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Disclaimer

This document is designed to provide supporting information regarding the
regulatory determinations for naphthalene as part of the Contaminant
Candidate List (CCL) evaluation process. This document is not a regulation,
and it does not substitute for the Safe Drinking Water Act (SDWA) or the
Environmental Protection Agency’s (EPA’s) regulations. Thus, it cannot
impose legally-binding requirements on EPA, States, or the regulated
community, and may not apply to a particular situation based upon the
circumstances. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.
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USEPA, Office of Water Report: EPA 815-R-03-014, July 2003

CONTAMINANT CANDIDATE LIST
REGULATORY DETERMINATION SUPPORT DOCUMENT
FOR NAPHTHALENE

EXECUTIVE SUMMARY

Naphthaene was a 1998 Contaminant Candidate List (CCL) regulatory determination priority
contaminant. Naphthalene was one of the contaminants considered by the United States Environmental
Protection Agency (EPA) for aregulatory determination. The available data on occurrence, exposure,
and other risk consderations suggest that regulating ngphthaene may not present a meaningful
opportunity to reduce hedth risk. EPA presented preliminary CCL regulatory determinations and
further andysisin the June 3, 2002 Federal Register Notice (USEPA 2002a; 67 FR 38222) and
confirmed the find regulatory determinationsin aJuly 18, 2003 Federal Register Notice (USEPA
2003a; 68 FR 42898).

To make this regulatory determination for naphthalene, EPA used approaches guided by the
Nationa Drinking Water Advisory Council’s (NDWAC) Work Group on CCL and Six-Y ear Review.
The Safe Drinking Water Act (SDWA) requirements for National Primary Drinking Water Regulation
(NPDWR) promulgation guided protocol development. The SDWA Section 1412(b)(1)(A) specifies
that the determination to regulate a contaminant must be based on afinding that each of the following
criteriaare met: (i) “the contaminant may have adverse effects on the hedth of persons’; (i) “the
contaminant is known to occur or there is subgtantia likelihood that the contaminant will occur in public
water sysems with a frequency and at levels of public hedth concern”; and (iii) “in the sole judgement
of the Adminidrator, regulation of such contaminant presents a meaningful opportunity for health risk
reduction for persons served by public water systems.” Available data were evaluated to address each
of the three statutory criteria

Naphthaene is a volatile organic compound (VOC) that is naturaly present in foss| fuels such as
petroleum and cod, and is produced when wood or tobacco are burned. Naphthalene is primarily
used as an intermediary in the production of phthaate plasticizers, resins, phthaeins, dyes,
pharmaceuticals, and insect repdlents. Crygtaline naphthaene is used as a moth repdlent and a solid
block deodorizer for digper pails and toilets. Naphthalene is also used to make the insecticide carbaryl
and synthetic lesther tanning agents. Releases of ngphthaene to the environment, reported through the
Toxic Release Inventory (TRI), are widespread. The occurrence of ngphthaene in site samples
recorded in the Agency for Toxic Substances and Disease Registry’ s (ATSDR) Hazardous Substance
Release and Hedlth Effects Database (HazDat) and at Nationa Priorities List (NPL) hazardous waste
Stes provides further evidence for the widespread use and environmenta release of ngphthaene.

Naphthal ene was monitored from 1987 to 1999 under the SDWA Unregulated Contaminant
Monitoring (UCM) program. Naphthaene is aso monitored or regulated by other federa programs
including the Clean Water Act Priority Pollutants ligt, the Clean Air Act Hazardous Air Pollutant ligt, the
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Comprehensive Environmenta Response, Compensation, and Liability Act (CERCLA), the Resource
Conservation and Recovery Act (RCRA), the Federd Insecticide, Fungicide, and Rodenticide Act
(FIFRA), and the TRI.

Because of concerns about human hedlth risk, EPA issued a drinking water health advisory for
naphthaenein 1990 at 100 pg/L and later recommended guiddines for exposure to naphthaene in
drinking water. Other federdl agencies and organizations have issued recommendations for
occupational exposure.

Naphthal ene has been detected in ambient ground water as noted by the United States Geological
Survey's (USGS) Nationad Water Quality Assessment (NAWQA) program. Detection frequencies
and concentrations in ground water are relatively low, with ngphtha ene occurrence considerably higher
in urban wellsthan in rurd wels. Naphthaene detection frequencies in urban and highway surface
runoff are dightly higher than in ground weter, but concentrations are lower. Maximum concentrations
in surface runoff and in ground water, however, are both well below the Hedlth Reference Level (HRL)
of 140 pg/L, aprdiminary hedth effect level used for thisanayss.

Naphthal ene has also been detected in PW'S samples collected under SDWA. Occurrence
estimates are low, with less than 0.5% of al samples showing detections for both rounds of UCM
monitoring. The percentages of public water systems (PWSs) with detections are 0.75% and 1.18%
for the two rounds of UCM monitoring. Percentages of PWSs with detections greater than half the
Hedth Reference Leve (> %2 HRL) are considerably lower: gpproximately 0.01% for both rounds.
Nationd estimates for the population served by PWSs with detections are dso low, especidly for
detections greater than the HRL. It is estimated, based upon Round 1 data, that less than 0.01% of the
national PWS population is served by systems with detections greater than the HRL (approximately
16,000 people). While detection frequencies and concentrations are low, the geographic distribution of
detectionsiswidespread. Thirty two out of the 43 States reporting UCM data for naphthaene report
detections. Only one State reports detections greater than the HRL.

The available toxicologica dataindicate that naphthaene has the potentid to cause adverse hedlth
effectsin humans and animas a high doses. In humans, hemolytic anemiais the most common
manifestation of naphthalene toxicity. There are inadequate data to support a conclusion about the
carcinogenicity of naphthaene by the ora route of exposure.

Monitoring dataiindicate that ngphthaeneis infrequently detected in public water supplies.
Furthermore, when naphthalene is detected, it very rarely exceeds the HRL or avaue of one-haf of the
HRL. Additiondly, when average daily intakes from drinking water are compared with intakes from
food, air, and soil, drinking water accounts for arelatively smal proportion of total ngphthaene intake.
Therefore, regulation of ngphthalenein drinking water is unlikely to represent a meaningful opportunity
for hedlth risk reduction.
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1.0 INTRODUCTION
1.1 Purpose and Scope

This document presents scientific data and summaries of technical information prepared for, and
used in, the United States Environmenta Protection Agency’s (EPA) regulatory determination for
naphthalene. Information regarding naphthalene' s physical and chemica properties, environmentd fate,
occurrence and exposure, and hedlth effectsisincluded. Analytical methods and trestment technologies
are also discussed.  Furthermore, the regulatory determination processis described to provide the
rationae for the decision.

1.2 Statutory Framework/Background

The Safe Drinking Water Act (SDWA), as amended in 1996, requires the EPA to publish alist of
contaminants (referred to as the Contaminant Candidate List, or CCL) to assst in priority-setting
efforts. The contaminantsincluded on the CCL were not subject to any current or proposed Nationa
Primary Drinking Water Regulations (NPDWR), were known or anticipated to occur in public water
systems, and were known or suspected to adversely affect public hedth. These contaminants therefore
may require regulation under SDWA. Thefirst Drinking Water CCL was published on March 2, 1998
(USEPA, 1998b; 63 FR 10273), and anew CCL must be published every five years theregfter.

The 1998 CCL contains 60 contaminants, including 50 chemicas or chemica groups, and 10
microbiologica contaminants or microbiad groups. The SDWA aso requires the Agency to sdlect 5 or
more contaminants from the current CCL and determine whether or not to regulate these contaminants
with an NPDWR. Regulatory determinations for at least 5 contaminants must be completed 3%2 years
after each new CCL.

Language in SDWA Section 1412(b)(1)(A) specifiesthat the determination to regulate a
contaminant must be basad on afinding that each of the following criteriaare met:

Satutory Finding i:  the contaminant may have adverse effects on the hedlth of persons;

Satutory Finding ii: the contaminant is known to occur or thereis substantia likelihood that
the contaminant will occur in public water systems with a frequency and at levels of public
health concern; and

Satutory Finding iii: in the sole judgement of the Administrator, regulaion of such
contaminant presents a meaningful opportunity for heath risk reduction for persons served by
public water systems.

The geographic didtribution of the contaminant is another factor evaluated to determine whether it
occurs a the nationd, regiond, or local level. This consderation isimportant because the Agency is
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charged with developing national regulations and it may not be appropriate to develop NPDWRs for
regiond or loca contamination problems.

EPA mugt determine if regulating this CCL contaminant will present ameaningful opportunity to
reduce hedlth risk based on contaminant occurrence, exposure, and other risk considerations. The
Office of Ground Water and Drinking Water (OGWDW) is charged with gathering and analyzing the
occurrence, exposure, and risk information necessary to support this regulatory decison. The
OGWDW mugt evauate when and where this contaminant occurs, and what would be the exposure
and risk to public hedlth. EPA must evaluate the impact of potential regulations as well as determine the
appropriate measure(s) for protecting public hedth.

For each of the regulatory determinations, EPA firgt publishesin the Federal Register the draft
determinations for public comment. EPA responds to the public comments received, and then finaizes
regulatory determinations. If the Agency finds that regulations are warranted, the regulations must then
be formally proposed withing 24 months, and promulgated 18 months later. EPA has determined that
there is sufficient information to support a regulatory determination for naphthaene.

1.3 Statutory History of Naphthalene

Naphtha ene has been monitored under the SDWA Unregulated Contaminant Monitoring (UCM)
program since 1987. It was among 14 volatile organic compounds (VOCs) included for discretionary
monitoring (USEPA, 1987; 52 FR 25690). Monitoring for naphthaene under UCM continued
throughout the 1990s, but ceased for small public water systems (PWSs) under adirect fina rule
published January 8, 1999 (USEPA, 1999, 64 FR 1494). Monitoring ended for large PWSs with
promulgation of the new Unregulated Contaminant Monitoring Regulation (UCMR) issued September
17, 1999 (USEPA, 1999b; 64 FR 50556) and effective January 1, 2001. At the timethe UCMR lists
were devel oped, the Agency concluded there were adequate monitoring data for a regulatory
determination. This obviated the need for continuing monitoring under the new UCMR ligt.

EPA issued adrinking water hedlth advisory for naphthaene in 1990, and later recommended
guidelines for exposure to ngphthaene in drinking water (USEPA, 1990; Agency for Toxic Substances
and Disease Registry (ATSDR), 1996). As part of the CCL process, hedlth effects data have been
reviewed. These are summarized in section 4.0 of this document.

