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SIX-YEAR REVIEW 3 HEALTH EFFECTS ASSESSMENT:

SUMMARY REPORT

1. INTRODUCTION

The 1996 amendments to the Safe Drinking Water Act (SDWA), Section 1412(b)(9),
require the United States Environmental Protection Agency (U.S. EPA) to review existing
National Primary Drinking Water Regulation (NPDWR) every six years and determine which, if
any, are candidates for revision. The SDWA Amendments also specify that any revision of a
NPDWR will maintain or provide for greater protection of public health. The goal of the cyclical
review is to determine whether it is appropriate to consider changes (i.e., to “revise” or “take no
action”) to existing NPDWRs based on changes in health effects and/or analytical or
technological feasibility that have occurred since the regulations were promulgated.

In response to this mandate, U.S. EPA developed a Protocol for the Review of Existing
National Primary Drinking Water Regulations (U.S. EPA, 2002a; 2003e) based on
recommendations of the National Drinking Water Advisory Council (NDWAC, U.S. EPA,
2000a) and input from stakeholders representing a wide variety of interest groups. U.S. EPA has
updated this protocol for the third review effort (U.S. EPA, 2016d). The protocol outlines the
approach to be used to review and identify NPDWRs that may warrant revision. The key
elements that are considered in the review process are health effects, analytical methods,
occurrence and exposure, treatment technology, and other regulatory provisions (e.g., monitoring
and reporting requirements).

The primary purpose of this document is to summarize the results of the review of the
health effects component of the Six-Year Review 3 effort for the chemical and radiological
NPDWRs regulated under the Phase Rules and Radionuclides Rule. Seven NPDWRs fall under
the disinfectants and disinfection byproducts rules (bromate, chloramine [as CI2], chlorine [as
CI2], chlorine dioxide, chlorite, total trihalomethanes and haloacetic acids). Information on these
contaminants is evaluated in a separate document developed by EPA: Technical Support
Document titled “Technical Support Document for Disinfectants/Disinfection Byproducts
Regulations Under Six-Year Review 3” (USEPA, 2016h).

In addition, turbidity is also not evaluated in this report because it is not a chemical
pollutant and it is covered in a separate document (U.S. EPA, 2016f and 2016g). Finally, five
microbial contaminants/groups are analyzed under Surface Water Treatment Rule (SWTR),
Interim Enhanced SWTR, LT1/LT2 Enhanced SWTR (Cryptosporidium, Giardia lamblia,
Heterotrophic plate count, Legionella, Viruses) separately under ‘Technical Support Document
for Microbial Contaminant Regulations Under Six-Year Review 3’ (U.S. EPA, 2016f) and under
‘Technical Support Document for Long-Term 2 Regulation Under Six-Year Review 3’ (U.S.
EPA, 2016g).
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1.1 Background

The Agency completed its first Six-Year Review (referred to here as “Six-Year Review
1) in July 2003 (U.S. EPA, 2002b; 2003a). In the Six-Year Review 1, EPA evaluated the
information available at that time on the key elements of the review process for sixty-eight (68)
chemical contaminants covered under various NPDWRs. The assessment of health effects for
those sixty-eight (68) chemicals was presented in the Six-Year Review, Chemical Contaminants
— Health Effects Technical Support Document (U.S. EPA, 2003f). Five chemicals were identified
as potentially qualifying for revision on the basis of new EPA health assessments independent of
technological feasibility considerations (i.e., analytical and treatment technology) and occurrence
data. These five chemicals were beryllium, 1,1-dichloroethylene, lindane, oxamyl, and picloram.
The Six-Year Review 1 health assessment also identified three chemical contaminants (cyanide,
di(2-ethylhexyl) adipate and thallium) as high priority for reevaluation because of reproductive
and/or developmental information based on the literature search and new assessments available
at that time. Fluoride was also identified as a candidate for reevaluation because of information
on dental, bone and cancer effects. In completing Six-Year Review 1, the Agency determined
that it was not appropriate to revise any of the sixty-eight (68) chemicals NPDWRs considered at
that time (U.S. EPA, 2003a).

The agency completed the health effects review for the second Six-Year Review in
October 2009 (U.S. EPA, 2010f; 2009c¢) (referred to here as “Six-Year Review 2”). Under Six-
Year Review 2, the health assessments of seventy-one (71) chemicals were reviewed, including
sixty-six (66) of the sixty-eight (68) chemicals from Six-Year Review 1. Lead and copper were
not included under Six-Year Review 2 because of ongoing efforts initiated in 2006 to revise the
Lead and Copper Rule. However, five chemicals not considered during Six-Year Review 1
(arsenic; uranium; combined radium [226 and 228]; alpha particle emitters; and beta particle and
photon emitters), for which new regulations had been promulgated, were considered during Six-
Year Review 2.

During Six-Year Review 2, new EPA health assessments were identified that could
impact MCLGs for 14 contaminants (alachlor, barium, 2,4-D (2,4-dichlorophenoxyacetic acid),
1,1-dichloroethylene, diquat, endothall, glyphosate, hexachlorocyclopentadiene, lindane, oxamyl
(vydate), picloram, toluene, 1,1,1-trichloroethane, and xylenes (total)). It should be noted that the
identification of chemicals qualifying for revision was independent of other considerations (e.g.,
analytical and treatment technology, occurrence data) that may have influenced the final
selection of contaminants to be revised. EPA also identified five contaminants (chromium,
nitrate, nitrite, selenium, and 1,2,4-trichlorobenzene) for which new literature was available
supporting the potential need for new health effects assessments and two contaminants (atrazine
and simazine) that warranted further evaluation based on availability of new health effects data
(U.S. EPA, 2009c).

Considering analytical methods, technology and other factors along with health
assessments during Six-Year Review 2, EPA identified four NPDWR chemical contaminants as
candidates for revision. The four NPDWRs were: acrylamide, epichlorohydrin,
tetrachloroethylene, and trichloroethylene.
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1.2 Six-Year Review 3

The decision-making process of the Six-Year Review 3 protocol was essentially the same
as that implemented during Six-Year Review 1 and Six-Year Review 2, however a modification
to the protocol was included in this cycle of review. For the Six-Year Review 1 and Six-Year
Review 2, only EPA assessments were evaluated for their potential impact on maximum
contaminant level goal (MCLG) revisions. The non-EPA assessments (e.g., Agency for Toxic
Substances and Disease Registry (ATSDR), California Environmental Protection Agency
(CalEPA), and Health Canada) were reviewed but not included in the consideration of potential
revisions to the MCLG. For the Six-Year Review 3, these non-EPA assessments were taken into
consideration as the basis for potential MCLG revisions, as appropriate. The EPA Integrated
Risk Information System (IR1S) and the Office of Pesticide Programs (OPP) became the
predominant sources for reference dose and cancer slope factors for this update. For a few
contaminants, however, more recent toxicity assessments from federal, state and international
agencies provided the assessments that identified potential revisions to MCLGs.

After identifying and documenting all available toxicity values, EPA selected the toxicity
values for non-carcinogenic and carcinogenic effects that could potentially change an existing
MCLG. A more current toxicological assessment from a source other than EPA was selected
when these assessments introduced new science (e.g., the toxicity value was based on a newer
principal study) or used a more current approach for dose-response quantification. Final
decisions about potential changes to an MCLG take into account information beyond
consideration of toxicity (e.g., occurrence and exposure, treatment technologies, analytical
methods).

Beginning with the National Interim Primary Drinking Water Regulations (U.S. EPA,
1976), MCLGs have been typically derived using an adult body weight of 70 kg and drinking
water intake of 2 L per day. The body weight assumption of 70 kg, was supported by the mean
bodyweight of adults from the NHANES |11 database (1988-1994) and a 1989 study conducted
by the National Cancer Institute (Section 4.3.1 in U.S.EPA, 2000b). The drinking water intake
rate of 2 L/day was also first selected for use in development of the National Interim Primary
Drinking Water Regulations (U.S. EPA, 1976) considering the data available at the time.
Support to this value is provided by the consumers only community water ingestion rate for
adults surveyed in the U.S. Department of Agriculture’s 1994-1996 Continuing Survey of Food
Intake by Individuals (CSFII) analysis (USEPA 2000b, section 4.3.2.1). Updates to the drinking
water intake and body weight parameters are provided in EPA’s Exposure Factors Handbook
(U.S. EPA, 2011a) supporting a revision for the 90 percentile consumers only tap water intake
to 2.5 L per day and the mean adult body weight to 80 kg, respectively. This review focuses
primarily on the impact of new toxicity data in evaluating changes to MCLGs, and thus
comparisons have been made using the older body weight and tap-water intake assumptions. The
net effect of adjusting these values would be less than a 9% reduction in the MCLGs. In a few
cases (e.g., carbofuran, oxamyl), where the most recent toxicity values were derived for infants
and children, the potential MCLGs were calculated based on children’s body weight and water
intake for the first year of life.
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Under Six-Year Review 3, the initial review identified 12 Chemical Phase Rule
NPDWRs that were being considered as part of ongoing or pending regulatory actions. These 12

NPDWRs included:

e Eight chemicals (benzene, carbon tetrachloride, 1,2-dichloroethane, dichloromethane,
1,2-dichloropropane, tetrachloroethylene, trichloroethylene, and vinyl chloride) are being
evaluated as part of the Group Regulation of Carcinogenic Volatile Organic Compounds
(cVOCs) (U.S. EPA, 2011b; U.S. EPA, 2014b).

e Copper and lead are being evaluated in an ongoing effort to revise the Lead-Copper
Rule/NSDWR (U.S. EPA, 1991f and 2007a)

e Acrylamide and epichlorohydrin were identified as candidates for revisions in Six-Year
Review 2 (U.S. EPA, 2010f) and were pending regulatory revision. For the technical
analysis for these two contaminants, see Support Document for Third Six Year Review of
Drinking Water Regulations for Acrylamide and Epichlorohydrin (U.S. EPA, 2016e).

EPA determined that for 19 NPDWRs, a USEPA health effects assessment is currently in
process or planned by the Office of Research and Development program Integrated Risk
Information System (IR1S), the Office of Pesticide Programs (OPP), the Office of Radiation and
Indoor Air (ORIA), the Office of Water (OW), or the National Academy of Sciences (assessment
commissioned by USEPA). Therefore, additional health effects reviews for those chemicals as
part of Six-Year Review 3 were not necessary. The 19 chemicals (List A) are identified in Table

1.

Table 1: List A Chemicals - Health Effects Assessment in Process or Nominated for Health

Assessment

Alpha/photon emitters

Di(2-ethylhexyl) phthalate
(DEHP)

Nitrite

Arsenic, inorganic

1, 2 Dichlorobenzene

Polychlorinated biphenyls
(PCBs)

total Cr)

Atrazine 1,4 Dichlorobenzene Radium (226, 228)
Benzo(a)pyrene (PAH) Ethylbenzene Simazine
Beta/photon emitters Glyphosate Uranium
Cadmium Mercury

Chromium (V1) as part of Nitrate

EPA’s OPP is conducting reviews of atrazine, simazine, and glyphosate in Registration

Review.

EPA’s Office of Research and Development is reviewing (or plans to review) inorganic
arsenic, benzo(a)pyrene, chromium (V1), ethylbenzene, cadmium, di(2-ethylhexyl) phthalate
(DEHP), mercury, nitrate, nitrite, 1,2-dichlorobenzene, 1,4-dichlorobenzene, PCBs and uranium
through the IRIS program. Inorganic arsenic, benzo(a)pyrene, chromium, and PCBs are currently

4
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under review and the remaining chemicals are included in the current IRIS multiyear plan. (U.S.
EPA, 2015). For the purpose of the Six-Year Review 3, these chemicals were considered as
having ongoing assessments and placed on List A.

Following the promulgation of the final radionuclides rule (U.S. EPA, 2000c), additional
information became available on the adverse health effects of ionizing radiation (including alpha
particle emitters; beta particle and photon emitters; and combined radium (226 and 228)), as well
as for the mechanisms that cause cellular and molecular damage. In light of this new
information, EPA’s ORIA has begun the process of revising its radiation risk methodology to
incorporate the new data, (U.S. EPA, 2007b, 2007c, 2007d).

The following forty-two (42) chemicals, identified as List B (Table 2) underwent a more
detailed review including the evaluation of effects and risk-based values from government
agencies and publications from the primary literature. This document summarizes the results of
the review of the health effects component of the Six-Year Review 3 effort for the chemicals
identified below.

Table 2: List B Chemicals — Evaluated for Health Effects to Determine the Potential
Impact on the MCLG

Alachlor Ethylene Dibromide (EDB;1,2-
Dibromoethane)

Antimony* Fluoride

Asbestos* Heptachlor

Barium Heptachlor epoxide

Beryllium* Hexachlorobenzene

Carbofuran Hexachlorocyclopentadiene

Chlordane Lindane (gamma-hexachloro-cyclohexane)

Chlorobenzene (Monochlorobenzene)

Methoxychlor

Cyanide, free*

Oxamyl (Vydate)

2,4-D (2,4-Dichlorophenoxy Acetic Acid)

Pentachlorophenol*

Dalapon (2,2-Dichloropropionic Acid) Picloram
1,2-Dibromo-3-chloropropane (DBCP) Selenium
1,1-Dichloroethylene Styrene*
cis-1,2-Dichloroethylene* Thallium*
trans-1,2-Dichloroethylene* Toluene
Di(2-ethylhexyl) adipate (DEHA)* Toxaphene

Dinoseb

2,4,5-TP (Silvex; 2,4,5

Trichlorophenoxypropionic Acid)

Dioxin* 1,2,4-Trichlorobenzene
Diquat 1,1,1-Trichloroethane
Endothall 1,1,2-Trichloroethane

Endrin Xylenes (total)
*Not reviewed during Six-Year Review 2 because of ongoing assessments

TIncluded in IRIS Multi-year agenda (U. S. EPA 2015), but is included in List B based on a Cal-EPA
Assessment
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1.3 Objectives and Report Organization

The first objective of the review was to identify new quantitative and qualitative health
information that could indicate a possible basis for revising the MCLG when supported by
occurrence data and technological feasibility. The second objective of the review was to identify
chemicals that might warrant a new formal Agency health effects assessment or further follow-
up and evaluation based on the availability of significant new health information identified
through the literature searches.

Section 2 provides an overview of U.S. EPA health effects assessment methods, for both
carcinogens and non-carcinogens, that are relevant to the health effects assessments conducted
under this Six-Year Review.

Section 3 describes the overall process implemented to evaluate any new health effects
for chemicals considered in this Six-Year Review.

Section 4 presents the results of the health effects review, including the identification of
those chemicals for which OW identified new health risk assessment that suggested a possible
change to the current MCLG could be considered.

Section 5 provides an overall summary of this document.

2. OVERVIEW OF U.S. EPA HEALTH EFFECTS ASSESSMENT METHODS
2.1 Non-carcinogens

For chemicals exhibiting a threshold for toxic effects, U.S. EPA establishes the MCLG
based on an oral reference dose (RfD). The MCL is the same as the MCLG in cases where it is
technically feasible based on quantitation levels and treatment technology, and can be achieved
at a cost commensurate with the benefits achieved. A change in the RfD could lead to a change
in the MCLG. The RfD is an estimate (with uncertainty spanning perhaps an order of magnitude)
of a daily oral exposure to the human population (including sensitive subgroups) that is likely to
be without an appreciable risk of deleterious non-cancer effects during a lifetime. The RfD is
derived as follows:

RfD (mg/kg/day) = NOAEL or LOAEL or BMDL
UF

where:
NOAEL = no-observed-adverse-effect level (mg/kg/day)
LOAEL = lowest-observed-adverse-effect level (mg/kg/day)
BMDL = lower confidence limit on the benchmark dose (mg/kg/day)

UF = uncertainty factor
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No-Observed-Adverse-Effect Level (NOAEL): The highest exposure level at which there are
no biologically significant increases in the frequency or severity of adverse effect between the
exposed population and its appropriate control; some effects may be produced at this level, but
they are not considered adverse or precursors of adverse effects.

Lowest-Observed-Adverse-Effect Level (LOAEL): The lowest exposure level at which there
are biologically significant increases in frequency or severity of adverse effects between the
exposed population and its appropriate control group.

Benchmark Dose Lower confidence limit (BMDL): Benchmark dose (BMD) modeling can be
performed to identify a dose level that causes a defined level of change in the critical effect in
cases where the study doses have a different level of change than the one that defines an effect as
adverse. Since the BMD modeling and the determination of the BMD and BMDL is dependent
on a predetermined change in response rate of an adverse effect compared to background (or the
benchmark response (BMR)), it is critical to select an appropriate BMR in the BMD modeling
process. For quantal data, an excess risk of 10% generally has been the default BMR because the
10% response is at or near the limit of sensitivity in most cancer and noncancer bioassays. If a
study has greater-than-usual sensitivity, then a lower BMR can be used, although the benchmark
dose at a 10% response (BMD10) and the lower 95% confidence limit on the BMD1o (BMDL10)
are usually presented for comparison purposes. For continuous data, if there is a minimal level of
change in the endpoint that is generally considered to be biologically significant, then that
amount of change can be used to define the BMR. In the absence of any other data on the
adverse response level, a change in the mean equal to one control standard deviation (1SD) from
the control mean is generally used (U.S. EPA, 2000d; 2012a).

BMD modeling is an alternative approach for deriving RfDs instead of using a NOAEL or
LOAEL. The BMDL is a dose that is determined by fitting a flexible mathematical model to the
data. The BMD is the central estimate of that dose, and the BMDL is the corresponding lower
limit of a one-sided 95% confidence interval on the BMD. In practice, the BMDL is often used
as an alternative to the NOAEL as a point of departure in recent noncancer risk assessments.
Selecting BMRs involves making judgments about the statistical and biological characteristics of
the dataset (e.g., quantal versus continuous) and about the applications for which the resulting
BMDs/BMDLs will be used.

Uncertainty Factors (UF): The NOAELs, LOAELs or BMDLs selected for deriving the RfD
can be determined from animal or human data. In calculating an RfD, the NOAEL, LOAEL or
BMDL is divided by a composite uncertainty factor (UF). An UF is a product of several
uncertainty factors accounting for variation in sensitivity among members of the human
population, extrapolation from animal data to humans, extrapolation from a LOAEL to a
NOAEL, extrapolation of subchronic data to lifetime, and database deficiencies. Each individual
UF presented below may range between 1 and 10 to account for the uncertainty introduced either
by variability or the absence of information. The specific magnitude of the value is based upon a
combination of scientific evidence and professional judgment (U.S EPA, 2002c).

Some older assessments also used a modifying factor (MF) in the calculation of the overall UF.
Discontinuation of the MF was recommended in 2002 (U.S. EPA, 2002b), and the IRIS glossary
states that the MF was discontinued in 2004. The magnitude of the MF reflected the scientific
uncertainties of the study and database not explicitly treated with standard uncertainty factors

7
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(e.g., the completeness of the overall database). Current practice is to address those uncertainties
in the database uncertainty factor. A MF was greater than zero and less than or equal to 10, and
the default value for the MF was 1. Based on the EPA guidance for RfD determination, the total
UF may not exceed 3000 (U.S. EPA, 2002c).

The following paragraphs describe the component uncertainty factors, based on current U.S.
EPA guidance for use of uncertainty factors for IRIS and similar programs. In addition to the
considerations suggested below, others may be appropriate depending upon data availability,
applicability, and quality. In particular, additional considerations are used in deriving an RfD for
nutritionally essential elements, taking into account recommended intake.

UFH (human to sensitive human): A factor of 10 is used as the default when data from
human populations are lacking or deficient, as well as when the data are from studies on
average healthy humans. A factor of 3 can be used when the sensitivity of the human
population used in the study is judged to be between that for sensitive and average
healthy humans, such as when some, but not all, significant contributors to sensitivity are
addressed, or when the study population is large enough to capture significant population
variability. Chemical-specific data can also be used to adjust this factor, when adequate
data are available. A factor of 1 is used when the data are from a good-quality
epidemiology study evaluating effects in a sensitive population.

UFEA (animal to human): A factor of 10 is used as the default when extrapolating valid
results from experimental animal studies, when results of studies of human exposure are
not available or are inadequate. A factor of 3 can be used when results are obtained from
an animal species that is physiologically similar to humans, such as nonhuman primates,
or when pharmacokinetic modeling approaches are used in extrapolating from the animal
data (U.S. EPA, 1994c). Chemical-specific data can also be used to adjust this factor,
when adequate data are available. A factor of 1 can be used when valid results are
obtained from an animal species that is known to be more sensitive than humans to the
chemical of interest, or when comparative metabolic and/or toxicity data show that the
experimental animal responds to the chemical or agent in a manner that is the same or
very similar to the way that a human responds.

UF. (LOAEL to NOAEL): A factor of 10 is used as the default when deriving an RfD
from a LOAEL instead of a NOAEL. A factor of less than 10 (typically 3) can be used
when there is sufficient evidence to suggest that the LOAEL used is based on an effect of
minimal adversity or in a case where the dose response for the collection of similar
studies demonstrates that the difference between an effect and no effect level is less than
10. A factor of 1 is used when the critical effect level is a study NOAEL or when
benchmark dose modeling (i.e., a BMDL) was used to identify the point of departure. The
BMDL has been used as an alternative to the NOAEL as a point of departure in
noncancer risk assessment.

UFEs (subchronic to chronic): A factor of 10 is used as the default when less-than-chronic
results (NOAEL or LOAEL) in humans or experimental animals are used in the absence
of useful long-term human or animal data. A factor of 3 may be used for intermediate
data, such as when some data on chronic exposures are available but the study did not
evaluate some of the parameters shown to be affected in studies of shorter duration. A

8
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factor of 1 is used when the RfD is derived from a chronic study. A factor of 1 also can
be used when less-than-chronic results are used, if it is known that the subchronic study is
more sensitive than any chronic studies, or that the critical study evaluated the full
duration of relevance for the critical effect (e.g., for certain reproductive or
developmental effects or relevant acute effects such as cholinesterase inhibition).

UFp (completeness of database): This UF is used when deriving a risk value from an
“incomplete” database. The intermediate factor of 3 is often used when there is a single
data gap (e.g., missing a multigenerational reproduction study, or missing a systemic
toxicity study in one species).

The minimum database for a high confidence RfD includes two systemic toxicity studies
of chronic or subchronic duration in different species, a two-generation reproductive
study, and two developmental toxicity studies in different species. For the systemic
toxicity studies, the key consideration is whether a range of endpoints was evaluated,
duration extrapolation, if relevant, is addressed by UFs. The minimum dataset for a low
confidence chronic RfD is a single subchronic study (U.S. EPA, 2002c). Note that U.S.
EPA did not generally use the UFp prior to approximately 1998. The exception was the
where database deficiencies were addressed with the use of a modifying factor, as
discussed above. After 1998, the UFp was adopted by the IRIS program, but the UFp was
not used for regulations by OW until 1997, when some chemicals were assigned database
factors. Therefore, some older RfDs that were developed by U.S. EPA based on
incomplete databases might be 3- to 10-fold lower if current uncertainty factor guidelines
were followed. This is the case for several regulated chemicals that have since been
reevaluated by IRIS or the Office of Pesticide Programs (OPP) resulting in the addition of
a UFp to the Total UF for the same critical effects and point of departure as the one used
for the regulation.

2.2 Carcinogens

U.S. EPA’s health effects assessment for carcinogens involves assessing both the weight
of evidence for carcinogenicity and the potency. This section presents U.S. EPA’s guidance for
assessing carcinogens as it has evolved from the 1986 guidelines (U.S. EPA, 1986i) through the
final 2005 guidelines (U.S. EPA, 2005a, 2005e).

2.2.1 Classifications

Under the 1986 guidelines, the qualitative assessment began with a separate evaluation of
the animal and human data, identifying the data as sufficient, limited, inadequate, “no data,” or
“no evidence of carcinogenicity.” The animal and human data were combined with other
available data for an overall weight-of-evidence evaluation, using the following groups:

Group A — Human carcinogen
Group B - Probable human carcinogen

B1 “limited” evidence of carcinogenicity based on epidemiology data, and
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B2 “sufficient” evidence of carcinogenicity from animal data, but
“inadequate” or “no data” in humans

Group C — Possible human carcinogen
Group D — Not classifiable as to human carcinogenicity
Group E - Evidence of non-carcinogenicity for humans

Proposed revisions to the 1986 cancer guidelines were released in 1996 and 1999 (U.S.
EPA, 1996, 1999) as interim guidelines and both revisions were applied to official final U.S.
EPA assessments. Other interim cancer guidelines were published but not used in official final
U.S. EPA assessments. These revised versions of the guidelines, like the current guidelines
(finalized in 2005) described below, emphasized the use of descriptors coupled with a narrative
based on the entire weight of evidence (rather than a cancer classification), and emphasized
mode of action (MOA). However, the 1996 and 1999 versions used somewhat different sets of
descriptors and different definitions of the data supporting each descriptor than the 2005
guidelines. Under the proposed 1996 guidelines, there were just three broad categories of
descriptors: known/likely, cannot be determined, and not likely. Under the draft 1999 guidelines
there were five categories of descriptors: carcinogenic to humans; likely to be carcinogenic to
humans; suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic
potential; data are inadequate for an assessment of human carcinogenic potential; and not likely
to be carcinogenic to humans. The 1996 proposed and 1999 draft guidelines were also generally
consistent with the 2005 approach to quantitation (see Section 2.2.2), although they differed in
some minor details with respect to the modeling and the terminology used to identify the point of
departure (ED vs BMD).

