of EPA’s fish advisory and fish contamination activities—past,
present, and future. Some of our other Agency activities include reduction of bioaccumulative
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contaminants in fish and documentation of the nature and extent of fish contaminants. As you know,
the Fish Advisory Program has been active at EPA for several decades now. In 1990, at the first Fish
Forum, we developed a plan to help EPA identify technical assistance to aid states and tribes in
developing and maintaining fish advisory programs. In 1993, EPA developed the first National
Listing of Fish Advisories, a compilation of information on locally issued fish advisories and safe
eating guidelines. In 1994, we issued the first in a series of comprehensive national technical
guidance documents on developing and managing local fish advisories. We also updated the
guidance in 1997 and again in 2000.

In 2001, EPA and the U.S. Food and Drug Administration (FDA) simultaneously issued fish
consumption advice. FDA issued advice that addressed commercial fish and EPA issued advice that
addressed locally caught fish. In 2004, EPA and FDA collaborated to jointly issue the public health
advisory about mercury in fish and shellfish.

Our studies of fish contaminants have been underway almost as long. In 1998, EPA launched the
National Study of Chemical Residues in Lake Fish Tissue. In 2006, EPA began the National Pilot
Study of Pharmaceuticals and Personal Care Products in Fish Tissue. In 2008, EPA initiated the
2008-09 National Rivers and Streams Assessment Fish Tissue Study. In 2010, EPA conducted the
Great Lakes Human Health Fish Tissue Study under EPA’s National Coastal Condition Assessment
Fish Tissue Study. In 2013, EPA began the 2013-14 National Rivers and Streams Assessment Fish
Fillet Study.

Some of EPA’s recent activities in the Fish Advisory Program include the draft joint EPA/FDA
National Mercury Advisory, which everyone knows has been out for public comment since June
2014. It is not on the agenda this year because we are in the middle of the comment period. | would
strongly encourage everyone to comment at regulations.gov. The date for closure of public comment
will be published in a future notice in the Federal Register.

EPA’s other activities related to the Fish Advisory Program include the National Listing of Fish
Advisories, which we have done annually from 1994 to 2014. The listing was originally developed
to assist with providing information to the public. As you know, the National Health and Nutrition
Examination Survey (NHANES) analyzes fish consumption and blood or serum contaminant data to
assess national trends. Last year, EPA released the NHANES report on blood-mercury and fish
consumption for women of childbearing age using data from 1999 to 2010. While nationally the
blood-mercury levels appeared to decrease significantly and then taper off, overall fish consumption
did not appear to change (about two ounces per week). We are currently updating the analysis now
to incorporate 2011 and 2012 mercury data. We will be tackling other chemicals next year.

In April 2014, we published a report on fish consumption rates in the United States. The report
provided an update to our 2000 fish consumption rates analysis. We are also conducting multiple
national and regional studies of fresh water fish contamination related to human health. We added
human health fish tissue studies to the National Aquatic Resource Surveys. We have also conducted
studies of contaminants of emerging concern (CECs), which developed data on CECs in fish related
to human health. In 2009, we published CEC results on pharmaceuticals and personal care products.
In 2013, we published CEC results on polybrominated diphenyl ether. In 2014, we published CEC
results on perfluorinated compounds.
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As we look ahead to the future, we are scheduled to begin implementing the new joint EPA/FDA
National Mercury Advisory in 2015. We will be redesigning the National Listing of Fish Advisories
beginning this year. After we redesign the National Listing of Fish Advisories, EPA will no longer
need to provide the national summary of advisory information online because states and tribes will
be maintaining their own advisory websites. This is a big accomplishment for all. Thanks to all the
states and tribes that are issuing advisories. EPA believes that pointing people to the state and tribal
websites will give the public more accurate and timely information. This will allow EPA to focus on
collecting and compiling all the fish tissue data used for making advisory determinations by states
and tribes and making that information available to the public all in one place.

EPA will also be focused on analyzing and publishing trends for PFCs, using methods similar to the
blood-mercury approach from NHANES. EPA will also draft new national guidance for conducting
fish consumption surveys and guidance for assessing the effectiveness of local fish advisories. EPA
will release these draft guidance documents for review by all state and tribal advisory programs in
2015.

Elsewhere in the Agency, EPA conducts complementary activities that address fish contaminants,
which can be sorted into two general categories: 1) reducing bioaccumulative contaminants in fish
and 2) documenting the nature and extent of fish contamination. Some of EPA’s activities to reduce
bioaccumulative contaminants include reducing discharges to water; reducing emissions to air;
reducing contaminant concentrations in soil and sediment; implementing the Great Lakes Binational
Toxics Strategy; and addressing persistent, bioaccumulative, and toxic chemicals. Other activities
include revisions to human health criteria; monitoring fish in the Great Lakes; and fish monitoring
efforts for rivers, lakes, wetlands, and coasts. EPA also routinely evaluates bioaccumulation in fish
during review of pesticide registrations.

As you can see, we have been quite busy across the Agency to make fish safer for consumption.

EPA intends to continue doing what we can toward this goal. Thank you for coming, and we are
looking forward to your participation in the Fish Forum.
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Presentation Overview

* EPA's Fish Advisory and Fish Contamination Activities in OW:
o Past,
o Present, and
o Future.

* Other Agency Activities:
o To reduce bioaccumulative contaminants in fish, and
o To document the nature and extent of fish contamination.

[ United States
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o
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Soptembar 21-24 | Alexandria, Virginia

EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES
History

e EPA’s Fish Advisory Program active for several decades now!
o In 1990, plan to assist statesand tribes.
o In 1993, first National Listing of Fish Advisories (NLFA).
o In 1994, first comprehensive national technical guidance.
o In 2001, EPA and FDA simultaneously issued fish consumption advice.

o In 2004, EPA and FDA collaborated to jointly issue the advisary.

EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES
History

s Our studies of fish contamination have been underway almost as long:
o In 1998, National Study of Chemical Residues in Lake Fish Tissue,
o In 2006, National Pilot study of Pharmaceuticals and Personal Care Products,
@ In 2008, 2008-09 National Rivers and Streams Assessment Fish Tissue Study,
o In 2010, Great Lakes Human health Fish Tissue Study, and

o In 2013, 2013-14 National Rivers and Streams Assessment Fish Fillet Study.
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EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES

Recent Activities in the Fish Advisory Program Recent Activities in the Fish Advisory Program

Draft Joint EPA/FDA National Mercury Advisory
National Listing of Fish Advisories

* Out for public comment since June 2014.
« Annually for 20 years: between 1994 and 2014.

« Not on the agenda this year since the comment periad is still open.

& The date for closure of public comment will be published in the Federal NHANES Analyses

Register.
+ To assess national trends of fish consumption and blood or serum

contaminants.

o EPA United States x o EPA United States
7 Environmental Protection =~ : % Environmenital Protection
A4 Agency - 7 Agency

2014 National Forum on Contaminants in Fish 2014 National Forum on Contaminants in Fislh
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EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES
Recent Activities in the Fish Advisory Program Recent Activities in the Fish Contamination Program
Fish Consumption Rate Analysis Studies of Fish in Fresh Water

o April 2014 report on fish consumption rates in the U.S. o . .
» Human health fish tissue studies for National Aquatic Resource Surveys (NARS)

e Updates EPA’s 2000 analysis: two significant changes to the methodology.
o National Rivers and Streams Assessment.

# EPA used new rates to revise national ambient water quality criteria. ) . .
o The Great Lakes portion of the National Coastal Condition Assessment.

o More about NARS later in my remarks.
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2014 National Forum on Contaminants in Fish 3 P - 2014 National Forum on Contaminants in Fish
September 21.24.J Alexandria, Virginia = September 21-24 | Alexandria, Virginia
EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES
Recent Activities in the Fish Contamination Program Looking Ahead
Studies of Contaminants of Emerging Concern (CECs) Implementing the Updated loint National Mercury Advisory

« Beginimplementing the new revised Advisory in 2015.
« Develop data and publish results on CECs in fish related to human health.

o 2009: pharmaceuticals and personal care products (PPCPs). Redesigning the National Listing of Fish Advisories
+ EPAshifting focus to making available to the public:
o 2013: polybrominated diphenyl ether (PBDE). o the tissue data used by states and tribes to make their advisory
determinations, and
o 2014: perfluorinated compounds (PFCs). e EPA’s fish tissue data from NARS.
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EPA’S FISH ADVISORY AND FISH CONTAMINATION ACTIVITIES Activities Elsewhere in the Agency
Looking Ahead
Reducing Bioaccumulative contaminants in fish
Analyzing Other Chemicals in 2015 Using NHANES e Reducing Discharges to Water and Air
* Perfluorinated compounds (PFCs). e Reducing Concentrations in Soils and Sediments.
= Polybrominated diphenyl ethers (PBDES). e Other Strategies.

= Polychlorinated biphenyls (PCBs). R . L,
Documenting the nature and extent of fish contamination

Drafting New National Guidance in 2015 s Updating Human Health Criteria.

« Conducting Fish Consumption Surveys. e Fish Monitoring Programs.
e Evaluating Pollutants for Bioaccumulative Potential.

« Assessing Effectiveness of Local Fish Advisories.

Sttt et 1 o— S
EPA ACTIVITIESTO EPA ACTIVITIESTO
REDUCE BIOACCUMULATIVE CONTAMINANTS REDUCE BIOACCUMULATIVE CONTAMINANTS
Updates since the last fish forum Updates since the last fish forum

Reducing Discharges to Water
Reducing Concentrations in Soils and Sediment
+ Effluent Limitations Guideline for Steam Electric Industry.

« Ongoing review of industries. * Ongoing Superfund cleanups:

o Specific guidance for cleaning up PCBs and dioxins.
Reducing Emissions to Air

+ 2012 MACT rule to limit mercury and other toxics from power plants. © Water quality standards used as target for clean-ups.

e 2013 MACT updated emission limits for new electric generating units.
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2014 National Forum on Contaminants in Fish ¢ 2014 National Forum on Contaminants in Fish
September 21-24/ Alexandria, Virginia | September 21-24 | Alexandria, Virginia
EPA ACTIVITIESTO EPA ACTIVITIESTO
REDUCE BIOACCUMULATIVE CONTAMINANTS DOCUMENT FISH CONTAMINATION
Updates Since the Last Fish Forum Updates Since the Last Fish Forum
Implementing the 1997 Great Lakes Binational Toxics Strategy May 2014 Revisions to Human Health Criteria
* Asof 2008, 13 of the 17 goals achieved. * 94 chemical pollutants.
e Currently addressing remaining 4 goals. + Used our updated fish consumption rates.
Addressing Persistent, Bioaccumulative and Toxic Chemicals through P2 MonitoringFishin the Great Lakes
s PBT Profiler Tool is a component of EPA’s Pollution Prevention (P2) + National fish monitoring program (collaboration with HQ).

program.
» Emerging Chemical Surveillance Program.

2014 National Forum on Contaminants in Fish — Proceedings / Page 19



" Em United States
< Environmental Protection
\7 Agency

2014 National Forum on Gontaminants in Fish
September 21-24/ Alexandria, Virginia

o United States
\'.’ Environmental Protection
Agency

2014 National Forum on Contaminants in Fish
September 2124/ Alexandria, Virginia

EPA ACTIVITIESTO
DOCUMENT FISH CONTAMINATION
Updates Since the Last Fish Forum

Continuing Fish Monitoring Under National Aquatic Resource Surveys
(NARS)

+ Statistical surveys with state, tribal, and other federal agency partners:
o Rivers,
© Lakes,
o Wetlands, and
o Coasts.

« OST contributes human health data for Rivers and Great Lakes.
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In Closing

EPA has been actively engaged in efforts to make fish safer for
consumption.

The Agency intends to continue to do what we can toward this goal.

Thank your for coming to the Forum, we look forward to your participation!

Any questions?

EPA ACTIVITIESTO
DOCUMENT FISH CONTAMINATION
Updates Since the Last Fish Forum

Evaluating Pesticides for Bioaccumulative Potential

e Routinely evaluates bioaccumulation in fish during review of pesticide
registrations:

o Requires manufacturers to provide data on bioaccumulation.

o Uses same basic approach as in OW's criteria guidance.

(=] United States
< Environmantal Protection
L4 Agency

2014 National Forum on Contaminants in Fish
September 21.24 | Alexandria, Virginia

Have a Great Forum!
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Questions and Answers

Q.

Under the Legacy Act, EPA’s Great Lakes National Program Office does remediation work in
the Great Lakes states. Millions of dollars are spent annually, with most efforts focused on
sediment remediation. Could some of the funding be used for purposes beyond sediment
remediation? (Fisher)

She is aware of one pilot example within the Superfund program that is focused more on making
sure that discharges do not reach sediments.

As a physician, he sees patients who consume large quantities of fish. These patients are high-
end vulnerable consumers (greater than 90%) who have elevated mercury levels. They are
interested in these high-end vulnerable consumers who are not captured by the numbers in
recent research. (Gochfeld)

The research for the 2014 NHANES report used a random statistical analysis and the numbers
are for the average consumer. The study design for the national surveys currently does not
include looking at subsistence fish consumption. In 2015, EPA expects to issue new draft
guidance that will hopefully show state and local agencies how to conduct local or regional
research studies on high-end consumers.

How is EPA going to deal with tribal fish consumption? How should we address suppression of
tribal fish consumption?(Burger)

The Spokane Tribe did a survey of high fish consumption rates, and found over 800 grams per
day (compared to 20 grams/day for the average consumer). This is just a current snapshot of
fishing in tribal waters. It is also important to consider heritage issues for tribes. The new draft
guidance will address both heritage issues and suppression of fish consumption issues. In
addition, some tribes are pushing for water quality standards.

Q. What funding will be coming for biomonitoring surveys of fish? (Anderson)

EPA is not currently planning new initiatives for biomonitoring of fish. The mobilization cost for
collection of fish is the major part of the total costs for such surveys. EPA’s Office of Science
and Technology (OST) is piggybacking monitoring efforts onto other studies to reduce
mobilization costs. Through this approach, OST can use smaller levels of funding to get
additional analyzes done through national surveys and Great Lakes surveys.

Comment: Most of EPA’s current funding is going to clean up contaminated sediments and only a

Q.

A.

relatively small amount to biomonitoring or sampling surveys. (Anderson)
Are there any recent efforts to coordinate internationally on fish advisories? (Anderson)

She is not aware of any EPA effort underway to coordinate internationally. We know that
polychlorinated biphenyls (PCBs) and mercury are global concerns.
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Comment: He is not aware of any recent EPA effort to coordinate internationally either. We have to
go back and look at the international perspective. (Bigler)

Q. Where can you find information on Superfund remediation efforts? How do you assess cleanup
of contaminated sediments? (Marcella Thompson)

A. Look at EPA’s website for information on each Superfund site. The cleanup approach is usually
dredging sediments and covering with a cap of clean sediment. However, the water column may
still have a higher PCB number than the water quality standard. It may not be technically feasible
to meet water quality criteria because of PCB diffusion through sediment into the water.
Generally, EPA says the cleanup benefit is that the number of fish meals can be increased versus
the previous ban on fish consumption. If you can get one fish meal per month to show that fish
consumption is again possible, you have a benefit from the cleanup.
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SECTION I1-B SESSION 1: FISH SAMPLING AND ANALYSIS

Introduction

Moderator:
Rick Greene, Delaware Department of Natural Resources and Environmental Control

Biosketch

Dr. Rick Greene works for the Delaware Department of Natural Resources and Environmental
Control. He has managed Delaware’s fish contaminant monitoring and advisory program since its
inception in 1993 and has been involved in all advisories issued by Delaware. He holds a Ph.D. in
Environmental Engineering from the University of Delaware where his research focused on
congener-specific partitioning and trophic transfer of PCBs. Dr. Greene’s recent work includes the
first full-scale remediation project in North America to use direct placement of activated carbon in
sediments to sequester PCBs and reduce bioaccumulation.

Presentations
Mercury and Legacy Organic Compounds in Fish from U.S. Rivers — A National Perspective
John Wathen, U.S. Environmental Protection Agency

Perfluorinated Compounds in Fish from U.S. Urban Rivers and the Great Lakes
Leanne Stahl, U.S. Environmental Protection Agency

Identifying Emerging Contaminants for Monitoring in State Fish Programs
Beth Murphy, U.S. Environmental Protection Agency

Safety Testing of Gulf of Mexico Reef Fish after the BP Qil Spill
Tim Fitzgerald, Environmental Defense Fund
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Mercury and Legacy Organic Compounds in Fish from U.S. Rivers — A National
Perspective

John Wathen, U.S. Environmental Protection Agency

Biosketch

John Wathen is the assistant chief of the Fish, Shellfish, Beaches and Outreach Branch in the
Standards and Health Protection Division of the Office of Science and Technology in the U.S.
Environmental Protection Agency (EPA) Office of Water. Mr. Wathen received his B.A. in Geology
from Northeastern University and an M.S. in Earth Sciences from the University of New Hampshire.
He worked as a consulting hydrogeologist for 15 years conducting landfill siting and closure
investigations, industrial site remediation, and water source protection studies, primarily in northern
New England. In 2000, he entered the public sector as Director of the Southern Maine Regional
Office of the Maine Department of Environmental Protection, which was the position he held until
joining EPA in 2005. He provides management and technical support to the BEACH Act monitoring
and advisory program, with current emphasis on predictive modeling for beach advisories and
recreational pathogen criteria development. He also supports fish consumption advisories and fish
tissue research on persistent contaminants and contaminants of emerging concern and their potential
ecological and human health implications. Mr. Wathen is a Maine Certified Geologist, a Registered
Geologist in Kentucky, and a Certified Ground Water Professional.

Abstract

Mercury and persistent halogenated organic compounds occur in fish tissue in U.S. lakes, rivers, and
streams. Mercury, polychlorinated biphenyls (PCBs), and DDT occurring in fish tissue are the
leading cause of fish consumption advisories. EPA's Office of Water and Office of Research and
Development collaborated to conduct a statistically based survey of persistent and bioaccumulative
contaminants in fish from U.S. rivers. This national fish survey was conducted June through October
in 2008 and 2009 within EPA's National Rivers and Streams Assessment (NRSA), a probability-
based survey designed to assess the condition of the nation's streams and rivers. NRSA field teams
applied consistent methods nationwide to collect single 5-fish composite samples consisting of
adults of comparable length of the same fish species at 541 randomly selected river locations (> 5th
order) in the lower 48 states. Largemouth and smallmouth bass were the primary species collected
for the study, accounting for 34% and 24% of all fish composites, respectively. Homogenate samples
were analyzed for mercury by AA and a suite of approximately 50 organo-halogen compounds
including PCBs (21 congeners), polybrominated diphenyl ethers (PBDES) (8 congeners), chlordane,
and DDT compounds and degradation products, and other pesticides (aldrin, dieldrin, mirex, and
endosulfan) by GC-ECD. Samples were collected from both non-urban (379 sites) and urban
locations (162 sites). All samples contained mercury above the quantitation level, and study data
indicate that PCBs, PBDEs, chlordane, and DDT compounds occur at quantifiable levels in almost
every fish sample collected for the study. Both human health and aquatic life thresholds are applied
to fish tissue concentrations of mercury and these four organo-halogen contaminant groups from
both urban and non-urban sites and within three eco-regions. In addition, we are examining the
percentages of co-occurrence of four organic compound groups at concentrations above the
respective contaminant group medians.
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SESSION 1: FISH SAMPLING AND ANALYSIS
Mercury and Legacy Organic Compounds in Fish from U.S. Rivers — A National Perspective

— John Wathen
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Mercury and Legacy Organic Compounds in
Fish from U.S. Rivers — A National
Perspective

2014 National Forum on Contaminants in Fish
September 22, 2014
Alexandria, Virginia

U.S. Environmental Protection Agency

National Rivers and Streams

Assessment

+ 1,924 sites on rivers within the
conterminous U.S.
Fish tissue indicator collected
at 542 sites on rivers =>5
order
+ Represent 51,663 river miles
* Mercury data- (n=541/542)
sites: 162 Urban
379 Non-urban
« Legacy organic cont. data-
(n=540/542) sites:
163 Urban
377 Non-urban

NRSA Sampling Locations n = 542

National Rivers and Streams Assessment
Urban and Non-urban Sampling Locations
by NARS Major Ecoregion

J - ¥
ae Mo oe e &4
oo Peg o /.'
ey 2/EO pE
. %
Urban Site So e
~¢ - 3
e o> L
Non-uban !
site o 4

U.S. Environmental Protection Agency - ]

Disclaimer
The views expressed in this presentation are those of the authors and do
not necessarily reflect the views or policies of the U.S. EPA or those of the
U.S. Government

U.S. Environmental Protection Agency 2

Data are
Nationally Representative

« 50 analytes x 540 sites = 27,000 data points
* Randomized site selection process yields data
and weighted means that are representative :
» Nationally
» By Ecoregion (3)
» Between Urban and Non-urban sub-populations
» For predominant species .
* Mercury fillet tissue results converted to whole
fish values for wildlife impact estimation.

= Some unweighted site data depictions and
analyses are not nationally representative.

Sample Collection

» Sampling conducted 2008-2009.

« Single composite sample was collected from
each site:

» Five adult fish

» Same species (ubiquitous, abundant, easily
identified, consumed by humans, large)

> Similar size (min>75% max).
+ Fillets were composited using the batch
method.

U.S. Environmental Protection Agency 5]
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SESSION 1: FISH SAMPLING AND ANALYSIS
ury and Legacy Organic Compounds in Fish from U.S. Rivers — A National Perspective
— John Wathen

NRSA Analyses

Analytes not includ

541 sites: Mercury

Additional Fish Tissue Analytes not reported here:
Direct Mercury Analyzer EPA method 7473
(Journal article submitted for publication) 541 Sites- 163 urban sites-
Organic Analytes for 540 Sites 13 PFCs (HPLC-MS/MS)

Selenium: ICP-OES (Next talk coming up)

21 PCB Congeners 20 Organochlorine 4,4'-DDT ) .
PCR 8-209 9 pesticides Dieldrin M0|§ture: Karl Fisher 4 synthetic musks and two

A||d|:mBHc En:o_sulfan [} titration of their metabolites

. alpha- ndrin
8 PBDE Congeners: gamma-BHC Heptachlor Lipids: Gravimetric (Presented SETAC 2011)
BDE 47, 66, 99,100, alpha-Chlordane Heptachlor epoxide
method

138, 153, 154, 183 g Ch b

2,4'-DDD Mirex
Method: GC-ECD 4,4'-DDD cis-Nonachlor

o B 4,4'-DDE trans-Nonachlor 7
(Journal article in preparation) 2.4'-DDT Oxychlordane
U.S. Environmental Protaction Agency 8

Presentation Contents Hg Statistics

In this presentation:

Statistic | National | Non- Urban EHIGH | PLNLOW VENLTS
» Mercury Results: Human Health and Ecological *Hg ww | =541 U’_%"T’; A=162 | n=190 | n=280 | @=7T)
thresholds & subgroup analysis ug'kg) n=
River 51,663 | 40,752 | 10,911 | 14,738 | 29,739 | 7,186
- . Miles
» Legacy Organics Results: Human Health and River k| 83125 | 65888 | 17550 | 23718 | a7 861 | 11502
Ecological thresholds & subgroup analysis ver km ' ' ' " ' '
50th % 175.6 170.5 | 2006 176.0 180.1 125.3
» Co-occurrence of organic compounds ile*
95th % 5836 | 5788 | 8033 | 5352 | 5788 | /854.1)
» Co-occurrence of Hg and PCBs ile™
Mean® 2289 | 2233 | 2502 | 2100 | 2314 %7.5
11/20/2014 U.S. Environmental Protection Agency 9 Max. * 1 ’419 1 ‘419 854 854 1 ’419 1 ‘272

Hg Weighted Percentile Data
by Subgroup

All (100%) of the 541 fish fillet samples analyzed for Hg content >3.33
ug/kg (ppb) quantitation limit for the method.

120 ug/kg 1 mealiwedk threshhold . We{ﬁhted values for 137/541 samples (25.4%) exceeded the EPA
(Mink WV ~100 ug/kg| HHWQC for Hg of 300 ug/kg.

» =13,071 river miles (21,154 km)/ 51,663 miles (83,143 km) of
sampled U.S. rivers

[ 300 ug/kg HH WAC, Eagle WV » Compare with 48.9% of U.S. lakes in NFLTS

« No statistically-significant differences among sub-groups:
= » Non-urban/urban sites:

= » Eco regions (EHIGH,PLNLOW, WMTS).

«  Wildlife Risk:

> Risk to piscivorous avian species (eagle) are similar to risks for
humans at 300 ug/kg (@two meals per month level),

» Mink are more at risk than the avian species (and humans) @ the
HH 1 meal per week (fillet) threshold of 120 ug/kg.
uglkg {ppb)

o om0 w0 aw BEE « Data anomalies in WMTS samples likely attributable to natural localized
(AR Ofsen) CA Hg source (geothermal area/Hg miring history).

T e
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T
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SESSION 1: FISH SAMPLING AND ANALYSIS
Mercury and Legacy Organic Compounds in Fish from U.S. Rivers — A National Perspective

Occurrence of Legacy Organic
Compounds vs Hg

« Different elements, different chemistries Detected in 93% of samples. Data are for 21 out of 209
- Divergent sources, distribution patterns, PCB Congeners- Therefore, results are VERY
transport mechanisms Conservative.
= Al end up in fish Detects Meanugkg Max woka) %>SV (12ugkg)
+ Focus of organics analysis is on PCBs, PBDEs, National Data ~ 505/540 32.7 856 48.0%
Chlordane, and DDT, Dieldrin )
Non Urban Sites 343/377 26.9 412 42.0%
Urban Sites 162/163 54.2 856 69.3%

U.S. Environmental Protection Agency 14

All summed PCB fish tissue concentrations
with Consumption frequency threshholds

?* 'Weighted Mean PCB Congener
Concentrations in Fish Tissue from
o ~River Sites- Non-Urban and Urban

(Cancer Endpoint Values 1/100.000)

Piofted values are unweighted site data

Non Urban
wUrban

Surmed PCBs ugig)

PCB Congener copcentration fyafkg)

200
Widite Valus (W) Mink {130(usske) l l
o No Consumption Level (94 us/ke) 3
one m h Level (47 ug/kg) - ' -
@
&
<

Qne meal/week Level (12 Lg/kg) L & ) ) & -
o o P B B oA e A e e e e e

1 -I ,"--
o @ :
& &

&

< d LAl A M

MNote: Unweighted site data

PBDEs-pervasive, lower concentrations, lower HH toxicity

Lower concentrations, 1 Urban Site exceeded high (210

PBDEs All Sites
ug/kg) HH SV. Data are for 8 PBDE Congeners that o ’
. (Plotted values are unweighted site data)

represent most of the contaminant mass. .

Detects Meanwgkgy Max (ughg) >SV(sites)
National Data 497/540 11.7 311 1 - SadisoryLavl
Non Urban Sites 340/377 8.6 151 -0- §
Urban Sites 157/163 22.5 311 1 e

? Mink WV
U.S. Environmental Protection Agency 17 °a = = 1 = = 5 - - 18
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PBOE Compound Conc. (ug/kg)

Human health screening values

SESSION 1: FISH SAMPLING AND ANALYSIS
Mercury and Legacy Organic Compounds in Fish from U.S. Rivers — A National Perspective
— John Wathen

Comparison of Weighted Mean PBDE Compound Concentrations in Fish s
Tissue from Non-Urban and Urban Sites in U.S. Rivers

8o 138 e spe1s3 80E 154 80153 BoE100

Analyzed PBOE Compunds

=NanUrban = Urban

Human health screening values (SVs)- | meal/week

Compound* Non-cancer SV Cancer SV
Chlordane (total) 1200 67
Dieldrin 120 15
DDT (summed) 120 69
PCBs (summed) 47 12
PBDEs (summed) 210@ NA

("ug/kg wet weight)

U.S. EPA (2000) Guidance for Assessing Chemical Contaminant Data for Use
in Fish Advisories; Volume 2 Risk Assessment and Fish Consumption
Limits;Third Edition EPA 823-B-00-008 Office of Water, Washington DC
@California sport fish advisory level

U.S. Environmental Protection Agency 21

NARS Major Ecoregions
(Review)

PLNLOW

4

v 2
0

Total Chlordane and

Detects Meanwgkgy Max (ugrg) Sites>SV

National Data 481/540 6.3 311 4
Non Urban Sites 325/377 5.1 87.1 1
Urban Sites 153/163 10.4 31 3

DDT(s)- 98.7% detects

Detects Meangugks Max ugig) Sites>SV
National Data 533/540 13.8 294 16
Non Urban Sites 343/377 12.3 170 6
Urban Sites 162/163 19.0 294 10
U.S. Environmental Protection Agency 20

Wildlife risk values (WVs)

Compound* Mink WV Kingfisher WV
Chlordane 830 4.5

Dieldrin 20 360

DDT (total) 360 155

PCBs (total) 130 440
PBDEs@ 32 13 (Kestrel)
("ug/kg wet weight)

*Lazorchak, J M etal. 2003. CONTAMINATION OF FISHIN STREAMS OF THE MID-ATLANTIC
REGION: AN APPROACH TO REGIONAL INDICATOR SELECTION AND WILDLIFE
ASSESSMENT. Environ Tox Chem. 22,3

@Canadi

ion Act, 1999 Federal Environmental Quality Guidelines Feb. 2013

U.S. Environmental Protection Agency 22

Differences Between Subgroups

Significance of Differences Between Subgroups

Non- EHIGH/ EHIGH/ PLNLOW/
urban/Urban PLNLOW WMTS WMTS
Compound
Family Greater| P | Greater | P | Greater| P Greater P
mean | value | mean | value| mean | value mean value
PCBs PLN
Urb. EHIGH Urban | 0.006 | EHIGH | 0.032 | EHIGH | <0to1 | | 0.0015
PBDEs
No E-R diff Urban | <ou EHIGH 0.1 Same | None WMTS | 0.365
Chlordanes PLN PLN
less WMTS Urban | 0407 | ' | 02 | EHIGH | <ooot Low | ou
DDTs PLN PLN
Ubpnow |Urban |0017 | oo | <000t | WMTS | 067 | o | 07

Comparisons based on Z-Tests using calculated weighted means and standard errors
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Combined

log10 Lgka)

Summed PCB Cone.

h Tissue (ugikg)

g
g
5
g
5
E
£
s
5
2
S

Concentrations
Third Quartile by Summed PCBs of Combined PCB, PBDE,

Chlordane, and DDT Concentrations is Fish Fillet Tissue
from U.S. Rivers (>5th order)

(Site data depicted ferillustrative purposes)

10000

m.fhum.|"|||.|||\||||‘|||m\nu.ul’ﬂ‘u||lnmndHMLI\II\IMu‘l\n\rh\
5

wSUmPCB  wSumPBDE  mChirdne  m SumDDT 2

Co-occurrence of PCBs and Hg

. Summed PCBs vs Hg in Fish Fillet Tissue
- ot from U.S. Rivers (All samples =>5" Order Sites)
. Ex oth Hg and PCB
1 threshold
PCB-Hgr=-0.0689
° 47 uglkg PCB Non-cancer Threshold

.
te Weighted % excds PCB CT = 48%

. * 12ugkg PCB Cancer Threshold
. .

Note: Plotied data are unweighed site values

.
* Weighted% excds Hg SV= 25 5%
27

Hg Fillet Canc. (ugkg)

000 120000 150000

Organics Synthesis 2-
Sub-groups

PCBs, PBDEs, and DDT compounds concentrations are
significantly higher in fish from urban sites

PCBs concentrations are significantly higher in EHIGH,
relative other eco-regions.

There is no significant difference in PBDE concentrations
in fish tissue among eco-regions.”

DDT concentrations are sli_Fnificantly elevated in
PLNLOW relative to EHIGH, but not to WMTS(CA ag?)

No significant difference in chlordane concentrations
between non-urban and urban sites. (*Previous analysis
of POTWs in urban locations indicated POTW source of
chlordane and PBDEs in fish tissue — SETAC 2012).

Co-occurrence of Organo-halogen
Compounds

Co-occurrence of PCBs, PBDEs, andDDT

above Respective Median Values

u PEDE only

wPCB anly
Chird only

=DOT anly
PCB+PBDE

u CH+DOT
Al Four

= Any three
PCB+DDT

28
After M. Thomson & K Boekelheide (2012)

Organics Synthesis 1- Weighted
National Data

PCBs, PBDEs, chlordane, DDT, and Dieldrin are

pervasive in fish tissue from U.S. rivers

Compound detects in fish tissue average 88.8% of river

miles.

The extent to which these compounds exceed risk-based

screening values varies widely:

— PCBs- 48% of sites exceed 12 ug/kg (1/100,000)
cancer threshold

(basis of 21 of 209 PCB Congeners)
— PBDEs, Summed DDTs, and Total Chlordane
individually exceed HH SVs at few sites.
Extent of potential impacts depends on concentration, as
well as SV or WV.
— WVs can yield risk levels divergent from HH SV&®

Conclusions

» Monitoring of fish tissue for assessment and for fish
consumption advisories continues to be important for new
and legacy organic compounds, as well as Hg.

* Individual organo-halogen compounds seldom occur alone
in fish tissue. Therefore, the presence and effects of any of
these or other contaminants must be viewed in the context
of co-occurring compounds.

* Any new persistent organic compounds can add to the
existing overall organo-halogen (chlorinated, brominated,
or fluorinated) burden in fish tissue potentially consumed
by humans and wildlife.

* Occurrence and co-occurrence of contaminants depend

on fish species and trophic level, and compound
chemistry. Not all fish are created equal.
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Co-occurrence of PCBs and Hg

1000

1000 R “Calfish Fillet Tissue (n = 149) Summed PCBs vs Hg

Bass Fillet Tissue (n = 251) Summed PCBs vs Hg . . °

. SM Bass weighted excds PCH GT= 3% g c
* LM Bassweghted excds PCB CT= 40% - =
Pre =3 5 nexcds=860= 40%
5 c
2 ot £ B 47ugkg PCB Non-cancer Threshold
E . nexcds=29=12% 5 .
) 4Tuglka PCB Non-cancer Threshold 5 b
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H L . . 12 ugkg PCB Cancer Threshold i» .t
o |z E .
g o+ WT2 o ° . 3 :
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. - 33
. . SM Bass weighted excds Hg SV= 25%
Note: Plotted data are unweighted site values LM Bass weighted excds Hg SV= 33%

Fillet Tissue from

Other Non-predator Species (n = 107)
Summed PCBs vs Hg

Trout (3), Bluegill, Largescale sucker, Mountain whitefish,
Sunfish {2), Striped Mullet, River carpsucker, Carp (2), Black
redhorse, drum, White crappie, White sucker, Yellow perch,
smallmouth buffalo. nexcds=T=6.5%

. . 4Tug/kg PCB Non-cancer Threshold
" e ., nexcds=40=37%
i . 12 uglkg PCB Cancer Threshold

necds=10=9%
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Perfluorinated Compounds in Fish from U.S. Urban Rivers and the Great
Lakes

Leanne Stahl, U.S. Environmental Protection Agency

Biosketch

Leanne Stahl is an environmental scientist in the Office of Science and Technology (OST) within the
U.S. Environmental Protection Agency (EPA) Office of Water. Since 1999, she has served as the
Project Manager for a series of fish contamination studies conducted by OST, including the National
Lake Fish Tissue Study, the National Pilot Study of Pharmaceuticals and Personal Care Products in
Fish Tissue, the National Rivers and Streams Assessment Fish Tissue Study, and the Great Lakes
Human Health Fish Tissue Study, and co-authored five technical journal articles reporting results
from these studies. Leanne moved to EPA from the National Oceanic and Atmospheric
Administration in 1990 and she worked in coastal and sediment contamination programs during her
early years at EPA. Prior to joining federal service, she served as the fisheries specialist for a marine
research team at the University of Washington in Seattle.

Abstract

Perfluorinated compounds (PFCs) have recently received scientific and regulatory attention due to
their broad environmental distribution, persistence, bioaccumulative potential, and toxicity. Studies
suggest that fish consumption may be a source of human exposure to perfluorooctane sulfonate
(PFOS) or long-chain perfluorocarboxylic acids. Most fish tissue literature related to PFC
contamination focuses on marine fish and waters outside of the United States. To broaden
assessments in U.S. fish, EPA conducted a national-scale study of urban rivers under the 2008-09
National Rivers and Streams Assessment (NRSA) and a regional-scale study of the Great Lakes
under the 2010 National Coastal Condition Assessment (NCCA) to characterize PFC contamination
in freshwater fish. EPA applied an unequal probability design in the NRSA Urban River Study and
the NCCA Great Lakes Human Health Fish Tissue Study to randomly select 164 urban river sites
and 157 nearshore Great Lakes sites for fish sample collection. Fillet tissue was analyzed for 13
PFCs using high-performance liquid chromatography tandem mass spectrometry. PFCs were
detected in 80% of the urban river samples and 100% of the Great Lakes samples. Results showed
that PFOS dominated in frequency of occurrence, followed by three longer-chain
perfluorocarboxylic acids (perfluorodecanoic acid, perfluoroundecanoic acid, and
perfluorododecanoic acid). Maximum PFOS concentrations (wet weight) were 127 and 80 ng/g in
urban river and Great Lakes samples, respectively. The study results can be extrapolated to the
sampled population of 17,059 kilometers (km) in urban rivers and to a nearshore area of 11,091 km?
in the Great Lakes.
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Perfluorinated Compounds in Fish Today’s Presentation
from U.S. Urban Rivers and the Great Lakes

Overview of perfluorinated compounds (PFCs)

EPA actions on PFCs

+ Fish cor geting PFCs

+ PFC results from the fish studies

| ;K,“'n + Future plans
‘-\ | | Leanne Stahl
5 o - '\) Blaine Snyder
. Sy Anthony Olsen
- Thomas Kincaid
John Wathen

Harry McCarty
SEPA Office of Water/Office of Science and Technology,
Office of Research and Development, and
Great Lakes National Program Office

PFCs at a Glance

PFCs at a Glance

= PFCs are organic chemicals characterized by fluorine + Coalings for fick cook and food
atoms bonded to carbon atoms. . =
ChbOrsTanA ~ Fabfic stain protectors
ChemicalStruciure  *  Pefflucroalkyl substances are a subsat of PFCs in which Industrial Products Hydraulic fluids
hydrogen atoms of an alkane or substituted alkane have
been replaced by fluorine atoms. + Firefighting foams
= Naturally cccuming fluorinated organic compounds are
rare; most PFCs are manufaciured chemicals.
= PFCs are persistent, bioaccumulative, and toxic chemicals
+ T I’]BY occur worldwide in wildiife and the emaronment.
* Ability to repel both water and oil PFCConcerns + The majority of peaple living in industrialized nations have
UniqueProperties  + Themmal siability detectable levels of many PFCs in their blood serum
i e e + PFCs have leng half-lives in humans (e.g., PFOA, 3.8
= Abilil cl rf; nis an rsan
Bilily. 10,8133 BUrtactan|a B4 deper s years; PFOS, 5.4 years; and PFHxS, &5 years)
F
]
Summary of PFC History™ EPA Response
3M announcec phase oul of C3 bassd L Ll i
chemisiry (PFOA and a famify of synthetic In 2008, EPA established the PEGA Stowardship
BuPet ktioiced chemizals mode ungfwmm stoma) Program with & majar chemical companias wih goals to:
'“.'\9 = Achieve 8 55% reducten in
EPA launched the PFOA emissions and produst content of
Organic flucrine ‘Stewardship Progrom PFOA ang lang-chain PECs by 2010
found in :::;n serum 2008 + Eliminate PFOA and long-chain PFG
| emissions by 2015,
|
1940s 1950s  1880s = 1970s  1880s  1990s  2000s 2010s 20008 2010s
| | Using Statistical Surveys to
344 began seling EPA began review of B i
Scolchguard ® data lirking C4 1o Assess PFCs in Fish
i 3M reported PFOA found in N pecosee « I 2008, EPA inftisted & study of PFCs
biood of workers 2004 In fish from urban riers Under the
578 2008-09 Netional Rivers ard Steams
Assessment (NRSA)
+ EP# began a secord study of PFCs in
Great Lokes fish undsr he 2010 Natonal
= Adapledt o Lrwisirom, Stryar, s Libseko (2011 Coastal Concition Assessment (NCCA)
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2008-09 NRSA Sampling Sites 2010 Great Lakes Sampling Sites

For the 2008-09 NRSA:

+ A framework of 1,800
sampling locations
contained a statistically
representative subset of
164 urban river sites that
were 5 order or greater in
size.

L9 Based on the statistical
e . design of the study, the
L -~ results apply to an
estimated urban river

length of 17,509 km
(10,880 mi).

sh Collection

Various state, tribal, and federal agencies

provided support for fish sample collection. e ofenion pieiied 18

composite samples (682 total
Field teams collected one fish sample per fish) of 25 species.
site for analysis of PFCs.

Three of the recommended

- Fish samples consisted of: target species -- smallimouth
bass, largemouth bass, and
= Adult fish of the same species and channel catfish - accounted for
similar size 70% of the composites (34%,
+ Species commonly consumed in the 25%, and 11%, respectively).
study area

Ideally, five fish per sample

Field teams used electrofishing to collect
NRSA fish samples and a combination of
hook and line and gilinettingto collect the
Great Lakes fish samples.

Fish Tissue Analysis

- Fish were scaled and filleted in a y to avoid cc ination of the ]
tissue. PFEA Perfuorctutyre acid CaFCO0H
» Lateral muscle fillets were homogenized with skin on and the belly flap PrE3 Perfuortatune sulonale CaFsS0s

attached. PFPeA Perfuaroponancic acid CafC00H
» Fillets were composited using the batch method, which includes all the PRI Poskiorchecendic §0d CoFnCOOH
fillet tissue from each fish in the sample. PFHaS Perfuorenana sufinae G 50,

» Commercial laboratories analyzed fillet tissue samples for 13 PFCs using Lot ot Lt GEuCooH
high performance liquid chromatography tandem mass spectrometry (HPLC- PFOA Pesfuoroociancic acid CrFpGOOH
MS/MS). - T

PFOS Perfuorsocinne sufonate Caf 150y

» Asingle laboratory analyzed all the fillet samples for each of the fish studies. PFOSA Pectuarsocanesufonamida Cof (50N,
PFHA Perfuororonanaic acid Caf fCO0H
PFDA Perfuorooacanu aod CafCO0H
PFURA Perfuoloundecancic acd CyeFy CO0H
PFDGA Perfuaradadecanaic atid CiFCO0H
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For the GLHHFTS:

= Aframework of 225 U.S.
sampling locations
contained a statistically
representative subset of
157 nearshore sites
(defined by depths up to
30 m or distance upto 5
km from shore).

Based on the statistical
design of the study, the
results apply to a Great
Lakes nearshore surface
area of an estimated
11,091 km? (4,282 m#®).

Fish Collection Results

Forthe NRSA: For the GLHHFTS:

Fish collection yielded 157
composite samples (423 total
fish) of 18 species.

Three of the recommended
target species -- lake trout,
smallmouth bass, and walleye
- accounted for 58% of the
composites (31%, 14%, and
13%, respectively).

Phaotograghec film production
Mew Scoechgard® acive ingredient

Slain-proof coating breakdown product
Stain proct coatng breakdown product
Firafighting foare: and camet eatments
Stain-proot coatng bieaknown produc
Tellon® and Gore-Ter® emusilier
Dvgral Scolchgaro® ackve ingredient
Ongral Scolchgard® breakdown product
Stain procd coatrg bakdown product
Stain-proc coatng breakdown product
SUain-proct coatng breakoown product

Stain-prost costg bieskdown product
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Statistical Analysis Process NRSA Urban River PFC Results

Statistical analysis of the PFC data for both fish studies incorporated elements
of the probabilistic survey design and followed this process:

determination of the final fish sampling site status (e.g. target, not

The urban river fillet samples are a set of
accessible)

nationally representative samples whose
results can be extrapolated to the sampled
population of 17,509 km (10,880 mi) of urban
river length.

adjustment of the survey design (sample) weights based on the site
status

estimation of the target population (number of sites that met the study
defintion of a target river or nearshore Great Lakes location)

80% of the urban river fillet samples contained detectable levels of PFCs.

estimation of the number and proportion of sites in the sampled
population (i.e., accessible target rivers or nearshore Great Lakes sites)

6 of the 13 PFCs were detected in the urban river samples.

estimalion of percentiles and cumulative distribution of lissue PFOS occurred most frequently; it was detected in 73% of the samples.
concenirations by chemical for the sampled population of rivers or Great

Lakes locations

The median and maximum PFOS concentrations were 10.7 ng/g and 127 ng/g

Great Lakes PFC Results PFC Screening Values

Consumplion consumption limits or human health
Hsah screening values for PFCs.

Unrestnicted 40

15
« EPA has not developed national risk-based
| -

The Great Lakes fillet samples are a set of
regionally representative samples whose results

The Minnesota Department of Health (MDH)
can be extrapolated to a Great Lakes nearshore : :
2 3 21 1 meal | week 40200 included meal advice categories basad on
Fitiace ered ot GIOIRMA(.202 A levels of PFOS in fish as part of their

Tmestimonn =200 800
e statewide Fish Consumption Advisory
Do nct eal =800 Prﬂ'glam.
+ 100% of the Great Lakes fillet samples contained detectable levels of PFCs. * Ganera popuiascn

The MDH sport fish advisory levels

12 of the 13 PFCs were detected in the Great Lakes samples. recommend consumption of only one meal of
fish per week if PFOS concentrations are
=40-200 ng/g (wet weight), one meal per
The median and maximum PFOS concentrations were 15.2 ng/g and 80 ng/g. month if levels are >200-800, and no
consumption at levels greater than 800 ng'g

PFOS was the dominant PFC; it was detected in all of these samples

NRSA PFOS Cumulative Distribution Function Great Lakes PFOS Cumulative Distribution Function

5 The application of PFOS human [ A - The application of PFOS huran
_‘ 2 == & | health screening values (SV) to ‘ i E=——l= health screening values (SV) to
&g f 3 E the national probabilistic results fe = 2 the pmbabms_ilc {esuils from the
§ Tt for urban rivers indicates that: : = Great Lakes indicates that:
A = / g g + 10.6% of the sampled g° i E - 8.0% of the Great Lakes
%9 2 é population of U.S. urban rivers I i1 s_ampled population had PFOS
Bl i had PFOS tissue i tissue concentrations that
i /T'ﬁ 2 concentrations that exceeded AL = exceeded the 40 ng/g SV
- o Cancs | the 40 ng/g SV recommending - J | | ms“"'"ic,,:,.,,,_,.,‘_,,_‘ ) recummelndmg thaltﬂgr: .
L L that fish consumption be o » © © = ‘50“5“’“?"0" C IESUICIE0 10
biotood restricted to no more than one el ;Z;?(""e han one meal per

meal per week.

This represents a total of 998 km2
(385 mi2) of nearshore Great
Lakes area.

This represents a total of 1,856
urban river km (1,153 mi).
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Recently Published Looking Ahead
a EPA is repeating statistically based fish tudi
L For more information: in U.S. rivers and in the Great Lakes to generate data for analysis
- . . of national trends in river fish contamination and for analysis of
Detailed P,FC LG B regional trends in contaminant levels for Great Lakes fish.
these studies were recently published
online in Science of the Total Environment « EPA is cumrently conducting the second study of contamination
on September 2, 2014. in fish fillet samples under the 2013-14 NRSA. Urban river

samples will be analyzed for PFCs.
- Stahl, L.L., Snyder, B.D., Olsen,AR.,
I\Kﬂmca\d‘ ™., Wat1h49n ‘PJ‘B"' and Mext year, EPA is planning to initiate the second Greal Lakes
cCarty, H.B. 2014, Perfluorinated Human Health Fish Fillet Tissue Study under the 2015 NCCA
compounds in fish from U.S. urban PFCs are Included n the list of target chemicals
rivers and the Great Lakes. Science of
the Total Environment 499: 185-195.

Please visit our posters:
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Questions and Answers
Q. Do you have any data on the co-occurrence of PFCs in fish samples? (Stern)

A. They have not looked at any data regarding the co-occurrence of PFCs. However, their data
showed more than one PFC occurred in some fish tissue samples.

Q. How did you collect the fish samples, specifically what process was used for sampling and what
people were used for collecting samples? Did you involve people who actually fish in the
sampling process, such as recreational fishers? For example, recreational fishers can be used as
citizen scientists. (Bawden)

A. The sampling was conducted primarily by state crews, who were coordinated by EPA’s Office of
Wetlands, Oceans and Watersheds (OWOW). Some private crews were also used in the sampling
process as well as tribal crews and U.S. Geological Survey staff. OWOW prepared a manual
about the standard protocols for sampling and posted it online. All crews had rigorous training on
the standard sampling protocols.

Comment: At EPA’s Research Triangle Park office in North Carolina, there are two EPA experts

who have conducted local studies on PFCs in fish in North Carolina and Alabama. Andrew
Lindstrom and Mike Strynar are experts on water and fish monitoring for PFCs. (Stahl)
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Identifying Emerging Contaminants for Monitoring in State Fish Programs
Beth Murphy, U.S. Environmental Protection Agency

Biosketch

Elizabeth Murphy is the program manager for the Great Lakes Fish Monitoring and Surveillance
Program (GLFMSP) in the U.S. Environmental Protection Agency (EPA) Great Lakes National
Program Office (GLNPO). As program manager for a 30-plus year program, Ms. Murphy is
responsible for monitoring and surveillance of historical and emerging contaminants in Great Lakes
fish over time and determining the presence of new chemicals in fish tissue. She works very closely
with the Great Lakes Consortium for Fish Consumption Advisories, Lakewide Action and
Management Plans, Partner Agencies and Programs, and the Environment Canada National Fish
Contaminant Monitoring and Surveillance Program to ensure that high quality data is used in
decision making and reporting. Additionally, Ms. Murphy has been involved with a variety of
education and outreach projects in GLNPO, including the creation of posters and other outreach
materials. She made her video debut in a Chicago Emmy nominated Chicago Public Television
series, City Science. Ms. Murphy received her B.S. in Environmental Science from North Carolina
State University and her M.P.H. in Environmental Public Health from the University of Illinois at
Chicago. In a past life, Beth enjoyed traveling the world and photographing it, both above and below
the water. Now, she enjoys teaching her children about the Great Lakes and raising them to be good
environmental stewards.

Abstract

Emerging contaminant surveillance was added in 2010 as a core function of GLFMSP, an EPA
program operated by a cooperative agreement between GLNPO and the Clarkson University
Research consortium. The goal of the surveillance is to qualify and quantify, when possible, new
chemicals that are present in whole body top predators in Lakes Superior, Michigan, Huron, Erie,
and Ontario. Results of this surveillance are becoming available and are summarized by the
presentation, including methodology and the research paradigm used to identify chemicals and to
share the information with state and tribal advisory programs for prioritization in monitoring.
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|dentifying Emerging
Contaminants for Monitoring

in State Fish Programs

Elizabeth Murphy
LS. Environmental Protection Agency
Great Lakes National Program Office

Partners
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Thomas Holsen, Clarkson University
Bernard Crimmins, Clarkson University
Phillip Hepke, Clarkson University
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Great Lakes Fish

Chemical monitoring and surveillance program in whole

top predator fish
Legacy Chemicals — 1970 - Present
Spert Fish fillet — 1980 - 2007 Great Lakes FISh

Emerging Contaminant Surveillance - 3007 - Fresent 5 .
Top Predators chosen because they are good integrators Momtormg and

Lok Trout Surveillance

Wlere Program (GLFMSP)
2 collection sites per lake, alternating annually
50 fish per site analyzed as 10 5-fish composites
Consistent size range with assumed age
Long-term archive
Correspanding program in Enviranment Canada
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Emerging Contaminants in the Great Lakes—An evolving
list of chemicals for surveillance and monitoring

Br / Cl compounds
MNon-halogenated compounds

+  Polychlorinated napthalenes *  Organometallic campounds
+  Fluorotelomer alcohals *  Halogenated Compounds

+  Non-PBDE flame retardants ) ?Lwnes icals & Po |
*  Perflucrinated compounds . armaceuticals o
. s care products (PPCPs)

*  Degradation Products

« Priority Chemicals far
+ 08T
+ Canadian Partners
+  States & Tribes

Emerging Contaminant Discovery

Howard-Muir (2010) PBTs in Commerce and PBT Suspects
Observed: NIST Library Results
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*Fillet value = Whole Fish
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Loke Michigan Mass Bolance
*Regression Analysis not appropriate

Low R¥
Emvironmental Variability

Demonstration
Analysis

*95% confidence interval around mean
Mo change to meol cotegory

* Michigan to consider
Increase frequency of sampling in Lake Huran
Diversify sampling location
Estoblish length to concentration relationship
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SESSION 1: FISH SAMPLING AND ANALYSIS
Identifying Emerging Contaminants for Monitoring in State Fish Programs — Beth Murphy

GLRI funded collaboration between Information skey
the Iarkson Consortium and Great Stablish routine information shering

Stay engaged

La kes States Establish Priorities
Be Flexible
Sample Share
Objectives: Seek out larger scale partners

1) Develop a standard reference material (SRM) consisting of Great Lakes Regional or National

lake trout tissue that can be used for inter-laboratory comparisons. Cost Share

: : 7 3 s ; Don’t limit collaborations
2) Provide analytica tance and QA/QC support for fatty acids, )
perflucrinated compounds (PFCs) and taxaphene analyses. Be Patient

.

Elizabeth Murphy 312-353-4227
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Questions and Answers

Q.

A.

Why did you decide to use whole body versus fish fillet samples? Why did you not consider using
both of them? (Pinkney)

This program started as an ecological program so they used whole body samples. Later the
greater need turned out to be emerging contaminants so they kept using whole body samples.