Naphthaleneis regulated or monitored by other federd programsaswell. It isincluded on the
Clean Water Act Priority Pollutants list for which the EPA establishes ambient water qudity criteria. It
isaso listed as a Hazardous Air Pollutant under the Clean Air Act and subject to Best Available
Control Technology limits. Both the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA or “ Superfund”) and the Resource Conservation and Recovery Act (RCRA)
include it as a hazardous substance and a hazardous congtituent, respectively (USEPA, 2000a).
CERCLA'sligting requires reporting of releases over a certain “reportable quantity” which, for
naphthalene, is 100 pounds (ATSDR, 1996).
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Naphthalene' s sdle, use, and didtribution is controlled under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). FIFRA was most recently amended in 1996 under the Food Quality
Protection Act (FQPA). FIFRA requiresregidtration of al pesticides with EPA, and certain labdling,
gpplication, and use redtrictions. Moreover, pesticide manufacturing plants must be registered, and the
manufacturer must provide EPA with scientific data regarding the product’ s efficacy and demonstrating
that it does not pose an unreasonable risk to people or the environment (USEPA, 1998a; USEPA,
2000a). Naphthdeneisaso aToxic Release Inventory (TRI) chemical. The TRI was established by
the Emergency Planning and Community Right-to-Know Act (EPCRA). EPCRA requires certain
indugtrid sectorsto publicly report the environmentd release or transfer of chemicasincluded in this
inventory (USEPA, 19964).

Finaly, the Occupationa Safety and Hedth Adminigtration (OSHA) recommends an occupationd
exposure limit of 10 parts ngphthaene per million in air (10 ppm) for an 8-hour workday over a 40-
hour workweek. The American Conference of Governmenta and Industrid Hygienists (ACGIH) and
the Mine Safety and Hedth Adminigtration (MSHA) recommend the same weekly limit (USDHHS,
1993). The Nationd Ingtitute for Occupational Safety and Health (NIOSH) considers over 250 ppm
of naphthalenein air to be life-threstening (ATSDR, 1996).

1.4 Regulatory Deter mination Process

In developing a process for the regulatory determinations, EPA sought input from experts and
stakeholders. EPA asked the Nationa Research Council (NRC) for assistance in developing a
scientifically sound approach for deciding whether or not to regulate contaminants on the current and
future CCLs. The NRC's Committee on Drinking Water Contaminants recommended that EPA: (1)
gather and analyze hedlth effects, exposure, treatment, and andytica methods data for each
contaminant; (2) conduct a preliminary risk assessment for each contaminant based on the available
data; and (3) issue a decison document for each contaminant describing the outcome of the preliminary
risk assessment. The NRC noted that in using this decision framework, EPA should keep in mind the
importance of involving dl interested parties.

One of the forma means by which EPA works with its stakeholders is through the National
Drinking Water Advisory Council (NDWAC). The NDWAC comprises members of the generd
public, State and local agencies, and private groups concerned with safe drinking water, and advises
the EPA Adminigtrator on key aspects of the Agency’s drinking weater program. The NDWAC
provided specific recommendations to EPA on a protocol to assst the Agency in making regulatory
determinations for current and future CCL contaminants. Separate but smilar protocols were
developed for chemica and microbia contaminants. These protocols are intended to provide a
consstent approach to evauating contaminants for regulatory determination, and to be atool that will
organize information in amanner that will communicate the rationae for each determination to
stakeholders. The possible outcomes of the regulatory determination process are: a decision to
regulate, a decison not to regulate, or a decision that some other action is needed (e.g., issuance of
guidance).
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The NDWAC protocol uses the three statutory requirements of SDWA Section 1412(b)(1)(A)(i)-
(iii) (specified in section 1.2) as the foundation for guiding EPA in making regulatory determination
decisons. For each statutory requirement, evaluation criteria were developed and are summarized
below.

To address whether a contaminant may have adverse effects on the hedlth of persons (statutory
requirement (i)), the NDWAC recommended that EPA  characterize the health risk and estimate a
hedlth reference leve for evauating the occurrence data for each contaminant.

Regarding whether a contaminant is known to occur, or whether there is substantia likelihood that
the contaminant will occur, in public water syslems with afrequency, and at levels, of public hedlth
concern (statutory requirement (ii)), the NDWAC recommended that EPA consder: (1) the actua and
estimated national percent of public water systems (PWSs) reporting detections above hdf the hedth
reference leve; (2) the actua and estimated nationd percent of PWSs with detections above the hedlth
reference level; and (3) the geographic distribution of the contaminant.

To address whether regulation of a contaminant presents a meaningful opportunity for health risk
reduction for persons served by public water systems (Statutory requirement (iii)) the NDWAC
recommended that EPA congder estimating the national population exposed above haf the hedth
reference level and the nationa population exposed above the health reference levd.

The approach EPA used to make regulatory determinations followed the genera format
recommended by the NRC and the NDWAC to satisfy the three SDWA requirements under section
1412(b)(2)(A)(i)-(iii). The process was independent of many of the more detailed and comprehensive
risk management factors that will influence the ultimate regulatory decison making process. Thus, a
decison to regulate is the beginning of the Agency regulatory devel opment process, not the end.

Specificdly, EPA characterized the human hedth effects that may result from exposure to a
contaminant found in drinking water. Based on this characterization, the Agency estimated a hedlth
reference level (HRL) for each contaminant.

For each contaminant EPA estimated the number of PWSs with detections >Y2HRL and >HRL, the
population served at these benchmark values, and the geographic distribution, using alarge number of
occurrence data (approximately seven million andyticd points) that broadly reflect nationa coverage.
Round 1 and Round 2 UCM data, evauated for quality, completeness, bias, and representativeness,
were the primary data used to develop nationd occurrence estimates. Use and environmenta release
information, additiond drinking water data sets (e.g., State drinking water data sets, EPA Nationa
Pegticide Survey, and Environmental Working Group data reviews), and ambient water quality data
(e.g., United States Geologicd Survey’s (USGS) Nationd Water Qudity Assessment (NAWQA)
program, State and regional studies, and the EPA Pesticidesin Ground Water Database (PGWD))
were aso consulted.
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Thefindings from these evaluations were used to determine if there was adequate information to
evauate the three SDWA datutory requirements and to make a determination of whether to regulate a
contaminant.

1.5 Determination Outcome

The Agency has made a determination not to regulate ngphthaene with an NPDWR becauseit is
not known to occur in public water systems at levels of public hedth concern. Monitoring data indicate
that naphthaene isinfrequently detected in public water supplies. When ngphthdene is detected, it very
rarely exceeds the HRL or avaue of one-hdf of the HRL. All CCL regulatory determinations and
further anadlyss are formaly presented in the Federal Register Notices (USEPA, 2002a; 67 FR
38222; and USEPA, 2003a; 68 FR 42898). The following sections summarize the data used by the
Agency to reach this decision.

2.0 CONTAMINANT DEFINITION

Naphthdene, aVVOC, isawhite solid with astrong odor. Common synonyms for ngphthaene
include: mothballs, mothflakes, tar camphor, white tar, ngphthene, and albocarbon. Naphthaleneis
naturaly present in foss| fuels such as petroleum and cod, and is produced when wood or tobacco are
burned. Most of naphthalene consumption (60%) is as an intermediary in the production of phthaate
pladticizers, resins, phthaeins, dyes, pharmaceuticals, and insect repdlents. Crystdline ngphthdeneis
used as amoth repellent and a solid block deodorizer for digper pails and toilets. Naphthaleneisaso
used to make the insecticide carbaryl, synthetic leather tanning agents, and surface active agents
(ATSDR, 1995).

2.1 Physical and Chemical Properties

Table 2-1 lists summary informetion regarding naphthaene s physica and chemica properties.
Also incdluded areits CAS Registry Number and molecular formula.

2.2 Environmental Fate/Behavior
Naphthaene solid evaporates easly in air and is readily degraded in the atmosphere by hydroxyl

radicals (haf life<1 day). The haf life of naphthaene in water depends on loca conditions and varies
from a couple of daysto afew months. Biodegradation of naphthalene in soil occurs quickly (hdf lifea
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Table 2-1: Physical and chemical properties

Identification
CAS number 91-20-3
Molecular Formula CioHs

Physical and Chemical Properties

Bailing Point 218 °C a 760 mm Hg
Mdting Point 80.5°C

Molecular Weight 128.19 g/mol

Log Ko, 2.97

Log Kgy 3.29

Water Solubility 3L.7mg/L at 25°C
Vapor Pressure 0.087 mmHgat 25 °C
Henry's Law 1.88 x 10

Constant '

source: ATSDR, 1995.

T note: this quantity is expressed in a dimensionless form.

few hoursto days) if the soil is contaminated with other polycyclic aromatic hydrocarbons. If the soil is

free of such contaminants, the haf life of naphthalene is greater than 80 days (Howard, 1989).

Naphthaene s evaporation rate is significant at the soil surface but dowly decreases as depth
increases. Its sorption to soil is dow to moderate depending on the soil’ s organic carbon content.

Naphthalene travels rapidly through sandy soil (Howard, 1989).

When released into the water, ngphthaene ether volatilizes, degrades by photolys's, adsorbs to
surfaces, or biodegrades. It biodegrades significantly faster when adsorbed to sediment than when
contained in the upper layers of water. Voldilization is primarily responsible for naphthaene' s remova

in turbulent water. In dower moving waters, biodegradation is the more sgnificant process.
Naphthalene can aso biodegrade in ground water under aerobic conditions (Howard, 1989).
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3.0 OCCURRENCE AND EXPOSURE

This section examines the occurrence of ngphthaene in drinking water. While no complete nationd
database exigts of unregulated or regulated contaminantsin drinking water from PWSs collected under
SDWA, this report aggregates and andyzes existing State data that have been screened for qudity,
completeness, and representativeness. Populations served by PWSs exposed to naphthalene are
estimated, and the occurrence data are examined for regiona or other specid trends. To augment the
incomplete nationa drinking water data and aid in the evauation of occurrence, information on the use
and environmenta release, aswell as ambient occurrence of ngphthalene, is o reviewed.

3.1 Useand Environmental Release
3.1.1 Production and Use

Naphthaeneis naturdly present in foss| fudls such as petroleum and cod, and is generated when
wood or tobacco are burned. Naphthaene is produced in commercid quantities from either coa tar or
petroleum. Most of the naphthaene produced in the United States comes from petroleum by the
dedkylation of methyl ngphthalenesin the presence of hydrogen at high temperature and pressure.
Ancther common production method is the digtillation and fractionation of cod tar. Most naphthaene
consumption (60%) is through use as an intermediary in the production of phthaate plagticizers, resins,
phthaleins, dyes, pharmaceuticals, and insect repellents. Crystaline naphthalene is used as a moth
repellent and a solid block deodorizer for digper pails and toilets. Naphthalene is dso used to make the
insecticide carbaryl, synthetic leather tanning agents, and surface active agents (ATSDR, 1995).

Naphthalene production in the United States dropped from 900 million Ibslyr in 1968 to 354 million
Ibslyr in 1982. Approximately 7 million Ibs of ngphthaene were imported and 9 million |bs were
exported in 1978. By 1989, imports had dropped to 4 million Ibs, and exports increased dramaticaly
to 21 million Ibs (ATSDR, 1995).

3.1.2 Environmental Release

Naphthdeneislisted as atoxic rdlease inventory chemica. 1n 1986, the Emergency Planning and
Community Right-to-Know Act (EPCRA) established the TRI of hazardous chemicals. Cresated under
the Superfund Amendments and Reauthorization Act (SARA) of 1986, EPCRA is dso sometimes
known as SARA TitleIll. The EPCRA mandates that larger facilities publicly report when TRI
chemicas are released into the environment. This public reporting is required for facilities with more
than 10 full-time employees that annually manufacture or produce more than 25,000 pounds, or use
more than 10,000 pounds, of TRI chemica (USEPA, 1996a; USEPA, 2000¢).