Under the 2005 guidelines, a descriptive weight of evidence judgment is made, based on
all available animal, human, and mechanistic data, as to the likelihood that an agent is a human
carcinogen and the conditions under which the carcinogenic effects may be expressed. Under the
2005 guidelines, descriptive terms for carcinogenicity replaced the terms used in the 1999 draft
guidelines, which themselves replaced the 1986 alphanumeric cancer group designations as
described above. A cancer narrative is also included under the 2005 guidelines to provide a more
complete description of the weight of evidence and conditions of carcinogenicity. The suggested
descriptive terms under the 2005 guidelines are as follows:

Carcinogenic to humans

Likely to be carcinogenic to humans

Suggestive evidence of carcinogenic potential
Inadequate information to assess carcinogenic potential

Not likely to be carcinogenic to humans

10
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Compound descriptors are possible if a chemical has different carcinogenic responses
with different routes of exposure, dose, or MOA®. MOA information enters into both the
qualitative and quantitative portions of the assessment. The MOA determines such issues as the
human relevance of the observed tumors and any route-specific differences (e.g., carcinogenic in
the respiratory tract via the inhalation route, but not carcinogenic via the oral route). MOA must
be considered separately for every target organ. Because of these considerations, one cannot
directly translate the cancer classifications and risk values under the 1986 guidelines to narrative
statements and risks under the 2005 guidelines. A full consideration of the weight of evidence,
including consideration of any available MOA data, would be needed for an assessment under
the 2005 guidelines.

The cancer classifications in this screening-level health review for Six-Year Review 3
chemicals are based only on the Agency’s most recent available formal risk assessments. Note
that U.S. EPA cancer assessments conducted between 1996 (following publication of the
proposed guidelines) and 2001, when the Agency published a Federal Register notice (60 FR
59594) authorizing use of the 1999 draft guidelines on an interim basis, often presented two sets
of cancer classifications — one following the 1986 guidelines, and one following the
classification system of the then-most current official version of the pre 2005 guidelines. OPP
assessments conducted during that time period only used the 1986 guidelines.

2.2.2 Quantification

The quantitative aspect of cancer assessment also changed between the 1986 and 2005
guidelines. Under the 1986 guidelines, the cancer risk was calculated by fitting a model to the
tumor data, and then calculating a 95% upper confidence limit on one of the coefficients in the
model. The Linear Multistage Model was the one used most frequently; a few chemicals were
quantified based on other risk models. The resulting number was the g1* (also known as the
slope factor), producing an upper bound on the risk. In addition, in the 1986 guidelines, human
equivalent doses were estimated from animal data using a scaling factor of body weight to the
2/3 powver.

Under the 2005 guidelines, a two-step process is used for the quantitation step. First, a
model is used to fit a dose-response curve based on the doses and associated tumors from the
cancer bioassay. The model is used to identify the point of departure (POD), i.e. the dose that is
used for extrapolation to the low-dose region based on the BMD associated with a significant
increase in tumor incidence above the control. According to the 2005 guidelines, the POD is the
lowest dose that is adequately supported by the data. The ED10 (the dose corresponding to a
10% increase in tumors), and the LED10 (the 95% lower confidence limit on that dose) are also
reported, and are often used as the POD. Some of the more recent assessments use the
BMD/BMDL terminology rather than the ED/LED terminology. In the 1996 guidelines and in all
later versions, the default for calculating human equivalent dose for oral exposure uses a scaling
factor of body weight to the 3/4 power.

! Mode of action is defined as a sequence of key events and processes, starting with interaction of an agent with a
cell, proceeding through operational and anatomical changes, and resulting in cancer formation. It is contrasted with
“mechanism of action,” which implies a more detailed understanding and description of events.

11
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In the second step of the low-dose extrapolation, one extrapolates from the POD to the
low-dose region of interest for environmental exposures. The approach for extrapolation depends
on the MOA for carcinogenesis. If the chemical causes cancer through a mutagenic change to
DNA, or if the MOA for causing cancer is not known, this extrapolation is conducted by drawing
a line from the POD to the origin (zero dose, zero tumors, corrected for the background
response). The slope of the line gives the unit risk (risk per unit dose, or risk per [mg/kg/day]). If
there was a positive tumor response at all bioassay doses, the calculated slope is often very
similar to that calculated using the q1* approach. In addition, under the supplemental guidance
(U.S. EPA, 2005e), affirmative determination of a mutagenic MOA (as opposed to defaulting to
a mutagenic MOA based on insufficient data or limited data indicating potential mutagenicity)
determines if ADAFs are applied in the quantification of risk to account for additional sensitivity
of children.

If the chemical is shown to cause cancer via a MOA that is not linear at low doses, and
the agent does not demonstrate mutagenic or other activity consistent with linearity at low doses,
a nonlinear extrapolation is conducted. In earlier versions of the cancer guidelines (U.S. EPA,
1996, 1999) the point of departure was compared to the exposure of interest, resulting in a
margin of exposure (MOE). However, these earlier guidelines did not define the acceptable
MOE value. The 2005 guidelines state that “where tumors arise through a nonlinear MOA, an
oral reference dose or inhalation reference concentration, or both, should be developed in
accordance with U.S. EPA’s established practice of developing such values, taking into
consideration the factors summarized in the characterization of the POD.” In these cases, an
RfD-like value is calculated based on the key event? for carcinogenesis or the tumor response.

2.3 How U.S. EPA Sets the MCLG and MCL

Because the identification of contaminants for possible revision based on health effects is
dependent on whether or not the MCLG could change, a brief explanation of the derivation of
the MCLG is warranted. The MCLG is the maximum level of a contaminant in drinking water at
which no known or anticipated adverse health effects occur, allowing for an adequate margin of
safety. As the name implies, an MCLG is a health goal; it is not an enforceable standard. The
MCL is the maximum permissible level of a contaminant in water that is delivered to any user of
a public water system, and it is an enforceable standard. The MCL is set as close as feasible to
the MCLG, taking cost onto consideration and technical factors such as the minimal reporting
level of the analytical method and treatment technology limitations.

As discussed in the next two sections, there are different approaches used to establish
MCLGs for carcinogens and non-carcinogens.

2.3.1 Non-carcinogens

For non-carcinogens, the MCLG is derived from the RfD, which was discussed in
Section 2.1. From the RfD, a Drinking Water Equivalent Level (DWEL) can be determined. A
DWEL is a drinking water lifetime exposure level, assuming 100% exposure from that medium,

2 The key event is defined as an empirically observed precursor step that is itself a necessary element of the mode of
action or is a biologically based marker for such an element.
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at which adverse, non-carcinogenic health effects would not be expected to occur. The DWEL is
derived as follows:

DWEL (mg/L) = RfD x BW
DWI

where:
BW = Body Weight (70 kg for adults, 10 kg for children3)
DWI = Drinking water intake (2 L/day for adults, 1 L/day for children®).

The MCLG is then derived by considering other known or potential sources of exposure,
using the relative source contribution (RSC) factor.

MCLG (mg/L) = DWEL x RSC

The RSC from drinking water is based on actual exposure data, or, if data are not
available, a value of 20% is assumed for effects based on lifetime exposure. This allows 80% of
the total exposure to come from sources other than drinking water, such as exposure from food,
inhalation, or dermal contact. For the few MCLGs based on adverse effects related to exposure
in children, an RSC of 100% was usually applied because the source of exposure for the critical
study was drinking water. In assessments completed after the EPA (2000b) RSC decision tree
was published in the Human Health Ambient Water Quality Criteria Methodology, a maximum
RSC value of 80% allows for potential unidentified sources even when data from other sources
are available.

2.3.2 Carcinogens

For drinking water contaminants regulated prior to the 1996 SDWA, OW followed a
three-category regulatory cancer classification system (Categories I, 11, or 111). These categories
specify decisions as to degree of concern for an agent’s carcinogenic potential as a contaminant
of drinking water, and define to some extent the approach to risk management that is taken for
establishing MCLGs.

U.S. EPA also used the six alphanumeric categories (A, B1, B2, C, D, and E) of the 1986
cancer guidelines (U.S. EPA, 1986i) in establishing MCLGs. The six-group classification system
is often equated to the three-category system in the NPDWR Federal Register announcements.
Table 1 describes the three categories and, with few exceptions (e.g., beryllium), their usual
equivalent alphanumeric classification. If a chemical was a known or probable human
carcinogen by the oral route (Category I, generally Group A or B), the MCLG was generally set
at zero because it is assumed, in the absence of other data, that there is no known threshold for
carcinogenicity. If a chemical is in Group C (Category Il), the MCLG was derived using the RfD

% The 70 kg body weight and consumers only drinking water intake (90" percentile) of 2L/day were used for most
currently regulated chemicals. The comparable values in the EPA (2011a) Exposure Factors Handbook are 80 Kg
and 2.5 L/day. The values for children (a one year infant) have also changed. For children, the normalized drinking
water intakes per unit body weight over the first year of life is 0.15L/Kg based on the 90th percentile of drinking
water consumption and the mean body weight for age groups, birth to <1 month, 1 to <3 months, 3 to <6 months, 6
to <12 months rather than the 0.1 ratio used for earlier assessments.
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approach, as described in the next section, along with an additional risk management safety
factor of 1 t010. If a chemical is placed into Group D or E (Category I1), the MCLG was derived
using the RfD approach as described in the next section. The methodology used under this
approach for establishing MCLGs for chemicals with varying degrees of evidence of
carcinogenicity is summarized in Table 3.

A generally similar approach applies to chemicals with cancer assessments developed
under more recent U.S. EPA guidelines. The MCLG is generally set at zero for chemicals with a
descriptor of carcinogenic to humans or likely to be carcinogenic to humans. For a descriptor of
suggestive evidence of carcinogenic potential, the RfD approach is used.

14
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Table 3: U.S. EPA Three-Category Approach and Corresponding 1986 Cancer
Classification System

Three-category approach for Corresponding five-group classification
establishing MCLGs system of 1986 cancer guidelines
MCLG generally set at zero
Category I: Generally Group A or B:
Known or probable human A: Human carcinogen
carcinogens: Strong evidence of Sufficient evidence from epidemiological studies

carcinogenicity to support a causal association.

B: Probable human carcinogen

Sufficient human or animal evidence of B1: Limited evidence of carcinogenicity from
carcinogenicity. epidemiological studies.
B2: Inadequate evidence or no data from
epidemiological studies; sufficient evidence from
animal studies.
MCLG based on the RfD with an additional safety factor of up to 10 to account for
possible carcinogenicity, or is based on excess cancer risk range of 10 to 10

Category II: Generally Group C:
Limited evidence of carcinogenicity Possible human carcinogen
Some limited but insufficient evidence of  Limited evidence of carcinogenicity in animals in
carcinogenicity from animal data. the absence of human data.
MCLG established using the RfD approach
Category IlI: Group D or Group E:
Inadequate or no evidence of D: Not classifiable as to human carcinogenicity
carcinogenicity in animals Inadequate human and animal evidence of

carcinogenicity, or no data available.

E: Evidence of non-carcinogenicity for
humans

No evidence of carcinogenicity in two different
animal species, or in both epidemiological and
animal studies.
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2.4 Key Differences in Human Health Assessment Methods Between U.S. EPA and Other
Organizations Discussed in this Document

As part of the evaluation of the List B chemicals, assessments by several other regulatory
bodies or authoritative organizations were reviewed. Notable among these are the ATSDR,
CalEPA, the World Health Organization (WHO), Health Canada, and NAS. To provide context
to that review, key differences between the human health assessment methods of these other
organizations and those of U.S. EPA are summarized here.

ATSDR establishes oral minimal risk levels (MRLs) for non-cancer endpoints for acute
(1-14 days), intermediate (15 — 364 days), and chronic (365 days or more) exposure durations.
MRLs for oral chronic exposure are derived using approaches similar to U.S. EPA’s RfDs.
However, ATSDR and EPA use different approaches when the database is limited to subchronic
studies and no adequate chronic study is available. In such cases, U.S. EPA derives a chronic
RfD from a subchronic study, incorporating an additional uncertainty factor to account for use of
a subchronic study. ATSDR derives an intermediate duration MRL and it generally does not
derive a chronic oral MRL by incorporating an additional uncertainty factor to account for using
a less-than-lifetime study. For cancer effects, ATSDR cites the cancer classification of National
Toxicology Program (NTP), EPA and International Agency for Research on Cancer (IARC) in
the toxicological profiles. ATSDR does not perform quantitative cancer risk assessments or
assign formal cancer classifications or descriptors, although an overall summary of the data
pertaining to carcinogenic potential is provided.

Cal EPA establishes a public health goal (PHG), which is a water concentration that is the
State’s equivalent to the MCLG. The PHG can be based on either cancer or noncancer endpoints.
When the PHG is based on cancer endpoints, Cal EPA estimates a cancer potency factor and
then uses the potency factor to estimate the daily water intake that is equivalent to a 10 cancer
risk, utilizing lifestage adjusted drinking water intake and drinking water equivalent exposures
that include exposures from inhalation and dermal routes from bathing and showering. When the
PHG is based on noncancer endpoints, the reference value, called Acceptable Daily Intake, may
utilize a point of departure derived using EPA’s BMD modeling. A total uncertainty factor of
3000 may be utilized, with intrahuman variability of up to 30x compared to 10x by U.S. EPA.
The PHG for noncancer effects sometimes also includes a drinking water intake rate adjusted to
lifestages and inhalation and dermal route exposures from bathing and showering. Cal EPA uses
a default RSC of 20%, similar to the approach of U.S. EPA, but uses other data-derived values
more frequently than does U.S. EPA.

WHO establishes a “guideline value,” a drinking water concentration that is developed in
a process analogous to that for the MCLG. However, WHO uses different default assumptions
for estimating water concentration, including a 60 kg adult body weight, along with the
traditional daily water consumption of 2 L/day and the default RSC of 20%. The guideline value
can also address infant and child water consumption differences and changes to RSC as allowed
by the data. WHO develops one guideline value that is based either on cancer or noncancer
endpoints. For genotoxic carcinogens a value may be based on a concentration calculated to
correspond to a cancer risk, usually 10°. WHO also states that member states can make
adjustments by a factor of 10 above and below that 10°guideline value.
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Health Canada concludes that for substances with no threshold (i.e., mutagens and
genotoxic carcinogens), it is assumed that there is some probability of harm to human health at
any level of exposure. Health-based values for carcinogens are generally established on the basis
of an estimation of lifetime cancer risk that would be considered “essentially negligible,” which
Health Canada has defined in the context of drinking water guidelines as a range from one new
cancer above background per 100,000 people to one new cancer above background per
1,000,000 people (i.e., 107 to 10°°) over a lifetime of 70 years. For non-carcinogens, an approach
similar to U.S. EPA’s RfD methodology is used (U.S. EPA, 2002c). For calculating water
concentrations, default values of 70 kg body weight, 1.5 L water intake per day, and a RSC of
either 20% or a value based on actual exposure data are used. In the case of volatile compounds
(both carcinogenic and non-carcinogenic), Health Canada employs a multi-route exposure
approach to estimate the relative contribution of the inhalation and dermal exposures during
showering and bathing. Using this approach, litre-equivalent contributions are estimated for both
the inhalation and dermal routes of exposure which are then added to the daily oral water intake
to reflect an overall daily intake from all potential routes of exposure for drinking water.

3. PROCESS FOR EVALUATING CHEMICALS FOR THE SIX-YEAR REVIEW 3

3.1 Identification of List A Chemicals (19) For Which The Health Effect Assessment is in
Process or That Are Nominated For Health Assessment

These 19 List A chemicals in Table 1 have an ongoing U.S. EPA health assessment in
process or have been nominated for a health assessment (as of 12/2015). The review of the List
A chemicals/radionuclides was limited to evaluation of available non-cancer and cancer
assessments from the following sources: EPA OW, IRIS, ORIA, and OPP Reregistration
Eligibility Decisions (RED), to determine if there were new data that should be considered
during the Six-Year Review 3. In addition, qualitative and quantitative descriptions of the toxic
and cancer effects from U.S. EPA documents for which external review versions are available
were also reviewed, with the understanding that these external-peer-review-ready assessments
are subject to further changes. No additional literature search was conducted for these chemicals.

For eight List A chemicals (cadmium, 1,2-dichlorobenzene, 1,4-dichlorobenzene, nitrate,
nitrite, mercury, DEHP and uranium), an initial literature search was initially conducted and a
preliminary evaluation of the literature was completed. Subsequent to these literature searches
the 2015 IRIS Multi-Year Agenda announced the intention to conduct updated assessments for
the 8 chemicals (U.S. EPA, 2015). These chemicals were consequently considered as having
ongoing assessments and placed on List A.

3.2 Literature Search Process for the List B Chemicals (42)

In the case of the List B chemicals a more comprehensive evaluation was performed,
including evaluation of effects and risk-based values from published health effects or risk
assessments, and evaluation of the primary literature. The cutoff date for the initial search of the
primary literature and EPA and other health agencies assessments was December 2014. Because
some of the health assessments identified in the initial search were draft, an updated search of
EPA and other agency health was performed with a cutoff date of December 2015.
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EPA and other health agency authoritative reviews/assessments undertaken by IRIS,
OPP, ATSDR, the National Toxicology Program (NTP), National Institute of Environmental
Health Sciences (NIEHS), CalEPA, WHO, Concise International Chemical Assessment
Documents (CICADS), International Programme on Chemical Safety/Environmental Health
Criteria (IPCS/EHC), IARC, Health Canada, Joint Expert Committee on Food Additives
(JECFA), and Joint Food and Agriculture Organization of the United Nations (FAO)/WHO
Meeting on Pesticide Residues (JMPR) were included in the searches.

Literature searches were conducted to identify publications from the primary literature to
supplement the information in the authoritative reviews. The following databases were searched:
TOXLINE, MEDLINE®, Developmental and Reproductive Toxicology (DART®), Chemical
Carcinogenesis Research Information System (CCRIS), and Hazardous Substances Data Bank
(HSDB). The dates covered by the literature search were determined on an individual chemical
basis, to ensure that the literature was adequately captured, but to avoid unnecessary duplication
of work done in the authoritative reviews. In general, searches covered posting dates from 2008
(one year before the Six-Year Review 2 was finalized) through December 2014. However, if
there was a recent IRIS, OPP, OW, or ATSDR document, the searches began 2 years before
publication date of the latest toxicity assessment from IRIS/OPP/OW and 3 years before the
publication date of any ATSDR Toxicological Profile. Several chemicals which had an
assessment underway during Six-Year Review 2 and were on List A, are on List B for Six-Year
Review 3. These chemicals (listed in page 4 with asterisk), did not have supplemental searching
during Six-Year Review 3 to cover the gap in search dates during the Six-Year Review 1 to Six-
Year Review 2 interval.

The searches and screening of the literature were intended to capture the health effects
data related to (1) systemic toxicity and carcinogenicity (including MOA and genotoxicity
studies) and for (2) reproductive and developmental toxicity. The search terms were very broad,
based on the chemical name, synonyms, and CAS number. Studies with a possible impact on the
assessment (i.e., new health outcomes, different NOAEL or LOAEL, mode of action
information, etc.) were retrieved and reviewed; other studies of interest were noted based on the
information presented in the abstract. After identifying new literature and more currently
available assessments, EPA identified toxicity values for non-carcinogenic and carcinogenic
effects that could change an existing MCLG. A more current toxicological assessment from a
source other than EPA was selected when these assessments introduced new science (e.g., the
toxicity value was based on a newer principal study) or used a more current methodological
approaches (e.g., BMDL). During the Six-Year Review 3 Review, the recent non-EPA
assessments were selected for four contaminants (e.g., methoxychlor, selenium, styrene and
1,2,4-trichlorobenzene).

3.3 Screening Process for List B Chemicals

For the 42 List B chemicals which are not the subject of an ongoing assessment by U.S.
EPA, a more comprehensive evaluation was done, including evaluation of effects and risk-based
values from risk assessment sources, and evaluation of the primary literature. Literature searches
on these chemicals were conducted as discussed above in Section 3.2. Newly identified studies
that appeared relevant to the assessment of noncancer, cancer, or reproductive/developmental
effects were obtained and screened for the possible impact of new data on current assessments.
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U.S. EPA OW Drinking Water Criteria Documents serve as the basis for current
regulations (with the exception of arsenic, and radionuclides). Toxicity values from more current
assessments completed by the following U.S. EPA Offices or other organizations were evaluated
to determine if there was new information that could change the existing MCL/MCLG:

e U.S. EPA Integrated Risk Information System (IRIS)
U.S. EPA Office of Pesticide Programs (OPP)
U.S. EPA Office of Radiation and Indoor Air (ORIA)
Agency for Toxic Substances and Disease Registry (ATSDR)
California EPA Public Health Goals (CalEPA)
World Health Organization (WHO)
0 Drinking Water Guidelines (WHO)
0 WHQO’s Concise International Assessment Documents (CICADs)
o0 International Programme on Chemical Safety — Environmental Health Criteria
Documents (IPCS, EHC)
e Food and Agriculture Organization of the United Nations (FAO)/WHO
0 Joint Meeting on Pesticide Residues (JMPR)
o Joint Expert Committee on Food Additives (JECFA)
Health Canada
National Academy of Sciences (NAS)
International Agency for Research on Cancer (IARC)
National Institute of Environmental Health Sciences (NIEHS) Report on Carcinogens
(RoC)
o National Toxicology Program (NTP)

Based on the availability of new data identified in the literature search and information
from existing assessments, recommendations were made regarding the potential for U.S. EPA
OW to update its MCLG based on the health effects data alone.

4. RESULTS

4.1 Findings for List A Chemicals with Ongoing EPA Assessments

As of December 31, 2015, 19 List A chemicals were the subject of ongoing EPA
assessments and therefore, the Agency is not recommending any changes to the MCLGs for
them at this time. The IRIS Program provides tracking information for of the chemicals for
which assessments are either underway or to be initiated. Information on the status of these
assessments can be found at the IRIS website at https://cfpub.epa.gov/ncealiris2/atoz.cfm. Table
4 below provides the status of the 19 List A chemicals which have ongoing or planned EPA
assessments.
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Table 4: List A Chemicals (19) with Ongoing EPA Assessments or Nominated for

Assessment
MCLG
Chemical Status
(mg/L)
Alpha/photon emitters 0 pCi/L EPA/ORIA is conducting a review of alpha

photon emitters

Arsenic, inorganic

The EPA IRIS Program is assessing
inorganic arsenic. The assessment status
can be found at:
(https://cfpub.epa.gov/ncealiris2/chemical L
anding.cfm?substance_nmbr=278&forceAs
sessmentTab=true)

Atrazine

0.003

EPA is assessing atrazine and simazine
under the pesticide registration review
process.

Benzo(a)pyrene

The EPA IRIS Program is assessing
benzo(a)pyrene. The assessment status can
be found at:
(https://cfpub.epa.gov/ncealiris2/chemical L
anding.cfm?substance_nmbr=136&forceAs
sessmentTab=true)

Beta/photon emitters

0
millirems
per year

EPA is conducting a review of alpha and
beta photo emitters.

Cadmium*

0.005

Cadmium is included in the EPA IRIS
Multi-Year Agenda. (U.S. EPA, 2015).

Chromium (V1) as part of
total Cr)

0.1

The EPA IRIS Program is assessing
chromium V1. The assessment status can be
found at:
(https://cfpub.epa.gov/ncealiris2/chemical L
anding.cfm?substance_nmbr=144&forceAs
sessmentTab=true)

Di(2-ethylhexyl) phthalate
(DEHP)*

Di(2-ethylhexyl) phthalate is included in the
EPA IRIS Multi-Year Agenda (U.S. EPA,
2015)

Ethylbenzene

0.7

The EPA IRIS Program is assessing
ethylbenzene. The assessment status can be
found at:
(https://cfpub.epa.gov/ncea/iris2/chemical L
anding.cfm?substance_nmbr=51&forceAss
essmentTab=true)

Glyphosate

0.7

EPA is assessing glyphosate under the
pesticide registration review process

Mercury*

0.002

Mercury is included in the EPA IRIS Multi-
Year Agenda (U.S. EPA, 2015).
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MCLG
Chemical Status
(mg/L)
Nitrate (N)* 10 Nitrate is included in the EPA IRIS Multi-
Year Agenda (U.S. EPA, 2015)
Nitrite (N)* 1 Nitrite is included in the EPA IRIS Multi-
Year Agenda (U.S. EPA, 2015).
o-Dichlorobenzene (1,2- 0.6 1,2-Dichlorobenzene is included in the EPA
Dichlorobenzene)* IRIS Multi-Year Agenda (U.S. EPA, 2015).
p-Dichlorobenzene (1,4- 0.075 1,4-Dichlorobenzene is included in the EPA
Dichlorobenzene)* IRIS Multi-Year Agenda (U.S. EPA, 2015).
PCBs 0 The EPA IRIS Program is assessing PCBs.
The assessment status can be found at:
(https://cfpub.epa.gov/ncea/iris2/chemical L
anding.cfm?substance_nmbr=294&forceAs
sessmentTab=true)
Radium (226, 228) 0 pCi/L EPA/ORIA is conducting a review of
radium.

* Nominated in the IRIS Multi-Year Agenda (U.S.EPA, 2015)

4.2 Findings for List B Chemicals (42)

Based on the approach described in Sections 3.2 and 3.3 for List B chemicals, U.S. EPA
evaluated the remaining 42 contaminants to determine if there were more recent RfDs and/or
cancer risk assessments or any peer reviewed literature available that might support a change to
the MCLG.

The tables presented in the Appendix B at the end of this document provide new
assessment information on these List B chemicals. Two types of tables are available: one
summarizing EPA assessments and the other summarizing assessments from other organizations.