Did you consider any ongoing data streams from EPA or private sources to identify chemical
targets? Are there any current data streams that would identify emerging contaminants? (Kyle)

They have been working with EPA’s Office of Science and Technology, which is a good
resource. EPA’s Great Lakes National Program Office is using a “rifle and shotgun” approach.
For the “rifle” approach, they use a targeted search for chemicals or compounds in high
production within the Great Lakes region. This approach is based on the Great Lakes Water
Quality Agreement. For the “shotgun” approach, they are looking at chemical peaks in samples
and trying to identify chemicals or compounds of concern for which they should be following up
on with additional monitoring.
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Safety Testing of Gulf of Mexico Reef Fish after the BP Oil Spill
Tim Fitzgerald, Environmental Defense Fund

Biosketch

Tim Fitzgerald directs the Environmental Defense Fund sustainable seafood program, and
specializes in the intersection of environmental sustainability and public health. Mr. Fitzgerald
serves on the board of Ecofish LLC, Seafood Safe LLC, and Gulf Wild, and is an advisor to Fair
Trade USA, SeaWeb's Kid Safe Seafood, and the Atlantic States Marine Fisheries Commission. Mr.
Fitzgerald also develops sustainable sourcing policies for retailers, foodservice companies,
restaurants, and other major seafood buyers. Mr. Fitzgerald earned his M.Sc. (2002) in Zoology from
the University of Hawai’i, and his B.S. (1998) in Biology from Duke University. His graduate
research focused on the behavioral ecology and sensory physiology of tropical sharks, making
appearances on Discovery Channel's Shark Week and National Geographic Explorer. He is a
frequent speaker on conservation and human health issues concerning the U.S. seafood market, and
has been featured in the Wall Street Journal, New York Times, and NPR’s Fresh Air, in addition to
being invited to provide testimony in front of the President’s Commission on the BP Deepwater
Horizon Oil Spill.

Abstract

The BP Deepwater Horizon oil spill posed a significant threat to the U.S. seafood industry.
Invertebrates (shrimp, oyster, crab) and other nearshore species comprised the majority of post-spill
testing by federal and state agencies. Deeper water finfish were sampled less frequently, despite
population ranges that overlapped with affected waters. We conducted a voluntary testing program
with Gulf of Mexico commercial fishermen to ensure the safety of their catch. Seven species of reef
fish were tested for polycyclic aromatic hydrocarbons (PAHS), a suite of metals, and a constituent of
Corexit dispersants. Two percent of samples had detectable levels of benzo(a)-pyrene-equivalents (a
combined measure of carcinogenic potency across seven different PAHSs), which were still below
federal safety thresholds. PAH ratios for these samples suggest pyrogenic contamination — indicating
potential sources other than Deepwater Horizon. Metals were largely absent (cadmium, lead) or
consistent with levels previously reported (mercury, arsenic). One notable exception was tilefish,
which showed mercury concentrations lower than expected. We did not detect dispersant in any of
our samples, indicating that it was not present in these species during the study period. Our findings
suggest minimal risk to public health from these seafoods as a result of the disaster; however, the
most contaminated areas were not sampled through this program.
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SESSION 1: FISH SAMPLING AND ANALYSIS
Safety Testing of Gulf of Mexico Reef Fish after the BP Oil Spill — Tim Fitzgerald

e ==

BP Oil Disaster By The Numbers

* The Macondo well was uncapped for 87 days
+ ~207 million gallons of crude oil entered the Gulf

+ ~2 million gallons of dispersants used

'WHAT HAPPENED TO THE OIL?

Chemically
digersed
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Seafood quality still concern for many after Gulf oil
spill

Published: Satu nber 04, 2010, 5:32 AM  Updated: Saturd:

‘Gulf of misunderstanding’ about Gulf seafood
safety

% Atiants Journol Constusian

Mississippi Shrimpers Refuse to Trawl
Fearing Oil, Dispersants

By Dahr Jamai

Lab Results Raise New Concerns Over
Gulf Seafood

Approach, Goals & Rationale

. ENSURE PUBLIC HEALTH

. SUPPLEMENT FEDERAL EFFORTS ON LESS TESTED,
DEEPER WATER SPECIES

3. BROAD SPECTRUM OF CONTAMINANTS
. WORK WITH PROACTIVE FISHERMEN

. FOCUS ON ACTIVE FISHING AREAS/COMMERCIAL
SEAFOOD
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SESSION 1: FISH SAMPLING AND ANALYSIS
Safety Testing of Gulf of Mexico Reef Fish after the BP Oil Spill — Tim Fitzgerald

COUBHIRETEY,

Contaminant Levels in Gulf of Mexico Reef Fish after the Deepwater
Horizon Oil Spill As Measured by a Fishermen-Led Testing Program
itegerald® and Julia M. Gohlke' Gulf Wild safety testing instructions

al NW, Sue 600, W

Timothy .

Ao s b
1) Collect a section of skin-on fillet from three different fish of the same species,
totaling at least %4 Ib. Place them in a leak-proof plastic bag.

Samples must be cold when they arrive at the testing lab. Frozen fillets can be sent as-is, but
fresh fillets should be sent with a gel pack to keep them cool. You can also save several frozen
samples until the end of the week, and then send them together to save on shipping costs.

2) Record the following information and include it with each shipment:

s Species:

o Three fish weights:

Date of capture:

GPS coordinates or NMFS harvesting grid (10x10mi?) of capture:
Gulf Wildtag #:

Vessel/captain name:

Fish house name:

Reef fish

A
. i
02l N . _
100 o — — 600
—— 400
200 200
Gray polygon — maximum federal fisheries closed area (June 2010) time from blowout (days) distance from wellhead (km)
Figure 3 . . . :
Pyrogenic
1 11
Petrogenic 1

PAH ratio Petrogenic values
SLMW/EHMW >1
PHN/ANT and FLA/PYR >10and <1

ANT/ANT+PHN <0.1

FLA/FLA+PYR <0.4-0.5
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SESSION 1: FISH SAMPLING AND ANALYSIS
Safety Testing of Gulf of Mexico Reef Fish after the BP Oil Spill — Tim Fitzgerald

Red snapper testing 2010-12 Grouper testing 2010-12

Gov’t standard THIS STUDY Gov’t standard THIS STUDY
35 ppb BaPe 0.00 ppb BaPe 35 ppb BaPe 0.53 ppb BaPe
150 ppm . <0.05 ppm i . 150 ppm . <0.05 ppm
87 ppm I 0.45 ppm . i I 87 ppm I 0.71 ppm
2.9 ppm I <0.01 ppm i I 2.9 ppm I <0.01 ppm
0.29 ppm 0.13 ppm | 0.29 ppm 0.27 ppm

* FDA/NOAA Deepwater Horizon Protocol * FDA/NOAA Deepwater Horizon Protocol
** EPA National Guidance for Sportfish Advisaries ** EPA National Guidance for Sportfish Advisories

Tilefish testing 2010-12 MERCURY RESULTS IN COMPARISON

Gov't standard THIS STUDY

35 ppb BaPe 0.00 ppb BaPe
150 ppm <0.05 ppm Grouper 0.267 ppm (27) 0.395 ppm (662)

. Hg (this study) Hg (Karimi et al. 2012)*

87ppm | 9.05ppm Red snapper  0.126 ppm (22) 0.202 ppm (231)

2.9 ppm <0.01 ppm
0.29 ppm 0.55 ppm Tilefish 0.550 ppm (4) 1.445 ppm (61)

* FDA/NOAA Deepwater Horizon Protocol
** EPA National Guidance for Sportfish Advisories

Gulf Wild@ . } ,JJu:Nu.\_LgE_'Y\a{‘

0 | | TRACKIT

* Comprehensive seafood assurance campaign

 Addresses issues of conservation, safety,
traceability, authenticity, marketing

* Voluntary measures
that are made possible
by & complement
management

« A new way to respond |
to fishery disasters
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SESSION 1: FISH SAMPLING AND ANALYSIS
Safety Testing of Gulf of Mexico Reef Fish after the BP Oil Spill — Tim Fitzgerald

What did we learn?

* Gulf seafood safety remains a consumer concern
* People were skeptical of gov’t reassurances

* This was a challenge & an opportunity for
seafood industry

* Direct engagement with the
public health community &
risk communication experts
is critical
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Questions and Answers

Note: There were no questions because the moderator moved directly into the general Q&A session
at the end of this panel.
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General Question and Answer Session

Q. At the Colorado Department of Health and Environment, they are getting resistance from their
Department of Natural Resources, Fish and Wildlife biologists who are concerned about starting
fish sampling for new contaminants. The Fish and Wildlife biologists are concerned about
protecting fisheries (e.g., not depleting fish) and protecting tourism. How can fish be collected
and monitored, given these issues? (Richardson)

A. EPA’s Great Lakes National Program Office is a federal program collaborating with other
federal programs. However, they collaborate with state departments of natural resources (DNRS)
routinely for collecting and monitoring fish for mercury, etc. State DNRs are usually the best fish
collectors, but they may want to collect fish for different purposes. In reality, the real hurdle for
her program is finding laboratories that can conduct analyses for emerging contaminants.

(Murphy)

Q. Because the Colorado Department of Natural Resources will not collect fish, do you have any
other suggestions? (Richardson)

A. A contractor is probably the best solution. Under her program in the Great Lakes region, they
have not had success with using citizen scientists to collect fish. (Murphy)

Comment: If you find a location within Colorado where emerging contaminants occur, then your
DNR’s biologists might provide assistance. That approach might allow you to show a “success
story” to mitigate concerns about other issues. (Greene)

Q. Are people continuing to look at the food chain effects when monitoring for oil-related
contaminants in Gulf of Mexico fish? You could look at the food chain for oil-related
contaminants from crayfish all the way up to the fish eaten by consumers. (Burger)

A. There is a lot of research analyzing inshore fish that are lower in the food chain and caught from
inshore areas in the Gulf of Mexico. He suggested looking for published studies on this research.
(Fitzgerald)

Q. The data about arsenic levels in the Environmental Defense Fund (EDF) study are two times
lower than data published in government studies. Why are there differences in these levels?
(Ralston)

A. There was no relevant data in the federal databases for the three marine species researched in the
EDF study (i.e., red snapper, grouper, tilefish). EDF tried to compare their results to tissue levels
for marine species through fish tissue searches in EPA’s National Listing of Fish Advisories, but
that database did not have much information on these three marine species. EDF would have
liked to make comparisons to existing data, but there was nothing great to compare to.
(Fitzgerald)

Q. At the National Seafood Inspection Laboratory, they have found that you must present data
along with the size of fish and also age. He questioned whether using the mean was helpful if you
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do not keep track of the size of fish. He urged everyone to keep this in mind when doing sampling
and to collect fish of a range of sizes. Also he recommended that it is best to look at individual
fish versus composite samples when analyzing fish sampling results. (Lowery)

. After the moderator asked Beth Murphy whether she found their data changed with the size of
fish, she replied that in their study it was the age of fish—not size—that was important.

(Murphy)

. After the moderator asked Leanne Stahl whether EPA could plot data based on the length of fish,
she replied that EPA has that data. (Stahl)

. The full data set of the EDF study is online. (Fitzgerald)

. You need to be mindful of your approach, and the approach for linking results to the consumer’s
health is difficult. Some data can get complex and the results may get misleading, especially
when presented in laymen’s terms. Focusing on popular fish and the size of fish may help
communicate with the public. (Bhavsar)

. There were no responses or comments from any of the panelists.

2014 National Forum on Contaminants in Fish — Proceedings / Page 51



SECTION I1-C SESSION 2: FEDERAL, STATE, AND TRIBAL ADVISORY
COORDINATION

Introduction

Moderator:
Rick Greene, Delaware Department of Natural Resources and Environmental Control

Biosketch

Dr. Rick Greene works for the Delaware Department of Natural Resources and Environmental
Control. He has managed Delaware’s fish contaminant monitoring and advisory program since its
inception in 1993 and has been involved in all advisories issued by Delaware. He holds a Ph.D. in
Environmental Engineering from the University of Delaware where his research focused on
congener-specific partitioning and trophic transfer of PCBs. Dr. Greene’s recent work includes the
first full-scale remediation project in North America to use direct placement of activated carbon in
sediments to sequester PCBs and reduce bioaccumulation.

Presentations
State-Tribal Partnership for Developing Advisories for Cook Inlet
Bob Gerlach, Alaska; Michael Opheim and Tracie Merrill, Seldovia Village Tribe

State-Tribal Partnership for Developing Advisories for the Upper Columbia River/Lake Roosevelt
Liz Carr, Washington; Cindy Marchand, Confederated Tribes of the Colville Reservation

State-Tribal Partnership for Updating the Advisory for Clear Lake
Margy Gassel, California; Sarah Ryan, Big Valley Rancheria Band of Pomo Indians

State-Tribal Partnership for Updating the Advisories for the St. Lawrence River Watershed
Faith Schottenfeld, New York; Tony David, Saint Regis Mohawk Tribe

Communication of Fish Advisories Between States and Federal Lands: Results from a Survey of 21
Western National Parks
David Wong, U.S. Department of the Interior, National Park Service

How EPA Utilizes Fish Advisories as Institutional Controls at Superfund Sites
Steve Ridenour, U.S. Environmental Protection Agency

2014 National Forum on Contaminants in Fish — Proceedings / Page 52



State-Tribal Partnership for Developing Advisories for Cook Inlet
Bob Gerlach, Alaska; Michael Opheim and Tracie Merrill, Seldovia Village Tribe

Biosketch

Robert F. Gerlach

Dr. Robert F. Gerlach works for the Alaska Department of Environmental Conservation as the
Alaska State Veterinarian. He is responsible for animal health regulations, animal disease
surveillance, managing the state's Fish Monitoring Program, and is the state’s Fish Advisory
Program Coordinator. Dr. Gerlach received his B.S. in Veterinary Science from the Pennsylvania
State University and graduated with a Doctor of Veterinary Medicine from the University of
Pennsylvania. He was attending veterinarian and post-doctoral fellow at the Lovelace Respiratory
Research Institute in Albuquerque, New Mexico. In 1987, he moved to Alaska and worked in private
practice until being hired by the state to manage the state’s Fish Monitoring Program. Working with
state and federal partners, in addition to commercial, recreational, and subsistence fisherman, over
7,800 finfish and invertebrates have been collected and analyzed for environmental contaminants.
The data generated by the program is used by the Alaska Department of Health and Social Services
to develop fish consumption advice for Alaska residents.

Michael Opheim

Michael Opheim is of Aleut descent and currently resides in Seldovia, Alaska. Michael grew up
harvesting from the land and sea with family members. Similar to most young Alaska men, he spent
nine years as a commercial fisherman. He became the Environmental Coordinator for the Seldovia
Village Tribe (SVT) in 2003. As the Environmental Coordinator, he is responsible for administration
and management of the Indian General Assistance Program and other environmental projects. Under
his leadership, the SVT Environmental Office has flourished bringing essential environmental
projects to Seldovia that benefit the entire community. Mr. Opheim finds his best days are those days
that allow him time in the field doing what he loves best. As the Environmental Coordinator, he has
been able to travel throughout the state, establishing contacts and friends throughout tribal
communities. Michael believes that we are stewards of our natural resources, and works to ensure
those resources are available for future generations.

Tracie Merrill

Tracie Merrill has worked as the Environmental Assistant for the SVT in Seldovia, Alaska, since
2009. She is responsible for assisting SVT’s Environmental Coordinator in field work for the various
environmental projects and programs being undertaken by the tribe: data entry, analysis, and
management; technical report writing; and assisting in grant proposal writing. Ms. Merrill received
her M.S. in Marine Biology from the University of Alaska — Fairbanks in 2008 and her B.S. in
Marine Biology from the University of Maine — Machias in 2004. Prior to working for SVT, she
worked as an Avian Science Technician, Marine Science Instructor, Naturalist, Fisheries Observer,
and at a marine mammal stranding center and an aquarium in New Jersey.

Abstract

SVT’s Environmental Coordinator and Assistant will discuss: 1) a Fish Consumption Assessment
undertaken for four villages in Cook Inlet, Alaska (Seldovia, Port Graham, Nanwalek, and Tyonek)
between 2011 and 2012 to determine current fish and shellfish consumption rates of tribal members
as well as consumption rates of other selected traditional foods, 2) results of this assessment, and 3)
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collaboration with the U.S. Environmental Protection Agency and the Alaska Department of
Environmental Conservation (ADEC) in this assessment as well as tissue sampling of sockeye

salmon within Cook Inlet for contaminants in partnership with ADEC’s Fish Tissue Monitoring
Program.

2014 National Forum on Contaminants in Fish — Proceedings / Page 54



SESSION 2: FEDERAL, STATE, AND TRIBAL ADVISORY COORDINATION

State-Tribal Partnership for Developing Advisories for Cook Inlet — Bob Gerlach

% _ —
®) 2014 EPA National Forum on’ m‘a
__Contaminantsin Fish - X /

Coordinating Efforts in
the Last Frontier

Bob Gerlach
Buck Furin
AK Dept of Enviro

Sources of Environmental

Contaminants
* Local
* Natural Geologic sources, forest fires

o Cities and Industrial production
» Military Sites
* Resource Extraction- mines, oil exploration

* Long Range Transport
* Atmospheric

* Ocean Currents
* Animal migration
* Commercial transport

Evaluate contaminant levels in
skinless fillet and whole fish
from freshwater, estuaries and
marine environments

¢ Data is used to: V1 vt o ‘k\!
- Determine if there are any areas, species, or contaminants
that warrant more in-depth sampling and evaluation.
« Provide Alaskan residents with information to make an
informed dietary decision based on Risks and Benefits of
eating. Alaskan Fish State wide and local advisories.

¢ 2014 Updated Fish Consumption Advice for Alaskans

Population 640,000
229 Federally Recognized Tribes

3million lakes 12,000 rivers 33,000 miles of coastline
Spanning 3 different seas: Arctic Ocean, Pacific Ocean, Bering Sea

Fish Monitoring Program:

General Survey of Alaskan Fishes:
» Commercial , Subsistence, Recreational species

» Collaborative Effort for sample collection
« Federal and State agencies, commercial, recreational and
subsistence fish harvest
« QOutreach of data results

Selected coastal sites:
* Remote communities and villages
* Adjacent to anthropogenic activities:
= cities, discharges/runoff
+ Historic mining sites

Areas Fish were Collected for the
Fish Monitoring Program

170°E 180° 170°wW 160°W 150°W 140°W 130°W 120°W
65N B3°N
BON BN
55N 55N
50°N 50°N
a5m Total Samples ~ 7,800 &N

170°E 180° 170°W 160°W 150°W 140w 130w 120°W

Number of Fish Samples per Region
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SESSION 2: FEDERAL, STATE, AND TRIBAL ADVISORY COORDINATION

State-Tribal Partnership for Developing Advisories for Cook Inlet — Bob Gerlach

[CUMBER
cop

1985

EULACHON (Candlefish)

35

GEODUCK

132

SALMON-CHINOOK

SALMON-GHUM

SALMON-PINK

GRAVLING a7 SALMON-RED 401
GREENLING T3 SALMON-SILVER 664
HALIBUT 1919 SAND LANCE 47
HERRING 32 SHARK 111
IRISH LORD-RED 19 SPINY DOGFISH 52
IRISH LORD-YELLOW 14 SHEEFISH 1€
LAMPREY 10 SKATE 186
LINGCOD 230 SOLE, FLOUNDER 30
MUSSELS, BLUE 44 STICKLEBACK, SCULPIN 121
NORTHERN PIKE 572 TROUT-LAKE 124
OCTOPUS-SQUID 12 WHITEFISH 142

- . . - 2 OYSTERS-SCALLOPS 1441 - . .

b ijah Manitocing Brostam | < oerrs State Tribal Partnership with
LACK 79

BURBOT 27 - -

careun w 3 = Cook Inlet Tribal Villages

CHAR-ARCTIC +DOLLY VARDEN 50 LA d Wasid 22 g
ELLOWEYE 116 .. .

e = = = = Communities of Seldovia, Port Gram, Nanwalek

CLAMS, COCKLES, CHITON,SEA 379 SABLEFISH 249 -

and Tyonek

ADEC
Division of Water
Triennial Review

Assessment of Contaminants in
Subsistence Foods of Cook Inlet

-Collaborative effort to design, collect and analyze fish

samples

* Recent studies have determined that the Fish
Consumption Rate used in the current Human
Health Criteria formula may not accurately reflect
consumption rates in certain parts of Alaska

« Existing fish contaminant data for the area was provided

<ADEC involvement includes:

~ Assistance in drafting QAPP

~ Sampling SOP

~ Shipping and analytical analysis

 Stakeholders have called for ADEC to review and
revise the Human Health Criteria

* ADEC is working with many tribal organizations and
communities to establish consumption rates
Assessment of
Contaminants in
Subsistence Foods

* Complex Issue:
¢ Varied sources of Environmental Contaminants
* Site specific and regional differences
« Possible Impacts on ecosystem health
- Water quality
= Animal health - food quality
« Public health
® Benefits of subsistence diet

*Analytes of interest:
~Trace elements: THg, MeHg, As, Cd, Cu, Pb, Se
~Organochlorine pesticides (18), Toxaphene, PCBs, PBDEs

* Data will be added to ADEC existing database i :
* Need for monitoring to determine presence and

* Snapshot of contaminants in important subsistence foods evaluate trends

» Guidance for future work in Cook Inlet » Need for clear information to the public
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SESSION 2: FEDERAL, STATE, AND TRIBAL ADVISORY COORDINATION

State-Tribal Partnership for Developing Advisories for Cook Inlet — Michael Opheim and Tracie Merrill

Cook Inlet Subsistence Consumption
Assessment and Sockeye Salmon
Tissue Sampling Project

by Michael Opheim and Tracie Merrill
Seldovia Village Tribe

History/Background (continued 2)

+ Last study (before this one) to look at fish consumption rates
of Cook Inlet Tribal members was done by the Agency for
Toxic Substances and Disease Registry (ATSDR 2009) - came up
with a much higher average daily rate of fish consumption
based on Port Graham Tribal members: 202 g/d = 7.1 oz
Traditional foods comprise 40 % - 90 % of rural Alaskan diets
(ATSDR 2009)
* No previous studies for Cook Inlet tribes examined
consumption of particular fish parts, or how the frequencv
and process of particular cooking methods }

or breastfeeding influenced exposure to
contaminants

History/Background

+ Communities/villages of Seldovia, Port Graham, Nanwalek, and
Tyonek are all within the Cook Inlet region of Alaska — all are only
accessible by boat or plane and all are small (populations range
from 171 to 420); fishing communities

+ Alaskan Native cultures within region: Aleut, Alutiig, Yupik,
Dena’ina

* Between 2011 and 2012, SVT staff conducted an assessment (i.e.
survey) of Tribal Members from these 4 villages

History/Background (continued 1)

Assessment funded by Indian General Assistance \,
Program (IGAP or GAP) unmet needs grant

Why did we want to do it?
* Concern about contaminants in the traditional foods our
Tribal members eat (especially fish!) and exposure to
these contaminants
* Believe there is an underestimation of fish consumption
rates used to currently calculate ambient water quality
criteria for human health
- EPA = recommends 17.5 g/d = 0.62 oz (Powell 2011)
DEC = uses 6.5 g/d = 0.23 oz (Powell 2011) P

Assessment activities:

Modeled project design on survey done by Columbia Inter-
Tribal fish commission- 1994

Coordinated with all the participating tribes

Developed lots of documents

Hired and trained two interviewers from each village

Randomly interviewed 19 adult Tribal members (18 years old
and up) from each village — SVT staff acted as monitors

Use food models and recorders

Adults were asked to give fish consumption information for
the youngest child (under 18) in their households
Final report and a summary report was written up
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State-Tribal Partnership for Developing Advisories for Cook Inlet — Michael Opheim and Tracie Merrill

Findings:
+ Total of 76 interviews
* Even number of female and male participants (38)
* Obtained dietary information for 35 children

Percent (%) of respondents who consume subsistencefoods (all villages|

"
e Urps Mol Mo

aher UneteckChms Sl Ociopss  Seabiucs

ot el

Percent (%) of respondents (n=76) who consume subsistence foods. Weighted data. Seldovia data not
included for beluga (n=57) or snails (n=57)

Cook Inlet Tribes (all children). One outlier excluded. Weighted.
| Average = SE | Median 95%

]

All (n=34) | 580:163 | 405 | 1778 ‘
|Syrsoldand younger (n=17) | 349=17.4 | 128 | 1341 |
6to 17 yrs old (n=17) | 83.3z258 67.3 203.7 |

Cook Inlet Tribes (only children who eat fish). One outlier excluded. Weighted.
[ [ Average = SE | Median | 95% ‘
405 186.6

47 318 | 1518 |
8332258 67.3 203.7 |

Percent(%) of r jentswho ly consume fish species

Parcent (%)

Percent {%) of respondents (n=75) who commenly consume fish species.
Weighted data. Seldovia data not included in this graph for the following species:
pike, smelt, whitefish, needlefish, and bullhead

Cook Inlet Tribes (values for fish and non-fish consumers combined). Weightod

Average=SE | Median 5%
Allrospondents (n=76) | 8482235 | 465 I 247.1
Males (n=38) 10852202 | 541 2608
Fomalos (n=38) | 782263 | 426 | 1757
Fishers (n=68) | 9502261 | 486 | 2532
Non-Fishers (n=8) 4582194 250 1108
1830 yoarsod (n=24) | 9942418 | 435 ] 229 |
L 40-59 yoan =30) | 8 | 486 3167 1
60+years oid (n=22) 6252136 412 1515
Shelfish (snails not included for Seidovia) _
| Average=SE | Mecan | 95%
All respondents (n=76) | 120234 | 33 1 36.7
Males (1=38) 94135 | 21 207
Females (n=38) [ 147258 [ 41 632
Fishers 119238 | 28 345
Non-Figl 13.7:89 1 35 50.2
18.39 yoars oid (n=24) 84:30 | 36 203
£0-59 yoars old (1=30) 117245 | 12 I 473
60+yonrs 0 (n=22) 18.3:82 | 6.1 I 820
Total Seafood (snails not included for Seidovia)
8 SE Medan 95%
Allrespondents (n=76) | 10682238 | 553 267.1
Males (1=38) | i189=303 | 61.0 2810
Fomalos (n=38) 9452277 502 241.1
Fish 8 | 109:266 | 54.1 I Far]
Non-Fishors (n=8) | s95e195 | 55.0 1183
1839 yoars 0d (n=24) | 1078=427 | 515 ] 2422
40-59 yoars old (n=30) 12122400 50.3 3280
old (n=22) 808178 | 608 1 1

Tribe(s) Average age | Percentage | Percentage of Average age Reference
children (who | of women women who children (who
ate fish) started | that have | have given birth | were breast-fed)
eating fish given birth who currently stopped being
(months) are breast- breast-fed
feeding or have (months)
breast-fed
Cook Inlet 11.8 (+ 2.6 SE) 96.3% 68% 115 (+ 2.35E) | This current
Tribes assessment
Suquamish 12 Suguamish
Indian Tribe 2000
Tulalip and 39 43% and 75% of gto9 Toy et al.
Squaxin Island children had 1996
Tribes been breast-fed
(respectively)
Columbia River | 13.1 (£ 0.7 SE) 83% 42% 7.6 (+ 0.6 SE) CRITFC 1994
Basin Tribes

Women who breast-fed, consumed on average, 100.1 (+ 38.5 SE) g/d of fish per day
which is higher than the mean fish consumptionrate found, in general, for women (79.8
(£ 26.3 SE) g/d) within the tribal population.

Table 3. Consumption of anadromaus fish spacics by percent of otal ish cansumption per month. Percents are based o
consumption of only istod fish spacies identiied In questiannairo (based upon number of tmas fish specios are ealen in a
maonth and average fish portion sizes as. indicated by respondents). Unweighted data. One outier exciuded from Port

Geahan's data
Vilage Fish Species — T
[Eockeye | Chnook | Coho | Pk || Crum | Doly | Steohead | Eulachon | Ranbow | Lake | Smot
samon | saimon | salmon | salmon | saimon | varden trout rout
rout
Seidovia 247 103 140 88 41 08 0.0 14 07 04 NA
{n=15) 4 L | | ! ! { ! ! 1}
PorGranam || 177 | 94 | 178 | 76 || 68 | 30 12 22 31 | 10| 00
(o=18) | | | | | I
Nanwaek 142 18 27 16.5 25 63 04 52 42 28 0o
(n=19) | Il | | | ] I
Tyonak 92 | 406 | 262 | 08 || 09 | 13 23 82 27 | 18| 00
(n=18)

Table 4. Consumption of non-anadiomaus fish species by percant of total fish consumption per month. Percents are
based on consumption of anly listed fish species idontfied in questonnaire (based upon number of times fish species are
eaten in a month and average fish portion sizes as indicated by respondents). Unweighled data, One outier excluded
from Port Graham's data.

Vilage Fish Species |

B [ Ungeod | Grey | Black | Back | Pollock | Flounder | Tomeod | Red | Greening | Herring
| rocklish _cod | | | | rockfish |

Seidovia o7 | 10 | 28 00 10 o7 ‘ 08 5]

{p=19) | |

Port 15 | 14| 88 | 20 13 | o8 ‘ 09 13

Granam

(n=18)

Namwaiek @ o1 | a7 (1] ] 00 ‘ 16 28

(8=19) ! ! 1

Tyonok 60 |00 | 00 | o3 w | oo | o0 1

(p=18) |
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Top three sources of fish:
- 80.8% of all respondents obtained their fish by personally
harvesting the fish themselves and/or through family members
- 9.7% from friends
- 4.8% from ceremonies

Most popular fish cooking methods were smoking, canning, pan-
frying, and baking \

Okay, tribal members eat a lot of fish but what’s in our fish?

* Funded by an EPA IGAP unmet needs grant to test 36 whole body
sockeye salmon caught within Cock Inlet for contaminants— suppose
to have happened this summer (2014) but by time QAPP approved,
missed sockeye salmon runs so ??7....

* Salmon will be tested through ADEC’s fish tissue monitoring program
following their protocols and documentation— analyzing free of charge
for us

+ Two samplers hired from each village to collect samples
- 9 samples collected from around each village (4 villages)

- composite samples made up of three whole body fish homogenized

Acknowledgements:
BIG THANKS TO:
The Columbia River Basin tribes and Columbia River Inter-
Tribal Fish Commission

IGAP staff and Tribal council members of Port Graham,
Nanwalek, and Tyonek

Interviewers and samplers

All the Tribal members who participated in assessment
* EPA

ADEC - especially for helping us with our QAPP, project
design, and lab analysis

.

®

.

.

Collaboration with ADEC, EPA, and
other tribes (outside of partner tribes)

Peer reviewing
Have given numerous presentations
Shared assessment documents
Working closely with the Sun’aq Tribe of Kodiak
From 2011-2013, DEC was undergoing a Triennial Review
-Shared assessment final report with EPA and ADEC
-Assisted consultant (hired by ADEC) with a literature review
of dietary studies
-Attended an informational workshop in Homer, AK, on
permitting for oil and gas development and production in Cook

Inlet

What we have done so far:

* Lined up samplers

* Purchased supplies and got kits assembled

* Got QAPP approved

* Worked with ADEC (they have been great) to develop QAPP,
sampling design, and methods

* Researched available contaminant data for fish and
shellfish collected within Cook Inlet

* Created SOPs for samplers

QUESTIONS???

Michael Opheim, SVT Environmental Coordinator
907-435-3247
mopheim@svt.org

Tracie Merrill, SVT Environmental Assistant
907-435-3261
tmerrill@svt.org
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Questions and Answers

Note: No questions were asked.
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State-Tribal Partnership for Developing Advisories for the Upper Columbia
River/Lake Roosevelt

Liz Carr, Washington; Cindy Marchand, Confederated Tribes of the Colville Reservation
Biosketch

Liz Carr

Liz Carr is the Fish Advisories Program Coordinator for the Office of Environmental Health, Safety,
and Toxicology at the Washington State Department of Health. She received her B.S. in Marine
Biology and M.S. in Environmental Studies from The Evergreen State College. She developed
Washington State’s Healthy Fish Guide using a social marketing approach that helps guide the
public to eat fish high in health benefits and low in contaminants identified by toxicologists. With
over 15 years’ experience coordinating marine-related scientific research projects and environmental
and public health programs, she is interested in the intersection of science, advocacy, policy,
program development, and public education.

Cindy Marchand

Cindy Marchand is the CERCLA Coordinator for the Confederated Tribes of the Colville
Reservation Office of Environmental Trust Boundary Waters Program. She is a graduate of Eastern
Washington University receiving a B.A. in Interdisciplinary Studies with an emphasis in Business
Administration, Economics, and Anthropology. Ms. Marchand works on the Remedial
Investigation/Feasibility (RI/FS) Study on the Upper Columbia River/Lake Roosevelt Site in
Washington State. She was the lead on the Upper Columbia River Tribal Consumption and Resource
Use Study, the largest tribal survey ever conducted.

Abstract

RI/FS studies dating back to 2001, including the Upper Columbia River Tribal Consumption and
Resource Use Study, are yielding critical information for visitors and residents wishing to safely
swim, play, fish, and enjoy Lake Roosevelt. This session will demonstrate how federal, state, and
tribal government and local groups partnered to summarize human health information resulting in
unique fish advisory information and an in-progress survey to determine the effectiveness of these
outreach materials that promote our common goal: to keep people eating fish.
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Tribal Involvement

» Early 90's federal, state, tribal entities &
Lake Roosevelt Water Quality Council
conduct baseline studies

» 1997-98 Tribes meet with State and
Federal Agencies and Trustees to
coordinate a comprehensive approach

» In 1999 Tribes petition EPA under
CERCLA/Superfund to address sediment
contamination

5/31/2000 17:50
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RI/FS Sampling/Studies Conducted Goals of the Survey

g :urfahce Watel_r sampling » Remedial Investigation/Feasibility
» Beach sampling

» Sturgeon toxicity methods development StUdy (_RI/FS)

» Work Plan and other planning documents » Potential Exposure Pathways from
» Fish tissue sampling Resource Use

+ Recreational Use Survey » Site specific data-How do we use

» Tribal Consumption and Resource Use Survey

» Currently-Residential Soil Sampling/Upland these resources (food/non—food)

Soil Sampling
Survey Information Results

» The UCR Resources Survey is one
of the largest ever done with a !

. S . picked for the survey reported

Tribal population in the nation that they consume and /or use

» Total of 5,469 surveys local resources three or more
administered times per week.

» All surveys administered by Tribal
Employees (24 Enrolled members
and 2 descendents) G

2/3 of the people who were
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and Cindy Marchand

Fish

» 83% of the Reservation population reported
consuming fish. Majority of these fish are
caught in various rivers, lakes, and creeks
within the boundaries of the Colville Indian

Reservation.

Fish Sampling Areas U5 -Canadem Bode
Upper Columbia River Area 1
Area 2 e

s

IR
el TP
|

Human Health Fvaluation | A

Burbot

Kokanee Mercury
Lake Whitefish PBDES
Largescale Sucker PCBs
Longnose Sucker Dioxins
Mountain Whitefish

Rainbow Trout

Smallmouth Bass

Walleye

foizealt

§” GUIDE TO HEALTHY
— FISH CHOICES

From the
Environmental Trust Department
Confederated Tribes of the Colville Reservation

Avoidance of Resource Use

» 1,421 people responded affirmatively that they
refrained from using or avoided any resources
from the Upper Columbia River or Lake
Roosevelt.

The 993 people who avoid any resources or
activities because of contamination or pollution
specified that they avoid the following:
~Fish: 97.55%

»Activities: 26.85%

»Animals other than fish: 19.31%

»Plants: 12.90%

-

Upper Columbia River/Lake Roosevelt
Fish Advisory

2008: Fish Advisory issued: Burbot, largescale sucker - 1 meal per week
Walleye- Limit 2 meals per month.

2012: DOH Updates Fish Advisory { Mercury & PCBs Drivers)
Women who are or might become pregnant, nursing mothers, and young children:
* Walleye, burbot, mountain whitefish, smallmouth bass - 1 meal per week

= Largescale Sucker - 2 meals per month

» Kokanee, lake whitefish, and rainbow trout- 2 to 3 meals per week.

Statewide fish adwvisories due to mercury apply to UCR
+ Largemouth bass- 2 meals per manth
= Northern pikemmnow- Do not eat
General Pubhc : Everyone should limit largescale sucker to 4 meals per month

(PCBs) and eat no more than 3 nmes the amount of the adwvisory fish.

il
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and Cindy Marchand
RAINBOW TROUT

Walleye got their From refle

very light-sensitive. They are very ac!.’we;l night.
no more

One of the most popular If you eat one serving of local Walleye, you
fish caught in our area. SHOULD NOT eat any other fish that week.

Rainbow Trout can be

eaten up to twice a week. /v

If you eat two servings of Rainbow Trout
ina week, you should not eat any other fish that week.

=

AUBUST

‘W) TH) (F) GA

GUIDE TO HEALTHY
FISH CHOICES

P . . Fish Adviso
Upper Columbia River Fish Advisory- v
Outreach Workgroup Poster 11x 17
Flyer 8.5x11
Citizens Groups/NGOs State Agencies
Citizens for a Clean Columbia Department of Health
Lake Roosevelt Forum Department of Ecology
Tribal Government Federal Agencies
Confederated Tribes of the Colville National Park Service
Reservation Environmental Protection
Spokane Tribe of Indians Agency
Local Health Departments
NE Tri County Health Department
Lincoln County Health Department
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Brochure : Translated into Spanish and Russian E,!?!'.‘;‘.,'?,,‘"S.‘?'}Y”.

Poster 11x17 ERTENCIA SOBRE EL PES
Flyer 8.5x 11

Fi HAdvi-sory iz
Hopwoi norpesnesms . : Translated
peiBonponykTos

Aviso sobre el pescado . = : Spanish & Russian

Preliminary Survey Results

FISH ADVISORY =
PP or
Outreach Distribution
3 Most participants missed.
BoatLaunches Everyone else- limit the
Campground Kiosks T > amount they eat of the advisory
Fish Cleaning Stations @ Fepuvic fish to no more than 3 times the
I;Iatlonal T”;V'S';G'rce"ter; "'"';'E‘T . amount recommended.
ommunity Boards olville
Libraries .. .
Local Health Departments Most participants missed.
Post Offices , " y
Colville Indian Reservation . i
Tribal Health Clinics i e e ot Fish Preparation
Schools - - B e~ Lol o Understood and said they would
cspglom p
Community Centers ' Chewelah use.
Websites P
Hunters -
Meals vs Servings
aler " Majority of survey participants

Fiuitand N preferred serving over meal.

Spokane Indian A S .

Reservation ervings per week

. Wellpinit Servings per month
|, Grand L]

Coulee
Dam

Davenpart

i

Thank you
Cindy Marchand, Colville Tribes
(509) 634-2075
Liz Carr, WA DOH
(360) 236- 3191

For more information
www.doh.wa.gov/fish
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Questions and Answers

Note: There were no questions because the moderator moved along to the next speaker on this panel.
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State-Tribal Partnership for Updating the Advisory for Clear Lake
Margy Gassel, California; Sarah Ryan, Big Valley Rancheria Band of Pomo Indians

Biosketch

Margy Gassel

Dr. Margy Gassel is a Research Scientist with the California Environmental Protection Agency’s
Office of Environmental Health Hazard Assessment (OEHHA). She received a Bachelor’s degree in
Biology from the University of Tennessee, Knoxville, and a Master’s degree and Ph.D. in Integrative
Biology from the University of California at Berkeley. Dr. Gassel has worked with the Fish,
Ecotoxicology, and Water Section since 1994, evaluating the health risks and benefits from fish
consumption and developing and issuing advisories. She is involved in sampling design; fish
consumption surveys; community outreach, education, and collaboration; and developing graphic
presentations of advisory messages. In 2009, Dr. Gassel represented her agency on a marine debris
research expedition to the North Pacific Gyre (“Great Pacific Garbage Patch”) to investigate the role
of marine debris in food web contamination.

Sarah Ryan

Sarah Ryan has worked for the Big Valley Rancheria Band of Pomo Indians since September 2001
and has been the Environmental Director since 2006. She has a degree in Government from the
College of William and Mary in Virginia and has obtained various certifications for the
environmental protection activities that she performs on a regular basis. Ms. Ryan has worked
closely with tribal members, the Central Valley Regional Water Quality Board, and U.S. EPA
Region 9 on water quality issues and fish consumption issues. This work includes algal toxin testing
and water chemistry parameters and pesticide monitoring on Clear Lake and its tributaries, nutrient
and mercury TMDL implementation measures on Clear Lake, and programmatic and policy
development on regional water quality issues.

Abstract

Clear Lake is a large natural lake located in the California Coast Range in Lake County, California.
The Northern California Coast Range is naturally rich in mercury and other ores, and the Clear Lake
Mining District in Lake County was one of the primary mercury producing districts in the late
1800s. Lake County is home to several bands of Pomo Indians and other Native Americans. The
Elem Indian Colony of Pomo Indians is located adjacent to the Sulphur Bank Mercury Mine on the
eastern shore of Clear Lake. OEHHA first provided advice for eating fish from Clear Lake in 1987
based on findings of mercury in fish collected from the lake. Since the original advisory was issued,
further studies of mercury in Clear Lake were done, and OEHHA updated the advisory in 2005 and
2009. Like OEHHA'’s other advisories, however, only typical sport fish species were included in the
advisory. Despite requests from the Big Valley Rancheria Band of Pomo Indians to include
traditional tribal foods in the guidelines for Clear Lake, OEHHA was unable to obtain the necessary
data until 2013. Once these data were received, OEHHA updated the advisory with input from tribal
members. The updated advisory for Clear Lake now also includes species of interest to the tribe,
such as clams. This accomplishment would not have been possible without collaboration with the
tribal representatives.
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STATE-TRIBAL
PARTNERSHIP FOR
UPDATING THE
ADVISORY FOR CLEAR
LAKE

Margy Gassel, Ph.D.

California Office of Environmental
Health Hazard Assessment (OEHHA)
Sarah Ryan

Environmental Protection Department,
Big Valley Rancheria Band of Pomo
Indians

Clear Lake, California

Upper Arm

Oaks Armig

Lower

Arm

Sauth Sandwich
o drench

3
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Clear Lake Volcanic Field

*Contains seven volcanic vents 10,000 to 2.5
million years old

*The Clear Lake Basin was shaped by volcanic
eruptions, subsidence, and landslides over the
last 1-2 million years ey

*Clear Lake has generally been = =«
located in the same area o

Pt 5, 4

Clear Lake Volcanic Field
ot s, Mount Konocli rises above Clear Lake, Nov. 2008

Nature's Mysteriuis L;taoramry.
Howard fob 5 (old Mineral prings,

Lake County. - California.

Geysers Ci. 1960

il i Permaatally Cariag

Dyspopaia, Grarl, Disbets,
mtery,
or's Colley

Cinnabar

Marcia Wright, October 2009
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Sulphur Bank Mine

Sulphur Bank mine site
Julie M. Donnelly-Nolan, 1996. www/ncgeolsoc.org/Field Trips/2002- 2003/ClearLakeFTo3/A Clear Lake Afternoon.htm

T.H.Suchanek
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SRdlliesndke Island

8j17/2013

Advisory History at Clear Lake

*1987: OEHHA'’s first advisory for eating fish
from Clear Lake

*2005: OEHHA updated the Clear Lake advisory
using data compiled to develop a Total Daily
Maximum Load (TMDL)

*2009: OEHHA updated its fish advisories and
applied Advisory Tissue Levels to all advisories

+2014: Clear Lake advisory updated to include
species of interest to Tribe

Tribal Correspondence

“A large number of fish species, mussels, clams
(and even some aquatic birds) that form
significant ingredient in the protein supply to the
tribal members were somehow left out in the
fish advisory”

“Harvests from the lake may not directly target
fish but could be a combination of fish, clams,
mussels and some other aquatic organisms
including birds and plants”

USEPA Remediation

* Erosion control measures to stabilize the shoreline
waste pile

* Removal of the contaminated soil from residential
yards in the Elem Tribal Colony

* Construction of surface water controls to prevent
overflows of contaminated water to Clear Lake

* Proper closure and abandonment of three geothermal
wells at the mine property

* Contaminated mine waste removal from roadways and
adjacent areas

*Installation of a test cap in Oaks Arm to cover
contaminated sediments

State-Tribal Collaboration

*Big Valley Rancheria Band of Pomo Indians

* Tribe approached state with concerns about species
of interest to the Tribe

*Requested OEHHA include species of interest in
advisory

= Sarah Ryan and John Gichuki provided detailed
information on Native American Traditional Lake
Foods

* Historical and current consumption from Tribal elders,
confirmed with younger members

Main staple eaten year round - fish

« Fish (Sha) 10 Ibs per family/2-3 Ibs per day
Blackfish (extinct)
Hitch (extinct) not to be confused with Chai
Ah-ah-sha (extinct) yellow cat
Sha-pal (extinct) like steelhead
Dee-tah (extinct) like crappe
Sun Perch (extinct)
Bluegill
Trout
Bass
Catfish
*  Whole fish baked or dried traditionally.
+  Still consumed, although currently at smaller amounts.
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Other Traditional Foods

Mudhens (American coots)
Eaten twice a week, 1 per person when available
Still consumed by a few Tribal members

Eggs (Xkoh) crane, duck, mudhen, grebe, etc.
As much as one could gather, as often as possible
still consumed by a few Tribal members

Clams (August, September, October)
3-4 Ibs per family per day (when desired)

At the present time, children collect as many clams through the
summer to be cooked at home every day

boiled to open, floured and deep fried
Ducks (September — November)
When desired

Still consumed by a few Tribal members

List of Aquatic Organisms

Golden clam (Corbicula fluminea)

Pink Heelpsplitter- Potamilus alatus (Mussel)
Tule perch (Hysterocarpus traskii traskii)
Prickly sculpin (Cottus asper )

California roach (Lavinia symmetricus)
Clear lake split-tail (Pogonichthys ciscoides)
Threadfin shad (Dorosoma petenense)
Inland silverside (Menidia beryllina)

. Mosquito fish (Gambusia affinis)

10. Mudhens (Ducks)

VoW oV AW

List of Aquatic Organisms 2

1. Golden clam (Corbicula fluminea) €

2. Pink Heelpsplitter- Potamilus alatus (Mussei)o
3. Tule perch (Hysterocarpus traskii traskii)

4. Prickly sculpin (Cottus asper ) =®fBe

5. California roach (Lavinia symmetricus)

6. Clear lake split-tail (Pogonichthys ciscoides)

7. Threadfin shad (Dorosoma petenense) “F=x
8. Inland silverside (Menidia beryllina) < ===

9. Mosquito fish (Gambusia dffinis) ===

10. Mudhens (Ducks)

Other Traditional Foods continued

Tules
Unable to get amount eaten. Still consumed.

Stalks eaten April - May
Roots eaten June — July
Cattails

New shoots eaten during the spring

Obtaining Data Needed to Address
Tribal Consumption

*Long-term mercury studies (1988-2004) at
Clear Lake by University of California at Davis
researchers

*2013: OEHHA received dataset

= Mussels, clams, crayfish, prickly sculpin, threadfin
shad, inland silversides, and juvenile sport fish

* Historical data from other programs (sport fish)

* Supplemented with new sport fish data (NLFTS and
SWAMP)

Advisory Protocol Modifications

*Species—OEHHA previously did not evaluate
and include small forage fish

*Whole fish—OEHHA generally advises eating
the fillet only

*Tribal review—the Tribe asked to review the
advisory report prior to its release
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A guide to eating fish caught in Clear Lake (Lake County)

® 7 servings per weok O
3 sarviage per week OR
@ 1 servingper woek.

3 servings aweek OR
7 servings aweek of
clams or mussels

Do not eat

+ B181327.7319 o 51016223170
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Mercury Contamination

“Although Clear Lake is one of the most mercury-
contaminated lakes in the world, biota do not
exhibit methylmercury concentrations as high as
would be predicted based on the gross level of
mercury loading.”

Suchanek et al. Ecological Applications, 18(8) Supplement, 2008, pp. A12-A28

Elem Indian Colony as photographed in 1906
§ (Grace Nicholson photo courtesy of the Huntington Li

AR - L o™ a4
! Elem Indian Colony looking north at Lots 12-15, 23-26 as photographed in 1906
(Grace Nicholson photo courtesy of the Huntington Library)
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Sacramento River and
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Basin, Central Valley
Regional Water
Quality Control Board,
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Big Valley Rancheria Boundaries :
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Clear Lake

Big Valley Rancheria Boundaries 3

Clear Lake is the Largest, Natural

Freshwater Lake in California
*Core samples of the lake's sediments

taken by indicate that the lake is at least
480,000 years old.
*100 miles of shoreline

*Surface area of 43,785 acres, 1,155,000
acre-foot capacity

*Average depth is 27 feet, max is 60 feet
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Clear Lake is Abundant

Clear Lake is Polluted

DDD and Clear Lake

This was one of the
first documented
examples of bio-
magnification —
chemicals increased
in concentration as
they moved up the
food chain

EE

Cyanobacteria
blooms and
cyanotoxins —
Recent Tribal
monitoring
data shows
3 varying levels in
our sampling
areas, with a
high of Total
microcystins at
16,920 ppb

T i

Calif\ornla Tribal Lands & Imp: odies and Streams (2006 data;

A g o i R ‘

T
|
|
|
B

Recent fish die-off
after milky blue
cyanobacteria bloom
Labor Day 2014

%\
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Tribal Concerns about Policies

*Traditional foods are not considered in
guidelines and regulatory frameworks

*Traditional consumption rates are not
accepted

*Disproportionate Tribal exposures to
contaminants due to lifestyle and ceremonial
obligations

Overview of Traditional Laks Foods

Stil consuemed, althowgh currently af swaller

Some Solutions?

*Incorporating Tribal scientists and Tribal data
into guidelines.

*Ensure that local uses and users guide
development of our work

*Face to face contact, visits from agencies,
don’t expect information to flow up through
local government

Tribal Concerns about Policies
(continued)

*Traditional Ecological Knowledge about land
stewardship is not utilized

*Sharing of information does not always occur
because of concern for misuse of data

*Importance of communication from agencies
and Tribes to ensure that Tribal uses are
protected

chow left out in the fi

ot definition of fish,

Id be a combination of fish, clams, mussels and some other aquatic

organisms including birds and plants)

1. Golden clam (Corbi fluminea)

2. Pink Heelpspiitt Mussel)
3. Tule perch (Hystero
4. Prickly sculpin (Cof
5. California roach (Lar
6
T
8

mmelricus)
Clear ake split-tail (Pogonichthys ciscoides)
Threadfin shad (Dorosoma petenense)
Inlend silverside (Menidia beryliina)

9. Mosquito fish (Gambusia affinis)

10. Mudhens (Ducks)

Are there any efforts at the moment to update the fish advisory to consider some of
these fish and other aquatic organisms of interest to the tribe. Thanks and have a
nice day. John

Some Solutions? (continued)
Tribal Fish Consumption Studies

*Adoption of cultural beneficial uses

*Adoption of subsistence fishing beneficial uses
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Sarah Ryan, Big Valley Band of Pomo Indians
sryan@ big-valley.net
707-262-5277 X105
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Questions and Answers

Note: There were no questions because the moderator adjourned the session for the lunch break.
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State-Tribal Partnership for Developing Advisories for the St. Lawrence River
Watershed

Faith Schottenfeld, New York; Tony David, Saint Regis Mohawk Tribe

Biosketch

Faith Schottenfeld

Dr. Faith Schottenfeld has been with the New York State Department of Health for 30 years,
currently serving as Director of the Outreach and Education Group in the Center for Environmental
Health. She has a Bachelor’s degree from The University at Albany, a Master’s degree from Cornell
University, and a Doctorate in Education from Teachers College, Columbia University. Dr.
Schottenfeld’s particular area of interest is environmental risk communication. She works with a
team of scientists and educators to create messages and materials that help people understand the
complexities of fish advisories and the healthier options for consuming sport fish.

Anthony David

Anthony (Tony) David is the Program Manager of Water Resources for the Saint Regis Mohawk
Tribe Environment Division at the Mohawk Territory of Akwesasne, located on the banks of the St.
Lawrence River. While attending Cornell University, Mr. David developed a comprehensive risk
framework for understanding the indirect costs of managing risk for indigenous communities, and
presented this research at the 2005 Fish Forum. From 2006-2011, Mr. David served as a tribal
representative on the U.S. Environmental Protection Agency (EPA) Tribal Science Council — a
group dedicated to working with EPA to improve the communication of science issues in Indian
Country. During this time, Mr. David focused on risk analysis issues and was invited to speak at a
regional EPA Cumulative Risk Assessment Workshop in Chicago, Illinois, in 2009; and was a co-
instructor for a training session on risk perception at the 2010 Tribal Science Council National
Conference. Mr. David administers projects for his tribe dealing with water quality monitoring and
standards, wetlands protection, fisheries population assessment, contaminant monitoring, and fish
advisories.

Abstract

The Saint Regis Mohawk Tribe is beginning a period of recovery stemming from the abrupt loss of
subsistence practices due to widespread releases of pollutants from three Superfund sites on the St.
Lawrence River. Reductions in fish and game residues after over 30 years of monitoring are creating
opportunities for tribal members to reclaim some aspects of long-held traditional hunting and fishing
practices. The Saint Regis Mohawk Tribe, in collaboration with the New York State Department of
Health (NYSDOH), developed an advisory program to educate the tribal community on the risks and
benefits of consuming locally caught fish and game. Program components, including baseline
surveys, were designed to assess existing consumption preferences, practices, and perceptions.
Concepts and draft materials were honed in community focus groups, at community events, and in
follow-up surveys. State and tribal partners worked closely throughout the project period, supported
by funds from EPA’s Great Lakes Restoration Initiative. Presenters will focus on both the process
and products of this collaborative effort.
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State-Tribal Partnership
For Developing Advisories
For The St. Lawrence River Watershed

Tony David, Program Manager

Water Resources, Saint Regis Mohawk Tribe

Faith Schottenfeld, Director, Outreach and
Education, Center for Environmental Health,
New York State Department of Health

Background

»1954-1958 St. Lawrence-FDR Power Project
»1958-1970s multiple pollution sources
* Late 1970s: fluorosis in cattle from Akwesasne

+ 1980 era of monitoring extensive ecological
contamination

» 3 Superfund Hazardous waste sites
+ 1984 GM added to National Priority List

* NYSDOH targeted advisories: EAT NO FISH, ALL
SPECIES

* 1986 SRMT fish advisory: M 1 meal/week; W/C: Eat
None

Reclaiming Traditional Practices

+ 35 years later, advisories need update

* Decline in fish and game residues (PCBs)

+ Record of Decision 2/3 Superfund sites

* Fishing, trapping, hunting practices a risk?