Under these conditions, facilities are required to report the pounds per year of naphthaene released
into the environment both on- and off-gte. The on-gite quantity is subdivided into air emissions, surface
water discharges, underground injections, and releasesto land (see Table 3-1). For naphthaene, air
emissions condtitute most of the on-ste releases. Also, surface water discharges exhibit no obvious
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trend over the period for which datais available (1988-1998), but discharges hit alow in 1996 and
1997, and increase again in 1998. These TRI data for naphthalene were reported from 47 States
(excluding Idaho, New Hampshire, and Vermont) indicating the widespread production or use of this
chemica (USEPA, 2000c).

Although the TRI data can be useful in giving agenerd idea of rdease trends, it is far from
exhaudtive and has sgnificant limitations. For example, only industries which meet TRI criteria (at least
10 full-time employees and manufacture and processing of quantities exceeding 25,000 |bslyr, or use of
more than 10,000 Ibs/yr) are required to report releases. These reporting criteria do not account for
releases from smdler indudtries. Threshold manufacture and processing quantities also changed from
1988-1990 (dropping from 75,000 Ibs/yr in 1988 to 50,000 Ibs/yr in 1989 to its current 25,000 |bs/yr
in 1990) creating possibly mideading datatrends. Findly, the TRI datais meant to reflect releases and
should not be used to estimate general exposure to a chemica (USEPA, 2000d; USEPA, 2000b).

Table 3-1: Environmental releases (in pounds) for naphthalenein the United States (1988-
1998)

On-Site Releases Off-Site Total On- &
Year Air Surface Water | Underground | Releases Releases Off-site
o . . Releases
Emissions Discharges Injection to Land

1998 3,374,439 34,148 191,677 1,251,040 827,708 5,679,012
1997| 2,449,488 13,333 187,927 82,204 491,124 3,224,076
1996| 2,863,431 11,836 296,776 301,513 582,717 4,056,273
1995| 2,690,669 43,311 44,318 32,085 474,106 3,284,489
1994 2,889,514 28,557 97,186 47,017 496,501 3,558,775
1993| 2,744,887 31,179 79,814 49,886 334,985 3,240,751
1992| 2,626,986 28,925 78,227 1,667,150 | 667,556 5,068,844
1991| 2,927,511 31,508 39,112 55,278 983,371 4,036,780
1990| 3,912,253 36,821 28,130 143,196 919,225 5,039,625
1989| 3,523,562 146,983 39,552 118,409 1,054,602 4,883,108
1988| 5,165,426 22,518 50,946 123,697 1,359,184 6,721,771

source: USEPA 2000c

Naphthaeneis aso included in the ATSDR Hazardous Substance Release and Hedlth Effects
Database (HazDat). This database records detections of listed chemicalsin Site samples; ngphthaene
was detected in 44 States (States without detections are AK, AZ, HI, NV, ND, UT; ATSDR, 2000).
The Nationd PrioritiesList (NPL) of hazardous waste Sites, crested in 1980 by CERCLA, isalisting
of some of the most hedth-threatening waste Stes in the United States. Ngphthalene was again
detected in al but six States (excluding HI, NE, NV, NM, ND, WV; USEPA, 1999c¢).

In summary, most of naphthalene' s consumption is through use as an intermediary in the production
of phthaate plagticizers, resins, phthaeins, dyes, pharmaceuticas, and insect repellents. Its production
in the United States declined from 1968 to 1982, however its import decreased and export increased
from 1978 to 1989. The widespread use and production of ngphthaene in the United Statesis
evidenced by its presence in hazardous waste Sites in at least 44 States (at NPL Sites), its presencein
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gtesamplesin at least 44 States (listed in ATSDR’ s HazDat), and its direct release into the
environment in at least 47 States (based on TRI data).

3.2 Ambient Occurrence

To understand the presence of a chemicd in the environment, an examination of ambient
occurrenceis useful. In adrinking weater context, ambient water is source water existing in surface
waters and aquifers before treetment. The most comprehensive and nationdly consistent data
describing ambient water qudity in the United States are being produced through the USGS's
NAWQA program. (NAWQA, however, isardatively young program and complete nationa data
are not yet available from their entire array of Sites across the nation.)

3.2.1 Data Sourcesand Methods

To examine water qudity status and trendsin the United States, the USGS ingtituted the NAWQA
programin 1991. NAWQA is designed and implemented in such a manner asto dlow consistency
and comparison between representative study basins located around the country, facilitating
interpretation of natura and anthropogenic factors affecting water qudity (Leahy and Thompson,
1994).

The NAWQA program congists of 59 significant watersheds and aquifers referred to as* study
units” The study units represent approximately two thirds of the overdl water usage in the United
States and a smilar proportion of the population served by public water systems. Approximately one
half of the nation’sland arealis represented (Leahy and Thompson, 1994).

To facilitate management and make the program cogt-effective, approximately one third of the
dudy units at atime engage in intensive assessment for aperiod of 3to 5years. Thisisfollowed by a
period of less intendve research and monitoring that lasts between 5 and 7 years. Thisway dl 59 study
units rotate through intensive assessment over aten-year period (Leshy and Thompson, 1994). The
firgt round of intensive monitoring (1991-96) targeted 20 watersheds. Thisfirst group was more
heavily danted toward agricultura basins. A nationd synthess of results from these study units and
other research initiatives focusing on pesticides and nutrientsis being compiled and andyzed (Kolpin et
al., 2000; Larson et a., 1999).

For VOCs, the nationdl synthesiswill compile data from the first and second rounds of intensive
asessments. Study units assessed in the second round represent conditions in more urbanized basins,
but initial results are not yet available. However, VOCs were andyzed in the firgt round of intensve
monitoring and data are available for these study units (Squillace et d., 1999). The minimum reporting
level (MRL) for most VOCs, including naphthaene, was 0.2 pg/L (Squillace et d., 1999).

Furthermore, the NAWQA program has compiled, by study unit, data collected from loca, State,
and other Federa agenciesto augment its own data. The data set provides an assessment of VOCsin
untrested ambient ground water of the coterminous United States for the period 1985-1995 (Squillace
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et d., 1999). Datawereincluded in the compilation if they met certain criteriafor collection, anayss,
well network design, and well congtruction (Lapham et d., 1997). They represent both rural and urban
areas, but should be viewed as a progress report as NAWQA data continue to be collected that may
influence conclusions regarding occurrence and digtribution of VOCs (Squillace et dl., 1999).

The National Highway Runoff Data and Methodology Synthesis has reviewed 44 highway and
urban runoff studiesimplemented since 1970 (Lopes and Dionne, 1998). Two nationa studies were
included in this review: the Nationa Urban Runoff Program (NURP) and studies associated with the
EPA Nationd Pollution Discharge Elimination System (NPDES) municipa sormwater permits.

NURP, conducted in the 1970s and early 1980s, had the most extensive geographic digtribution. The
NPDES studies took placein the early to mid- 1990s (L opes and Dionne, 1998). Naphthaene was an
andytein both sudies.

3.2.2 Results

Naphthal ene was detected in both rura and urban wells of the loca, State, and Federal data set
compiled by NAWQA (Table 3-2). The data represent untreated ambient ground water of the
conterminous United States for the years 1985-1995 (Squillace et a., 1999). Detection frequencies
and median concentrations are low, especialy for rural areas. Occurrence of naphthalene in rurd areas
isan order of magnitude lower than in urban areas, atrend generdly observed for VVOCs throughout
the United States (Miller, 2000). The exception to thistrend for ngphthdene is the maximum
concentration, a parameter more likely to be influenced by extreme vaues (outliers) that do not well
represent the overdl data.

The NURP and NPDES studies andyzing urban and highway runoff aso found ngphthaene (Lopes
and Dionne, 1998). Naphthal ene was detected in 11% of NURP samples making it among the 3 most
detected VOCsin the study. Its detection frequency was 7% in the NPDES studies. The maximum
concentration was 2.3 pg/L in NURP samples and 5.1 pg/L in NPDES samples.

Table 3-2: Naphthalene detections and concentrationsin ground water

Detection frequency Concentrations Per cent exceeding HAL**
(% of sampled wells> MRL*) (of detections; pg/L) (20 pg/L)
drinking water
median maximum al wdls wdls
urban 3.0% 39 43 0.4 0
rural 0.2% 0.4 70 0.1 0

after Squillace et al.,1999
* MRL for naphthalene in water: 0.2 ug/L
** USEPA, 1996b; ATSDR, 1996
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The maximum vaues for urban and highway runoff are well below the Hedth Advisory Leve
(HAL) of 20 pg/L cited by Lopes and Dionne (1998), the HAL in effect at the time (USEPA, 1996b).
The ground water studies also reported few exceedances of the 20 pg/L HAL (Squillace et d., 1999).
The maximum vaues for runoff and ground water are consderably less than the current HAL of 100
pg/L (USEPA, 2000f) and even more so for the HRL of 140 pg/L used as a preliminary hedlth effects
leve for the drinking water data analysis presented below.

3.3 Drinking Water Occurrence

The SDWA, as amended in 1986, required PWSs to monitor for specified “unregulated”
contaminants, on afive year cycle, and to report the monitoring results to the States. Unregulated
contaminants do not have an established or proposed NPDWR, but they are contaminants that were
formaly listed and required for monitoring under federd regulations. The intent was to gather scientific
information on the occurrence of these contaminants to enable a decision as to whether or not
regulations were needed. All non-purchased community water systems (CWSs) and non-purchased
non-trangent non-community water systems (NTNCWSs), with greater than 150 service connections,
were reguired to conduct this unregulated contaminant monitoring. Smaller systems were not required
to conduct this monitoring under federa regulations, but were required to be available to monitor if the
State decided such monitoring was necessary. Many States collected data from smaller systems.
Additional contaminants were added to the UCM program in 1991 (USEPA, 1991; 56 FR 3526) for
required monitoring that began in 1993 (USEPA, 1992; 57 FR 31776).

Naphthalene has been monitored under the SDWA UCM program since 1987 (USEPA, 1987; 52
FR 25690). Monitoring for ngphthalene under UCM continued throughout the 1990s, but ceased for
small PWSs under adirect fina rule published January 8, 1999 (USEPA, 1999g; 64 FR 1494).
Monitoring ended for large PWSs with promulgation of the new Unregulated Contaminant Monitoring
Regulation (UCMR) issued September 17, 1999 (USEPA, 1999b; 64 FR 50556) and effective
January 1, 2001. At the time the UCMR lists were developed, the Agency concluded there were
adequate monitoring data for aregulatory determination. This obviated the need for continued
monitoring under the new UCMR ligt.

3.3.1 Data Sources, Data Quality, and Analytical Approaches

Currently, there is no complete nationd record of unregulated or regulated contaminants in drinking
water from public water systems collected under SDWA. Many States have submitted their
unregulated contaminant PWS monitoring data to EPA databases, but there are issues of data quality,
completeness, and representativeness. Nonethdess, a Sgnificant amount of State data are available for
UCM contaminants that can provide estimates of national occurrence. The contaminant occurrence
anayses findings presented in this report are based on a nationd cross-section of aggregated state data
(i.e., arepresentative subset of available State data) derived from the Safe Drinking Water Information
System (Federa version; SDWIS/FED) database.