For each chemical, a table was constructed that presents a “Summary of the EPA
Assessments” providing the basis for the current National Primary Drinking Water
Regulations, including RfDs and cancer groups on which the MCLGs are based, and
assessments by IRIS, OPP and/or OW (for fluoride only) that postdate the date for the
regulation. The information in these tables provides the basis for the RfDs, including
the critical effect, citation for the principal study, point of departure (whether it is a
NOAEL, LOAEL, or BMDL), and breakdown of uncertainty factors. For OPP
assessments, the Food Quality Protection Act (FQPA)* factor is also provided, when
relevant. In addition, for cancer assessments, the year of the guidelines followed is
presented, since the approach varied with the year of the guidelines. For a number of
the chemicals evaluated between 1996 and 2001, the individual assessments provided
the assessments under both the 1986 and 1996 guidelines. In such cases, only the

4 The FQPA mandated consideration of an additional uncertainty factor to ensure protection of children for pesticide
safety evaluations.
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assessment under the 1996 guidelines is provided in the tables in the IRIS and OPP
columns. All supporting U.S. EPA documents are listed in the reference section.

o Assessments by other organizations and completed within the scope of this review
(August 2008 - December 2015) are also presented in the appendix. Where possible,
non-cancer PODs initially expressed as water concentrations were converted to a
reference dose as mg/kg/day, so that all values could be directly comparable. The
citation to WHO refers to their Drinking Water Guidelines, and if another
organization within WHO (JECFA, JMPR, CICAD, EHC) has a different value than
WHO, it is noted.

If a new assessment is available and has been selected as the basis for a potential change
in the MCLG, the information has been bolded in the table and the basis of the calculation for the
potential new MCLG is provided in a footnote.

Although the date of “verification” is well-documented for the IRIS assessments,
numerous additional revisions to the IRIS summary may be documented in the “Revision
History” for each chemical, and the “last revised” date can be several years after the verification
date, particularly for chemicals verified prior to 1996. The dates presented in Tables 1a through
42D for IRIS assessments refer to the verification date, as subsequent revision dates usually
reflect minor editorial changes to the IRIS file. Risk assessments conducted by IRIS can be
found at http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showSubstanceL.ist and those
by OPP can be found at http://iaspub.epa.gov/apex/pesticides/f?p=chemicalsearch:1.

Additional information on the quantitative portion of the cancer assessments is presented
in these tables for the List B chemicals that have quantitative cancer slope factor assessments.
The table shows both the quantitative assessment, the methods used for modeling the data and
the process for extrapolating from the animal data to humans.

4.2.1 Findings for Consideration of a Change to the MCLG

Of the 42 List B chemicals evaluated, EPA found new information supporting potential
changes to the MCLGs for 22 chemicals; for 18 chemicals this information was from EPA
assessments. For four chemicals (methoxychlor, selenium, styrene, and 1,2,4-trichlorobenzene),
an assessment by ATSDR, Health Canada, or CalEPA was selected as the source document
suggesting that a change to the MCLGs could be considered. The information has been bolded in
the table and the basis of the calculation for the possible new MCLG is provided in a footnote.
Table 5 below provides the potential new MCLGs for the 22 chemicals along with the original
MCLG, whether the MCLG could change, and the assessment that is the basis for the potential
change. Because the MCLG for a carcinogen with a linear mode of action is zero, new data for
cancer is only considered for chemicals that are not currently regulated as carcinogens, or for
carcinogens that have new data and are now considered to have a threshold for carcinogenicity.
For twelve (12) of the 22 chemicals there is potential for the MCLG to decrease.
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Table 5: List B Chemicals with New Data and Potential New MCLG

New New Cancer .
_ Original Noncancgr Data®/Possible Potential New
Chemical Data®/Possible MCLGP, Relevant
MCLG Impact on
Impact on MCLG New Assessment
MCLG
Alachlor® 0 mg/L Yes/Yes No/No 0.04 mg/L,
EPA OPP 2006a
Barium® 2 mg/L Yes/Yes No/No 6 mg/L, EPA IRIS
2005b
Beryllium® 0.004 Yes/Yes No/No 0.01 mg/L,
mg/L EPA IRIS 1998c
Carbofurand 0.04 Yes/Yes No/No 0.0006 mg/L,
mg/L EPA OPP 2008a
Cyanide 0.2mg/L | Yes/Yes No/No 0.004 mg/L,
EPA IRIS 2010c
1,1-Dichloroethylene® | 0.007 Yes/Yes No/No 0.4 mg/L,
mg/L EPA IRIS 2002d
cis-1,2- 0.07 Yes/Yes No/No 0.01 mg/L,
Dichloroethylene mg/L EPA IRIS 2010b
2,4 0.07 Yes/Yes Yes/No 2 mg/L,
Dichlorophenoxy- mg/L EPA OPP 2013
acetic Acid
Diquat® 0.02 Yes/Yes No/No 0.04 mg/L,
mg/L EPA OPP TRED
2002e
Endothal® 0.1 mg/L | Yes/Yes No/No 0.05 mg/L,
EPA OPP 2005d
Fluoride 4.0mg/L | Yes/Yes No/No 0.9-1.2 mg/L
EPA 2010a
Hexachlorocyclo- 0.05 Yes/Yes No/No 0.04 mg/L,
pentadiene® mg/L EPA IRIS 2001a
Lindane 0.0002 Yes/Yes No/No 0.03 mg/L,
mg/L EPA OPP 2002f
Methoxychlor 0.04 Yes /Yes No/No 0.0001 mg/L,
mg/L CalEPA 2010a
Oxamyl¢ 0.2mg/L | Yes/Yes No/No 0.01 mg/L (children),
EPA OPP 2010e
Picloram® 0.5mg/L | Yes/Yes No/No 1 mg/L,
EPA OPP 1995b
Selenium 0.05 Yes/Yes No/No 0.04 mg/L,
mg/L Health Canada 2014a
Styrene 0.1 mg/L | Yes/Yes Yes/Yes 0 mg/L,
CalEPA 2010c
Toluene® 1 mg/L Yes/Yes No/No 0.6 mg/L,
EPA IRIS 2005c
1,1,1- 0.2mg/L | Yes/Yes No/No 14 mg/L,

Trichloroethane®

EPA IRIS 2007f
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New New Cancer .
. Original Noncancgr Data?/Possible Potential New
Chemical Data®/Possible MCLGP, Relevant
MCLG Impact on
Impact on MCLG New Assessment
MCLG
1,2,4- 0.07 Yes/Yes Yes/No 0.7 mg/L,
Trichlorobenzene mg/L ATSDR 2010c
Xylenes® 10 mg/L | Yes/Yes No/No 1 mg/L,
EPA IRIS 2003d

This column addresses whether there are new data from an updated EPA or non-EPA assessment since the latest
OW assessment that was used to support the NPDWR.

®The potential new MCLG numeric values (in mg/L) are based strictly on the health evaluation (not occurrence data
or other risk management considerations) using the RSC values currently applied to each NPDWRs except where
specifically noted.

A potential new MCLG was evaluated during the previous Six-Year review cycles.

d Updated exposure factors for children were used to estimate the potential MCLG for carbofuran and oxamyl. The
potential new MCLGs were based on 10 kg body weight and 1L water consumption. An alternate MCLG for
children from birth to less than 12 months was also calculated based on normalized drinking water intakes per unit
body weight of 0.15L/Kg. This was determined based on the 90th percentile of drinking water consumption and the
mean body weight for age groups, birth to <1 month, 1 to <3 months, 3 to <6 months, 6 to <12 months.

24



Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

For ten of the chemicals on Table 5, the information identified in the most recent health
based risk assessment demonstrates that the current MCLG is health protective because the new
information suggests a potentially higher value. For the remaining 12, the most recent risk
assessments identify a potentially lower MCLG assuming that there would be no change in the
RSC utilized in the derivation of the original MCLG. For two of those cases,
hexachlorocyclopentadiene and selenium, the difference between the current MCLG of 0.05
mg/L and a potential revised MCLG of 0.04 mg/L would not improve the level of public health
protection given the UF applied in the derivation of the original and revised RfDs. In both cases
the critical study has not changed, the RfD differs because of changes in risk assessment
methodologies.

In the remaining cases (carbofuran, cyanide, cis dichloroethylene, endothal, fluoride,
methoxychlor, oxamyl, styrene, toluene and xylene), the data on health effects suggests a
potential to improve public health protection through a revision to the MCLG. However, as
explained above occurrence at public drinking water systems and analytical method Minimum
Reporting Levels (MRLs) must be considered when making the final determination as to whether
there is a meaningful opportunity to improve public heath through revisions to the current rule.
Additional information on fluoride health effects is provided in Appendix C.

4.2.2 Findings for No Consideration of a Change to the MCLG

No potential change to the MCLG is indicated for the remaining 20 List B chemicals
listed in Table 6 below. For these 20 chemicals, there was no new assessment supporting an
update to the MCLGs, and the literature search did not find new data that would likely affect the
MCLG.

Table 6: Chemicals with No Potential Change to the MCLG

New
Original Noncancer New Cang:er
Chemical MCLG Data/Possible Data/Possible New Data
Impact on Source
(mg/L) Impact on MCLG
MCLG
Antimony 0.006 No/No No/No NA
Asbestos 7 million | Yes/No Yes/No EPA IRIS 2014a
fibers/L
Chlordane 0 No/No No/No NA
Chlorobenzene 0.1 No/No No/No NA
Dalapon 0.2 No/No No/No NA
1,2-dibromo-3- 0 No/No No/No NA
chloroporpane
(DBCP)
trans-1,2- 0.1 Yes/No No/No EPA IRIS 2010b
Dichloroethylene
Di(2-ethylhexyl) 0.4 No/No No/No NA
adipate (DEHA)
Dinoseb 0.007 No/No No/No NA
Dioxin 0 Yes/No No/No EPA IRIS 2012b
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Endrin 0.002 No/No No/No NA

Ethylene dibromide 0 No/No No/No NA

Heptachlor 0 No/No No/No NA

Heptachlor epoxide 0 No/No No/No NA
Hexachlorobenzene 0 No/No Yes/No EPA OPP 2008b
Pentachlorophenol 0 Yes/No Yes/No EPA IRIS 2010
Thallium 0.0005 Yes/No No/No EPA IRIS 2009a
Toxaphene 0 No/No No/No NA

2,4,5-TP (Silvex) 0.05 No/No No/No NA
1,1,2-Trichloroethane | 0.003 No/No No/No NA

A new U.S. EPA assessment, including a new RfD, was available for pentachlorophenol
and dioxin which are carcinogens. Because the MCLG is zero for carcinogens (categories A, B1,
or B2 under the 1986 guidelines; “carcinogenic to humans” or “likely to be carcinogenic to
humans” under the 2005 guidelines), changes to the RfD will not affect the MCLG. Therefore,
no change to the MCLG is suggested for these particular chemicals. For trans-1,2-
dichloroethylenethe the update to the original IRIS assessment did not result in a change in the
RfD that was used for MCLG derivation. For thallium, the IRIS update recommended by Six-
Year Review 1 was unable derive an RfD because of technical deficiencies in the reporting of the
original critical study and lack of better data from any of the more recent publications. The
thallium MCL is based on the analytical method PQL and therefore remains protective.

S. SUMMARY

The 1996 amendments to the Safe Drinking Water Act (SDWA) require the United States
Environmental Protection Agency (EPA) to review every six years existing NPDWRs and
determine which, if any, are candidates for revision. Under the Six-Year Review 3, the Office of
Water of U.S. EPA has completed a review of 76 water contaminants currently regulated under
the SDWA.. EPA identified 12 NPDWRs ongoing, or pending regulatory actions deferred them
from a detailed health effects review at this time. Of the remaining contaminants, 19 List A
chemicals are the subject of ongoing U.S. EPA assessments or are nominated for health
assessment, thus the revision to these MCLGs is not appropriate at this time.

This assessment focused therefore on the evaluation of the 42 List B chemicals to
determine whether new information is available that could affect the MCLGs and perhaps the
MCLs. Assessments prepared by a wide range of authoritative bodies, and the published
literature was searched for new data on general toxicity, reproductive/developmental toxicity,
and carcinogenicity.

Based on this assessment, U.S. EPA identified 22 List B chemicals that had changes to
their EPA OPP or IRIS health assessments or had relevant new assessments by Health Canada,
CalEPA, or ATSDR that could potentially change the MCLGs. For the remaining 20 List B
chemicals, the Agency concluded that based on the analysis of the current information, no
change to the MCLG is indicated at this time. For twelve (12) of the 22 chemicals (in bold
below) there is potential for the MCLG to decrease. The 22 chemicals are listed below:
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Alachlor Hexachlorocyclopentadiene
Barium Lindane

Beryllium Methoxychlor
Carbofuran Oxamyl (vydate)
Cyanide, free Picloram

2,4-D (2,4-Dichlorophenoxy Acetic Acid) Selenium
1,1-Dichloroethylene Styrene
cis-1,2-Dichloroethylene Toluene

Diquat 1,2,4-Trichlorobenzene
Endothall 1,1,1-Trichloroethane
Fluoride Xylenes

Note the chemicals above were identified based on health effects only and independent of
other considerations (e.g., analytical and occurrence data) that may influence the final selection
of contaminants recommended for revision. For additional information on other considerations in
determining if a revision is appropriate at this time, see the following support documents:

e Analytical Feasibility Support Document for the Third Six-Year Review of
National Primary Drinking Water Regulations: Chemical Phase Rules and
Radionuclides Rules (U.S. EPA, 2016a),

e Development of Estimated Quantitation Levels for the Third Six-Year Review of
National Primary Drinking Water Regulations (Chemical Phase Rules) (U.S.
EPA, 2016b),

e Occurrence Analysis for Potential Source Waters for the Third Six-Year Review
of National Primary Drinking Water Regulations (U.S. EPA, 2016c), and

e The Analysis of Regulated Contaminant Occurrence Data from Public Water
Systems in Support of the Third Six-Year Review of National Primary Drinking
Water Regulations: Chemical Phase Rules and Radionuclides Rules (U.S. EPA,
2016i).
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http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0374 _summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1988i. Mercuric Chloride (HgCl,)
(CASRN 7487-94-7). Integrated Risk Information System. Oral RfD Assessment, verification
date November 16, 1988. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0692_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1989a. 1,2-Dichlorobenzene
(CASRN 95-50-1). Integrated Risk Information System. Oral RfD assessment, verification date
February 16, 1989 and carcinogenicity assessment, verification date December 6, 1989. U.S.
Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0408 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1989b. Chlorobenzene (CASRN
108-90-7). Integrated Risk Information System. Oral RfD assessment, verification date January
19, 1989. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.

http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0399 summary.pdf
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United States Environmental Protection Agency (U.S. EPA). 1989c. Dinoseb (CASRN 88-85-7).
Integrated Risk Information System. Carcinogenicity assessment, verification date May 3, 1989.
U.S. Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0047 _summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1989d. Hexachlorobenzene
(CASRN 118-74-1). Integrated Risk Information System. Carcinogenicity assessment,
verification date March 1, 1989. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0374 _summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1989e. Uranium, Soluble Salts (no
CASRN). Integrated Risk Information System. Oral RfD Assessment, verification date January
19, 1989. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.

http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0421 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1990a. Chlorobenzene (CASRN
108-90-7). Integrated Risk Information System. Carcinogenicity assessment, verification date
April 4, 1990. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.

http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0399 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1990b. Methoxychlor (CASRN 72-
43-5). Integrated Risk Information System. Oral RfD assessment, verification date June 21,
1990. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.

http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0369 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1990c. Nitrate (CASRN 14797-55-
8). Integrated Risk Information System. RfD assessment, verification date August 22, 1990. U.S.
Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0076 _summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1990d. Selenium (CASRN 7782-
49-2). Integrated Risk Information System. Carcinogenicity Assessment, verification date March
7,1990. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0472_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1991a. 1,2,4-Trichlorobenzene
(CASRN 120-82-1). Integrated Risk Information System. Oral RfD assessment, verification date
December 12, 1991. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0119 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1991b. Alachlor (CASRN 15972-
60-8). Integrated Risk Information System. Oral RfD assessment, verification date March 27,
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1991. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris documents/documents/subst/0129 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1991c. Di(2-ethylhexyl)adipate
(CASRN 103-23-1). Integrated Risk Information System. Oral RfD assessment, verification date
July 16, 1991 and carcinogenicity assessment, verification date April 4, 1991. U.S.
Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0420 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1991d. Drinking Water Criteria
Document for Phthalic Acid Esters (PAES). Final draft. Office of Drinking Water: Washington,
DC. PB92- 173442,

United States Environmental Protection Agency (U.S. EPA). 1991e. National Primary Drinking
Water Regulations: Monitoring for Volatile Organic Chemicals; MCLGs and MCLs for
Aldicarb, Aldicarb Sulfoxide, Aldicarb Sulfone, Pentachlorophenol, and Barium. Final Rule.
Federal Register 56(126): 30266.

United States Environmental Protection Agency (U.S. EPA). 1991f. National Primary Drinking
Water Regulations: Special Regulations, Including Monitoring Regulations and Prohibition on
Lead Use, Prohibition on Use of Lead Pipes, Solder and Flux. Federal Register 40(141).
Available at: http://www.ecfr.gov/cgi-bin/text
idx?c=ecfr&sid=dd3925a2e804f53ebe02802el1ade5979&rgn=div8&view=text&node=40:23.0.1.
1.3.5.16.4&idno=40

United States Environmental Protection Agency (U.S. EPA). 1991g. National Primary Drinking
Water Regulations: Synthetic Organic Chemicals and Inorganic Chemicals; Monitoring for
Unregulated Contaminants; National Primary Drinking Water Regulations Implementation;
National Secondary Drinking Water Regulations. Final Rule. Federal Register 56(20): 3526-
3597.

United States Environmental Protection Agency (U.S. EPA). 1991h. Selenium (CASRN 7782-
49-2). Integrated Risk Information System. Oral RfD Assessment, verification date March 27,
1991. U.S. Environmental Protection Agency, Office of Research and Development,
Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0472_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1992a. Drinking Water Criteria
Document for Endrin. Final draft. Office of Drinking Water: Washington, D.C. ECAO-CIN-423.

United States Environmental Protection Agency (U.S. EPA). 1992b. National Primary Drinking
Water Regulations: Synthetic Organic Chemicals and Inorganic Chemicals; National Primary
Drinking Water Regulation Implementation. Final rule. Federal Register 57(138): 31776-31849.

United States Environmental Protection Agency (U.S. EPA). 1992c. Reregistration Eligibility
Document Heptachlor, List A, Case 0175. Office of Pesticide Programs: Washington, DC.
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http://www3.epa.gov/pesticides/chem search/req actions/rereqistration/red PC-044801 1-Mar-
92.pdf

United States Environmental Protection Agency (U.S. EPA). 1994a. Mercuric Chloride (HgCl.)
(CASRN 7487-94-7). Integrated Risk Information System. Carcinogenicity Assessment,
verification date March 3, 1994. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0692 summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1994b Mercury, Elemental
(CASRN 7439-97-6). Integrated Risk Information System. Carcinogenicity Assessment,
verification date March 3, 1994. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0370_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1994c. Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry. Environmental
Criteria and Assessment Office, Office of Health and Environmental Assessment, Office of
Research and Development: Research Triangle Park, NC. EPA/600/8-90/066F. Available at:
http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download id=473048

United States Environmental Protection Agency (U.S. EPA). 1994d. Methylmercury (MeHg)
(CASRN 22967-92-6). Integrated Risk Information System. Carcinogenicity Assessment,
verification date March 3, 1994. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0073 _summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1995a. Reregistration Eligibility
Decision (RED) for Diquat Dibromide. Office of Prevention, Pesticides and Toxic Substances:
Washington, DC. http://archive.epa.gov/pesticides/reregistration/web/pdf/0288.pdf

United States Environmental Protection Agency (U.S. EPA). 1995b. Reregistration Eligibility
Decision (RED) for Picloram. Office of Prevention, Pesticides and Toxic Substances:
Washington, DC. EPA738-R95-019.
http://archive.epa.gov/pesticides/reregistration/web/pdf/0096.pdf

United States Environmental Protection Agency (U.S. EPA). 1996. Proposed Guidelines for
Carcinogen Risk Assessment. Federal Register 61(79):17960-18011. EPA/600/P-92/003C.
http://nepis.epa.gov/Exe/ZyPDF.cgi/3000261D.PDF?Dockey=3000261D.PDF

United States Environmental Protection Agency (U.S. EPA). 1997. Chlordane (Technical)
(CASRN 12789-03-6). Integrated Risk Information System. Oral RfD assessment, consensus
date November 3, 1997 and carcinogenicity assessment, consensus date November 3, 1997. U.S.
Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0142_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1998a. Barium and Compounds
(CASRN 7440-39-3). Integrated Risk Information System. Carcinogenicity assessment,
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consensus date February 18, 1998. U.S. Environmental Protection Agency, Office of Research
and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0010_summary.pdf

United States Environmental Protection Agency (U.S. EPA). 1998b. Integrated Risk Information
System (IRIS): Toxicological Review of Barium Compounds in Support of Summary. National
Center for Environmental Assessment, Office of Research and Development: Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0010tr.pdf

United States Environmental Protection Agency (U.S. EPA). 1998c. Integrated Risk Information
System (IRIS): Toxicological Review of Beryllium and Compounds in Support of Summary
Information. Noncancer Assessment. National Center for Environmental Assessment, Office of
Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0012tr.pdf

United States Environmental Protection Agency (U.S. EPA). 1998d. Reregistration Eligibility
Decision (RED) for Alachlor. Office of Prevention, Pesticides and Toxic Substances,
Washington DC. EPA 738-R-98-020.
http://archive.epa.gov/pesticides/reregistration/web/pdf/0063.pdf

United States Environmental Protection Agency (U.S. EPA). 1999. Guidelines for Carcinogen
Risk Assessment. Review Draft. NCEA-F-0644. U.S. Environmental Protection Agency,
Washington, DC. http://ofmpub.epa.gov/eims/eimscomm.getfile?p _download_id=437005

United States Environmental Protection Agency (U.S. EPA). 2000a. Recommended guidance for
review of existing national primary drinking water regulations, The National Drinking Water
Advisory Council (NDWAC) Recommendations. November 2000. Available on the internet at:
https://www.regulations.gov/document?D=EPA-HQ-OW-2002-0012-0021

United States Environmental Protection Agency (U.S. EPA). 2000b. Methodology for Deriving
Ambient Water Quality Criteria for the Protection of Human Health. Final draft. Office of Water:
Washington, DC. https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=20003D2R.txt

United States Environmental Protection Agency (U.S. EPA). 2000c. National Primary Drinking
Water Regulations: Radionuclides. Final Rule. Federal Register 65(236): 76708.

United States Environmental Protection Agency (U.S. EPA). 2000d. Benchmark Dose Technical
Guidance Document. External review draft. Risk Assessment Forum, U.S. Environmental
Protection Agency: Washington, DC. Available at:
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=20871

United States Environmental Protection Agency (U.S. EPA). 2001a. Hexachlorocyclopentadiene
(CASRN 77-47-4). Integrated Risk Information System. Oral RfD assessment, consensus date
June 19, 2001 and carcinogenicity assessment, consensus date June 19, 2001. U.S.
Environmental Protection Agency, Office of Research and Development, Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0059 summary.pdf
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United States Environmental Protection Agency (U.S. EPA). 2001b. Implementation of the
Determinations of a Common Mechanism of Toxicity for N-methyl Carbamate Pesticides and for
Certain Chloroacetanilide Pesticides. Office of Pesticide Programs: Washington, DC.
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2006-0202-0006

United States Environmental Protection Agency (U.S. EPA). 2002a. Protocol for the Review of
Existing National Primary Drinking Water Regulations. Draft. Office of Drinking Water:
Washington, DC. 815-D-02-004. Available at:
http://nepis.epa.gov/Exe/ZyPDF.cqi/20001WPC.PDF?Dockey=20001WPC.PDF

United States Environmental Protection Agency (U.S. EPA). 2002b. National Primary Drinking
Water Regulations: Announcement of the Results of EPA's Review of Existing Drinking Water
Standards and Request for Public Comment. Federal Register 67(74):19029-19090.
https://www.gpo.gov/fdsys/pkg/FR-2002-04-17/html/02-9154.htm

U.S. Environmental Protection Agency U.S. EPA, 2002c. A review of the reference dose and
reference concentration process. Risk Assessment Forum, Washington, DC. EPA/630/P-
02/002F. https://www.epa.gov/sites/production/files/2014-12/documents/rfd-final.pdf

United States Environmental Protection Agency (U.S. EPA). 2002d. Integrated Risk Information
System (IRIS): Toxicological Review of 1,1-Dichloroethylene in Support of Summary
Information. National Center for Environmental Assessment, Office of Research and
Development: Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0039tr.pdf

United States Environmental Protection Agency (U.S. EPA). 2002e. Diquat Dibromide HED
Risk Assessment for Tolerance Reassessment Eligibility Document (TRED.) PC Code No:
032201; DP Barcode: D281890; Submission Barcode: S611057.
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2009-0920-0007

United States Environmental Protection Agency (U.S. EPA). 2002f. Reregistration Eligibility
Decision (RED) for Lindane. Office of Prevention, Pesticides and Toxic Substances:
Washington, DC. http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2002-0202-
0027

United States Environmental Protection Agency (U.S. EPA). 2003a. Announcement of
Completion of EPA’s Review of Existing Drinking Water Standards. Federal Register 68(138):
42908. Available at: _https://www.epa.gov/dwsixyearreview/six-year-review-1-drinking-water-
standards#frn

United States Environmental Protection Agency (U.S. EPA). 2003d. Integrated Risk Information
System (IRIS): Toxicological Review of Xylenes in Support of Summary Information. National
Center for Environmental Assessment, Office of Research and Development: Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0270tr.pdf

United States Environmental Protection Agency (U.S. EPA). 2003e. Protocol for the Review of
Existing National Primary Drinking Water Regulations. Final. Office of Water: Washington, DC.
Available at:_http://www.epa.gov/sites/production/files/2014-12/documents/815r03002.pdf

47


http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2006-0202-0006
http://nepis.epa.gov/Exe/ZyPDF.cgi/20001WPC.PDF?Dockey=20001WPC.PDF
https://www.gpo.gov/fdsys/pkg/FR-2002-04-17/html/02-9154.htm
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-final.pdf
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0039tr.pdf
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2009-0920-0007
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2002-0202-0027
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2002-0202-0027
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0270tr.pdf
http://www.epa.gov/sites/production/files/2014-12/documents/815r03002.pdf

Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

United States Environmental Protection Agency (U.S. EPA). 2003f. Six-Year Review: Chemical
Contaminants; Health Effects Technical Support Document. Final. Office of Water: Washington,
DC. EPA 822-R-03-008.