* What practices do people want to revive?

+ Can these practices be revived safely?
Recreational ———— Subsistence

* Explore how state can help

Mohawk Territory of Akwesasne

Akwesasne Waters

M UNITED STATES,

General Motors-Central Foundry Division

Alcoa Massena Operations | pjcoa—nassena East (Reynolds Metal Co.)

Consequences of Prior Advisory

Direct Effects
* Decline in traditional hunting and fishing practices

Indirect Effects

* Loss of culture, traditions and language
* Loss traditional knowledge

* Loss of family activities

Complex Effects

* Health and well-being
* Fear and perception

* Forced colonization

US EPA Great Lakes Restoration
Initiative (GLRI) Grant

« Culturally appropriate fish and game advisories to include both
benefit and risk information

* Community-based and iterative participatory model
* State-tribal partnership throughout process

« Collaboration with State Department of Environmental
Conservation
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State and Tribe Collaboration Together We Are a Team

STATE HEALTH ST. REGIS MOHAWK TRIBE
* Fish/game data sharing and * Fish/game data sharing and
interpretation interpretation

* Support in developing data * Administration of surveys,
collection tools interviews, etc.

* Share a common goal: increase safe consumption
of fish and game

* Build on existing relationships and make new ones « Support in analysis and « Promotion of project and

* Exchange: food, culture, ideas, data application of findings community engagement

* Bring multiple resources to bear * Printing of materials and * Development of culturally

* Create complementary roles purchase of incentives appropriate materials

* Participation at community- « Attention to long-term
based activities viability of advisory
program

Community-Based Tools to

Overview of Process Gather Information

1. Collect Data

SUIVEYS \ ; Akwesasne Community
Interviews . * Baseline and follow up surveys hing and Hunting Survey

Student project ¢ In-depth interviews
* High school student
community elder interviews
3. Share 2. Collaborate and * Focus groups
Direct mail EXESEtacnd Create * Advisory Group
Local events * Meetings
Advisory group ¢ Focus groups
= Conference calls

Hunting & Fishing Survey Hunting & Fishing Survey (continued)

Fish and Game Preferences

Survey Qualities Specific Info

* Visually appealing * Hunting and fishing :

= Text light practices POt o !" !

* Species preferences ——
* Species seasonality = o Gamasin Gt

» Bilingual: Mohawk/English
* Include fish ID poster

- Respondents provided with  * Harvest, cooking and
incentives preparation methods
« Sensitivetaculttes * Perceptions of associated

nuances risks

* Other observations
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Focus Groups
Deconstruct and Reconstruct!

i ©noose
Fish Wisely
Advice for the Entire Family

Fish
Contaminant
Advice

Geographic Limits Simplified
Affected area or general advisory

Comwall Island

* Most game not affected by PCBs

Updated Fish Advice

Contaminant Advice 4 AKWESASNE

v Positivat FAMILY GUIDE
Ositive focus TO EATING LOCALLY-

« Graduated color scale EAUSEIESH
* Pictures of fish

= Portion control (3-4 oz)

Disease/Parasite Info

* Complements advice substantively
and thematically

Risk Groups Simplified

One table; one message

° _
Eat 2 s A3 2 Pchoose
Fish m ﬁ ? Wisely

Advice for the Entire Family

Game Advice

* Address issues of perception Balnt Regi ok Tribe

GAME
ADVISORY

* Exception: turtles, waterfowl and
frogs

* Pathway analysis precludes
accumulation

* Present new data: non-detect
results

* Present disease and parasite

information
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Perception Strategies Advisory Update

* Develop FAQ Frequently Asked
Questions

* Common Misperceptions

= Fish: bottom feeders most B o eyt i : ,
contaminated Tl by st *St. Lawrence River Natural Resource Damage Claim

* Game: ALL contaminated ; o settled for >520M — Including Master/apprentice
* Disease/parasites = contaminated - program for cultural and environmental knowledge
: transmission

Recovery of Tribal Resources

* Provide access to science and presentin

understandable way - ; +*Superfund remediation continues

+ Perception influences behavior! \ « Preliminary step for reclaiming traditional practices

Reflections on the collaboration

* Mutual trust and respect built over time

* Products that meet the needs and reflect the thinking of
the SRMT Environment Division and broader community

= Opportunity for the State to work with a tribal community
and enhance understanding of advisory messages and
materials

* Successful and effective community participatory model
* Listening, not telling or imposing
* Credibility and “community currency” key for success
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Questions and Answers

Note: No questions were asked.
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Communication of Fish Advisories Between States and Federal Lands: Results
from a Survey of 21 Western National Parks

David Wong, U.S. Department of the Interior, National Park Service

Biosketch

Commander David Wong, M.D., is Chief of the Epidemiology Branch of the National Park Service,
Office of Public Health in Albuquerque, New Mexico. His primary duties include responding to
outbreaks and human disease case reports, developing surveillance systems, and coordinating park-
based public health programs and research activities. He provides technical assistance, if requested,
to U.S. Department of the Interior bureaus on potential public health issues related to contaminants
in fish. Dr. Wong received his M.D. from Duke University. He completed his pediatrics residency at
the Children’s Hospital of Philadelphia and then joined the Epidemic Intelligence Service fellowship
at Centers for Disease Control and Prevention.

Abstract

This presentation summarizes results from a 2014 survey of selected national park employees who
are involved with disseminating information on fish consumption advisories to visitors. The survey
was distributed only to the 21 western national parks that participated in the 2008-2012 Mercury in
Fish study conducted by the U.S. Geological Survey and the National Park Service. Topics covered
include attitudes and practices regarding how parks obtain information on fish advisories from states
and how this information is shared with visitors.
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Communication of Fish Advisories
Between States and Federal Lands:

+

Results from a survey of
21 Western National Parks

CDR David Wong, MD
NPS Office of Public Health
September 22, 2014

Fishing and National Parks

» Recreational fishing allowed >170 parks
— Depends on park’s authorizing legislation

— Fishing regulations generally established in
coordination with associated state(s)

)

Mercury in Fishes from 21 National Parks in the Western
United States—Inter- and Intra-Park Variation in
Concentrations and Ecological Risk

National Park Service and USGS News Release

National Park Service (NPS)

iun = Created in 1916
= 401 NPS units in 50 states, DC,
and 4 territories

— National Parks (59), Historical
Parks/Sites (124), Monuments (108)

; g = Total acreage ~ size of Montana
% = 2013: 274 million visitors

= Employees: 22K FTEs, 25K
concessioners, 200K volunteers

DOI Policy on Fish
Consumption Advisories

s 515DM 5
—Issued Feb 2012
— First Department of the Interior policy
supporting “communication of fish and
shellfish consumption advisories when
practicable on DOI properties...to anglers”

r

'DEPARTMENTAL MANUAI

Objectives

» Among subset of national parks:

— Understand how information about fish
consumption advisories is shared
between states and parks and then
ultimately disseminated to park visitors

— Propose opportunities to improve
interagency communication
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Methods
_|_

m Online survey of 21 national parks
involved with USGS/NPS study
— Focus on communication
» Interagency and dissemination to park visitors
— Limited to one response per park

= "Employee most knowledgeable about or
involved with disseminating fish consumption
advisory information”

— Anonymous
— Survey open for 7 weeks (July 25-Sept 12)

Response Rate by Region

m Overall, 95% response rate (20/21 parks)
m Alaska Region (4/4)
— AK: Denali, Glacier Bay, Lake Clark, Wrangell-St. Elias

= Intermountain Region (9/9)
— AZ: Grand Canyon
— CO: Rocky Mountain, Great Sand Dunes, Mesa Verde
— MT: Glacier
— UT: Capitol Reef, Zion
— WY: Grand Teton, Yellowstone

Characteristics of Respondents
No.
Respondents
Job Title or Division (n=20)
Fisheries/Aquatic Biologist 7
Other Resource Manager 10
Public Information Officer 2
Interpretation/Education
Years Worked in Current Position (n=20)
2-10
11-20
21-31

Results

Response Rate by Region

(continued)

» Pacific West Region (7/8)
— CA: Lassen Volcanic, Sequoia-Kings Canyon, Yosemite
— NV: Great Basin
— OR: Crater Lake
— WA: Mount Rainier, North Cascades, Olympic

How often does recreational fishing
occur in your park? (n=20)

O =4 N WE OO N DO O

Rarely Sometimes Moderate A great deal
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How often does subsistence fishing
occur in your park? (n=20)

O =2 N W A OO N E®

Rarely Sometimes  Moderate A great deal

What is your primary source of
information about new or amended
+fish consumption advisories? (n=20)

16
14
12
10

State State EPA News/Media Other*
Agencies Working
Group

* USGS (1), park issues its own advisories (1)

How Parks Access Information
from States (n=20)

:F Yes

(Number)

Does your park have a standard protocol for 3
obtaining information from State agencies on
fish consumption advisories?

Does your park have a specific person tasked
with staying up-to-date with fish
consumption advisories affecting bodies of
water in your park?

Which entities have the authority to
issue fish consumption advisories?
Check all that apply. (n=20)

16

State Health EPA DOI/NPS State Env Other*
Depts Agencies

*Tribal agencies (2), FDA (1), CDC (1), state wildlife agencies (1)

Relationships and Roles
of State Agencies (n=20)

Agree/Strongly Disagree/Strongly

agree disagree

(No.) (No.)

I work closely with State 16 4
agencies on fish consumption
advisories

It is the responsibility of State
agencies to keep me up-to-
date on advisories affecting my
park

It would be better if State
agencies provided more
resources and information to
NPS on advisories affecting
NPS lands

Has there ever been a fish

consumption advisory affecting bodies
of water in your park? (n=20)

I don't know
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National Parks with Active or
Historical Fish Consumption
Advisories (n=8)

Alaska (n=1)

Which method(s) did your park use to
communicate fish consumption advisories
to visitors? Check all that apply. (n=8)

12

Press Fact Sheets Signs Verbal info Other*
Releases
* Park website (2), social media (2), mail/email info to visitors (2),

included with fish regs/technical report (2), tribal consultation (1)
The materials presented at the park
regarding fish consumption
advisories... (n=8)

Agree/Strongly Disagree/Strongly
agree disagree
(No.) (No.)

Were effective in reaching 5 1
visitors

Were easy to understand

Next series of questions asked in
context of the most recent fish
advisory affecting parks

(all 2013-2014), n=8

Where in the park was fish consumption
advisory information available to visitors?
Check all that apply. (n=8)

Visitor Backcountry Park Affected Other*
Center Office Entrance Bodies of
Water

* Trailhead (2), kiosk (1)

For the most recent fish consumption
advisory, did your park...? (n=8)

e ———

Yes
(Number)

Use a standard protocol for distributing ]
information on fish consumption advisories?

Develop park-specific materials on 6
advisories for distribution to visitors?

Did a state agency provide you with pre- 4
made materials for distribution to visitors?
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Exclusive Jurisdiction—
Excerpts from Respondent Comments

“As our park is an "exclusive jurisdiction" park, there is
considerable confusion about how fish consumption
advisories should be declared and how that
information should be disseminated to the public.”

“As a park with exclusive jurisdiction, we develop our
own advisories/brochures on Hg for distribution to the
public. We then communicate this information to our
state partners so they can include it in the statewide
fish consumption guidance brochure.”

Limitations

m Small sample size

— May not be representative of all national
parks

» Did not survey State agencies, Tribes,
or the general public
— One-sided perspective

m Answers may be biased from recent
USGS/NPS study and press release

Next Steps

= Continue dialogue between State
agencies, national parks, and other
federal lands

» Consider working group to address
exclusive jurisdiction issues and
develop best practices for issuing and
sharing information on advisories

m Comprehensive survey of all national
parks that allow fishing

Exclusive Jurisdiction—
Excerpts from Respondent Comments

(continued)

“The State has no jurisdiction over fish in the park,
so studies conducted are NPS and/or other agency
funded. However, the State is responsible for issuing
fish consumption advisories. We reference the
state's websites for further information on fish
consumption advisories.”

Conclusions

m States are the primary resource/partner for

parks re: fish advisories

= Although parks and States work closely,
communication processes can be improved

m Exclusive jurisdiction issues are handled
differently by parks and should be
specifically addressed

m Targeted outreach to national parks and
other federal lands may be warranted
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Questions?

Jr
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Questions and Answers

Q.

Regarding the issue of national parks with exclusive jurisdiction, and waters that flow through
such national parks, who has responsibility for water quality standards and who has jurisdiction
over waters within such national parks? (Mike Ell)

The states have primacy for water quality issues everywhere. For fish, the decision about federal
or state responsibility is up to the park. For public health issues, the National Park Service treats
everything as concurrent jurisdiction. For example, the hantavirus outbreak in Yosemite National
Park was addressed by federal and state public health officials. Based on their preliminary survey
results, he thinks that national parks are doing things differently for various fish and health issues
and that the National Park Service may need to develop guidance.

In your survey, person visits was not addressed in person days. Park visitors do not live there so
will probably visit only a few days and not consume that much fish. He recommended that the
National Park Service consider communicating with employees who live there and provide them
with information about fish advisories and fishing. (Groth)

He agreed with those comments.
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How EPA Utilizes Fish Advisories as Institutional Controls at Superfund Sites
Steve Ridenour, U.S. Environmental Protection Agency

Biosketch

Steve Ridenour has worked for the U.S. Environmental Protection Agency (EPA) headquarters in
the Construction and Post-Construction Management Branch for the Superfund Program since
September 2008. His primary responsibilities include institutional controls policy. He is an author on
several of EPA's latest guidance efforts: five-year review policy and data sponsorship, and EPA
Region 5 post-construction coordination. Mr. Ridenour's experience with fish contaminants includes
his work as the Institutional Controls Team Leader and his coordination with the EPA Region 5
office on the technical review of sediment sites addressed under the Superfund program within that
region. Mr. Ridenour holds a Bachelor's degree in Economics from Rutgers University and a
Master's degree in Public Policy from Johns Hopkins University.

Abstract

This session will discuss how EPA generally relies upon fish advisories implemented at the state or
local level as institutional controls (ICs) at some Superfund sites. The session will detail the
considerations that the Superfund Program uses in selecting fish advisories as ICs at sites and how
EPA can work collaboratively with state and local governments to help implement them. Several
examples on the use of fish advisories at Superfund sites will be presented to illustrate

the application of such fish advisories.
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How EPA Utilizes Fish
Advisories as
Institutional Controls
(ICs) at Superfund Sites

Steve Ridenour, U.S. EPA, Office of Superfund
Remediation and Technology Information (OSRTI)

s?g Four categories of ICs

= Proprietary controls .
« Governmental controls .
= Fish/Shellfish bans

+ Enforcement / permit tools

» Includes fish advisories, among others

* Provides information or notification that residual
contamination remains on site.

)
- nformational devices .
L

UNITED) STATFS FHVRONMENTAL PROTECTION AGENGY

NTED STq
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g?g Fish Advisory Implementation

» Like all other ICs, EPA does not directlyimplement fish advisories under
Superfund but leverages state/local and other existing authorities

» EPA's Water program compiles a database of fish advisories

+ EPA's Superfund program has an |C registry for construction complete sites

= EPA should coordinate early and often to assess capacity to implement

andfor maintain fish advisories

+ Some advisories have specific thresholds for issuance but EPA uses own
risk assessment process to determine extent of remedy, including fish

advisories

UNTTT) STATES CRVROHMINTAL PROTCGTION AGENGY
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« EPA Definition: "Non-engineered instruments, such as administrative and
legal controls, that help to minimize the potential for exposure to
contamination and/or protect the integrity of a response action”

+ Limits land and/or resource use by providing information that helps modify

or guide human behavior at a site

« Can be used on a short-term or long-term basis

3?4 Informational Devices: Fish Advisories

ADVANTAGES

= Very flexible and adaptable to
cultural needs

+ Easy to layer with other ICs

* Can more widely disseminate
information

DISADVANTAGES
+ Not enforceable

* People may be unwilling/unable to
provide information or change their
behavior (e.g., sport and
subsistence fishers)

+ Difficult to monitor

@ Contaminated Sediment Sites in the
N7 Superfund Program

= 72 large contaminated sediment sites with selected remedies or expected

ones in the near future

+ 54% with unacceptable risks due to the ingestion of fish/shellfish
contaminated with PCBs (28), Dioxins/Furans (5), or Mercury (6)

+ Remedies include a combination of removals, engineered caps, thin sand

covers, and natural sedimentation

* EPA's goal: reduce contaminant levels in surface sediment & fish/shellfish
tissue so state public health agencies can relax or remove fish

consumption advisories

UNITED STATES CHVIROHUENTAL FROTFGTION AGEHCY.
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{continusd)

§£ Case Study #1: Fox River, Wisconsin 3?4 Case Study #1: Fox River, Wisconsin

* Proposed fo Superfund’s National
Priorities List (NPL) in July 1998

* Largest sediment site (by volume) in the
Superfund program: ~ 39 miles of river
and 2,700 square miles of Green Bay

+ The Superfund remedy
= Dredging, capping, covering of sediments
= Monitored natural recovery of some areas

= ICs to prevent ingestion of PCB-contaminated fish
above 50 ppb and protest sediment caps

* PCB releases from historical paper mill
manufacturing

+ Incarporates fish advisories implemented by Wisconsin
Department of Health Services (WDHS) and Wisconsin
Department of Natural Resources (WONR) in 1976

« MOUs to limit anchering, dredging, dragging, or
construction over sediments caps

UNTFD STATES ENVIRONMENTAL PRO

UNITED STAIES ENVIRONMEN AL PRI

@ Case Study #2: Palos Verdes Shelf, @ Case Study #2: Palos Verdes Shelf,
California S California s —_—
; DO 1=T EAT |

« Part of the Montrose Chemical Superfund site = IC program to prevent consumption of fish and provide IWH"-E CROAKER
« Sediment, ocean water, fish, and other sxtictinatd izt didiog .vm‘“”"""' |

ecological receptors at PV Shelf are * Reliance on California Department of Fish and Wildlife ‘
contaminated from site operations (CDFW) commercial caich ban for white croaker from May '
1980
CREERL TR 2 R + California’s Office of Health and Hazard Assessment (OEHHA) i
* Remedy includes capping, monitored natural fish advisory, update in June 2009 o
recovery, and ICs + Fish Contamination Education Collaborative (FCEC) ]
+ Formal agreements with the City of Long Beach, Los Angeles [ X
County Environmental Health, and Orange County Health
Agency, to evaluate commercial availability of white croaker ]

WNTTD) STATTS PHVIRGNMTHTAL FROTFETION AGTNEY

g?g Additional EPA Resources

Institutional Controls: instituiional Contrels

# Links to EPA guidance and site-specific IC reports

Sediments: technical Guidance

» Technical guidance to EPA staff on developing monitoring plans for contaminated
sediment sites
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Questions and Answers

Q.

A.

At the University of North Carolina Chapel Hill, Institute for the Environment, they are working
on programs to communicate risk information from fish advisories that vary among multiple fish
species and fish advisories that vary by water body. Has this been considered? (Bawden)

The moderator answered by suggesting that many of the panelists could address this more
general question, and decided to hold that question until the general Q&A session at the end of
this panel.

In New York, they know that fish consumption advisories are not very effective with non-English
speaking populations or low-income populations who are catching subsistence fish. How does
EPA address this at Superfund sites? (Richter)

He mentioned that EPA’s fish/shellfish advisories at Superfund sites are not enforceable. EPA
has tried to address this issue and get smarter in issuing fish advisories in different languages to
communicate with different populations. The Fox River Superfund Site in Wisconsin is a good
example of where studies show that fishing and fish consumption still occurs. The Palos Verdes
Shelf Superfund Site in California has a fishing ban, so it is a special example.

What type of evaluation has EPA done on the effectiveness of fish advisories as institutional

controls at Superfund sites, especially where fish consumption still occurs? From the states’

perspective, it seems that EPA has not done an overall evaluation of the effectiveness of such
institutional controls. (Richter)

At the national level, EPA has general guidance, but the specific institutional controls are
handled at the state and local level for each Superfund site.

Comment: He emphasized that EPA should be looking at this issue more thoroughly. From the

states’ perspective, more specific guidance on developing effective institutional controls with
fish advisories at Superfund sites is really needed. (Richter)
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General Question and Answer Session

Q.

A

How many Superfund sites have institutional controls with fish advisories? (Kyle)

There are 39 Superfund sites with specific fish/shellfish advisories as part of institutional
controls. The EPA Fact Sheet available in the back of meeting room lists those 39 sites, which
are among the 72 large contaminated sediment sites in the Superfund program. (Ridenour)

For the 72 Superfund sites with contaminated sediments, for how many of them does EPA
actually know that people are not fishing at those sites? (Greene)

EPA does have evidence that people are still fishing at some of these Superfund sites. EPA is
starting to evaluate fish/shellfish advisories more. However, institutional controls have not
traditionally been the focus of the Superfund program. EPA knows they have a long way to go
with developing institutional controls and making them effective. (Ridenour)

At the Lower Duwamish Waterway Superfund Site in Seattle, there are ethnically diverse
populations. The Washington State Department of Health as well as King County have found
there are not enough funds during site remediation to communicate with the public about risk
during remediation. Also as state and local agencies, they have found more emphasis is needed
on monitoring and evaluating the effectiveness of fish advisories at Superfund sites. How can we
be part of the risk communication during remediation?(Carr)

EPA needs to think about institutional controls earlier in the process before developing the
remedy. (Ridenour)

As the EPA Region 10 risk assessor for the Lower Duwamish Waterway Superfund Site, he
knows there are many diverse populations. EPA will be looking at perceived risks and benefits
along with fish catch and consumption. EPA will be collecting information and using that to
shape institutional controls. (Kissinger)

Yes, EPA can do scoping at Superfund sites early before developing the remedy and that should
be used for developing a fish/shellfish advisory. It is important to spend more effort on
monitoring the effectiveness of institutional controls with fish/shellfish advisories. (Ridenour)

Comment: When there is fish consumption and contaminated sediments, the earlier you get involved

the better. (Greene)

EPA needs to update the Palos Verdes signage in their presentation, because they actually have
a new sign at the Palos Verdes Shelf Superfund Site now. That sign now has more fish species
listed as well as mercury. He considers the Palos Verde Shelf Superfund site as a “Cadillac
site,” with much higher funding than other Superfund sites with contaminated sediments. At
Palos Verdes, they have people out on the piers on a daily basis for public outreach handing out
materials and answering questions. However, people are still fishing there. These people have
learned something about fish contamination and some people throw White Croaker back into the
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water. It is difficult to do behavioral surveys to measure whether people are really changing
their behavior, because such surveys are hard to do and cost a lot of money. (Brodberg)

. Yes, EPA will look into updating that Palos Verdes signage in this presentation. (Ridenour)

. She referred back to her earlier question about whether communication of risk information from
fish advisories that vary among multiple fish species and fish advisories that vary by water body
has been considered. There have been extensive evaluations of fish consumption advisories, but
at a local level. However, there have not been any evaluations of outreach efforts. (Bawden)

. Are you asking about developing messages for fish consumption advisories?(Greene)

. She recapped that her question was—how do you communicate multiple fish consumption
advisories by species and location? (Bawden)

. 'You can have an advisory for one fish meal per month in this water body and two fish meals per
month at another nearby water body. There will always be “lumpers and splitters” with different
approaches. “Lumpers” will tend to simplify the language in fish advisories. (Greene)

. The Saint Regis Mohawk Tribe tested multiple different approaches to communicate fish
advisories. Their situation is complex because they are located at the confluence of different
water bodies and at the confluence of Quebec, Ontario, and New York State. They also have two
different Mohawk tribal governments on different sides of the international border. Dealing with
different jurisdictions has been difficult and stalled the process. They have issued their own fish
advisory that is similar to what other jurisdictions have issued. (Anthony David)
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SECTION I1-D SESSION 3: EMERGING ISSUE - HARMFUL ALGAL
BLOOMS AND FISH CONSUMPTION

Moderator:
Amy D. Kyle, University of California — Berkley, School of Public Health

Biosketch

Dr. Amy D. Kyle has a broad background in environmental health and policy with a particular
interest in children and in persistent pollutants. At the University of California, Berkeley, she is the
leader of a multi-disciplinary team working on methods for assessing and addressing cumulative
impacts in communities, Director of Research Translation for an interdisciplinary research program
in environmental health sciences and technology, founder of the Project on Science and Policy for
Health and Environment, and co-investigator at the Center for Excellence in Environmental Public
Health Tracking and the Center for Integrative Research on Childhood Leukemia and the
Environment. Her research is about how science is interpreted in policy, the translation of scientific
results and knowledge for policy and stakeholder audiences, and children’s environmental health.
Dr. Kyle teaches science students about public policy and how to participate in discussions that
involve non-technical audiences. She works with many community-based organizations, non-
governmental organizations, executive and legislative agencies, and academic partners. She was a
founding member of the State Environmental Health Collaborative and works with many state
environmental protection and public health agencies. She served for five years as Deputy
Commissioner for the Alaska Department of Environmental Conservation, and previously worked
for three governors on a variety of environmental, health, and natural resources issues. She received
an M.P.H. and a Ph.D. in Environmental Health Sciences and Policy from the University of
California, Berkeley, and a B.A. in Environmental Sciences from Harvard College. She was elected
as Councilor to the Environment Section of the American Public Health Association and currently
serves on the federally chartered Children’s Health Protection Advisory Committee. She was an
author of one of the first reports to point out the importance of contaminants in fish for women and
children, in 1997.

Presentations
Introduction and Overview: Significance of Cyanotoxins for Human Health
Amy D. Kyle, University of California — Berkeley, School of Public Health

Analytical Methods and Seasonal Variations of Selected Cyanotoxins in Lake, Fish, and Plant Tissue
in Nebraska
Dan Snow, University of Nebraska — Lincoln

Considerations for Fish Advisory Programs for Cyanotoxins in Fish
Tom Hornshaw, Illinois Environmental Protection Agency

Cyanotoxin Toxicity: Fish and Human Health Assessment
Lesley D'Anglada, U.S. Environment Protection Agency
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Introduction and Overview: Significance of Cyanotoxins for Human Health
Amy D. Kyle, University of California — Berkeley, School of Public Health

Biosketch

Dr. Amy D. Kyle has a broad background in environmental health and policy with a particular
interest in children and in persistent pollutants. At the University of California, Berkeley, she is the
leader of a multi-disciplinary team working on methods for assessing and addressing cumulative
impacts in communities, Director of Research Translation for an interdisciplinary research program
in environmental health sciences and technology, founder of the Project on Science and Policy for
Health and Environment, and co-investigator at the Center for Excellence in Environmental Public
Health Tracking and the Center for Integrative Research on Childhood Leukemia and the
Environment. Her research is about how science is interpreted in policy, the translation of scientific
results and knowledge for policy and stakeholder audiences, and children’s environmental health.
Dr. Kyle teaches science students about public policy and how to participate in discussions that
involve non-technical audiences. She works with many community-based organizations, non-
governmental organizations, executive and legislative agencies, and academic partners. She was a
founding member of the State Environmental Health Collaborative and works with many state
environmental protection and public health agencies. She served for five years as Deputy
Commissioner for the Alaska Department of Environmental Conservation, and previously worked
for three governors on a variety of environmental, health, and natural resources issues. She received
an M.P.H. and a Ph.D. in Environmental Health Sciences and Policy from the University of
California, Berkeley, and a B.A. in Environmental Sciences from Harvard College. She was elected
as Councilor to the Environment Section of the American Public Health Association and currently
serves on the federally chartered Children’s Health Protection Advisory Committee. She was an
author of one of the first reports to point out the importance of contaminants in fish for women and
children, in 1997.

Abstract

This presentation will introduce the session as a whole. It will define harmful algal blooms; focus on
cyanotoxins and summarize what is known about where they come from; introduce potential health
concerns; review types of approaches to monitor for or predict blooms that can lead to production of
the toxins; present a synopsis of data about concentrations reported in fish; and pose a question about
whether traditional approaches to monitoring, risk assessment, and advisories for chemicals would
be effective for this kind of episodic phenomenon.
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SESSION 3: EMERGING ISSUE - HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION
Introduction and Overview: Significance of Cyanotoxins for Human Health

— Amy Kyle

Emerging issue for the Forum

Introduction and Overview:
Significance of Cyanotoxins for
Human Health

e Introduction and Overview

e Analytical methods and concentrations
e How might states think about this?

Amy D Kyle, MPH PhD

<adkyle@berkeley.edu>
PREREREICHE ¢ Toxicity and health assessment

» Discuss: what this means to you

September 19, 2014
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September5, 2014
The Plain Dealer

Lake Erie's algal blooms
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and from space by D’Arcy Egan
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Blue-green algae in Willamette p
River found to be a toxic species; |3
warning area of river expanded

E]Jg g[ain Bealer recommending people stay out of the water
from Ross Island to the south end of Sauvie
Island. . .. testresults show that the blue-
There are many green algae . . .a toxic species . .. Microcystis
questions, but no easy OPB:

answers to Lake Eri
algae woes.

Algal bloom in Willamette
River Means No Swimming
in Portland Triathlon.

o -~  Buophicaion
(s oo
Harmful algal blooms (HABs)
Key Factorg
Fresh waters - cyanobacteria Marine waters — “red tide” for Blooms: Temperure Light Ntents
« bacteria but perform q l
photosynthesis Light k' e (/
u " 1
* AKA “blue green algae Water_temp cyanabacterial growth
* Can produce neurotoxins, Trophic state
hepatotoxins, dermal toxins | /_ (mt:malr:[:im) '\:__\
bioaccumlation . — water treaiment
of cyanatarins B l - (fte of cyanotexins?)
S Merel, D Walker, st al. Shellfish, Food Recreational Water Drinking Water
Environment 1
International 59 (2013) \ bathing I,

Photo by California Water Resources Board

303-327.
Source:
NOAA

ingestion

¥
\,/ Human Pmunmgt \\ (/

ingestion*

N (gnslmcnlmm paralyns ] i

2014 National Forum on Contaminants in Fish — Proceedings / Page 104



SESSION 3: EMERGING ISSUE — HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION

Introduction and Overview: Significance of Cyanotoxins for Human Health — Amy Kyle
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Table 5
Comparison of BMAA concentrations determined for various aquatic products in different
sample locations.
Locations Aquatic products References
Mollusks ~ Crustaceans Fishes
Baltic Sea NS NS 0.0019-129 Jonasson et al, 2010
Florida Bay NS 1361-3042 20-188 Brand et al,, 2010
Biscayne Bay NS 55-6976  34-7351 Brand et al,, 2010
Caloosahatchee  251-305 NS 554-2559  Brand et al, 2010
River
South Florida NS NS 144-1836"  Mondo etal, 2012
Mississippi 7-10 NS§ NS Christensen et al, 2012
Kattegat sea 0.006-0.201 NS NS Jonasson et al, 2010
Gonghu Bay 063-672  012-876  0.07-3581 Thisstudy

* Values were calculated as (ug BMAA/g wet weight), and the other values were
calculated as (g BMAA/g dry weight); NS: no samples collected.

Yiying Jiao, Qiankun Chen, Xu Chen, XinWang, Xuewei Liao, Lijuan Jiang,
JunWua, Liuyan Yang. Science Total Environment 468469 (2014) 457-463

Variations in the Microcystin Content of Different Fish Species Collected froma Eutrophic Lake. JR.
Schmidt, M Shaskus, JF Estenik, et al. Toxins 2013, 5, 992-1008; doi: 10.3390/toxins 5050992
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SESSION 3: EMERGING ISSUE - HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION
Introduction and Overview: Significance of Cyanotoxins for Human Health — Amy Kyle

Children and pets are at increased risk for exposure because of their size and level of activity. Dogs, in particular,
can quickly experience symptoms of microcystis exposure and can die within an hour.

Advisories by states
* Mostly contact recreation |drinking water

The toxins produced by microcystis cannot be removed by boiling, filtering or treating the water with

Y Con cern fo r d OgS an d COWS ( more sensit |Ve) camping-style ﬁ\t?ls, health officials warn. Pe?p\e who draw in-home water directly from Wj\l\ameﬂe aréadulsed
to use an alternative water source because private treatment systems are not proven effective at removing algae

toxins.

No public drinking water systems draw water from the portion of the Willamette River affected by the health
advisary.

;9&9}3 o

Oregon health officials recommend that people who choose to eat fish from waters where algae blooms are
present remove all fat, skin and organs before cooking, because toxins are more likely to collect in these tissues.

Public health officials also advise that pecple not eat freshwater clams or mussels from affected water, and that
Oregon Department of Fish and Wildlife regulations do not allow the harvest of these shellfish from freshwater
sources. Crayfish muscle can be eaten, but internal organs and liquid fat should be discarded.

Dogs Fish Shellfish

Key points

» Agents get into fish
— Complex data and issues of analytics
» Are the concentrations of concern?
— Can we tell? Is there bioaccumulation?

* Blooms are episodic

— How to construct and support timely
response?

2014 National Forum on Contaminants in Fish — Proceedings / Page 106



Questions and Answers

Note: As the first presenter and moderator for this panel, she announced that she would take no
questions about her presentation and moved directly to the next presentation.
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Analytical Methods and Seasonal Variations of Selected Cyanotoxins in Lake,
Fish, and Plant Tissue in Nebraska

Dan Snow, University of Nebraska — Lincoln

Biosketch

Dr. Daniel Snow is the Director of Laboratory Services at the Water Sciences Laboratory, a part of
the Nebraska Water Center and Robert B. Daugherty Water for Food Institute, and a Research
Associate Professor in the School of Natural Resources at the University of Nebraska. He holds a
Ph.D. from the University of Nebraska, a M.S. degree from Louisiana State University, and a B.S.
from Missouri State. Over the past 25 years, his research interests and experience has focused on
environmental analytical chemistry and the development of new analytical methods, primarily using
chromatography in conjugation with mass spectrometry, for organic and inorganic contaminants in
aquatic systems. He also has extensive experience in measurement and use of stable and radioactive
isotope tracers in hydrology and geochemistry. Some of his most recent work has examined the
occurrence of cyanotoxins in Nebraska lakes and reservoirs, aquatic plants, and fish tissue.

Abstract

Cyanotoxins are naturally-occurring chemicals that have neurotoxic, hepatotoxic, and dermally
irritating substances produced by a wide variety of cyanobacteria, or blue-green algae. These
compounds can occur in wide range of environmental samples including water, fish, and aquatic and
even terrestrial plants. Over the past 10-15 years, awareness of their occurrence in specific
environments and compartments has grown through increased monitoring using a wide variety of
analytical methods including enzyme-linked immunoassay (ELISA), and more selective instrumental
methods ranging from high pressure liquid chromatography (HPLC) with fluorescence, ultraviolet
and mass spectrometric detection, and gas chromatography-mass spectrometry detection. Very often
selective pre-concentration, extraction, and chemical conversion procedures are required to enhance
sensitivity and specificity of any methods, especially in complex plant and animal tissue. Solid phase
extraction (SPE) coupled with liquid chromatography and fluorescence detection (HPLC/FD), and
liquid chromatography-mass spectrometry (LC/MS/MS) has been used to monitor this occurrence of
microcystins and compared to results determined with ELISA monitoring in Nebraska lakes to
determine their seasonal variability and help predict where advisories must be posted for recreational
use. Many of the reservoirs where microcystins are also regularly found are also appear to be
locations likely to produce neurotoxic compounds such as anatoxin-a, as well as the non-protein
amino acids B-methylamino-L-alanine (BMAA) and 2,4-diaminobutyric (DABA). The results of
these studies suggest that additional research is needed to understand the human health consequences
and potential significance of their occurrence.
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Analytical Methods and Seasonal Variations of Selected Cyanotoxins in Lake, Fish, and Plant Tissue in
Nebraska — Dan Snow
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Freshwater cyanotoxins
9 Common measurement methods

Extraction schemes
Screening methods and bicassays
Liquid Chromatography-UV or FL
LC-Mass Spectrometry

Measurements from Nebraska
Reservoirs, fish and plants

Daniel D. Snow, Maitham Ahmed Al-Sammak, and Kyle
D. Hoagland, University of Nebraska, Lincoln, NE USA

After Toledo water scare, states ask EPA for help Recreational water issues

In this Aug. 3, 2014 file photo, a
sample glass of Lake Erie water is

photographed near the City of
Toledo water intake crib on Lake
Erie, about 2.5 miles off the shore
of Curtice, Ohio.

A boy fishes in Pawnee Lake
near Lincoln, Nebraska, on 1
July 2005. HAB alerts were
posted for Pawnee Lake for 14

weeks of the summer of 2005
Haraz N. Ghanbari Associated
Press September 7
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TOLEDO, Ohio — Algae that turned Lake Erie green and produced toxins that fouled
the tap water for 400,000 people in the Toledo area are becoming a big headache for
those who keep drinking water safe even far beyond the Great Lakes.

Freshwater cyanotoxins (continued)
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Perez and Aga, 2005

Screening Methods (continued)

» Protein Phosphatase Assays
» Specific to microcystins
Acetylcholinesterase Inhibition
» Specific to anatoxins .

Mouse bioassays

Anatoxin-a also known as
“Very Fast Death Factor”

= Analytes
+ Anatoxin, Anatoxin-a(s)
« Microcystins (LR, LA, RR, LF, LW)
« Saxitoxin, Cylindrospermopsin
« Detection limits: < 0.5 ng/mL (ppb)
» Sample sources
- Water, vomit, stomach content
+Direct injection of treated sample /
- Electrospray ionization - MS/MS Detection |©

Analasin-a

Cyindrospermapsin

Co

MicrocystinRR

MicrocystinLA

SESSION 3: EMERGING ISSUE - HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION
Analytical Methods and Seasonal Variations of Selected Cyanotoxins in Lake, Fish, and Plant Tissue in
Nebraska — Dan Snow

Screening methods

Microcystin Immunoassays
ADDA specific
Monoclonal and polyclonal antibodies
Differ in cross-reactivity
BMAA Immunoassay
Uses BMAA specific antibodies
Anatoxin receptor-binding assay

Uses affinity for nicotinic acetylcholine
receptors

Instrumental methods

Gas chromatography
Suitable for anatoxins and BMAA
Requires derivatization
Liquid chromatography
Ultraviolet or fluorescence detection
Derivatization improves specificity
Prone to co-eluting interferences

Mass spectrometry (MS) or tandem mass
spectrometry (MS/MS) detection
Highly specific

07-1072 — Pawnee Reservoir West Beach
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Comparison of ELISA with LC/MS/MS

Pawness Reservoir East Beach

Maitham Al-Sammak
P

C- ELISA Results

Focused on toxins targeting the nervous system, causing sefious
neurodegenerative diseases such as Lou Gehrig's disease, Alzheimer's
disease, and Parkinson’s disease.

Myriophyllum (water milfoil)

Possible neurodegenerative effects
Oren B ACCESS Froaly svaddatie orling @PI.OS | o

The Non-Protein Amino Acid BMAA Is Misincorporated
into Human Proteins in Place of L-Serine Causing Protein
Misfolding and Aggregation

Rachasl Anne Dunlop', Paul Alan Cox’, Sandra Anne Banack’, Kennoth John Rodgers's
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mutation 15, which resuts e endetected of tFASS with sevine resuking in the subsetution of serine for
slaine 0 peoteins causes cerebelier Purkine cell loss and ataia in lboranory animab. Replacement of serine 422 with
guiemic 35 e increzas the prosarshy of tau asgmgttion Bsacaind whh newrsdegmaton, Howew, e

p-m W skio report that tha iecsrpontion s be n}-hind oy i, Misksomporstion of IMAAA s mm
g shad bight a wxiatioem bt i e o BMAS
a\ incressed incdence of ALS.

Lake, fish and aquatic plant samples

Collected 248 fish samples (115 in 2009, 133 in 2010)
from 12 lakes, including bottom-feeding fish like carp
and catfish

Fish nets or electrofishing with the help of the
Nebraska Game and Parks Commission, Fisheries -
Southeast District.

Nebraska
Department

——w of Environmental

‘Iﬁowllly

Blue-green algal “bloom” in Pawnee lake
Lancaster county, NE
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SESSION 3: EMERGING ISSUE - HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION
Analytical Methods and Seasonal Variations of Selected Cyanotoxins in Lake, Fish, and Plant Tissue in
Nebraska — Dan Snow

Comparison of HPLC-FL and MS/MS

o-neurotoxins from water
for measurement of
BMAA, DABA

Twelve Nebraska lakes and reservoir were sampled

oup - absence of cyanotoxins consistent with

Waters Oasis
MCX solid
phase
extraction
cartridge

mBMAA Summary

= DABA Nater: BMAA and DABA were measured in 13

= Anatoxin-a i 09 and 12 samples in 2010, while
letected in 13 samples in 2009 and
)10.

m Microcystin

Fish: BMAA v und in 22 samples in 2009 and 9

samples in 2010, while DABA was detected in 19
samples in 2009 and 7 samples in 2010. Anatoxin-a

I was not detected in any fish samples.
- | = I i Plants: BMAA, DABA, and anatoxin-a were detected
2 o 7 1 P 2N o
o Ih. - -.._I in 15 samples in 2009 and 15 samples in 2010.

Holmes  Pawnee Rockford Kirkman's Swan Creek Table 7. Summary of samples with positives and undetected (ND) levels of cyanotoxing
from a total of 387 samples collected between 2009 and 2010

BMAA, DABA, anatoxin-a levels (jig/L.) compared to Samples 2009 2010 Total pasitive (% of total)
microcystin levels in Nebraska lakes in 2009. i:‘:""""‘"" 'j ': i; :T? i;
(microcystin levels from NDEQ website). Aquatic plant 15 15 30(41.7)

Total samples collected in 2009-2010 = 387 94

Freshwater Cyanotoxins References

Variety of methods used for measurement
Microcystins regularly monitored using
ELISA screen

Seasonal occurrence — peak in mid to late
summer

Recent research suggests neurotoxic

metabolites also occur in water, plants and
fish tissue
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Questions and Answers
Q. Did your study look at fish tissue or whole fish? (Richardson)

A. Fish tissue.
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Considerations for Fish Advisory Programs for Cyanotoxins in Fish
Tom Hornshaw, Illinois Environmental Protection Agency

Biosketch

Dr. Tom Hornshaw is the manager of the Toxicity Assessment Unit of the Illinois Environmental
Protection Agency, joining the IEPA in 1985. In addition to directing the IEPA toxicologists, he
provides toxicological expertise for human and environmental health risk assessments; acceptable
levels of chemicals in soil, water, air, and fish; and development of rules and regulations. He is the
Agency's representative to the Great Lakes Consortium for Fish Consumption Advisories, and is the
Chair of the multi-agency Illinois Fish Contaminant Monitoring Program. Dr. Hornshaw obtained
B.S. and M.S. degrees in Fisheries Biology from Michigan State University, and he holds a dual
Ph.D., also from Michigan State, in Animal Science and Environmental Toxicology.

Abstract

Harmful Algal Blooms (HABs) are becoming more frequent in Illinois lakes, and detrimental effects
on human and environmental health are possible due to exposure to cyanotoxins. This presentation
will briefly discuss the IEPA’s experience with HABs, and our efforts to establish a HAB Program.
It will also provide recommendations for users of lakes experiencing a HAB about the safety of
eating fish and other activities such as swimming, boating, skiing, and watering a garden.
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SESSION 3: EMERGING ISSUE — HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION

Considerations for Fish Advisory Programs for Cyanotoxins in Fish — Tom Hornshaw

WHO GUIDANCE VALUES FOR
RECREATIONAL EXPOSURES TO

CONSIDERATIONS FOR FISH ADVISORY CYANOBACTERIA & MC
PROGRAMS FOR CYANOTOXINS IN FISH * Low risk: <20,000 cells/ml or <10 ug/I|
* Moderate risk: 20,000-100,000 cells/ml or 10-
20 ug/!
Thomas C. Hornshaw, Ph.D * High risk: 100,000-10,000,000 cells/ml or 20-
Manager, Toxicity Assessment Unit 2,000 Ug;l
inois EPA « Very high risk: >10,000,000 cells/ml or >2,000
ug/I
2005, OUR INTRODUCTION TO HABS 2005-10 MC SUMMARY
+ 2005: 12 samples, 0.09-8.00 ug/l, avg=1.78 ug/|
« Otter L. bloom introduces us to algal toxins « 2006: 10 samples, 0.15-8.20 ug/|, avg=2.35 ug/|

« Samples sent to phycologist, finds 305,356 + 2007: 165 samples, 0.12-10.77 ug/l, avg=0.75 ug/I
+ 2008: 179 samples, 0.15-17.47 ug/|, avg= 0.64 ug/|

cells/ml, primarily Cylindro
/ P vy + No 2009 samples

* Lake Assn. gets results, asks for advice « 2010 Clinton L. false alarm — dog dies & girl gets sick,

* We advise caution, Assn. cancels regatta (later DNR iss|uzs ad:ism)‘»kbu* "'? b'°§m % N;"C fansle <0é2'
toxin analysis finds no toxins) 1.6 ug/l; death & sickness found to be heat-relate

* Other sites sampled, 5 >100,000 cells/ml, 1 >1
M cells/ml, MC max = 8.0 ug/|

2011 — MICROCYSTIN TEST KITS 1-Lake Le_Aqua_Na’ JU’y 10' 201

+ IEPA began using “Abraxis Microcystin Dipstick for *

Recreational Water” Test Kits. N 4 A

+ Quick results in ranges of 0, 0-1.0, 1.0-2.5, 2.5-5.0, 3
and 5.0-10.0 ug/L Microcystin.

* One-year shelf life, ~524/test

« Avery useful tool! So far whenever we’ve had
laboratory Microcystin analyzed where we've also
used a test kit, test kit results were corroborated.

+ 2011 MC results again low concern, and then...
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Considerations for Fish Advisory Programs for Cyanotoxins in Fish — Tom Hornshaw

2-Lake Le-Aqua-Na, July 10, 2012

CANL..?

* Eat the fish?

* Swim in the water?

* Skion the water?

* Water my vegetables?

EAT THE FISH? (contd.)

Water conc. X BAF=28 ug/kg

For BAF=0.6, water conc.=46.7 ug/|

For BAF=18.4, water conc.=1.52 ug/!

Since WHO Guidance (20 ug/l) is in middle of
water conc. range it was chosen as water
conc. for “Do not eat” advice

Wait 2 weeks after scum/bloom is gone before
eating fish (Adamovsky et al., 2007)

2012 MC HIGHLIGHTS

* L. Le-Aqua-Na: Scum, test kit >10 ug/I, MC=48
ug/l; DNR closes lake

Candlewick L.: Lake Assn. sample=14,800 ug/l;
Assn. closes lake

Westlake: Lake Assn. sample=31,500 ug/l;
Assn. closes lake

* USGS gets involved; 12 sites sampled, range
<0.1-4,800 ug/l

And then the questions began...

.

EAT THE FISH?

Poor database for uptake into fish, very few
commercial labs do fish MC analysis

Used data from 3 studies with measured MC
concs. in water & fish to calculate BAFs (7 species
total)

BAF range 0.6-18.4 (ex., L. Erie water=1.3 ug/I,
yellow perch=5.0 ug/kg, BAF=5.0/1.3=3.85)

Then used Ohio “Do not eat” level of 28 ug/kg in
filets as target to back-calculate water conc.
corresponding to 28 ug/kg

INITIAL MC BAF DATA

Poste et al., 2011: L. Ontario (0.9 ug/l) & L. Erie
(1.3 ug/l) & filets (ug/kg) from 4 species

FW drum: Ont. filets=0.8, BAF=0.89; Erie
filets=2.4, BAF=1.85

Wh. perch: Ont. filets=4.5, BAF=5.0; Erie
filets=5.6, BAF=4.31

Y. perch: Ont. filets=3.1, BAF=3.44; Erie filets=5.0,
BAF=3.85

Walleye: Ont. filets=2.1, BAF=2.33; Erie
filets=23.9, BAF=18.4
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Considerations for Fish Advisory Programs for Cyanotoxins in Fish — Tom Hornshaw

BAF DATA, (continued 1)

Adamovsky et al., 2007: 9-wk pond study (avg
MC=17 ug/l) with common & silver carp

Common carp avg=9.8 ug/kg, BAF=0.58, max=29
ug/kg, BAF=1.7

Silver carp avg=10.6 ug/kg, BAF=0.62, max=19
ug/kg, BAF=1.1

Depuration study: MC <DL after 1 wk in silver
carp & 2 wk in common carp (also cites studies
with half-lives of 8 d for snails and 3-4.8 d for
clams)

ADDITIONAL MC BAF DATA

* Barry et al., 2011: carp BAF=14 (Mexican lake
with persistent bloom)

* Papadimitriou et al., 2012: carp BAF=3.7 (Aug)
and 5.9 (Nov) (eutrophic Greek lake)

+ Amrani et al., 2014: carp BAF~11.3 and eel
BAF~1.1 (adjusted for dry wgt.; Algerian lake)

* Singh and Asthana, 2014: carp BAF=0.16, catfish
>150 g BAF=1.54, and catfish <150 g BAF=1.96
(Indian lake)

* Note: Carp BAF range (5 studies) 0.16-14, 2 OMs

SWIM IN THE WATER?

Even low MC concs. can cause sensitive
people to have allergic response

* Increasing conc.=increasing symptoms
(eye/nose irrit., rash/hives, blisters)

* Follow WHO Guidance of 20 ug/l to protect
against symptoms

« Don’t swim when scum/bloom present

= Wait 2 weeks after scum/bloom is gone

BAF DATA, (continued 2)

Ohio EPA: Grand Lake St. Mary black crappies

2011 samples: water conc. range 5.6-34.2
ug/l, crappie max=65.4 ug/kg, BAF range 1.91-
11.6

2012 samples: water conc. range 30-45 ug/|,
crappie max=25.7 ug/kg, BAF range 0.57-0.86

Note: L. Ontario crappie max=1.9ug/kg,
water=0.9 ug/l, BAF=2.11

ADDITIONAL MC DEPURATION DATA

* Smith & Haney 2006: 50% decrease in sunfish
muscle after 15 days

* Dyble et al., 2011:99% decrease in juvenile y.
perch muscle after 16 hours (single dose)

+ Lanceet al., 2014: 58% decrease in stickleback
muscle after 5 days

SKI ON THE WATER?

» Water sprays can produce toxin-containing

aerosols if water conc. is high

* Inhaling &/or swallowing aerosols can cause

headaches, nausea, sore throat, and
respiratory problems

* Eye & nose irritation possible

Don’t boat, water ski, tube, etc. when
scum/bloom is present

Wait 2 weeks after scum/bloomis gone
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WATER MY VEGETABLES?

* Few studies on uptake into vegetables
* Should be OK to water soil, studies suggest
minimal uptake into plants

If edible portions are recently watered they
should be thoroughly washed

Don’t water recently planted vegetables or
plants, MC shown to affect root & shoot
growth (Pflugmacher et al., 2007)

Did Cell Count and Microcystin Expected

Relationships Exist in 2012 ?
Kinda, Sorta, Not Really!

Result WHo
(Total Cyano- Rec.
bacteria Advisory
cells/mL) Level
8/29/12 Candlewick (RPV-93) 4,800 Very High 84,573,082 Veery High
8/29/12 Westlake [RPZE-98) 1700 High 202,526 High
9/4/12 Camp Walter Scott Beach 1,500 High 3,528,833 High
[RCS-99)
8/30/12 Patriot's ParkLake [ROY-99) 9.8 Lowr 572012 High
8/20/12 Le-Acua-Na [RPA-93) &7 Lew 1,176,963 High
9/4/12 Wonder Lake (RTZC-99] 0.88 Law 457,627 High

January 16, 2013, meeting to share information, listen
to experts, share experiences, seek input for the
future. 70-80in attendance:
— Gregg Good, IEPA, Summary of HAB Issue
Dave McMillan, IEPA, PWS Issues
— Joe Rush, JadEco, Homeowner Education and
Recent Experiences
— Tom Hornshaw, IEPA, HAB Health Risks (fish,
veggies, aerosols)
— Val Beasley, U of | VetMed, Pets and Livestock
— Keith Loftin, USGS National HAB Expert
— Cyndi Wagner, IDEM HAB Coordinator

— Open Discussion

UNCERTAINTIES!

Guidance primarily for acute effects, long-term

effects?

Guidance for MC only, other toxins?

* Poor correlation between cell counts and toxin
concs.

* BAF based on limited data, several variables
contribute (species, age, diet, water body/habitat
characteristics, metabolic capability)

* Wait 2 weeks recommendation based on limited

data

2005-12 LESSONS LEARNED &
QUESTIONS

Hot, dry summers cause lots of algae problems!!

Lots of blue greens does not always equal lots of algal toxins.
“Think twice before you lyse.” Blue green algae management for
PWS vs. recreational uses can be polar opposites!

Better safe than sorry! Otter Lake Water Commission did the
right “public safety” thing in canceling the regatta.

Who is responsible for advisories? IDPH? IEPA? Lake Owner?
Who's out there looking at this stuff in lllinois?

Big Lag Time — The time between collection, algal identification
and enumeration, toxin analyses, and issuance of an
advisory/closure is lengthy.

2013 - BIRTH OF THE HAB PROGRAM

* Public Safety Goal (as opposed to Research)

— Provide HAB Education
— Monitoring/Analysis — Accurate & Fast Results (~6-7 days)
— Provide Results for Local Decision-Making
Decision to “KI55" — Keep It Simple Stupid!
— Just Microcystin, no other Toxins right now
— Just Toxin Analysis, no ID/Enumeration of Algae right now

+ Secured a Laboratory — lowa DNR ELISA Testing

Secured Funding — lllinois Partners for Conservation

Test Kits Purchased — |[EPA SWS and VLMP Coordinator Staff
Other IEPA Section Lookout - Public Water Supply and Field
Operations 5taff Notified

S0Pz Developed - for Microcystin Sampling and Shipment

“HAB Report Form"” Developed - for Submittal to Determine
need for IEPA/VLMP Coordinator Personal Investigation

2014 National Forum on Contaminants in Fish — Proceedings / Page 118



SESSION 3: EMERGING ISSUE — HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION
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HAB Samples Per Program
2013 HAB PROGRAM (contd) Apr-Oct 2013

*  We Nailed Down a Monitoring Design (458 samples total)

* Routine Pilot Survey
= 10 of 45 |IEPA Ambient Monitoring Program n

Lakes
Ex
65
59
Ex
39 o %
En

g

E 8

* 3 |EPA Ambient Stream Stations on the Fox
River
+ Event Response
* Blooms noticed at other IEPA Ambient Lakes
»  Citizenry Reporting of Bloom Conditions
+  We Developed a HAB Website — Fact Sheet, 20 o
Presentations, Educational Materials, Report =
Forms, SOPs, etc.