11
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The National Contaminant Occurrence Database (NCOD) is an interface to the actual occurrence
data stored in the SDWIS/FED and can be queried to provide asummary of the datain SDWISFED
for aparticular contaminant. The data used in this report were derived from the datain SDWISFED
and another database cdled the Unregulated Contaminant Information System (URCIS). Note,
however, that the SDWIS/FED data used in this report have been reviewed, edited, and filtered to
meet various data quaity objectives for the purposes of thisandysis. Hence, not al datafrom a
particular source were used, only data meeting the quality objectives described below. The sources of
these data, their qudity and national aggregation, and the andytica methods used to etimate a given
contaminant’s nationa occurrence (from these data) are discussed in this section (for further details see
USEPA, 20014, 2001b).

3.3.1.1 UCM Rounds1and 2

The 1987 UCM contaminants include 34 VOCs, divided into two groups: one with 20 VOCs for
mandatory monitoring, and the other with 14 VOCsfor discretionary monitoring (USEPA, 1987; 52
FR 25690). Naphthdene was among the 14 VOCs included for discretionary monitoring. The UCM
(1987) contaminants were first monitored coincident with the Phase | regulated contaminants, during
the 1988-1992 period. This period is often referred to as “Round 1" monitoring. The monitoring data
collected by the PWSs were reported to the States (as primacy agents), but there was no protocol in
place to report these datato EPA. These datafrom Round 1 were collected by EPA from many States
over time,

The Round 1 data were put into a database called URCIS. Mogt of the Phase 1 regulated
contaminants were dso VOCs. Both the unregulated and regulated VOCs are andyzed using the same
sample and the same laboratory methods. Hence, the URCI S database includes data on dl of these 62
contaminants. the 34 UCM (1987) VOCs, the 21 regulated Phase 1 VOCs, 2 regulated synthetic
organic contaminants (SOCs); and 5 miscellaneous contaminants that were voluntarily reported by
some States (e.g., isomers of other organic contaminants).

The 1993 UCM contaminants include 13 SOCs and 1 inorganic contaminant (10C) (USEPA,
1992; 57 FR 31776). Monitoring for the UCM (1993) contaminants began coincident with the Phase
[1/V regulated contaminantsin 1993 through 1998. Thisis often referred to as*“ Round 2” monitoring.
The UCM (1987) contaminants were aso included in the Round 2 monitoring. As with other
monitoring data, PWSs reported these results to the States. EPA, during the past severd years,
requested that the States submit these historic datato EPA.

The detalls of the actud individual monitoring periods are complex. Thetiming of required
monitoring was staggered related to different size classes of PWSs, and the program was implemented
somewhat differently by different States. While Round 1 includes the period from 1988-1992, it dso
includes results from samples analyzed prior to 1988 that were “ grandfathered” into the database (for
further details see USEPA, 20013, 2001b).

12
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3.3.1.2 Developing a Nationally Representative Per spective

The Round 1 and Round 2 databases contain contaminant occurrence data from atotal of 40 and
35 primacy entities (largely States), respectively. However, data from some States are incomplete and
biased. Furthermore, the national representativeness of the data is problematic because the data were
not collected in a systematic or random satistica framework. These State data could be heavily
skewed to low-occurrence or high-occurrence settings. Hence, the State data were eva uated based
on pollution-potentia indicators and the spatid/hydrologic diversity of the nation. This evauation
enabled the congtruction of a cross-section from the available State data sets that provides a reasonable
representation of national occurrence.

A nationd cross-section comprised of the Round 2 State contaminant occurrence databases was
established using the approach developed for the EPA report A Review of Contaminant Occurrence
in Public Water Systems (USEPA, 1999d). This approach was devel oped to support occurrence
andysesfor EPA’s Chemical Monitoring Reform (CMR) eva uation, and was supported by peer
reviewers and stakeholders. The gpproach cannot provide a“ Satistically representative’” sample
because the origind monitoring data were not collected or reported in an gppropriate fashion.
However, the resultant “nationa cross-section” of States should provide a clear indication of the central
tendency of the nationa data. The remainder of this section provides a summary description of how the
nationd cross-section from the SDWIS/FED (Round 2) database was developed. The details of the
approach are presented in other documents (USEPA, 20015, 2001b); readers are referred to these for
more specific information.

3.3.1.2.1 Cross-Section Development

Asafirg step in developing the cross-section, the State data contained in the URCI S database
(that contains the Round 1 monitoring results) and SDWISFED database (that contains the Round 2
monitoring results) were evaluated for completeness and qudity. For both the URCIS (Round 1) and
SDWISFED (Round 2) databases, some State data were unusable for a variety of reasons. Some
States reported only detections, or the data were recorded with incorrect units. Data sets only
including detections are obvioudy biased, over-representing high-occurrence settings. Other problems
included substantialy incomplete data sets without al PWSs reporting. Also, data from Washington,
D.C. and the Virgin Idands were excluded from this analyss because it was difficult to evaluate them
for the current purposesin relation to complete State data (USEPA, 2001a sections |1 and I11).

The balance of the States remaining after the data quality screening were then examined to establish
andaiond cross-section. This step was based on evauating the States' pollution potential and
geographic coveragein relation to dl States. Pollution potentid is considered to ensure a selection of
States that represent the range of likely contaminant occurrence and a balance with regard to likely high
and low occurrence. Geographic consderation is included so that the wide range of climatic and
hydrogeologic conditions across the United States are represented, again balancing the varied
conditions that affect trangport and fate of contaminants, as well as conditions that affect naturaly
occurring contaminants (USEPA, 2001b sections 111.A. and 111.B.).
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The cross-section States were selected to represent avariety of pollution potential conditions. Two
primary pollution potentia indicators were used. Thefirgt factor sdlected indicates pollution potentia
from manufacturing/popul ation density and serves as an indicator of the potentid for VOC
contamination within a State. Agriculture was sdlected as the second pollution potentia indicator
because the mgjority of SOCs of concern are pesticides (USEPA, 2001b section I111.A.). The 50
individuad States were ranked from highest to lowest based on the pollution potentia indicator data.

For example, the State with the highest ranking for pollution potentia from manufacturing received a
ranking of 1 for this factor and the State with the lowest value was ranked as number 50. States were
ranked for their agricultural chemicd use satusin asmilar fashion.

The States' pollution potentia rankings for each factor were subdivided into four quartiles (from
highest to lowest pollution potentid). The cross-section States were chosen equdly from dl quartiles
for both pollution potentid factors to ensure representation, for example, from: States with high
agrichemica pollution potentia rankings and high manufacturing pollution potentid rankings, States with
high agrichemica pollution potentid rankings and low manufacturing pollution potentia rankings, States
with low agrichemica pollution potentid rankings and high manufacturing pollution potentid rankings;
and States with low agrichemica pollution potentia rankings and low manufacturing pollution potentia
rankings (USEPA, 2001b section 111.B.). In addition, some secondary pollution potentid indicators
were consdered to further ensure that the cross-section States included the spectrum of pollution
potentia conditions (high to low). At the same time, States within the specific quartiles were
considered collectively across dl quartiles to attempt to provide a geographic coverage across all
regions of the United States.

The data quaity screening, pollution potentia rankings, and geographic coverage andyss
established national cross-sections of 24 Round 1 (URCIS) States and 20 Round 2 (SDWIS/FED)
States. In each cross-section, the States provide good representation of the nation’s varied climatic
and hydrogeologic regimes and the breadth of pollution potentia for the contaminant groups (Table 3-3
and Figure 3-1).

3.3.1.2.2 Cross-Section Evaluation

To evaluate and vdidate the method for creating the national cross-sections, the method was used
to create smaler State subsets from the 24-State, Round 1 cross-section. Again, States were chosen
to achieve a baance from the quartiles describing pollution potentid, and a balanced geographic
digtribution, to incrementally build subset cross-sections of various Szes. For example, the Round 1
cross-section was tested with subsets of 4, 8 (the first 4 State subset plus 4 more States), and 13 (8
State subset plus 5) States. Two additional cross-sections were included in the andlysis for
comparison; a cross-section composed of 16 States with biased data sets eiminated from the 24 State
cross-section for data quality reasons and a cross-section composed of al 40 Round 1 States
(USEPA, 2001b section 111.B.1).

These Round 1 incremental cross-sections were then used to evaluate occurrence for an array of
both high and low occurrence contaminants. The comparative resultsillustrate severd points. The
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results are quite stable and consistent for the 8, 13 and 24 State cross-sections. They are much less so
for the 4 State, 16 State (biased), and 40 State (all Round 1 States) cross-sections. The 4 State cross-
section is gpparently too small to provide baance both geographicaly and with pollution potentid, a
finding that concurs with past work (USEPA, 1999d). The CMR andysis suggested that a minimum of
6-7 States was needed to provide ba ance both geographicaly and with pollution potentia, and the
CMR report used 8 States out of the available data for its nationdly representative cross-section. The
16 State and 40 State cross-sections, both including biased States, provided occurrence results that
were ungtable and inconsigtent for a variety of reasons associated with their data quality problems
(USEPA, 2001b section 111.B.1)

The 8, 13, and 24 State cross-sections provide very comparable results, are consistent, and are
usable as national cross-sections to provide estimates of contaminant occurrence. Including greater
data from more States improves the nationd representation and the confidence in the results-as long as
the States are balanced related to pollution potential and spatial coverage. The 24 and 20 State cross-
sections provide the most nationaly representative cross-sections for the Round 1 and Round 2 data

Table 3-3: Cross-section Statesfor Round 1 (24 States) and Round 2 (20 States)

Round 1 (URCIS) Round 2 (SDWIS/FED)

Alabama Minnesota* Alaska* New Hampshire
Alaska* Montana Arkansas New Mexico*
Arizona New Jersey Colorado North Carolina*
Cdifornia New Mexico* Kentucky* North Dakota
Florida North Carolina* Maine Ohio*

Georgia Ohio* Maryland* Oklahoma
Hawaii South Dakota Massachusetts Oregon

lllinois Tennessee Michigan Rhode Idand
Indiana Utah Minnesota* Texas

lowa Washington* Missouri Washington*
Kentucky* Wes Virginia

Maryland* Wyoming

* cross-section Sate in both Round 1 and Round 2
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Figure 3-1: Geographic distribution of cross-section Statesfor Round 1 (left) and Round 2
(right).
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3.3.1.3 Data Management and Analysis

The cross-section anayses focused on occurrence at the water system levd; i.e., the summary data
presented discuss the percentage of public water systems with detections, not the percentage of
samples with detections. By normdizing the andytica data to the system leve, skewness inherent in
the sample data, particularly over the multi-year period covered in the URCIS data, is avoided.

System level andysis was used since a PWS with a known contaminant problem usudly hasto sample
more frequently than a PWS that has never detected the contaminant. Obvioudy, the results of a
smple computation of the percentage of samples with detections (or other statistics) can be skewed by
the more frequent sampling results reported by the contaminated Ste. Thisleve of andysisis
consarvaive. For example, asystem need only have a single sample with an andytical result greeter
than the MRL, i.e., adetection, to be counted as a system with aresult “ greeter than the MRL.”