United States Environmental Protection Agency (U.S. EPA). 2004. Integrated Risk Information
System (IRIS): Toxicological Review of 1,2-Dibromoethane in Support of Summary
Information. National Center for Environmental Assessment, Office of Research and
Development: Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0361tr.pdf

United States Environmental Protection Agency (U.S. EPA). 2005a. Guidelines for Carcinogen
Risk Assessment. Risk Assessment Forum, U.S. Environmental Protection Agency: Washington,
DC. EPA/630/P-03/001B. http://www3.epa.gov/airtoxics/cancer_guidelines final 3-25-05.pdf

United States Environmental Protection Agency (U.S. EPA). 2005b. Integrated Risk Information
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National Center for Environmental Assessment, Office of Research and Development:
Washington, DC.
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0010tr.pdf

United States Environmental Protection Agency (U.S. EPA). 2005c¢. Integrated Risk Information
System (IRIS): Toxicological Review of Toluene in Support of Summary Information. National
Center for Environmental Assessment, Office of Research and Development: Washington, DC.
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United States Environmental Protection Agency (U.S. EPA). 2005d. Reregistration Eligibility
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http://archive.epa.gov/pesticides/rereqgistration/web/pdf/endothall red.pdf
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Assessing Susceptibility from Early-life Exposure to Carcinogens. Risk Assessment Forum, U.S.
Environmental Protection Agency: Washington, DC. EPA/630/R-03/003F. Available at:
https://www3.epa.gov/airtoxics/childrens_supplement_final.pdf

United States Environmental Protection Agency (U.S. EPA). 2006a. Acetochlor/Alachlor:
Cumulative Risk Assessment for the Chloroacetanilides. Office of Prevention, Pesticides and
Toxic Substances: Washington, DC.

United States Environmental Protection Agency (U.S. EPA). 2006b. Report of the Food Quality
Protection Act (FQPA) Tolerance Reassessment and Risk Management Decision (TRED) for
Sodium Cyanide. Office of Pesticide Programs: Washington, DC.
https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2006-0352-0004

United States Environmental Protection Agency (U.S. EPA). 2007a. National Primary Drinking
Water Regulations for Lead and Copper: Short-Term Regulatory Revisions and Clarifications.
Federal Register 72(57782): 57782-57820. Available at:
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APPENDIX A -LIST ATOXICITY TABLES FOR SELECTED CHEMICALS
INCLUDED IN IRIS MULTI-YEAR AGENDA

For eight List A chemicals (cadmium, 1,2-dichlorobenzene, 1,4-dichlorobenzene, nitrate,
nitrite, mercury, DEHP and uranium), an initial literature search was conducted and a
preliminary evaluation of the literature was completed. Subsequent to these literature searches
the IRIS Multi-Year Agenda was published (U.S. EPA, 2015). The IRIS Program maintains an
agenda of chemicals for which assessments are either underway or to be initiated. The IRIS
Program recently published the IRIS Multi-Year Agenda that lists a total of 37 chemicals (U.S.
EPA, 2015). In this plan the chemicals on the IRIS 2012 agenda were re-prioritized to determine
which assessments should be initiated in the next few years. In addition, some chemicals that
were not part of the 2012 agenda were identified and included in this re-prioritization. The top
priority chemical assessments are those with the highest potential public health impacts and/or
exposure and would be useful in anticipated EPA decision-making.

Tables 1a through 8b in this appendix provide toxicity information on the 8 List A
chemicals that are included in the IRIS agenda (U.S. EPA, 2015). EPA reviewed available health
assessments from 2008 (one year before the Six-Year Review 2 was finalized) through
December 2015. EPA also conducted literature search from 2008 (one year before the Six-Year
Review 2 was finalized) to December 2014.

Tables with numbers ending with letter “a” provide summary of EPA Assessments.
Tables with numbers ending with letter “b” provide summary of relevant non-EPA Assessments.
For each chemical table numbers ending with letter “a” provides the basis for the current
National Primary Drinking Water Regulations, including RfDs and cancer groups on which the
MCLGs are based, and assessments by IRIS, and OPP that postdate the date for the regulation
(through December 2015). These tables provide information on RfDs, including the critical
effect, citation for the principal study, point of departure (whether it is a NOAEL, LOAEL, or
BMDL), and breakdown of uncertainty factors from EPA assessments. In addition, for cancer
assessments, the year of the guidelines followed is presented, since the approach varied with the
year of the guidelines. For a number of the chemicals evaluated between 1996 and 2001, the
assessment document provided the assessments under both the 1986 and 1996 guidelines. In such
cases, only the assessment under the 1996 guidelines is provided in the tables in the IRIS and
OPP columns. Additional information on the quantitative portion of the cancer assessments is
presented in these tables for chemicals for which quantitative assessments are available. The
table shows both the quantitative assessment and the methods used for modeling the data and for
extrapolation from the animal data.

Assessments by other organizations which were completed within the scope of this
review (August 2008- December 2015) for List A nominated chemicals for health assessment are
presented in tables with numbers ending with letter “b”. The citation to WHO refers to their
Drinking Water Guidelines, and if another organization within WHO (JECFA, JMPR, CICAD,
EHC) has a different value than WHO, it is noted.

All the U.S. EPA documents and references for the non-EPA assessments are listed in the
reference section.
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Table 1a. Summary of EPA Assessments: Cadmium CASRN 7440-43-9

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
E < c = c Q ?% c c = c ?% S| = = c
= c
Chemical 2 = SRR SE82ES i ST =32 SE2LES 2s=2| = E2LES
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= [a) ) (&t 2w a = © ») (& 2w = O O O~ 2w
E I3+ r o I3+ xr o 34
Cadmium 0.005 | 0.005 | 0.0005/0.005 D, Not 0.18 Water®: 0.0005 (1988d) / B1, Probable -- -
(19919) (LOAEL)/ 10 (1H, classifiable as to 0.005 (NOAEL)/ 10 (10H)/ human
t%l_,g\éfimahted human b Significant proteinuria/ carcip?gt(_en; No
in human carcinogenicity by ) quantitative
study/ Renal the oral route of 25% FNOOOigfellélgfost); 001 assessment for the
dysfunction/ Friberg | exposure (1986i (_ i )10 ( - )_ oral route (1986i
etal., 1974 guidelines) Significant proteinuria/ guidelines;
1985¢ 1986hb)°

" This departure from the default RSC of 20% was based on evidence of greater bioavailability from water in comparison with food (54 FR 22062).

8 Since the fraction of ingested Cd that is absorbed appears to vary with the source (e.g., food vs. drinking water), different % absorption was used for food and
water in the toxicokinetic model used to extrapolate from concentration in the kidney to intake in food or water; i.e. 2.5% absorption of cadmium from food and
5% absorption of the total cadmium dose from water. The model also assumes that 0.01% of the total body burden of cadmium is excreted per day.

% Based on the revised “Group B1” cancer classification, under the EPA 1986i cancer classification system, the MCLG for cadmium could be potentially revised
to zero, however, the Agency believes that an updated assessment is needed based on the most current 2005a U.S. EPA cancer classification guidelines.

55




Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

Table 1b. Summary of Assessments by Other Organizations: Cadmium CASRN 7440-43-9

WHO
ATSDR CalEPA Includes JECEA Health Canada
JMPR, CICAD, EHC
[%2]
Chemical S W = 0= O T=
§55%8, (3.|,8.| B85 |.&._|c283_|,8 |38 2% | ig
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Egood e 8 IS EE = =<5= <
=S588&85 @ o o= (@) o< o
Cadmium 0.0001 (chronic MRL) | -- == 0.003 mg/L -- == -- == Group 1, Known to
(2012)/ 0.00033 provisional Carcinogenic | be a human
mg/kg/day (UCDLj0)*° tolerable weekly to humans carcinogen
/ UF of 3 (UFH of 3)! intake (2011a, (2012¢) (2014)
WHO)

Note: ATSDR assessment for cadmium only provided quantification of noncancer effects, and there is a need for a cancer dose response assessment. From the
primary literature review EPA found several studies reporting both cancer and noncancer effects (e.g., neurodevelopmental outcomes, cardiovascular effects),
and at the minimum these studies need to be further evaluated (Ciesielski et al. 2012, Larsson et al., 2015a, Larsson et al., 2015b, Nawrot et al., 2015; Tellez-
Plaza et al., 2012, Akesson et al 2014).

10 UCDLy is the 95% lower confidence limit on the estimated internal cadmium dose (urinary cadmium expressed as ug/g creatinine) corresponding to the
probability of 10% excess risk of low molecular weight proteinuria.

11 Using the MRL of 0.00011 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 25% RSC, an MCLG of 0.001 mg/kg/day is
derived.
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Table 2a. Summary of EPA Assessments: 1,2-Dichlorobenzene (o-Dichlorobenzene) CASRN 95-50-1

U.S. EPA/OW National Primary Drinking Water

: U.S. EPA IRIS U.S. EPA OPP
Regulation (NPDWR)
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renal tubular
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tubular
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Table 3a. Summary of EPA Assessments: 1,4-Dichlorobenzene (p-Dichlorobenzene) CASRN 106-46-7
U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
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Linearized irritation to Gl
multistage model tract in females/
Harrington and
Thake, 1995

12 Six Year Review 2 Report also provides the following data from a mouse study: Potency: 6E-3 per mg/kg-day; Drinking water concentration at 10-5 risk level:

5.8E-2 mg/L.
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Table 3b. Summary of Assessments by Other Organizations: 1,4-Dichlorobenzene (p-Dichlorobenzene) CASRN 106-46-7

WHO
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Table 4a. Summary of EPA Assessments: Di(2-ethylhexyl) phthalate (DEHP) CASRN 117-81-7

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y [ [ c c [y [

: = =358 |S8¢ s = S |S8o S | = S| S8ge S
Chemical | | 25 | 528 |§£2..58 |2 |Z54us55|552..5 |Fou5E|5c2. . %
(Date of > S 0 S535 |f38E€cE5 = Seg2cx | EBEEES Se2c5| EBSEES

i 20 2000 E8S50c2a73 > o=3 =9 EO0 S o0 a0 U’-—BBO L= I B T TR o]
regulation) £ IS X oTH PSEEES2 | EQ | ZQ2E38 | B53EEES2| ZXQE383n| B5S5EETe

9 XN 2058 |SC532X8 | S8 | 2=E83¢2 | S2035388K%| 2E83| SC2538%%
g ET =& oo g.=21g | A ECGSTE | 68320 c| EocsE| ©°GT 820 e
&) O oo 5 =208 % w S2oWl | 5 -89 % SO 52289 T
= = QETS | e88°°¢ 2 85885 | c88°°e |B58&xe88°°¢
=% | ®Ee5% |32 5 |6 | 7L 15EE g 2T CL15EE B
Di(2-ethylhexyl) 0 | 0.006 0.02/ 19 B2, Probable human | 0.7 0.02 (1986¢) / | B2, probable -- --
phthalate (DEHP) (PQL) (LOAEL)/ carcinogen (1986i 19 (LOAEL)/ | human carcinogen
(1991d) 1000 guidelines)/ 1000 (1986i guidelines;
(10H,10A, Potency: 0.014 per (10H,10A, 1987d)/ Potency:
10L/S for less | mg/kg/day; -- 10L/S for less | 0.014 per
than chronic Drinking water than chronic mg/kg/day;
study and concentration at 10 study and Drinking water
LOAEL)/ risk level: 3x107 LOAEL)/ concentration at 10°
Increase in mg/L/ (BW)2/3/ Increase in S risk level: 3x107?
relative liver | Linearized relative liver mg/L/ (BW)2/3/
weights/ multistage model weights/ Linearized
Carpenter et Carpenter et multistage model
al., 1953 al., 1953

Note: For di(2-ethylhexyl) phthalate, EPA identified new assessments on cancer classifications (ACGIH, 2010, IARC, 2012f, NIEHS 2014, ECB, 2008). Further,
the Six-Year Review 3 literature search identified a new study (Lin et al., 2011) that reported impaired glucose homeostasis at 1.25 mg/kg/day upon in utero and
postnatal exposures.
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Table 4b. Summary of Assessments by Other Organizations

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

December 2016

: Di(2-ethylhexyl) phthalate (DEHP) CASRN 117-81-7

WHO
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD,
EHC
Chemical > — o= 0~
g 5 S 5 5 < s |25 5 .
E_| 2. | s8. |80&. |s5-|E582-|52-[28| <& ug
255 | 28| E2% |e95of |ESg EEEi§|Eig|T| < | =°
=32 | ES S>> |8¥3> |8S3>| 388382 8%
= 2 < > E = 3 > é() sSs @
o © E - (@) o< ©
Di(2- == == == -- -- -- -- -- Group 2B, Reasonably
ethylhexyl) Possibly anticipated to
phthalate carcinogenic be a_human
(DEHP) N carcinogen
2014
(2012f) ( )
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Table 5a. Summary of EPA Assessments: Mercury (Inorganic) CASRN 7439-97-6

December 2016

U.S. EPA/OW National Primary Drinking Water

al., 1981; Andres
1984

1987j; Druet et al.,
1978; Bernaudin et
al., 1981; Andres,
1984

Mercury: D, Not
classifiable as to
human
carcinogenicity by
1986i guidelines
(1994b, EPA/IRIS)

Methylmercury: C,
Possible human
carcinogen by
1986i guidelines;
1994d

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y ~ = c c c c 7] c = < 17:) c
q = 3% 9 S 8 o S = S S 3o S _ Sl S adwo S
Chemical |, | 25 T2 cE FE2.._% |2 ZEL5E |BESn.2 |B6L5E|BES, . E
(Date of > | 812 S5 =3 STEBES < Sk CTEBES | 2e2c5| SSEBES
. 2 20 8380 ESE353237T | B 53 s0 Eo=353c3838| 2530 | E8E53538837
regulation) 5 aS <293 2535eESs2 | EQ <P 3T 2355SEES2| 22835 2535c£E¢82
= > S < IR =] = m\t,'c © B H e e G)\t'cﬁ «© D P e
g |ES| Esff | o5EESdE | g% ETEEE | Cc2ES0E|ETEEE|ovEgsdE
S 30 oesyY S 55485 = N8 eE= S 5T 83 ndotdl g 5583
o= K 2 3 = E20S W 223 E E2>208%| 29 3 =
= xeoY §&= & a & 5 | 8= & | % 518> &
Mercury 0.002 | 0.002 | 0.0003%%/ 1000 (Not | -- 0.01 | 0.0003 (1988i)/ Mercuric chloride: | -- --
(Inorganic) specified)/ Mercuric 0.317 (LOAEL)/ C, Possible human
(19919) chloride-induced 1000 (10AH, 10L, carcinogen by
autoimmune 10S)/ Mercuric 1986i guidelines;
glomerulonephritis/ 20% | chloride-induced 1994a
1987j; Druet et al., autoimmune
1978; Bernaudin et glomerulonephritis/ | Elemental

13 The RfD for mercury was back-calculated from the DWEL using 2 L water consumption and 70 kg body weight in the following equation (0.01 mg/L x 2 L) /
70 kg = 0.00029 mg/kg-day, rounded to 0.0003 mg/kg-day.
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Table 6a. Summary of EPA Assessments: Nitrate (as N) CASRN 14797-55-8

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c [ c c c c c c
= - @ % O o B o S — o) IS S — S| o6 8 o S
: @2 = =525 S E.2 = < SB5Lss | EE£.2 = >E5uLEeR|EE2 =
Chemical | o | g S EEsE SE82eE |o |S2528|85EnesE |S2S52E| 3580 s
(Date of g | €0 338809 ESET233| > 2530 E2E538238| 23| E8BET3T27
. = X 0T o B'5c cE a8 O | X023 | a5cEcec| X083 835Ece
regulation) | ¢ | 2= >0 < 3 £23sE2E€ | E0 | 32588 | €385 32588835555 ¢
d | 2% Es SF cEZg2We | JF | ETSsEE |°c&8g2de| ESSgE|°68820¢E
s | 29 QesU TETE® S = NSoEX | 8509483 NnSosY| 8559483
o= ESU e = = = 2208k | 228 = E>0Sw 288 =
= Fa235 S&= & 5| 8¢ & 5/8¢> &
Nitrate (as N) | 10 10 1.6 nitrate-nitrogen/ | -- 10 | 1.6 nitrate- - - --
(19919) 1.6 (10 mg/L) nitrogen/
(NOAEL)/ 1/ (1990c)/ 1.6
Methemoglobinemia (10 mg/L)
in infants/ Bosch et - (NOAEL)/ 1/
al., 1950; Walton, Methemoglobi
1951 nemia in
infants/ Bosch
etal., 1950;
Walton, 1951

14 Nitrate assessment is based on the concentration in the drinking water for an exposed human population.
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Table 6b. Summary of Assessments by Other Organizations: Nitrate (as N) CASRN 14797-55-8

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

December 2016

WHO®
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD,
EHC
Chemical > wn
k= c =~ o S 1 c —~ oo —~
> = o S = > =} @ O o ) = — T =
L8| 2o 52~ |CBE. %o |55E2<| 5Eo <8 8 | L¢g
= > & O O & v—fF 3| © 9O cE = 5 < O O & &) > Zb
‘I_\c‘”w c o CE o ng’w cE o -—%CGGJ C = O
=352 > 83> X3 g 58832 8§z
£ e 2 g EE 3 >S&5s 8
Nitrate (as N) | -- -- 50 mg/L® | -- Nitrate: 45; -
(2011b, iguiva/lint to
mg
WHO -
) MAC nitrate-
nitrogen
(2013)*7

15 WHO refers to Drinking Water Guidelines, unless otherwise specified. If another organization within WHO (JECFA, JMPR, CICAD, EHC) has a different
value than WHO, it is included as a separate line. If another organization reports the same value as the WHO, it is indicated by footnote.

16 Guideline value is presented as mg/L only.
17 The noncancer value is presented as mg/L only. The value is derived by dividing the NOAEL which is a concentration in drinking water for humans by the

uncertainty factor.
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Table 7a. Summary of EPA Assessments: Nitrite (as N) CASRN 14797-65-0

December 2016

U.S. EPA/OW National Primary Drinking Water

. U.S. EPA IRIS U.S. EPA OPP
Regulation (NPDWR)
Y— - o= S c c S o I c (= [
. = = o5 9 (SRS o S v o S|l 9 oo
Chemical 2 =~ x5 9= = 2 3 RNe= oS = &5 2 [N wes | =23 =
| cn(D T 2 S © ® == 15+ — o O O © @ = = o] < O o ®© © = = ©
= o c = o S = e = - T = D = o T == T = D 2| o S = 2=
- = —_ = —_ —_— —_ =
regulation) El s 3T n 2SEgeESL| 0 235235 ZSELERS| 25235 -| gSELEERS
>0 < o > © S5 5 %) a =S 5] > < S 55 a S (3] > @ = 5=
(O] ~ [=)) < [3+] 5 Qo e ~ (@] = O o [5+] 5 9 e [@)] = O [3+] 5 Qo e
D W o Q@ = 4= n 5 X QO e =S x £ = 4= n 5 X QO ~E XX | = n 5 X QO
| u— = o T O e = 3} T O e =X e | © o @
) £ = °35 = = 3T = L ~ < 2 o W = =3 T = ~ 2L D | = =BT =
S | a8 oY S5°4%5 |2 0S5 | 853885 | €355 8535
= =TI 29 3 = = 2>0E8% 2o 3 = E>082 45| 293 S
S E558 5=% g |8 & £ | 5x2% 3§ |& PlEx8 3
) (&) Y -] @) Y =) O “—

(19919)

Nitrite (as N) | 1

[N

0.16 nitrite- nitrogen/
Nitrate RfD of 1.6
nitrate-nitrogen®®/ 1
(MF = 10)/
Methemoglobinemia
in infants/ Bosch et
al., 1950; Walton,
1951

[EEN

0.1 nitrite-nitrogen
(19861)/ 1*° (10 mg/L
nitrate-nitrogen)
(NOAEL)/ 1 (MF =
10)/
Methemoglobinemia
in infants/ Walton,
1951

18 Extrapolated from nitrate RfD of 1.6 mg/kg-day, assuming 10% of nitrate converted to nitrite. Assumes a 4 kg child ingesting 0.64 L/day.

1910 mg/L converted to 1.0 mg/kg-day assuming 10 kg child ingesting 1 L/day.
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Table 7b. Summary of Assessments by Other Organizations: Nitrite (as N) CASRN 14797-65-0

WHO?
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD,
EHC
Chemical - c = _ c c - n= ot | £
2 S _S 85z | .S |egss_| . & < g Tg | ug
438 = < = s 8o 39 g8% 28 EET S8 2 =2 | =z
EoE 2% 2LEf | 2,98 c2£8 |EgEsg| 228
= & = ° < o <82 =
Nitrite (as N) | -- - 3mg/L? | -- 3; equivalent -- --
(2011b, to 1 mg/L
WHO) measured
(2013)%

20 \WHO refers to Drinking Water Guidelines, unless otherwise specified. If another organization within WHO (JECFA, JMPR, CICAD, EHC) has a different
value than WHO, it is included as a separate line. If another organization reports the same value as the WHO, it is indicated by footnote.

21 Guideline value is presented as mg/L only.

22 The noncancer value is presented as mg/L only. The value is derived by dividing the NOAEL which is a concentration in drinking water for humans by the
uncertainty factor.

66



Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

Table 8a. Summary of EPA Assessments: Uranium CASRN 7440-61-1

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c [ c c c c c c
= =% 9 S 8 o S = S S8 o S _ S| 838w S
Chemical 3 20 >5 - = = S = = i‘i FELSE RE=2 = TELBE| BES =
= @ S E 5= cT RS 4 Se2 = STEBES Se2cs5| E388ES
(Date of > 25 2820 E3E2£55S83s| = SEZ S0 |ESE2£558c| BES SO EBE558 o
i £ = 28 s 2SEE2ea| 2o £33 ZSELESo| 8522 B3SELETS
regulation) ) d = >0 8 2oss55Ss|  En| 325838 LoShgEEc| D238 8285825 S
- 2 W ESE |°58825e| 2% | ETDSXE |°6588=20e| ESESE| 588208
O £ —° 50 = = ooy E Ll ~ < 2 o W = ~ag4E S oo = =ag4E
S 9 neE~S= CZT @ T 5 = Ao 9s= ST I 5 NOPES| S 5T @ ® 5
oS 2SS u e 2o 2 2 ce=>08% 202 2 ce2>084 223 2
g Eg5L 523 g |8 | €& £ 1588 g |E &1 525 8
Uranium 0 0.03% 0.0006 A, Known human | 20 0.003 (198%¢)%/ | -- - --
(2000c) (feasibility | pg/kg/day/ carcinogen; No pg/L | 2.8 (LOAEL)/
and cost- 0.06 quantitative 1000 (10H, 10A,
benefit (LOAEL)/ 100 | assessment (1986i | 100% | 10S) Initial body
analysis) (10H, 3A, 3L) | guidelines)?* weight loss;
(minimum moderate
LOAEL)/ nephrotoxicity/
Renal toxicity/ Maynard and
Gilman et al., Hodge, 1949
1998

23 EPA ORIA is the principal health assessor for radionuclides. The 2000 radionuclides rule was a collaboration between EPA OW and ORIA. See 40 CFR 141.
24 The Office of Water Criteria Document (U.S. EPA, 1991f) has derived risk specific concentration for a cancer risk of 1x10* for lifetime consumption of
various isotopes of uranium using the RADRISK program. For example, for combined U234 and U238 a concentration of 120 pCi/L is associated with a 1x10
cancer risk.

% The IRIS RfD for natural uranium has been withdrawn. The Uranium entry in the Table is for Uranium, soluble salts.

67



Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

Table 8b. Summary of Assessments by Other Organizations: Uranium CASRN 7440-61-1

WHO
ATSDR CalEPA Includes JECFA Health Canada
JMPR, CICAD, EHC
H Z\ —~ —~ U) ~—~
Chemical % % S o, s 52.55 S 2; E):; EE
] ~ = s oo s == S8 2~ = = Z 2 < £ =2
228 | 2¢ 28 | 5228 | 528 |58508 §£¢
& S S = o} 182 E
Uranium 0.0002 = == 0.06 -- = == -- IARC | --
intermediate provisional 2012a
MRL (2013) (2012, WHO)

Note: For uranium, a number of peer reviewed studies were identified since Six-Year Review 2. The new data on the noncancer health effects of soluble uranium
from oral exposure include bone effects and kidney damage is considered in the NPDWR.
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Health Effects Assessment

APPENDIX B - LIST B TOXICITY TABLES FOR CHEMICALS THAT ARE
EVALUATED FOR POTENTIAL IMPACT ON THE MCLG

Tables 1a through 42b in this appendix provide key information on the 42 List B
chemicals evaluated in this assessment. EPA reviewed available health assessments from 2008
(one year before the Six Year Review 2 was finalized) through December 2015. EPA also
conducted literature search from 2008 (one year before the Six Year Review 2 was finalized) to
December 2014. Tables with numbers ending with letter “a” provide summary of EPA
Assessments. Tables with numbers ending with letter “b” provide summary of relevant non-EPA
Assessments. For each chemical table numbers ending with letter “a” provides the basis for the
current National Primary Drinking Water Regulations, including RfDs and cancer groups on
which the MCLGs are based, and assessments by IRIS, EPA OPP and/or OW (fluoride only) that
postdate the date for the regulation. These tables are numbered 1a through 42b and provide the
basis for the RfDs, including the critical effect, citation for the principal study, point of departure
(whether it isa NOAEL, LOAEL, or BMDL), and breakdown of uncertainty factors. For EPA
OPP assessments, the Food Quality Protection Act (FQPA)?® factor is also provided, when
relevant. In addition, for cancer assessments, the year of the guidelines followed is presented,
since the approach varied with the year of the guidelines. For a number of the chemicals
evaluated between 1996 and 2001, the assessment document provided the assessments under
both the 1986 and 1996 guidelines. In such cases, only the assessment under the 1996 guidelines
is provided in the tables in the IRIS and OPP columns. All supporting U.S. EPA documents are
listed in the reference section. Additional information on the quantitative portion of the cancer
assessments is presented in these tables for chemicals for which quantitative assessments are
available. The table shows both the quantitative assessment and the methods used for modeling
the data and for extrapolation from the animal data. If an IRIS or EPA OPP or OW assessment is
the Relevant New Assessment on which to base a potential change to the MCLG, the information
has been bolded in the table and the basis of the calculation for the potential new MCLG is
provided in a footnote.