Number of Samples
& 2 8 B

= 30 of 100+ Lake County Health Dept. - Beaches
37

o

April May June July Aug Sept Oct

Lake Pilot m Beach Pilot Stream Pilot m Event Response
(189 samples) (182 samples) (15 samples) (72 samples)

el [Total Microcystin (ELISA) Concentrations,
g 3

\ May- October 2013

2 mg.'.‘. Tk vwia H

o g ol
£ i
) et g 1

rbas - Sen Lot
L

FINAL THOUGHTS REFERENCES 001
. . . Adamovsky 0. et al., 2007. Microcystin kinetics (bioaccumulation and
. 20 Ug/[ guldance Value s Very conse r\.-‘atIVE? elimination) and biochemical responses in common carp (Cyprinus carpio)
‘ . . and silver carp (Hypophthalmichthys molitrix) exposed to toxic cyancbacterial
No fish kills or human or animal symptoms yet blooms. Environ. Toxicol. Chem. 26: 2687-2693.
* Varlablllty seenin BAFS between & among Amrani A, et al., 2014, Variation in cyanobacterial hepatotoxin (Microcystin)
Species bUt a” 10 Spel:ies" BAFS <20 o) content of water samples and two species of fishes collected from a shallow
, ’ . . i ’ lake in Algeria. Arch. Environ. Contam. Toxicol. 66: 379-389.
there’s better confidence in choosing 20 ug/I
. N N N Barry JP et al., 2011, Bicaccumulation of Microcysting by fish associated with
. Nut“ents can play b|g r0|e n fuellng b|OOITI5, a persistent cyanobacterial bloom in Lago de Patzeuaro (Michoacan, Mexico).

Enviran. Taxicol. Chem. 30: 1621-1628.

but how to keep N & P on the farm?
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Questions and Answers

Note: There were no questions because the moderator moved along to the next speaker on this panel.
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Cyanotoxin Toxicity: Fish and Human Health Assessment
Lesley V. D'Anglada, U.S. Environmental Protection Agency

Biosketch

Dr. Lesley V. D'Anglada is a microbiologist at the U.S. Environmental Protection Agency (EPA),
Office of Science and Technology (OST), Office of Water in Washington, DC. Over the last nine
years, Dr. D'Anglada has provided technical guidance on microbial contamination to other offices in
the Agency, to personnel from other government agencies, and to non-governmental groups. She is
the lead in coordinating with EPA Regions and other federal partners on the issues related to
cyanobacterial Harmful Algal Blooms (HABs) and has organized webinars, served in expert panels,
written papers, and is currently editing a special edition of Toxins on HABs and public health. She is
leading the efforts for the development of Drinking Water Health Advisories and Human Health
Ambient Water Quality Criteria for cyanotoxins. In addition, she is the EPA/World Health
Organization (WHO) Microbial Subcommittee Member providing advice and recommendations on
potential public health risks associated with pathogens in drinking water, and a former Adjunct
Professor of Environmental Health at George Mason University in Virginia. Dr. D'Anglada received
her B.S. in Industrial Microbiology, her M.S. in Environmental Health, and her Doctorate in Public
Health with a concentration in Environmental Health from the University of Puerto Rico.

Abstract

Cyanotoxins in surface water may constitute a human and animal health risk and have adverse
effects on aquatic life and water quality. In the United States, cyanobacterial HABs seem to have
dramatically increased in recent decades and most of the states are now experiencing them in their
freshwaters. OST has compiled field and laboratory studies conducted worldwide on the levels of
three cyanotoxins (microcystin-LR, cylindrospermopsin, and anatoxin-a) found in tissues of aquatic
species on fish, shellfish, and crustaceans. The studies showed wide ranges of cyanotoxins
concentrations in fish tissues and organs as well as among trophic levels. Several studies have shown
higher concentrations in fish livers compared with edible fish tissue. OST has also compiled and
reviewed the toxicity of these three cyanotoxins in humans ranging from acute toxicity, hepatoxicity,
developmental, and growth studies, as well as reproductive toxicity. Only a few recent studies have
been published on the presence and effects of cyanotoxins, especially on the microcystin LR
congener. OST will use these data for the development of Drinking Water Health Advisories and
Human Health Ambient Water Quality Criteria for cyanotoxins.
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Presentation Overview
Cyanotoxin Toxicity:
Fish and Human
Health Assessment

* Describe public health guidelines in place

* Discuss the toxicity assessment done for the three
cyanotoxins listed in CCL

* Present an overview of the literature review done on

cyanotoxins levels detected in fish
Lesley V. D'Anglada, Dr.PH

US Environmental Protection Agency . Opportunity for Questions
Office of Water/Office of Science and Technology
2014 National Forum on Contaminants in Fish
September 22, Alexandria VA

Guidelines and Regulations for

Overview of Harmful Algal Blooms Recreational and Drinking Water

* No federal regulations or guidelines for cyanobacteria or cy insin ional and drinking
waterin the L5,
* Candidate Contaminant List (CCL):
* CCL1and CCL Z: Cyanobacteria (blue-green algae), other freshwater algae, and their toxins
« CCL3(2008):C i i3, mi in-LR, and cylind i
* Regulatory Determination:
* RD 1 and RD 2: Mo Regulatory Decision - not sufficient information

+ The prevalence and duration of Harmful algal
blooms (HABs) in freshwater is rapidly expanding
in the U.S. and worldwide.

+ Some algal blooms can produce toxins at levels
that may be of concern for human health and

logical i * RD 3 -to be published Guidancs values for drinking water
ecological impact. * WHO Guidelines: have been adopted by 3 states
= Drinking Water: 1 ug/L for microcystin-LR m
* HABs have caused economic losses to the fishing * Recreational Water Risk: | ]
and recreation industries while increasing costs ' ;q"e‘i;zo'owW"'"“‘b"“c""“-‘"“""l’ 10ug/ | wineson | wowpmoisoseigh. |
for managing and treating potable water supplies. - Moderate: 20,000-100,000cyano cells/mL; - |
10-20pg/L MC-LR Cyingrospemicpun 1ag/t
* High: >100,000 cyancbacterial cells/mL; >20 n S,
Hg/LMC-LR Mizroepties gl Tea g
Asaneios: gl i
B | eyingeomperrpi:
Sasitonte Jight

+ Guidance values for recreational waters have been adopted by many states...

Recreational Water Guidance/Action Level

tusin-e gl Cyledimperiupmn dugt
¥ orwaterisg ’

Drinking Water Health Advisory for Cyanotoxins Development

bt prset i bow e
anckacteria presert in bighnomban.

Drinking Water Health Advisories (HA) for Cyanotoxins:
Microcystin-LR, Anatoxin-a, and Cylindrospermopsin

Leved - serious rsk > 20 gL microcystinLR Warming Leve: Cybdinmennogs Spob

Myt 20 it Joint collaboration with Health Canada to develop science basis for HAs.
Btaith shisery: =4 jat/L b <30 uglL for vemoytiser to sellfmi N N o N
ol Viarig: > 20 1L > MELOH el fm tyarobichertalcacour anc il Scunm raseat Informal technical guidance for unregulated drinking water contaminants to

o i assist federal, state and local officials, and managers of public or community
34 e o radcrocystin-{R s> RA00 caflmi forysnobactera e counts water systems in protecting public health.
Myt . . ) ]
— 1 mr‘-”‘.’:rﬁ?m'nnpmrrm\ﬂ—u HA are non regulatory concentrations at which a_d\rerse health effects are not
; anticipated to occur over specific exposure durations:
“ Merseytin LIE FVAAZ6 g/l NCAL 20 pglls Anatonio a0 YA B0 L WCAIO0 gl * One-day, 10-day, lifetime, and carcinogenic effect
Sawitowin: FHA D8 ug/l; WOA 3 uefLc Cylinarospermopsin PRA S pa/ NCA: 20
100,50 et + Status:
e + External Peer Review of the Health Effects Support Document for
SRSt e e . o Cyancbacterial Toxins — Currently
Optiond Misrocystie 1104 Anstacna: gl Cylindhospormaptin: gl Eatsain; 10,
i + Draft final HA to include:
n g n n .
» 100,000 EHlimi, o1 cyweabasina bl crts and gL mEoet e * Quantification of Toxicelogical Effects

AnstockaEi0 il i + Analytical Methods
MCToy Tt peovesionat sction bevet St/ * Treatment Techniques

R + Publication — End 2014/Early 2015
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Cyanotoxins Toxicity Assessment

* Microcystin-LR
* Cylindrospermopsin

* Anatoxin-a

Preliminary Human Health Assessment on Cylindrospermopsin

Toxicity Assessment Summary:

* Based on acute and sub-chronic studies done in mice, liver and kidneys appearto be
the primary target organs for cylindrespermopsin toxicity.

* There are no chronic exposure studies on eylindrospermopsin.

* There are few studies on the icity of cy B and there is some
evidence of potential damage to DNA in mouse liver or causes mutations.

Some of the Research Gaps Identified:
* The chronic toxicity of cylindrospermopsinis unknown,
* Mone of the available studies are considered adequate for carcinogenicity assessment
of eylindrospermopsin,
*  Noinformati acute or chronicinhal
identified.

toxicity of cylindrospermopsinwas

Next Steps DW Health Advisories

* Quantification of Dose-Response
(One-day, 10-day, lifetime, and carcinogenic effect)

— RIDfor microcystin-LR

RfD = NOAEL[LOAEL)
— RfDfor cylindrospermopsin UF

External Peer Review

* Development of DW HA
* Health Advisory Value HA = RfD x BW
+ Analytical Methods UF xDW
= Treatment Techniques

* Internal Review

* Publication — Spring 2015

Preliminary Human Health Assessment on Microcystin

Toxicity Assessment Summary:
*  The toxicological database is almost exclusively limited to data on the MC-LR congener.

* Case reports confirm target organs, but lack of dose information makes the human data
not useful,

*  fcute and sub-chronic toxicity studies confirm the liver, kidney and testes as target organs,

*  Chronictoxicity studies have not observed clinical signs of toxdeity

* Reproductive and developmental toxicity studies showed decreased in sperm countsand a
reduction in sparm motility after 3 and & months with severity increasing with longer
durationof exposure.

Some of the Research Gaps Identified:

None of the availabl dies are Jered ad tefor . N of
microcystins.,

halati

Very limited infor n the todcity via i
Limited information on the relative potencies of other microcystin congeners when
compared to MC-LR is

Information on the potential health effects from exposure to mixtures of cyanotoxins.

Preliminary Human Health Assessment on Anatoxin-a

Toxicity Assessment Summary:
*  The main known toxic effect of anatoxin-a is acute neurotoxicity.

*  There are no cancer, genotoxicity, acute or chronic exposure studies on anatoxin-a,
thus there is inadequate information to assess carcinagenic potential,

* Mot enough information on sensitive and ted dose-respor

relationshipsto developan RfD.

Some of the Research Gaps |dentified:

* No acute oral studies using purified anatoxins could be found.

* No chronic oral studies have been performed.

*» There is no information on carcinogenicity in humans ar animals or on possible
carcinegenic processes.

* No infarmation regarding mutagenicity or g ¥ Was

And then....

Human Health Ambient Water Quality Criteria Development

* Under section 304(a)of the CWA, EPA
develops numeric values limiting the
amount of chemicals present in our nation’s
waters to protect public health, aquatic life
and recreational uses.

* These criteria are not rules and States may
adopt the criteria that EPA publishes, modify
EPA’s criteria to reflect site-specific
conditions, or adopt different criteria based
on other scientifically-defensible methods.

Guidance i at Guidance Document

Technical support documents
+ Risk Assessment Risk Assessment
+ National Bioaccumulation Factors National Bioaccumulation Factors
+ Site-specific Bioaccumulation Factors Site-specific Bioaccumulation Factors
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SESSION 3: EMERGING ISSUE — HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION

Cyanotoxin Toxicity: Fish and Human Health Assessment — Lesley V. D’Anglada

Water Quality Criteria Development

Hazard Assessment

Toxicity
* Toxic effects and dose-response properties
+ Risk Specific Doses for linear carcinogens
« Point of Departure {POD)/Uncertainty
Factor {UF) for nonlinear carcinogens
= Reference dase (RfD) for non carcinogens
Exposure
* Relative Source Contribution (RSC)
« Exposure parameters: body weight (BW)
drinking water intake (DI} and

For consumgtion cfwater and orgarisms:

AN g 2 RIDmg k)« RS x B i 100 g
O[] + T4 JFCR kg dy B4F (kg

For consumgtion of arganisms only:

AOE ag/| = IO [mglkg ) «RSC x B k) x 1000 g gl
TE{FCR (g« B4F (L)
Where:

ANQC = bt waterguaitycrteria
D =reference dose

IS zrelaive surce contiztion
Fish Intake (F1) B bodyweght
Bioaccumulation factors (BAFs) Dl =drinking water inteke
* Site-specific BAFs or National BAFs I T stands orthe
* Use of site-specific BAFs encouraged tophic vl o beconsidred, sterting with L 4

KR, =fshconumpton et for auat rophic eels . 3 and 4

+ Trophic level data on accumulation of .
BAR = bioatcamidation fctr foratuatictroghi e 23,4

chemical in fish or shellfish

Frishe Leved sprtine ] [—
=
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Findings...so far

Evaluation of Potential Bioaccumulation of Cyanotoxins in Fish

* Microcystin-LR
* Cylindrospermopsin
* Anatoxin-a

Steps for deriving BAFs for cyanotoxins:
* Collect and review all relevant bioaccumulation data for the cyanotoxins for
review for adequacy.
* Calculate individual toxin-specific BAF for each trophic level.

BAF Derivation equation used by EPA in the 2000 Human Health Methodology
BAF = C; where:

c, C, =total concentration of the chemical in wet tissues
C,, = total concentration of chemical in water

Preliminary Summary of CYL Concentrationsin Fish

* MC’s levels in edible fish and shellfish are highly variable
depending on trophic level, bloom conditions, and
potential for depuration: (Ibelings and Havens, 2008, Zhang et al, 2009)

* Concentrations are higher in liver > gut > kidneys and
gonads > muscle tissue

* Concentrations are higher >phytoplanktivorous >
omnivorous > carnivorous fish

+ Different aquatic animals may have different metabolism

routes and accumulation pattern of MCs.

Exposure to high levels of cell-bound toxin are more of a

concern for accumulation in fish than when compared
with dissolved toxin (Kinnear, 2010 and GWA Nyakairu, 2010].

Trophic Lavel Specien/tisaue ‘Concentration of Microcystin Referance
Cravfish 1
2 Muscle tissus 0.9 g/ froese dried tissue s -
| J |
e
. Wiscera 1.2 ug/ig freese dried tissue Saker 4o Englesham, 1999
wbasedont ogy for ality Criteria for (2000

* Exposune routes lrom hesdng enMC's scumm in tinks of Astursl routies in lake,

Preliminary Summary of Anatoxin-a Concentrations in Fish

Trophic Level Species/tissue
| 3

Concentration of Microoystire Reference

MﬁM—mme Ionuuml..m |

*Trophac bl avsigrrsents babed on the Methodelapy for Disiving Ambsent Witir Guaby Critiria for the Srotection of Husman Healzh [ 2000]
* Expesre routes from feeding on MC's scums i tanks of natural routes in lake.

Findings...so far (cntinueq)

* Microcystin concentrations in fish tends to be higher in

lakes where microcystin concentrations in water are also
high (Poste et al, 2012)

* Rather than biomagnification, biodilution seems to occur
in the foodweb with toxins being subject to degradation
and excretion at every leve| (Ibelings and Havens, 2008).

* One of research needs identified is the need to quantify
the total toxicity in fish caused by MCs variants and other
secondary metabolites.
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SESSION 3: EMERGING ISSUE — HARMFUL ALGAL BLOOMS AND FISH CONSUMPTION

Cyanotoxin Toxicity: Fish and Human Health Assessment — Lesley V. D’Anglada

Next Steps Questions?

* Finalize DWHA's
* Quantification of HA values

Contact Information
Lesley V. D'Anglada, Dr.PH

* Incorporate Analytical Methods and Treatment U.S. Environmental Protection Agency
. Office of Water / Office of Science and Technology
Technigques Health and Ecological Criteria Division
+ Literature Search and Development of Human Dang,gﬂﬁgiﬁgl@lisga_gov
Health Ambient Water Quality Criteria for
Cyanotoxins (in progress) CyanoHABs website: CyanoHABs Website
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Questions and Answers

Q.

When will the document currently under development be released? Also what type of advisory
for cyanotoxins will it include? Will it be for drinking water or ambient water? (Hoffman-
Contois)

EPA wants to release the document as soon as possible, hopefully in the spring of 2015. They are
currently consulting experts to ensure the accuracy of the document. EPA will notify the states as
soon as it is released. The document will only include a drinking water health advisory. EPA
does not know yet whether it will be acute, chronic, or sub-chronic values.

How would you implement a water quality standard if there is no point or nonpoint source? Is
there a precedent for this? (Mike EIl)

Yes, there is no point or nonpoint source, although EPA knows nutrient discharges play an
important role in HABs. It may take more time to analyze the toxicity of cyanotoxins for ambient
water quality, versus a drinking water health advisory.
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General Question and Answer Session

Q.

Where he grew up, there were many ponds that were green with scums, especially during the
summer. How often does pond scum include toxins? Also in a pond without a bloom and with no
scums, how likely is it that toxins could occur? (Gochfeld)

He has seen one paper that reported if there was no evidence of a bloom, it was doubtful that you
would find evidence of toxins. He thinks that toxicity could occur only for a short time after a
bloom collapses. (Hornshaw)

He is not sure whether blooms are more frequent now. He thinks there have always been
cyanotoxins, but maybe concentrations are higher now. There have been reports of livestock
deaths—especially cows—for over 100 years. (Snow)

We need leadership in this area. We need more comparability of data. Tom Hornshaw mentioned
a study with 28 ug/kg in fish fillets. He has looked at the WHO Guidance values. He asked Tom
Hornshaw whether the Illinois EPA has a water concentration number where they start to worry
about people eating fish? (Ginsberg)

Although 20 ug/l was the water concentration number used by the Illinois EPA, it was in the
middle of the range they were seeing, so it could have been a higher or lower number. In Ohio,
the level of 28 ug/kg in fillets was based on just one study. The person from Ohio is no longer in
that position, but he could try to look up more about that Ohio study. The WHO Guidance values
were based on acute exposure. (Hornshaw)

She was looking at CDC's work on recreational waters that documents around 800 public health
outbreaks from cyanotoxins. The states do not have the resources to deal with this. Because of
lack of information, CDC put a Fellow into the public health departments of each of the eight
Great Lakes states to help identify outbreaks and send clearer messages of the health impacts to
physicians. She expects with more physicians educated, there will be more reports of outbreaks.
(Fisher)

There were no responses or comments from any of the panelists.

Could Tom Hornshaw or Dan Snow speak on how to collect samples from one part of a lake to
represent the whole water body? (Celona)

Their approach requires taking three different samples within the bloom within one foot of the
water surface. This will help ensure there will be variability in those samples. (Hornshaw)

In his presentation on Pawnee Lake, he only showed data for one side of the lake, but the other
side of the lake had different data. Cyanotoxins can be very different in different parts of a lake.
Because these are seasonal contaminants, the more data we have the better we can predict the
impacts. (Snow)

Do you have any recommendations for where to collect the data? (Celona)
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. Collect data at swimming beaches just below the surface of the water. (Snow)

. Collect three samples within the bloom, no more than one foot below the surface of the water.
(Hornshaw)

. Jackie Fisher had mentioned EPA support for HABs. In Wisconsin, there are reports of problems
with blooms, but no reports of people getting sick from eating fish. Also there are no reports of
problems from people swimming or animal fatalities in Wisconsin. Although there were no
deaths or illnesses yet, they recommend that people do not fish where there are blooms. It would
be worth finding out if there are any reports of anyone with gastrointestinal illness from HABs.
(Anderson)

. In 1llinois, there are no reports yet of human illness or dog deaths from HABs. (Hornshaw)

. Resources are a constraint and it is difficult to get samples. A lot of blooms blow across the
water by wind, and it can be difficult to get out to the site before the bloom moves. It will take a
lot of work to issue guidance on fish related to HABs. In Wisconsin, they are taking a
precautionary approach. There can be a major economic impact from cancelling events or
closing beaches and people may question why. (Anderson)

. There were no responses or comments from any of the panelists.
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SECTION II-E SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND
TOXICOLOGY

Introduction

Moderator:
Alan Stern, New Jersey Department of Environmental Protection

Biosketch

Dr. Alan H. Stern is lead for toxicology and human health risk assessment in the Office of Science of
the New Jersey Department of Environmental Protection. He received a B.S. in Biology from the
State University of New York at Stony Brook, an M.S. in Cellular and Molecular Biology from
Brandeis University, and a Doctorate in Public Health from the Columbia University School of
Public Health. He is a Diplomate of the American Board of Toxicology and served as a member of
the National Research Council/National Academy of Sciences Committee on the Toxicology of
Methylmercury. Dr. Stern’s areas of expertise include human health risk assessment and exposure
assessment, including probabilistic approaches. He has pursued an abiding interest in the risk
assessment for mercury in general and methylmercury in particular, having published several papers
relating to the derivation and interpretation of the methylmercury reference dose. He is also very
involved in the consumption advisory process in the State of New Jersey.

Presentations
PFOA-PFOS Health Effects: Draft Office of Water Health Assessments
Joyce Donohue, U.S. Environmental Protection Agency

EPA’s Dioxin Reassessment and Toxicity-Equivalence Factors for Dioxin-Like Compounds
Jeff Swartout, U.S. Environmental Protection Agency

EPA’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed
Geniece Lehmann, U.S. Environmental Protection Agency

Co-occurrence of PCBs and Mercury in Fish Tissue: Is There a Case for Additivity Based on
Common Developmental Endpoints?
Vince Cogliano, U.S. Environmental Protection Agency

National Time Trends in Environmental Exposures and Fish Consumption in U.S. Women of
Reproductive Age (NHANES 1999-2012)
Rebecca Birch, Westat

Implications of Recent Epidemiological Evidence on Effects of Methylmercury for Fish
Consumption Advice
Ned Groth, Gelfond Fund

Neurodevelopment Effects of Methylmercury
Glenn Rice, U.S. Environmental Protection Agency
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Epidemiological Evidence of Fish Consumption, Methylmercury Exposure, and Risk of

Cardiovascular Diseases in Adults
Jyrki Virtanen, University of Eastern Finland

Status of IRIS Update for Organic and Inorganic Mercury
Vince Cogliano, U.S. Environmental Protection Agency
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PFOA-PFOS Health Effects: Draft Office of Water Health Assessments
Joyce Donohue, U.S. Environmental Protection Agency

Biosketch

Dr. Joyce Morrissey Donohue, R.D., is a Senior Health Scientist in the Health and Ecological
Criteria Division in the Office of Science and Technology, Office of Water, at the U.S.
Environmental Protection Agency (EPA). Ms. Donohue has a background in biochemistry and
nutrition with over 20 years of experience in dealing with the toxicological properties of
contaminants in drinking water. During her career, she has authored toxicological profiles of
chemicals for EPA, NSF International, U.S. Department of Agriculture, the Agency for Toxic
Substances and Disease Registry, and the Department of the Army. She has taught courses in
chemistry, biochemistry, nutrition, and nutrition sciences at Virginia Tech and Northern Virginia
Community College as an adjunct Associate Professor.

Abstract

Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) are environmentally persistent
fluorocarbon compounds. Human exposures result from their use in packaging materials for foods,
as stain repellants on upholstery and carpets as well as from discharges to the environment
(manufacturing and waste disposal). Epidemiology data suggest the possibility for human health
adverse effects and animal studies demonstrate dose-response for a variety of toxicity endpoints. The
Office of Water released short-term provisional health advisories for both compounds in 2009. Draft
Health Effects Documents were completed in 2013 and externally peer reviewed at a public meeting
in August 2014. The draft documents will be revised to accommodate peer review comments and
update the research. The resultant reference doses will be used to establish Lifetime Health
Advisories for drinking water. They can also be applied in the derivation of guidelines for other
exposure media.
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
PFOA-PFOS Health Effects: Draft Office of Water Health Assessments — Joyce Donohue

Background

» Widely distributed in the environment

— Food (fish an important dietary source)

PFOA -PFOS — Drinking water
Health EffECtS = Indf:fxr a\r{paﬂlclf\at.e matter and dust) ‘ )
» |dentified as a drinking water contaminant near sites of
discharge
Draft OW Health Assessments e Provisional Health Advisories (HA) issued by OW in 2009
September 23, 2014 — PFOA 0.4 ng/L; PFOS 0.2 ng/L

— Based on a 10 kg child; 20% from 1L drinking water
— Short term exposure
* OW Commitment to complete a quantitative heath risk
1 assessment and develop a lifetime HA value :

Chemical Characteristics Epidemiology
Effect PFOA PFOS

* Minimal solubility in water

N . Increased total cholesterol 1 (3/4) studies 1 3/5 studies
— Hydrophobic and oleophabic 5
! i i Indicators of liver damage + (4/5) studies 1 no data
e Resemble the fatty acid octanoic acid Lo Bl T AL AP
— PFOA has a carboxylate functional group and PFOS a sulfonate ow _I UL e ErEEEE | § @) fes ! st ‘_Es
functional group; sulfonate more acidic Thyroid effects + 1/10 studies + 1/4 studies
— partial negative charge on the fluorine atoms Suppression of immune response* + 1/4 studies + 1/4 studies
e ditojpositivesuriaces Diabetes No association No data
* Not metabolized Reproductive hormones 174 No data
* Multiple options for binding to proteins and other Cancer Some association  Associations
biopolymers 4/6 studies not significant
= Serum albumin tpositive association; + had an apparent significant effect on the parameter measured
— Fatty acid binding protein *some association for children with asthma
~ Cell surface receptors such as PPAR-a, CAR, PXR, FXR, T3 3 Reverse causation may account some population based associations a

PFOA Animal Studies

Rats, mice and monkeys

C8 Studies (PFOA)

Research Program established under a Class
Action Settlement with DuPont

Common denominator T liver weight

«  Hallmark of exposure

— Drinking water contamination (DuPont Plant) = Peer Reviewers questioned whether this was a good Point of Departure (POD)
— West Virginia and parts of Ohio for the Reference Dose (RfD)
* Probable links established: Co-occurring effects

R R = Liver hypertrophy, necrosis, decreased cholesterol,
— Kidney and testicular cancer
* Developmental delays (eye-opening, mammary gland),

- Thyroid disease = Decreased spleen weight, IgM, increased IgG
— Ulcerative colitis *  Accelerated puberty
— Elevated cholesterol NOAELs: Range 0.06 —1.6 mg/kg/day
— Pregnancy-induced hypertension and pre-eclampsia * Many key studies lacked NOAELS
° LOAELS: Range 0.65 to 5 mg/kg/day e
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
PFOA-PFOS Health Effects: Draft Office of Water Health Assessments — Joyce Donohue

PFOS Animal Studies Complex Toxicokinetics

* Saturable renal reuptake of PFOA/ PFOS from urine before
excretion

— A portion of the PFOA/PFOS removed by the kidneys is reabsorbed by
kidney tubules causing the long half-live in humans.

Rats, monkeys, mice
» Effects on pup survival in early life
* Developmental delays

* Increased liver weight in wild type, PPARa null,and PPARa humanized
mice

— Published and EPA PK models account for the renal resorption

Distinctly different species half lives and times to steady

* Thyroid hormone increases

s Limited dataforimmunological effects state
Co-occurring effects = Years for humans
+ Developmental ( growth, survival, neurobehavioral)and liver — Hours/days for rats, mice and monkeys
NOAELs: Range 0.008 to 1 mg/kg/day * EPA Pharmacokinetic Model based on serum
LOAELs: Range 0.072 to 5 mg/kg/day measurements from animal studies (Wambaugh, 2013)
— Supported calculation of a human equivalentdose based on first order
human clearance estimates 8

Role of PK Model in RfD Derivation Reference Dose Outcomes
* PFOA
— Draft RfD = 0.00002 mg/kg/day
— Critical Effects increased liver weight (10%), hepatic hypertrophy, increased
— species differences in saturable resorption kidney weight, reduced fetal ossification, accelerated puberty
— Equivalent to a draft Lifetime HA of 0.1 ng/L for a 70 Kg adult and 20% RSC
= Peer Reviewers suggested a exposure duration adjustment might be needed
* PFOS
— Draft RfD = 0.00003 mg/kg/day
— Critical Effects: increased liver weight (10%), developmental neurotoxicity

Normalized serum concentrations across the animal
species accounting for

— dosing duration

— experimental NOAELs and LOAELs

Facilitated calculation of the human equivalent dose
(HED) for use in RfD derivation

— HED = Average serum mg/L x human clearance (increased motor activity and decreased habituation)
* RfD=HED =+ Uncertainty Factor

— NOAEL UF = 30 (10 intraspecies; 3 pharmacodynamicinterspecies)

— LOAEL UF = 300 (same as NOAEL = 10 for use of a LOAEL) a

— Equivalent to a draft Lifetime HA of 0.2 ng/L for a 70 Kg adult and 20% RSC

» Peer Reviewers suggested a exposure duration adjustment might be needed

10

Cancer Findings Next Steps
* PFOA-Suggestive Evidence ¢ Address peer review comments
— Positive association for kidney and testicular cancers e e A AT TR B e

(epidemiology studies)
— Animals studies: liver, testicular, and pancreatic tumors
= Only one species evaluated (rat)
« Dose-response only for testicular tumors (Leydig cell)

¢ Update the literature supporting the HAs
— Over 100 publications collected after the preparation
of the peer review draft

= Cancer Slope Factor = 0.07 per mg/kg/day (>RfD of 0.00002 mg/kg/day) * Settle the duration adj ustment issue
* PFOA —Suggestive Evidence * Complete the clearance process for document
— Liver adenomas release

— No data for quantification
* Peer Reviewers agreed with the Cancer classifications

2014 National Forum on Contaminants in Fish — Proceedings / Page 134



Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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EPA’s Dioxin Reassessment and Toxicity-Equivalence Factors for Dioxin-Like
Compounds

Jeff Swartout, U.S. Environmental Protection Agency

Biosketch

Mr. Swartout received his B.S. in Biology from Elmhurst College, EImhurst, lllinois. He has had
extensive graduate training in developmental biology and toxicology at the University of Cincinnati,
where he was a Ph.D. candidate. He has served as a toxicologist for the U.S. Environmental
Protection Agency (EPA), National Center for Environmental Assessment (NCEA) for 29 years. Jeff
specializes in quantitative uncertainty analysis with an emphasis on dose-response modeling for both
chemicals and pathogens. He was the co-lead for the most recent dioxin assessment, which
culminated with the publication on EPA’s Integrated Risk Information System (IRIS) in 2012 of the
first dioxin reference dose (RfD). He was also one of the principal authors of the Mercury Study
Report to Congress, in which he authored a section on the bioaccumulation of mercury in fish. Mr.
Swartout has authored or co-authored several publications addressing quantitative uncertainty in the
RfD, exposure model uncertainty, toxicokinetics, and pathogen dose-response modeling. Mr.
Swartout is currently a member of the Chemical Risk Assessment Branch in NCEA-Cincinnati,
serving on the Cumulative Risk Assessment Team. His current research is focused on dose-additivity
for mixtures.

Abstract

EPA has derived an oral RfD for 2,3,7,8-tetrachlorodibenzodioxin (TCDD) of 0.7 pg/kg-day, which
was posted as final on IRIS in 2012. The RfD is based on two epidemiologic studies of the Seveso,
Italy, population following an acute exposure to TCDD. The critical effects were increased levels of
thyroid-stimulating hormone in newborns exposed to TCDD in utero and decreased sperm
concentrations in men exposed as boys. The RfD derivation was complicated by the unusual nature
of the exposure profile, which was an initial high peak exposure declining over time to background
levels. Background exposure to dioxin-like compounds (DLCs), which could have contributed to the
observed effects, further complicated the exposure modeling. In its TCDD RfD uncertainty analysis,
EPA estimated the contribution of DLCs using a toxicity-equivalence factor (TEF) approach for
several background exposure scenarios and found about a 3-fold range of uncertainty above and
below the RfD. With respect to DLCs, EPA has adopted the 2005 World Health Organization
(WHO) Toxicity Equivalence Factor (TEF) approach for estimating the health impact of combined
DLC exposures. TEFs can used to compute the total TCDD toxicity equivalent dose in various
exposure media, including fish. The WHO TEFs were derived by professional judgment considering
varied sources of in vivo and in vitro data and are not central tendency estimates. The application of
TEFs is subject to a number of assumptions concerning applicable endpoints, dose-response shape,
and mode of action. Because of these broad uncertainties, EPA recommends the application of a
sensitivity analysis for major dioxin hazard assessments involving TEFs, an example of which will
be presented.
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SESSION 4: RISK ASSESSMENT, EPIDEMOLOGY, AND TOXICOLOGY
EPA's Dioxin Reassessment and Toxicity-Equivalence Factors for Dioxin-like Compounds

EPA’s Dioxin (2,3,7,8-
tetrachlorodibenzo-p-dioxin)
Reassessment and Toxicity-

Equivalence Factors for Dioxin-Like
Compounds

Jeff Swartout and Glenn Rice,
Office of Research and Development,
National Center for Environmental Assessment, U.S. Environmental
Protection Agency;
Linda Teuschler, LK Teuschler & Associates

National Forum on Contaminants in Fish
Alexandria, Virginia
September 23, 2014

n are those of the ors and do not necessarily reflect
nmental Protection Agency

Reference Dose (RfD)

RfD = POD / UF

Where:

POD= Pointof departure either a no-observed-adverse-effect

level (NOAEL), a lowest-observed-adverse-effect level
(LOAEL) ora benchmark dose (BMDLy). Typically,
observed in epidemioclogy study or animal bicassay

= Uncertainty factor(s) applied to account for the
extrapolation required from the characteristics
of the experimental regimen to the assumed human
scenario

Mocarelli et al. 2008 Overview

* Decreased sperm counts in men who were exposed to TCDD as boys
aged1-9

~Mean sperm conceniration and motile sperm concentration reduced 20%
and 11%, respectively, in the 19-quartile exposure group (68 ppt in serum)

~No dose-related effect of TCDD on sperm counts for men who were 1017
years old when axposed.

~Critical exposure window of first 10 vears of life identified
~No TCDD-free reference group

+ LOAEL of 0,020 ng/kg-day determined
~Average of peak and window-specific mean exposures
~20% d in d population mean is biologically significant
~Emond human PBPK model applied lo measured ssrum concentralions
~Mean medeled exposure across critical window of 0.008 ng/kg-day
~Peak exposure squivalent to 0.032 ng/kg-day

SEPA

Our EPA TCDD RfD* Team

* Jeff Swartout (U.S. EPA)

* Glenn Rice (U.S. EPA)

* Linda Teuschler (U.S. EPA, retired)

* Belinda Hawkins (U.S. EPA)

* Janet Hess-Wilson (DOD, formerly U.S. EPA)
* Scott Wesselkamper (U.S. EPA)

* Michael Wright (U.S. EPA)

* Hisham El-Masri (U.S. EPA)

*This presentation covers only the 2,3,7 8-tetrachloro-dibenzodioxin
(TCDD) RfD assessment published on IRIS (U.S. EPA, 2012)

Selected Epidemiologic Studies

* Studies from two epidemiologic cohorts passed selection criteria
* Seveso cohort
= Baccarell et al, 2008 (increased neonatal TSH)
= Mocarelli et al, 2008 (decreased sperm counts)
« Alaluusua et al, 2004 (developmental dental defects)
= Eskenazi et al. 2002 (increased length of menstrual period)
* Ranch Hand cohort
= Michalek and Pavuk, 2008 (diabetes)
* Measurements made oo long after exposure to quantify confidently
= Main source of uncertainty is exposure profile characterization
~High shart-term initial pulse followed by low-level background exposure
~Determination of effective dose
+ internal dose metric
DD zancentration from Emond PEPK medel

8l expesure windows
CaK CXPOSUre

* Increased levels of TSH in newborns exposed to TCDD in utero, 10
to 20 years following initial peak maternal exposure

~Gestational Bxposure leveals I’EIQ]iUQIy constant
* TSH levels greater than 5 pU/ml considered to be indicative of
potential thyroid or neurological functional impairment
~MNo oven functional Impelrment
~WHO trigger for medical follow-up
« Multivariate regression model of maternal serum TCDD levels and
neonatal TSH links exposure and effect
~Maternal serum TCDD of 235 ppt asscciated with neonatal TSH levels
greater than 5 mU/ml defined as the LOAEL
A correspandingé:ontmuous 30-year daily oral TCDD intake of 0.020
ng/kg-day was determined using the Emond human gestational
PBPK model (Emond, ctal, 2004)
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SESSION 4: RISK ASSESSMENT, EPIDEMOLOGY, AND TOXICOLOGY

EPA’s Dioxin Reassessment and Toxicity-Equivalence Factors for Dioxin-like Compounds
— Jeff Swartout

Basis and Derivation of the
Draft TCDD RfD

Principalstudy detail
POD
Study (ng/kg- Critical effects
day)
Mocarelli et 0.020 Decreased sperm count (20%) and motility (11%) in

al. (2008) (LOAEL) | men exposed to TCDD during childhood

Baccarelli et 0.020 Elevated TSH (> § pU/mL) in neonates
al. (2008) (LOAEL)

RID derivation
POD | 0.020 ng/kg-day (2.0E-8 mg/kg-day)

UF| 30 (UF =10, UF,=3)

RfD| 7 x 10719(7E-10) mg/kg-day

SEPA

Use of Reference Doses by EPA’s
Regulatory Programs and Other
Decision-Makers

Reference Dose has no “real-world” impact until combined with
other information (human exposure, available treatmenttechnology,
etc.) to inform decisions

Typically considered in context with a hazard quotient

Dioxins typically occur as mixtures. Use Toxicity Equivalence
Factors (TEF) to estimate risks

EPA
TEF Formula
k
TEQ= (I, <TEF)
i=l
| i individual DLC exposures (mg/kg-day)
TEF Toxicity Equivalence Factor for ith DLC (unitless)
TEQ TCDD toxicity equivalence (mg/kg-day)

TEQ is sum of the products of each i DLC Intake and its TEF for i
=(1,2,._k)DLCs.

HQowe = TEQ/RID

EPA (u.s. EPA, 2010) has adopted the WHO 2005 TEFs for Dioxin-
Like Compounds (van den Berg, et al., 2006)

DLC = dioxin-like compound

SEPA

- Uncertainty in the TCDD RfD:
Sensitivity Analysis

= Sensitivity analysis of co-principal studies

~Evaluated several key kinetic variables and background DLC exposures

~Alternative PODs ranged 3-4 fold in either girection

- ground DLC maost s variable
» DLCs act like TCDD in eliciting AhR-mediated effects

Considered to be dose-additive

= POD estimates were 10% to 30% higher than RfD POD
= DLC quantification too uncertain to apply to RID

= Potentially sensitive effects in other studies excluded from RfD POD consideration

~Exposure too uncertain; LOAELs unclear; CLCs an issue at low doses
~Sperm effects in men who were breast fed as infants (Mocaralli etal., 2011)
~UFu of 3 applied to cover uncertainty in sensitive pepulations

Hazard Quotient

HQ = E/RfD

HQ = Hazard quotient
E = Exposure to a substance (mg/kg-day)
RfD = Reference Dose (mg/kg-day)

Hazard quotient The ratio of the exposure fo a substance and its
health reference value (e g , RfD). Typically used as a screening tool If
Hazard Quotient <1, then adverse health effects are not expected to
occur. IfHazard Quotient =1 then likelihood of adverse health effects
is explored further. The Hazard Quotient cannot be franslated to a
probability that adverse health effects may occur

SEPA Top Five DLCs in Food and
i Recommended TEFs

Congener 2005 TEF
Polychlorinated dibenzo-p-dioxins (PCDDs)
2,3,7.8-TCDD 1
1,2.3,7.8-PeCDD 1
1, .7.8-HxCDD 0.1
Polychlorinated dibenzofurans (PCDEFs)
2.3.4.7.8-PeCDF | 0.3

Polychlorinated biphenyls (PCBs)
3,3',4,4',5-PeCB (126) | 0.1

* TEFs are derived primarily from oral-exposure study data and may
not apply to internal concentrations

* TEFs are not central-tendency estimates

* 12 dioxin-like PCBs
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SESSION 4: RISK ASSESSMENT, EPIDEMOLOGY, AND TOXICOLOGY

EPA’s Dioxin Reassessment and Toxicity-Equivalence Factors for Dioxin-like Compounds
— Jeff Swartout

o

Dioxin intake from food
(Parvez, et al., 2013)

Analysis of data on DLC in 8 food
daily U S. diet (source: Lorberet al., 2008, 2010)
3DLCs estimatedto provide 63% of total TEQ intake
1,2.3,7 8-PeCDD (23%)
1,2,3,67 8-HxCDD(14%)
PCB-126(26%)

e Statas
Environmentst Pratsction
eney

2378 TCDD&2 347 8-PeCDF provide another 6% each

Tk T

Sensitivity Analysis of Dioxin in
Food (Parvez, etal., 2013)

+ Alternative TEF values were estimated using percentile values from
the relative potency data developed by Haws et al. (2006)
s
s
“

S
Pork  Paury Ot
aTEFL TEF1D

s Mk Basf  Seafood Otnerdamy
50 WTEFB «TEF7S «TEFU wTEFSD

» For seafood: TEQio=1.2, TEQ2s=2.0, TEQsoc=3.2, TEQ75=6.0,
TEQeo = 13 (pg/day)

* The average total dietary TEQ intake was 23 pg/day, with plausible
bounds of 8 and 105 pg/day

[y ‘

total TEQ intake in average

Candidate RfD Array

e AmEnta Prataction

Food Category Contributions to Total
Dietary TEQ (Parvez, et al., 2013)
~ Seafood consumption provides 18% of total TEQ
DLC levels in commercial seafood recently updated by FDA

Relationship to fresh-water/marine fish-only consumption
uncertain (specific data not available)

= Milk (145%) ther mea it (5%)

=0t = Eggs (5%)
Poultry (2%) Pork (2%)

% et Summary

« RID =7 x 10" mgikg-day
+ Basedon tal trom 2
- increased necnatal TSH (Baccareli et al. 2008)
- decreased sperm counts (Mocareli et al, 2008)
+ Sensitivity analysis of key varables suggests 3-fold range in either direction
« WHO 2005 DLC TEFs adopted by EPA
« Few significant changes from 1988
- Foruse in dose-additive HO
+ Sensilivily analysis Tor major Il
= U8 dietary intake cf total TEQ estimated by Parvez, et al. (2013)
+ §3% provided by 3 DLCs
- 18% of total intake from seafeod
+ Median daily intake = 3.2 pg/day
+ Sensitivity analysis suggests 11-fold range of uncertainty
. i ip to fresh fish-only ¢ pti

studies

uneetain

“~d
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Questions and Answers

Q. Given the low reference dose and relatively small contribution of fish to exposure, what are the
implications for fish advisories? (Stern)

A. EPA’s Office of Water uses a 20% contribution from water for a health advisory. They attribute
20% of the toxic equivalency to fish.

Q. In New Jersey, where such contaminants are pervasive, the approach they took was that if they
strictly applied the reference dose, the result would be no fish consumption. Instead, they limited
fish meals to two meals per week. (Stern)

A. He cannot answer, because that sounds like a policy issue.
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EPA’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed
Geniece Lehmann, U.S. Environmental Protection Agency

Biosketch

Dr. Geniece Lehmann received her Ph.D. in Toxicology from the University of Rochester. At
present, she works as a toxicologist for the U.S. Environmental Protection Agency’s Integrated Risk
Information System (IR1S) where she evaluates quantitative and qualitative risk information on
health effects that may result from exposure to environmental contaminants. Since 2009, Dr.
Lehmann has served as the IRIS technical lead for assessment of polychlorinated biphenyls (PCBs).
As such, she has explored and evaluated available options for assessing health risk from PCB
exposure and presented on this topic at several national and international meetings. She has also co-
chaired sessions at national meetings on the importance of the breastfeeding exposure pathway for
risk assessment of persistent organic pollutants, such as those found in fish.

Abstract

PCBs were produced commercially in the United States from 1929-1977 for use in a wide variety of
applications. Unfortunately, the unique chemical properties of PCBs that made them so useful (e.g.,
thermal stability, resistance to acids and bases, low water solubility) also contributed to their
resistance to degradation, bioaccumulation in food chains, and toxicity. Although the commercial
manufacture of PCBs was banned in the United States in 1979, even today, PCBs can be found in
marine and fresh water fish, and fish consumption constitutes a major source of human exposure to
these chemicals. Currently, there are two IRIS reference doses (RfDs) available for use in assessing
human health risk associated with consumption of PCB-contaminated fish. The RfD for the
commercial PCB mixture Aroclor 1016 (70 ng/kg-day) was established in 1993, and is based on a
study that observed reduced birth weight in infant rhesus monkeys exposed during gestation. The
RfD for Aroclor 1254 (20 ng/kg-day) was established in 1994, and is based on a study that observed
immunotoxicity in adult female rhesus monkeys exposed for about five years. The value of the
Aroclor 1254 RfD is identical to that of the Agency for Toxic Substances and Disease Registry’s
chronic minimal risk level (MRL) for PCBs (established in 2000) and the World Health
Organization’s tolerable daily intake for PCBs (established in 2003); all three of these reference
values are based on the same study and health endpoints. However, PCB research over the past two
decades has provided some new information to consider: studies of PCB-exposed humans have
revealed previously unrecognized health effects; studies have been conducted in animals exposed to
more environmentally relevant PCB mixtures; and there is new information regarding risk estimation
for breastfeeding infants, a population that may be especially vulnerable to PCB-induced
neurobehavioral effects. This presentation will provide an overview of the advances in knowledge to
be considered in future EPA assessments of the health risks associated with dietary PCB exposure.
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
EPA'’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed — Geniece Lehmann

Topics to Cover

EPA’s Reassessment of the + Review current IRIS non-cancer reference values for PCBs
RfD for PCBs: « Why is a reassessment needed?
Key Issues to Be Addressed « Provide overview of the enhanced IRIS draft development
process

+ ldentify key issues
+ How might these issues impact future assessments?

Geniece M. Lehmann, Ph.D.
National Forum on Contaminants in Fish
September 23, 2014
Alexandria, VA

The views expressed in this presentation are those of the author and do not
necessarily reflect the views or policies of the U.S. EPA.

Polychlorinated Biphenyls (PCBs) it b ¢
U.S. Manufacture and Some Uses: + Fluorescent light chlorinated o (] ®
Production: ballast it congenerstend @
Production: + Dielectric fluid in transformers alasticapacions i
+ Manufactured from +  Oil used in motors and + Adhesives and volatile
1929 to 1977 hydraulic systems tapes
+ Peak productionin 1970 ,  gjectrical devices/appliances Qil-based paints
(85,000,000 Ibs) containing PCB capacitors +  Plasticizer in caulk
and window
glazing

Humans are exposed to PCBs as diverse mixtures of congeners.

Chn  3—=2 23 _CL| Congenersvaryin structure, g - s - 00, q:
) L1y v stability, toxicity and MOA: these = e . .522‘.."‘,.?.1‘1‘,!,%‘@ |
properties are determined by = . - 3 OG0
5 6 6 5 chlorine number and position 3 et il

Current IRIS Reference Values for PCBs Why Reassess?
« RfD: an estimate (with uncertainty spanning perhaps an order of magnitude) . .
of oral exposure to the human population (including sensitive subgroups) + “New” human health effects to consider
that is likely to be without an appreciable risk of deleterious effects during a « Data are available for PCB mixtures found in the
hisi= environment.
* RiDs for PCB mixtures + New approaches may be applied to protect breastfeeding
- Aroclor 1016 infants
+ 70 ng/kg-day B
+ Posted to IRIS in 1993
+ Reduced birth weight observed in rhesus monkeys exposed during gestation
— Aroclor 1254
- 20 nglkg-day
+ Posted to IRIS in 1994
+ Immunotoxicity in adult rhesus monkeys exposed for 55 months
— NO RfD for general PCB mixtures
5 3
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EPA'’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed — Geniece Lehmann

IRIS Draft Development
+ Planning and scoping
» Public meeting on problem formulation
Literature search and critical study selection
Evidence table development
+ Public meeting on literature search & evidence tables

+ Draft assessment preparation
— Hazard Identification

— Rationale for selection of studies used for dose-response
assessment
— Toxicity value derivation

.

.

Example of Problem Formulation for PCBs 2

Outcome Human (in vivo) Animal (in vivo) Novel Aspects of
Studies Studies Animal Studies

Reproductive +++ (female); ++ (male) +++ (female); ++ (male) = observed effects at
Developmental haiand AR ?r:rbmel:‘:ulr.::%n\;sed
Neurological bbb - Aroclor 1254 RD
Hepatic ++ Eaad
Gastrointestinal + +
Endocrine ++++ (thyroid) +++ (thyroid); + (adrenal)
Metabolic Disease 4
Respiratory + +
Cardiovascular +
Immunclogic 4 i
Dermal ++ ++
Ocular + +

Example of Problem Formulation for PCBs 1

Outcome

Reproductive
Developmental
Neurological
Hepatic
Gastrointestinal
Endocrine
Metabglic Disease
Respiratory
Cardiovascular
Immunologic
Dermal

Ocular

Human (in vivo)

Animal (in vivo) Studies

Studies
+++ (female); ++ (male)  +++ (female); ++ (male)
e aa it
AR bt
++ i
+ +
++++ (thyroid) +#++ (thyroid); + (adrenal)

-

4

++

++

Why Reassess? A

“New” human health effects to consider
« Data are available for PCB mixtures found in the
environment.
+ New approaches may be applied to protect breastfeeding
infants.

Current IRIS Reference Values for PCBs 2

« RfD: an estimate (with uncertainty spanning perhaps an order of magnitude)
of oral exposure to the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious effects during a
lifetime

* RiDs for PCB mixtures
- Aroclor 1016
+ 70 ng/kg-day
+ Posted to IRIS in 1993
+ Reduced birth weight observed in rhesus monkeys exposed during gestation
— Aroclor 1254
+ 20 ng/kg-day
* Posted to IRIS in 1994
+ Immunotoxicity in adult rhesus monkeys exposed for 55 months
— NO RfD for general PCB mixtures

Example of Problem Formulation for PCBs 3

Outcome Human (in vive)
Studies
Reproductive +++ (female); ++ (male)

Developmental

b

Neurological Ranasasssd

Hepatic

Gastrointestinal

4

o

Endocrine ++++ (thyroid)

Metabolic Disease
Respiratory
Cardiovascular
Immunologic
Dermal

Ocular

Eee

Animal (in vivo)
Studies

+++ (female); ++ (male)
.s eee
++it 0000
e
+++ 00
+

by (thyroid); + (adrenal)

+retoe
++

++
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Novel Aspects of
Animal Studies

= observed effects at
or below the POD used
for the current IRIS
Aroclor 1254 RfD

® =administered a
mixture of PCB
congeners selected to
mimic the profile found
in human milk, other
biological matrices
(except fish), or
contaminated soil

= administered a
mixture of PCB
congeners selected ta
mimic the profile found
in contaminated fish
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EPA'’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed — Geniece Lehmann

Health Effects Observed in Animals Exposed to PCB Mixtures Found in
Contaminated Figh (black) and Arecler 1254 (gray)

10
[
= 1 -
PCB Mixture .$ Ototendeity &
P A . 01 i ired inhil
Mimicking... Health Effects Observed in Exposed Animals g ”"W”::n'!:'ch,llbllo-y §
001 :
. Adult mice exposed during development E

Contaminated soi | plasma Ty, | number, & 1 th: yte pr response g 0.001 Immunctoxicity
Juvenile monkeys exposed during infancy &8
| inhibitory control m 0000
Neonatal rats g 0.00001 WLOAEL
1 liver & brain weights, & | body weight = :
1 2 activity in preoptic area (males) g 0.000001
Weanling femalerats Increased anety

P | serum estradiol & | uterine weight 0.0000001
iLItlvengerralts ex;msgd:urrng L:eve!ﬂpment adult mice adult rats adult menkeys

ered timing of puberty onset
Adult rats, subchronic exposure lactational exposure gestational & lactational chronic exposure
1 liver weight, | thyroid weight, & | litter size EXpOSUre
Adult rats expased during development
| bone size Ehar el al (2012) Newodewsopnental s be Vi bctaticol a1 U oo eIk e e
3 " . polychionated baphenyts (3 NOLPCD)in T v 290 44-54

| testes weights, | serum testosterone, & | sexual dimorphism (males) Powors ctal. (2000). Devalopmental oxposurn 1o POBS, MoHg, o both Img torm cffcts on auditory fnction. Emvon Hoolth

. N 1117 1091107

Aduft rodents exposed during development 31, Cevelopemeetal exos.e to POBS andor Metig: Elects on a difseniial reinforcement of iow rales [DRL)

T anxiety . operant task bekre and he amphetsrmine dn vaticol Terstol 31. 148150

Ototoxicity & | inhibitory control tal (1061) Efect of chronie asposur of afic ard ronspociic imeweng parameters in fe
rhoas (acaca Fhcricey FundimArpd

Contaminated fish

Why Reassess? B PCB Lactational Dose Magnification (Example)

Average daily maternal dose: 1 ng/kg-day
1) Elimination rate (pre-breastfeeding): ke‘imJ{%!O.OUOZ? [da},«ﬁ)’1 assuming t,, = 2,555 days

w” human health effects to consider
Data are available for PCB mixtures found in the

. - . IR, xfexf, -
environment. 2 rate (during Kelac=Helim * {1 gy o' =0.0021 (days) !
i " 3) Average PCB tration in milk fat:
* New approaches may be applied to protect breastfeeding ) Average FCB concentration in milk fa
infants. DAlmatxfy _[Kglim , 1 ( ~Keimtpn_ kel “Kelaobf
=_matTf, 4 (1-eMelim'pn_ ”“)( ‘elac’yf 560ng/kg-lipid
Cmil fatavg Kelim *frm ~ Kelac  Kelac ¥tof Kelac. : arkemie
Coi XA *CR pipi XED
i@“ Through nursing, 4) Average daily infant dose from milk fat: ADD¢=— ik fat™mbm "= Emilk==Zinf_38 ng kg-day
G PCBs are delivered inf
to infant at a much
Over time, awoman consumes PCBs, which higher rate If ty2 ranges from 730 to 23,725 days, possible ADD,, values range from 12 to 91 ng/kg-day.
accumulate in her fat stores.
186
15

Oregon DEQ (2010). Human health risk assessment guidance. Portland, OR: Oregon Depariment of Ervironmental Gualty
Available at hitp /iwww. siculHus

JJQ- Through nursing,
G A PCBs are delivered

to infant at a much

Over time, a woman consumes PCBs, which higher rate
accumuate in her fat stores Health Benefits of Breastfeeding
PCB Mixture .a history of breastfeeding was associated with a reduction in the risk of acute otitis media, non-
Soniching.. Hoskh Ercts Observed kb Exposed Animals cﬁffﬁiﬁ}"‘fée“ﬁ@'ﬁﬂ}‘éi TS QUL e Il feelons, sopk, temaite, sl U0s),
Contaminated soil  Aduit mice exposed during development and necrotizing enterocolitis.”

| plasma T,, | number, & 1 thymocy
- AHRQ. (2007). Breastfeeding and Maternal and Infant Health Outcames in Developed Countries.