Also, the data used in the andlyses were limited to only those data with confirmed water source and
sampling type information. Only standard SDWA compliance samples were used; “specid” samples,
or “investigation” samples (investigating a contaminant problem that would bias results), or samples of
unknown type were not used in the analyses. Various quaity control and review checks were made of
the results, including follow-up questions to the States providing the data. Many of the most intractable
data quality problems encountered occurred with older data. These problematic data were, in some
cases, amply diminated from the analyss. For example, when the number of datawith problems were
inggnificant relative to the tota number of observations they were dropped from the analysis (For
further details see Cadmus, 2000).

Asindicated above, New Hampshire generdly isincluded in the 20-State, Round 2 nationd cross-
section. Naphthalene occurrence data from the State of New Hampshire, however, are biased. New
Hampshire reports only 5 samples from three systems for Naphtha ene with each system showing a
detection. Though these results are Smple detections not violating a hedth effect sandard, and
incluson of the data does not significantly affect overdl summary gatidtics, to maintain a congstent
method for managing biased data, New Hampshire' s naphthal ene data were omitted from Round 2
cross-section occurrence andyses and summaries presented in this report.

3.3.1.4 Occurrence Analysis

To evauate nationa contaminant occurrence, a two-stage andytica approach has been developed.
The firgt stage of andysis provides a straightforward, conservative, non-parametric evauation of
occurrence of the CCL regulatory determination priority contaminants as described above. These
Stage 1 descriptive Satistics are summarized here. Based in part on the findings of the Stage 1
Anayss, EPA will determine whether more rigorous parametric satistica evauations, the Stage 2
Andyss, may be warranted to generate national probability estimates of contaminant occurrence and
exposure for priority contaminants (for details on this two stage andytical approach see Cadmus, 2000,
2001).
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The summary descriptive statitics presented in Table 3-4 for naphthalene are aresult of the Stage
1 andysis and include data from both Round 1 (URCIS, 1987-1992) and Round 2 (SDWIS/FED,
1993-1997) cross-section States (minus New Hampshire). Included are the total number of samples,
the percent samples with detections, the 99" percentile concentration of al samples, the 99" percentile
concentration of samples with detections, and the median concentration of samples with detections.
The percentages of PWSs and population served indicate the proportion of PWSs whose andytical
results showed a detection(s) of the contaminant (Smple detection, > MRL) at any time during the
monitoring period; or a detection(s) greater than half the HRL ; or a detection(s) greeter than the Hedlth
Reference Levd.

Naphthaene is not considered to be alinear carcinogen by the ord route of exposure.
Accordingly, the Maximum Contaminant Level God (MCLG) is derived using a Reference Dose (RfD)
gpproach. The vaue used as the HRL for this occurrence evauation is derived from the RfD using the
following equation:

HRL = RfD x Body Weight X Rdative Source Contribution
Drinking Water Intake

The body weight used in the calculation is an average adult body weight (70 Kg) and the value for daly
water intakeis2 L. Inthe caculation of the HRL, the relative source contribution is 20%. A different
relative source factor might be used to calculate the MCLG if a determination is made to regulate
naphthaene.

The 99" percentile concentration is used here as a summary statistic to indicate the upper bound of
occurrence va ues because maximum vaues can be extreme vaues (outliers) that sometimes result from
sampling or reporting error. The 99" percentile concentration is presented for both the samples with
only detections and al of the samples because the value for the 99" percentile concentration of al
samplesis below the MRL (denoted by “<” in Table 3-4). For the same reason, summary datistics
such as the 95" percentile concentration of al samples or the median (or mean) concentration of al
samples are omitted because these dso are al “<” values. Thisis the case because only 0.43% and
0.23% of al samples recorded detections of naphthalene in Round 1 and Round 2, respectively.

Asasgmplifying assumption, avaue of haf the MRL is often used as an estimate of the
concentration of a contaminant in samples/systems whose results are less than the MRL. With a
contaminant with relatively low occurrence such as ngphthaene in drinking water occurrence databases,
the median or mean vaue of occurrence using this assumption would be haf the MRL (0.5* MRL).
However, for these occurrence data thisis not straightforward. For Round 1 and Round 2, States have
reported awide range of vauesfor the MRLs. Thisisin part related to State data management
differences aswell asred differencesin anaytica methods, laboratories, and other factors.

The Stuation can cause confusion when examining descriptive statistics for occurrence. For

example, for Round 2 most States reported non-detections as zeros resulting in amoda MRL value of
zero. By definition the MRL cannot be zero. Thisisan artifact of State data management systems.
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Because a smple meaningful summary satistic is not available to describe the various reported MRLS,
and to avoid confusion, MRLs are not reported in the summary table (Table 3-4).

In Table 3-4, nationa occurrence is estimated by extrapolating the summary dtatistics for the 24
and 20 State cross-sections (minus New Hampshire) to national numbers for systems, and population
served by systems, from the Water Industry Baseline Handbook, Second Edition (USEPA, 2000g).
From the handbook, the total number of CWSs plus NTNCWSs is 65,030, and the total population
served by CWSs plus NTNCWSs is 213,008,182 persons (see Table 3-4). To generate the estimate
of nationa occurrence based on the cross-section occurrence findings, the national number of PWSs
(or population served by PWSs) is smply multiplied by the percentage vaue for the particular cross
section occurrence atistic [e.g., the nationa estimate for the total number of PWSs with detections
(769) isthe product of the tota number of PWSs (65,030) and the percentage of PWSs with
detections (1.18%) and the nationd estimate for the total number of PWSs (65,030)].

Because the State data used for the cross-section are not a strict satistical sample, national
extrapolations of these Stage 1 andlytica results can be problematic, especialy for contaminants with
very low occurrence like naphthalene and other CCL regulatory determination priority contaminants.
For this reason, the nationdly extrapolated estimates of occurrence based on Stage 1 results are not
presented in the Federal Register Notice. The presentation in the Federal Register Notice of only the
actua results of the cross-section andysis maintains a straight-forward presentation, and the integrity of
the data, for stakeholder review. The nationaly extrapolated Stage 1 occurrence values are presented
here, however, to provide additional perspective. A more rigorous statistica modeling effort, the Stage
2 andlysis, could be conducted on the cross-section data (Cadmus, 2001). The Stage 2 results would
be more satigticaly robust and more suitable to national extrapolation. This approach would provide a
probability estimate and would aso dlow for better quantification of estimetion error.

Round 1(1987-1992) and Round 2 (1993-1997) data were not merged because they represent
different time periods, different States (only eight States are represented in both rounds), and each
round has different data management and data qudity problems. The two rounds are only merged for
the smple spatid andysis overview presented in section 3.3.2.2 and Figures 3-2 and 3-4.

3.3.2 Results
3.3.2.1 Occurrence Estimates

While States with detections of naphthalene are widespread (Figure 3-2), the percentages of PWSs
by State with detections are modest (Table 3-4). In aggregate, the cross-sections show agpproximately
0.8% to 1.2% of PWSsin both rounds experienced detections (> MRL), affecting 3.0% to 4.8% of
the population served (approximately 6 - 10 million people). Percentages of PWSs with detections
greater than haf the Hedth Reference Levd (> %2 HRL) are much lower for both rounds. 0.01%. The
percentage of PWSs exceeding the Hedlth Reference Level (> HRL) isaso very smal (seedso Figure
3-4). Detections greater than the HRL were only reported in Round 1: 0.01% of PWSs, affecting a
population of approximately 16,000.
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Note that for the Round 1 cross-section, the total number of PWSs (and the total population served
by the PWSs) is not the sum of the number of ground water and surface water systems (or the
populations served by those systems). Because some public water systems are seasondly classified as
ether surface or ground water, some systems may be counted in both categories. The population
numbers for the Round 1 cross-section are dso incomplete. Not dl of the PWSs for which occurrence
data was submitted reported the population they served. (However, the population numbers presented
in Table 3-4 for the Round 1 cross-section are reported from approximately 95% of the systems.)

The nationd estimates extrgpolated from Round 1 and Round 2 PWS numbers and populations are
not additive either. In addition to the Round 1 classification and reporting issues outlined above, the
proportions of surface water and ground water PWSs, and populations served by them, are different
between the Round 1 and 2 cross-sections and the nationd estimates. For example, approximately
63% of the population served by PWSs in the Round 2 cross-section States are served by surface
water PWSs (Table 3-4). Nationaly, however, that proportion changes to 60%.

Both Round 1 and Round 2 nationd cross-sections show a proportionate balance in PWS source
waters compared to the nationd inventory. Nationdly, 91% of PWSs use ground water (and 9% of
surface water): Round 1 shows 89% and Round 2 shows 90% of systems using ground water. The
relaive populations served are not as closely comparable. Nationally, about 40% of the population is
served by PWSs using ground water (and 60% by surface water). Round 2 data is most representative
with 37% of the cross-section population served by ground water; Round 1 shows about 55%.

There are differences in the occurrence results between Round 1 and Round 2, as should be
expected. The differences are not great, however, particularly when comparing the proportions of
systems affected. The results range from 0.8% to 1.2% of PWSs with detections of ngphthaene and
range from 0.00% to 0.01% of PWSs with detections greater than the HRL of 140 pg/L. Theseare
not substantively different, given the data sources. The differences in the population extrapolations
appear greater, but still condtitute relatively smal proportions of the population. Less than 5.0% of the
population served by PWSsin either round are served by systems with detections and only 0.01% of
the population served by Round 1 PWSs were served by systems with detections greater than the
HRL.

The Round 2 cross-section provides a better proportional balance related to the national population
of PWSs and may have fewer reporting problems than Round 1. The non-zero estimate of the nationa
population served by PWSs with detections greater than the HRL using Round 1 data can aso provide
an upper bound estimate in considering the data.

3.3.2.2 Regional Patterns
Occurrence results are displayed graphicaly by State in Figures 3-2, 3-3, and 3-4 to assess
whether any distinct regiond patterns of occurrence are present. Combining Round 1 and Round 2

data (Figure 3-2), there are forty-seven States reporting. Four of those States have no data for
naphthaene, while another 11 have no detections of the chemical. The remaining 32 States have

20



Regulatory Determination Support Document for Naphthalene

July 2003

Table 3-4: Summary occurrence statistics for naphthalene

24 Stat? 1 20 State. 2 National System &
Cross-Section Cross-Section Population Numberss

Ereauencv Factors (Round 1) (Round 2) P

Total Number of Samples 45,567 94,910 --

Percent of Samples with Detections 0.43% 0.23% --

99" Percentile Concentration (all samoles) < (Non-detect) < (Non-detect) --

Health Reference Level 140 pg/L 140 pg/L --

Minimum Reporting Level (MRL) Variable’ Variable' -

99" Percentile Concentration of Detections 900 ua/L 73 ual/L --

Median Concentration of Detections 1.0 po/L 0.73 ug/L --

Total Number of PWSs 13,452 22,923 65.030
Number of GW PWSs 12,034 20,524 59.440
Number of SW PWSs 1,502 2,399 5.590

Total Population 77,209,916 67,498,059 213.008.182
Population of GW PWSs 42,218,746 25,185,032 85.681.696
Population of SW PWSs 41,987,010 42,313,027 127,326,486 .