Assessments by other organizations which were completed within the scope of this
review (August 2008- December 2015) for List B chemicals are also presented in tables with
numbers ending with letter “b”. Where possible, non-cancer PODs initially expressed as water
concentrations were converted to the reference value in dose as mg/kg/day, so that all values
could be directly comparable at a glance. The citation to WHO refers to their Drinking Water
Guidelines, and if another organization within WHO (JECFA, JMPR, CICAD, EHC) has a
different value than WHO, it is noted.

% The FQPA mandated consideration of an additional uncertainty factor to ensure protection of children for
pesticide safety evaluations.

69



Six-Year Review 3

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

Table 1a. Summary of EPA Assessments: Alachlor CASRN 15972-60-8

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
— —_ = = c c = o c c = o c
Chemical | | | 2o | 2585 |££2 £ |2 | Tsusd (2E£5_ £ |Fsusi|sE2__$
(Date of = S 0 s5 == ST ESEES —l Teg2cE | QB EEES T2 cE| E3EEES
=) a0 =3 30 EocES o 8o = .S = O EocE250 8| »E - Ol EcES$ST 8D
regulation) E | T3 P8€x |B3SELERS|  Ru| ¥9233 |3SEEERS| I5LC35| gSELERS
9| B% | BoEE |SC57257% S8 2aE38 |£0272R8| 22208 S25088%
O € Eo558 co=2gzWE| g SEESD | 202U E|STESEE| co=2ggUE
9 = o DET R TS Ao 9= VD s5T L T = NP =E=| D5 8T S
> N c = o o ; o~ 3] o o =| o o
o= | g55% |58 § |3 | E2°=f | £5£8 § |E>°SF| ££8& 3
> o-5 | O« 8 S5 | S8< 8 51 8& 8
Alachlor (1991g) | 0 0.002 0.01/1 B2, Probable 0.35 0.01 (1991b)/ 1 -- 0.005 (2006a, | Likely to be a
(PQL)* | mg/kg/day human carcinogen | g/ | mg/kg/day 2007e) *4/ 0.5 | human carcinogen
(NOAEL)/ 100 | (1986i guidelines) (NOAEL)/ 100 mg/kg/day at high doses; not
(10H, 1_OA)/ _ (10H, 1_0A)/ _ (NOAEL) / likely to be a
Hemosiderosis Hemosiderosis, 100 (10H, human carcinogen
, hemolytic - hemolytic 10A)/ at low doses
anemia/ anemia/ nonlinear (2005a guidelines;
Naylor et al., Monsanto, 1984 cancer 2006a)/ 0.005
1984 assessment/ mg/kg/day/
nasal tumors | Nonlinear MOA

33 The current MCL is based on a PQL of 0.002 mg/L, neither analytical nor treatment feasibility would be a limiting factor for a possible higher level of 0.04

mg/L for the MCLG.

34 The data indicate that alachlor’s tumorigenicity is operating by a nonlinear mode of action. OPP (U.S. EPA, 1998d, 2001b, 2006a) concluded that alachlor
causes nasal turbinate tumors via the generation of a reactive metabolite that leads to cytotoxicity and regenerative proliferation in the nasal epithelium; sustained
cytotoxicity and proliferation is needed to lead to neoplasia. Based on this MOA assessment a non-linear dose response assessment is appropriate. Therefore,
using the POD of 0.5 mg/kg/day identified by OPP for this endpoint and the UF of 100 (10H, 10A) would result in a health reference value of 0.005 mg/kg/day.
Assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a MCLG derived from this value is 0.035 mg/L (rounded to 0.04 mg/L). If
determined appropriate to revise the new potential increased MCLG would be based on the nonlinear cancer assessment.
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Table 2a. Summary of EPA Assessments: Antimony CASRN 7440-36-0

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
4 _ c = o c c = o c c = o c
Chemical |, | 25 | Z52F |§E2__2 |2 |Fousi | §52._%5 |Svuss 2.8
(Date of > | 82| 2§36 |£€88885.| 2 |Se2c5 | 8888,/ %s2<5|&£888¢8¢
. S29) >a0 E2E352a38| B =30 E25 02238 25350 E250c2aTg
sl S 1 25| 2838 |B335cESE| EQ | 8588 | 825cESS|<£858|835EEES
d | Bh| BB |S52fZiE| ¢ |ETEEE |ScoiSiE ExEES|S52i2aE
30 SesUu T 55 L 8= L CSFeY | 55588 NE8SeW| 5§28
® | g% | B5sg (528 "3 |8 |ES8eg | pfETCg (ES8°p 8RBT
= -5 |S<” & 5 |8<” & S|8<” &
Antimony 0.006 | 0.006 | 0.0004/0.43 D, Not classifiable | 0.014 | 0.0004 (1985a) | -- -- --
(1992b) (PQL) | (LOAEL)/ as to human /0.35
1000 (10H, carcinogenicity (LOAEL)/
10A, 10L)/ (1986i guidelines) 1000 (10H,
decreased 40% 10A, 10L)/
longevity, decreased
decreased longevity,
blood glucose blood glucose,
and increased and
blood cholesterol/
cholesterol/ Schroeder et
Schroeder et al., 1970
al., 1970
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Table 3a. Summary of EPA Assessments: Asbestos CASRN 1332-21-4

December 2016

U.S. EPA/OW National Primary Drinking Water

model

human carcinogen
(1986i guidelines) via
inhalation/ Potency:

1.4x107% per fiber/L;
Drinking water
concentration at 10
risk level: 7.1x107
fiber/L/ (B/W)2/3/
Linearized multistage

inhalation (1986i guidelines;
1987b)3"%8

Libby amphibole asbestos is
carcinogenic to humans via
inhalation (2014a, NCEA/IRIS)

. U.S. EPA IRIS U.S. EPA OPP
Regulation (NPDWR)

: z =258 | §8 5 - 5 5 3 5 - 5| 53 5
Chemical @~ SEo°s | 282 = | DNy S =22 = Sepes| 83 2
(Date of = 29 EcsE | 85Bue= J| 323528 SSEmg= So022 | 85 BuesE

, = 20 53380 | ET=£§33%T | B 2E350 EocE5383 DEF SO0 Ec=5883
regulation) e X 0T o 2SS eE®S c(xo0g&33 2SS eE®S Xo0L 35| @5EEETS

Q S 3053 | 2252887 | =] 222882 S23528%8% 51228 225285 %
0 g% | EsSE | °c5&8g20E |[JZIETSSSE S5 T8 28 ERBZE| 0BT 8oy 8
O — - ol = C 22T = w | s 9 o W = 22T = Taod oo 53T =
o= ESLP | 585 = 2| ESO0=F cLd = E20=%| £28 =
= a5 | 8> & ) <= & 5| 8= &
Asbestos 7 million | 7 million | -- Not available via - | (2014a) | Not available via ingestion®; A, | -- -
(19919) fibers/L | fibers/L ingestion; A, Known L\ISCEA/IRIS) Known human carcinogen via

3 An oral RfD was not derived because inhalation is the primary route of concern and oral data for Libby Amphibole asbestos is lacking (U.S. EPA, 2014a).

% The IRIS reassessment of the noncancer health risks resulting from exposure to asbestos (from Libby Montana) identified during the first six-year review (U.S.
EPA, 2002b) was still in progress as an external review draft submitted to the Science Advisory Board (SAB) in 2012.EPA/IRIS (2014a) is cited in the table.

37 The External Review Draft of the IRIS Toxicological Review for a mixture of amphibole fibers identified in the Rainy Creek complex and present in ore from
the vermiculite mine near Libby, MT could not assess oral carcinogenicity (U.S. EPA, 2014a); however, Libby Amphibole asbestos is considered carcinogenic to
humans by the inhalation route of exposure by 2005a EPA cancer guidelines.
38 QOral carcinogenicity could not be assessed in the IRIS external review draft for a mixture of amphibole fibers (U.S. EPA, 2014a); however, Libby Amphibole
asbestos is considered carcinogenic to humans by the inhalation route of exposure by 2005a EPA cancer guidelines.
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Table 3b. Summary of Assessments by Other Organizations: Asbestos CASRN 1332-21-4

WHO
ATSDR CalEPA Includes JECFA., Health Canada
JMPR, CICAD, EHC
Chemical = - — oo 0~
> 3 IS5 S5z S e2Sg § | <8 T g ik
13 o = o 3w 3o 38 S8S8ET sgo| €2 <> z2
oo o © e e s LO—Sa 8.2@ .EEEAS e e
S22 | E2 | SEL |ggdf (5% 2508 | 558
> a2 8§22 | 2532 8g= $88g2 (832
£ e 3 SEE s =36 3
o ) |9 —_ (@] o< ()
Asbestos -- -- -- -- -- -- -- -- All forms of Known to be
g asbestos a human
1991 best h
(chrysotile, carcinogen
crocidolite, (2014)
amosite,
tremolite,
actinolite and
anthophyllite):
Group 1,
Carcinogenic
to humans
(2012c)
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Table 4a. Summary of EPA Assessments: Barium CASRN 7440-39-3

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
— ~ = c c c [ 7] c = < 17,) c
) - | =o%68 S 3o S = S| S 3o S = 2| 8duvw o
Chemical o | 46| 528 |§E2..%8 | 2 | Zs5usE|§s=..% |B5ucE|EE2..%
> S A 5525 ELEEcs = RE el | E8EEE<ES ReE eS| E8EEcST
(Date of S 20 >0 00 ES8 S 02 a3 > =3 =9 LSS50 2a7T U’-—B;O ESs5a32a7T
regulation) o | 22| 3883 |2355EE£| EQ | 32588 | 8358555532588 4585588
d | 24| E5B8Ef |o5832Ge| 2 | ETEEE |°58820e| ESEsE| o588 ¢e
e 28U | § 59588 = < N8 FLL | 85548 |n832YU | 859885
= oS A= o3 2 = =209 | 290 8 2 =e>08% 2909 2
s® | €85¢ 523 § | B |E £1528 g |€& &1 525 8
Barium (1991g) 2 0.07/0.21 D, Not classifiable 2 0.2 (2005b)%°/ | Not likely to be - -
(adjusted as to human 63 (BMDLos/ | carcinogenic to
NOAEL)/ 3 carcinogenicity 300 (10H, humans following
H/ No (1986i guidelines) 10A, 3D)/ oral exposure
changes in 100% Nephropathy/ | (1996 guidelines;
blood NTP, 1994 19983, b)
pressure, or
serum
chemistry/
Wones et al.,
1990

%9 Based on the 2005b IRIS RfD the MCLG could increase. The RfD is 0.2 mg/kg-day and assuming 70 kg body weight, 2 liters water intake per day, a DWEL
of 7 mg/L can be derived. This value is three times the current value. An RSC of 80% was determined using the Exposure Decision Tree approach described in
the Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health (U.S. EPA, 2000b). The dietary component of the RSC
estimate was based on data from the United Kingdom Total Diet Study and not on data from the United States. Dietary data for the United States are not
available. The diet in the United Kingdom is relatively consistent with that in the United States and qualifies for use in the RSC analysis. Using and 80% RSC,
the potential new MCLG would be 6 mg/L.
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Table 5a. Summary of EPA Assessments: Beryllium CASRN 7440-41-7

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — c c c c c c c = c
= =952 | 88w S = S S 38w S = S| S8 o S
Chemical i 25| 52 = £ 2 = 2 FOLSE == = = 25LsE| 5L = =
= s I £ S E cT == - S =2 e STEEES SeDcE|leSERES
(Date of S) S5 2820 |e83£E5¢es = SEZE5 E8EES S| SEZSG | 2e88EES e
. E ~ C8cs | gS5ES2ERS 20 523 |gSELEgc| &3 | 7gs5EREGe
regulation) o |22 | 3028 | 85853585 | Eg 52588 | 23s5855| 32583255858 ¢
d | Ph| EsER |o5882528| J% | ETEEE |o5332 58 ExEEE| 0583288
= 29 | pes8Y | g 50488 < nS8LeY TRl 082EL 855883
oS | BEl5 | 288 S = £>08% | 283 g |E>30&8%| 289 S
=% | B23L 322 | 8 | &57L 1 gEs F \ETTTLEEE 3
Beryllium 0.004 | 0.004 | 0.005/0.538 | B2, Probable human | 0.2 0.002 (1998c)“% | Carcinogenic -- -
(1992hb) (NOAEL)/ carcinogen (1986i 0.46 (BMDuo)/ potential of
100 (10H, guidelines)/ 300 (10H, 10A, ingested beryllium
10A)/ No Potency: 4.3 per 3D)/ Ulcerative | cannot be
effect/ mg/kg/day Drinking | 20% inflammatory determined (1996
Schroeder water concentration lesions of small | guidelines; 1998c)
and at 107 risk level: intestine/
Mitchener, 8x10° Morgareidge et
1975 mg/L/(BW)2/3/ Also al., 1976
Linearized factor of
multistage model 10 for
category

40 The MCLG could increase based on the 1998¢ IRIS. The RfD is 0.002 mg/kg-day and assuming 70 kg body weight and 2 liters water intake per day, the
DWEL would be 0.05 mg/L. Using a 20% RSC, the potential new MCLG would be 0.01 mg/L.
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SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

December 2016

WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
1 2\ —~ —~ N ~
Chemical - © S oo S o Z S 2 = g = E =
S| &~ | 5% 00 & 5 = SE2. zE~[28 <g oy
42| TT | 88%| LERT |38t |2SsEEF| 885 <2 <> =S
>3 £ o S = o = o 20 CiE o Saoc~o|l c& @
S > > T = > Ix=> T 5 > X030 > 8% 3
E | & 3 SEE 3 TE2 S
2 (@ =4 o
Beryllium -- - -- -- - -- -- - Group 1, Known to be a
Carcinogenic to | human carcinogen
humans (2012d) | (2014)
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Table 6a. Summary of EPA Assessments: Carbofuran CASRN 1563-66-2

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
< c c = <
= =85S S 8o s = S | S88¢ s ~ S |88 &
Chemical | L | %G| ZScE |5£2..8 |2 | B5u5E |8S2..%5 | B545F 552, %
= < s E s= ST TEE—= - D =D e O /B E= S =D = O 8 EE=
(Date of ) o= 2 s 20 ESE£c50o0s | = S 2 ¢ ESL£cS5So0s| ZET S0 | E32<S 50905
A = = O mo__g '7,'—"‘“"0"9-0 )] _@-5@;0 .G._wag_o _@-5®§ .a__waQ_O
regulation) o = <23 83SEESs | ER 8588 | 835EEc8e| 82588 | 835EE8=<
2 S 232 Ssa8i3Xxe| J | ExEXE | 5538332 ExEXE |cs5s383K¢Q
O = SO0 51 co=gsWE | g =588H | c°=2g5UE| S58SE | c°=2g5UE
S 39 AES= LTI TS = no9sx L IT I TS NS os= CsT I TS
o = ESWL D 2 3 = eE20S8p | 223 = E20S8% | 223 =
= xgoL | §&= 8 Q 58> &8 515> &
Carbofuran 0.04 | 0.04 0.005/ 0.5 E, Evidence of 0.175 0.005 (1987c)/ | -- 0.0003(2008a) | Not likely to be a
(19919) (NOAEL)/ 100 noncarcinogenicity 0.5 (NOAEL)/ 410.03 human carcinogen
(10H, 10A)/ (1986i guidelines) 100 (10H, (BMDL1o)/ 100 | (2005a guidelines;
Acetylcholineste 10A)/ RBC and (1OH, 10A) 2006a)
inhibiti 20% plasma Brain
rase mnnibition cholinesterase acetylcholinest
and testicular inhibition, and erase
degeneration/ testicular and inhibition in
FMC Corp., uterine effects/ PND11male
1983 FMC Corp., pups/ FMC
1983 Corp., 2005

41 OPP’s value for carbofuran is an acute RfD for cholinesterase inhibition, which OPP has determined is protective of chronic exposures; the potential new
MCLG is 0.0006 mg/L assuming a RfD of 0.0003 mg/kg-day assuming 10kg/1L (children) and an RSC of 20%. OPP has also derived an aPAD of 0.00006
mg/kg-day based on this RfD to protect infants and children from neurotoxic effects (FQPA 5x). A chronic RfD was not derived because of the rapid recovery of
AChE activity and an acute exposure based RfD that is considered protective for chronic exposure. An alternate potential MCLG of 0.0004 mg/L can be derived
for children from birth to less than 12 months at the 90" percentile of 0.15 L/kg (U.S. EPA, 2011a Exposure Factor Handbook, based on Table 3-19) as follows:
0.0003 mg/kg/day x 0.2 x 10kg/1.5L = 0.0004 mg/L.
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Table 7a. Summary of EPA Assessments: Chlordane CASRN 12789-03-6 (IRIS), 57-74-9 (lit search)

U.S. EPA/OW National Primary Drinking

Water Regulation (\PDWR) U.S. EPA IRIS U.S. EPA OPP
Y— c c c [ < [

: = =858 | S8 & _ s | S8 S = S| s8¢ S
Chemical _| 25 %325 EEEDHE 3_5\ ZE WSS EE%DHE O LS E EEEDH%
(Date of = s O T525 | fE@38SEES = Se2cs | E3SEES Se2c5| ETEEES

. =29 20080 [E2552a38 | B 2530 | E2E5 33288 (253520 E2E5Ec2a3
regulation) E | I3 | 9385 | 35EcES2 | 29 <2238 | 35EcES2 | £28235| 355Ec£E£ 82
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= xeoS% | g & |9 | & 518> & | ¢ 50 §&= &
Chlordane 0.002 | 0.00005/ B2, Probable human | -- 0.0005 (1997)/ | Likely to be a -- --
(19919) (PQL) | 0.045 carcinogen (1986i 0.15 (NOAEL)/ | carcinogen by all
(LOAEL)/ guidelines)/ 300 (10H, 10A, | routes of exposure
1000 (10H, Potency: 1.3 per 3D)/ Liver (1996 guidelines;
10A, 10L)/ mg/kg/day; necrosis in 1997)/ Potency: 0.35
Liver Drinking water mice/ per mg/kg/day;
Necrosis in concentration at 10 Khasawinah Drinking water
male rats/ risk level: 2.7x10* and Grutsch, concentration at 10
Yonemura et | mg/L/(BW)2/3/ 1989; IRDC risk level: 1x10%3
al., 1983 Linearized 1973; NCI mg/L/(BW)3/4/
multistage model 1977 Linearized
multistage model
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Table 8a. Summary of EPA Assessments: Chlorobenzene (Monochlorobenzene)
CASRN 108-90-7

U.S. EPA/OW National Primary Drinking
Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= ~3%5 8% o S = S SS9 5 —_ S| &3 e 5
Chemical = %@ §§§§ §%§DH§ f_aT -?E%BE §%§b~§ -?E%qag §%§bu§
: 2 | & 58380 ESE5883| 3 SES SO | £E8E2E5620| BBESFSO|EBES5880
(Date of regulation) £ :% 2283 ZzSELERS Po| £523% |gSEEERS|So235-| gSELEERS
o 5% 2088 |£25225%3| 52| PLE3E |2057%58| pLEgE| 82555
o | E4| EBEE cofgslUs| g ETE8H | c°RggsUE| S5 SgE| co2ggUWeE
= |35 gEup |B5§°°5 |z | 95857 |EEF°"E |93855|2FiC:
S xe>5% | §z> &8 5 | 8§&° & 5/8&° &
Chlorobenzene 0.1 0.1 0.02/ 19 D, Not classifiable | 0.7 0.02 (1989b)/ 19 | D, Not classifiable | -- --
(Monochlorobenzene) (NOAEL)/ 1000 | as to human (NOAEL)/ 1000 | asto human
(19919) (10H, 10A, 10S)/ | carcinogenicity (10H, 10A, 10S)/ | carcinogenicity
Histopathologic | (1986i guidelines) Histopathologic | (1986i guidelines;
changes in the 20% | changes in the 1990a)
liver/ Monsanto liver/ Monsanto
Company, 1967; Company, 1967
Knapp et al.,
1971
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Table 8b. Summary of Assessments by Other Organizations: Chlorobenzene (Monochlorobenzene) CASRN 108-90-7

WHO

ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC

(%]
. ~—~~ O —~ ~—~~
Chemical > > c 2 S | 28 | 58
(List A or B) g = S 882 S cosS3 5 Z2 | 22| =2
— — =1 =
>3 23 s 3 23528 2e 8 EBE~E| 28
E> ES |85 8L£%S SES | 883822 853
1 [a) %] P = O 2 o 2< O 3
z & 3 EEE o =<3z S
ps F &=
Chlorobenzene - 0.03 == = = - - - - _
(Monochlorobenzene) (2014)*?

42 The public health goal derived by CalEPA is based on noncancer effects. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by
CalEPA for noncancer effects.
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Table 9a. Summary of EPA Assessments: Cyanide CASRN 57-12-5

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
: = =858 8o § |ag | = § |88 5 < S| S8 5
Chemical 2 | 88| ZE2cE |BEE£..% | | B545E |§£2,. 5 Z545E | §£2,.5
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i =29 0809 E2522a0F| B 2= =9 EoEgcsga 230 E0 5392 a3
regulation) E 1 Js X283y ZSEEES2 gQ| IPL3] | 25EcES <2£L£383 2SS EESL
9 | 5% 2058 |S2332%%| 2| 2=E88 |SC52%% 2=ER8 | £2538%%
O E X E0° 51 - o= aguWE| g —~5388h | -°=285Y =588 - °O=xaggUE
s | =8 QETS 8T8 T3 = NSOEX | E3TES5 02 5= S 5T E® 3
O = = =S WL e c2 3 S 202w c 2 3 S =202 % c 2 3 S
= xe-5 | gz 8 |° | 5182 & ¢ 51 8= &
Cyanide (1992b) 0.2 0.2 0.02/10.8 D, Not classifiable | 0.7 0.00063 Inadequate 0.004 (2006b)/ | The classification of
(NOAEL)/ 100 as to human (2010c)*/1.9 information to 0.4 (LOAEL)/ the carcinogenic
(10H, 10A) carcinogenicity (BMDLusp)/ assess the 100 (10H, 10S)/ | potential could not be
(MF=5 for (1986i guidelines) 3000 (10H, carcinogenic Clinical signs determined due to the
apparent tolerance 20% | 10A, 10S, 3D)/ | potential (2005a | including absence of acceptable
via food compared decrease cauda | guidelines; nausea, cancer studies in rats
to water)/ epididymis 2010c) vomiting, and mice (2005a
Absence of weight/ NTP, headaches, guidelines; 2006b)
clinical and 1993 dizziness
histological
effects/ Howard
and Hanzal 1955

43 Using the RfD of 0.00063 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.0044 mg/L (rounded to 0.004 mg/L).
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CASRN 94-75-7

December 2016

Table 10a. Summary of EPA Assessments: 2,4-Dichlorophenoxyacetic Acid (2,4-D)

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Chemical _ 25| TS5cE |Es2 g |2 oLEE | RS2 = TELEE | RE2 =
(Date of S | 82 | 2825 |288EEg | 2 SE2c5 | £8EE88cw | SE£2co |£83E€E883w
requiation) | E | 55 | 2883 |FGSEEE88| 29| 2528 | GSE2EE8| €582 |3E2E88
9 D) < >0%8 | EoSsGgEE| S0 D2 2c8 | 828385 | 22388 IS agEE
3 | BN | E5SE |°o58828g| 1T ESSEE |o6558202| ETSESE |°o655g20 8
S | S8 | 3284 | 55588 |Y |o88cY | 555893 n88LEY | 55588
0% | g5sp | 258" § |3 |Eo°°k | 288 5 | EocoSp |58 3
= -5 | &7 & 5|8<7 & 5 | &6<7 &
2,4-D (2,4- 0.07 0.01/1 D, Not classifiable | 0.35 | 0.01 (1983)/1 | -- 0.21 (2013)*/21 | D, Not classifiable
Dichlorophenox (NOAEL)/ as to human (NOAEL) (NOAEL) 100 as to human
yacetic Acid) 100 (10H, carcinogenicity /100 (10H, 10A)/ carcinogenicity
(19919) 10A)/ _ (1986i guidelines) (10H, kidney toxicity (1986i guidelines)
Hematologic, 20% 10A)/
hepatic and Hematolo
renal toxicity/ gic,
Serota et al., 0.02 hepatic
1983 and renal
toxicity/
Serota et
al., 1983

4 The MCLG could increase based on the RfD from 2013 OPP. The RfD is 21 mg/kg/day, assuming 70 kg body weight and 2 liters water intake per day, and a
20% RSC, the potential new MCLG would be 2 mg/L.: 0.21 mg/kg-day x 0.2 x 70kg/2L = 1.47 mg/L, which is rounded to 2 mg/L.
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Table 10b. Summary of Assessments by Other Organizations: 2,4-Dichlorophenoxyacetic Acid (2,4-D) CASRN 94-75-7

WHO

ATSDR CalEPA Includes JECFA., Health Canada

JMPR, CICAD, EHC
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e O -
2,4-D (2,4- == 0.005 Due to lack of conclusive | -- -- - - = - -
Dichlorophenoxy (20092)* | findings in the
acetic Acid)

epidemiological data, and
the lack of evidence in
animal studies for
carcinogenicity,
carcinogenicity is not
used as the endpoint for
the PHG (2009a)