Human milk Juvenile monkeys exposed during infancy Rockville, MD: Agency for Healthcare Research and Quality. Available at Breasteeding and
| inhibitory control Maternal and Infant Health Outcomes in Developed Countries.

Neonatal rats

“Extensive research using improved epidemiologic methods and modern laboratory techniques

T ETE 0TS, S 1) ey G documents diverse and compelling advantages for infants, mothers, families, and society from
| aromatase activity in hypothalamus-preoptic. area (males) breastfeeding and use of human milk for infant feeding. These advantages include health, nutritional,
social, economic, and environmental benefits.”

Weanling female rats
| serum estradiol & | uterine weight

Juvenile rats exposed during development - I y of . (2003). ing and the Use of Human Milk. Pediatrics
Altered timing of puberty onset [1532Ra 506

Agulfra!s T I ST “WHO can now say with full confidence that breastfeeding reduces child mortality and has health

1 bone size X . benefits that extend into adulthood.”

| testes weights, | serum & | sexual (males)

- WHO. {2007) Fourth WHO- Cocrdmated Survey of Human Milk for Persistent Organic Pollutants
,rs National Protocol. Geneva, Sw#!zsrland

for Developing a National Pro

Contaminated fish Adult rodents exposed during development o
1 anxiety i World Health Organization Avatfable ot Guiden
Ototoxicity & | inhibitory control

2014 National Forum on Contaminants in Fish — Proceedings / Page 144



SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
EPA'’s Reassessment of the RfD for PCBs: Key Issues to Be Addressed — Geniece Lehmann

Infant Risk Adjustment Factor

Calculated Infant Risk A t Factors
P ESERE Calculated Exposure
eSS Acceptable Exposure Chemical IRAF
IRAF = HQart / HQmthr DDT/DDD/DDE 2
HQirgant = HQpotner X IRAF Dioxins 2
PCBs 25
«J&  Through nursing,
@ @ @ A7 pcBs are deivered
to infant at a much

Over time, a woman consumes PCBs, which higher rate

accumulate in her fat stores

Oregon DEQ. (2010). Human health risk assessment guidance. Portiand, OR Oregon Department of Emironmental Quality.
Available at http:I'wsnw or. sicul i di

Why Reassess? C

ew” human health effects to consider
Daja are available for PCB mixtures found in the
vironment.
New approaches may be applied to protect breastfeeding
infants.

Possible Impacts on Future Assessments

* “New” human health effects to consider
— Future reference values may be derived for additional health effects.
* Neurodevelopmental effects?
« Effects on thyroid hormone homeostasis?
+ Metabolic and/or cardiovascular effects?
» Data are available for PCB mixtures found in the
environment.
— Future reference values might be based on environmental PCB
mixtures rather than Aroclor mixtures.
« New approaches may be applied to protect breastfeeding

infants.
21

Summary
+ PCB reassessment is indicated by the availability of:
— More recent data on health effects
- Data on environmental PCB mixtures
— New approaches to limit exposure in breastfed infants
+ Risk assessors in Oregon are already using some of these approaches in
conjunction with currently available reference values.
+ IRIS PCB assessment is in the early stages of the new draft
development process.
+ Once draft development begins, we would expect to complete the
assessment in about 3 years.
Contact Information
Geniece Lehmann
+1-919-541-2289
lehmann.geniece@epa.gov
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Questions and Answers

Q.

A.

Is outreach to physicians about breastfeeding included in the plan? We should get the word out
to protect people. (Murphy)

This has not been discussed yet, but they will probably reach out to EPA program offices about
that early in the process.

It is good to see that EPA is looking at pathways and focusing on body burden, but generally you
do not issue fish advisories based on gender. However, we may need to consider thinking about
fish advisories targeted to young girls and maybe to young boys. (Ginsberg)

EPA has not completely analyzed the data for this reassessment of the reference dose for PCBs,
but so far the data indicates the most sensitive endpoints will be to protect from exposure to
breast milk and protect women who are breastfeeding. Men do not breastfeed, so will not be
affected by that endpoint. EPA is using human and animal data for this reassessment.

Q. Is there any point in treating dioxin-like PCBs differently? (Stern)

Dioxin-like PCBs can act by non-dioxin mechanisms. Dioxin-like PCBs will be included in
EPA’s reassessment of the reference dose for PCBs, but they also have other effects. Dioxin-like
PCBs also will be covered in EPA’s dioxin reassessment.
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Co-occurrence of PCBs and Mercury in Fish Tissue: Is There a Case for
Additivity Based on Common Development Endpoints?

Vince Cogliano, U.S. Environmental Protection Agency

Biosketch

Dr. Vince Cogliano serves as acting director of the Integrated Risk Information System (IRI1S) at the
U.S. Environmental Protection Agency in Washington DC. IRIS develops scientific reviews of the
health hazards of chemicals in the environment. Previously, Dr. Cogliano served at the International
Agency for Research on Cancer (IARC), which is part of the World Health Organization, in Lyon,
France, as head of the IARC Monographs programme. The IARC Monographs are a series of
scientific reviews that identify environmental factors that can increase the risk of human cancer.

Dr. Cogliano received his Ph.D. from Cornell University. Dr. Cogliano’s professional interests
include qualitative and quantitative health risk assessment and its application to the protection of
public health.

Abstract
Not provided.
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Co-occurrence of PCBs and Mercury in Fish Tissue: Is There a Case for Additivity Based on Common

Development Endpoints? — Vince Cogliano

Overview

Co-Occurrence of PCBs and Mercury

in Fish Tissue NRC advice on cumulative risk assessment
Is There a Case for Additivity Based on

Common Developmental Endpoints? IRIS initiatives to facilitate cumulative risk assessment

Vincent Cogliano The case for additivity of PCBs and mercury
IRIS Program Director (interim)
National Center for Environmental Assessment

Office of Research and Development
U.S. Environmental Protection Agency

The views expressed here do nof necessarily represent the views or palicies ofthe U S Environmental Protection Agency

Advice from the National Research Council Advice from the National Research Council (entnuea

“For cumulative risk assessment, the committee F “To cite another example, EPA could evaluate
strongly recommends that EPA group chemicals combined exposures to lead, methylmercury, and
that cause common adverse outcomes and not | s polychlorinated biphenyls because all contribute to
focus exclusively on structural similarity or on _ cumulative risk of cognitive deficits consistent with

PHTHALATES
AND COMUATIE
K ASSESSENT

similar mechanisms of action.” IQ reduction in children, although the deficits are
produced by different mechanisms of action.
Cumulative risk assessment based on common
adverse outcomes is a feasible and physiologically
relevant approach to the evaluation of the

“Focusing primarily on physiologic consequences rather
than structural or mechanistic similarity is a critical and
achievable next step in cumulative risk assessment and is

more directly relevant to relating chemical exposures to multiplicity of human exposures and directly reflects
human diseases and disorders. EPA’s mission to protect human health.
NRC 2008, P/ and Cumulative Risk A t, pp 9-10 NRC 2008, and Ci ive Risk A . pp 11-12
3

About IRIS The Enhanced IRIS Means New Scientific Content
IRIS assessments systematically and critically review The HAZARD IDENTIFICATION section The DOSE-RESPONSEASSESSMENT explores
A A c a identifies all credible health hazards toxicity values far each eredible health hazard
the publicly-available peer-reviewed studies to = Aworkshopin Aug 2013 explored = This will facilitate subsequent cumulative risk
evidence-i tion frameworks hat consider bined eff
. r # Another werkshop in Oct 2014 will address of multiple agents acting at a common site or
» ldentify adverse health outcomes this topie Wocigh cammn Tchenibie

» Characterize exposure-response relationships

HAZARD DOSE-RESPONSE " -
IDENTIFICATION ASSESSMENT HAZARD DOSE-RESPONSE
IDENTIFICATION ASSESSMENT
Which health Characterize exposure- RISk 3
outcomes are > response relationships CHARACTERIZATION ‘Wrech hoath g Charactenze exposue- RSK
credibly Account for high-to-low-dose, RISK Ouicomes. are Fesponss relationships CHARACTERIZATION -
associated with animalto-human, route-fo- Integrate HAZARD, MANAGEMENT cradibly Accaurt for high-ta-lew-dese, ; > |FisK
the agent? route, and other differences DOSE-RESPONSE, and assocated with animal-to-human, roue-to- Iniegrae HAZARD, MANAGEMENT
¢ ' EXPOSURE Develop, anajyze, the agent? Touts, and other diflerences DOSE-RESPONSE, and i
2 compare options - . EXPOZURE Deevelop, anatyze
EXPOSURE ASSESSMENT Select appropriate — | S o
LEGAL™" response EXPOSURE ASSESSMENT Select appropriste
How do peaple come in contact . T | response
with this and other agents? POLITICAL How o peophe Com in contact -
How much are they exposed to?, SOCIAL 1 ther agents? “'_'
ECONOMIG? 5 How much are thity exposed 167,
TECHNICAL?
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
Co-occurrence of PCBs and Mercury in Fish Tissue: Is There a Case for Additivity Based on Common

Development Endpoints? — Vince Cogliano

Example of Toxicity Values for Multiple He
Outcomes — Benzo[a]pyrene (draft)

Table ES-1. Organ/system-specific RfDs and proposed overall RfD for

benzo[a]pyrene
RfD
Effect Basis Confidence
(mg/ke-d)

Developmental Neurobehavioral changes 3x10°  [MEDIUM
Gavage neurodevelopmental study in rats (PND 5-11)
{chen, 2012, (link))

Reproductive Decreased ovary weight 4x10"  |MEDIUM
Gavage subchronic (60 d) reproductive toxicity study in rats
{Ku, 2010, [link]}

Immunological Decreased thymus weight and serum Ight 2x10°  |LOW
Gavage subchronic (35 d) study in rats
{De Jong, 1999, [link]}

Proposed Overall RID | Developmental texieity 3%10°  |MEDIUM

The Enhanced IRIS Was Recently Reviewe
the National Research Council

“Overall, the committee finds that substantial
improvements in the IRIS process have been made, and it is
clear that EPA has embraced and is acting on the R"" o
recommendations in the NRC formaldehyde report. The In-w-f%
NRC formaldehyde committee recognized that its suggested [aprice
changes would take several years and an extensive effort by
EPA staff to implement. Substantial progress, however, has
been made in a short time, and the present committee’s
recommendations should be seen as building on the
progress that EPA has already made.” [p 0]

(IRIS) Process

. the IRIS program has moved forward steadily in planning for and
implementing changes in each element of the assessment process. The
committee is confident that there is an institutional commitment to completing
the revisions of the process .. .” [p135]

NRC 2014, Review of EPA’s Integrated Risk Information System (IRIS) Procesg

How to Cumulate Risks of Multiple Agents?

Models of joint action
» Response addition (independent action)
» Dose addition

¥ Synergistic or antagonistic interaction

“The committee concludes that the answer PHTALATES
should be based on empirical data that .
directly test any proposed method.”

NRC 2008, Phthalafes and Cumulative Risk Assessment, p 9

Subsequent Advice from ATSDR

Advice from a 1998 Workshop

“Therefore, at sites where methylmercury is present in
combination  with  other known or suspected
neurodevelopmental  toxicants, such as lead or
polychlorinated biphenyls (PCBs), and in which exposure is
primarily episodic in nature, the health assessor might
consider using a value below the chronic oral MRL for
methylmercury as a starting point for determination of
further site investigation.”

ATSDR 1999, Toxicological Profile for Mercury, p A-19
ﬁ( A e Cacass neaaY

Participating agencies: DHHS, NIEHS, CDC, FDA, EPA,
NOAA, OSTP, OMB, ATSDR

Epidemiology panel: “ . . . the most likely explanation is
that both (mercury and PCBs) . . . affect these three
outcomes .. ."

Neurobehavioral panel: “PCB exposure might act as an
effect modifier, increasing the susceptibility to MeHg.”

ATSDR 1999, Toxicological Profile for Mercury, pp 258-259

Review of Newer Studies

Question

» Do PCBs and mercury have a joint effect on
neurobehavioral development in humans or in animals?

Protocol for answering the question

» Literature survey of studies pertinent to the question
—ATSDR Tox Profile (1999)
— ATSDR Addendum (2013)
— PubMed search for “mercury” and “PCB” and
“neurotoxic”

» Make tables of pertinent study methods and results
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
Co-occurrence of PCBs and Mercury in Fish Tissue: Is There a Case for Additivity Based on Common

Development Endpoints? — Vince Cogliano

Epidemiologic Studies Pertinent to a . Experimental Animal Studies Pertinent to
PCB-Mercury Interaction PCB-Mercury Interaction

Study Finding Study Finding
Grandjean et al 2001 PCB association found for highest tertile Hg Bemis & Seegal 1099 Simultaneous PCB+MeHg exposure decreased tissue dopamine
Faroe Islands Rat brain and increased media dopamine beyond changes from PCBs
alone; no effects from MeHg alone
Stewart et al 2003 MeHg associations were found for higher prenatal PCBs =
Oswego NY Roegge et al 2004 D v of additive neurotoxic effects of PCBs
Female Long-Evans rat and MeHg
Saint-Amour 2006 No significant interaction on neurobehavioral parameters = =
Nunavik Fischer et al 2008 Interaction of low doses of MeHg+PCB-153 enhances
Neonatal male NMRI mouse developmental neurotoxicity
Grandjean etal 2012 Joint action not investigated - y
Faroe %slands & Cheng et al 2009 PCBs may augment the neurobehavioral deficits caused by
Mouse increased Hg
Cauli et al 2013 MeHg+PCB-126/153 induce different effects than the
individual compounds

Summary

There is some evidence of additivity or interaction
between PCBs and mercury

The NRC has strongly recommended that the EPA
group chemicals based on common adverse outcome

New IRIS assessments will facilitate subsequent
cumulative assessments based on common outcomes

Effect modification by PCBs is worth considering in
future dose-response assessments of mercury
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Questions and Answers

Q.

You get dozens of outcome measures with neurobehavioral effects in humans from mercury and
PCBs. You might look at one PCB that will give one effect and another PCB will give a different
outcome. We also get different effects from mercury exposure from fish. (Groth)

Because some fish are higher in Omega 3, consuming different fish will have different Omega 3
health benefits. Because Omega 3 will be different in each exposure scenario, you will probably
want separate analyses of risks and benefits for each scenario. He does not understand yet how
IRIS is going to approach this difficult analysis. We know there are beneficial effects of
breastfeeding and fish consumption that are difficult to separate.

The biochemical effects of mercury are similar to PCBs. Selenium enzymes have an effect and
should be considered in analyses, because they would modify effects of mercury and PCBs.
(Ralston)

There was no response or comment, and the moderator moved along to the next question.

Early studies showed sea birds with developmental effects from interaction of mercury and
PCBs. Have recent studies shown any link? He is surprised that the data are so sparse.
(Gochfeld)

He was also surprised there were so few studies and very sparse data on the interaction of
mercury and PCBs. However, you find this interaction only with high mercury or high PCB
levels. This is an effect that needs to be evaluated. The synergism may occur, but not at low or
moderate levels. We need to understand more about complex interaction effects of mercury and
PCBs, and also about the interaction with benefits like Omega 3.

She does research on women and children with PCB, lead, and mercury exposure from the
National Health and Nutrition Examination Survey (NHANES) data. She has looked at some
animal studies on mercury and PCB interaction, but fewer studies are available on mercury and
lead. Her research shows that children breastfed get a lot of PCBs from the mother’s body, and
the first born may get most of it. (Marcella Thompson)

We should consider factors such as birth order, but previous data have not been collected that
way. He wished such data had been collected.
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National Time Trends in Environmental Exposures and Fish Consumption in
U.S. Women of Reproductive Age (NHANES 1999-2012)

Rebecca Birch, Westat

Biosketch

Rebecca Jeffries Birch has been investigating biomarkers of environmental exposure using data from
the National Health and Nutrition Examination Survey (NHANES) for 10 years. Much of her work
has involved mercury and fish consumption. Ms. Birch is currently working on a project
investigating time trends in serum perfluorooctanesulfonic acid (PFOS) concentrations and its
relationship to fish consumption. She has also investigated the relationships between health
outcomes and environmental chemicals to which people in the United States may be exposed
through consumption of fish, such as polychlorinated biphenyls (PCBs) and pesticides and their
effect on thyroid hormones. Recently, Ms. Birch completed a project estimating fish consumption
rates for the U.S. population and various subpopulations. Ms. Birch is currently employed at Westat
as an Epidemiologist.

Abstract

Consumption of finfish and shellfish is the primary exposure pathway of methylmercury (MeHg) in
the United States and is an important pathway of exposure to other environmental contaminants,
such as perfluorooctane sulfonate (PFOS) and PCBs. Regulations and fish advisories may contribute
to decreased exposure to mercury over time. This presentation discusses a study of blood mercury
concentrations and fish consumption in NHANES data and presents preliminary findings from
further analyses. We combined fish tissue mercury concentration data and 1999-2010 NHANES
blood mercury concentration and fish consumption data to investigate trends in blood mercury
concentrations, fish consumption, and mercury intake in women of reproductive age. Using
regression analysis, we found NHANES 1999-2000 to have higher blood MeHg concentrations than
the mean of the later years (p<.0001) and a positive quadratic trend since 2000 (p=0.004). No trend
was observed in fish consumption amount or mercury intake. A decreasing trend was found in the
ratio of mercury intake to fish consumed (p=0.04), consistent with women shifting their
consumption to fish with lower mercury concentrations.
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY

National Time Trends in Environmental Exposures and Fish Consumption in U.S. Women of Reproductive
Age (NHANES 1999-2012) — Rebecca Birch

PROJECT OBJECTIVES

NATIONAL TIME TRENDS IN
ENVIRONMENTAL EXPOSURES

AND FISH CONSUMPTION IN
U.S. WOMEN OF
REPRODUCTIVE AGE
(NHANES 1999-2012)

Rebecca

NATIONAL FORUM ON CONTAMINANTS IN FISH Joffries Birch,

Westat
SEPTEMBER 23, 2014 Joff Bigler,
USEPA

John Rogers,
Westat

NHANES

= National Health and Nutrition Examination Survey (NHANES)

= A continuing survey designed to collect data on the health and
nutritional status of the U.5. population

= Data are collected from a statistically representative sample of the
U.S. population {approximately 5.000 persons/year)

= CDC releases the NHANES data every two years

= Regi | data may bhe d through the NCHS Research Data
Center through a proposal process

NHANES: ENVIRONMENTAL EXPOSURE

DATA

= Blood
= Mercury (inorganic, total, and for 2011-2012 organic)
= Cadmium
= Lead
= Serum
= Phenols
* Polychlorinated biphenyls (PCBs)
= Polybrominated diphenyl ethers (PBDEs)
= Polyfluorinated compounds (e.£., PFOS and PFOA)
* Phthalates
= Urine
* Pesticides
= Polyaromatic hydrocarbons
= Heavy metals

= Investigate national time trends in environmental exposures
among women of childbearing age

= Investigate the relationship between environmental exposures
and fish consumption

= Exposures of interest:

* Metals

organic poll

NHANES: DIETARY DATA

= 24-hour recall
= Amount of each food and drink item in the previeus 24 hours.

= Each food is associated with a food code that links to recipe
databases

® Fish screener (30-day frequency of consumption)
= Participants are asked to report the number of times in the past 30
days that they consumed fish
* B specific shelifish types and “unknown” and “other” shellfish

* 18 specific finfish types and “breaded fish preducts,” “unknown,” and
“other” finfish

National
Time Trends
1999-2010

MERCURY & FISH

CONSUMPTION
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
National Time s in Environmental Exposures and Fish Consumption in U.S. Women of Reproductive
Age (NHANES 1999-2012) — Rebecca Birch

PURPOSE OF STUDY DATA PROCESSING METHODOLOGY

OVERVIEW

= Assess national time trends = Data Elements Required for Analysis

* Blood mercury concentrations

= Fish consumption = Blood MeHg concentration

* Hg Intake = 30-day Hg intake from fish consumption

= Mean mercury concentration in fish tissue, by species (non-NHANES data)

= Assess the relationship between blood mercury * Figh meal size

concentrations and mercury intake through fish consumption * 30-day fish consumption ()

= Body weight (Kg)
= Demographics
* NHANES year
= Analytic weights and sample design variables

" NHANES 1999-2010

= 10,087 women of childbearing age (16 to 49 years) with all
data elements of interest

DATA PROCESSING METHODOLOGY:

ESTIMATED 30-DAY HG INTAKE (MG/KG) EISHUISSUE H6 DATA

= Calculate 30-day Hg intake for each species reported consumed Est. 30-day Hg intake, e =

Mean Meal Sizepece,*30-day Frequencyypeces* FTHE pocies
Est. 30-day HE intake . .. =
= Obtained non-NHANES data on fish tissue Hg concentrations
< * Slales
Mean Meal Slzespemes* 30-{13)‘ Frequencygpecues* FTHgspeclés = U.S. FDA
* Studies published In the peer-reviewed literature

= We estimated the geometric mean concentration for each

" i iesr
Sum estimates over all species reported consumed SuacleE lising T8d resslon mudeling

= Divide by body weight

= To the extent It could be tested, there were no consistent time
trends

ESTIMATING FISH MEAL SIZE 30-DAY FREQUENCY OF CONSUMPTION

Est, 30-day Hg intake ., = Est. 30-day HE intake -

species

Mean Meal Size, ..., *30-day Frequency . e FTHE pocies Mean Meal size.m,..*so-oay Frequency e FTHE suciee

= Calculated the grams of fish consumed by species and
participant using 24-hour recall data and recipe files = Reports of species-specific frequency of consumption

= Modeled the gquantity of raw fish consumed from the 24-hour lile = Reconcile species betwean 24-hr recall and fish screener
as a function of

* Num o h was consumed in the last 30 days

* Age
* Income
= NHANES release
= The prediction equation was used to assign a meal size to each
participant/species pair
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
National Time Trends in Environmental Exposures and Fish Consumption in U.S. Women of Reproductive
Age (NHANES 1999-2012) — Rebecca Birch

ESTIMATING 30-DAY MERCURY INTAKE

AND FISH CONSUMPTION DATA PROCESSING: BLOOD MERCURY

Est. 30-day Hg intake, ., ™ = No direct analysis of blood for MeHg in 1999-2010 NHANES
Mean Meal Size, ., *30-day Frequency, ... *FTHE cocise = Assumption MeHg = THE - Ihg
= Sum up all species-specific estimates for each participant = Detection limit issues
= Divide by bodyweight to get pg HG/kg bw = BO% IHG
= 11% THg

Est. 30-day Fish Consumptiong, ., = Multinle | tati
= Multiple Imputation

Mean Meal Size,_,.;,,*30-day Frequency, ...,

STATISTICAL METHODOLOGY: BLOOD

§ E )
[} =
MERCURY B } [om | &= B L
H e ---+-m—r—g L RESULTS
= Weighted analyses using the recommended statistical weights g .
gl ¥ g g 1 yeemTor s = 95% C1 GEOMETRIC
2" . 8 3 g 3 5 MEAN BLOOD
= SAS MIANALYZE g g g H é § HG ACROSS
WHANTS Bk TIME,
= Non-linear regression to model the relationship between blood UNADJUSTED
mercury and mercury intake from fish §n = ey
r : E | arn 058
= Logistic regression to predict the probability that blood H : i
mercury exceeds 5.8 pg/L E‘“ - 1=
]
03
R T T T
i i &8 & § 3
l MMANLS Wt
12
He/Wh Siope 10
Sodumelht RESULTS
‘Agn, Ovewal g 8 RESULTS
Limear in Injage) 034 005 <0001 g 6
Guadratic n injage) 026 013 0037 MNon-linear g
Income, Gvemll <001 model 4 PERCENT OF
Ot 20W 018 004 <0001 oss s
2010 45K R IRl Fredicting 2 WOMEN WITH
45107k oo 003 cses 100 MEAGEE 0 BLOOD MEHG
754 035 004 <0001 129 i 0 o OVER
MultHH 01 par cses  ase [ i) § g § = § a 5.8 MG/L,
Redusa/ DK 007 008 0418 108 mercury o - ] ~ = ~ 4 il
Over 208 009 008 029 092 o b= 9 g =1 a UNADJUSTED
Race, Cverall <0001 2] 2 2 =] =2 b=
Nontispanic Black 014 004 <0001 115
iexican Amedzan 037 004 <0001 o " . -
Othar Hispani: 004 005 04B2 104 NHANES Reloase N R :_"'"" ;:;.a e
Other Race and Multraclal 033 003 <0001 139
Nondtparis White 924 004 <0001 078 i 1627 68 (241,10.4}
e — 0oL 2001-2002 1780 33 (L854.75)
19992000 ##farant from port 2000 047 009 <0001 20002004 1899 L7(0:32207}
Linear trend after 19952000 001 00L  OTLL 2005-2006 1792 23 (L163.44)
CQuadratic trend after 19932000 005 002 0004 2007-2008 1493 2.4 (L30.350)
1999:2000 &1, frcm post-2000 quadratic trend 041 041 0348 2008-2010 1786 2.1(137.283)

2014 National Forum on Contaminants in Fish — Proceedings / Page 155



SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
National Time Trends in Environmental Exposures and Fish Consumption in U.S. Women of Reproductive

Age (NHANES 1999-2012) — Rebecca Birch

) Odds
e ok

023 <0001

STATISTICAL METHODOLOGY FOR TRENDS

Transformed He Intake 142 013 <0001 RESULTS
Bodyweight 261 035 coers ) IN HG INTAKE AND FISH CONSUMPTION
Ags, Ounrall o002 Logistic
Limear in Infage) 082 031 0004 model
e 18 IMAES) cLE1 D38 o088 fotl = The mercury intake per bodyweight can be expressed as the
Income, Dvemil <0001 predicting ik ok
Ota 20H 088 033 0008 037 the product of:
o 45k el probability = 1) frequency of fish consumption
4510 TSK 004 023 o868 104 5
»75K 0s6 021 ocoow 175 [ECARCICLL * 2) mean moal size
MultiHH 02 035 0563 082 methyl- . i I - i 1
[—— 067 04n 0474 ey L 3) fish tissue mercury concentration (Ratio of Hg intake to fish
Over 20K PRI Ny Mmercury consumed)
Toace, Owerall <5001 over 5.8 * 4) inverse hodywelght
Nontispanic Black 037 014 0012 145 1] g.l.-'l_
Mexican Amarican -138 024 <0001 028
Othar Haspani: 033 040 0508 072 = Linear regression to evaluate changes over time in these
Other Race and Multraclal 134 024 <0001 as2 1 ' ' '
MorHiepanic Whke 001 022 0985 101 variables adjusting for demographic factors
NHANES Year, Overall <, 0001
1999:2000 &farant from post 2000 143 020 <0001
Linesar trend after 1985-2000 Q0% 007 0245
CQuadratic trend after 19932000 008 007 0451
1999:2000 &1, frcm post-2000 quadratic trend 081 06 0482
Fish and Mercury Variables versus Race Fish and Mercury Variables versus Age Group
225 -
} : 2_
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2 pad ¥ I % L L7sw £ w = - T Tat - B0% ;
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY
National Time Trends in Environmental Exposures and Fish Consumption in U.S. Women of Reproductive
Age (NHANES 1999-2

CONCLUSIONS

— Rebecca Birch

CONTINUING WORK ON MERCURY

= Mean blood Hg and % over 5.8 pg/L in 1999-2000 was found
to be significantly higher than the mean of the subsequent
releases (2001-2010)

= There was a significant relationship between mercury intake
from fish consumption and blood mercury

= The analysis showed few ct in fish ptionand
mercury intake over the study paeriod

= Limitations
* Fish tissue marcury
= Dietary data collection

LOOKING FORWARD:
POTENTIAL NEW
ANALYSES

PFOS &

PBDEs

PCBS AND PBDES:

NATIONAL TIME TRENDS FROM CDC

= Sjodin et al., analyzed NHANES data on PEDEs and PCBs for
years, 2003-2008.
* Found decreases in arithmetic means of several PCB congeners from
2003/04 to 2007/08
= Similarly, found decreases in the arithmatic mean of serum
concentrations of 4 PBDEs in NHANES 2007/08 compared to
2003/04; however, most confidence intervals of the arithmetic
means overlapped
= Future analyses would Investigate the relationship between
PCBs and PBDEs with fish consumption
= More complex than mercury analysis due to the types of
exposures and the multiple congeners

5j02in A, Jones RS. Gaugin 5P, Wong LY, Turner WE, Gaintat AW. Pelyorominated Dignenyt Etners.
Balychiorinated Riphenyls, and Persistend Pesticiies In Seram fiom ihe Natfonal Nealth and Notritien
Expunation Servey. 20032008, Environ Sol Toshaol 2, 75350,

gL

PFOA, PCBs,

= 2011-2012 NHANES includes MeHg in blood
* Provides for direct analysis of women's MeHg concentrations

= Allows for a way to determine best impulation methodology of MeHg
In other years

= Include region and coastal analyses (see manatfey et al., 2009)

Dala fram: Kalo K, Wong LY, Jia LT, Kuk
Tr in Lxposure 1o Poly k!
tion: 1999-2008. E

= PFOA, Goometric Masn 95% C1 NATIONAL
260 mar—— TIME TRENDS
A FROM CDC
107
—3 320 - —— 356
laas
20
1999-2000 2003-2004 20052006 2007-2008
WHANES Raleass

Future analyses would look at the relationship of
PFOS and PFOA with fish consumption.
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Questions and Answers

Note: There were no questions because the moderator moved directly into the general Q&A session
at the end of this panel.
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General Question and Answer Session

Q.

This question was for Rebecca Birch. She has read Ms. Birch’s time trends document and has an
issue with the idea that women are choosing lower mercury fish. She thinks this data do not show
that women are actually choosing lower mercury fish. Instead, women may be just eating lower
mercury fish without specifically choosing them. (Susan Buchanan)

The data suggest that women are switching to lower mercury fish, but this does not take into
account fish advisories. Using the National Health and Nutrition Examination Survey
(NHANES) data is not the best way to look at this. (Birch)

This question was for Rebecca Birch. Are there enough pregnant women in the NHANES data
set? (Lowery)

No. (Birch)

The data shows that the number of women who eat fish with high mercury levels has declined in
recent years. Perhaps people are choosing salmon instead of tuna, and making a trade-off to get
more Omega 3 benefits from eating salmon. Are there any regional data sets available, such as
for New York? Could you check salmon Omega 3 levels versus other fish species? (Gochfeld)

She does not know much about local NHANES data sets. It is difficult to find high fish
consumers with the NHANES data. (Birch)

EPA’s draft reference dose for PFOA would have this reference dose three times lower than the
reference dose that Minnesota uses now. Based on IRIS changes, we will probably find that
consuming fish will look much worse previously than it does now. Looking at the benefits of fish
consumption will be important, not just looking at the toxicity effects. As a question specifically
for Joyce Donohue, will the reference dose go up or down for PFOS? (McCann)

EPA has looked at the peer review results. Now there are 100 new studies that need to be
reviewed by EPA. It would be premature to make any statement. (Donohue)

She wanted to add a cautionary note. Based on individual studies with consumers, they are
choosing fish not only based on health benefits but on availability and cost. Fish high in mercury
are getting more expensive. Other new fish species, such as tilapia and swai, are now available
at a lower cost and are lower mercury fish. (Burger)

Q. Has consumption of canned albacore tuna decreased? (Stern)

No, but the amount of albacore tuna in the can has decreased. (Burger)
What are the larger changes planned for EPA’s IRIS program? We have been very focused on

risk assessment, but IRIS is also important in informing people about data on local areas and
stressors. We should look across different agents in a more quantitative assessment. (Kyle)
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A. As we are able to focus research more on epidemiological studies that may include modifiers for
specific endpoints, we may be able to add more information about modifiers and other factors.
The value in doing endpoint-specific assessments is that we may be able to identify some of the
environmental causes of diseases such as diabetes. We could look at non-chemical stressors in
analyses. EPA will look at epidemiological studies for effect modifiers and co-factors.
(Cogliano)
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Implications of Recent Epidemiological Evidence on Effects of Methylmercury
for Fish Consumption Advice

Ned Groth, Gelfond Fund

Biosketch

Dr. Edward (Ned) Groth 11 was born in Somerville, New Jersey. He received an A.B. in Biology
from Princeton University in 1966 and a Ph.D. in Biological Sciences from Stanford University in
1973. His dissertation was titled “Two Issues of Science and Public Policy: Fluoridation of
Community Water Supplies and Air Pollution Control in the San Francisco Bay Area.” His thesis
research under the direction of Professor Paul Ehrlich concerned the interplay between scientific,
political, and other factors in environmental and public health policymaking. Dr. Groth did post-
doctoral research on the environmental impacts of population growth at the California Institute of
Technology, from 1973 to 1974. From 1975 to 1979, he was on the staff of the Environmental
Studies Board of the National Research Council, at the U.S. National Academy of Sciences (NAS),
in Washington, DC, where he worked on an evaluation of environmental research needs, helped
develop multi-disciplinary approaches for assessing risks and control options for pollutants, and
directed a study on lead in the human environment.

In 1979, Dr. Groth joined Consumers Union (CU) of United States, the publisher of Consumer
Reports magazine, an independent consumer testing and publishing organization, as Director of
Public Service Projects. Until his retirement in 2004, Dr. Groth gave the organization’s technical and
editorial staff scientific advice on a wide array of health and environmental risk issues related to
consumer products. His central interests were food safety, toxic chemicals, risk assessment, and risk
communication. He participated, as a consumer advocate, in public debates and dialogues with
government agencies on myriad health and safety issues. Dr. Groth was also active in the global
work carried out by Consumers International, of which CU is a founding member, on similar issues,
particularly international food safety standards. Dr. Groth is the author of numerous papers and
technical reports and a co-author of several books. He has served on many expert committees and
advisory boards, including the Committee on Agricultural Biotechnology, Health and the
Environment of the U.S. National Research Council; the Food Forum of the U.S. National Academy
of Sciences; a Joint Expert Consultation on Risk Communication in Food Safety for the World
Health Organization (WHO) and Food and Agriculture Organization (FAO) of the United Nations;
and a WHO/FAO Expert Consultation on Science and Ethics in Food Safety. He has traveled widely
in recent years to advise the WHO and FAO, member governments, and national consumer
organizations on such issues as methylmercury in fish, the application of risk analysis to food safety,
risk communication, and public participation in food safety decision-making.

Abstract

In June 2014, the U.S. Environmental Protection Agency (EPA) and the U.S. Food and Drug
Administration (FDA) issued a draft of updated fish consumption advice that is essentially
unchanged from the agencies’ 2004 advice; it places somewhat more emphasis on promoting fish
consumption by pregnant women to obtain nutritional benefits, and places no more emphasis than
before on reducing or avoiding methylmercury exposure. But epidemiological research on the effects
of methylmercury exposure on neurodevelopment and cognitive functions has expanded greatly and
seen many methodological advances since 2004. More than a dozen studies in 10 countries have
confirmed the adverse neurodevelopmental effects of methylmercury. The lowest observed adverse
effect level (LOAEL) in at least eight recent studies is an order of magnitude lower than the
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recognized LOAEL in 2004. The number of neurodevelopmental outcomes associated with prenatal
methylmercury exposure has expanded substantially, and effects on cognition have now been
associated with elevated postnatal exposure in both children and adults. The basis for EPA/FDA’s
draft updated advice is a risk-benefit modeling assessment done by FDA. The advice needs to be
much more solidly grounded in empirical epidemiological evidence and the advice needs to be
changed and improved from the current draft version.
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY

Implications of Recent Epidemiological Evidence on Effects of Methylmercury for Fish Consumption Advice —
Ned Groth

Implications of Recent 2004 EPA/FDA Advice:
Epidemiological Evidence on

* Targets: Pregnant women (WCBA) & young children.

Effe cts Of Met h "/ I mercury fo r * Benefits of fish consumption: WCBA and kids should
) : : eat up to 12 oz of seafood per week.
Fish Consumption Advice * Generic advice: Choose a variety of low-mercury fish.
9) ty Y

= Specificadvice:
1. Avoid swordfish, shark, king mackerel and Gulf

Presented at the 2014 EPA Fish Forum
Alexandria, VA, Sept 22-24 tilefish.
Edward Groth I1I, PhD ». Eat up to 6 ounces/week of canned albacore tuna.

Groth Consulting Services ;. Lower-mercury choices include shrimp, canned light
Pelham, NY USA tuna, salmon, pollock, and catfish.

__,,;.fo""”‘ == _,,_f"/s
2014 (Draft) EPA/FDA Advice = What’s changed?

= Targets: Pregnant women (WCBA) & young children.

* Benefits of fish consumption: WCBA and kids should

eat at least 8 to 12 oz of seafood per week. ¢ The advice now specifiesa minimum beneficial intake

of 8 oz of seafood per week and an optimal beneficial
range (based on research in the past decade showing
benefits of maternal fish intake during pregnancy for
neurodevelopment).

* Two more “lower-mercury” items with large market
shares have been added to the “safer choices” list.

= Generic advice: Choose a variety of low-mercury fish.

= Specificadvice:
Avoid swordfish, shark, king mackerel and Gulf
tilefish.
Eat up to 6 ounces/week of canned albacore tuna.
Lower-mercury choices include shrimp, canned light
tuna, salmon, pollock, catfish, tilapiaand cod.

) /“ - ‘/

" What hasn’t change: ; S ) :
My Impressions of This Advice

» The new advice (and EPA/FDA’s presentation of it to

the media) suggests we have learned nothing new in . )
the past decade about methylmercury’s effects. = It focuses on promoting seafood consumption, not on

¢ The new advice (like the old) seems very tolerant of reducing methylmercury exposure. [MY opinion: Good

methylmercury exposure. advice can and should do both.]
» While the four fish on the “do not eat” list account for * It specifically promotes increased consumption by
less than 1 percent of the US market, the two varieties pregnant women and young children of the 2 largest
of canned tuna—both recommended for consumption sources of methylmercury exposure (i.e., canned tuna).
by pregnant women and kids—own 2.5 percent of the Per capita consumption now averages ~0.8 oz/week, or

marketand provide 37.25 percent of all methylmercury

. just 7 to 13 % of recommended amounts.
inputs, far and away the largest sources of exposure.

= [t seems completely insensitive to recent research on
adverse effects of methylmercury.
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Implications of Recent Epidemiological Evidence on Effects of Methylmercury for Fish Consumption Advice
— Ned Groth

SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY

Effects of Methylmercury:
What We Knew a Decade Ago

* In 2004, it was taken as a given that the Reference

Dose (RfD, a dietary intake of 0.1 pg/kg-bw/day) and
the associated blood mercury level of 5.8 pg/L and
hair mercury level of 1 ppm, defined “acceptable” or
“safe” exposure to methylmercury.

* The RfD was based on a 1997 study in the Faroes that

associated significant decrements in cognitive ability
with prenatal MeHg exposures at an average umbilical
cord blood level of 58 pg/L. By incorporating a 10X
Uncertainty Factor, EPA set the RfD at 5.8 pg/L.

My Conclusions:

» The RfD, adopted in 2001 based on 1997 evidence, no

®

.

longer protects public health, because multiple recent
studies have associated adverse effects with exposures
around or even below the RfD.

Advice that tolerates exposures up to the RfD or (as the
draft 2014 advice does) actively promotes exposure that
exceeds the RfD (6 oz of albacore tuna contain 143 % of
the RfD fora 60-kg woman) cannot protect or advance
public health.

Advice should give far more weight to epidemiological
evidence — which I'll review for you now.

Summaries of Individual
Recent Studies*

* See me afterward for complete references and/or
copies of individual studies.

Effects of Methylmercury:
What We've Learned Since 2004

» Associations between prenatal MeHg exposure and

adverse effects on cognitive development have been
confirmed in more than a dozen studies.

» The LOAEL for neurodevelopmental effects has been

lowered by an order of magnitude, and today is around
5 pg/L in bloodand 1 ppmin hair.

* The range of neurodevelopmental effects associated

with prenatal MeHg exposure has expanded.

* Cognitive deficits have also been associated with

children’s postnatal exposure and with the high-end of
“normal” fish consumption in adults.

Overview of Recent Resea?ch

More than a dozen studies on neurodevelopmental
effects in ~10 countries since 2004.

Major advances in controls for mutually confounding
effects of seafood consumption and methylmercury
exposure on cognitive endpoints.

For example: Beneficial effects of maternal fish intake
have now been observed in the Seychelles and Faroes
studies (among others).

With adjustment for beneficial effects, adverse effects
in the Faroes are larger, and previously masked adverse
effects have been observed in the Seychelles, making
these once-inconsistent studies more concordant.

1. Oken et al. (2005, 2008); Boston, USA

» Evaluated 135 children’s cognitive performance at age 6

months and 341 children’s performance at age 3 years.

* Mean maternal hair Hg 0.55 ppm, go'" percentile 1.2

ppm (2005 paper; similar in 2008 group).

* Fish consumption > 2 meals/week associated with

significant improvements in cognitive functions.

* Mercury exposure > go'! percentile associated with

significant decrements in cognitive functions.

» Net adverse effects in a significant subpopulation.
» Outcome differences as large as 28 percent.
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2. Jedrychowski et al. (2006, 2007), Kra kowTPoIand

* Examined children at ages1, 2 and 3 years.

* Associated substantial developmental delays in 1-year-
olds with above-average blood mercury.

» Cord blood mercury in the “developmentally delayed”
group averaged 1.05 pg/L (vs. 0.85 pg/L in “normal”
group); i.e., substantially lower than in USA.

» High-Hg group scored 16.6 points lower on BSID-PDI
and 10 points lower on BSID-MDI.

* No differences were associated with mercury exposure
atages 2 and 3 years.

* No control for confounding by fish benefits.

4. lLam et al. (2013), Hong Kc‘)_ng

* Assessed 608 children at age 8 years on a large number
of cognitive functions.

* Associated significant decrements in performance on
several outcomes with elevated MeHg in cord blood.

¢ Defined “elevated” MeHg exposure as cord blood > 5.8
pg/L (i.e., US Reference Level).

* 81 percent of population had cord blood > 5.8 pg/L.

* Le., adverseeffects occurred in 81 % of population.

* Unable to measure beneficial effects of maternal fish
consumption or adjust for mutual confounding.

6. Wu et al. (2014), Zhoushan, China

» Examined 418 newborns at age 3 days, using an NBAS
similar to that used by Suzuki et al.
The mean maternal blood Hg level was 5.68 pg/L and
cord blood mean was 7.92 pg/L; 56 percent of mothers
exceeded the US Reference Dose (5.8 pg/L).
Blood mercury level was strongly correlated with the
mothers’ fish consumption.
Methylmercury exposure was inversely associated with
the total NBAS score and with the active and passive
muscle tone components of the motor score.

» Did not assess benefits of fish consumption or adjust
for confounding.

3. Lederman et al. (2008), NYC

* Examined 280 children atages1, 2, 3and 4 yearsin a
multi-ethnic population.

* Study included a substantial minority (102 subjects or
36%) of Asian-Americans with high-fish diets and far
above average methylmercury exposure.

» Cord blood in Asian children averaged 14.95 pg/L; in
non-Asians, it average 3.73 pg/L.

» Substantial decrements in BSID-PDI and on verbal,
performance and full IQ) at ages 3 and 4 years were
associated with methylmercury exposure.

* Maternal fish consumption associated with improved
performance on the same outcome measures.

—

5. Suzuki et al. (2010), Tohoku, Japa

» Examined 498 newborns (3 days old) using a standard
neonatal behavioral assessment screen (NBAS).

» Elevated maternal hair mercury was associated with
decreased performance on the NBAS motor scale.

* This population had an average maternal hair Hg level
of 2.22 ppm—i.e,, higher than in the US, but lower
than in the Faroes or Seychelles.

* Subsequent testing at ages 30 and 42 months failed to
associate any performance differences with mercury
exposure; some were associated with PCBs.

S

7. Sagiv et al. (2012), New Bedford, MA, USA

» Examined 421 8-year-olds for ADHD risk.

Assaciated increase in ADHD-related behaviors with
elevated prenatal methylmercury exposure.

» Maternal mean hair Hg was 0.62 ppm.

» Maternal hair Hg > 1 ppm was associated with a 40%
increase in risk of “inattentive” behaviorand a 70%
increase in risk of “hyperactive/impulsive” behavior.
Above-average maternal fish consumption during
pregnancy reduced ADHD risk by 60%.

* If replicated, this study expands the list of possible
adverse developmental outcomes associated with Hg.
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8. Boucher et al. (2012), Nunavik, Canada

* Examined 279 n-year-old Inuit children for ADHD.
» Maternal diet is high-fish and also includes marine
mammals; i.e., more similar to Faroes than to USA.

¢ Elevated cord-blood Hg (>11.4 pg/L) was associated
with a 4-fold increase in risk of being diagnosed with
ADHD.

* This study provides evidence that analogous effects
(i.e., increased ADHD risk) are associated with both
very high and “high-normal” exposures to MeHg.

L

9. Freire et al. (2010), Granada, Spain

* Examined 75 4-year-old children.

* Associated significant decrements in general cognition,

memory and verbal performance with elevated MeHg
exposure.

* Population’s mean hair Hg was 1.81 ppm, median was
1.04 ppm.

* Decreased performance was associated with hair Hg >
1.0 ppm; i.e., occurred in >50% of study subjects.

* Mercury exposure was determined to come from the
children’s own fish consumption (i.e., not prenatal).

11. Myers et al. (2009}, Seyche!le/s"‘
12. Davidson et al (2010), Seychelles

» Myers et al. associated deficits in four measures of
risk-taking, fine motor coordination and IQ with
elevated MeHg exposure in g-year-olds.

Davidson et al. associated lower performance on an
end-of-yearscholastic test with higher MeHg exposure
in 9-year-olds.

Effects were small, most were gender-specific, and all
were largely offset by benefits of fish consumption.
Fish intake and mercury exposure in this population
are very high (hair Hg averaged 6.0g ppm).

» Nevertheless, more effects associated with childhood
fish consumption.

9. Freire et al. (2010), Granada, Spain

* Examined 75 4-year-old children.
» Associated significant decrements in general cognition,

memory and verbal performance with elevated MeHg
exposure.

* Population’s mean hair Hg was1.81 ppm, median was

1.04 ppm.

* Decreased performance was associated with hair Hg >

1.0 ppm; i.e., occurred in >50% of study subjects.

* Mercury exposure was determined to come from the

children’s own fish consumption (i.e., not prenatal).

10. Murata et al. (2004), Faroes

* Tested 878 14-year-oldsusing an objective measure of

brain function, auditory evoked potentials.

¢ Latency increased (i.e., signal transmission was

delayed) in subjects with hair Hg > 1 ppm.

» This difference was associated with the children’s own

recent (post-natal) mercury exposure, not with their
prenatal exposure.

13. Ng et al. (2013), Taiwan

* Assessed cognitive development of 168 children from

birth to age 2 years.

* Focused on a subset (N = 26) with a genetic variant

associated with poor neural repair function.

» Associated MeHg exposure with large decrements in

cognitive performance in carriers of that allele.

* This genetic trait that enhances vulnerability to toxic

effects of methylmercury (through age 2) was present
in 15.5 % of the studied population.
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—

14. Julvez et al. (2013), Avon, UK 15. Masley et al. (2012), Florida, US

* Examined data from a subset of the ALSPAC cohort.

* Other papers from the ALSPAC study have shown the
benefits of maternal fish consumption in pregnancy
and failed to associate any outcome differences with
the population’s methylmercury exposure.

* Examined 384 middle-aged adults using a multi-test
screen for cognitive functions.

» Population was very health-consciousand ate a lot of
fish. Mean blood Hg level was 7.2 pg/L.

* Blood Hg > 5 pg/L and < 15 pg/L was associated with
improved cognitive performance relative to blood Hg
< 5 pg/L (i.e,, shows beneficial effects of fish intake).

* Julvez et al. examined data for children found to have
one or more of about 40 genetic variants thought to be

iated with i risk of MeH
associated with imcrepaed risk.of MeHg toxicity, * Blood Hg > 15 pg/L was associated with significant

(~5%) decrements in executive and other functions.
Eleven percent of this populationhad blood Hg > 15
pe/L, and 2.6% had levels > 25 pg/L.

Four specificalleles were associated with IQ deficits in
individualswith higher MeHg exposure.

» Study was too small to be definitive, 2 more research.

Some Conclusions Conclusions, Continued

1. Eight recent studies have associated adverse neurodevel-
opmental effects with methylmercury exposures around
or below the RfD:

* Oken et al. (Several outcomes @ hair Hg = 1.2 ppm)

* Jedrychowski et al. (lower BSID @ cord blood Hg 1.05 pg/L)

* Lederman et al. (-2.5 IQ points per doubling cord blood Hg)

» Lam et al. (Several outcomes @ cord blood Hg > 5.8 pg/L)

* Wu et al. (Neonatal motor scores, 56% of mothers > 5.8 ug/L)

= Sagiv et al. (40-70% increased risk of ADHD-related behaviors
@ maternal hair Hg > 1 ppm.)

* Murata et al. (brain signal delays @ child hair Hg > 1 ppm)

* Freire et al. (decrements in general cognition, memory, verbal

Recent research has:

* Lowered the LOAEL by an order of magnitude from
what was recognized a decade ago.

» Expanded the list of functions apparently affected by

prenatal or postnatal methylmercury exposure.

Begun to associate adverse effects with MeHg exposure

and postnatal fish consumption in children.

* Begun to document adverse cognitive effects of MeHg

in adults with far above-average fish consumption.

* Begun to link the risk of adverse effects with specific
genetic variants that enhance susceptibility.

B

®

and performance IQ @ child hair Hg > 1 ppm)

Implications for Advice, | |

* Epidemiological research during the past decade has
advanced our understanding of methylmercury risks
enormously.

= Yet the (draft) zo14 EPA/FDA fish consumption advice
is essentially unchanged from the 2004 version.

* Conclusion: The draft new advice is not well grounded
in understanding of epidemiological evidence.

¢ In fact, the draft advice is based almost entirely on a
benefit/risk assessment model developed by FDA.

* A model—while quite useful—is not “reality.”

The advice needs to take greater account of empirical
evidence, which has grown enormously since 2004.

* Emphasis on “begun” in all these latter cases.

Implications for Advice, I

* Based on empirical evidence, | believe the advice for

pregnant women and young children should be much

more precautionary:
It should place as much emphasis on reducing and
avoiding methylmercury exposure as it now does on
ensuring nutritionally optimal seafood consumption.
Reducing MeHg exposure can best be accomplished
by guiding consumers to seafood choices that are
actually low-mercury, i.e., items with < 0.07 ppm Hg.
There are about 25 popularchoices in that category,
but no form of canned tuna is among them, nor is cod.
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Implications for Advice, Il

* Advicealso needs to be developed for specific, well

defined at-risk subpopulations, including:
Asian-Americans, some Native-American tribes and
other minorities (e.g. Hawaiians) known to eat much
higher than average amounts of fish and to be at risk
for much higher than average MeHg exposure.
Adults and children who like fish and eat it often.
This subset (those above the go percentile in fish
intake) does not need advice to “eat more fish,” but
needs guidance to minimize their MeHg exposure.

The Last Word

* The 2014 EPA/FDA Advice is a draft, open for public

comments.

¢ I certainly am going to comment, and | encourage any

of you who may be so inclined to go and do likewise.

» Thank you for your attention.
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Neurodevelopmental Effects of Methylmercury
Glenn Rice, U.S. Environmental Protection Agency

Biosketch

Dr. Glenn Rice has served as an Environmental Health Scientist at the U.S. Environmental
Protection Agency (EPA) since 1990. His research interests focus on developing human health risk
assessment methods for chemical mixtures and cumulative exposures. He is one of the primary
authors of EPA's Supplementary Guidance for the Health Risk Assessment of Chemical Mixtures
and EPA's Mercury Study: Report to Congress. Dr. Rice holds a Doctoral Degree in Environmental
Health and Health Policy Management from the Harvard School of Public Health, a Master's Degree
in Microbiology from Miami University, as well as undergraduate degrees in Biology and Chemistry
from Thomas More College.

Abstract
Not provided.
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Neurodevelopmental Effects of Methylmercury — Glenn Rice

Neurodevelopmental Effects of
Methyl Mercury

Glenn E. Rice, Sc.D.