National Extrapolation

Occurrence by Svstem Round 1 Round 2

% PWSs with detections (> MRL) 1.18% 0.75% 769 491
Range of Cross-Section States 0 - 28.24% 0- 4.48% N/A N/A
GW PWSs with detections 1.08% 0.62% 642 368
SW PWSs with detections 1.93% 1.92% 108 107

% PWSs > 1/2 Health Reference Level (HRL) 0.01% 0.01% 10 6
Range of Cross-Section States 0 - 1.53% 0 - 0.06% N/A N/A
GW PWSs > 1/2 Health Reference Level 0.02% 0.01% 10 6
SW PWSs > 1/2 Health Reference Level 0.00% 0.00% 0 0

% PWSs > Health Reference Level 0.01% 0.00% 10 0
Range of Cross-Section States 0 - 1.53% 0.00% N/A N/A
GW PWSs > Health Reference Level 0.02% 0.00% 10 0
SW PWSs > Health Reference | evel 0.00% 0.00% 0] (0]

Occurrence by Population Served

% PWS Population Served with detections 2.910% 4.790% 6,198,000 10,204,000
Range of Cross-Section States 0-37.22% 0-31.41% N/A N/A
GW PWS Population with detections 4.005% 1.162% 3,431,000 995,000
SW PWS Population with detections 1.323% 6.950% 1,685,000 8,849,000

% PWS Population Served > 1/2 Health Reference Level 0.007% 0.002% 16,000 5,000
Range of Cross-Section States 0-0.23% 0- 0.01% N/A N/A
GW PWS Population > 1/2 Health Reference Level 0.013% 0.007% 11,000 6,000
SW PWS Population > 1/2 Health Reference Level 0.000% 0.000% 0 0

% PWS Population Served > Health Reference Level 0.007% 0.000% 16,000 0
Range of Cross-Section States 0-0.23% 0.000% N/A N/A
GW PWS Population > Health Reference Level 0.013% 0.000% 11,000 0
SW PWS Population > Health Reference L evel 0.000% 0.000% 0] (0]

See Section 3.3.1.4 for discussion

as NP

Summary Results based on data from 24-State Cross-Section, from URCIS, UCM (1987) Round 1.
Summary Results based on data from 20-State Cross-Section (minus New Hampshire), from SOMS/FED, UCM (1993) Round 2.
Total PWSand population numbers are from EPA March 2000 Water Industry Baseline Handbook.

. National extrapolations are from the 24-Sate data and 20-State data using the Baseline Handbook system and population numbers.

- PWS= Public Water Systems; GW = Ground Water; SW = Surface Water; MRL = Minimum Reporting Level (for laboratory analyses);
- HRL = Health Reference Level, an estimated health effect level used for preliminary assessment for thisreview; N/A = Not Applicable
- The Health Reference Level used for naphthaleneis 140 ug/L. Thisisadraft value for working review only.

- Total Number of Samples = the total number of analytical records for naphthalene.

- 99th Percentile Concentration = the concentration value of the 99th percentile of either all analytical results or just the samples with detections (in pg/L).
- Median Concentration of Detections = the median analytical value of all the detections (analytical results greater than the MRL (in pg/L).
- Total Number of PWSs = the total number of public water systems with records for naphthalene.

- Total Population Served = the total population served by public water systems with records for naphthalene.
- % PWSwith detections, % PWS> %2 Health Reference Level, % PWS> Health Reference Level = percent of the total number of public water systems with at
least one analytical result that exceeded the MRL, %2 Health Reference Level, Health Reference Level, respectively.
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Figure 3-2: Stateswith PWSswith detections of naphthalenefor all Stateswith datain URCIS
(Round 1) and SDWIS/FED (Round 2)

All States

Naphthalene Detections
inRound 1 and Round 2

— Saesnat in Round 1 or Round 2
[ Nodaafor Naphthaene

Sates with No Detections (No PWSs >MRL)

States with Detectiors (Any PWS>MRL)
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Figure 3-3: Stateswith PW Sswith detections of naphthalene (any PW Sswith results greater
than the Minimum Reporting Level [MRL]) for Round 1 (above) and Round 2 (below) cross-
section States

Naphthalene Occurrencein Round 1

[ States not in Cross-Section
[ No data for Naphthalene
[ 000% PWSs> MRL
001- 1.00% PWSs> MRL
* Outliers: State of Alabama at 28.3%; Sate of Florida at 7.0% 100- 4.00% PWSs> MRL*

Naphthalene Occurrence in Round 2

[ States not in Craoss-Section
[ No data for N aphthalene
[ 0.00% PWSs >MRL
0.01 - 1.00% PWSs>M RL
* Sate of New Hampshire isan outlier at 100% 1.00 - 4.00% PWSs > MRL*
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Figure 3-4: Cross-section States (Round 1 and Round 2 combined) with PW Sswith detections
of naphthalene (above) and concentrations greater than the Health Reference Leve (below)

Naphthalene Occurr ence
in Round 1 and Round 2

[ States not in Cross-Section
1 No data for Naphtha ene
[ 000% PWSs> MRL
001- 1.00% PWSs> MRL

* Outliers: State of Alabama at 28.3%; Sate of Florida at 7.0%; Sate of New Hampshire at 100% 100- 4.00% PWSs> MRL*

NaphthaeneOccurrence
in Round 1 and Round 2

- ] States not in Cross Section
3 No data for Naphthalene
=1 0.00% PWSs> HRL
0.01-1.00% PWSs >HRL
1.00 - 4.00% PWSs > HRL
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detected ngphthalene in drinking water and are well distributed throughout the United States. In
contragt to the summary datistical data presented in the previous section, this smple spatid andyss
includes the biased New Hampshire data.

The smple spatia analyss presented in Figures 3-2, 3-3, and 3-4 suggests that specid regiond
anayses are not warranted because naphthalene occurrence at concentrations below the HRL is
widespread. While no clear geographica patterns of occurrence are apparent, comparisons with
environmenta use and release information are useful (see also section 3.1.2). The47 TRI States
reporting releases of ngphthaene to the environment include dl of the States that detected it in drinking
water except New Hampshire. Also, four of the six States that have not detected naphthalenein site
samples reported to ATSDR’s HazDat database, and three of the six States where it was not detected
at CERCLA NPL gtes, have detected it in drinking water.

3.4 Conclusion

Naphthal ene has been detected in untreated ambient ground water samples reviewed and/or
andyzed by the USGS NAWQA program. Detection frequencies and concentrations for dl wells are
relaively low; however, occurrence is congderably higher for urban wells when compared to rurd
wells. Naphtha ene has been detected a dightly higher frequenciesin urban and highway runoff.
Concentrations in runoff are low, with maximum concentrations well below the current HAL of 100
pg/L. Naphthalene has dso been found at ATSDR HazDat and CERCLA NPL stes across the
country and releases have been reported through the Toxic Release Inventory.

Naphthalene has also been detected in PWS samples collected under SDWA. Occurrence
egimates are low for Round 1 and Round 2 monitoring with only 0.43% and 0.23% of dl samples
showing detections, respectively. Significantly, the values for the 99" percentile and median
concentrations of al samples are less than the MRL. For Round 1 samples with detections, the median
concentration is 1.0 pg/L and the 99" percentile concentration is 900 ug/L. Median and 99" percentile
concentrations for Round 2 detections are 0.73 pg/L and 73 pg/L, respectively. Systems with
detections congtitute only 1.2% of Round 1 systems and 0.8% of Round 2 systems (an estimate of 769
(Round 1) and 491 (Round 2) systems nationally). Nationa estimates for the population served by
PWSs with detections are dso low, especidly for detections grester than the HRL. It is estimated that
less than 0.01% of the nationd PWS population is served by systems with detections greater than the
HRL (approximately 16,000 people).

In summary, the occurrence data indicate that ngphthaene isinfrequently detected in ambient
waters or public water systems in the United States. Furthermore, when naphthadene is detected, it
very rarely exceeds the HRL or avaue of one-hdf of the HRL. Therefore, in relation to the key
determination criterion the occurrence data indicate that naphthaene does not occur in public water
systems with afrequency, or at levels, of public health concern.
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40 HEALTH EFFECTS

A full description of the hedth effects and the dose-response information for threshold and non-
threshold effects associated with exposure to naphthaene are presented in Chapters 7 and 8 of the
Health Effects Support Document for Naphthalene (USEPA, 2003). A summary of the pertinent
findings are presented below.

4.1 Hazard Characterization and Mode of Action Implications

Data for the human hedlth effects of naphthalene are limited. Medica case reports of accidenta
and intentional ingestion identify hemolytic anemia (breskdown of red-blood cells) and cataracts as
sgnificant outcomes of ora exposure in humans. Case reports of individuds (primarily infants) exposed
to naphthaene via dermd contact, inhdation, or a combination of both exposure routes point to
hemolytic anemia and its consequences such as jaundice and enlargement of the spleen as the most
commonly manifested toxic effects in humans following exposure a concentrations that exceed average
environmenta levels. There are no reliable human toxicity data for subchronic or chronic exposure to
naphthaene.

In animals, acute or subchronic exposure to relaively high ord doses (200 to 700 mg/kg or
greater) of ngphthalene resulted in hemolytic anemia (dogs only) and cataracts (rats and rabbits).
Lower ord doses of ngphtha ene (less than 200 to 400 mg/kg) administered to rats and mice in three
subchronic studies resulted in decreased body weight, central nervous system depression, and atered
organ weights, but did not result in hemolytic anemiaor cataracts. No trestment-related lesons were
observed in studies reporting histopathology. A limitation of the hedth effects database for ngphthdene
isthe lack of adequately designed chronic ord exposure sudiesin animals.

Thereis no evidence of developmenta effects in animals after exposure to naphtha ene doses of
120 mg/kg or less. Developmenta studies at higher doses produced inconsistent results with regard to
maternal and fetdl effects.

The available data for mode of action indicate that oxidative metabolism of naphthaene following
ord or inhdation exposure produces a variety of reactive metabolites. These metabolites subsequently
react with cdlular macromolecules such as those in cell membranes or enzymesto dicit toxicity in target
tissues such as the blood, eye, and (in anima inhadation studies) nose and lung. Direct exposure of the
cellslining the respiratory tract causes inflamation, tissue damage, and reparative cll divison. Although
naphtha ene does not appear to be directly genotoxic, long term inhaation exposure of mice and rats
has caused development of adenomas (benign tumors) and carcinomas in the nasdl cavity (rats) and
lungs (female mice). Naphthaene does not gppear to be carcinogenic by the ord route.