45 The public health goal derived by CalEPA is based on noncancer effects. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by
CalEPA for noncancer effects.
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Table 11a. Summary of EPA Assessments: Dalapon (2,2-Dichloropropionic Acid)
CASRN 75-99-0
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Table 12a. Summary of EPA Assessments: 1,2-Dibromo-3-chloropropane (DBCP)

CASRN 96-12-8

U.S. EPA OPP
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Table 12b. Summary of Assessments by Other Organizations: 1,2-Dibromo-3-chloropropane (DBCP) CASRN 96-12-8

WHO
ATSDR CalEPA Includes JECFA., Health Canada
JMPR, CICAD, EHC
Chemical - c = _ c s - n= oo e
> > S S8 2 2 E2LSS S <3 x g w3
a3 o = T/ 3o 38D SESSET| a8 €2 <2 >z
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86




Six-Year Review 3 SUMMARY HEALTH EFFECTS ASSESSMENT REPORT December 2016

Table 13a. Summary of EPA Assessments: 1,1-Dichloroethylene CASRN 75-35-4

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
E = ) =u £ =L =
. = Su_ 8 | E8225 =2 §5 5 | S8eZ5 |82 _5|E8ssls
Chemical 2 | BG| Z5%§ EEZg%8 o =h-5: EESgE >PEE | RESEE
(Date of ® |8g| ®esd |£82£2%9% = 2256 £83225w |2E50 28229
regulation) E | I3 225%7 g3558g8 3 3883 235882 | 288y |azgsse
0| 2% | 2E3¢ S53EZXE £ 28%e Ss2EFE | 28%g|Ss2E8FE
= ol = O ~ = = @ — S— = @
S | 22| ES5Y | B5TEs - 2552 | 35sts | 2554 B3s5TEs
02| 35 F | 52883 = SETE | §588% | ZETE | 52883
a4 @ )] r o ] r o o]
1,1- 0.007 | 0.007 | 0.01/10 0.35 0.05 (2002d)*¢/ | “Suggestive - -
Dichloroethylene (LOAEL)/ 1000 | C, Possible human | 20% (also a 4.6 (BMDLyg)/ | evidence” of
(19871) (10H, 10A, carcinogen (1986i | factor of 10 for | 109 (10H carcinogenicity but
10L)/ Liver guidelines) class C, L not sufficient
g . 10A)/ Liver .
toxicity (fatty possible icity (f evidence to assess
change)/ Quast carcinogen) toxicity (fatty | hyman carcinogenic
etal., 1983 change)/ Quast | potential under draft
etal., 1983 1999 Guidelines
(U.S. EPA, 2002d)

46 Using the RfD of 0.05 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value would be 0.35 mg/L (rounded to 0.4 mg/L).
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Table 14a. Summary of EPA Assessments: cis-1,2-dichloroethylene CASRN 156-59-2

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= ~ = c = c c e S| € c
. = 3% 9 S 8 o S = S| 88w S _ S| 88w S
Clemiez] o | 88| 3cE |BE2.. 8 2 FELUBE |BSE3_. % |36utE| Bs3. %
= & SsEsE | oo EEE=S - TeDcE | STs=2E= S22 cE| T SEES
(Date of g =13 \350 EcE£§833T S 3EFS0 | ETcE55383c| EF5SO|ETE5T30
regulation) E a5 2’833 25EEESE g% ég%%% 253EEESS é&%%g 253EEESS
= nH e = 2 D Hh e 2 R
Q| Px| BoEf |S5282FE| T | ExERE | Ss2525E ExE2E|Ss2825®E
O Es VSQLU 5 o839 T Ll Y s 2 oUW S .39 = TS0 5 ==2383T=
= — O X SSFm®® g = DL S=| E8§Z®© g DLRsX| ES8P 6
0= | ES5% |52¢% 3§ | B |ESCSE | 528 § |ES°°E 588 3
a-35 | o< < 5| 0%« < 5|0« £
cis-1,2- 0.07 0.07 0.01/ 32 -- 0.35 0.002 Inadequate -- --
Dichloroethylene (NOAEL)/ (2010b)#7/5.1 | information to
(19919) 3000 (10H, (BMDLu1o)/ assess the
10A, 10L, 3000 (10H, carcinogenic
3D)/ 20% 10A, 10S, 3D)/ | potential (2005a
decreases in Increased guidelines; 2010b)
hematocrit/ relative
McCauley et kidney weight
al., 1990 in males/
McCauley et
al., 1990, 1995

47 The potential new MCLG could decrease based on the RfD from 2010b IRIS. The RfD is 0.002 mg/kg-d and assuming 70 kg body weight and 2 liters water
intake per day, the DWEL would be 0.0595 mg/L. Using an RSC of 20% the potential new MCLG would be 0.01 mg/L.
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Table 15a. Summary of EPA Assessments: trans-1,2-Dichloroethylene CASRN 156-60-5

U.S. EPA/OW National Primary Drinking
Water Regulation (\PDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — c c [ c = c c c c
) = =358 S 3o S = kS} S 3o S = S| 8do S
Chemical -0 >52 & = S = = 2 LS E BE £ = ToLBE | REZ2 =
= | & S E s = cTREE=2 4 S22 e ST EBES Se2csE [ E388ES
(Date of 2| &5 BHE80 £E5£5833| 5 SE3S0 |ESE£532%8 95350 |E8£68aT
reulation) | 5 | 25| S8S3 |G555:5cs|EY| 28583 |455EEcSe| $8583|G3555¢88
o | B4 EsfE |°5giode| g% ETEEE | C5ZEodE| ETEEE | 0BEEsdE
s 9 DHSE O 5T 8 = = DgwEE O 5T 2= Dgweu\J DET 2=
g Qe > c 83 2 = E>0&8% °8 3 g |E>0&5 | 28%g S
=% E25L |3Es g |8 | 2L 15E3 g | ETUUL EEE R
trans-1,2- 0.1 | 0.1 | 0.02/17 (NOAEL)/ | D, Not classifiable | 0.6 0.02 (2010b) “¥/ 65 Inadequate - -
Dichloroethylene 1000 (10H, 10A, as to human (BMDLsp)/ 3000 information to
(19919) 10S)/ Males: carcinogenicity (10H, 10A, 10S assess the
increases in serum (1986i guidelines) 3D)/ Decrease in the carcinogenic
alkaline 20% ber of antibod potential (2005a
phosphatase; number of antibody | o idelines; 2010b)
females: decrease forming cells
in relative thymus (AFCs) against
weight/ Barnes et sheep red blood
al., 1985 cells (SRBC) in
male mice/ Shopp et
al., 1985

48 IRIS completed an assessment in 2010; however, the new RfD does not result in a change to the MCLG.
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Table 16a. Summary of EPA Assessments: Di(2-ethylhexyl) adipate (DEHA) CASRN 103-23-1

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= RB"‘.E S P o & _ S S 3o S = .E S%o S
Chemical = %6 %EZE %éébwf_% e EB%BE gﬁ%buf_% 55535 gg%buf_%
(Date of |85 SE30 |£8258533| B SEFSO |E8E£5338 DE550|E8E85823%
regulation) | o | 23| <8ELB 238EESS| EP S£5358 |83sEESS| 325588 835EEES
J | 2% EsdE |ovSg=2ggl % ETSIE |O58820E| ESSTE| o588 208
@) S =8y D 5o 8= = sgey T 552 8= SoLW| 5559 @S
= | gs QET= SEgB® 9 = Q2885 | ¢88°%¢9 Q288> cg8="¢g
2 go55% S > 3 g @ x> L | 5> 9 s | 2= L 5> 9 S
= o -5 o< & D o<~ & 5| O~ &
Di(2- 4 |04 0.6/ 170 C, Possible human | 20 0.6 (1991c)/ 170 | C, Possible human | - --
ethylhexyl) (NOAEL)/ 300 carcinogen (1986i (NOAEL)/ 300 carcinogen (1986i
adipate (10H, 10A, 3S guidelines)/ (10H, 10A, 3D )/ | guidelines; 1991c)/
(DEHA) and D Potency: 1.2x10® Body and liver Potency: 1.2x10°3
(1992b) combined)/ Body | per mg/kg/day; 20% (and a | weight changes per mg/kg/day;
and liver weight | Drinking water factor of 10 | in parents, Drinking water
changes in concentration at 10" | for class C, | reduced concentration at 10°
parents, reduced | °risk level: 3x10" | possible ossificationand | °risk level: 3x10
ossification and | mg/L/ (BW)2/3/ carcinogen- | slightly dilated mg/L/ (BW)2/3/
slightly dilated Linearized icity) ureters in Linearized
ureters in multistage model fetuses; reduced | multistage model
fetuses; reduced offspring weight
offspring weight gain, total litter
gain, total litter weight, and litter
weight, and litter size/ ICl,
size/ ICI, 1988a,b
1988a,b
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Table 17a. Summary of EPA Assessments: Dinoseb CASRN 88-85-7

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= ~ = c = c c e S| € c
= 3% .9 S8 o S = S| 88w S _ S| 88w S
Chemical o | 83| ZS52E |§s2..% |2 | F5usE|fss. .5 |FBu5E|[EEs.. %
(Date of 5 | 80| 2525 |£8B2te.|d |2E2c5 |23 E2Eg|SE2c5| 888885
i E | S8 | 288 |5SEEE88| 20| 25228 | 3SE2Lc2 8502|522 E88
regulation) 0, 4= >0 % B 2538355 | E9| 32588 | €585 255| 22288 25855585
(List A or B) 4 | 2% £ O o582 e | 1Y EDSEE | o558 20E ESSEE| OB T8 20 e
S | 50| F=S8Y | 35928z |Y | 882U 5988 |p8o2U| 55048
0> S50 e9 8 g EEEER e9 3 g |g20Sp| 288 2
= =25 | 8= & 5|87 & 5/8<° &
Dinoseb (1992b) 0.007 | 0.001/1 D, Not classifiable 0.04 | 0.001 (1986d)/ | D, Not classifiable -
(LOAEL)/ 1000 | as to humap _ 1 (LOAEL)/ asto humap _
(10H, 10A, 10L)/ | carcinogenicity 1000 (10H carcinogenicity
Reduction in (1986i guidelines) 10A, 10L)/ (1986i guidelines;
thyroid weight; 20% ' 1989c)
endometrial Decreased pup
hyperplasia and ; ;
higos%ermato- Welght LI
genesis: lactation
testicular %eer (I:(r)ga.l sed
degeneration/
Hazleton, 1977; par_enhtal in/
Brown, 1981 weignt gain
' Dow Chemical
Company,
1981
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SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

December 2016

U.S. EPA/OW National Primary Drinking Water

gestation index,
decreased fetal
weight, increased
liver-to-body
weight ratio,
dilated renal
pelvis/ Murray et
al., 1979

per mg/kg/day;
Drinking water
concentration at 10
5risk level: 2x10®
mg/L/ (BW)2/3/
Linearized
multistage model

motility in men
exposed to TCDD
as boys/ Mocarelli

et al., 2008/

Increased TSH in

neonates/

Baccarelli et al.,

2008

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — c c c c c c c = c
. = =3%5 9 S 3o S = S S8 o S _ S| 838w S
Chemical | 4 | 20 =5 cE §=32 B 2 ToLEE | §E2 E TELSE|RE2 =
= < 3 s5E T R E= - D= CxE SCTE8EES Se2cE | 83 EBES
(Dateof | & | &5 | S830 |£2£588%3 B 5ET S0 |£825533| E350|£825537
lati € X 0T o 2S5 ecE @8 O xo L3> ASEEESL| X023 @S EEE TS
reguatlon) (O] QIE >0 < © S O8¢5 s ém > 35 9 SO sEE=| =2 0 S OB 6B Es
Sl % S8 |Ss5s322358 EXGEEE |53 820 g ESceR| o558 a0¢e
o= | ES5EZ |5£% § | B ESO=E 558 % | EOOSE| 558 %
> a-35 o< 8 5 | 8<& 8 51 8& &8
2,3,7,8- 0 3x10% | 1x10°%1x10% | B2, Probable 3.5x108 | 7x10%°(2012b)/ | -- -- -
TCDD (PQL) (LOAEL)/ 1000 | human carcinogen 2 x10%/30 (3H,
(Dioxin) (10H, 10A, 10L)/ | (1986i guidelines)/ 10L)/ decreased
(1988f) Reduced Potency: 156,000 sperm count and
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Table 18b. Summary of Assessments by Other Organizations: Dioxin (2,3,7,8-TCDD)
CASRN 1746-01-6

December 2016

WHO
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD,
EHC
2 c %‘: S @ 5= = %) ’g %x) ’g (£ ’g
L Eo | Eo | sS.- |BE8E. |55 |E5ER-| 55| 28 <& 28
Chemical E5§ 1 228 |27928 22§ ESES8| 2868 - T ==
=32 > Sz |[8X32> |S3> 383832852
£ g 3 S EE 2 1 =326s 2
o (&) IE —_ (@) oS (&)
2,3,7,8- 47 %101 | Likelytobe | -- - -- -- -- Group 1, Known to
TCDD carcinogenic Carcinogenic | be a human
(Dioxin) (2010d)#® | to humans to humans carcinogen
(1988f) (2010d) (2012b) (2014)

49 The public health goal derived by CalEPA is based on cancer potency. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by

CalEPA for noncancer effects.
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Table 19a. Summary of EPA Assessments: Diquat CASRN 85-00-7

December 2016

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
— —_ = =S @ c c = o c c = @ c
cremical |, |2o| 3852 |SE2_ & |2 |gsust|Sf2_ f | gsusg |28z ¢
(Date of > | 82| 3525 |gs882€Es - Se2cE |28 ERES Se2cE |fTZEBES
. 20 > S o O ETTE g a0 > D=3 =0 E O =S g O a0 cn.—\;O E T E g a0
regulation) £ 8o ZSESE@S @) XCL35 | 2SECEQS| o083 | gSEEETS
[0} 4= >0 © I ODS sz s Ea S 35 Q | 8 oS agBE5s| 22 25 9 I D8 BB ED
| S | 2«82 |Svso83F2| X ESSEE |O558358 EnSZE |°o5382%¢8
@) EL | £°51 - oxgzWE | g - 5388h | -°=2g5YE| 5885 | c°=ag5UWE
9 = oy D 5T L8 = Ao o E= V5T R T = Ao 9o == V5T R T =S
> Oc X o S o = Sass | o 2 o >0 o= o 2 o
O | E5s5F |g5£¢ 3 | 8 |ESCSE | 558 % | ES°°F | 528 3
) (Sl - O | O% - D | O% -
Diquat (1992b) 0.02 0.002/0.22 D, Not classifiable 0.0022 -- 0.005 (1995a, E, Evidence of
(NOAEL)/ as to human (1986¢€)/ 0.22 2002e)°/ 0.5 noncarcinogenicity
100 (10H, carcinogenicity (NOAEL)/ 100 (NOAEL)/ 100 | (1986i guidelines;
10A)/ (1986i guidelines) (10H, 1995b)
Cataracts/ I(;OH 1?'?)/ 10A)/cataracts
Colley, 1985 'n'_ma ens in females,
opacity and decreased
cataracts/ adrenal and
(Chevron epi_didyn_1is
Chemical, weights in
1985 maleS_/
Hopkins, 1990

0 The MCLG could increase based on the RfD from OPP 1995a and 2002e. The RfD is 0.005 mg/kg-d and assuming 70 kg body weight and 2 liters water intake

per day, the DWEL would be 0.175 mg/L. Using an RSC of 20% the potential new MCLG would be 0.04 mg/L.
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Table 20a. Summary of EPA Assessments: Endothall CASRN 145-73-3

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (\PDWR) U.S. EPA IRIS U.S. EPA OPP
o —_ [ c c c c S| < c
) = ~3%58 S8 o 5 _ o S8 o S = S|l 839 o
Chemical J | 25| B52% |§E2s..8 |2 | B5usE |E£s2. .5 |BF5usE|REs, %
(Date of > | S| 3525 | fE8SEE5 = Se2c=s |EBESEES Se2c5| EBSEES
A 20 > S o O ETE g0 a0 > c')._\;(_) E O =S g O a0 c».—\;(.) E O =S g O a0
regulation) £ -S| £235% | 2SEEESS | BQ| 9888 |QSEEESS| IS L3%| @5EEERS
(List A or B) 9 5% | 2888 |£€2328%%g | -2 O £383 | S252888| 2288|8234 %8
Evs O Scgoos2me | - ETs®E ScE5oe 2|l EossE| oo 2d s
O €A = ©° S0 - T 2 AT = L c Qo LW - C 2B T = S Lo = . QBT =
> Oc X o S o = Saso o 2 o Snoa=| o 2 o
o= | gs54® | 558 & |B8 ESC=C | 588 5 | ESCTE| 558 %
> a=5 [0%“ 8 S5 | §< i 518< 8
Endothall (1992b) | 0.1 0.1 0.02/ 2 D, Not classifiable 0.7 0.02 (1986f)/ -- 0.007 Unlikely to be
(NOAEL)/ as to human 100 ppm, (2005d%Y)/ 2 | carcinogenic to
100 (10H, carcinogenicity equivalent to 2 (LOAEL)/ humans (1999
10A)/ (1986i guidelines) mg/kg/day 300 (10H, guidelines; 2005d)
Increased 20% | (NOEL)/ 100 10A, 3L)/
organ weight (10H, 10A)/ Proliferative
and organ-to- Increased lesions of the
body weights absolute and gastric
for stomach relative weights epithelium/
and small of stomach and Trutter,
intestine/ small intestine/ 1995
Keller, 1965 Keller, 1965

51 Using the RfD of 0.007 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.049 mg/L (rounded to 0.05 mg/L).
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Table 20b. Summary of Assessments by Other Organizations: Endothall CASRN 145-73-3

December 2016

WHO
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD,
EHC
H >\ ~—~ ~—~ mf\
Chemical o © < o, s co E o < 2 = E-:) = E =
g_| 2 sE~ | ORE~ s5R~| S282c| 58| 25 <2 | =5
I8 o8& 83w 2358 S| ES5S8| 88 % = == | =z
o =) SE o S o X0 SEo | 3502 S E o
S < > > (] > X = > TSHT>H| X889 S| © >
= = S T £ o =Z5s s
o © E— O SE=2 S
Endothall -- 0.025 -- -- -- -- -- -- -- --
(2014)%2

52 The public health goal derived by CalEPA is based on noncancer effects. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by
CalEPA for noncancer effects.
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Table 21a. Summary of EPA Assessments: Endrin CASRN 72-20-8

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
_ = ~3% 5 5 9 S - S | 53 s | - S| 5 S
Chemical | | | 25| 2528 |Fs2..%2 |3 F5uss |§E2._.% |E5uvE| 5Es.. %
(Date of 3 S 3 55325 ST ESBES - Teg2cE | EBEEBES_|8e2cE| LBERES
. =) 20 =330 ETEgGo3T| B B.E\go EoSE=E5a3 8T B-,.E\g(.) ESESa 8T
regulation) E | I3 <2323 B3EEESE EQ | E8E588 | 8352|8588 8535EE¢g8
= S IR =] - = ] B H e e = S IR =]
o | Br| Z2oEf |SS32ZFE| g% | ExEEf |Sc3fZiE|ExEEE|ctsisiE
20 oesy T5088 3 < n832Y | 859885 |pS88SYU 859883
= oS s a9 2 = = 2>02% 202 2 =e>085| 293 2
= EgSL | g3 g | ° = 5 |§2= & | % L sz3 £
Endrin (1992a) | 0.002 | 0.002 | 0.0003/0.025 D, Not classifiable | 0.009 0.0003 (1988q)/ D, Not classifiable | -- --
(NOAEL)/ 100 as to human 0.025 (NOAEL)/ | asto human
(10H, 10A)/ Mild carcinogenicity 100 (10H, 10A)/ carcinogenicity
histopathologic (1986i guidelines) Mild (1986i guidelines;
changes in liver, 20% histopathologic 19880)
occasional changes in liver,
convulsions/ occasional
Velsicol Chemical convulsions/
Corporation, 1969 Velsicol Chemical
Corporation, 1969
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Table 22a. Summary of EPA Assessments: Ethylene dibromide (EDB; 1,2-Dibromoethane)
CASRN 106-93-4

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= =558 5% o 5 _ §| 8§38 o 5 _ S| §% o s
i 25 | 2525 ®§£z2_ = B | BEusE | B2 = susE|l RS2 S
Chemical o 20 | E£SE| EsEneE - | §25°5E | 552 S §3558 | §=En &
(Date of g SAS) 880 ESE55323 S| 25550 | E2E55323 | D550 |ESE58883
reguiation) | & | I3 |$83%3| Z35:ESE EQYSE555|B35E5C2|S8588 8355588
g | ES |E58f| S2fsUf | g STith|pt2fSUE|S5aEh pt2faLc
S a9 DEVE T ET I 5 = NP5 | I 8T &S5 waBE T &5
o= |Es%E £5% 3 B |ES°=E | 558 3 |ESCSE| 558 %
= a-35 4&<°7 & 5| 6<7 & 5| 6<7 &
Ethylene Dibromide | 0% | 0.00005 | -- B2, Probable human -- 0.009 (2004)/ | Likely to be - --
(EDB; 1,2- (PQL) carcinogen (1986i 27 (LOAEL)/ | carcinogenic to
Dibromoethane) guidelines)/ Potency: 85 3000 (10H, humans (1999
(19919) per mg/kg/day; Drinking 10A, 10L, guidelines; 2004)/
water concentration at 10D)/ Potency: 2 per
107 risk level: 4x10¢ Testicular mg/kg/day;
mg/L/ (BW)2/3 atrophy, liver Drinking water
peliosis, and concentration at 10
adrenal risk level: 2x10*
cortical mg/L/ (BW)3/4/
degeneration/ | LED10 with linear
NCI, 1978b extrapolation; slope
factors calculated
from multiple tumor
sites and summed
using statistically
appropriate model.

53 The current NPDWR assessment is not consistent with the 2004 IRIS assessment. The PQL is slightly greater than the 1 x 10 risk concentration of 2 x 10

mg/L.
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Table 22b. Summary of Assessments by Other Organizations: Ethylene dibromide (EDB; 1,2-Dibromoethane) CASRN 106-93-

4
WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
Chemical = - |l oo 0~
> 3 S |83z s e2Sg § |25 |zg i g
43 <o | §8< E3S o g 8o ZSEEEET|BET| %2 <> =)
£28 | €8 | 58 | 53288 | 528 |55508|REE
232 | g2 | 822|252 | 882 s88g28g2
£ S ks 3 EE = =35> b
o &) g —_ (@) o< ()
Ethylene dibromide | -- - -- -- - - - -- -- Reasonably
(EDB; 1,2- anticipated to be a
Dibromoethane) human carcinogen
(2014)
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Table 23a. Summary of EPA Assessments: Fluoride CASRN 7782-41-4

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OW
Y— — c c [ c c c = = c
q = =3%5 .9 S 8 o S = i) S 3o S _ S| 83w S
Chemical | | | 2 o =S cE Z=__% |2 Z5usE |BE=..5 |B35usE|EE2. . %
(Dateof | 5 | § 2 5525 CTEBRES | 2 Se2c= STE82es_|322c5| 882 ¢e3
: s 20 5800 ETS S 02538 D D=3 =0 LSS0 2a7T U’-—B;O ES 502873
regulation) = <283 255 EES2 EQ <P L3537 ASSEES2 X258 8535EE82
9| 3% 2058 S5322X8| J| ExEI® | S53825F ExERl|cs3g82FE
O S| Eo 55 - oxgzguEl g =5 83T C oUW E  oFE83E| c 2 agUWE
= |23 QETS 385 |2 QeESX 8§ |RPLRE55| 8885
OE =S, o c9 8 = =203 v co 2 = =2>0328 % c2 3 =
= reoy §c= & | ° - 5 |[8§&= & | ¢ 51 82° &8
Fluoride 40 | 4.0 No RfD>¥/ 20 mg/day | -- - 0.06%/ -- 0.08/(2010) -
(1986Kk) (LOAEL)/(2.5H)/ 19869/ 0.07 intake
crippling skeletal 100% | 0.06 (NOAEL)/ from drinking
fluorosis/ Shapiro 1(1H)/ water + 0.01
1983, Koop 1984, objectionable dental intake from
WHO 1984 fluorosis/ food)/ 1H
Hodge 1950 Severe dental
fluorosis in
children
Dean 1942
McClure
1943

4 EPA published a secondary maximum contaminant level (SMCL) for fluoride of 2.0 mg/L to protect against dental fluorosis (an adverse cosmetic effect)

(NPDWR for fluoride, April 2, 1986 (51FR: 11397)).