2014 National Forum on
Contaminants in Fish
September 23,2014

Assessments of Human MeHg Health Risks
_ are Entangled with Fish Consumption

Fish consumption- primary exposure medium for MeHg
= In US, tuna consumption is primary source for most people
= Variety of tuna species and sizes; piscivorous species, migrate widely

MeHg readily absorbed through human Gl tract, distributes

throughout the body, passing placenta and blood-brain barrier

= ~85% of ingested MeHg is absorbed

= Fish preparation method dees nol reduce MeHg levels; associated
with protein in muscle tissue (Morgan et al., 1997)

Known fetal neurotoxicant

Protein substitutes for fish also associated with some adverse
health effects (not considered here)

Approach 1: Reference Dose (RfD)
~ MeHg RfD: 1 ug/kg-day

Composite outcome: Neurological impairment in 7-year-olds
Faroes and New Zealand epidemiclogy studies
Average BMDLos= 0.6 ug/Kg day =+ 1 ug/Kg-day
Composite Uncertainty Factor= 10
= Interindwidual foxiccki variability in ing MeHg
doses from cord-blood mercury concentrations based on NRC
(2000) analysis.

+ Toxicodynamic variability. Faroe Islands populationis
homogeneous. The average toxicodynamic respense in this
population compared with that of the genetically more diverse .S,
populationis unknown

RfD ~1.2 yg/g in hair
Neurclogical Tests

+ Finger Tapping, Continuous Performance Test, Beston Naming Test,
California Vierbal Learning Test (delayed recall)

Source: EPA 001

Outline

SEPA

1. Risk Assessment Approaches for Addressing
Neurodevelopmental Toxicity of Methyl Mercury
(MeHg)

2. Low Dose MeHg Neurodevelopmental Studies
3. MeHg Toxicokinetics
4. Mercury Exposure Biomarker Imprecision

5. Importance of Epidemiologic Confounding and Effect
Measure Modification

SEPA Part 1:
e TWO Approaches for Addressing MeHg

Neurodevelopmental Toxicities in Risk Analyses

1. Reference Dose (RfD)
2. Predictive Dose-Response Functions- MeHg Dose
and associated neurodevelopmental decrement

S
-~ 3 Primary MeHg Neurodevelopmental Epi Studies
SEPA  Available when EPA completed RfD in 2001
Faroes (N. Atlantic) Seychelles (Indian) New Zealand (S. Pacific)
Caucasian African Multi-ethnic
consuming

900 mom-child prs. | 700 mom-child prs. 200 mom-child prs

Pilot whale/other fish Variety of marine fish | Marine fish including Shark
Cord blood
Hair mean Hg: 8 ppm 4.5 ppm
Effects in 8-10 neura- Mo statistically Effects in “I1Q" tests, Test of
development tests  significant MeHg- Language Dev., Visuomotor
{e.g., Boston Naming associated effects ftests

Test, IQ, California DDST, MeCarthy children: 4 & 6 yrs,

Verbal Learning) Scales, 12

children <8 yrs. children <10 yrs

Matermnal hair Matemnal hair

6.8 ppm

Sourses: Grandpear 1097) Cognitve.
defic in -yearoid chicren win
prenatal Mg expasure
Buckz Jorgenseni1 396} Maky
neurolgECty indepencent of FGE
expesue

B oo Sesoarcn Courct 2000)
Texicalopcal eiects o MeHg

Dose-Response Assessment Challenges

1. Teslad different neurodevelopmental domains
2. Different mercury exposure measures

3. Differences in fish

4. Differences across populations
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Comparison of Exposure Levels:
3 Epi Studies VS Contemporary US

US Female Hair Concentrations
+ Contemporary US exposures ~10-20 x lower than dose
estimates from studies available in 2000
+ Geometric Mean~0.12 ppm
+ Frequent Fish Eaters ~ 0.4 ppm
Source: MzDowellet al,, 2004- used NHANES 1999-2000

Faroes (N. Seychelles (Indian) | New Zealand (S. Pacific)
‘Cord blood Maternal hair Maternal hair
Hair mean Hg: & ppm |4.5 ppm 6.8 ppm

Approach 2:
.. Hair Mercury: 1Q Coefficient

« Axelrad (2007) Bayesian Hierarchical Modeling Approach
* Maternal hair Hg:IQ coefficient: ~0.2 1Q point per ppm hair
= Range 0.1-0.4 1Q point per ppm hair
= Fit parameters of model in which each test-and study-specific
coefficientis represented as sum of:
o True slope
o Dcmaln-specmc neulodeuelopmenlal effect
o Study-specific effect
o Random error
= |- "blunt’r ici ;used in ic benefit lysi

+ Also see Cohen (2005) for comparable alternative analysis

Sources: EPA'S 2005 Clean Air Mercury Rule; Axelrad el al., 2007

SEPA Population IQ Distribution Shift

Maternal hair

= Methylmercury
12 dose-response
slope

(-x lQ per pg/g)

Birth Cohort 10 Distribution

A tiom Rice tal 202 Maternal Mair Mercury Exposure (igig)

+ MAS: associabons between McHﬁjand low-dose fetal neurctoxicity
are credible, but did not address

» EPA: no evidence of a threshold for MeHg-related neurofoxicity in
exposure range of Faroe Islands study

¢ 'Q likely not the ideal outcome measure for MeHg Effects

SEPA Risk Assessment / Risk Management Paradigm

Risk Assessment Risk Management

+ RID's and Predictive Dose [ Models: policy contexts

= RMD- "safe dose” Uses: exposure limits/clean-up goals

= Predictive Dose Response Models-estimate magnitude of a health effectin
affected population. Uses: Cost-Benefit Analysis/Benefits Assessment

Part 2: Neurodevelopmental Studies
Karagas et al 2012: Review

""" Neurodevelopmental and Behavioral Effects
associated with Low Dose MeHg Exposures

Exclude sludies of populations with mean Hg levels above:
+ 4 pglg in hair

= 20 pg/L in cord blood

» ~12 pg/Lin adult blood

Birth-2 years 10 53- Cord blocd, cord tissue, infant hair, maternal hair,

1054 matemal biood

3.6 years 11 72 Cord blood, child hair, child blood, matemal hair,
1778 matemal blood

7-14 Years 6 100- Cord blood, child hair, child blood
1778

Adult a 100 Adult hair, adult biood
474
m Adaptied rom Karagas o a1, 2012

Summary of Low-dose MeHg
. Epidemiology Studies

S Summary: MeHg Exposures: Outcome Measures
Number neurocognitive and behavioral

Birth- 10 Inconsistent effects: no effect; increased risk associated
2 years with prenatal or postnatal mercury
3- 11 Adverse effects if adjusted for fish intake: multiple
6 years associations with prenatal mercury (memory, verbal skills
cognition, etc.); inconsistent effects with concurrent
mercury
7-14 [ Inconsistent effects: protective; no effect; i d risk
Years (e.g., electrophysiologic testing) with prenatal or
postnatal mercury
Adult 4 Inconsistent effects: no effect or adverse
neuropsychological test performance with current
mercury
n Adapted from Karagas et al, 2012
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Neurodevelopmental Effects of Methylmercury — Glenn Rice

SEPA Part 3 Pharmacokinetics SEPA Part 4 Imprecision of Exposure Biomarkers
" In addition to maternal fish consumption measures during "+ Farce Islands prospective birth cohort: study impracision of prenatal
pregnancy, the different tissues used to assess MeHg MeHg exposure biomarkers: cord blood, cord tissue, and maternal hair
. A A . . + Evaluated mutual and 1$ among
exposures in epidemiology studies necessitate and neurobehavicral effects in children aged 7 years
development of/refinement of existing physiclogically- + Using factor analysis and | equation modeling ined
based pharmacokinetic models “total” imprecision of each biomarker
+ These models will need to account for maternal and fetal o Exwurb?ma_“:m C?I"e'a"e" well with ona anothar 5
compartment changes during fetal development ° In'?;;:e‘::llsl-on a aI: 9‘;:' CT?)?ZIT%'&C:&M measure, estimate
Population Study Exposure Measures o Tolal biomarker imprecision ="normal” laboratory variability (<5%)
Age Number o Such imprecision can underestimate dose-related toxicity and
‘ Birth-2 years 10 Cord bloed, cord tissue, infant hair, maternal har, ‘ complicate confounder adjustment
matemal blood f— Biomarker Regression | ErrorStandard | Correlationto
3-6 years 1 Cord blood, child hair, child blood, maternal hair, ‘ e Coefficient Deviation | Estimated Truth
matemal blood winan Cerd Blood 1 030 082 [
| 714 vears 6 Cord blood, child hair, child blood ‘ Cord Tissue e 053 e
Adult 4 Adult hair, adult blood | Maternal Hair (proximal) 089 0.36 0.89 ‘
[ Adapled o Karagas e al. 2012 BEEEl | Maternal Hair full length) 085 045 0.84 |
SEPA Part 5 Confounding SEPA Potential Confounders
e ass o toction

Confounding: non causal association that distorts relationship of
interest.

Confounders must meet 3 conditions:

1. A risk factor* for disease (even among the unexposed)

2. Associated with exposure in source population from which the
subjects arose

3. Not an intermediate in the causal pathway of exposure and disease -__

*This type of Bias can resultin bias away from the null {i.e., positive
confounding) or bias towards the null {i.2., negative confounding)

How well are confounders controlled within an epidemiology study? (e.g.,
regression adjustment, stratification, restriclion to participants with cerlain
characterstics.)

For dese-response modeling, how well and how consistently are confounders
controlled across studies?

m=n

SEPA Potential Confounders wuuwa SEPA Confounding and Fish Consumption

* Fish consumption example of confounding; factors
affecting same outcome are associated, derived from the
same foods

= MeHg and fish nutrients (e.g., fatty acids, selenium) and other
contaminants (e.q., PCBs)

* If confounding not addressed in study design or data
analysis, associations with both contaminant exposure
and nutrient intake underestimated

= Mutual adjustment needed for beneficial and toxic effects, to
better quantify the opposite “effects” of mercury and nutrient
intakes from seafood (i e, avoid underestimation of effects)

» MeHg-associated deficils estimated to increase up to 2-
fold when compared with the unadjusted effects

Sousce: Bediz-Josgensen E, Keiding ¥, Grndjess P, Wede P Ana Epidemiol 2007;17:27-35,
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SESSION 4: RISK ASSESSMENT, EPIDEMIOLOGY, AND TOXICOLOGY

Neurodevelopmental Effects of Methylmercury — Glenn Rice

SEPA Effect Measure Modification (EMM)

EMM occurs when the relationship between an exposure and
outcome (e.g., RR) depends on (is modified by) a 3 variable
(i.e., the effect measure modifier); or, the association changes
according to the level of that third variable

EMM = Heterogeneity of Effect = Interaction
Fetuses are a population sensitive to MeHg exposures

Are there sensitive fetal populations either due to maternal or
in utero fetal factors?

SEPA Conclusion: MeHg:Human Neurotoxicity

Current focus: sublle developmental neurotoxicities acress different
net ntal domains ted with ‘low’' +

+ Other stressors/nutrients affect same endpoinis

» MeHg Kinetics is important; understanding variance

Impreved understanding of imprecision of expesure measures essential-
quantify? Other factors affecting this variance?

Evaluating low dose neurotcxicity risks necessitate Epi studies that evaluate
additional confounders (e.g., types of fish, scurces of fish, fish
nutrient/contaminant levels). Still will be difficult to disentangle analytically
“fish” (lots of different types that vary!) and MeHg associations

Effect Measure Modification- are some groups of fetuses at higher/lower
risk?

= From a cumulative risk perspective, reporting the effect sizes of confounders

and modifiers (e.g., regression coefficients [i.e., B's for example for MeHg
fish nutrients, among others]) should increase the utility of epidemiclogical
sfudies, because these coefficients could be used fo estimate risks/benefits
cumulatively.

SEPA  Acknowledgements

« Jeff Swartout

US EPA Naticnal Center for Emvironmental Assessment

+ J. Michael Wright, Sc.D.

US EPA Naticnal Center for Emironmental Assessment

« Alan Stern, Ph.D.

New Jersey Department of Environmental Protection

» Amanda M. Evans

Oak Ridge Institute of Science and Engineering Fellowship at US EPA
National Center for Environmental Assessment
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Epidemiological Evidence of Fish Consumption, Methylmercury Exposure, and
Risk of Cardiovascular Diseases in Adults

Jyrki Virtanen, University of Eastern Finland

Biosketch

Dr. Jyrki Virtanen has 10 years of experience in epidemiological research related to the
cardiovascular health effects of fish consumption and environmental contaminants in fish, mainly
methylmercury. He is an Adjunct Professor of Nutritional Epidemiology at the University of Eastern
Finland. Dr. Virtanen has shown in the prospective, population-based cohort study from eastern
Finland, the Kuopio Ischemic Heart Disease Risk Factor Study (KIHD) that increased hair mercury
concentration, mainly caused by fish consumption in KIHD, is associated with several
cardiovascular disease outcomes in middle-aged and older men. He also found that high hair
concentration of mercury attenuates the cardioprotective effects of the Omega 3 fatty acids in fish in
these men.

Abstract

Epidemiological evidence suggests that consumption of fish and long-chain Omega 3
polyunsaturated fatty acids (PUFA) in fish, n-3 eicosapentaenoic acid (EPA) and n-3
docosahexaenoic acid (DHA), are associated with lower risk of cardiovascular diseases, especially
cardiovascular disease mortality. However, results from randomized controlled trials with fish oil
supplements have not been as promising. Besides the potentially beneficial nutrients, fish is also a
major source of environmental contaminants, such as methylmercury. The association between long-
term, moderate level methylmercury exposure and risk of cardiovascular diseases was first observed
in the middle-aged and older men from the prospective, population-based cohort study in eastern
Finland, the Kuopio Ischemic Heart Disease Risk Factor Study (KIHD). Methylmercury exposure
also attenuated the beneficial impact of the Omega 3 PUFA on the risk of cardiovascular disease.
However, not all cohort studies have found such adverse effects with mercury exposure. One
potential explanation may be the higher average methylmercury levels in the KIHD study
population, compared to other study populations.
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Epidemiological Evidence of Fish Consumption, Methylmercury Exposure, and Risk of Cardiovascular

Diseases in Adults — Jyrki Virtanen

Epidemiological evidence of fish
consumption, methylmercury exposure, and

risk of cardiovascular diseases in adults

Jyrki Virtanen, PhD

Adjunct professor of nutritional epidemiology \ ’

p

UNIVERSITY OF
EASTERN FINLAND

sh con:

imption and risk of cardiovascular diseases

Fish oil not beneficial for CVD prevention
= Notlikely, based on the well-established experimen nd physiological
benefits of EPA+DHA, and the consistently lower risk of cardiac death i
observational studies,

Use of state-of-the-art antihypertensive, Jipid-lowerin% and antiplatelet
medications among the study subjects in the recent RCTs.
= Fish oil has little additional benefit.

Lower than expected event rates.
s Studies underpowered to detect a clinically meaningful effect

Use of a composite end-point of fatal and non-fatal CVD instead of
CHD mortality.

s Effect strongest for cardiac mortality.

Increasing use of fish oil supplements in a general population.
Little addj

| benefits at intakes above 250 mg/d.

+,
ai ATia rAND Ik Vartamen

Salonen 1995 - Intake of Mercury From Fish, Lipid Peroxidation, and the Risk of Myocardial
Infarction and Coronary, Cardiovascular, and Any Death in Eastern Finnish Men

1833 men from Eastern
Finland, free of CHD at
baseline
= Kuopio Ischemic Heart
Disease Risk Factor Study
(KIHD)

Survival free of MI

The average hair-Hg i
concentration at baseline .
was 1.9 pg/g of hair (range
0-15.7 pgf:rz,).

Hair Hg 2.0

= High hair-Hg concentration :

(2.0 ug/g) was associated

with excess risk of MI and 1

death from CHD, CVD, and fem

any cause during 8 y of :

follow-up, after adjustment

for potential confounders.
Salonen JT etal. Circulation. 1985,91:645-655

LY -

\ﬁ EAN FINLAND. Jvrki Virtanen  U.S. EPA 2014, Alexandsia

Fish consumption and risk of cardiovascular diseases

There is fairly consistent evidence from prospective cohort studies that
fish consumption and dietary intake/biomarker levels of long-chain
omega-3 PUFA from fish associated with lower risk of CVD.

ci e effect on non-fatal CHD.
properties of the long-chain omega-3 FUFA

1 Especial

1 anti-arrhythmi

sponse for cardiac death appears to be non-linear; little

additional benefit with intake =250 mg/d of EPA=DHA.

= =2 servings of fatty fish per weelc

Similar findings were also observed in the early clinical trials with fish
consumption or fish oils supplements.

The findings from the more recent supplementation trials have been
less promising,.

Why the discrepancy in the study findings between the observational
studies and the recent clinical studies?

*
R A

Mercury exposure and risk of

cardiovascular diseases

o,

G-

o Jorki Virtanen U5, EPA 2014, Alexandsia

Risk of an event in the highest (>2.0 ug/g) vs. lower tertiles

35+

N of events: N of events: N of events:
3 73 24 18

Ml CVD death CHD death

R s, S ——
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Epidemiological Evidence of Fish Consumption, Methylmercury Exposure, and Risk of Cardiovascular

Diseases in Adults — Jyrki Virtanen

Virtanen 2005 - Mercury, Fish Oils, and Risk of Acute Coronary Events and
Cardiovascular Disease, Coronary Heart Disease, and All-Cause Mortality in
Men in Eastern Finland (asterioscl Thromb Vase Biol)
* Anupdated analysis with a longer follow-up.

o Average follow-up time 14 y.

E vent ir
35 N of Ml events: Nof CVD events: | Nof CHD oo
282 132 events:
3 91
25
2
3
.5
4
0.5
0+
M CVD death CHD death
[ oSalonen 1995 oVidanen 2005 |
s,
ii ERSTERN FNLAND Jorki Virtanen  U.5. EPA 2014, Alexandsia

Virtanen 2012 - Serum Long-Chain n-3 Polyunsaturated Fatty Acids,
Mercury, and Risk of Sudden Cardiac Death in Men ios oxe2012)

= 1857 men free of CVD at baseline.
= Average follow-up time 20y.

3 RR of a SCD event in
N of 5CD events: P for trend =0.03 the highest (2.0 ug/g) vs
25 91 N lower tertiles:
1.75 (95% CI 1.13-2.70)

2
©
[
15

1
05
0 i ' L
1 2 3

Hair-Hg tertiles

EASTLRN FINLANO Jirkd Virtanen 1.5, EPA 2014, Alexandsia

11

Fish consumption and myocardial infarction: a second
biomarker study from northermn Sweden oo

A prospective, nested case-control study.

1 Men and women, 3 (median 53 for men, 58 for women)

M i

2
Erythrecyte-Hg tertil

Tigh hair-11g also attenuated the beneficial impact of the serum long-
chain omega-3 PUFA on the risk.

24
18 4
164
14 4

action: P for interaction
0.004

H

CVD death CHO death
OHgirhg <20 OHairHg»20 |

\i ATia rAND WrdiVeranen 115 FFA 2004, Alexandria

Virtanen 20112 - Serum Long-Chain n-3 Polyunsaturated Fatty Acids,
ry, and Rizk of Sudden Cardiac Death in Men @i cove 202

High hair-Hg again attenuated the beneficial impact of the serum long-
chain omega-3 PUFA on the risk.

24
1.8 4

1€ 4 P for interaction;
14 an

Risk it for each

124 T |
g1 . 1 €
08 - m
064 [ .
04 ] [T]

024

MI CVD death CHD death £CD
[ Hairhg <20  GHawHg»20 |

L7
G-

WrdiVeranen 115 FFA 2004, Alexandria

Wennberg 2012 - Myocardial infarction in relation to mercury and fatty acids from
fish: a risk-benefit analysis based on pooled Finnish and Swedish data in men (AJCNy

* Anested case-control study combining data from Sweden and
Finland.

= 361 Ml cases and 416 controls from Sweden (only men) and 211 cases
and 629 controls from Finland were included.

2 Only definite MIs included.
= The harmful effect of Hg was
attenuated by increasing { i
concentrations of circulation long- RS
chain omega-3 PUFA at all Hg | \-\.f:\\\\
concentrations.

» The beneficial effect of omega-3
PUFA on Ml was counteracted by

F

[T —
& £ &
/

Hg, but only at a high Hg. “"i — ==—o
S T T g
S
T y— TSR
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Epidemiological Evidence of Fish Consumption, Methylmercury Exposure, and Risk of Cardiovascular

Diseases in Adults — Jyrki Virtanen

= InSweden: median hair-Hg 0.57 pg/g, median omega-3 PUFA 4.21%

Hair-Hg values converted from Ery-Hg values,
* InFinland: median hair-Hg 1.32 pug/g, median omega-3 PUFA 3.83%.

Possible explanations for the differences?

= Differences in fish consumption habits?
3 The men in KIHD consume more lean predatory fish with higher mercury
content (pike, perch).
In Sweden, higher Ery-Hg a biomarker for intake of fatty fish.
In Finland, higher risk observed when hair-Hg 22.0 pg/g.
= Few subjects in the Swedish cohort reached these levels.

= Genetic differences related to Hg retention or its impact on CVD?

+,
ai ATia rAND Ik Vartamen

Guallar 2002 - Mercury, Fish Oils, and the Risk of Myocardial Infarction (NEpM)

* The inverse association between adipose tissue long-chain omega-3
PUFA (DHA) and risk of MI was stronger after adjusting for toenail-
Hg.

o Similar finding than in the KIHD cohort.

B
1504 500
1 Faoo 8
1.00 { =
. Unadjusted for marcury £
5 300 B
& -]
] g
2 os0 Adjusted for mercu 200
S ! z
g
2
0o F
2
025 g

0.0 025 0.50 075
DHA (% of fatty-acid peak areal

Guallar et al. NEJM 2002,347:1747-1784.

Jyrki Virtanen U5, EPA 2014, Alexandsia

Possible mechanims?

= Oxidative stress (lipid oxidation found in KIHD, Salonen 1995).
= Atherosclerosis progression (found in KIHD, Salonen 2000).

= Blood pressure (not in KIHD, Virtanen 2012).

= Inflammation (not in KIHD, Reinders 2012).

* Heart rate variability.

RA i Vitanan 0.5, EPA 201, Aleandita

Guallar 2002 - Mercury, Fish Oils, and the Risk of Myocardial Infarction (NEM)

* Aretrospective case-control study in eight European countries and
Israel (EURAMIC study).
2 Men, =70y
o 684 cases with first non-fatal MI, 728 controls.
a  The average toenail-Hg in controls 0.25 ug/g.

25

HM

3
Toenail Hg quintile

Guallar etal, NEJM 2002,347:1747-1754,

*

P p— S
Muozaffarian 2011 - Mercury Exposure and Risk of Cardiovascular Disease
in Two LS. Cohorts (NER

*  Anested case-control study in two US cohorts (NHS and HPFS).

5 2,263 CHD cases with first non-fatal or fatal CHD

3 Women 54y), men 40-75 y (mean 61 y).

I-Hg concentration 0.23 pg/g in cases, 0.25 pg/g in

¢ (miea

Toanail Hg quintile

WrdiVeranen 115 FFA 2004, Alexandria

Conclusions

= The strongest association between mercury exposure and risk of CVD
events in a general population is found in middle-aged and older men
from Eastern Finland.

1 Awerage Hg levels higher than in the other study populations.

* Findings from other study populations have been mixed.
s Direct association in the EURAMIC study (Guallar, NEJM 2002)
2 Inverse association in the Swedish study (Wennberg, AJCN 2011).
s Noassociation in the US study (Mozaffarian, NEJM 2011)

*  Few studies have evaluated the association between Hg exposure and
stroke.

1+ Mozaffarian, NEJM 2011: no asso

a  Wennberg, Br | Nutr 2007: no asso

iation in the two 1S cohorts,

iation in men and women from Sweden.

+,
ai e Rk
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Status of IRIS Update for Organic and Inorganic Mercury
Vince Cogliano, U.S. Environmental Protection Agency

Biosketch

Dr. Vince Cogliano serves as acting director of the Integrated Risk Information System (IRI1S) at the
U.S. Environmental Protection Agency in Washington DC. IRIS develops scientific reviews of the
health hazards of chemicals in the environment. Previously, Dr. Cogliano served at the International
Agency for Research on Cancer (IARC), which is part of the World Health Organization, in Lyon,
France, as head of the IARC Monographs programme. The IARC Monographs are a series of
scientific reviews that identify environmental factors that can increase the risk of human cancer.

Dr. Cogliano received his Ph.D. from Cornell University. Dr. Cogliano’s professional interests
include qualitative and quantitative health risk assessment and its application to the protection of
public health.

Abstract
Not provided.
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Status of IRIS Update for Organic and Inor_ganic Mercury — Vince Cogliano

Status of IRIS Update for
Organic and Inorganic Mercury

Vincent Cogliano
IRIS Program Director (interim)
National Center for Environmental Assessment

Office of Research and Development
U.S. Environmental Protection Agency

The views expressed here do ot necessanly represent the views or policies of the ULS. Environmental Protection Agency

About IRIS

IRIS assessments systematically and critically review
the publicly-available peer-reviewed studies to

» ldentify adverse health outcomes

» Characterize exposure-response relationships

HAZARD DOSE-RESPONSE
IDENTIFICATION ASSESSMENT

Which healh Characterize exposie- RSk
oulcomes are * response relaionships
credibly Accout for hightolow dose, ' | CHARACTERIZATION S
associated with animaHo-human, route-do- Integrate MANAGEMENT
the agent? toute, and other differences DOSE-RESPONSE, and Develop, analyze,
p EXPOSURE compara opfions
EXPOSURE ASSESSMENT Select appropriate
- response.
How do people come in contact LEGAL™
with this and other agents? POLITICAL
How much are they exposed to? SOCIAL
ECONOM 3
TECHMICAL?

The Enhanced IRIS Means
Systematic Review and Public Engagement

Public Science Meeting on
Problem Formulation

L4

Ideniify Pertinent Studies

¢
Evaluate Study Meihods
and Qualty

. . T compaconms DTt
Evaluate Weight of Evidence A ssessment by
r Each Effect ¥ e
Seledt Studies for Denving
Towicily Values

8 —
e i

Derive Toxicity Values

Public Science Meeting on
Literature Search, Evidence
Tables, Key lssues

Public Science Meeting — EPA may
revise draff assessment and charge
in response to public comments 5

Overview

About IRIS

Public engagement - including state risk assessors
Multi-year plan for future assessments — coming soon
Preliminary problem formulation for mercury

(general discussion)

IRIS Is Being Enhanced

To improve the fundamental science

» by implementing principles of systematic review

» by strengthening peer review

To increase productivity to better meet stakeholder
needs

To increase transparency so issues are identified and
debated early

Many State-Agency Scientists Are Participat
These Public Science Meetings

Affiliations of attendees,
i June 2014

4

industry/Trade assoc W Consulants

Meetings occur every 2 months e haroenie
 Fed/intigavt W State/Local/Tribal gov't
We need your participation! i
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Status of IRIS Update for Organic and Inorganic Mercury — Vince Cogl

One Enhancement is To Develop a @
Multi-Year Plan for Future Assessments

Preliminary Problem Formulation for Merc
(General Discussion)

Steps

» Input from EPA’s program and regional offices on
highest-priority needs

» Review by senior EPA officials
» Release to the public this autumn

Mercury and methyl mercury are near the top

Which agents should be evaluated?

— Methyl mercury?

— Organic mercury?
— Inorganic mercury?
— Total mercury?

Which exposure routes should be evaluated?

What key issues should be addressed?

There will be a public science meeting on mercury
before the new assessment begins
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Questions and Answers

Note: There were no questions because the moderator moved directly into the general Q&A session
at the end of this panel.
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General Question and Answer Session

Q.

A.

Should we consider development of reference doses for mercury for different populations, such
as adults, or for the fetus? (McCann)

There was no response or comment, and the moderator moved along to the next question.

Is there a need to address fetal concentration, based on the ratio of cord blood to maternal blood
concentration? There needs to be clarification when presenting information about mercury to
avoid confusion from interchangeable use of total mercury and methylmercury. (Susan
Buchanan)

At the time of the existing reference dose, that need was not clear. Now we know that cord blood
has 70% higher mercury concentration than maternal blood. This should be taken into account.
(Stern).

We need to look at how mercury causes toxicity effects by analyzing selenium enzymes. We
should look at the differences in mercury relative to the selenium status of subpopulations. We
must understand selenium concentration to understand epidemiological studies about mercury.
(Ralston)

There was no response or comment, and the moderator moved along to the next question.

We need to develop reference doses for men and women for different weights. Not all adults
weigh around 70 kilograms. We need to understand whether the linear relationship is accurate
or not.(Burger)

No single reference dose is practical or can capture a safe level for all parts of a population. The
approach Glenn Rice used for dose-response is based on evaluation of risk for the dose. (Groth)

He is trying to do a new dose-response for arsenic and this approach may help for mercury.
(Cogliano)

We need to weigh the benefits versus the risks. It may be better to use a net effects approach. If
we do, then is a reference dose even necessary? (Lowery)

There was no response or comment, and the moderator moved along to the next question.

He has seen that for lead, people are working off the blood level and not a point of departure.
For mercury, you cannot easily define a point of departure similar to the situation with lead. For
mercury, there may not be a threshold. Some form of dose-response algorithm could be derived
and would be helpful. (Ginsberg)

Everyone is exposed to methylmercury, but also gets health benefits from fish consumption.

Also some fish species provide higher health benefits. We need to consider how we construct
fish advisories to take this into account. (Stern)
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. He has a question about the biomarker issue. Studies show inconsistent results. Is it the buildup
of effects over time that allows a cardiac event to occur? What is the best biomarker? Sometimes
it seems blood, sometimes toenail, and other times it seems hair is the best biomarker. (Gochfeld)

. People develop cardiac problems over the long term. The best biomarkers may be toenails and
hair. There is a proven association with high levels of mercury in hair and high lipid oxidization,
and in one cohort it was associated with carotid artery problems. No association with blood
pressure or inflammation has been found so far. When you look at long-term studies, if mercury
exposure and cardiac problems are chronic, you have to assume fish consumption is constant.
(Virtanen)

. We have very challenging issues to work out. He believes in integrated assessment of risks, and
that is the way things are now going. EPA and EPA’s Integrated Risk Information System (IRIS)
is the risk assessor for the government. Who is the benefits assessor in the government? He
hopes that IRIS will take on benefits assessment, but do it separately and integrate it later. We
need to look at subsets of the population for net negative effects. For some subsets of the
population, fish consumption is low. For other subsets, such as Asians, there may be a greater
proportion of them facing risks from higher fish consumption. We need much more data on the
net effects of fish consumption. He also thinks current models are not adequate. (Groth)

. It will be helpful to look at the biochemical mechanism of mercury, especially the association
with selenium enzymes. All fish that cause harm contain a lot of mercury relative to selenium. In
Finland and New Zealand, there are selenium deficient populations so that may affect study
results. In the Faroes, they are eating fish high in selenium. (Ralston)

. There was no response or comment, and the moderator moved along to the next question.

Q. What does the data show about masking neurotoxicity? (Gray)

. He is not sure there has been a definitive study. Neurotoxicity of methylmercury outside of fish
consumption would make results difficult to interpret. There are a lot of other confounding
factors besides mercury, and that makes it difficult to assess risks. A lot more work needs to be
done. (Rice)

. Some studies show confounding effects, but we need more data on them. These possible
confounding effects have not been taken into account. (Groth)
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SECTION Il-F SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Introduction

Moderator:
Robert Brodberg, California Office of Environmental Health Hazard Assessment

Biosketch

Dr. Robert K. Brodberg is a senior toxicologist in the Office of Environmental Health Hazard
Assessment, which is part of the California Environmental Protection Agency. Dr. Brodberg
received his B.S. in Biology from Heidelberg College, and his M.S. and Ph.D. in Biology from
Bowling Green State University. Dr. Brodberg has worked as a risk assessor for the State of
California since 1989. He has worked on human health assessments for pesticides, sediment quality
objectives, and water quality issues. He is currently Chief of the Fish and Water Quality Evaluation
Section, which is responsible for assessing the potential human health risks of eating chemically
contaminated sport fish and seafood and issuing sport fish consumption advisories for California.

Presentations
Fatty Acid Content in Fish Species from the Great Lakes and Nearby Watersheds
Meghan Williams, Wisconsin Department of Natural Resources

Great Lakes Basin Fish Consumption, Vitamin D, Selenium, Fatty Acids, Contaminant Distributions
and Associations in 154 Wisconsin Anglers
Henry Anderson, Wisconsin Department of Health Services

Mercury-Nutrient Signatures in Seafood and in Blood of Seafood Consumers
Roxanne Karimi, Stony Brook University

Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management
Joanna Burger, Rutgers University, and Michael Gochfeld

Risks and Benefits of Fish Consumption for Cardiovascular Diseases
Dariush Mozaffarian, Harvard Medical School, Tufts University

Maternal Fish Intake during Pregnancy and Child Cognition
Emily Oken, Harvard Medical School

FDA Assessment of Net Effects on Neurodevelopment from Eating Commercial Fish during Pregnancy
Phil Spiller, U.S. Food and Drug Administration

Risk-Benefit of Consuming Lake Erie Fish
Satyendra Bhavsar, Ontario Ministry of the Environment and Climate Change
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Updated Approach for Balancing the Risks and Benefits of Fish Consumption on
Neurodevelopmental Endpoints
Gary Ginsberg, Connecticut Department of Public Health
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Fatty Acid Content in Fish Species from the Great Lakes and Nearby
Watersheds

Meghan Williams, Wisconsin Department of Natural Resources

Biosketch

Meghan Williams is an environmental toxicologist with the Wisconsin Department of Natural
Resources (DNR), Bureau of Fisheries Management. She holds a B.A. in Zoology and English from
Ohio Wesleyan University and a Master’s degree in Aquatic Ecology from Bowling Green State
University, where she studied the effects of the algicide copper sulfate on zooplankton and
macroinvertebrates in drinking water reservoirs. Previously, she worked as an entomologist at the
Stroud Water Research Center and as a chemist in the Environmental Toxicology Department at the
Wisconsin State Laboratory of Hygiene. At the Wisconsin DNR, Meghan is responsible for fish
consumption advisory outreach and analysis of data on fatty acids and legacy and emerging fish
contaminants.

Abstract

Fish are often recommended as an easy way to incorporate lean protein and beneficial Omega 3 fatty
acids into the diet. However, most research investigating fish fatty acid content is focused on marine
or farmed freshwater species, with few studies investigating fatty acid content in sport fish consumed
by recreational anglers and their families. Recognizing the need to quantify the benefits of
consumption of wild freshwater fish, partners from the U.S. Environmental Protection Agency and
the Great Lakes Consortium for Fish Consumption Advisories undertook a large-scale, multi-state
effort to quantify fatty acid content in freshwater sport-caught fish. Nearly 900 samples from the
Great Lakes and nearby waters were collected between 2010 and 2013 and analyzed for 37 fatty acid
types, including five Omega 3 fatty acids. Mean concentrations of Omega 3 fatty acids varied from
1.73 to 22.0 mg/g in Great Lakes sport fish and from 1.01 to 10.6 mg/g in fish from inland waters.
This talk will present Omega 3 fatty acid content in detail for 24 fish species, and will further
examine physical and biological factors (i.e., size, trophic position, water body characteristics,
season) that may contribute to variation in species’ fatty acid content. Advantages and limitations to
incorporating this information into fish consumption advisories will also be discussed.
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Today’'s Presentation

= Background
— Fatty acids
— Current research

» Dataset information
— Sampling locations
— Data analysis

* Results
— Great Lakes samples
— Inland samples

* Incorporating results into fish consumption
advisories

+ Conclusions and future research o

Origins of fatty acids
in freshwater ecosystems

+ SFAs and MUFAs: synthesized de novo by
all organisms

* Omega-6 and omega-3 fatty acids

— Synthesized by chlorophyll-producing
organisms only (algae, plants)

— Vertebrates lack A12 and A15
desaturase enzymes needed to
form PUFAs

This Study

Funding:
— EPA GLRI Grants to Great Lakes Consortium for
Fish Consumption Advisories & WIDHS

— EPA National Coastal Condition Assessment
Great Lakes Human Health Fish Tissue Study

Goals:
— Widespread survey of nutrients in freshwater fish

— Enhanced fish consumption advisories and angler
outreach

— Quantitative risk-benefit analysis (Ginsberg)

L —

Types of fatty acids

Saturated

Unsaturated (SFAs)

Pol ated
(PUFAs) (MUFAs)

Omega-3 FAs
Eicosapentaenoic acid (EPA)
20:5w-3
Docosahexaenoic acid (DHA)
226 w-3

Omega-6 FAs

m_

Omega-3 fatty acid functions

Fish e
— Stored energy il
+ Growth i

+ Periods of starvation (i.e. migration)
* Production of gametes, especially eggs
— Maintain structure and function of cellular
membranes (neural tissues)

Humans

— Cardiovascular health: w-3 eicosanoid
compounds reduce inflammatory eicosanoids
from w-6 pathway

— Neural and ocular tissue support
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Current data and research Current data and research
« FDA and USDA * North American wild freshwater fish

— Marine fish & shellfish
— Advice focused on women/mothers
— National nutrient database: generalized

— Great Lakes:

freshwater fish categories Honeyfieldetal. 2008 Michigan 1

2012 Ontario 5

. Czesny etal. 2011 Michigan 10

+ Farmed freshwater fish T Moths et al. 2013 Superior 1
— Important research on fish nutritional Pantazopoulosetal. 2013 Al 2
Neff et al. 2014 Erie 15

requirements
— Biosynthesis, transport, transformation of FAs

North American wild freshwater fish This Study: Sampling Locations

—Inland waters: !

| *

{ T, gl

\ -

| o ¥ Tl

: i LI SN
Glémet et al. 1997 NW Territories 1 e o o e Yo
Chanet al. 1999 St. Lawrence River (Montreal) 8 * . s e ) “’F . *4.‘ T |
Gron etal 1899 MO & MS Rivers 2 2 r & *’* P .
3 {
Dayhuff& Wells 2005 Ohio River 3 5 i e ,0«..};1* x
Blanchetetal. 2005 Quebec 1 iy § ! e
Honeyfield et al. 2007 NC reservoirs 1 — f # i“ - *:\?tt- = ) - ‘/»'
Wong 2008 Canadian lakes 1 L = o . * =
Volk & Kiffney 2012 Washington streams 1 o
Williams et al. 2014 Wisconsin 13 o * * S
{ * £

_unuh_

Datasel information Parameters measured:

Consortium States’ samples

» >900 fish tissue samples + Date/season: samples collected 2010 to 2013

» Great Lakes * Inland waters + 37 fatty acid types
— Consortium states’ samples — 6 states — 16 saturated
« N=153 — 92 waters — 9 monounsaturated
« Huron, Michigan, Superior — 607 samples — 7 omega-6
— GLHHFTS samples — 5 omega-3 (ETE, DPA, DHA, EPA, ALA)

« N =157 composites (423 fish)

. 0 Tell i
+ Al Great Lakes % lipid, length, weight

« Sampling site characteristics
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L —

Parameters measured:
GLHHFTS samples

» Date/season: samples collected 2010 to 2013

+ 5 fatty acid types

— 5 omega-3 (ETE, DPA, DHA, EPA, ALA)

length, weight

L S —

Data analysis: Great Lake samples

» Species sampled from one Great Lake:
— Length
— Season collected (6/9 species)
— Length*season

+ Species sampled from 2+ Great Lakes:
— Lake
— Length
— Season collected (7/10 species)
— Lake*length
— Lake*season
— Length*season

mﬂ“_

Results: Great Lakes samples

» An 8oz serving of most species from most
locations provides = 250 mg of EPA+DHA

» Species sampled from 1 Great Lake

— EPA+DHA does not vary with size or sampling
season for almost all species tested (P > 0.05)

Data analysis: all samples

* Where necessary, transformed to
approximate normality

» All variables standardized to remove
effects of measurement scale

« Parameter selection: stepwise regression
— Analysis of covariance or ANOVA

L

mg EPA+OHA | o7

Data Analysis: Inland samples

» Species sampled from more than one
location:

— Length .

— Latitude v , A

- Longitude O
- Length*location <
— Season

Species sampled from one Great Lake M7

4000
|_| EPt+DHA 294 ot vary with seasen of size

3500 - l EPA+DHAvarios wih size (+)
3000 -
2500 -
2000
1500 +
1000 -
B00 4

L]
White Lake Brown
perch | sturgeon | trout | whitefish | pike | sucker |

Lake Erie Laks Michigan

Found | Mohem |Longnoss Chicoloke  Pink | Sizcowet
herting | salmon | lake trout

Lake Superice
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Species sampled from one Great Lake

4000
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Species sampled from 2+ Great Lakes
1600
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log10_EPA +DHA/8oz

38
3.6
34
3.2
3.0
2.8
26
24

Lake Whitefish

R 0653
i
o
17 18 19 20 21 22 23 24 25
Length (in)
# Lake Michigan 4 Lake Superior

myg EPA+DHA | Boz

Williams

L S —

Results: Great Lakes samples
Species sampled from 2+ Great Lakes

— EPA+DHA content does not vary between lakes
for majority of species (P > 0.05)
+ High variability

— Size, season affect EPA+DHA content

Species sampled from 2+ Great Lakes

1600
W vosig. varistion [l Temperst variston [ EPAsOHA varise with location
1400
1200
1000
800
600
400
200
o
Coho  Frashwater Summer | Fal Lake Laks
catfish | sasbmon | dm Michigan | Ortaio | Superior
Smallmousth bass Yellow perch

MH_

Results: Great Lakes samples

* Great Lake species whose EPA+DHA
content varied with multiple factors
— Independent factors:
+ Chinook salmon: season and length (-)
+ Lean lake trout: season and length (+)
» Rainbow trout: season and lake

— Interactions between factors:

+ Walleye: lake*length
— FA differences between lakes
— Different sizes collected from different lakes
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Results: Inland samples

Results: Inland samples
» An 8oz serving of almost all species tested

» Species whose FA content varied with

will provide 2250 mg EPA+DHA location or size:

. . — Splake: size (+)

+ Species whose FA content did not vary i

with sizes or between sampling locations: — Channel catfish: latitude (N > S)
— Bluegill — Common carp: latitude (N > S)*
— Cisco — Black crappie: longitude (E > W)
— Lake whitefish | _ — Largemouth bass: longitude (E > W)*

— Rainbow trout

— White crappie Q' l o
£ X
— Yellow perch

Carp: sampled from OH

P Common carp - Ohia only

Largemouth bass

Largemouth bass (ail samples)

Largemouth bass (NY samples excluded)

400N

398N

96N

atitude

394N

392°N

390°N

IBEN

50 100 150 200 250
EPA+DHA/Boz
® CassarCreeklake 4 DeerCrecklake = LakeWhite

# Madison Lake  * Stonelick Lake

_ﬁﬂﬂh—

Results: Inland samples
» Species whose FA content varied with size
and location:

— Northern pike: length (+), varies with longitude
— Smallmouth bass: length (-), latitude (S > N)

Results: Inland samples

» Species whose FA content varied with size
and location:

—Walleye and lean lake trout

» Interaction between length and sampling location
+ EPA+DHA increases with size

+ Different sizes collected at different locations
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Incorporating fatty acid data into fish
consumption advisories

» Species whose EPA+DHA content is
influenced by size or season or location

— Incorporate qualifiers into consumption advice

« Black crappie (inland)

* Channel catfish (inland)

« Common carp (OH waters)
= Largemouth bass (inland)

* Lake whitefish (Great
Lakes)

_unuh_

Other considerations and future work

« Smallmouth bass (Great
Lakes)

« Splake (inland)
* Yellow perch (Great Lakes)

* Potential influencing factors
— Gender differences

— Diet/trophic position
» Climate change and/or invasive species?

« Previous findings: piscivorous species may contain
highest EPA+DHA

— Is “avoid predator species” still true?
— Risk-benefit

— Investigate the proportions and ratios of fatty
acid types within/between species and
trophic positions

+ Chinook salmon (Great
+ Lean lake trout (Great Lakes

+ Northern pike (inland)

Incorporating fatty acid data into fish
consumption advisories
Species whose EPA+DHA content is not
affected by size and/or season and/or location
— Use average fatty acid value for all sites sampled
Bluegill (inland)
Brown trout (Lake Michigan)
Channel catfish (Great Lakes)
Cisco (Lake Superior & inland)

Coho salmon (Great Lakes)
Freshwater drum (Great Lakes)

* Longnose sucker (Lake Superior)

* Pink salmon (Lake Superior)

* Rainbow trout (inland)

* Round whitefish (Lake Superior)

« Siscowet lake trout (Lake
Superior)

* Yellow perch (inland)

« White perch (Lake Erie)

Lake sturgeon (Lake Michigan)
Lake whitefish (inland)

m_

Incorporating fatty acid data into fish
consumption advisories

Species whose EPA+DHA content is

influenced by multiple factors and/or

interactions exist between factors

— Use fatty acid value on a site-by-site or size-by-
size basis (similar to contaminant-based
advisories)

+ Rainbow trout (Great
Lakes)

* Smallmouth bass (inland)

+ Walleye (Great Lakes &
inland)

Lakes)

& inland)

m_
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Results: Inland samples

* Inland samples: between-species
comparisons

— EPA+DHA content related to % lipid
= Overall R? = 0.922

* Salmonids: Higher % lipids, R? > 0.85

» Centrarchids: less consistent R? = 0.17-0.91

» Variability in EPA+DHA can be explained by a single factor

Black crappie 50 16 MN, Wi
Channel catfish 15 6 OH, WI
Common carp* 7 5 OH
Largemouth bass* 54 22 NY, OH, PA, WI
Splake 10 2 MN
Bluegill 29 12 MN, OH, WI
Cisco 14 9 MN, Wi
Lake whitefish 12 3 MN, Wi
Rainbow trout 12 3 MN
White crappie 5 5 OH
Yellow perch 23 12 MN, WI

— Meghan Williams

mﬂ-&k-—

D i GO S5 CHRUETRLC TS/ EA 51
Nomenclature palmitate —> stearate p—
‘]6:0 18:0
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double bond v l
] palmitoleate oleare
20: 5w 3. 16:1A° 18:1A°
. - Position of /
Number of g linoleate s
double bonds 182477 18:2A%17 — 20247
MDifadoc b daassetaboossencse boschaisn 2085-12-SHTMLINISSAE i l
linolenate 811,14

18:3A%1215 20:3A

¥
aracl\igonate
20:4A° B,11,14
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Untitled

y in

« Species whose variability in EPA+DHA is
affected by multiple factors and
interactions between factors

Lean lake trout 94 16 MI, MN, NY, WI
Northern pike 48 13 MN, NY, W1
Smallmouth bass 25 5 MI, NY, PA
Walleye 179 35 MN, NY, PA, WI
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Inland samples

« Consortium member states’ fish contaminant
monitoring samples

| ¥
L"—‘T s
b,
7
33 samples ZREs

-

T
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uestions and Answers

. What does it cost to start analyzing for Omega 3 fatty acids? (Murphy)

. Developing lab capacity is expensive. (Williams and Henry Anderson)

We had to come up with a method to coordinate for standardization among labs. (Williams)

. How much fish tissue do you need? Do you need a muscle plug or a fillet sample to do the
analysis? (Murphy)

Generally 2 mg is enough. (Henry Anderson)
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Great Lakes Basin Fish Consumption, Vitamin D, Selenium, Fatty Acids,
Contaminant Distributions and Associations in 154 Wisconsin Anglers

Henry Anderson, Wisconsin Department of Health Services

Biosketch

Dr. Henry Anderson has been Chief Medical Officer and State Environmental and Occupational
Disease Epidemiologist for the Wisconsin Department of Health Services, Division of Public Health.
He holds adjunct professorships at the University of Wisconsin-Madison, Department of Population
Health Sciences, and the University of Wisconsin Institute for Environmental Studies, Center for
Human Studies. He received his M.D. degree in 1972 from the University of Wisconsin-Madison;
was certified in 1977 by the American Board of Preventive Medicine with a sub-specialty in
occupational and environmental medicine and in 1983 became a fellow of the American College of
Epidemiology. He has authored over 250 scientific papers. Over the past 30 years, he has lead
Wisconsin’s Public Health activities concerning fish consumption advisories and lead multiple
research projects documenting the human health hazards of consumption of Great Lakes and other
sport fish. Based upon the research, he helped develop and then evaluate the effectiveness of public
health advisories. He is currently the Principal Investigator on two U.S. Environmental Protection
Agency, Great Lakes Restoration Initiative grants enhancing Wisconsin’s fish monitoring, human
biomonitoring, and advisory activities.

Abstract

Essential nutrients such as Vitamin D, selenium, and Omega 3 fatty acids are keys to maintaining
good health. Fish is an important potential source of these nutrients; however, fish, especially
freshwater fish from the Great Lakes Basin, can also be a source of persistent pollutants such as
methylmercury, polychlorinated biphenyls (PCBs), brominated ethers, and other contaminants all
with the potential to cause adverse health outcomes. Fish consumption advisories focus on how to
minimize risks while maximizing benefits. There is a paucity of nutrient information for Great Lakes
Basin fish and there is even less information regarding the nutrient status of Wisconsin residents.
Such information is needed to assess whether freshwater fish consumption is an important
contributor to achieving optimal nutrient levels. Dietary and health questionnaires, and serum and
urine samples were collected from 154 older adult men and tested for vitamin D, selenium, a suite of
fatty acids, blood mercury, urine mercury, PCBs, polybrominated diphenyl ethers (PBDES),
perfluorooctane sulfonate (PFOS), and perfluorooctanoic acid (PFOA). Correlations between sport
and commercial fish consumption, nutrients and contaminants will be described to explore the risks
and benefits associated with consumption of fish from the Great Lakes basin. The nutrient
distributions found are compared to a random sample of 50 individuals from the Wisconsin general
population as well as the National Health and Nutrition Examination Survey (NHANES).
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Great Lakes Basin Fish Consumption, Vitamin
D, Selenium, Fatty Acids,
Contaminant Distributions and Associations in
154 Wisconsin Anglers

Henry A. Anderson, MD
National Forum on Contaminants in Fish
September 23, 2014

Wisconsin Department of Health Services

Introduction

Study P

lethods

4 . Wisconsin
Department of Health Services

Fish and Shellfish Consumption

Table 2a. Fish and shellfish consumption levels for study participants

fian (25%, 75% p

66.5 (47, 114)

54,5 (36, 93)
Fish from Great Lakes 7(2, 24)
Fish from areas . 0(0, 3)
Other locally it fi 12 (6, 36)
Fish from 10 (4, 20)
4.5 (0, 12)
9 (4, 18)

41(1, 6)

3 e Wisconsin
Department of Health Services

Introduction

o Study Purpose

. To assess the risks and benefits associated with
long-term fish consumption

- To assess intake of omega-3 fatty acids, vitamin
D and selenium among Wisconsin residents

- Strengthen scientific basis of Wisconsin fish
consumption guidelines

- Recruited participants from those who previously
participated in an online survey and indicated
they would be interested in future studies

«  Study reviewed by the University of Wisconsin
Human Subjects Review Board and determined

. to be exempt Wisconsin

Department of Health Services

Demographic Characteristics

60.5 (56, 67)
percentiles i 58 (50, 64)
| % (n)*

0.7(1)
98.7 (152}

31.2 (39)
144 (18)
54.4 (68)

50.0 (77)
46.1 (71)
3.9 (6)

Respondents were largely non-Hispanic ite men in their 60's
Mearly full life residence in the state
Most had at least some college education

About half were working, and half retired

i1sconsin

oooo

4 Wisconsin
Department of Health Services

Fish and Shellfish Consumption

2h Fish and < h consumption (meals per year) - Distribution by type of
shellfish stratificd by level of overall fish and shelifish consumption

257 parcentie S0 percentile T percentile

Fish meals { Shellfish meals

I

Fish, Great Lakes

Fish, Areas of concern

ish, other locally caught fish
, restaurant
Fish, store

o Across all consumption groups:

Highest proportion of fish meals from "other locally caught fish,” followed by fish from a
rart and Great Lakes fish

o Gr s fish contributed the highest propertion to total fish meais for those In the

group

8 - Wisconsin
Department of Health Services
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Supplement Usage

Table 4. Supplement usage and consumption of certain foods by study

Nutrient Levels

Table 3. Nutrientlevels among study participants, compared with the US general
population of non-Hispanic white men aged 50 years and older

dian (25", 75" p )

Wisconsin Anglers (this Us general population
study) (NHANES)*
57 (44, 74) 121.59 (93.93, 171.57)
19 (15, 25) 42,99 (35.57, 55.00)
22 (13, 32) 46.97 (32.70, 67.36)

141.4 (132.8, 153.2)
28.3(23.1, 36.4)

199.52 (179.57, 218.78)
23.96 (18.24, 29.16)
1-2012

o Compared to the nation as a whole Wisconsin anglers have lower
levels of selenium, DHA and EPA fatty acids
o Wisconsin anglers have higher levels of vitamin D

isconsin
artment of Health Services

Table 5a. Contaminant levels among study participants, compared
with the US general population of non-Hispanic white men aged 50
years and older
US general Al 0o 51 fish 52 to 103 fish
population participants meals per  meals per year
(NHANES)®  (n=154)  year(n=68) {(n=53)
Median (25, 75" percentiles)

year (n=33)

3.8 2.5 2.1 2.6 2.9
(26,53) (1.8,33) (1.7,29) (1.9,33) (2.1,3.6)
13.7 (9.8, 19 (9.8, 12.0(8.6, 24.0(19.0, 19.0 (10.0,

19.8) 28.0) 23.0) 36.0) 33.0)

(Mot 0.5 0.4 0.5 0.9
measured)  (0.3,1.0)  (0.2,0.8) (0.3,1.2)  (0.7,1.3)

1.0 2.5 z K 2.3 2.2
(0.52.2) (1.3,4.0) (0.5,31) (1.2,56) (2.7, 5.8)

0.2 0.2 0.2 0.2 0.3
(0.1,0.5 (0.1,0.4) (0.1,03) (0.1,0.4) (0.1,0.4)

1.6 1.2 1.1 1.9 1.8
(1.3, 2.4) (0.6,2.5) (0.6,1.8) (0.7, 3.3) (0.8, 3.6)

*Vakues are taken from 2011-2002 (blood mercury and PROA) and 2003-2004 [PADES and PCBs) Cyches of the HHANES.
Totsl PACTs, and botal PO, wern calculsted using diffarent conganars e the Wisconsn angart compared mith the
news

g Wisconsin
Department of Health Services

Preliminary Modeling - Univariate

o Geoal: ldentify possible associations between fish/shellfish consumption,
and levels of contaminants and nutrients
: Regression modeling using categories (e.g., quartile) of

o Metho

consumption as the predictor, and Box-Cox transformed biomarker level
as the outcome

of contaminants and

s Other localy z Restaurant Store-bought
Al commercial caught Great Lakes shelifish
X
X
X
X X
X
X

Wisconsin
Department of Health Services

Percent ()

Diaily 2-6 times 1-3times per Rarely or
per week O prer month ever
week
27.9(43) s.8(9) 33(5) 33(5) 59.7 (92)
1.9(8) 1.3(2) 1.3{2) 1.3(2) 92.2(1432)
1.3(2) (1 {11] 0.7 (1) 0.7 (1) 97.4 (149)
17.5(27) 3.3(5) 2.5 (4) 23(5) 73:4(113)
“Gelenium supplement or | [EEUETRS) 2.0(3) 0.7 (1) 0.7 (1) 76.0(117)
mudti-vitamin with
Selenium added
a4, (69) 6.5 (10) 45 (7) 5.8(9) 38.3(59)

D ncluded

) reported taking flaxseed oil, cod liver

Wisconsin
Department of Health Services

Temporal Trends: PCB levels are
declining over time

1994-1995 2001-2005 2003-2004

1.4 0.9

5.0 3.0

Population, - 1.6

white m

0032004 [ PCOS) ychis of Ut MAANES, Total BCBY wees ealculbted g differant eonganars
for tha theaa study populations.