People with impaired cdlular defense capabilities may be more susceptible to ngphthaene toxicity.
The finding that individuas deficient in the enzyme glucose-6-phosphate dehydrogenase (G6PD) are
more likely to develop hemolytic anemia following exposure to naphthaene confirms this prediction and
identifies this group as a potentidly susceptible population. Individuas with this deficiency have lower
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levels of reduced glutathione, a compound which normally protects red blood cells againgt oxidative
damage. G6PD-deficient neonates, infants, and the fetus are particularly sengtive to ngphthaene
toxicity because the metabolic pathways responsible for detoxification of reactive naphthalene
metabolites are not yet well developed. In addition, these groups have low levels of methemoglobin
reductase, increasing their vulnerability in the period immediatdy after birth. Methemoglobinisaform
of hemoglobin in which the iron has been changed o that the red blood cell can no longer carry
oxygen. Naphthaene and other chemicas can change the iron in hemoglobin from its +2 to its +3 date
causing methemoglobinemia. The enzyme methemoglobin reductase is responsible for returning the iron
in hemoglobin to its norma +2 date and restoring the ability to bind with oxygen.

4.2 Dose-Response Characterization and Implicationsin Risk Assessment

Information on the human hedth effects of ngphthaene has been obtained from medica case
reports of intentional or accidenta ingestion. The usefulness of case study data for ng risk from
drinking water ingestion are limited by one or more of the following factors: quantitative exposure data
are not available in most case reports; the toxicokinetics of asingle large dose may differ from those of
chronic low-level exposure; and/or the low agueous solubility of ngphthaene may prevent the
occurrence of concentrations in drinking water that are comparable to the doses that require medica
attention. The limited human exposure data from case reports suggest that cataracts occurred following
asingle dose of approximately 71 mg/kg consumed over 13 hours (Lezenius, 1902). Indications of
hemolytic anemiaresulted after asingle oral dose of gpproximately 109 mg/kg (Gidron and Leurer,
1956).

All available dose-response information for ngphthaene toxicity in animasis extensvely
summarized in Table 7-7 in the Heal th Effects Support Document for Naphthalene (USEPA, 2003).
Five key studies are summarized below. These five sudies currently provide the most rdligble
information on threshold levels for ngphthaene toxicity in animals exposed viathe ord route. Included
in this group are two short-term studies and three subchronic sudies. There are presently no
adequately designed chronic ora exposure studies.

In short-term studies, a Lowest Observed Adverse Effect Level (LOAEL) of 50 mg/kg-day (the
lowest dose tested) was identified for transent Sgns of neurotoxicity (i.e. dowed respiration and
movement) in pregnant rats administered ngphthalene on gestation days 6-15 (NTP, 1991). A No
Observed Adverse Effect Level (NOAEL) of 53 mg/kg-day and LOAEL of 267 mg/kg-day were
identified for effects on body weight and organ weight observed in a 14-day study conducted in mice
(Shopp et d., 1984). In subchronic studies, NOAEL and LOAEL vaues of 100 mg/kg-day and 200
mg/kg-day, respectively, were identified in 13-week studies conducted in rats and mice (BCL, 19803,
b). The corresponding duration-adjusted vaues are 71 mg/kg-day and 143 mg/kg-day, respectively.
The LOAEL inrats wasidentified on the basis of decreased terminal body weight, while the LOAEL in
mice was identified on the basis of trangent clinical Sgns of toxicity observed during weeks 3to 5 of the
Sudy. In the third subchronic study, NOAEL and LOAEL vaues of 53 mg/kg-day and 133 mg/kg-
day, respectively, were identified on the basis of changes in organ weights and data suggestive of
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changes in enzyme activity observed in mice administered naphthalene for 90 days (Shopp et d.,
1984).

For hemolytic anemiaand cataracts (the endpoints of grestest relevance to humans), the available
animd dataare limited by deficienciesin study design, including the use of asingle high dose (typicaly
500 to 2,000 mg/kg-day) and/or an inadequate number of test animas. NOAEL and LOAEL vaues
therefore cannot be identified in these gudies. Holmen et d. (1999) identified a LOAEL of 500 mg/kg-
day for ocular changes in amultidose study where rats were dosed twice weekly for 10 weeks.

To place short-term and subchronic dose-response information in perspective, a high-end estimate
of naphthalene intake can be calculated. The solubility of naphthalene in water is31 mg/L. Assuming
that naphthalene is present at the limit of solubility, the dose to a 70 kg adult consuming 2 L of drinking
water per day would be 0.9 mg/kg-day. The doseto a 10 kg child consuming 1 L of drinking water
per day would be 3.1 mg/kg-day. Comparison of these doses to the threshold levels for naphthaene
toxicity indicates that the human LOAEL vaues are at least an order of magnitude greater than the
estimated high-end dose.

The RfD for naphthaeneis 2 x 102 mg/kg-day (USEPA, 1998c). The RfD is an estimate (with
uncertainty spanning perhaps an order of magnitude) of adaily ord exposure to the human population
(including sengitive subgroups) thet is likely to be without an appreciable risk of deleterious effects
during alifetime. Because there are no adequate chronic ora exposure studies for ngphthalene, the
RfD isbased on aNOAEL of 71 mg/kg-day identified for lack of effect on termina body weight in
male rats oraly exposed to naphthalene for 13 weeks (BCL, 1980a). An uncertainty factor of 3,000
was used in the derivation of the RfD to account for use of a subchronic study (factor of 10),
extrgpolation from humans to animds (factor of 10), variability in human populations (factor of 10), and
lack of multidose studiesin species that are sengtive to hemolytic anemia and cataracts (factor of 3).
The derivation of the RfD for naphthaleneis discussed in section 8.1.1 of the Drinking Water Support
Document for Naphthalene (USEPA, 2003).

The Reference Concentration (RfC) for naphthaleneis 3 x 10° mg/m? (USEPA, 1998c). The RfC
is an estimate (with uncertainty spanning perhaps an order of magnitude) of a continuous inhdation dose
to the human population (including sendtive subgroups) that islikely to be without appreciable risk of
adverse effects over alifetime of exposure. The RfC for naphthalene is based on lesions of the nose
observed in a chronic inhaation study of ngphthadenein mice (NTP, 1992). Details of the RfC
derivation are provided in section 8.1.6 of the Health Effects Support Document for Naphthalene
(USEPA, 2003). Comparison of inhalation doses to the RfC can be useful in the risk assessment of
contaminants thet readily volatilize from drinking water during household activities. In the case of
naphthalene, volailization from water is expected to be minimdl.

No quantitative dose-response anaysis (including dose-conversion, extrapolation methods, oral

dope factor or inhdation unit risk) for cancer is presented at this time due to the weakness of evidence
that naphthalene may be carcinogenic in humans.
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4.3 Rdative Source Contribution

Relative source contribution andys's compares the magnitude of exposure expected via drinking
water to the magnitude of exposure from intake of naphthaene in other media such as food, air, and
s0il. To perform this analys's, intake of naphthaene from drinking water must be estimated. Drinking
water occurrence data for naphthalene are presented in section 3.3. The median and 99" percentile
concentrations for ngphthalene were below the MRL when dl samples (i.e., those with detectable and
nondetectable levels of naphthaene) from either Round 1 or Round 2 were analyzed.

Asasmplifying assumption, avaue of one-hdf of the MRL is often used as an estimate of the
concentration of a contaminant when the results are less than the MRL. Because a Sngle estimate of
the MRL for ngphthalene was unavailable [see section 5.4.1 of the Health Effects Support Document
for Naphthalene (USEPA, 2003)], two dternative approaches were used to estimate average daily
intakes from drinking water. The reported detection limits for naphthaene range from 0.01 ug/L for the
most sengitive to 3.3 ug/L for the least sengtive methods (ATSDR, 1995). If avaue of one-haf the
detection limit is used as a rough estimate of the concentration of naphthalene, this equates to a range of
0.005to 1.65 pg/L. Assuming intake of 2 L/day of drinking water by a 70 kg adult, the average daily
dose would be 1.4 x 103 to 47.1 x 10 pg/kg-day (1.4 to 47.1 ng/kg-day). The corresponding dose
for a 10 kg child consuming 1 L/day of drinking water would be 0.5 x 10 to 165 x 10 ug/kg-day
(0.5 to 165 ng/kg-day). Alternatively, if the median concentration for naphthaene in samples with
detectable levels (gpproximately 1 pg/L) is used, the average daily dosesto an adult and child would be
28.6 x 10 and 100 x 10 pg/kg-day (28.6 and 100 ng/kg-day), respectively.

Collectively, available dataindicate that intake from drinking water will often be relatively low when
compared to intake from other media The estimated average daily intakes of ngphthaene from
drinking water (based on median detected concentrations) and other media were used to caculate
estimated ratios of the exposure from each medium to the exposure from water. The estimated
food:drinking water exposure ratio ranges from 1 to 8 for an adult and from 2 to 9 for achild. The
estimated air:drinking water exposure ratio is 39 for an adult and 45 for achild. The range of estimated
naphthalene intake from soil is very broad for both children and adults; thus the soil water intake ratio
will be highly scenario-dependent. For an adult, the estimated soil:drinking water exposure ratio ranges
from lessthan 1 to 103. For a child, the estimated soil:drinking water exposure ratio ranges from 2 to
430.

4.4 Senstive Populations

The sengtive populations identified for ngphthaene include individudss (including infants, neonates
and the fetus) deficient in the enzyme G6PD. This enzyme helps protect red blood cells from oxidative
damage. The enzyme deficiency makes red blood cells more sengtive to avariety of toxins, including
naphthalene. Thus, the hemolytic response to naphthalene is enhanced in GEPD-deficient individuals.
Higher rates of inherited G6PD deficiency are found among the people of Asia, Greece, Itay, the
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Middle East, and Africa. In the United States, an estimated 5.2% to 11.5% of the population has an
inherited G6PD deficiency (Luzzatto and Mehta, 1989). Because this defect islinked to the X-
chromosome, males are more likely to be affected than femaes.

New-born infants are generaly considered to be more sengtive to ngphthaene toxicity because the
metabolic pathways for conjugation of ngphthalene are not well developed. New-born infants dso
have low levels of methemoglobin reductase, which may compound and prolong some effects of
hemolytic anemia

Cdculation of medium-specific exposure retios indicates that ngphthaene intake from air is about
40-fold greater than intake from water. Naphthalene intakes from food and soil may also be
sgnificantly greater (up to 9-fold greater and 430-fold greeter for a child, respectively) than from water,
depending on the exposure scenario. Therefore, regulation of naphthaene in drinking water would be
unlikely to significantly reduce the risk to sengitive populations.

45 Exposure and Risk Information

Approximately 6 to 10 million people are served by systems with detections greater than the MRL.
An estimated 5,000 of these individuas may be served by systems with detections greeter than one-half
the HRL based on Round 2 monitoring data, but exposures above the HRL would be rare and
localized. Prevaence datafor G6PD deficiency in the United States indicate that 5.2% to 11.5% of the
exposed individuas may have reduced activity of G6PD and, thus, have an increased risk for
methemogl obinemia and possibly hemoalytic anemiaif exposed to moderate-to-high doses of
naphthalene. Methemoglobinemiais a precursor event to hemolysis induced by naphthaene, aswell as
by avariety of other chemicad agents. Hemolytic anemiais an acute effect that is precipitated when the
oxidative damage to the red blood cell is sufficient to cause breakdown of the cell membrane,
Neonates and infants have reduced protection against methemoglobinemia due to developmental delays
in the activity of methemoglobin reductase, a protective enzyme.