%5 The IRIS Substance Assessment Tracking system website (https://cfpub.epa.gov/ncealiris2/atoz.cfm) should be consulted for the most current information on
the status of this assessment.
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Table 24a. Summary of EPA Assessments: Heptachlor CASRN 76-44-8

December 2016

U.S. EPA/OW National Primary Drinking Water

(10H, 10A, 3D)/
Increased liver to
body weight ratio in
males/Witherup et
al., 1955

guidelines)/
Potency: 4.5 per
mg/kg/day;
Drinking water
concentration at 10
risk level: 8x10°
mg/L/(BW)2/3/
Linearized
multistage model

300 (10H, 10A,
3D)/ Increased
liver to body
weight ratio in
males/ Velsicol
Chemical, 1955

guidelines; 1987f)/
Potency: 4.5 per
mg/kg/day; Drinking
water concentration
at 10°° risk level:
8x10°
mg/L/(BW)2/3/
Linearized multistage
model

300 (10H, 10A,
3D)/ Liver
lesions and
increased
relative liver
weight/
Witherup et al.,
1955

Regulation (\PDWR) U.S. EPA IRIS U.S. EPA OPP

Y— — = c c c c c c = c

. = 3% 9 S8 o S = ks S8 o S _ =) S 8w S
Chemical | L | 23 >5cE RE2__%8 |2 | FsussE | BE2__ % T5usE |EEZ. %
= < 3 o £ 3= O @ == - =] = O == =] = O 8= =2
(Date of 2| 20 3830 EcE£5888 |5, S350 | ESE538373 £35S0 |[ETE£§88%T
regulation) | 5 | 2= <353 23E5EEEE | EP 25838 #38EEEL SE£588 | 838EE5EL
J | 248 Es 8¢ c58820e | 2% ETESE | 582248 | ETEEE |S5Zg=24 8

S a9 QesU T LSS ndaotx EETL® 5 adagyd ST 83

o = Qsus 28828 |Z | g20sp | 2887 ¢ 2085 | 288°° 2

= a5 S<= & 5| 8¢° & 5 [8&> &
Heptachlor 0 0.0004 | 0.0005/0.15 B2, Probable human | -- 0.0005 (1987f)/ | B2, Probable human | 0.0005 (1992c)/ | B2, Probable human
(19919) (PQL) | (NOAEL)/ 300 carcinogen (1986i 0.15 (NOAEL)/ | carcinogen (1986i 0.15 (NOAEL)/ | carcinogen (1986i

guidelines; 1992c)

101




Six-Year Review 3

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

Table 25a. Summary of EPA Assessments: Heptachlor epoxide CASRN 1024-57-3

December 2016

U.S. EPA/OW National Primary Drinking

Wiater Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= —T= 5 S g S — S| 8¢ S _ S| &g S
Chemical | L | 26 | 52% |§£2..8 |2 |Ecuvs |EES__% |B5usniE| LS. %
S < 3 sEsE | CTEBES d SeJckEe | CTEBERES SeDc=| ST EBRES
(Date of 2 | &g | 3830 |£E825533|5,.| 9ES S0 |£82583g | 9ETE0| £E8256833
regulation) | 5 | 23 | £8%8 | 4355552 | £EQ| 58588 | 235EE52 | 58588 3555
o | ES | EBSE (258350 E | g7 | ETEgE | 058850 ce | E5EEE| o588 qucE
S | 22 | oSS | 85825 |2 | oS855 | 8535 |plR5s| 859 RS
0= | ES52 528 3§ |B |ESCTE | 588 3§ |[ESC=F| 588§
= o -5 o< & O | O~ & S| 0% &
Heptachlor 0.0002 | 0.000013/ B2, Probable human | -- 0.000013 B2, Probable human | 0.000013 B2, Probable human
Epoxide (19919) (PQL) | 0.0125 carcinogen (1986i (1986j)/ carcinogen (1986i (1992c)/ carcinogen (1986i
(LOAEL)/ guidelines)/ 0.0125 (LEL)/ | guidelines; 1987g)/ | 0.0125 guidelines; 1992c)
1000 (10H, Potency: 9.1 per 1000 (10H, Potency: 9.1 per (LEL)/ 1000
10A, 10L)/ mg/kg/day; 10A, 10L)/ mg/kg/day; (10H, 10A,
Increase in Drinking water Increase in Drinking water 10L)/
liver-to-body | concentration at 10° liver-to-body concentration at 10° | Increase in
weight ratio/ | risk level: 4x10° weight ratio/ risk level: 4x10° liver-to-body
Dow mg/L/(BW)2/3/ Dow Chemical | mg/L/(BW)2/3/ weight ratio/
Chemical Linearized Company, Linearized Dow
Company, multistage model 1958 multistage model Chemical
1958 Company,
1958
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Table 26a. Summary of EPA Assessments: Hexachlorobenzene CASRN 118-74-1

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) Sah [EA RS Ut [HA O1RLF
= D = g g 0 = = S g 83 s —~ g g 8 &
Chemical | L | 25| B5°F |§£2__% |2 | Fsuss |§E22__ 2 |Fsus:E| §22__%
(Date of 5| E2 | 2885 |28E8E8Eco |2 | S22<c5 | 8888830, |25 | £888Ec
. s =0 S a9 O 28532973 > E’-awgo 252 2o 23T 2 252 2o
reguiation) | 5| 25 | £8%B8 (835552 | EY €583 | 435EES2 | $2583 | 435EEE:
o| EY| EBEE |C5Z28s0E | g% E5EgE | 052fsdE | ETEgE | CGEgsdcE
S| a9 | geSSE | 88%8°5 |z | oSgE5 | 88983 02255 | 85335
o= | ESLEZ |58 3§ |8 |ES°=C | 528 3§ |&ES°SE| 582 3
= o -5 o<~ & D o<~ S ) o<~ &
Hexachlorobenzene | 0 | 0.001 | 0.0008/0.08 B2, Probable human | -- 0.0008 (1988h)/ | B2, Probable human | -- B2, Probable human
(1992b) (PQL) | (NOAEL)/ 100 | carcinogen (1986i 0.08 (NOAEL)/ | carcinogen (1986i carcinogen (1996
(10H, 10A)/ guidelines)/ Slope 100 (10H, guidelines; 1989d)/ guidelines; 2008b)/
Hepatic factor: 1.6 per 10A)/ Hepatic Slope factor: 1.6 per slope factor 1.02 per
centrilobular mg/kg/day; centrilobular mg/kg/day; Drinking mg/kg-d,
basophilic Drinking water basophilic water concentration hepatocellular
chromogenesis/ | concentration at 10 chromogenesis/ | at 107 risk level: carcinomas in rats
Arnold et al., risk level: 2x10 Arnold et al., 2x10** mg/L (Based orally exposed
1985 mg/L/ (BW)2/3/ 1985 on Erturk, et al., /(BW)3/4/not
Linearized 1986)./ (BW)2/3/ specified
multistage model Linearized multistage
model
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Table 26b. Summary of Assessments by Other Organizations: Hexachlorobenzene
CASRN 118-74-1

WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
Chemical > no | oo D~
> 2 S T = S, s £ 2 5= S <3| £8 g
5 2 .- 00 &5 .= SE2~| 5= zZ2>| <2 > >
458 <o O T oo s BT S e awo 2
TS a > < e © s L5 s e s ESEALE| 288
SE2| ES | 22| 5222 | 558 |5880%|&5%8
& = S = o <82 =
|_
Hexachlorobenzene | -- 0.00007 | -- -- -- -- -- -- -- Reasonably anticipated
%6 (2015) to be a human
carcinogen (2014)

% The chronic MRL is based on the same critical study, Arnold et al., 1985 that was used by EPA; however different endpoint (peribiliary lymphocytosis and
fibrosis of the liver) was used compared to EPA assessments (Hepatic centrilobular basophilic chromogenesis)
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Table 27a. Summary of EPA Assessments: Hexachlorocyclopentadiene CASRN 77-47-4

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c [ c c c c c c
: = =858 Sdo = S Sdo = S| Sde
Chemical | |25 | Z528 |§£2._% |2 | FoyusE | §S2..8 |EFousE|ESE.. %
(Date of > | 82 25325 ST SEES - Seg2cxE ST SEES Be2c5| E8EEED
g = =0 o o 9 ES s 0 50 f=)) @.—B;O ES s o000 @__B; ETE g5 0 a0
regulation) 5 | 23 <293 BS3SEES2 | EQ| <2583 235EESE 22835 235eE¢82
~ 3+ nH s = ~ o = O (3] nH s = o = O (3] R =]
d | 24| EsBf |ov5gifE|2%| ETEEL | o538 48 |ExEsf|ovsgan e
s a9 DEe/u\J 8;%\%@% LIEJ Dgw8§ T 5T 8 S o sogu T 5T 4 S
o= ESWL D c2o 3 = =208 Qo3 = =208 % 29 3 =
= reoys 1§z> g |° & 5 | §&=° &8 & 518> &
Hexachlorocyclo 0.05 | 0.007/7.14 (adj. D, Not classifiable .3 0.006 (2001a)%"/ | Not likely to be a - -
-pentadiene NOAEL)/ 1000 as to human 6 (BMDLuo)/ human carcinogen
(1992b) (10H, 10A, 10S)/ | carcinogenicity 1000 (10H, 10A, | via inhalation route;
Focal (1986i guidelines) 3S, 3D)/ Potential for
inflammation of Chronic carcinogenicity by
the forestomach irritation of the oral route is
and stomach forestomach indeterminate based
lesions/ SRI, 1981 (forestomach on a lack of data
lesions)/ Abdo (1996 guidelines)
et al., 1984 (2001a)

57 Using the RfD of 0.006 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.042 mg/L (rounded to 0.04 mg/L).
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Table 27b. Summary of Assessments by Other Organizations: Hexachlorocyclopentadiene
CASRN 77-47-4

WHO

ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC

Chemical - nT | QT | 2T
o o = = = = = <Z(°>)\ gg‘ W o
m/—\ X ~ h.;/—\ ()] m/\ h%/—\ D'Q‘('Em’\ h"‘:/\
X T =< O T T 3 < [T s SES| g8 <=
= © > & © O @ LO—5 © L © EBE~S| 22
D g Q SEQ cex 2 SE R oS0 S SEQ
£E> S Sa e = 22| 38852 8z
1 (&) %] gD % o2« %]
& = & S EE 5 2<33 ks
o o - (&)
= = o=
Hexachlorocyclopentadiene | -- 0.0011 | -- = = = = -- -- --
(2014)%8

%8 The public health goal derived by CalEPA was calculated based on the NOAEL from Abdo, et al. 1984 for noncancer effects. The CalEPA assessment is more
current than the IRIS assessment and uses an updated benchmark modeling approach to derive a different POD. However, CalEPA applied policies that differ
from those of the EPA Office of Water so the 2001a IRIS RfD is preferred.
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Table 28a. Summary of EPA Assessments: Lindane (gamma-Hexachlorocyclohexane)
CASRN 58-89-9

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= | 5.5 | §8eB5 | 2 |o. _5|E8e25 | <. .5 | 5ge® B
Chemical - ‘B O =h-R- SE=EES g8 SOLGE| RS8R ToLTE BSEEsg ©
. = < 3 g = ST S S5 3 Te2cE| 88850 DD = S8 S £
(Date of regulation) £ 20 gg s O EE25533 5 3"5332 ESET8T 5<% €0 ESE5% o
o 22 | 3E£88 23S S5 S | 2583|2385 2583 238588
d | B%| £5%& | °5854¢ | E |EZEEE| o585 02| ETEEE | °5858 %
S | 28| ESSY | B53%E3 2 | 08855 85555 | o855 | Big; &
2% | g7f | 52BpE | & |=UUCLESER0 | =00 2B
a'd It (a) = a LLl
Lindane (gamma- 0.0002 | 0.0002 | 0.0003/0.33 C, Possible human 0.01 0.0003 -- 0.0047 Suggestive
Hexachlorocyclohexane) (NOAEL)/ carcinogen (1986i (1986h)/ 0.33 (20029)%°/ 0.47 evidence of
(19919) 1000 (10H, guidelines)/ (NOAEL)/ (NOAEL)/ 100 carcinogenicity,
10A, 10S)/ Potency: 1.3 per 1000 (10H, (10H, 10A)/ but not sufficient to
Liver and mg/kg/day; 20% | 10A, 10S)/ FQPA: 3 assess human
kidney Drinking water Liver and Hepatocyte carcinogenic
toxicity/ RCC, | concentration at 10° kidney hypertrophy, potential (1999
1983 risk level: 3x10+ toxicity/ increased liver guidelines; 2002f)
mg/L/(BW)2/3/ Also | Zoecon Corp, weight,
Linearized factor | 1983 increased
multistage model of 10 platelets/ Amyes
for 1989a,b, 1993
class
C

59 Using the RfD of 0.0047 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.033 mg/L (rounded to 0.03 mg/L).
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December 2016

Table 28b. Summary of Assessments by Other Organizations: Lindane (gamma-Hexachlorocyclohexane) CASRN 58-89-9

WHO
Health
ATSDR CalEPA Includes JECFA, Canada
JMPR, CICAD, EHC
Chemical > 2525 TT
emica e L
S = S 85 > S codd s|25] L& E}J‘,
o = = s5< | CESo 58 |2SEET| G8
E > SIS < = > -‘%§é>\ T 5 > éggob < =
g & s | Z=E s [*<82 | £
b [
Lindane (gamma- - -- -- -- -- -- -- -- -- Reasonably

Hexachlorocyclohexane)

anticipated to be a
human carcinogen
(2014)
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Table 29a. Summary of EPA Assessments: Methoxychlor CASRN 72-43-5

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c c c c c = c c
. = 3% 9 S 8o S = S| 88w S _ S| 88w S
Chemical J | 20| 528 |RE=_ 3 3 RELSE |SE2. .5 |35usE| 2., %
(Date of 3 | 83| 2835 |ECEE8Eoo | = Se2cs | £83EEEo0 4| RE2cS|£€8EEES
. = =0 > o O E2532a573 > 2=3=0 | EBE53825F| 2=3 = E28E5 32573
reuiation) | & | 3= | 2883 | G35EEEe| EQ | 22585 | 53555228585 835558
d | 24| E5SE |S558258| J% | EDEEE o558 52 EnEsE| o655 8208
(@] O — - o 5h>\$'gt Ll Y s 2 oUW ah>$}gt Y ® 29 ah>%}gt
= |ds| QELS | 8888 = Q255|888 s |2288=x|888°°¢8
S® | €85¢ |53 g | & | TL5Es g |ETTTL 5ES
Methoxychlor 0.04 | 0.005/5.01 D, Not classifiable 0.005 D, Not classifiable --
(19919) (NOAEL)/ as to human (1990b)/5.01 as to human
1000 (10H, carcinogenicity (NOAEL)/ carcinogenicity
10A, 10D)/ (1986i guidelines) 1000 (10H, (1986i guidelines;
Excessive 10A, 10D)/ 1987h)
loss of litters; Excessive loss
decreased of litters/
body weight/ Kincaid
Trutter, 1986 Enterprises,
1986
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Table 29b. Summary of Assessments by Other Organizations: Methoxychlor CASRN 72-43-5

December 2016

WHO

prostrate and
seminal vesicle
weights in
mice/Judy et
al. 1999

ATSDR CalEPA Includes JECEA. Health Canada
JMPR, CICAD, EHC
Chemical “— > nol ool 2o
> | 22583 5 555 5 259 | 5 |<E(Eg ug
] E’C\ch —— N0 x — = E_QHU)A e Z > <>\ - >
18| X582 S o T ST 3 8o SE2SET| 58 S =2 =2
roc| @20 580 = e O s -5 S EBE~S °e s
S<S| EXEEXE =2 S2Z8 | =258 X230 > 8% 5
S =882y < S EE & >&S5s &
Methoxychlor | -- 0.00002 Carcinogenicity -- - -- - - -
(2010a)%°, 5! studies are
/0.02 inadequate by
(LOAEL)/1000 | present
(10A,10H, standards
10L)/increased | (2010a)

%0 The public health goal derived by CalEPA is based on noncancer effects. The RfD-equivalent shown was calculated based on the LOAEL and UF provided by

CalEPA for noncancer effects.

61 Using the RfD of 0.00002 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.00014 mg/L (rounded to 0.0001 mg/L).
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Table 30a. Summary of EPA Assessments: Oxamyl CASRN 23135-22-0

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= [ c < =
= =358 |S8¢ s _ 5|88 s — S |88e s
Clierez] . | 2G| F5:2E |§E2. . E 2 25usE |EEs2. .5 | 35usE |E£2. %
= < 5 SEs= cFTEEE= d T=D .8 | casEE<S Se2c 5 ST ERES
(Date of 2 | L0 | 383380 |£E2E£5533 > £35S0 | ETSE§833T8| DEF SO |ESE£§333T
regulation) o | 22| 3883 |238EESE| EQ | 32588 | 4355555 32588 | 438558 E
J | 2| E5SE | o528 5E| 1 | ERSEE | o652 8252 ETSEE |oB5S 3o e
S | 23| a=S8 | g5948: y ce82Y 55988 | 882Y | 55048 %
05| 85us | 28387 8 = £50&85(288°"¢8 | E&0&s | 288°" ¢
= xgS% | g3 8 Q & 518> & | °© 518> &
Oxamyl (Vydate) | 0.2 0.2 0.025/2.5 E, Evidence of 0.9 0.025 - 0.0069°2 E, Evidence of
(1992b) (NOAEL)/ noncarcinogenicity (1986m)/ 2.5 (2010e)/ 0.069 | noncarcinogenicity
100 (10H, (1986i guidelines) (NOEL)/ 100 (BMDL1o)/ 10 | (1986i guidelines;
10A)/ (10H, 10A)/ (10H)/Acetyl 2010e)
decreased 20% decreased cholinesterase
body weight body weight inhibition in
gain/ gain and food human red
Kennedy, consumption/ blood cells
1986 E.l. du Pont de
Nemours and
Company,
1972

%2 The RfD for oxamyl is an acute RfD of 0.0069 mg/kg/day based on acetylcholinesterase (AChE) inhibition in human red blood cells. A chronic RfD was not
derived because of the rapid recovery of AChE activity and an acute exposure based RfD that is considered protective for chronic exposure. The potential new
MCLG of 0.1 mg/L is derived based on a 10 kg body weight and 1.0 L drinking water consumption and an RSC of 20% as follows: 0.0069 mg/kg/day x 0.2 x
10kg/1L = 0.0138 mg/L. An alternate potential new MCLG of 0.009 mg/L can be derived for children from birth to less than 12 months at the 90™ percentile of
0.15 L/kg (U.S. EPA, 2011a Exposure Factor Handbook, based on Table 3-19) as follows: 0.0069 mg/kg/day x 0.2 x 10kg/1.5L = 0.009 mg/L.
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Table 30b. Summary of Assessments by Other Organizations: Oxamyl CASRN 23135-22-0

WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
H > —~ —~ (%] —~
= O
Chemical > 3 5 55> S e28g 5 25|25 | 5§
tof| 28§ 22§ 2398 S 8 ESEs8 | 288 | | |*T
=32| £ 852 £33 Sgo X8382%2>| §%3
£ o) g g £ E 3 >£5s <
-- 0.006 Classification not -- -- -- -- -- -- --
Oxamyl (Vydate) (2009b) stated, but indicates
& oxamyl is not a
mutagen or
carcinogen (2009b)

% The public health goal derived by CalEPA is based on noncancer effects. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by
CalEPA for noncancer effects.

112



Six-Year Review 3

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

Table 31a. Summary of EPA Assessments: Pentachlorophenol CASRN 87-86-5

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) Sah [EA RS U (L (O1FP
Y [ [y c [ [y [y
: = =858 | S8 s _ s | S8e S = S | S8¢ S
Chemical | | #5 | 2528 |§£2..8 |2 | F5uss |§52. .58 | B5usE | §£=. .3
(Date of S S TE25 |E8EEES = Seg2cs | E3SEES D e =5 LT SEES
i = e 2 23S Z=2EL2cs8| 2 25338 222297 2353 2 ESE 3283
regulation) a3 <28y | B35EES2 EQ ZL8E£E388 | g35cEsg2| <2535 | g35cEg2
9 % 2058 |So582%8| 2 2=E8¢& | SS53%%%| 2=E82 | ES5358%®
O € ES5E | 2°8ggWE g SES88H | o8 UWE | ST S8E oo 835WE
S| A4S QETS | 8§38°5 |2 DSR5X | 888°°5 DRSS | 88§33
O = =S W o c2 3 'z} 202w c2 3 'z} =202 % c 2 3 'z}
= xSy | g2= & |0 | & 5 | &= & & 518> &
Pentachlorophenol 0 | 0.001 0.03/3 B2, Probable 1.1 | 0.005 (2010d)/ Likely to be 0.005 (2008b)/ B2, Probable human
(1991e) (PQL; (NOAEL)/ human carcinogen 1.5 (LOAEL)/ carcinogenic to 1.5 (LOAEL)/ carcinogen (1986i
analytical 100 (10H, (1986i guidelines)/ 300 (10H, 10A, humans (2005a 300 (10H, 10A, guidelines; 2008b)/
feasibility) | 10A)/ Potency: 0.12 per 3L)/ guidelines; 2010d)/ | 3L)/ Potency 0.07 per
pigmentation | mg/kg/day; Hepatotoxicity/ Potency®8: 0.4 per Hepatotoxicity/ mg/kg/day; Drinking
of kidneys/ Drinking water Mecler, 1996 mg/kg/day; Mecler, 1996 water concentration
Schwetz et concentration at 10° Drinking water at 10°° risk level:
al., 1978 Srisk level: 3x1073 concentration at 10 5x10° mg/L/
mg/L/ (BW)2/3/ risk level: 9x107 (BW)3/4/ Linearized
Linearized mg/L/ (BW)3/4/ multistage model
multistage model Multistage model
with linear
extrapolation from
the POD (LED10).

%8 An IRIS assessment (U.S. EPA, 2010d) for pentachlorophenol states that under the 2005a Guidelines PCP is “likely to be carcinogenic to humans.” A

multistage model using linear extrapolation from the point of departure (based on increased incidence of hepatocellular and adrenal gland tumors in male mice)
was performed to derive an oral slope factor of 4 x 10! (mg/kg-day)* for PCP. The recommended slope factor should not be used with exposures greater than
0.25 mg/kg-day (the point of departure for the site with the greatest response for tPCP-exposed male mice), because above this point the slope factor may not
approximate the observed dose-response relationship adequately.
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Table 31b. Summary of Assessments by Other Organizations: Pentachlorophenol CASRN 87-86-5

WHO
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC
~—~ ~— m ~—~
i > > 25 |85 I&
Chemical 3 o - e = oS - Sl g2 w o
> = . A0 R .S Ess D 2 =2 || = z<
<= =S T "D FSo 58 o S8 5E o
> @ D & eoa L= 8 22 s ESE~8| 288
£S | ES 528 | 52| 55E | 32308 85%8
= = ks R = < 2I5> L
s o o IS = (@) o< (5}
Pentachlorophenol -- 0.001 Proven carcinogen | -- -- -- -- -- -- Reasonably
(2009¢)%° | in rodent studies anticipated to
with some be a human
epidemiological carcinogen
evidence (2009c¢) (2014)

% The public health goal derived by CalEPA is based on carcinogenic effects. The RfD-equivalent shown was calculated based on the NOAEL and UF provided
by CalEPA for noncancer effects.
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Table 32a. Summary of EPA Assessments: Picloram CASRN 1918-02-1

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
— = [ c c c c
= =858 | 8o 5 = S| S8w S = S| S8o S
Chemical | L | 48| FScE |5E2..58 | 2 |E5usE|EEz..% |2545E|5£s2.. %
= I S £ = o = ) T = D = o I T = D = O S == 8
(Date of > |S&g| 5880 |£€825583| B SET S0 |E82583g| DESS0|£E88588%
regulation) o | 22| $8%3 | 23585EE£| EQ | 32588 | 8358555532588 4585558
2 | BN | ESEE |S5Eg=feg| JF | ETEEL [O5Z82dE| ETEEE| o588 20¢E
€ | 38| =224 | 555488 % W oE8EY | 5355488 |pS82W 555483
2 |gs| @5 | 8% S = 22085 | 283 2 |E>20&%| 283 S
= | &g5¢ |52 g | B |E £15z% g |& £ 5E3 8
Picloram (1992b) | 0.5 0.5 0.07/7 D, Not classifiable 2.45 0.07 (1987e)/ | -- 0.2 E, Evidence of
as to human noncarcinogenicit
(NOAEL)/ h 7 (NOEL)/ 100 (1995b)¢% 20 inogenicity
, carcinogenicity , i guidelines;
100 (10H i ici (10H, 10A)/ NOEL)/ 100 | (1986i guideli
10A)/ (1986i guidelines) Increased (10H, 10A)/ | 1995b)
Increased relative and Changes in
relative and absolute liver centrilobular
absolute liver weights/ Dow hepatocytes/
weights/ Dow Chemical Landry et
Chemical Company, al., 1986
Company, 1982
1982

80 Using the RfD of 0.2 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 1.4 mg/L (rounded to 1 mg/L).

115



December 2016

SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

Six-Year Review 3

Table 33a. Summary of EPA Assessments: Selenium CASRN 7782-49-2

U.S. EPA OPP

poyew
uonejode.ix3/1010e}
wawisnlpe Auswissasse
aAleInuenby(pasn
saullapinb Jo Jea A)
UONEBIIISSE[D J8ouRD

uonend AoaK3/(s4N
JO umopXealq)
4N /ainuedaq Jo Juiod
/(1eak) (Rep/Bx/6w) Ay

U.S. EPA IRIS

poylaw
uonejode.lix3/i019e}
wawisnlpe puawissasse
annenuenby(pasn
saulfapInb Jo Jea A)
UONBIIISS.[D J8duR)

D, Not classifiable
(1986i guidelines;

1990d)

uoneNOARY3/(s4N
JO UmopXealq)
4N /2inuedsq Jo 1uiod
/(1eak) (Kep/Bx/6w) Ay

0.005 (1991h)/

0.015

(3H)/ Clinical

(NOAEL)/ 3
selenosis/

Yang et al.,
1989

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR)

2Syd 2 (1/6w) 13Mma

50%

poyisw
uonejode.lix3/i019e}
wawisnlpe Auswissasse
anneinuenby(pasn
sauljapInb Jo Jea A)
UONEBIIISSE[D J8duR)

uonend A9943/(s4N
JO UmopXealq)
4N /ainueds( Jo
wiod /(Aep/6x/6w) ayy

None/ 3.2/ 15 (H,
L, accounting for
special status as

essential element)/
Minimum dietary

intake of selenium
in area with

chronic selenosis

of 3.2 mg/day, for

a 70 kg adult/ Yang
etal., 1983

(DTONW #TON
J1 s1seq) 1/6w 1O\

0.05

/6w 910N

0.05

Chemical

(Date of
regulation)