G Wisconsin
Department of Health Services

Targeted Modeling - Univariate

o Goal: Further explore associations identified in preliminary mo:
o Method: Quantile regression modeling using consumption (continuous) as
the predictor, fitting the 10, 50, and 90" percentiles of each biomarker

FPBDE
IPCH

Blood Hg

Ko K M

Hair HG X

oM oM M

[T

Sedenium

Vitamin
D x

12 Wisconsin
Department of Health Services
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SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Great Lakes Basin Fish Consumption, Vitamin D, Selenium, Fatty Acids, Contaminant Distributions and
Associations in 154 Wisconsin Anglers — Henry Anderson

Targeted Modeling - Univariate

Quantile regression plots - association between Great Lakes
fish consumption and biomarkers (blood Hg and vitamin D)

< E —

B o —

E £

= § o
H - £ —

£ E —

= Wisconsin
Department of Health Services

Targeted Modeling — Multivariate,
Nutrients

o Example: The adjusted
a0 percentile was

» Great Lakes fish consumption: 0.125 (0.005, 0.504)

» Selenium supplement usage: 10.677 (7.04%, 35.762)

a (95 percent CI) for the effect on selenium at the

= Significant associations
o Great Lakes fish associated with
= Higher selenium at the 90" percentile
= Higher vitamin D at the 50 and 90 percentiles
o All commercial fish associated with higher DHA at the 90 percentile
o Supplement usage (rarely/nevervs. greater frequency)
Fish oil, cod liver oil, flaxseed oll, or other supplement including omega 3
fatty acids -» higher DHA (10* and 90" percentiles), DPA {50* and 90
percentiles) and EPA (10%, 50, and 90 percentiles)
Selenium » higher selenium at the 90™ percentile
Witamin D < higher vitamin D at the 10" and 50 percentiles

18 Wisconsin
Department of Health Services

Next Steps

- Extend analyses to control for
more/different predictors

Explore associations with blood lipids
(cholesterol, triglycerides)

Explore how best to

« Define contribution of different fish t
each nutrient and contaminant finding/

.

pes o
|
» Control for level/frequency of supplement

usage

- Wisconsin
Department of Health Services

evel

Targeted Modeling — Multivariate,
Contaminants

Example: The adjusted beta (95 percent confidence interval [CI]) for the effect of
Great Lakes fish consumption on hair mercury was

= 0.004 (0.0000, 0.009) at the 10" percentile of hair mercury

= 0.011 (0.007, 0.018) at the 50" percentile of hair mercury

= 0.022 (0.005, 0.045) at the 90 percentile of hair mercury

:; Great Lakes fish associated with
* Higher blood mercury, PBDES, PCBS, and PFOS at the 50™ and 90%
percentiles

= Higher PFOA at the 50t percentile

= Higher hair mercury at the 10%, 50 and 90'"" percentiles
o All commercial fish associated with higher blood mercury at the 90% percentile
o Other locally caught fish associated with

= Higher blood mercury at the 50 and 90" percentiles

= Higher hair mercury, PFOS and PFOA at the 50t percentile

“ Wisconsin
Department of Health Services

Take-home points

o Higher locally caught fish consumption is
associated with elevated levels of certain
contaminants (PCBs, PBDEs, PFOA,
mercury)

o Great Lakes fish consumption is also
associated with higher levels of vitamin D
and selenium, even after controlling for
other types of fish and supplement usage

" . Wisconsin
Department of Health Services
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Mercury-Nutrient Signatures in Seafood and in Blood of Seafood Consumers
Roxanne Karimi, Stony Brook University

Biosketch

Dr. Roxanne Karimi is a research scientist in the School of Marine and Atmospheric Sciences at
Stony Brook University. Dr. Karimi obtained a B.A. from the University of Pennsylvania and a
Ph.D. in Biology from Dartmouth College. Dr. Karimi has a broad background in aquatic ecology
and environmental health research. Dr. Karimi’s research focuses on: 1) the influence of ecological
factors on nutrient and contaminant patterns in fish and other aquatic organisms and 2) human
exposure and risk-benefits from aquatic nutrients and contaminants from fish consumption. Dr.
Karimi’s research has helped to identify eco-physiological factors that drive the cycling and
bioaccumulation of essential nutrients and metal contaminants, such as mercury and selenium. One
major focus of this work has examined how growth dilution reduces concentrations of metals in
aquatic organisms. Another focus is collaborating with epidemiologists on human exposure to fish
contaminants and concomitant effects on autoimmunity and other health responses. In collaboration
with the Environmental Defense Fund, Dr. Karimi developed the Seafood Mercury Database, a rich
data source on global mercury concentrations in commercial seafood items, which provides
information to numerous organizations in the United States that develop seafood consumption
advice.

Abstract

Dietary recommendations for seafood are confusing due to the desire to balance both benefits from
nutrients and risks from contaminants. The overall health value of different fish and shellfish items
depends on concentrations of multiple nutrients (e.g., selenium (Se), Omega 3 fatty acids) and
contaminants (e.g., mercury (Hg)). However, few studies have examined the connections between
human exposure to multiple nutrients and contaminants and the consumption of specific types of
seafood. Our goals were to compare: 1) Hg, Se, and Omega 3 fatty acid concentrations (Hg—nutrient
signatures) among common fish and shellfish items and 2) Hg—nutrient signatures in the blood of
avid seafood consumers, based on seafood consumption habits. We compiled nutrient and Hg
concentration data for common fish and shellfish items from the literature. We also measured blood
concentrations of Hg and seafood nutrients collected from adult, avid seafood consumers on Long
Island, New York. Canonical discriminant analyses revealed distinct Hg—nutrient signatures among
seafood items, and these signatures were reflected in the blood of consumers based on different
consumption habits. For example, consumers with a salmon-dominated seafood diet had a relatively
high percentage of Omega 3 fatty acids in blood, and consumers who tend to eat top predator
seafood have higher Hg, but similar blood nutrient concentrations compared to consumers who tend
to eat low trophic level seafood. These results provide direct evidence of links between the
ecological characteristics of the type of seafood consumed and Hg—nutrient exposure. This approach
helps assess the overall human health value of specific seafood types, leads to specific diet
recommendations, and can be used to characterize risk:benefit status among seafood consumers.
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Mercury-Nutrient Signatures in Seafood and in Blood of Seafood Consumers — Roxanne Karimi

Challenge: Health value of seafood items is complex

Mercury-nutrient signatures in
seafood and in blood of seafood
consumers

Roxanne Karimi
Stony Brook University

Nutrients and Contaminants of which Seafood is 1° Source

Typical Concentrations in Representative Foods .
his - * Seafood are primary

Hg* Omega-3s  Se® n’
ng/s  (EPA/DHAP ng/g ng/g  Sourceof Hg,
g/100g EPA/DHA, Se, other

Milk,whole 00001 0/0 588 3967 trace metals (toa
Gr, Beef 0 0.002/0012 308 82110 lesser extent)
Chicken (1] 0.010/0.030 578 15793« EPA, DHA “marine
Bread, Wheat © 0.002/0 363 14459 omega-3s”
Apple o/fo w31 280 * Focuson Hg, Se, O-
Spinach 0 0/0 569 4941 3s because of their
Fish, Marine  0.146** 0071/0.185* 906 5392 high levels in
Fish, FW 0.004* 0.238/0357* 393 4946 seafood, health
Shellfish 0007** 0188/0253* 200 11466  implications.

*USFDA Total Diet Study; *USDA NDB, 2012; *Canadian Totoi Diet Study, 2007
*Skipjack Tuna, FW ass, Blue Mussels
**Canned Tuna, Catfish, Shrimp

Do specific seafood taxa differ in nutrient, Hg content?

1. Taxonomic differences in nutrients, Hg

* Primary source of
— nutrients: protein, omega-3 FAs, selenium (Se),
etc.
— contaminants: Mercury (Hg), PCBs, others that
biomagnify
» Overall risk-benefits depend on exposure to
nutrients and contaminants, which vary
* Need to compare multiple factors to develop advice
* Goals:
— Describe Hg-nutrient patterns in seafood

— Examine whether these patterns are reflected in
avid seafood consumers

Methods f\

Recruited ~300 adult, avid seafood
consumers from Long Island "LONG ISLAND STUDY OF
Characterized seafood intake SEAFOOD CONSUMPTION
from FFQ (e.g., swordfish, salmon).
Measured exposure to seafood
nutrients, Hg in blood samples.

* Total Hg, Total Se

* Omega-3s (EPA, DHA) —rbcm
Summarized Hg, nutrient
concentrations in seafood types from
literature (Seafood Hg Database, USDA
Nutrient Database, others)

2. Differences in overall Hg-nutrient

a0 EPA+DHA
composition among taxa.
2050
00 Points: individualreplicates
w0 Circles: 95% CI around multivariate mean
£ 900 H Se
o 6000 [ g
wo || 11 I
o0 |1 1 Due to
. i 4485 physiology/ecolo
H 852 gy ©8.
% 33 « Metabolism
E * Trophic level
: (Hg)
i EH * Base of Food
2 £ Chain (FAs)
Nutrients, Hg vary in edible tissue within & among taxa. & F]fledmfg h:h't
Indiv. factors make it difficult to compare overall health quality kS 5 ok ’ f_" ::ftr'tee ):
"
among seafood items. Karimi et al. Sci Tot Env 2014 2
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Mercury-Nutrient Signatures in Seafood and in Blood of Seafood Consumers — Roxanne Karimi

Participants consumed fish 2-3x per week, average. Most popular seafocd choices:

Rank | Seafood ltem Avg. Frequency |1, Seafood rankings similar
1 Salmon 3-4x per month to national patterns.
2 Canned white tuna 2-3x per month 2. [Hegl, [Se], elevated,
3 Shrimp 2.3x per month omega-3s similar to
. 4 Whitefish (tilapia, sole, ...) 1-2x per month reference population
DO a\”d SeafOOd consumers have Hg' 5 Canned light tuna 1-2x per month 3. [Hg] more variable than
‘. . [3 Tuna steak/fillet Once/month [Omega-3s], [Se], likely
nUtrlent Patterns reerCtlng seafOOd 7 Flounder Few times per yr due to seafood choices.
choices? 8 Lobster, crab Few times per yr
3 9 Mussels, clams Few times per yr
10 Scallops Few times per yr
Geometric
Hg/Nutrient Mean (4 Compared to Reference
[HElyioo 461 pglt | 108.5 | 4.4x US adults (NHANES, 2013);
42% subjects exceed EPA "safe” level, <5.8 pg 1!
[Selbioos 273 pug Lt 34.6 | 2% US pop. (NHANES, 03-04), (Laclaustra, 2010)
[EPA + DHAl,.., | 4.74 % 33.4 | 4.5% common in US (Harris, 2013)
Karimi et al. Sci Tot Env 2014; Karimi et al. lJHEH 2014
"*=tig and Seafood C ion R
and Seaftood Consumption Rate i
g P Total Seafood Consumption Rate
Geom. mean 95%ile
blood THg, ug L-| blood THg | 25.8 ug L,
1 (959 -1 o : .
Afew times yr-1 6~ 2.83 {3?33;?0) 9.8{259“' . 2 (agl)M) 7 Stonaly dssbaaien WilH bloDd b R0 000)
* Marginally associated with blood EPA+DHA as %
OncemontniEt o1 10 34:10.05) 1100 e total FAs (p=0.05) , not associated with EPA+DHA
2-3 times month-'[17 ~ [2.41(1.16-5.02) [14.5 4(24) * Not associated with blood Se (p=0.56)
Onceweek® |31 |3.17 (2.18-4.62) |19.68 9(29) among these seafood consumers
Ttmesweek™ (68 3,05 (2284.09) |18.05 522) -> suggests possible threshold effects for Se
and Omega-3s
3-4 times week' (105 |5.94 (4.99-7.08) |26.88 54 (51) - does seafood type matter?
5-6 times week' [35 |7.67(5.19-11.32) (3160 22 (63) Categorize consumers based on types of seafood in
Once d* 7 [17.03(11.14-  |36.10 7(100) diet
26.04)
*AHA, USDA minimum Karimi et al. Sci Tot Env 2014
Are there seafood ”S pecialists" 2 Seafood: Unique Hg-nutrient signatures among broad categories.

Seafood
Category
|® Forage Fish

Yes, but they are not common. Most are “generalists”,

I

Seafood Category # subjects (of 296) whose seafood |® Ofher Finfish

Laat @ Salmon
diet included 250% (cups/week) '. ShaNishi

Mixed 230 |® Tuna

Tuna (all) 31

Salmon 8 %

Shellfish (bivalves, shrimp, stc.) 20 H

& EPA+DHA

Whitefish (all) 4

Sport-caught (striped bass, bluefish, etc.) |3

Forage fish (anchovies, sardines, etc.) 0

Swordfish/shark/marlin 0 He
Next: Compare Hg-nutrient patterns among seafood (edible

! . - ;

tissue) and types of seafood consumers (blood concentrations)
using these broad categories. . . .

Canonical2
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SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Mercury-Nutrient Signatures in Seafood and in Blood of Seafood Consumers — Roxanne Karimi

Consumers: Unique Hg-Nutrient Patterns Based on Seafood Diet

" > % (EPA+DHA)

Mostly.
Sdlmon . >

Points: consumers
| Circles: 95% €I
H 7

B 5 3 5

More variability; Marginally signif. differences among groups
Salmon consumers have higher % Omega-3s (not conc.).
Other groups not distinct

Categorize seafood types by trophic level . . . .

Karimi et al. Sci Tot Env 2014

Consumers: Based on Trophic Level

| seatood Consumption
Habit by Predation

50 Hg e s |® Mixed
* . 3 ® Mostly Low-TL
Mostly ® Mastly Mid-TL
a5 o g ’ @ Mosily Top Pred
. Predators
%(EPA v s

N

. Marginally significant differences between groups.
. Most consumers eat mixed/low trophic level diet.
. Eating higher on the food chain increases Hg, EPA/DHA to lesser

extent. Karimi et ol Sci Tot Env 2014

Implications and Next Steps

Nutrient-contaminant signatures in %

natural populations help understand ===

complex co-exposures

Framework can be used to

understand other co-exposures/risk-

benefits

* Include other nutrients (Vit D) and
contaminants (PCBs/POPs)

* Health effects

Larger studies to test influence of

consumption of specific seafood

types on exposure to seafood

nutrients, contaminants.

Seafood: Unique Hg-nutrient signatures among trophic levels.

Trophic Level
@ LowTL
® MidTL
® Top Pracator

Ganrican

High food chain fish have higher Hg, but not higher Se, or omega-3s.
Are these patterns reflected in seafood consumers? . .. ..

Conclusions

1. Seafood taxa have unique Hg-nutrient signatures;

likely due to physiology, ecology
= Salmon, forage fish high in omega-3s

2. Signatures in consumers less distinct, but reflect

seafood choices.
* “Mostly Salmon” consumers have unique blood
composition, higher % omega-3s.
* “Mixed seafood” consumers highly variable, but most have
lower Hg, nutrients in blood
3. Sources of variability:
= In Seafood: Fish don’t follow rules, vary in trophic level, etc.
* In people: Additional sources of exposure (esp. trace metals)
* Self-reported, snapshot FFQ
* Mislabeled seafood
* Partitioning of nutrients/contams within the body
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Questions and Answers

Note: No questions were asked.
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Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk
Management

Joanna Burger, Rutgers University, and Michael Gochfeld

Biosketch

Dr. Joanna Burger is Distinguished Professor of Biology, a Professor in the School of Public Health,
and a member of the Environmental and Occupational Health Sciences Institute at Rutgers
University. Her main research interests are in the interactions between the biotic world and humans,
including risk from contaminants in fish and shellfish to humans and other biota; understanding
fishing, fish consumption, risk assessment, and risk management of mercury and other contaminants
in fish; using fish, birds, and other organisms as indicators of human and ecological health and well-
being; food chain accumulation; and ways to mitigate the effects of people on species and
ecosystems. She has conducted research on fishing, fishing consumption, and risk in New Jersey,
New York, South Carolina, Georgia, Ohio, Idaho, Washington, Alaska, and Puerto Rico. She led a
biological expedition to the Aleutians of Alaska to determine if the food chain (invertebrates,
shellfish, fish, birds) was safe, both to the organisms themselves, to the food chain, and to humans.
Her work is collaborative with local people, Native Americans, local governments, and the U.S.
Environmental Protection Agency (EPA). She is particularly interested in environmental justice, and
presented several talks at EPA meetings and Fish Forums, including one on environmental justice.
She has also been involved with assessing heavy metals and radionuclides for several U.S.
Department of Energy sites, including developing biomonitoring plans to protect human health and
the environment. Much of her work is in collaboration with Dr. Michael Gochfeld. She has
published several books and over 500 papers in refereed journals, many on fishing, fish
consumption, risk, and risk management. She has served on several local and national committees,
including for the National Academy of Sciences, EPA, National Oceanic and Atmospheric
Administration, U.S. Fish and Wildlife Service, and Nuclear Regulatory Commission. She has a
Distinguished Achievement Award from the Society of Risk Analysis, and is a Fellow in the
International Union for Pure and Applied Chemistry, and the American Association for the
Advancement of Science.

Abstract

Fish provide healthy protein, as well as recreational and cultural benefits, but can also contain
mercury, polychlorinated biphenyls (PCBs) and other contaminants that have adverse effects on
humans and other organisms, particularly developing fetuses. Recently some authors have suggested
that a molar excess of selenium (e.g., selenium:mercury molar ratio >1) confers protection from
mercury toxicity derived from fish consumption. We review our studies of mercury and selenium in
freshwater, marine, and commercial fish (mainly marine), examining the following questions: 1)
how selenium:mercury molar ratios vary among species; 2) how the molar ratios vary within
species; 3) whether the molar ratios differ between freshwater and saltwater fish; 4) whether mean
molar ratio values provide a reliable indication of potential risk to fish consumers; and 5) whether
mean selenium:mercury molar ratios are sufficiently constant (e.g., low variation) to allow for use in
risk assessment, risk management, or risk communication. In saltwater fish, mean selenium:mercury
molar ratios varied from 0.3 in mako shark to 68.1 in whiting. For freshwater fish, the mean ratios
varied from 0.68 in bowfin to 20.8 in black crappie. Commercial seafood (mainly saltwater) showed
great variation in ratios; shrimp and scallops had very high ratios. There was somewhat less
variability in the ratios for freshwater fish, compared to the fish from saltwater, but there was no
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overall predictable difference in variation in selenium:mercury molar ratios. For both saltwater and
freshwater fish, some species with mean molar ratios above 1 had a significant proportion of
individual fish with molar ratios below 1. Overall, this indicates great variation in measures of
central tendencies (means), and in measures of dispersion. We suggest that relying on the
selenium:mercury molar ratio as a method of predicting reduced risk from mercury toxicity is
problematic because of the great variation among and within fish species, and the variation is not
predictable because mercury varies by season, size of fish, and location of fish (which is not
available for commercial fish). With the high variation in ratios, and low predictability, the ratios are
currently not useful for risk assessment and risk management, and vulnerable individuals cannot rely
on mean selenium:mercury molar ratios for protection from mercury toxicity. Thus, the public
cannot assume that high levels of selenium in marine fish will protect them from mercury toxicity.
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Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management

— Joanna Burger and Michael Gochfeld

Mercury, Selenium and Selenium: Mercury
ratios in Fish and Risk Management

Joanna Burger and Michael Gochfeld
RUTGERS

Rutgers University
NIEHS Center and EOSHI

Mercury and Selenium

* Selenium is both a toxic and essential element
* Mercury has high affinity for sulfur AND selenium

* Mercury can disrupt selenoenzymes including
those that defend against oxidative stress
(thioredoxin reductase)

* Selenium can confer some protection against Hg

* How much protection does selenium in fish
confer against MeHg in fish

Selenium Deficiency Does Not Look Like
Mercury Toxicity Clinically

Impaired cell-mediated immunity

Liver damage

White muscle disease in livestock
Pancreatic atrophy in chickens

Alopecia

Myopathy

Cardiomyopathy Keshan disease (China)
Degenerative osteoarthritis-dwarfism (Kashin-Beck disease)
“Nephrosis”

Goiter

Neural tube defects

Small testes immotile abnormal sperm
Male infertility in livestock

s s s s s s = s

Slide from M. Gochfeld

Objectives: Variability -> unpredictability

Brief background on mercury and selenium

Mean levels of mercury and selenium among specics

Mean levels of mercury and selenium within species

Variations in level with fish size and location

Selenium:mercury molar ratios for species or locations

* Selenium:mercury molar ratios in individuals

Selenium:mercury molar ratios in other tissues

Blnefin Tuna

A Tale of Two Metals

Selenium

® Many forms
® Sef Spdt Gel Se
® Essential element

Mercury

* Many forms

*® Toxic in bioavailable forms

* Multiple effects -- form
and dose ® Effects of both deficiency

® Natural and and excess
anthropogenic ® Natural and

* Contaminant of foods, anthropogenic
particularly piscivorous ® Found in water and

fish and mammals several foods including
fish

Hypothesis : Molar ratio

It has been suggested that if the Se:Hg ratio >1,
there would be no mercury effects

Howeuver,

— Choi et al (2008)

* Se was present in Faroese cord blood: 10 fold molar excess above
MeHg. “Overall, no evidence was found that Se was an important
protective factor against MeHg neurotoxicity”.

— Saint-amour et al (2006)

* Visual evoked potential in Inuit children affected by MeHg; no
interaction with measured cord blood Se; average blood Se =5.6
umoale/L; 20% of population, Se at levels > safe level for adults.

The protective ratio in fish is NOT KNOWN
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Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management
— Joanna Burger and Michael Gochfeld

) Current status
Modes of action

* There is a rapidly growing amount of phenomenologic data
on Hg-5e interactions.

* Mercury does other things than bind and deplete selenium - GudlEs e aal GaRE SiE:
— Disruption of S-S bonds in enzymes + Some selenium compounds protect against some mercury
— Alters temporal sequencing of polysialyated NCAM and toxic effects in some organisms under some test systems.
sialytransferase +  Oxidative stress is one mechanism of mercury toxicity
— Timing of dose influenced impact during synaptogenesis (inhibition of GPx and ThR-R)
in cerebellum (Dey et al.) * Conversely antioxidant defense is a mechanism of Se
— Disrupts microtubules, neuronal migration, processes and protection ) )
synapses * How this effects interpretion of the
» Selenium has to do other things than bind mercury selenium:mercury ratio in fish needs more
research.

— Binds other cations (copper and cadmium)

NJ Commercial Seafood
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Mercury, Selenium, and Selenium: Mercury Ratios in Fish and Risk Management

— Joanna Burger and Michael Gochfeld
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°
&
=
0
=]

Mercury (ppm)
o
0
=)

v, e, e, e Y Y % Y e Y
% % % % %, ., © % & & &
P % B B B b B B b ¢ o %
2 o %

Total Length of Fish (cm)

Kendall Tau -0.75 (<0.0001)

Se:Hg Molar Ratio

_—
0 01 02 03 04 05 06 18 19

X Mercury (ppn)

.. oy .

Striped Bass
. Kardol Tou 022 (00001

Se:Hg Molar Ratio

_Se:Hg Molar Ratio

R e
.
K '-""ﬁ-‘
O o %% b B Ty b ‘

Length (cm) ’Leng[h (cm)

Se:Hg Molar Ratio

Selenium (ppm)
&

0.5

=}
s

0

Pacific Cod Selenium Mercury

Correlations
.
L]

-

.
L]
", . .
LX% 2
;“f_ oo *
{3 .

* .

0

B85
60 »

T T T T T
0.1 02 0.3 04 05 06 0.7 08 09
Mercury (ppm)

Kendsll Tau -0.41 (0.02)

£

* of sample
that consume

o
100%

% below 5.0

ND = Mo Data for this species
|I |I|I| | I .

A~
20 40 60 80 100 20 140 180 200

X Length (cm)

“ I 95 Se:Hg Ratio below 5.0

% Se:Hg Ratio below 1.0

Molar Ratio Se:Hg % below 1.0
=

X Se:Hg Ratio

I
PR e
F

P

Species ¥

2014 National Forum on Contaminants in Fish — Proceedings / Page 214



SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management

— Joanna Burger and Michael Gochfeld

50 l Pacific Ocean Perch
. Kendall Tau -0.14 (NS)

o e Atka Mackerel
=R *
51
f 20
< Northern Rock Sole
—O 18 . Wal Pollock Halibut
alleye Pollac]
= 16| Rock Sole H
50 14 *
o
o 12
“
w10 Black Rockfish
.
8
+i0oky)Vardsn Paclﬂc Halibut
6 ank breanlmg
FI'afhea&SElE """""""""""""""""""""""""
4 o Gréat Soulpin oo
2 -{ Red Irish Lord Yellow Irish Lord .
-0 T T T T )

30 35 40 45 50 55 60 65 70
X Total Length (cm)

Black Crappic
Kendat Tou

25 30 35 40 45

Length (cm)

it ()

NJ Self-caught Fish

20
15
(=]
5
51
(=1
50
<
=
=)
Q
- o= Q
0 o & A Ny SN
6" < s ey & & & ®
A P \L\é o ¥ o
¥ & & &

<f

Savannah River

90th Percentile

75th Percentile
Mean

Median

25th Percentile
10th Percentile

Savannah River

13 o braasiad Sunfish Kendall Tau -0.56 (0:02)
. (freshwater)
12
1
10
=
=B
o American Eel
£ 5
i Bl
]
= K
2
50
T s
&
‘>< 4 Yaliy Percn .
3 S Cra
s oo g
1 .
0
15 20 25 30 35 40 45 50 55 60
X Total Length (cm)
NJ Self-caught Fish ]
dGDJ 90th Percentil
200
100
= | Mean
S 80
= 5th Percentile
=]
560
S
i 40 [-
as)
R 20
EI D D H Median
. 25th Percentile
. maBE0E 8 = 10th Percentile
I 50 b 7 P o o oavf’v-e‘v“’@e x'&‘be‘\*‘se(‘zg;\
q}«?ﬂ:@%ﬁ N 02 XS \,‘(o 1\\\0‘,\59\)\00\\ R
1,‘ i &% 6‘ \'a(:‘ ,& o ‘\3‘
N &
s v @ V\Ogo‘*
\;&-
Species &
NJ Commercial Fish
250 90th Percentile
200
.2
=1
5
o
= 150
a8
[<}
=
j':“’ 100 «) |J5th Percentio
&
50 Median
ol = 2 = = O E j D 10th Percentile
& P o & o b N L 3
o@“? F G5 T o qgﬁ;‘ \@a; \‘x{‘\_\o
W 5"(‘ o of & @e &
-{@\\o o A S &

Species

2014 National Forum on Contaminants in Fish — Proceedings / Page 215



SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management
— Joanna Burger and Michael Gochfeld

Chicago Commercial Fish

Chicago Commercial Fish

140 50 90th Percentile
90th Percentile 48
1
120 . Mean
°
2 B
é; 100 S5
75th Percentile 5
5 80 5
2 Mean 2 75th Percentie
i":“ 60 Median E |
P } a Median
w40 25th Percentile 5 = 25th Percentile
. ’I‘ 10th Percentile
.
20 . 10th Percentile =
=2 O Q 0
- - = X S Ry <&
R P & ) o o
" 8 @ o W o & o« o
& & o € o S o o
< N A A & & &
o o & & o & ra
o # «® o
\¢
Species o R
Alaska (Aleutian) SAVANNAHRIVER, SC
180 90th Percentile
160 .
140 0 Freshwater Fish
120
A 75th Percentile su»l |90th Percentile
5
9 100 40
4 = |Mean
5 o| | Mean 2
- 80 n? 75th Percentile
= ) L 30 Median
%ﬂ 60 . Median ©
] . S
9 = i
& . 25th Percentile
0 H 25th Percentie ¥
o o |
2 B . Q Hm ﬂ Q H H 10th Percentile o | 10th Percentile
ol ® = =l @ =] m E T
é b N
S R R D TLEEERES
s \c" ?- e 0“ o F o \l@ 20 B
o 5\&‘?*4@ 54 & o O - & @ P oo
i j“@k @"’0 o€ ?’° s & o V“‘*&\\b (-):ﬂ o ‘b"q\&‘ & é: “bo&i“u\d"’ o o o e
. PN 3
«° . o o e o o e Q&\Bxﬂé’ &“Q\m‘y
Species N an‘( Y %\6’“&
&
Species

T _ Bluefish

Implications for Risk Management

— . o
£ K , . . .
£ g, and Fish Advisories
- 04 LY L. * v
= o oe : ol e A
Eoof " .t * There is variation within and among Fish in:
E o . os
9 02 g Hg levels
& 01 * Se levels

%0 0102 03 04 05 08 07 08 o 005 o1 0w 02 o3 03 Se/Hg ratio

Mercury (ppein) Wercury (ppm)

Selenium (ppm)

ol
0 05

0
115 2 25 % 35 0 05 1 15 2

Mercury (ppm) Mercury (ppm)

* There is seasonal and yearly variations in all
three

* High variability Low predicatbility

+ Se/Hg molar ratio not yet usable for Fish
Advisories

New Jersey

2014 National Forum on Contaminants in Fish — Proceedings / Page 216



SESSION 5: HEALTH BENEFITS AND RISK MANAGEMENT

Mercury, Selenium, and Selenium:Mercury Ratios in Fish and Risk Management
— Joanna Burger and Michael Gochfeld

ACKNOWLEDGMENTS

2014 National Forum on Contaminants in Fish — Proceedings / Page 217



Questions and Answers

Q. He agrees with Dr. Burger’s results that high variability in the selenium:mercury molar ratio is
an issue. He believes that you must include the selenium:mercury molar ratio in studies. He
emphasized that it is important to look at both mercury and selenium and to know a person’s
selenium status before analysis of health effects from fish consumption. (Ralston)

A. The selenium:mercury molar ratio can be highly variable, and is not predictable. (Burger)

Comment: He will be doing a round robin effort on measuring selenium and mercury. If anyone
wants to be included in this effort, please contact him directly. (Ralston)

A. In response to a request from the moderator, Dr. Gochfeld said that he accepted there was
significant inconsistency and complexity in the data on this selenium:mercury issue. (Gochfeld)

Q. Do you have any sex data on the fish, because of mercury mobilization in gametes? (Richardson)

A. There is a lot of that data for birds, but much less for fish. They have some age variation data for
fish. (Burger)
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General Question and Answer Session
Note: There were no questions because the moderator announced they would take the scheduled
break.
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Risks and Benefits of Fish Consumption for Cardiovascular Diseases
Dariush Mozaffarian, Harvard Medical School, Tufts University

Biosketch

After 10 years on the faculty at Harvard University, Dr. Dariush Mozaffarian has been appointed the
Dean of the Friedman School of Nutrition Science and Policy at Tufts University. He is a
cardiologist and epidemiologist whose research focuses on the effects of diet and lifestyle on
cardiometabolic health, including global impacts of suboptimal diet and effectiveness of policies to
improve diets around the world. Dr. Mozaffarian has authored more than 200 scientific publications
on lifestyle and cardiovascular health, including on global dietary burdens of disease, Omega 3 fatty
acids, trans fatty acids, diets and weight gain, and healthy dietary patterns. He has served in
numerous advisory roles, including for the American Heart Association, U.S. and Canadian
governments, World Health Organization, and United Nations Food and Agriculture Organization.
He chairs the Global Burden of Diseases Nutrition and Chronic Diseases Expert Group
(NutriCoDE). Dr. Mozaffarian received a B.S. in Biological Sciences from Stanford University (Phi
Beta Kappa), an M.D. from Columbia University (Alpha Omega Alpha), an M.P.H. from University
of Washington, and a Doctorate in Epidemiology from Harvard. He is board-certified in
Cardiovascular Medicine and, until serving as Dean, remained clinically active on the cardiology
service at Brigham and Women’s Hospital in Boston, Massachusetts.

Abstract

Controversy has arisen among the public and in the media regarding the health effects of fish intake
in adults. Substantial evidence indicates that fish consumption reduces coronary heart disease
mortality, the leading cause of death in nearly all nations globally. Conversely, concerns have grown
regarding potential effects of exposure to mercury and other contaminants found in some fish.
Because fish consumption appears to have important health benefits in adults, elucidating the
relationships between fish intake, mercury and other contaminant exposure, and health risk is of
considerable scientific and public health relevance. Modest consumption of fish (e.g., 1-2
servings/week), especially species higher in the n-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), appears to reduce risk of coronary death by 36% (95% confidence
interval, 20%-50%; P<.001) and may favorably affect other clinical outcomes. Women of
childbearing age and nursing mothers should also consume seafood for optimal brain development in
their children, limiting intake of only a few selected species. Chronic health effects of low-level
methylmercury in adults are not established; the best available evidence suggests no effects on
hypertension, diabetes, or cardiovascular diseases. A variety of seafood should be consumed,;
individuals with very high consumption (> 5 servings/week) may wish to limit intake of species
highest in mercury levels. Levels of dioxins and polychlorinated biphenyls in fish are low, and
potential carcinogenic and other effects are greatly outweighed by potential benefits of fish intake
and should have little impact on individual choices for commercial seafood consumption. (All
individuals should consult regional advisories for local sport-caught fish). In sum, for major health
outcomes among adults, based on both the strength of the evidence and the potential magnitudes of
effect, the benefits of fish intake greatly exceed the potential risks. These findings demonstrate that
quantitative and comparable assessment of risks and benefits is needed to make informed
recommendations about optimal fish consumption. Such evaluation has been limited in the past by
widely varying standard methods for assessing nutritional benefits versus toxicological risks.
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Risks and Benefits of Fish Consumption

for Ca

rdiovascular Diseases

Dariush Mozaffarian, MD DrPH
Dean, Friedman School of Nutrition Science & Policy

EPA 2014 National Forum on Contaminants in Fish
Alexandria, VA, Sept 23, 2014

Tufts

Gerald J. and Dorothy R. Friedman
School of Nutrition Science and Policy

Top Risk Factors for US Mortality, 2010

Risk Factors

Dietary risks

Tobacco smoking

High blood pressure

High body mass index

Physical inactivity and low physical a
High fasting plasma glucose

High total cholesterol

Ambient particulate matter pollution
Alcohol use

Drug use

Lead exposure

Occupational risks

Low bone mineral density
Residential radon

Ambient ozone pollution

Intimate partner violence

Childhood sexual abuse

US Burden of Disease
Collaborators, JAMA 2013

ctivity — .
I B unintentional injuries
] W Transport injuries.
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1 W Digestive diseases
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Potential Health Benefits of Eating Fish / Seafood

* Heart

Cardiac death

Non

fatal heart attacks

Atrial fibrillation
Congestive heart failure

* Brain
Neu

rodevelopment (in utero, infancy)

Ischemic stroke

— Mood and depression
Cognitive decline and dementia
Postpartum depression

* Other

— Diabetes mellitus
Inflammatory diseases

Can
— Bon

cer
e health

Disclosures

Research support: NIH, Gates Foundation.

Ad hoe honoraria for scientific presentations on diet:
Quaker Oats, Pollock Institute, Bunge.

Ad hoc consulting: Feedminds, Nutrition Impact, Amarin,
Astra Zeneca, Life Sclences Research Organization.

Scientific Advisory Board: Unilever North America.

Strength of Evidence

Randomized Trials Prospective Cohorts
of Disease Outcomes of Disease Outcomes

Randomized Trials of
Physiologic Biomarkers /
Risk Factors

Retrospective Case-Control
Studies of Disease Outcomes

Animal Studies Ecologic Studies Prevalence Studies

Harris, Mozaffarian et al, J Nutriion 2009

Potential Bioactive Compounds in Fish

Omega-3 fatty acids (EPA, DHA)
Selenium (selenomethionine)
Vitamin D

Amino acids

Other acids (e.g., taurine)

L-carnitine, phosphatidylcholine
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Risks and Benefits of Fish Consumption for Cardiovascular Diseases — Dariush Mozaffarian

Omega 3’s: Molecular Pathways
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Spectrum of Coronary Heart Disease

Harris, Mozaffarian, et al,, ] Mutr 2009

Pooled Analysis of Studies of Cardiac Death

Meta-analysis of 16 prospective cohort studies (total n=326,572)and 4
randomized controlled trials (total n=35,115) from the U.S.. Europe. and Asia.

Relative
Riskof

Cardiac
Death

1.2
L
Lo . Total risk reduction = 36%
. . * (95% CI= 20 to 50%; p<0.001)
0.8
0.6 -
04 . .
*
0.2 N N . . .
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250 mg/day

(~ 2 giweek) Mozaffarian & Rimm. JAMA 2006

Omega-3’s Improve Multiple CVD Risk Factors

Established in human clinical trials:
* Lower heart rate
* Lower blood pressure
* Improved arterial compliance
* |Improved endothelial function
* |mproved heart rate variability
* Lower triglycerides
* Higher adiponectin
* Improved left ventricular filling
* Lower cardiac oxygen consumption

Seen in animal studies:
* Anti-arrhythmic effects
*  Anti-inflammatory effects
* Improved insulin resistance
* Anti-atherosclerotic effects

Mozaffarian & Wu, JACC 2011

Fish Intake & Cardiac Death: Prospective Cohorts

Total of 326,572 individuals (4.473 cardiac deaths) in U.S., Europe, and Asia.

Number of Number of
Stmdy Participants CHD Deaths
1. Kromhout 1985 - Zutphen Elderly Study 552 8
2. Dolecek 1991 - Multiple Risk Factor Isservestion Trial 16,258 175
3. Fraser 1992 - Adventist Health Study 6,47 260
4. Kromhost 1995 — Rotterdam Cohort Stady 2 58
5. Davighis 1997 - Chicago Western Electsic Stady 1822 430
6. Albert 1998 — Physicians Health Study 20,551 133
7. Oomen 2000 — Seven Coutries Study 2,738 463
8. Yuan 2001 Shanghai Cobort Study 18,244 74
9. Hu 2002 - Nurses Health Stady 84,688 48
10. Mozaffarian 2003 — Cardiovascular Health Study 3910 47
11, Osler 2003 - Danish Monica Cohort 7829 247
12 Folsom 2004 - lowa Women's Health Shady 41,536 922
13. Mozaffarian 2005 — Health Professionals Follow-up Stady 45,722 218
14, Nakamera 2008 - Japas Nippon Study 5579 124
15. Iso 2006 — Japaness Public Health Center Cobort 41,578 62
16. Jarvinen 2006 - Finland Cohort Study 5220 498
Totals 326,572 4,473

Fish/n-3 PUFA & Cardiac Death: Trials

Randomized Controlled Trials P::IT::;::{; (;;::r:
DART - 1989 2,033 194
DART 22003 3114 319
GISSI-Prevenzione — 1999 5,664 273
JELIS Primary & Secondary Prevention— 2007 18.645 60
GISSI-Heart Failure — 2008 6,975 632
Alpha-Omega — 2010 4,837 138
Omega — 2010 3.350 57
SUFOL.OM3 - 2010 2,501 40
ORIGIN - 2012 12,536 547
Risk & Prevention-2013 12,513 158
Totals 72,198 2,418
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Recent Fish Oil Trials: Meta-Analysis of RCTs of Fish / Fish Oil
Possible Reasons for No Effect
No. Favors : Favors
[ Omega-3 | Control
* Fish oil (1 g/d) does not actually reduce CVD risk. Outcome Studs  Events - Particpants R ¢5% O} PURs
7 6205 —a
13 R
+ Significant background medical therapy. 7 ——
13 e
Sioke 9 0 52589 ——
* Wrong endpoint: total CVD, rather than CHD death. e T P —
Relative: Risk (95% Cly
* Substantial background fish consumption (nonlinear,
threshold effect for CHD death). Rizos et al., JAMA 2012
Blood EPA+DHA and CVD Outcomes Dietary vs. Blood EPA+DHA
0
-10 <
I
-20 I I I I I 3 N
Z 38
Risk  -30 P=NS P
reduction 40 <001 <.001 P=NS & i 409
in quintile 008 " 002 E &
Sws.1 =50 008 008 % g 3.5+
-60 8 5
70 ® Multivariable -00a fr; :‘, 3.0
) W Multivariable + error corrected 003 £
-80 2 254
(&@ 1}'&\ bq,é“‘ b‘?& ‘,‘so‘*"b 00 05 10 15 20
\(‘9 d‘s czS «6& Dietary EPA Plus DHA, g/d
B ‘5\69 ‘\@W N =2.692 generally healthy US adults
‘\6" Q@-‘\ Mozaffarian et al., Ann Intern Med 2013

Mozaffarian et al.. Ann Intern Med 2013

Plant Omega-3 (ALA) and CYD Events
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Mercury in Adults: Cardiovascular Risk ?

The New York Times: Front Page, Jan 23, 2008

572 cases of MI

5% of the in Sweden and Finland

“High Mercury Levels Are Found in Tuna Sushi” population "~

T
s
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.
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L H R
2 3 4 § L] 3 L -
S-PUFA (%)
“ 5 = = : I’
Tuna sushi is a popular item in New York but may be risky. P
oo e
Wennberg et al. AJCN 2012
Mercury in Adults: Cardiovascular Risk ? . . 3
Y Mercury and CVD: 3,427 cases in US men and women
Baseline characteristics for subjects with different combinations of amouts of $-PUFA and 1
Low SPUFA and No. of Case P Value
ol e Variable Participants Sex-Specific Quintile of Toenail Mercury for Trend
" Tow hair-Hy and low bair-Hg
= PR 1 2 3 4 5
1613 0570 (0,59 01930 (0.620) 323 (2.68)
1613 T8 (L14) ) 689 (2.28) Mean mercury (ug/g) 009 017 025 038 095
1613 53+ 654 541+ 611 543+ 390 Coronary heart disease 563
bits (%) 1581 No. of cases 42 506 446 450 419
6 418 1ns
36 181 47 Multivariate RR (95% Cly
38 29 351 R E Model 1§ 1.00 0.97 0.3 0.81 078 0.006
1585 262 (430) 258 44.10) 269 (4.10) 274 (5.90) (reference)  {081-115)  (069-100)  (068-0.7)  (0.65-0.34)
Systolic blood pressure 157 136 = 166 136 = 170 137 =172 138 = 168 Model 2 100 100 0389 087 085 010
Diastolic bload pressur g IS78 876+ 978 86.7 = 8.98 900 = 103 901 = 980 (reference)  {0.83-120)  (0.73-108)  (072-1.06  (0.63-1.04)
Diabetes (%) 1581 457 105 643 an Stioke 1064
Serum cholesterol (mmoliL) 1582 608 £ 1,17 611 = LI6 617= 121 7+ 0860 No. of cases 23 226 209 209 187
apo B and apo Al ratio 1595 100+ 0,252 0,989 = 0.248 LI0=233 108 = 0181 s —
Educationsl el (%) 1562 uklvariate 1R (5% C1)
o s§8 a4 831 682 Model 1} 1.00 0,81 0.89 0.94 arr 008
Medium 36 12 200 (reference)  (0.70-11%)  (068-117)  (072-123)  (0.59-102)
I 2540 484 ns Model 24 1.00 0.95 0.95 0.98 034 0127
ol consumption (5 ) 274 (reference) {0.72-1.26) (0.71-128) (0.73-1.31) (0.62-1.14)
1 timeiwk 6 74 35
117 20 152
770 16 183 Mode! 1- Adjusted for age, sex, race, and smoking status.
Physical inactivity (%) 1485 %5 29 107
AMode! 2 Further adjusted for body mass index, physical activity, alcofol use Mozaffarian et al. NEJIM 2011
diabstes melius, hypertension, high cholesteral, and distary EPA+DHA. .
Wennberg et al. AICN 2012
Mercury and Hypertension Mercury and Diabetes
Table 5. i Adjusted Risk of Incident fon According to Deciles of Mercury Exposure Among 6045 US Men and
Women in 2 Separate Prospective Cohorts
Declles of Toenall Mercury Concentration
Plor -
Variable il D2 1] ] 05 6 07 08 3 D10 Trend a3 P lox wrend
Medan, ugiy 007 [ 014 017 (¥ 025 031 038 052 0% ~2.2 ugfg in hair
Geometric ® (3] 014 017 ] 025 031 038 052 1.06
’ - Mercury median (pg/g) 0.09 016 023 034 066
mean. kg/g 2.9 ug/g in hair Geometric 008 0.16 023 035 076
No. of evenls 372 354 32 355 54 364 34 359 e 09 Cas
Age- and 100 087 108 057 089 0% 086 094 091 0 001 (total = 1.010) 23 224 186 181 186
secadusted  freferercel  (075-1.01)  OOD-119)  DAG-100  (O77-10% 079106 (7100 @E1-1.08) 078-105 (067092 HR (95% CI)
HR (95% CI) Ageand sexadjusied 1,00 (reference) 1,06 (0.86-1.30)  0.79(0.63-098) 0.78 (0.63-0.98) 0.89 (0.72-1.10)
Muttvariable- 100 089 108 0% 094 094 091 0% 095 08 002 :;“l" J L0G (rliee) ‘\3;3”; ‘u"“ \(:" ‘\;"l‘; ‘1‘0 ) \“ ‘_(H:;N; \“Zﬂ “\ ﬂ“\‘ht ow‘ oo
agjusted refersnce)  (077-103) 093125 (078104 (081-109) 081109 078-106 (082112  082-111)  (063-0.96) Ml 0.9 (0.73-1.22) 73{033-0.3) 0.73(0.3-0 0.77 (0.61-0.98 0
HR (95% CIF°
Multvrisble+ 100 089 108 059 0% 094 0% 0% 0% 0@ 008
detadusied  pelrencel  (077-103 093125 Q7103 (080-108) MBI-109 (73-107 DE-112) 082112 (053096 ) !
HR (95% CIit Mozaffarian etal. Diabetes Care 2013

ca (white or norwihite), month of taenailreturn, family histary of hypertensian (yes o o), smaking status inever, former,
0, abetes melitus yes or no}, hypercholesterolemia (yes or no}, fulure cardiovascular diseass status (case or control, physic
acthity {quinties), akcohol use (quintles], and fish consumption (quinties)

Data were adjusted for consumption of whole grains, unprocessad meats, processed meats, iruts, and vegetables (each in quintes).

Mozaffarian et al. Hypertension 2012
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Dioxins/PCBs Over Time (U.S., Canada, Europe)
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[ ] Farmed Salmon B Wild Salmon

Hites et al. Science 2004

Estimated Effects of Lifetime Salmon Intake

(7 servings/wk wild salmon, 3 servings/wk farmed salmon, for 70 years)

1000
24 8
o4
1000 B Cancer Risk -
Farmed Salmon
-2000 -
L Cancer Risk -
No. of Deaths 5, Wild Salmon
per 100,000
Li -4000 B Cardiac Benefit -
Farmed or Wild
-5000 Salmon
-6000
-7000
-7125
-8000

Foran et al, 1 Nutr 3005

2004 Science report on PCBs/Dioxins in Salmon

Web blogs:

Farm-raised
salmon is more toxic
Farm-raised salmon contain

significantly more dioxins and other \
cancer-causing pollutants than wild

salmon, according to a recent study.

DIOXIN-LIKE COMPOUNDS IN SALMON

FARMED Scotland

Faroa Islands

Western Canada [N 149
Maino [N 1 36

Chio [N 0.9
Washingron. NN 1 22
wiLo Alaska Chinook [ 0.18
Wote: Numbers are
British Columbia Chinook 045 parts per billon.

Source: Scince AP

Estimated Effects of Lifetime Salmon Intake

(7 servings/wk wild salmon, 3 servings/wk farmed salmon, for 70 years)

30

Change in M Cancer Risk -
Mortality Farmed Salmon
Risk [] Cancer Risk -
per 100,000 Wild Salmon

lifetimes

Foranet al,, J Nutr 2005

Balancing Risks & Benefits of Fish Consumption

+ In adults, little evidence for meaningful harms.

* Substantial evidence for CVD benefits, esp. for CHD death,
the #1 cause of death in American men and women.
+ For the general population:

* Risks vs. benefits do not warrant any recommendations
to limit fish intake.

+ Choose and eat a variety of fish species.
+ Frequent consumers (e.g. 5+/week) may wish to
minimize high mercury fish.
+ For women of childbearing age:

* Current guidelines are conservative and seek to
minimize risks.

+ PCBs/dioxins may be especially relevant.

« For public health: Important to reduce mercury and PCBs/
dioxins in fish, which could be partly offsetting benefits.
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Dietary Priorities for Good Health

EAT: LIMIT:
* Fruits * Refined Grains,
« Nuts. Seeds Potatoes, Sugars

« Fish, Seafood * Processed Meats

* Vegetables + Sweetened Drinks

* Vegetable Qils*
* Whole Grains

+ Industrial Trans Fat
+ Salt

« Moderate Dairy * Alcohol

*Especially soybean oil and

extra-virgin olive oil Muoaaffarian , Appel, and Van Horn. Circulation 2011
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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Maternal Fish Intake during Pregnancy and Child Cognition
Emily Oken, Harvard Medical School

Biosketch

Dr. Emily Oken is an Associate Professor in the Department of Population Medicine at Harvard
Medical School and Harvard Pilgrim Health Care Institute. She practices as a Primary Care
Physician at the Gretchen and Edward Fish Center for Women's Health at Brigham and Women’s
Hospital, where she pursues her interest in medical care for women before, during, and after
pregnancy. Dr. Oken received her medical degree from Harvard Medical School in 1996 and
completed her internship and residency in internal medicine and pediatrics at the Harvard Combined
Medicine/Pediatrics Residency Program. She completed her fellowship in general internal medicine
at Harvard Medical School and obtained her Master’s degree in public health from Harvard School
of Public Health. Dr. Oken’s research focuses on the influence of nutrition and other modifiable
factors during pregnancy and early childhood on long-term maternal and child health, especially
cardiometabolic health and cognitive development. She has also led a number of studies examining
predictors and sequelae of maternal overweight, weight gain, and related conditions such as
gestational diabetes mellitus in the peripartum period. Her work on the toxicant risks and nutrient
benefits of prenatal fish consumption has influenced national guidelines for fish consumption during
pregnancy, helping to shift the previous focus of risk-only or benefit-only studies to a broader
emphasis on the overall health effects of fish consumption for mother and baby. She has also
published widely on perinatal influences on child health including asthma and atopy. In support of
this work, she has led longitudinal studies commencing in the peripartum period and following
mothers and children throughout childhood. She is co-Principal Investigator of Project Viva, a
unique U.S. pre-birth cohort study that has followed pregnant women and their children since 1999.
She is also Principal Investigator and co-leader of the team assessing cardiometabolic, respiratory,
and neurocognitive outcome measures on children enrolled 1996-7 in the Promotion of
Breastfeeding Intervention Trial (PROBIT), a cluster-randomized trial of breastfeeding promotion in
the Republic of Belarus.

Abstract

The possible combinations of matters related to fish consumption are many, but few, if any, fish
consumption patterns optimize all domains. Fish provides a rich source of protein and other
nutrients, but because of contamination by methylmercury and other toxicants, more fish intake often
leads to greater toxicant exposure. In this talk, I will summarize the issue of fish consumption
choice, with a focus on pregnancy and early childhood. I will also present results from an
observational analysis of fish consumption during pregnancy and childhood cognition. From 1999-
2002 we enrolled pregnant women into a prospective cohort, and followed their children since. At
24-28 weeks gestation, we estimated maternal fish intake using a semiquantitative food frequency
questionnaire and collected blood. We assayed stored erythrocytes for total mercury (Hg) and
plasma for fatty acids including n-3 docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA).
In mid-childhood, we administered verbal and nonverbal subscales of the Kauffman Brief
Intelligence Test (KBIT) to children. We performed multivariable linear regression analyses
adjusting for maternal and child characteristics, including home environment and maternal 1Q.
Finally, I will discuss results from a pilot randomized trial, in which we recruited 61 women in the
greater Boston, Massachusetts area at 12—22 weeks gestation who consumed <=2 fish
servings/month, and obtained outcome data from 55. We randomized participants to three arms:
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Advice to consume low-mercury/high-DHA fish (n=18); Advice plus grocery store gift cards to
purchase fish (n=17); or Control messages (n=20). At baseline and 12-week follow-up, we estimated
intake of fish, DHA, and mercury using a 1-month fish intake food frequency questionnaire, and
measured plasma DHA and blood and hair total mercury. We found that the educational intervention
successfully increased consumption of fish and DHA but not mercury.
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Should we advise pregnant
women to eat fish? ?