Hemolytic anemiais an acute effect that occurs a moderate-to-high doses of ngphthaene. When
average dally intakes from drinking water are compared with intakes from food, air and soil, drinking
water accounts for ardatively small proportion of tota naphthalene intake. On the basis of these
observations, the impact of regulating ngphthaene concentrations in drinking weater on hedthrisk is
likely to be smdll.

4.6 Conclusion

In conclusion, while there is evidence that ngphthaene may have adverse hedth effects in humans a
high doses, it isunlikely that it will occur in drinking water & frequencies or concentrations thet are of
public hedth concern. There are inadequate data to support a conclusion about the carcinogenicity of
naphthaene by the ord route of exposure. All CCL regulatory determinations and further analysis are
formaly presented in the Federal Register Notices (USEPA, 2002a; 67 FR 38222; and USEPA,
2003a; 68 FR 42898).
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5.0 TECHNOLOGY ASSESSMENT

If adetermination has been made to regulate a contaminant, SDWA requires development of
proposed regulations within two years of making the decison. Itiscritica to have suitable monitoring
methods and trestment technologies to support regulation development according to the schedules
defined in the SDWA.

5.1 Analytical Methods

The availability of analytica methods does not influence EPA’ s determination of whether or not a
CCL contaminant should be regulated. However, before EPA actudly regulates a contaminant and
edtablishes aMaximum Contaminant Level (MCL), there must be an andyticd method suitable for
routine monitoring. Therefore, EPA needs to have gpproved methods available for any CCL regulatory
determination contaminant before it is regulated with an NPDWR. These methods must be suitable for
compliance monitoring and should be cost effective, rapid, and essy to use.

Naphthaene is an unregulated contaminant for which monitoring was required under the
Unregulated Contaminant Monitoring program (USEPA, 1987; 52 FR 25690). It dready has well-
documented andytica methods developed specificaly for low-leve drinking water andyses.

For naphthalene, there are two andytical methods available. EPA Method 524.2 isawell
established, and sengitive, purge and trap gas chromatographi c/mass spectrometry (GC/MS) method
with a detection limit of 0.04 pg/L. EPA Method 502.2, a purge and tragp method using conventiona
gas chromatography detectors (PID and ELCD in series), has a method detection limit of 0.02 pg/L.

5.2 Treatment Technology

Treatment technologies dso do not influence the determination of whether or not a contaminant
should be regulated. But before a contaminant can be regulated with an NPDWR, treatment
technologies must be readily avalable. EPA’s Office of Research and Development (ORD) has
researched trestment technologies for dl of the organic compounds listed as regulatory determination
priorities on the CCL, including naphthalene. The two gppropriate technologies reviewed were
granular activated carbon (GAC) and air stripping.

Granular activated carbon trestment removes contaminants via the physica and chemica process of
sorption, by which the contaminants attach to the carbon surface as water passes through the carbon
bed. Activated carbon has alarge sorption capacity for many water impuritiesincluding synthetic
organic contaminants, taste and odor causing compounds, and some species of mercury. Adsorption
capecity istypicaly represented by the Freundlich isotherm congtants, with higher Freundlich (K) vaues
indicating greater sorption potentid.
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Air gripping involves the continuous contact of air with the water being tregted, dlowing volatile
dissolved contaminants to transfer from the source water to the air. After contact, the “ contaminated
ar’ isswept from the system, taking the contaminant out of contact with the treated water. The driving
force for the water-to-air transfer of the volatile contaminants is the contaminant’ s concentration
gradient between the water and air. The Henry's Law congtant is a commonly used indicator of the
tendency of a contaminant to partition from water to air. A larger Henry’ s congtant indicates a greater
equilibrium of the contaminant in the air. Thus, contaminants having larger Henry’ s constant are more
easily removed by air stripping.

Predictive computer modeling and specific chemica characterigtics were used to determine the
isotherm constants needed to evauate the two treatment technologies. The rule of thumb used for
SDWA compounds, learned through the development of cost-and-technology documents to support
other drinking water regulations, isthat GAC is consdered to be cost-effective if the contaminant has a
Freundlich (K) value above 200 (Speth and Adams, 1993). For air stripping, a compound with a
Henry’ s constant above dibromochl oropropane (0.005) or ethylene dibromide (0.037) is considered
strippable at a reasonable cost.

Naphthalene has a predicted Freundlich (K) vaue of 25,000, s0 it can be effectively treated by the
GAC method. However, becauseiits predicted Henry’s Law congtant is 0.02, naphthalene can only
undergo effective air stripping procedures under certain concentration conditions.

6.0 SUMMARY AND CONCLUSIONS- DETERMINATION OUTCOME

Three statutory criteria are used to guide the determination of whether regulation of a CCL
contaminant is warranted: 1) the contaminant may adversdy affect the hedth of persons; 2) the
contaminant is known or islikely to occur in public water systems with afrequency, and a leves, of
public hedth concern; and 3) regulation of the contaminant presents a meaningful opportunity for hedth
risk reduction for persons served by public water systems. Asrequired by SDWA, adecison to
regulate a contaminant commits the EPA to propose an MCL G and promulgate a NPDWR for the
contaminant. A decision not to regulate a contaminant is conddered afina Agency action and is
subject to judicid review. The Agency can choose to publish aHedth Advisory (a nonregulatory
action) or other guidance for any contaminant on the CCL that does not meet the criteriafor regulation.

The available toxicological dataindicate that naphthalene has the potentid to cause adverse hedlth
effectsin humans and animas at high doses. In humans, hemoalytic anemiais the most common
manifestation of naphthalene toxicity. There are inadequate data to support a conclusion about the
carcinogenicity of naphthaene by the ora route of exposure.

Monitoring data indicate that naphthalene is infrequently detected in public water supplies. When
naphthaene is detected, it very rarely exceeds the HRL) or avaue of one-haf of theHRL. The
available data for ngphthalene production show downward trends. The physiochemica properties of
naphthaene, and the available data for environmenta fate, indicate that naphthaene in surface water is
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likely to be rapidly degraded by biotic and abiotic processes and that it has little potentia for
bioaccumulation. Based on these data, it is unlikely that ngphthaene will occur in public water systems
at frequencies or concentration levels that are of public health concern.

EPA consders exposure to both the genera public and sensitive populations, including the fetus,
infants, and children, in making its regulatory determination. Approximately 6 to 10 million people are
served by PWSs with detections grester than the Minimum Reporting Level. Based on Round 1
monitoring, an estimated 16,000 individuas (about 0.007% of the population served by PWSs) are
exposed to naphthaene at levels that exceed both one-half the HRL and the HRL. However, this
edimate was heavily influenced by results from samples collected at two ground water sysemsin one
of the cross-section States that can be considered to be outlier values. The Round 2-based estimate of
5,000 individuals (approximately 0.002% of the population served) exposed to concentrations greater
than %2 the HRL with no exposures at concentrations greater than the HRL appears to be a better
esimate of possible nationd exposure.

Infants and neonates (approximately 1.3% of the nationa population) and the fetus (approximately
2.4% of the nationd population) may experience grester sengtivity to naphthaene toxicity than the
generd population. Individuas deficient in the GEPD enzyme (approximately 5.2%-11.5% of the
nationa population) are o believed to be more sengtive to development of hemolytic anemiathan the
generd populaion. When average daily intakes from drinking weter are compared with intakes from
food, ar and soil, drinking water accounts for ardatively smal proportion of tota naphthalene intake.
These observations suggest that ngphthaene regulation in drinking water would not present a meaningful
opportunity for hedth risk reduction.

While there is evidence that ngphthaene may have adverse hedth effects in humans at high doses, it
isunlikely that it will occur in drinking water a frequencies or concentrations thet are of public hedth
concern or that regulation of ngphthaene represents a meaningful opportunity for hedlth risk reduction in
persons served by public water sysems. All CCL regulatory determinations and further analysis are
formaly presented in the Federal Register Notices (USEPA, 2002a; 67 FR 38222; and USEPA,
2003a; 68 FR 42898).
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APPENDIX A: Abbreviationsand Acronyms

ACGIH - American Conference of Governmentd Indudtria Hygienists
ATSDR - Agency for Toxic Substances and Disease Registry

CAS - Chemica Abstract Service

CCL - Contaminant Candidate List

CERCLA - Comprehensive Environmental Response, Compensation &  Liability Act
CMR - Chemicd Monitoring Reform

CWS - community water system

ECD - electron capture detectors

ELCD - electrolytic conductivity detector

EPA - Environmental Protection Agency

EPCRA - Emergency Planning and Community Right-to-Know Act
FDA - Food and Drug Adminigtration

FIFRA - Federd Insecticide, Fungicide, and Rodenticide Act

FQPA - Food Quality Protection Act

FR - federd register

G6PD - glucose-6-phosphate dehydrogenase

GAC - granular activated carbon (treatment technology for organic compounds)
GC - gas chromatography (alaboratory method)

gmol - grams per mole

GW - ground water

HAL - Hedlth Advisory leve

HazDat - Hazardous Substance Release and Hedlth Effects Database
HRL - Hedlth Reference Leve

[o]e - inorganic compound

IRIS - Integrated Risk Information System

Ko - organic carbon partition coefficient

K ow - octanol-weter partitioning coefficient

L - liter

LOAEL - lowest observed adverse effect level

MCL - maximum contaminant level

MCLG - maximum contaminant level god

MDL - method detection limit

mg - milligram

mg/kg-day - milligram per kilogram per day

mm Hg - millimeter mercury

MRL - minimum reporting level

MS - mass spectrometry (alaboratory method)

MSHA - Mine Sefety and Hedlth Administration

NAWQA - National Water Quality Assessment Program

NCOD - National Drinking Water Contaminant Occurrence Database
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NDWAC - Nationd Drinking Water Advisory Council

NIOSH - Nationd Ingtitute for Occupationa Safety and Health
NIRS - Nationd Inorganic and Radionuclide Survey

nm - nanometer

NOAEL - no observed adverse effect leve

NPDES - Nationd Pollution Discharge Elimination System
NPDWR - Nationd Primary Drinking Water Regulation

NPL - Nationd PrioritiesLigt

NPS - National Pesticide Survey

NTNCWS - non-trangient non-community water system

NTP - National Toxicology Program

NURP - Nationa Urban Runoff Program

OGWDW - Office of Ground Water and Drinking Water

ORD - Office of Research and Development

OSHA - Occupationa Safety and Hedlth Administration
PGWD - Pesticides in Ground Water Database

PID - photoionization detector

ppm - part per million

PWS - public water system

RCRA - Resource Conservation and Recovery Act

RfD - reference dose

SARA Titlelll - Superfund Amendments and Reauthorization Act
SDWA - Safe Drinking Water Act

SDWIS/FED - Federd Safe Drinking Water Information System
SOC - gynthetic organic compound

SW - surface water

TRI - Toxic Release Inventory

UCM - Unregulated Contaminant Monitoring

UCMR - Unregulated Contaminant Monitoring Regulation/Rule
URCIS - Unregulated Contaminant Monitoring Information System
USDHHS - United States Department of Hedlth and Human Services
USEPA - United States Environmenta Protection Agency
USGS - United States Geologica Survey

vVOC - volatile organic compound

g - micrograms

>MCL - percentage of systems with exceedances

>MRL - percentage of systems with detections
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