-

Maternal fish intake during

pregnancy and child*coegnition * Ifso,
. " — How much?
— Which types?
Emily Oken, MD, MPHI — How strong is the
evidence?

« If not fish, what?

? Harvard Pilgrim Department of Population Medicine
HealthCare Institute Harvard Medical School y

&S

Why is this question so complex?

Toxicant exposure - complexities
= 4 major perspectives have influenced fish

consumption advice: + Multiple contaminants may co-occur, with
— Toxicant risks, nutritional benefits, ecologic different or interactive health effects
concerns, economic influences
= Complexities include:

— PCBs and other persistent organic
— Within each one, uncertainty exists

compounds, heavy metals, “contaminants of

. . . . emerging concern” such as pharmaceuticals,
- Different perspectives often in conflict .
i ) i personal care products, and perfluorinated
— Previous advice (often from 1 perspective) . d
has had unintended, adverse consequences organic compounds

Most studies (and advisories) focus on
single contaminants

Toxicant exposure - complexities Toxicant exposure - complexities

* Toxicant levels vary!
— Within fish species — FDA threshold

Variable susceptibility to toxicities

— Variation among individuals, also by stage of
+ Swordfish (“do not eat”) — mean 1 ppm mercury, lifecourse
but some fish 0 ppm — Fetus especially susceptible
« Halibut (not listed) — mean 0.24 ppm, but up to 1.5
ppm

— US EPA/FDA advice specific to pregnancy, no
advice for non-pregnant adults

—Very limited information about effects on
- Tilefish (“do not eat”) — high mercury if from Gulf of children

Mexico, low mercury if from Atlantic » Confounding by nutritional benefits

— By source
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Fish is the primary dietary source of omega-

3 long-chain polyunsaturated fatty acids Nutrient benefits - compIeX|t|es

Multiple co-occurring nutrients: protein, iodine,

» Omega-3 LCPUFA: I )
Omeg . 3 C U vitamin D, selenium, etc.
- Esseml.al nulrlenlts - — Some studies suggest lean fish in pregnancy at least as
we can't synthesize beneficial for birth outcomes

them, have to eat them . .
Nutrient levels vary across species.
— Necessary for fetal

optimal fetal brain, eye — Whatdoes a 6 ounce meal give you?
development (DHA) + Shrimp: ~250 mg DHA
— Most women eat too * Pollock: ~700 mg DHA

little: recommended + Salmen: ~2500 mg DHA
1400 mg DHA/week, Confounding by contaminant risk

US mean ~500 mg/wk Null results from supplement trials

DHA Supplementation in Pregnancy, Limitations of existing data on
Birth Outcomes & Bayley Scores :
preiievintd prenatal fish intake

Birth outcomes RR (95% Cl) * Most prior studies have studied one
Birth <34wks 0.5 (0.3, 0.94) exposure (Hg) but not several (fish, Hg,
Birth wt <2500 g 0.7 (0.4, 0.96) DHA, Selenium)
NICU admission 06(0.3.097) — Newer study from Seychelles that includes
Codgnition at 18 months Beta (95% CI) Hg, n-3 PUFA has small numbers, outcomes
Cognition 0.01(-1.4,1.4) only among toddlers
Language -1.4(-3.1,0.2) » Confounding remains a concern (e.g.
Motor . 0.08(-1.2,1.3) maternal education, IQ)
Adaptive behavior -1.5(-3.2,0.1)

+ Limited information on fish types

(W

Canned tuna fish

1 \ Shrimp, lobster,
;’} 4 S 1 scallops, clams as a {34 oz.)
LD EE A o ) © Neverfiess than 1 per month

O 1-3 servings per month

O Neveriess than 1 per month

O 1-3 servings per month QO 1 serving per week

» Prospective longitudinal cohort study of S ser et s 2-4 servings per week
N o é_-g zzwing: :g, w:g: 5-6 servings per week
mothers and children 5 1 o mora SonAnge por day 1 socis o sk

T

* Boston, MA area

« Enrollment 1999-2002 in 15! trimester of
pregnancy Sl

{3-5 oz.)

Dark meat fish, e.g.,
mackerel, salmon, sardines,
bluefish, swordfish (3-5 oz.)
O Neverfless than 1 per menth

O 1-3 servings per month

rving per week O 1 serving per week

servings per week -4 servings per week

O 5-6 servings per week O 5-6 servings per week

© 1 or more servings per day O 1 or more servings per day |

O Never/less than 1 per month
O 1-3 servings per month
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)
i

Vevase

+ Exposure biomarkers
— Maternal erythrocytes collected at 26-
28 weeks gestation (N~1600)
* Total Hg (Direct Mercury Analyzer 80)
« Fatty acids (Gas Chromatography)
* Selenim (DRC-ICP-MS)
— Maternal hair at delivery (N~200)

Results in 6 month old infants (n=135)

Maternal 2" tri Maternal hair mercury
fish intake at delivery
(per svg/wk) (per ppm)

Change in 6§ month VRM score

Fish 2.8 (0.2, 5.4)
Mercury -
Fish & mercury

-4.0 (-10.0, 2.0)
7.5 (-13.7, -1.2)

4.0 (1.3, 6.7)

Adjusted for maternal age, race/ethnicity, education, marital status;
infant sex, gestational age, fetal growth, breastfeeding, age at testing

Oken E, etal. Env Health Perspect 2005;113:1376-80.

Results at age 3 years (n=341)—
Language and visual motor function

Child MY MV + fish
test score

PPVT

Hg top decile -4.0 (-8.0, 0.0) -4.5(-85,-04)
Hg < 90" %ile Referent Referent
WRAVMA total

Hg top decile 35(-7.2,02) 46(-83,-09)
Hg < 90" %ile Referent Referent

*MV adjustment = Child: fetal growth, gestation length, breastfeeding duration, birth order, language;
Matemnal: PPVT score, age, BMI, race/ethnicity, education, marital status, smoking; Patemnal: education.

Results in 6 month old infants (n=135)

Hair mercury Hair mercury

<= 1.2 ppm > 1.2 ppm
>2 weekly 72 55
fish servings (n=7) (n=2)
<= 2 weekly 60 53
fish servings (n=114) (n=12)

Unadjusted analysis

Oken E, et al. Env Health Perspect 2005;113:1376-80.

Results at age 3 years (n=341) —
Language and visual motor function

Child MY MV + Hg

Test Score

PPVT

Fish = 2x/wk 1.2(-3.5,6.0) 22(-28,7.0)

Fish <= 2x/wk -2.1(-5.7,1.4) -1.8(-5.4,1.8)

Fish never Referent Referent

WRAVMA total

Fish = 2x/wk 5.3 (0.6, 9.6) 6.4 (2.0, 10.8)

Fish <= 2x/wk 1.1(-2.2,44) 1.5(-1.8,4.7)

Fish never Referent Referent
=MV adjustment = Child: fetal growth, gestation length, breastfeeding duration, birth order, language;

Matemal: PPVT score, age, BMI, race/athnicity, education, marital status, smoking; Pateral: education

Summary: findings to date

+ Higher maternal prenatal fish intake associated with
— Improved visual memory at 6 months

— Improved expressive language and visual motor
function at 3 years

* Opposite findings for blood Hg

+ Estimates for fish and Hg each strengthened with
mutual adjustment

* No associations with blood n-3 PUFA
+ Small numbers, young children
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Age 7 year data

* Selenium assayed
« LargerN
— ~650 (depending on expfoutcome)

* More outcomes
— Verbal and nonverbal 1Q (KBIT)
— Visual motor function (WRAVMA)
— Visual memory (WRAML)
— Behavior (SDQ), Executive function (ERIEF)

* New covariates

— Maternal 1Q, home stimulation

Some correlations

Se 1 0.14 0.10 0.09 0.07
<0.001 0.005 0.006 0.03
Hg 1 0.51 0.50 0.39
<0.001 <0.001 <0.001
Fish 1 0.83 0.32
<0.001 =0.001
DHA+EPA intake 1 0.37
<0.001
DHA+EFA RBEC 1
2
Adjusted for Verbal i3
Hg and adjusted fior
— DHAEPA Hg and
] Adjusted for e
® 1 Seand Adjusted for
o DHA#ERA Hg and
E Se
E S .
K L ] Y
go L ] L] [ ] ®
£ l
z P
3
T
<-1
-2
Selenium Merncury Fish intake DHA+ERL
concentration concentration concentration

Fish intake (sva/week) 1.4 (0-20)
EPA+DHA intake (mg/day) 160 (0-2700)
REC Selenium (ng/ml) 202.8 (44-406)
REC Hg (ng/g) 39 (0.06-38.2)
Hair Hg (n=E6) (ppm) 0.56 (0.04-1.88)
EPA+DHA RBC Conc (%) 5 (0.2-11)
2 Verbal I
g
£1
z
£ *
H .
50 L ] ®
H ' o
H]
2
b
<-1
-2
Selenium Mercury Fishintake DHA+EPA
concentration concentration concentration
: Nonverbal IQ
1
g
#
g
H
£ a |
g ® *
]
] o *
-1
-2
Selenium Mercury Fish intake DHA+EPA
concentration concentration concentration
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i Nonverbal IQ
0.5 Design Memory
Adjusted for
'li_-“" Adjusbed for
DHALRA Hg and

1 Adjusted for Se Adjusted for
g L‘fj\f’:’i\ e
2 Se 5]
Ed #
P : a

0 | I °
£ \ ® ] H
2 L ° \ g ]
t ' F *
£ ¢ ¢ ¢ g
£ o §

a £ *

&
-2
Selenium Mercury Fish intake DHA+EPA 05
concentraticn  concentration concentration seleni M Fish intak DHA+EPA
elenium ercury ish intake +

concentration

concentration

concentration

05 1 acywsted for Design Memory 05 Picture Memory
Hg and
DHAHEPA Adjusted for
Adjusted for Mg and .
He and se o
Adjusted for S ®
k] S and n
® DHAVERA I ®
n
o [ ] L4 E [
£ ' =
] Py =
£ [ ] @
2 L ] £ ®
H v
t ® % L
g ° 3
B -
3
=
<
0.5 05
Selenium Mercury Fish intake DHA+EPA Selenium Mercury Fish intake DHA+EPA

concentration  concentration concentration

concentration concentration concentration

Other results

0.5 Picture Memory

Adjusted for

Heg and
— DHAYEPA
g el for « Qwverall null results for other outcomes:
8 Al e and ® o - Visual motor ability
z S s ) ]
B [ ] 'Y DHARERA ] - Executive function
% . . J — Behaviors
g I * * Atusted for + Similar results when outcomes dichotomized as lowest
3 ) ¢ fana 10% vs. higher
5 + No major differences unadjusted vs. adj.
< * No evidence for interactions
- By sex
e - SexHg
Selenium Mercury Fish intake DHA+EPA
concentration  concentration concentration
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Summary of findings

= Overall, no associations of child cognition and
behavior with prenatal
- Fishintake
- Mercury levels
- Selenium levels

» Given null results, unable to demonstrate any
interactions belween mercury and Se or DHA+EPA

= Higher blood DHA+EPA associated with better
visual memary
- One of many exposures x outcomes

Whatis Optimal Fish Consumption
Advice?

m Communicate harms only — assume
switch to lower Hg fish to achieve benefit

Whatis Optimal Fish Consumption
Advice?

m Communicate benefit only — assume
benefit outweighs harms

Mean servings per month

Conclusions

Results differ from those at earlier ages

— Lack of persistence?

— Different population?

No evidence that prenatal Hg or Se exposure influenced
child cognition or behavior at age 7 years in a population
with low Hg levels

Some evidence that prenatal fatty acid status associated
with improved visual memory in childhood

Decline in fish consumption
After federal mercury advisory 1/01 4 fish combined
| canned tuna
dark meat fish

Pre-advisory Post-advisory

"
. - a Egwl L . g .
14 — e L

Apr88 Juk99 Oct-89 Jan00 Apr-00 Jul-00 Oct-C0 Jan-01 Ape01 JukD1 Oct01 Jan2
Manth surveyed

©Oken E, Kleinman K, Beriand WE. Simen 5, Rich-Edwards JW, Gilman MW,
Obstetrics and Gynecoloay 2003:102(2k346-351.

“Increase the amount and variety
of seafood consumed by choosing
seafood in place of some meat and poultry.”
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What is Optimal Fish Consumption
Advice?

m Communicate harms and benefits

Whatis Optimal Fish Consumption
Advice?

m Species specific harm-benefit measures
(e.g., net effect)

Seafood C ion Guides & Ci

= Taam Contammare Tamyacd momemt | Leslepedl | Boonome
- -

[ — otake =

T4 FOAEPA
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Oken E, Choi AL, Karagas MR, Merign K, Rheinberger CM, Schoeny R, Sunderand E, Komick 5.
Environ Health Perspect. 2012 Jun;120(B:790-8.

The Press

50
45 =~~~ Health harms
40 —— Health benefits ’a’\‘
£ 35
3 N "4 X
o 25 2N ’ "
S 2 / “ ’ \
£ 35 ; N R -,
10 . Ve
5| mm - ‘/\/'\
0
S P H PN DD & » £ &
& & ST S @6” o @0“ & S

Year

Grenier et al, Public Health Nutr 2010

Balancing health harms and benefits

Predicted change in VRM score

& & - & & o & & e & &S &
& r .gﬂ‘p R \Q‘,‘, o Q&p <F A ‘\w Qs,» & & 4@ .zs“ r,
& o & A \&g\-
oF & <

& ¢

Source: Ginsberg & Toal, EHP, 2009

No wonder women are confused

— “That's the main thing | find confusing — so, like,
salmon, that's a pretty big fish, so maybe we
shouldn't eat it, but then maybe we should eat it
because, like it's higher in mercury but it's also higher
in good fat, so don't eat it, but no, do eat it.”

— "You hear that fish is so good for you, yet on the
other hand it's filled with mercury and we need to
look out for that...but yet we're supposed to eat it at
least twice a week.”

Bloomingdale A, Guthrie LB, Price S, Wright RO, Flatek D, Haines J, Oken E.
A qualitative study of fish consumption during pregnancy.
American Journal of Clinical Nutrition 2010 Nov;92(5):1234-40.
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Even MD’s are confused

Dear Dr. Oken,

| am sorry to bother you, but my wife (a nephrologist)
and | (a thoracic surgeon) read your chapter and thought
you would be the best person to possibly answer our
guestion.

My wife is breastfeeding our 2 month old and last night
had grouper in a restaurant not realizing that this is a
high mercury fish. Is this worrisome and should she
stop breastfeeding?

Can women act on a nuanced message?

food for
thought

L :
£5(05) Intervention Brochure

&)
el
thought @ )
-

2
thought | m

T F‘h
thought &,’/

these ﬁih

e5) Untitied
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Oken et al. Nutrition Journal 2013, 12:33 Oken et al. Nutrition Journal 2013, 12:33
i ?
How much fish do people eat” Thanks!
Depends on how you ask
US EPA Colleagues:
+ Robert Wright
= Funders: + Chitra Amarasiriwardena
Fish (sv/wk 0.28 0.9 1.4 . ifas-Shi
( ) NIEHS (RO1ES016314) Sheryl Rifas-Shiman
DHA (mg!d) 22 69 97 + The HSPH Kresge Center for * David Belhvger.
Hg (mcg/d) 0.42 1.25 1.60 Environmental Health * Matthew Gillman
(F30ES000002) * Lauren Guthrie
= Harvard Clinical Nutrition + Sarah Price
o, 0 o,
200 mg/d DHA 0% 27% 36% Research Center + Arienne Bloomingdale
(P30DK040561)

= Jess Haines
+ Deb Platek

Oken et al. Public Health Nutr. 2013 Jul 24:1-11
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Questions and Answers

Note: There were no questions because the moderator asked that any questions be held until the
general Q&A session at the end of this panel.
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FDA Assessment of Net Effects on Neurodevelopment from Eating Commercial
Fish during Pregnancy

Phil Spiller, U.S. Food and Drug Administration

Biosketch

Philip Spiller has been with the U.S. Food and Drug Administration (FDA) since 1981. He spent the
first nine years in the Office of Legislative Affairs in the Office of the Commissioner, becoming the
Deputy to the Director of that office. In 1990, Mr. Spiller became a special assistant to the
Commissioner of the FDA on seafood-related matters. In 1992, he became Special Assistant to the
Director of FDA’s newly formed Office of Seafood. His major responsibility involved development
of the new preventive control program for seafood safety, known as Hazard Analysis Critical
Control Point (HACCP). Mr. Spiller became the Director of the Office of Seafood in 1994. In 2007,
he became Senior Advisor for Special Projects to the Director of FDA’s Center for Food Safety and
Applied Nutrition in order to devote time to managing development of a quantitative assessment of
the health effects of methylmercury in fish. That assessment was published as a draft in 2009 and
then updated in June 2014. In recent years, he has served in a variety of “acting” positions in the
Center for Food Safety and Applied Nutrition, including acting director of the dietary supplement
program, acting Deputy Center Director, and presently acting Director of the Office of Nutrition,
Labeling, and Dietary Supplements. Mr. Spiller has a law degree from Boston College and an
undergraduate degree from the University of Virginia.

Abstract

On June 10, 2014, the FDA issued a quantitative assessment that estimates effects from commercial
fish consumption during pregnancy on the developing nervous system of the fetus. The assessment
was originally intended to address the likelihood of harm to the fetus from methylmercury in those
fish. However, research results in the past decade consistently report beneficial associations between
fish consumption during pregnancy and fetal neurodevelopment even though the fish contain
methylmercury. These results raise important questions about when fish consumption during
pregnancy might be harmful and when it might be beneficial. The assessment attempts to address
these questions by estimating the “net effects” that fish consumption can have on fetal
neurodevelopment. “Net effects” contain both adverse contributions from methylmercury at U.S.
levels of exposure plus beneficial contributions from fish, presumably from one or more nutrients in
the fish. Among other things, the assessment modeled net effects from 47 individual commercial fish
species and market types. Almost all species and market types are estimated to be net beneficial at
relatively low levels of consumption, although the size of any net benefit is smaller than it otherwise
would be due to methylmercury. This beneficial net effect increases with consumption until a peak
benefit is reached. Consumption beyond that amount causes the net benefit to become smaller as
exposure to methylmercury increases. If consumption is great enough, the net effects become
adverse. This sequence of increasing benefit, followed by decreasing benefit, followed by adverse
effects, is estimated to occur for most species of commercial fish. The implications for risk
management are significant. It should be possible to advise pregnant women about how minimize
risk from methylmercury and, at the same time, get the most benefit to neurodevelopment that fish
could provide to their children.
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LLS. Faod and Drug Administration U.5. Foad and Drug Administration
Plotecting and Framoting Pubisc Healll Frotecting and Promating Pablc Health

FDA’s Mission Relating to Fish

FDA Assessment of Net Effects on
Neurodevelopment from Eating
Commercial Fish During Pregnancy

+ FDA has federal regulatory authority responsibility for
human food safety of commercial fish.
— Fish may be removed from intersiate commercial if they contain
a toxic substance in an amount that may render the fish injurious

to health.
Philip Spiller _ + The Challenge: what is the likelihood of injury, and to
Center for Food Safety and Applied Nutrition whom, from eating commercial fish containing MeHg?
U.5. Food and Drug Administration = A neurotoxin that is in essentially all fish
September 23, 2014
2
L Ly A e
e . .
1990’s: Our Atfentlon Shifts To FDA Risk Management Focuses on Advice to
Developing Fetus Pregnant Women as Matter of Prudence

+ Our focus was originally on the general populaticn (1970°s)

. 2001: First major advice (involving commercial fish)
+ But growing concern (as reflected by focus on research) on - Safe to eat up to 12 oz/wk of fish during pregnancy.
consgquenoesof prenatal expasure since the fetus is more - 4 fish to avoid (shark; swordfish; king mackerel; tilefish)
sensitive to MeHg than the adult.

Key issue: Whether subclinical effects are occurring in the - M"
developing fetus and if so, under what circumstances and how -- Risk (likelihood & severity)over 12 oz: not estimated.
significant they might be. -« Risk (likelihood & severity) at 12 oz: not estimated.
- 1994: Without knowing the answer, FDA issued first advice to -- Risk (likelihood & severity) below 12 oz: not estimated.
pregnant women to limit consumption of fish higher in MeHg.

.. Food and Drug Administration www.fda.gov m U.5. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Heslth Protecting and Promoting Public Health
But Then....

FDA Started Considering Quantitative

Risk Assessment for MeHg (2004-5) Studies Published Beginning in 2004

» To estimate: « Eating fish during pregnancy associated with better
cognitive outcomes in offspring.
- Eating more than 12 oz/wk generally associated with better

- likelihood of neurodevelopmental effects; and
outcomes than eating less (but greatest gains associated with

- size of those effects... less than 12).
through range of U.S. exposures to MeHg that .
are Og.cumng from mothgrs' Consumptiogn of « Most studies that looked also found adverse
commercial %ish during pregnancy. associations with MeHg.

- Found evidence of both beneficial and adverse effects
occurring at the same time.
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FDA Assessment of Net Effects on Neurodevelopment from Eating Commercial Fish
During Pregnancy — Phil Spiller

m U.S. Food and Dreg Administration wafda. gav m U.5. Food and Drug Administration www.fda.gay
Protrctisg and Promoting Puslic Healls Protecting and Promating Public Health

These Findings Lead Us (Eventually) To Fast Forward: July 2014
Think “Net Effects” European Food Safety Agency Opinion

Net Effects Are:

+ “Scientific Opinion on the Health Benefits of Seafood (fish and
shellfish) Consumption in Relation to Health Risks Associated with

The difference between eating fish during pregnancy and eating no

fish (in terms of neurodevelopment). Methylmercury”
+ The sum of « Conclusion: up to 3-4 servings per week during pregnancy has
- Adverse effects from MeHg independent of any beneficial been associated with better functional outcomes of
effect from fish; and neurodevelopment in children compared te no consumption of
- Beneficial effects independent of any adverse effect from seafood.
MeHag.
7
8
U.5. Feod and Drug Administration www. fda.gov m U.S. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Health Protecting and Promoting Public Health
New Questions for Us: “« ”
Our “Net Effects” Approach
1. Whenare cor:!merc:a.‘ ﬁs{? d;:’ ing pn ef_c;nanzy bene?f.'(:!a-‘ 1. Estimate dose-response function(s) for adverse effects
to neurodevelopment and when are they adverse? on cognitive development from MeHg, independent of

any benefit;
2. When effects are beneficial, how big are they? When

. o
adverse, how big are the deficits? 2. Estimate D/R function(s) for beneficial effects on
cognitive development (presumably from one or more
+ To address these questions, we needed a new approach nutrients), independent of MeHg.

that would estimate overall, “net” effects from eating fish.

3. Calculate D/R function(s) for net effects (adverse and
beneficial effects added together).

a
10
:-‘:- :ﬂo::!:dh:i:?h!::ml:::n www.fda.gov g;s‘; :’l:;:‘und"l::n% ::m-;l:::mn www. fda.gov
Key Modeling Decisions . ..
Key Modeling Decisions (2)
« Assess specific N/D endpoints for which we can model * MeHg:
both beneficial and adverse D/R’s for that endpoint. - D/R’s for MeHg are linear and indefinite;
- So far: 1Q, early age verbal development; later age - Probably no threshold, Adverse effects start at lowest
verbal development exposure;
« Conduct both population level modeling and species-by- + Benefits:
species modeling (47 species); - D/R’s for beneficial effects are non-linear and reach a plateau;

- Benefits don't start at lowest possible consumption. Meed
circa 2 oz/wk for beneficial effect to begin.

- Model both (a) “fish;” and (b) omega-3 fatty acids as sole
source.
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During Pregnancy — Phil Spiller

m .5, Food and Drug Administration www. fda.qov. m U.S. Food and Drug Administration vww. fda.gov
Fretecting ané Promoting Public Health Protecting and Promoting Public Health

Species-by-Species Modeling Species-by-szecies MOdTl;r_lghfor a Typical
ommercial ris

+ 8 models:
- 21Q: fish as a “package;"” omega-3 as sole source;
- 21Q with 20% more MeHg in every fish

« Fish/“package;" omega-3 as sole source.
- 2 early age verbal: fish/“package;” omega-3; TSR

- 2 later age verbal: fish/“package:” omega-3;

« For 1Q, used the more toxic of 2 D/R’s for MeHg

m ULS. Food and Drug Administration w2, gov U.5. Food and Drug Administration www.fia.gor
Protesting and Frometing Fublic Hraith Pretecting and Prameting Public Health

Population Level Estimates Net Effects Estimates in the
FAO/WHO Risk-Benefit Assessment

Changes in IQ through 99.9% of the population

« Average for all children: +0.67 (0.38-1.34) 1Q pts .
Mot 124 1P More than 70 types of fish:
+ Met adverse: approx 5%

Includes both high consumation of high MeHg fish and very low consumption of « All are net beneficial through at least 24.5 oz/week with lower

any fish (below 2 oz/wh). bound estimate for MeHg.
- All net effects are a fraction of an IQ point

« Flat: approx 15% jcentral estimates)

= Women who eat no fish

« Net beneficial: approx 80%

- Het beneficial effects range from fraction of an K point to 3+ 0] points.

+ All species below 0.5ppm MeHg net beneficial through at least 24.5
oz/week with upper bound estimate for MeHg.
- Some high MeHg fish are net adverse immediately when upper bound
for MeHg is used (marlin, orange roughy, bigeye tuna, king mackerel,
shark, swordfish).

m U.S. Food and Drug Administration www.fda.gov

Protecting and Promating Public Health

How to Find

The Assessment:

www.fda.gov/Food/PopularTopics/ucm341
987.htm
Located under “Spotlight” on that page

Me:
Philip.Spiller@fda.hhs.gov
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Questions and Answers

Note: There were no questions because the moderator moved along to the next speaker on this panel.
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Risk-Benefit of Consuming Lake Erie Fish
Satyendra Bhavsar, Ontario Ministry of the Environment and Climate Change

Biosketch

Dr. Satyendra Bhavsar is a Research Scientist with the Fish Contaminant Monitoring Program of the
Ontario Ministry of the Environment and Climate Change. He represents the Ministry at various
provincial, national, and international committees on contaminants. He is a Professional Engineer
and received his Ph.D. in Chemical Engineering and Environmental Engineering from the University
of Toronto. Dr. Bhavsar’s research focuses on studying contaminant fate, transport, food web
dynamics, and exposure to humans through fish consumption. The overarching goal of his work is to
guide policies and management actions regarding contaminants in the environment, in general, and
for safe human consumption of fish, in specific.

Abstract

Fish consumption is promoted as a healthy way to obtain essential fatty acids in the diet, yet the risk
of ingesting harmful contaminants remains a concern. At present, the risks and benefits of
consuming fish from the Great Lakes, which sustain important commercial and recreational
fisheries, are unclear. We report the concentration of contaminants and beneficial fatty acids in 146
skinless fillets of 15 fish species from Lake Erie and assess whether recommended fatty acid dietary
requirements can be met by safe fish consumption. A simulated consumption advisory (maximum
recommended number of meals per month) was calculated for each sample, and used to calculate the
maximum amount of beneficial fatty acids (EPA+DHA) that would be consumed if the advisory was
followed. These beneficial fatty acids are n-3 eicosapentaenoic acid (EPA) and n-3 docosahexaenoic
acid (DHA). Large, fatty species had the highest EPA+DHA content, but had the most restrictive
advisories due to high polychlorinated biphenyl (PCB) concentrations. To minimize contaminant
exposure (e.g., PCBs) while maximizing EPA+DHA intake, consumers should consider small lake
whitefish and lake trout, small panfish species, and/or walleye. While very few species had
EPA+DHA content sufficient to safely meet the highest dietary guidelines, consumption of certain
Lake Erie fish, within the limits of our simulated fish consumption advisories, can be a good
supplemental source of beneficial fatty acids.
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Risk-Benefit of Consuming Lake Erie Fish — Satyendra Bhavsar

Risk-benefit
of consuming Lake Erie fish

et Neff, Satyendra Bhavsar, Felicity Ni, David

- Ken Drouillard, Aaron Fisk, Michael Arts

No disclaimer!

g? Ontario

PROGRAM BACKGROUND

D
D“)Ontario

Guide to Eating Ontario Sport Fish

www.ontario.ca/fishguide

Benfey Loke / Loc Ben
oy Up G "

Interactive map available since 2011

M-
ﬁﬁ' )Ontario

r“b’-
3/'* >Ontario

Ontario’s Fish Contaminant Monitoring Program

— Since 1970s
— Various contaminants including emerging
— Over 2300 locations across Ontario

— Partnership/collaboration with MNR and other
agencies

— Assesses health risk based on health protection
guidelines developed by Health Canada

— Develop fish consumption advisories for general
and sensitive populations based on most
restrictive contaminant

— Communicate risk to the public through
consumption advisories

ﬁ>0ntario

Ontario’s sport fish consumption survey

Has information in the Guide change your fish consumption habits?

0% 5% 10% 15% 20% 25% 30%

Changed type of fish eaten/ eat smaller... IEEEEGG_G_G_—————
Change in prapartion of fish |-
Change location of fishing =
Follow recommendarion now I
Increased awareness |
Will not eat from some areas I

Reduced quantity consumed
Decrease in fishing | IEEEEEEG—_—_
Other

[~
fe"’ “Ontario
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Risk-Benefit of Consuming Lake Erie Fish — Satyendra Bhavsar

Eating fish is healthy

* Excellent source of protein, vitamins and minerals
+ Contain Omega-3 fatty acids (eg, EPA and DHA) essential
for optimal brain and cardiovascular development
— Not made in our body, need to get them from our diet
* Sport fishing contributes to a healthy life style

* For subsistence fishers (eg, First Nations), fish consumption
is a part of their culture

Various health agencies including WHO, American Heart
Association, and Health Canada recommend that adults eat
fish (particularly fatty fish) at least two times a week

s
b’ “Ontario

Great Lakes Fish ~ Marine Fish

=

]

w 1 Trout
22000 | s Whitefish
8 = Fatty Marin Fish
]

S 1500

E
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+
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Limitation: Omega-3 data availability

Risks and Benefits of Consumption of Great Lakes Fish

Mary E. Turyk,” Satyendra P. Bhavsar,? William Bowerman,’ Eric Boysen,* Milton Clark,® Miriam Diamond,®
Donna Mergler,” Peter Pantazopoulos,® Susan Schantz,® and David O. Carpenter™®

‘ConcrLusions: Our knowledge of Great Lakes fish has critical gaps, particularly regarding the bene-
fits of consumption. A risk-benefit analysis requires more information than is currently available
on the concentration of omega-3 fatty acids in Great Lakes fish and their absorption by fish eaters
in addition to mere information on the social, cultral, and health consequences of changes in the
amount of fish consumed.

Ef-b()ntario
Why Lake Erie?

* Fresh water commercial fishery in Lake Erie is
the largest in the Great Lakes and Canada

* Lake Erie is the most popular Great Lake
amongst U.S. anglers for recreational fishing

P\»._
27 Ontario

RISK BENEFIT FOR LAKE ERIE FISH

[y~
z’f/" >Ontario

Data collection: FAs & Contaminants

* 15 species sampled
* Total of 146 samples

Tal  Lespd TomaLiplt

W righe iz

[
E:F? Ontario

5;7 Ontario
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FA results FA results

b
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iv—, ' & AE L L~ Ontario
/= Ontario

FA: Erie vs marine & freshwater seafood Simulated fish consumption advisories

2500 B ore * Advisory calculated for each individual fish sample
2000 | * Max number of fish meals/month (up to 32) that
s can be safely consumed based on contaminant conc
% 1500 * Meal size: 227 g (8 oz)
g 1000 * Used OMOE advisory benchmarks; similar to US Gr
& Lk States
500 « Separate benchmarks for the general & sensitive
population (i.e., women of child-bearing age and

00 ZFIRLP LY R0QFFEEPAYSSSEE children under the age of 15).
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Advisory & EPA+DHA content

Compared to suggested EPA+DHA Intake -
for Lake Erie Fish

* (Calculated FA intake if advisaries followed and

compared with the following recommendations
EPA+DHA
Source R dati mg/month
American Dietetic Association/Dietitians of Canada 500 mg/day EPA+DHA 15000 =
AFSSA®, CNERNA® & CNRS® 500 mg/day EPA+DHA 15000 =L
Superior Health Council of Belgium 667 mg/day EPA+DHA 20010 o
2
International Society for the Study of Fatty Acids and Lipids 500 mg/day EPA+DHA 15000 o
(8
United Kingdom Scientific Advisory Commuttee on Nutrition 450 mg/day EPA+DHA 13500 w
World Health Organization 1-2 servings/week of 1600-4000 =
200-500 mg EPA+DHA » @
T Agence frangaise de sécurité sanitaire des aliment 4 =
® Centre national d études et de recommandations sus la nutrition et I'alimentation
¢ Centre national de la recherche scientifique ~ R
£ﬁ>o tari = i - n B 0 -
niario
B A A
FEFLEPIRPLEERPF LR
[&) ~ L=
Fish Species General Popn
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Risk-Benefit of Consuming Lake Erie Fish — Satyendra Bhavsar
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EPA+DHA intake for Lake Erie Fish
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PCB and EPA+DHA vs Fish Length
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for Lake Erie Fish
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EPA+DHA intake vs Fish Length
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EPA+DHA vs Fish Length
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Summary

All 15 species had nutritionally desirable PUFA:SAFA (>0.4) and
n3:n6 (>1).

Large, fatty species had the highest EPA+DHA content, but had
the most restrictive consumption advisories due to high PCB
concentrations.

To minimize contaminant exposure while maximizing EPA+DHA
intake, consumers should consider small lake whitefish and
lake trout, small panfish species, and/or walleye.

However, very few species had an EPA+DHA sufficient to safely
meet highest dietary guidelines while following advisories.
Consumption of certain Lake Erie fish within the limits of our
simulated fish consumption advisories, can be a good
supplemental source of beneficial n-3 long chain PUFA.

EP Ontario
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Questions and Answers

Note: There were no questions because the moderator moved along to the next speaker on this panel.
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Updated Approach for Balancing the Risks and Benefits of Fish Consumption
on Neurodevelopmental Endpoints

Gary Ginsberg, Connecticut Department of Public Health

Biosketch

Dr. Gary Ginsberg is a toxicologist at the Connecticut Department of Public Health, where he is the
lead toxicologist on site risk assessments for remedial programs and evaluation of contaminants in
consumer products, the built environment, food products (including fish), and a variety of other
media and exposure sources. Dr. Ginsberg is adjunct faculty at the Yale School of Public Health and
Is assistant professor of community medicine at the University of Connecticut Health Center
campus. He has served on a number of U.S. Environmental Protection Agency advisory committees
and National Academy of Science panels. His research on fish contaminants has led to two peer
reviewed publications, a 2000 paper on single meal fish limits, and a 2009 risk-benefit analysis of
fish consumption. He is involved with establishing the scientific basis for Connecticut's fish
consumption advisory program and assists with development of risk communication materials in this
area.

Abstract

A previous risk/benefit modeling approach (Ginsberg and Toal 2009) predicted net
neurodevelopmental risk for 9 of 16 commonly eaten fish species. However, epidemiological studies
suggest that fish consumption during pregnancy, on average, leads to improved neurodevelopment.
This suggests that the beneficial nutrients in fish may offset the adverse effects of mercury to
produce a net benefit in the average case. We revisited our risk/benefit model by running it against a
composite marketbasket fish meal to represent average consumption of mercury and Omega 3 fatty
acids. This result was calibrated against the net neurodevelopmental benefit (visual recognition
memory - VRM) per fish meal reported by Oken et. al. (2005). This calibrated model was then
compared to other fish risk/benefit models that use 1Q as an endpoint (e.g., FAO/WHO 2010;
Zeilmaker et, al. 2013). The calibrated model estimated greater benefit for low mercury species but
greater risk for high mercury species than the other models. With respect to a commonly eaten high
mercury fish, swordfish, the calibrated model yielded risks that are supportive of current fish
advisories that guide against consumption of this species during pregnancy while the other models
predicted net neurodevelopmental benefits. The calibrated model was then used as the basis for a
proposed 3-step framework for setting fish consumption advisories as follows: 1) set initial
consumption level based upon mercury reference dose, 2) adjust consumption upward if risk/benefit
model indicates a net neurodevelopmental benefit, 3) cap fish consumption based upon saturation of
Omega 3 benefit. The implications of this approach for six species are used to illustrate the
framework.
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Updated Approach for Balancing
the Risks and Benefits
of Fish Consumption on
‘Neurodevelopmental Endpoin

Updated Approach

* Review lit for Hg and O-3 FA slopes on ND

* Evaluate recent risk/benefit models of fish
consumption

alibrate VRM model for net effect of fish on ND
— Construct baseline marketshare diet
ps the 2009 model predict a net benefit from bas:

model to benefit seen in epi
model compared to I1Q-based n
d model use pre

Omega-3 Effect on ND

* 6 studies of maternal fish ingestion on ND
* Some corrected for maternal Hg, others not
* 5 of 6 show beneficial effect

Boston, NYC

fit incorporated into FDA 2014,
/HO 2010 models

2009 Risk Benefit Model

Based upon visual recognition memory (VRM) at&
onths in Boston area children p
Fish Ingestioq

=y

Hg ND Risk Epi

* 14 studies, various ages, biomarkers,

endpoints

me adjusted for beneficial effect of fish
nsumption, others did not

the 14 found significant effect
es, NZ, Boston, New Bedford, Brazil

son of Mercury Risk and O-3 FA Benefit Slopes Across St
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Benefits of VRM as Endpoint Calibration of VRM Model

* Early postnatal endpoint (6 months) predictive * Develop estimate of baseline fish diet —
Composite MarketShare Model

US National Marine Fisheries Service survey
Relative % of fish sold in US market, 51 speci
n fish from FDA TDS database (FDA

Calibration of VRM Model Against
Basic Features of Composite Marketshare Fish Diet MarketShare Diet

| Fish Content | Dietary Exposure Recommended k. PFEViOUS riskf(beneﬁt ITIOdE|: +0.072 VRM ptS

{2 meals/week) Value

EPAADHA  918mgfe o 262 mg/d 100 mgjd * per fish mealfwk
Lt R SR « Oken et al. 2005: +2.8 pts

rison of Mercury Risk and O-3 FA Benefit Slopes Across Stu Saturation of O-3 Benefit

* FAO/WHO: max of 5.8 point I1Q gain max across
fish consumption categories in ALSPAC, Proj Viva
— Also used by FDA, 2014
1 Saturation of Benefit

et al. 2008: > 2 fish meals/wk impro
pared to < 2 fish meals
fish meals/wk
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Figare €-17; DOSL-RESPONSE FOR FISI
VEARS: CENTRAL WITH

Endpoints — Gary Ginsberg

FDA 2014 Estimate of Fish Benefit on I1Q with Evidence of
Plateau Based Upon Hibbeln et al. 2007

H NUTRIENTS AND FULL 1 AT LIGHT
FOUR MODELS

o

o

o

Comparison of Calibrated VRM Model vs
FAO/WHO 1Q Model for Swordfish Effects on ND

TR

= -
-

|

® Updated VAM fased Model
W FAGMWHG 10 Based Model

§ GEsBEmus

P43

£ E B

C

fit Models:

Two Composite Fish Meals/Week

FDA 2014 Table V-7. Fish Consumption Effects on IQ

0OZ.FER
MEAN | WEEK TO MANXIMVUM OF PER
SPECIES OR MeHg REACH BENEFIT WEEK TO
MARKET TYPE | LEVEL® | MAXIMUM | EXPRESSED AS BECOME
BENEFIT | A NUMBER OF ADVERSE
1 POINTS
Tilefisl, Gulf TA%ppm | 1.400.0, 2.6) 16 (0. 30}
Swordlsh 1.00 g 2.0(0.7. 3.00
Shark .98 ppm .0 (0.7, 3.00
Mackersl King 73 pym 3(1.4.32)
Ovange Roughy 57 pym 36(L7.34)
G A6 pp | 2.7(1.9.3.6)
Tuna, Fresh 030 ppmy | 2.8(2L37)
Mackerel Spanish .37 ppm 2.8(2.237)
Sable Fish 37 pym 2R(2237)
Bhastich L35 ppny 28(2237)
Tuna, Albacore L35 ppmy 280237
Caped

Fish C

Advisory

‘ 1. Calculata RID-based meal frequency |

Initial Meal frequency advice

2. Run Risk Banafit Modal
a. Upper bound Hg slope
b Lower bound 0-3 siape

Marginal Net
Banefit

l

Maintain or lower

Meal

(e, swordfish, fresh
tuna)

. Canned

‘ ‘white tuna)
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Derivation of Risk Specific Advice for
Several Illustrative Speci

Screening Use of O-3/Hg Ratio

+ <20 - unlikely to provide net benefit
* 20-30 - marginal benefit — round consumption

clear benefit — increase consumpti
egory or to 0-3 benefit saturati

Uncertainties Uncertainties (cont)

Maodel Slopes

— Updated slopes based upon model calibration

* Based upon runs of composite marketshare meal

* Only 1 datapoint but _._.

* Updated O-3 FA slope consistent with FAO/WHO and FDA

* Updated Hg slope smaller than original and supported by othe
consideraticns.

+ Additional contaminants can impact advice

— Especially where Hg neurodevel suggests frequent
consumption

iability in fish content in Hg and O-3s

risk slope — wide disparity
R i s tbasket survey for commercial fish r

Summary

* Calibration of VRM-based model provides net
benefit from average fish meal (5%)

* Updated model differs from other recent models:

— Greater benefit from average fish meal

ater risk from high mercury species

ep Framework can determine w

benefit sufficient to alter R
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Questions and Answers

Note: There were no questions because the moderator moved directly into the general Q&A session
at the end of this panel.
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General Question and Answer Session

Comment: The graph in the U.S. Food and Drug Administration (FDA) presentation with the blue
curve was the best information presented today. Our goal should be to work toward a public
health policy to encourage health benefits by guiding people to eat fish low in mercury and high
in Omega 3. (Groth)

Q. This question was for Dariush Mozaffarian. There is a lot of research on genetic variability. Is
there any evidence regarding genetic variability for Omega 3 and cardiac benefits? (Groth)

A. There is some evidence. However, doing research on genetic variability and dietary interactions
would require a large group of people. (Mozaffarian)

Q. He has three points: 1) If you do analyses assuming the nutritional benefits and risk effects are
linear, you will not get good estimates of nutritional effects or mercury effects—instead, this may
be a multivariate effect; 2) If you have a plateau, you will need different amounts of fish to get to
the plateau, depending on the fish species; and 3) When people think of controlled studies, they
tend to think of clinical trials where you give a drug to a population that you already know is
deficient. (Carrington)

A. Thank you for these comments. If you are operating on the linear part of a curve, you need to
consider that. (Stern)

A. The ratio is very simplistic and should be subject to further analysis. (Ginsberg)

A. The dose-response was only for heart disease death. Reducing heart disease death is where most
of the cardiac benefit from fish consumption seems to occur. Fish consumption may also have
health benefits for some other endpoints such as anger and depression. (Mozaffarian)

Q. This question was for Dariush Mozaffarian. You pointed to the Wennberg study. Did you
intentionally exclude the EURAMIC study? (Stern)

A. The EURAMIC study was a retrospective case-control study, which is a study design with
known disadvantages. It was a retrospective study of survivors of heart attacks. (Mozaffarian)

Q. He published a paper with Joanna Burger on health benefits. They found there was no increase
of health benefit on the plateau. At over five fish meals per week, you would get harm. There was
no threshold for toxicity but no threshold for benefit either. Can you add the beneficial fatty
acids EPA (n-3 eicosapentaenoic acid)and DHA (n-3 docosahexaenoic acid)together as the same
benefit? The graph in FDA’s presentation with the blue curve should show where you should get
a beneficial net benefit before harm starts. (Gochfeld)

A. FDA used a sigmoidal slope assuming there was a threshold. Also their empirical data set
supported that assumption, specifically the Alspac data set. For these two reasons, FDA decided
to model it that way. This approach does increase the percentage of the population with a net
adverse impact, but that is only a small percentage increase. (Spiller)
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. As FDA’s risk assessment modeler, he clarified that FDA actually used two models. The
sigmoidal slope was only one modeling approach. (Carrington)

. Thank you for providing clarification on FDA’s modeling approach. | always bring my risk
assessor when | make a presentation. (Spiller)

. In Alaska, they decided that consuming fish seems to be associated with so many cardiovascular
and other health benefits, that those benefits may sometimes be higher than the adverse effect of
mercury. Although Alaska has a small population overall, 17% are Native Americans who are
susceptible to loss of health benefits from eating fish. Subsistence fishing is a major part of the
diet of many Native Americans, who may potentially be consuming large amounts of fish and
thus subject to losing significant health benefits if they reduce fish consumption. How do we
address cardiovascular benefits when updating fish consumption advisories? Do we develop
endpoints based on clinically significant results (like drug trials) or just based on statistical
effects? (Hamade)

. The State of California published a paper with a policy regarding the drop in 1Q from
neurotoxicity effects that was considered a de minimis value. When you look at that de minimis
value, the 1Q drop with mercury exposure is significant by comparison. (Ginsberg)

. We could consider a semi-quantitative approach to provide more specific advice to consumers.
(Bhavsar)

. He liked the graph in FDA’s presentation with the blue curve, but he questioned whether
selenium would affect the slope. The slope of the net benefits may vary based on whether people
might have poor or rich selenium sources. (Ralston)

. The slide in his presentation was very generalized. FDA used fish very high in mercury and fish
very low in mercury. FDA did not take selenium into account. You need to look at FDA’s report
in the appendix for the details and to see how the slopes vary among different fish species in a
significant way. (Spiller)

. This question was for Gary Ginsberg. For Connecticut’s new risk/benefit model, it seemed that
there was a lot of ““curve fitting.”” Given the uncertainty, why did you adjust risk and benefit
slopes instead of diet? (Stern)

. Their results matched Dr. Emily Oken’s results closely. Because he thought they were close to
being on target, they adjusted slopes instead of diet. (Ginsberg)

. The fish advisories in New York are very complicated and vary by region, etc. They also try to
steer people to choosing fish with low mercury concentrations and low concentrations of
contaminants in lipids. However, one of the key messages that people actually get from New
York’s advice is the “trimming and skinning” message. People say they understand the message
in New York’s fish advice that if they remove all the fat and skin from fish that they will reduce
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their exposure to contaminants. If people are removing all the fat and all the skin from fish, will
they get beneficial fatty acids? (Mukasa)

A. He gets this question on a regular basis. Their management wants to simplify their fish advisories
in Ontario instead of issuing advisories individually lake-by-lake. For any two different lakes,
the fish advisory can be very different. All of the data in his presentation were for skin-removed
fillets. There is a possibility of losing some of the Omega 3 benefit, but the remaining fillet has
enough DHA to meet basic dietary guidelines. (Bhavsar)

A. In terms of endpoints, his work on the updated risk/benefit model in Connecticut was more about
mercury and neurodevelopment. Mercury contamination will be in the fillet, so he would say
remove the skin but keep the fat in fish advice about mercury. For polychlorinated biphenyl
(PCB) contamination, he would say definitely trim the fat to reduce PCB exposure. (Ginsberg)

Comment: In New York’s fish advice, it is the visual message about “trimming and skinning” fish
that helps make it a “take home” message for people. (Mukasa)

Comment: We need more research. (Brodberg)
A. We are trying to brainstorm on how to craft the best message that people will understand and

remember. We advise people to remove the skin from fish. The Great Lakes areas have PCBs, so
for those locations it may be best to remove the fat from fish. (Bhavsar)
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SECTION Il1-G SESSION 6: COMMUNICATIONS TO THE PUBLIC

Introduction

Moderator:
Barbara Knuth, Cornell University, Department of Natural Resources

Biosketch

Dr. Barbara Knuth is Vice Provost and Dean of the Graduate School at Cornell University. She is
also a Professor of Natural Resource Policy and Associate Director of the Human Dimensions
Research Unit in the Department of Natural Resources. Dr. Knuth’s research focuses on the human
dimensions of fisheries and wildlife management and policy, and she is known particularly for her
work on risk perception, communication, and management associated with chemical contaminants in
fish. She has served on National Academy of Sciences and Institute of Medicine committees,
including those focused on improving the collection, management, and use of marine fisheries data
and recreational fisheries survey methods, and on dioxins in the food supply. She served on the
Ocean Studies Board of the National Research Council (NRC) and on the NRC Committee on the
Effects of the Deepwater Horizon Oil Spill on Ecosystem Services in the Gulf of Mexico. Dr. Knuth
has served on numerous scientific panels and advisory boards, including the international Board of
Technical Experts of the Great Lakes Fishery Commission, and the Great Lakes Science Advisory
Board of the International Joint Commission. She is a Past-President of the American Fisheries
Society, and served as Vice President of the Executive Board of the World Council of Fisheries
Societies.

Presentations

Dissemination of Information about FDA’s Seafood-Associated Rhabdomyolysis, Puffer Fish
Poisoning and Ciguatera Fish Poisoning Research Project

Karen Swajian, U.S. Food and Drug Administration

Consumer Understanding of the Benefits and Risks of Fish Consumption During Pregnancy
Amy Lando, U.S. Food and Drug Administration

Improving Communication of Fish Advisories: Providing Benefits and Risk Information to Increase
Consumer Knowledge
Mario Teisl, University of Maine

Communicating Fish Advisory Information to Women of Childbearing Age
Nancy Connelly, Cornell University

Urban Anglers' Fish Consumption and Response to Advisory Messages
Bruce Lauber, Cornell University

Fish Advisory Outreach to Urban and Rural Alaska Stakeholders
Ali Hamade, Alaska Section of Epidemiology
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Engaging Healthcare in Environmental Exposure Risk Reduction
Michael Hatcher, U.S. Agency for Toxic Substances and Disease Registry

Fish Consumption for Clinicians: Increasing Knowledge of the Risks and Benefits of Fish and
Evaluating Clinical Screening for Mercury
Susan Buchanan, University of Illinois — Chicago

Communicating Information to Reduce Mercury Exposures in Women of Childbearing Age
Pat McCann, Minnesota Department of Health
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Dissemination of Information about FDA’s Seafood-Associated
Rhabdomyolysis, Puffer Fish Poisoning and Ciguatera Fish Poisoning Research
Project

Karen Swajian, U.S. Food and Drug Administration

Biosketch

Karen A. Swajian has worked with the U.S. Food and Drug Administration (FDA) as a Consumer
Safety Officer (CSO) in the Seafood Processing and Technology Policy Branch, Division of Seafood
Safety, Office of Food Safety since 2008. Ms. Swajian is subject matter expert for natural marine
toxins as well as allergenic and food intolerance substances. As such she oversees, and writes policy
and guidance to industry regarding natural marine toxins in finfish. She also works with the
International Affairs Staff at the Center for Food Safety and Applied Nutrition (CFSAN) auditing
Foreign Competent Authorities for Comparability. Prior to August 2008, Ms. Swajian was employed
as a CSO with the CFSAN Office of Compliance / Compliance Information Branch and Field
Programs Branch. She is also a rehire to FDA previously being employed from 2001-2003 working
in the Office of Compliance with allergens as her primary responsibility in the Field Programs
Branch. Ms. Swajian graduated from Mount Ida College with a B.S. in Veterinary Technology. She
received a M.S. in Clinical Laboratory Science with a major in Microbiology and a minor in Adult
Education from the University of Rhode Island. She has worked as a clinical microbiologist at Tufts
University School of Veterinary Medicine and Faulkner Hospital. She has worked in industrial
microbiology at CASCO-NERL Diagnostics. Ms. Swajian comes from academia as well having
taught Veterinary Microbiology at the graduate and undergraduate level with Tufts University and
Mount Ida College, respectively. She has also taught Honors Chemistry, Algebra 11 Honors,
Analysis, General Biology, and Advanced Placement Biology at the secondary level. Ms. Swajian
has also worked in the dairy industry as the Regional Quality Systems Specialist with Dean Foods
where she conducted system audits of the regional dairies, their co-packers and suppliers as well as
organized and oversaw customer audits.

Abstract

FDA is undertaking a research project to identify the causative agent of seafood-associated
Rhabdomyolysis (sometimes referred to as Haff disease), frequently associated with buffalo fish, as
well as collecting epidemiological and meal remnants pertaining to puffer fish poisoning and
ciguatera fish poisoning. FDA is including federal agencies as well as state and local officials and
other stakeholders in our communications to ensure, among other items, cooperation with the
dissemination of information to enable us to reduce future occurrences of these illnesses, and
cooperation with acquiring samples and epidemiological information from the health care providers
and patients directly involved. This presentation will discuss the outreach developed to assist FDA
with this endeavor.
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SESSION 6: COMMUNICATIONS TO THE PUBLIC
Dissemination of Information about FDA’s Seafood-Associated Rhabdomyolysis, Puffer Fish Poisoning and

Ciguatera Fish Poisoning Research Project — Karen Swajian
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Division of Seafood Safety/ Office of Food Safety/
Center for Food Safety and Applied Nutrition
September 24, 2014
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» Foodborne illness caused by the consumption of
+ Severe, potentially life-threatening illness from reef-associated fish that have accumulated the
certain fish belonging to family Tetraodontidae toxin from the marine food web
* Typically caused by the alkaloid toxin « CFP occurs in tropical and semi-tropical regions
tetrodotoxin worldwide

* A small amount of toxin (2 -3mg) can be lethal
Regulation of puffer fish

liness occur from the consumption of the meat
of large predatory species and are categorized

— Importation as gastrointestinal, neurological, and/ or '
— Domestic cardiovascular
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Seafood-Associated Outreach
Rhabdomyolysis
+ ak.a. Haff Disease or Buffalo Fish Poisoning * Target Audience
« Haff Disease is a syndrome of unexplained * Workgroup Deliverables
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types of fish - Internal media Q&A
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— Epidemiological questionnaires
« Information Sharing
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Dissemination of Information about FDA’s Seafood-Associated Rhabdomyolysis, Puffer Fish Poisoning and
Ciguatera Fish Poisoning Research Project — Karen Swajian

Outreach/ Project Goals Acknowledgements
+ To acquire meal remnants from PFP, CFP, and + Jonathon Deeds, PhD, FDA/ CFSAN
seafood-associated rhabdomyolysis illness + Steven Plakas, PhD, FDA/ CF