Selenium (1991h)
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Table 33b. Summary of Assessments by Other Organizations: Selenium CASRN 7782-49-2
WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
~— ~— m ~—
Chemical > 5 5 > = 5 ls E‘:’ S |58
g g 2 TS - 5 w5282 5E8 2 ZL | <& |28
< © Q5 ST [TIR T :’SLEBCEC.‘: o 5
>3 < == 228 2& g EBE~RC-Z60 <=
E> > 88 e8X32 832 5883I=83TER S8
= = ®© D O 0 moU<CQ.>"’U o .2
= S = S EE i Sgs5s5g2a 52 =
S o) 2 S © O=g-2- =i %
@ S S
Selenium -- 0.005 Not associated 0.4 mg/d Does not appear | 0.05 (2014a)%Y/ 0.4 mg/day = = = =
(2010b) | with increases in | upper to be (Upper Limit);0.2 (default
human cancer tolerable carcinogenic allocation for drinking
rates. May have | intake (2011c, WHO) | water);1.5 L/day/ Chronic
cancer protective | (2011c, selenosis/
properties WHO) 1I0M 2000
(2010b)

61 Utilizing the IOM (2000) Tolerable Upper Intake Level (UL) of 0.4 mg/day for adults with critical effect of clinical selenosis the MCLG could decrease. The

potential new MCLG would be 0.04 mg/L using 0.4 mg/day or 0.2 mg/L assuming 2L daily water consumption and a 20% RSC.
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Table 34a. Summary of EPA Assessments: Styrene CASRN 100-42-5

U.S. EPA/OW National Primary Drinking Water
Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= — 3= 5 S » = - S S a = — S| &g 5
Chemical L |2a| 3525 |22 £ 3 Ssuss B2 £ S5usE| EE2 £
S < 3 sEsE | CTEBES d SeJcE | CTB8BRES Sedc=E| T 8BES
(Date of 2 | €0 53880 | £E2E553283 > S350 | £E2E5E5333| 25350 |E2E58c83
requiation) | o | 23 | £8%3 | 835EESE| EQ | 58585 | 8355552585838 43555¢5¢<
2 | Bh| EsSE |°5882dE| 1 | ETSSE | OGS 320E  ETERE| 688 2d¢E
S |22 | oS5 | 85883 = 0S2E= | 859835 | o858 85383
= | E34p® L5 = 32 E2LP=P | L& = E2C=7| £ 5
= a5 | §&° & 5|8 & 58> &
Styrene (1991g) 0.1 0.1 0.2/ 200 C, possible human 7 0.2 (1985d) / -- - --
(NOAEL)/ carcinogen (1986i 200 (NOAEL)/
1000 (10H, guidelines)/ 1000 (10H,
10A, 10S)/ Potency: 3x1072 per 10A, 10S)/
Reduced red | mg/kg/day; 20% Reduced
blood cells, Drinking water hemoglobin
iron deposits | concentration at 10 and red blood
in liver/Quast | risk level: 1x102 cells; iron
etal., 1979 mg/L/ (BW)2/3/ deposits in
Linearized liver/ Quast et
multistage model al., 1979
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Table 34b. Summary of Assessments by Other Organizations: Styrene CASRN 100-42-5
WHO
ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC
Chemical - z = = E o z o = %.” < (</() § &) § E §
& <~ 5= o~ oLE s B2~ SSRBREo| 58 Z 3 < X =3
TS S =X 885 o35 S8S8s |EEE5-5|88% = == z=
Df_?m o C = o =0 20 c s o =2c 0| CiE o
S= > > T = > S £ X > TG > X B a0 > = 5
= & 5 S = o <38=2 =
Styrene No 0.007 Sufficient evidence | -- -- -- -- Reasonably | -- Reasonably
intermediate | mg/kg/d | that styrene causes anticipated anticipated
or chronic (2010c)®? | cancer in animals to be a to be a
oral MRL and limited human human
(2010a) evidence in carcinogen carcinogen
humans (2010c)®® (2014) (2014)

%2 The public health goal derived by CalEPA is based on cancer potency. The RfD-equivalent shown was calculated based on the NOAEL and UF provided by
CalEPA for noncancer effects.

8 The potential new MCLG could be 0 mg/L based on a possible human carcinogen.
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Table 35a. Summary of EPA Assessments: Thallium CASRN 7440-28-0

U.S. EPA OPP

poylaw
uonejodesx3/1010e}
uswisnlpe
JIUBLLSSaSSe
aAneIuenb/(pasn
sauljapinb Jo Jea A)
UO11ed1}ISSed Jsoue)

uoiend 9913/(s4N
JO UmopXealq)
4N /ainuedaq
J01u10d /(1e3A)
(Rep/Bi/6w) ayy

U.S. EPA IRIS

poylaw
uonejodesix3/1019e})
1uswisnlpe
/IUBLLSSaSS.
aAneIuenb/(pasn
sauljapinb Jo Jea A)
UO11ed1}ISSe|d Jadue)

Inadequate
information to

assess carcinogenic
potential (2005a
guidelines; 2009a)

uonenDA9a43/(s4N
JO UmopXealiq)
4N /ainuedaq
J01u10d /(1e3A)
(Rep/Bi/6w) ayy

No RfD
derived due to

poor quality of
data (2009a)

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR)

oSy
% (7/6w) 13ma

0.002

20%

poylaw
uonejodesx3/101oe}
uswisnlpe
JAUBLLSSASSE
aAneIuenb/(pasn
sauljapinb Jo Jea A)
UO11ed1}ISSed Jsoue)

D, Not classifiable

as to human

carcinogenicity

(1986i guidelines)

uoneNd AaK3/(s4N
JO umopXealq) 4N

/ainuedaq J0 lulod
/(Rep/Bx/6w) Qs

0.00007/ 0.25
(NOAEL)/

3000 (10H,

10A, 10S, 3D)/
No treatment

related effects/

Stolz et al.,
1986

(DTOW #IDN
J1 s1seq) 71/6w TOIN

(PQL)

/6w 910N

0.0005 | 0.002

Chemical
(Date of
regulation)

Thallium
(1992hb)
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Table 36a. Summary of EPA Assessments: Toluene CASRN 108-88-3

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (\PDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c c c c c c c c
q = =359 S 3o S = S S 3o S _ S| 838w S
Sl . | 26| Z5cE |5£2..8 |2 | E545E |§EE..5 |EtussE|EEs2. %
(Date of > | 82| 2§25 |LE8EEES d SegDcE | S3EBRES SO o= 8382
: = =0 >a009 TS 202038 | B o=3 =9 ESEgTaT | DE3=0|ECSE838aT3
regulation) oS <293 23SEES2 | EQ| <2858 255EES2 | SQ2E3x| B535EE¢s2
= o nH s = - = o nH s = = 3+ A=
a9 | 2% | Bs8f |Ss52f28E| 2% ExEig |cv2fiZiE | ExEiE|csgfigE
g Q| =Y | g5ogRz |4 oo8eY | 55988 | o882U| 555488
= | gds| QEImx | £88°~%¢ = 82883 | 288°°¢g 82885 88°°¢g
S| E&5& |53 g [B | & £ |52 g |E L1525 8
Toluene (19919) 1 0.2/ 223 D, Not classifiable | 7 0.08 (2005c)%4/ Data are inadequate | -- --
(NOAEL)/ 1000 | as to human 238 (BMDL)/ to assess
(10H, 10A, carcinogenicity 3000 (10H, 10A, | carcinogenic
10S)/ Increased | (1986i guidelines) 10S, 3D)/ potential (2005a
kidney weight/ 20% | Increased kidney | guidelines; 2005c)
NTP, 1990 weights/ NTP,
1990

64 Using the RfD of 0.08 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.56 mg/L (rounded to 0.6 mg/L).
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Table 36b. Summary of Assessments by Other Organizations: Toluene CASRN 108-88-3

WHO

ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC

1 (7p]
~~ o ~~ ~~
Chemical > > _ 2 § % § E §
S |3, |85z |.E_ |=28s 5 2512523
_E?C X 3RO S o ;Hc :’%EEC 5 R o
> © oxg| 202« L —5 I e 2 EEAE AR SRR
g < ES =8| 22228 s+= < X050 3 SE g
T = = s E 5 =2g35> R
o o - o
> = O -
Toluene -- -- -- -- -- 0.06 (2014b) | Not classifiable due to -- -- --
insufficient animal and human
carcinogenicity data (2014b)
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Table 37a. Summary of EPA Assessments: Toxaphene CASRN 8001-35-2

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c c c = c = c c
; o =858 Sdo S = S| Sde S = S| 8do S
Chemical J | 25| F52E | BEE2.. 8 |2 |F5usE|EES..% |BEusE |REs_ %
(Date of = s O s5 2= ST SEES = Seg2cx | E3SEES Se2cs5 | €E838SEES
i S0 000 EE8532a3 > o=3 =09 =0 S o a0 U’-—\BO L= I B T TR o]
regulation) E S8t o 2SEEgEeESS Ol XSL35S | 2SEEERS | x0238s | 83SEEES
- 2 H Es O | o688 20¢g | 4T ESSSE | ©o658820e | EDESE | o558y
O — © o — = 8T = [T S 9 o W - = 8 T = T Qo o = 3T =
39 =2y DET R T = A9 9 Es= DT L T = wah“\J V5T L& T =
= | g3 | 85up | 288" 28 |E |g20Sp |88 & |goosp | e8g” s
= =25 | 8= & >5|8<= &£ 5|8« &
Toxaphene (19919) 0.003 | 0.0004/0.36 B2, Probable human | -- -- B2, Probable human | -- --
(PQL) | (NOAEL)/ 100 | carcinogen (1986i carcinogen (1986i
(10H, 10A, 10 | guidelines)/ Potency: guidelines; 1987Kk)
MF for 1.1 per mg/kg/day;
neurodevelop | Drinking water
mental and concentration at 10
immunological | risk level: 3 x 10
datagaps)/ mg/L/ (BW)2/3/
Histological Linearized multistage
changes in model
liver, kidney,
and thyroid/
Chuetal.,
1986, 1988
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SUMMARY HEALTH EFFECTS ASSESSMENT REPORT

December 2016

ATSDR

CalEPA

WHO

Includes JECFA,
JMPR, CICAD, EHC

Health Canada

- ~ ~ U) ~
Chemical 0= O T =
g o e | 2= c < I . | 28| ZE o §
S = ) T = > o v O = S Z > > = >
ES) S i N0 < i ESS O =2 = - =
— X ~ = o~ S © —~ > © ) =~
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o o &) o — (@) < O é =)
= [
Toxaphene 0.002 -- -- -- -- -- -- -- -- Reasonably
intermediate anticipated to be a
(2010b) human carcinogen

(2014)
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December 2016

Table 38a. Summary of EPA Assessments: 2,4,5-Trichlorophenoxypropionic Acid (2,4,5-TP; Silvex) CASRN 93-72-1

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
= - c c c c c c S| < c
= =359 S8 o S = ks S 3o S _ S| 88w S
Clemiez] L | 20| ®5cE |Ef2..%8 |2 RELsE |EES_ .5 |R5usE|RE2. . %5
4 | &89 sEsE |SsEpeS |d Sedcf |28 82eg_|Se2cs5| 382
(Date of 2 | 80 8580 EoE5333T D 353550 ECES 538338 DE3SO|ESTSEGE3T
reguiation) | o | 25| £88F |B35:5ESEQ| S858% |855cEE2| 285878355588
d | 24| Esff |°558258 1% ETEEL |55 820 ETEE| 5558208
Q O —-Suw 5 =—>a 3T | W S oW 5 =2 & 3T SSOUL| =BT
(&) _—~ (&) (&)
2 |g%| 85u7 |[288°7¢2 |2 £S08p | 288°72 |£5885|E88°7 8
= a5 | 8> & S5 [ 8<> & 5/8%> &
2,4,5-TP (Silvex; | 0.05 0.05 0.008/0.75 D, Not 0.3 0.008 (1988c)/ D, Not classifiable | -- --
2,4,5- (NOAEL)/ 100 classifiable as to 0.75 (NOAEL)/ (1986i guidelines;
Trichlorophenoxy (10H, 10A)/ human 100 (10H, 10A)/ 1987a)
propionic Acid) Histopatholog- carcinogenicity Histopathological
(19919) ical changes in (1986i guidelines) | 20% | changes in the
the liver/ liver/ Mullison,
Mullison, 1966 1966; Gehring
and Betso, 1978
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December 2016

Table 38b. Summary of Assessments by Other Organizations: 2,4,5-Trichlorophenoxypropionic Acid (2,4,5-TP; Silvex)
CASRN 93-72-1

WHO
ATSDR CalEPA Includes JECFA., Health Canada
JMPR, CICAD, EHC
H >\ ~—~~ ~—~~ m ~—
Chemical o g’ < S § o .5 o < g § &) § E §
48~ =~ 5a DE-‘SA 58 SR8 | 58| 25 | <& | =5
o8| 28 22§ 2598 |22§8 |EzEg8|l 88| T |7 | %
S<5| ES 882 284> |52 |588%2|8F2
£ e 8 s € £ 3 =55s <
2,4,5-TP (Silvex; | -- 0.0003 Primarily negative -- -- -- -- -- - --
2,4,5- (2014) animal carcinogenicity,

Trichlorophen-
oxypropionic
Acid)

and mixed epidemiology
insufficient basis to
serve as basis for PHG
(2014)
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Table 39a. Summary of EPA Assessments: 1,2,4-Trichlorobenzene CASRN 120-82-1

December 2016

U.S. EPA/OW National Primary Drinking

Water Regulation (NPDWR) S B RS LS. A O
— _ c = c c = o c c = o [
Chemical L |25 35%5 (222 € |2 | Bsust | 2EE_ 2 | Pouwsi| mEE_ S
(Date of > |83 2525 |S8888c.|d | R22c8 | E8888c, |Re2<5| £888¢s¢
q S >0 0 ESES32Cav| B =3 =0 E8 5569573 2£3=9| ECE583a73T
regulation) g a3 | 2283 A3SEESS| EQ| 85838 235EESE |£858%8| 835E£ES2
o |EN| Esfg |°52g28E g%| ESEgE | O585S02 |ETEgE| Sv5EfsdE
S | 19| o3Y | 85%8%5 |2 | 08285 | 8538°5 oSeE8| 85385
0= | ES5L® | =28 T |3 | E2P=Sg | 288  § £2085| 288°° 2
= a5 | §&° 8 > o<’ & S| &<’ &
1,2,4- 0.07 0.07 0.01/14.8 D, Not classifiable | 0.35 | 0.01 (1991a)/ Not classifiable as to -- --
Trichlorobenzene (NOAEL)/ as to human 14.8 (NOAEL)/ | human
(1992Db) 1000 (10H, carcinogenicity 1000 (10H, carcinogenicity®
10A, 10S)/ (1986i guidelines) 10A, 10S/D)/ (1988b)
Increased 20% | Increased
adrenal adrenal
weights; weights;
vacuolization vacuolization of
of zona zona fasciculata
fasciculata in in the cortex/
the cortex/ Robinson et al.,
Robinson et 1981
al., 1981

85 U.S. EPA (2009b) has concluded that 1,2,4-trichlorobenzene is “Likely to be carcinogenic to humans” (2005a guidelines)/ Slope factor 0.029 per mg/kg-
d/POD 3.5 mg/kg-day (BMDLionep)/ increased hepatocellular carcinoma/0.1/ BMDLonep
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Table 39b. Summary of Assessment by Other Organizations: 1,2,4-Trichlorobenzene
CASRN 120-82-1

WHO

ATSDR CalEPA Includes JECFA, Health Canada
JMPR, CICAD, EHC

(] ~~ —~ n ~
Chemical — = = c X = c wn = O T T =
Zsuls 5| < E 2 - S | 2§ |%g |ug
D=5 S = > ® = ES=E O =
$85¢5 3| %% |Z55% |23 EEEET| 7%
2 = = S O [ R ] S o Soc~o 89
ExEE3 = | €2 |2ESE |58 58333 €&
4882 £ 3 = E = >S%5s o
>0 §i a) g s o o< =
= = b < Q@ = =
2 (@) o ($) (@)
|_
1,2,4- 0.1 (2010c)® /13.33 - - - = - - - - -
Trichlorobenzene (BMDL.o)/ 100 (10A,
10H)/hepatocellular
hypertrophy in male
rats/ Moore at al. 1994

8 Using the MRL of 0.1 mg/kg/day and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new MCLG derived from this
value is 0.7 mg/L.
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Table 40a. Summary of EPA Assessments: 1,1,1-Trichloroethane CASRN 71-55-6

December 2016

U.S. EPA/OW National Primary Drinking
Water Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — c c [ c c c c c c
= =3%5 2 S 3o S = ] S 3o S = S| 8do S
Chemical o | 46| Z5cE |EE2..8 |2 | FousE |§E=2.._.5 | E5ucE|RE2. %
(Date of > | &4 2325 E32E59d = SEZSE | E88fE530 s | SEZSO | €e832EES5S s
) = =0 2298 '7,-—“°’§Q-c S Q-aw;g .a._umgo_o 2= 2 .a._umgo_o
regulation) o | 22| £8%8 |23555LSEQ| 52583 2355552 | 59588 | 855558
J | 2% | Es82 |o558258 1% ESEEE |os5T8232| EEEL | o508 2%8
O O — - ouw 5h>\%'gt L s 2o Bhkggt T s 2o ah>$gt
= — Nec "= o8 g © o = g Xxs= o8 g o 0L s o8 g ® o
0| §55% |5s&% 3|3 | E2°=E% | 588 § | ES°°F|5s& 3
a-3 o< & 5 | o< < S| o< £
1,1,1- 0.2 0.2 0.035/35.1 D, Not classifiable | 1 2.0 (20071)%7/ Inadequate - -
Trichloroethane (LOAEL) 1000 as to human 2155 (BMDLu1o)/ | information to
(1985b) (10H, 10A, 10L)/ | carcinogenicity 1000 (10H, 10A, | assess carcinogenic
Histological (1986i guidelines) 3S, 3D)/ potential (2005a
changes in liver/ 20% | Reduced body guidelines; 2007f)
McNutt et al., weight/ NTP,
1975 2000

67 Using the RfD of 2.2 mg/kg/day (rounded to 2.0 mg/kg/day) and assuming 70 kg body weight, 2 L/day water consumption, and a 20% RSC, a potential new
MCLG derived from this value is 14 mg/L.
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Table 41a. Summary of EPA Assessments: 1,1,2-Trichloroethane CASRN 79-00-5

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
— c o c c c c
- = =8%5.9 S8y s ~ S S8e S = S| S8g S
Chemical | | 25 | 252% |5£2__8 |2 | Touss | 5£2._.5 |E6usE|BEc. . %
(Date of = S O o558 ST SEES - S22 cxE LT SEES Se2c5 | 83 SEES
: s SAS) 500 ES 532870 =) o=3 =9 E8 S50 2a73 2=3=90| E8E5s53a73
regulation) a5 X283y 2SSEES2 | EQ| 225383 25EEESE |Z2E3n| 855EES2
9 | 3% 20528 |SCE582%% | 52| P=ERg | 2259288 | 2ER8| SC588%%
8] € - =S5 coxggoldE @ =538 co=a2olE | =53 85| s°o=2gLUE
= | 28 QETS 3T = QL5 | 8388 3 Qe85 8g3=°¢9
o= 5L 23 = E203w 23 = E2>208%| 29 3 5
= xresSy 1§z & | ° & 5 | 8= & & 518> &
1,1,2- 0.003 | 0.005 | 0.004/4 C, Possible human 0.137 | 0.004 (1988a)/ C, Possible human -- --
Trichloroethane (PQL) | (NOAEL) 1000 | carcinogen (1986i 3.9 (NOAEL)/ carcinogen (1986i
(1992b) (10H, 10A, 10S)/ | guidelines)/ 1000 (10H, 10A, | guidelines; 1986a)/
Adverse effects | Potency®8: 0.091 per 10S)/ Clinical Potency: 0.057 per
on liver, mg/kg/day; 20% serum chemistry/ | mg/kg/day, Drinking
depressed Drinking water Sanders et al., water concentration at
humoral immune | concentration at 1985; White et 107° risk level: 0.006
status/ Sanders et | 107 risk level: 0.004 al., 1985 mg/L/ Based on
al., 1985; White | mg/L/ (BW)2/3/ Also hepatocellular
etal., 1985 Linearized factor carcinomas in mice
multistage model of 10 (NCI, 1978a)/
for (BW)2/3/ Linearized
class multistage model
C

% The term “potency” refers to either the q1* or slope factor depending on the modeling approach that was used. In some cases the summary document did not
report the potency estimate. In such cases, the potency was back-calculated from reported unit risks or risk specific concentrations to facilitate data comparisons.
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Table 42a. Summary of EPA Assessments: Xylenes (Total) CASRN 1330-20-7

December 2016

U.S. EPA/OW National Primary Drinking Water

Regulation (NPDWR) U.S. EPA IRIS U.S. EPA OPP
Y— — = c c c c c = c c
: = =258 |S8adg = S| Sdug = S| 88
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i S0 28080 EE8502aF > U’EBEO EO0 S o0 a0 CD-EBBO L= I B T TR o]
regulation) g 25 | <823 | 83SEES2| EQ | £8588 | 835EESEe| 28588 835E£E¢82
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s 9 DHS“\J O 5T 8 = = DgwEU\J DET 2 = DSwEU\J DET 2=
oS | BEL5 | 283 g = 2>08% | 283 g |E>x0E5| 283 g
s® | €85¢ 523 § | B |E £1528 g |€& £ 528 3
Xylenes (Total) 10 10 1.79/ 179 D, Not classifiable 63 0.2 (2003d)®°, | Data are - -
(19919) (adj. as to human 179 (adj. inadequate to
NOAEL)/ carcinogenicity NOAEL)/ assess carcinogenic
100 (10H, (1986 guidelines) 1000 (10H, potential (1999
10A)/ 20% 10A, 10D)/ guidelines; 2003d)
decreased decreased
body weight body weight
gains/ NTP, gains/ NTP,
1986 1986

% The MCLG could decrease based on the RfD from IRIS 2003d. Based on RfD of 0.2 mg/kg-d and assuming 70 kg body weight and 2 liters water intake per
day, the DWEL would be 7 mg/L, and using a 20% RSC, the potential new MCLG would be 1 mg/L.
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Table 42b. Summary of Assessments by Other Organizations: Xylenes (Total)
CASRN 1330-20-7
WHO
ATSDR CalEPA Includes JECFA. Health Canada
JMPR, CICAD, EHC
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APPENDIX C - HEALTH EFFECTS OF FLUORIDE

As a result of the first Six-Year Review of the fluoride NPDWR (67 FR 19030 (U.S. EPA, 2002)
(preliminary); 68 FR 42908 (U.S. EPA, 2003) (final)), EPA requested that the National Research
Council (NRC) of the National Academies of Science (NAS) conduct a review of the health and
exposure data on orally ingested fluoride. In 2006, the NRC published the results of its review in
a report entitled, Fluoride in Drinking Water: A Scientific Review of EPA’s Standards. Based on
its review, NRC concluded that severe dental fluorosis is an adverse health effect when it causes
both a thinning and pitting of the enamel, a situation that compromises the function of the
enamel in protecting the tooth from decay and infection. In addition, the committee examined the
scientific data on the impact of fluoride on the strength and structure of bone and the majority
concluded that the MCLG “is not likely to be protective against bone fractures.” The NRC
recommended that EPA develop a dose-response assessment for severe dental fluorosis as the
crtitical effect and update an assessment of fluoride exposure from all sources.

During the Six-Year Review 2, the Agency was in the process of developing a dose-response
assessment of the non-cancer impacts of fluoride on severe dental fluorosis and the skeletal
system. In addition, EPA was updating its evaluation of the relative source contribution (RSC) of
drinking water to total fluoride exposure considering the contributions from dental products,
foods, pesticide residues, and other sources such as ambient air and medications. These
assessments were not completed at the time of the Six-Year Review 2; thus, no action was taken
under the Six-Year Review 2 (75 FR 15500, U.S. EPA, 2010c).

In 2010, EPA published fluoride health assessments (U.S. EPA, 2010a; 2010Db). In the “Dose
Response Analysis for Non-Cancer Effects” report (U.S. EPA, 2010a), EPA derived a total
reference dose (RfD) of 0.08 milligrams per kilograms per day (mg/kg/day) based on studies of
dental fluorosis among children in the 6 months to 14 year age group (U.S. EPA, 2010a). The
RfD is an estimate of the fluoride dose that will protect against the critical health endpoint —
severe dental fluorosis — as well as clinical stage 11 skeletal fluorosis and skeletal fractures while
allowing for a fluoride exposure adequate to protect against tooth decay for children and adults.
Confidence in the RfD is considered to be medium because of the challenges of converting
concentration-response data from the Dean (1942) study to dose estimates for the RfD derivation
(U.S. EPA, 2010a). The RfD includes a 0.07 mg/kg/day dose for fluoride in water and 0.01
mg/kg/day for fluoride in food at the time the data on severe dental fluorosis were collected. The
0.07 mg/kg/day dose for fluoride in water was based on a benchmark dose 95 percent lower
bound (BMDL) of 1.87 mg/L that is associated with a 0.5 percent incidence of severe dental
fluorosis in the study by Dean (1942).

In the “Exposure and Relative Source Contribution Analysis” report (U.S. EPA, 2010b), EPA
revised its relative source contribution (RSC) estimates, which range from 40% to 70% across
different age cohorts (U.S. EPA, 2010b). The higher RSC values are associated with infants fed
with powdered formula or concentrate reconstituted with residential tap water (70%) and with
adults (60%). These RSC values are lower than the RSC of 100% used to derive the original
MCLG because of the increase in daily exposure to fluoride in other sources such as commercial
beverages, solid foods, fluoride-containing dental products, pesticide residues, and other sources
such as ambient air.
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EPA used the BMDL of 1.87 mg/L as the Drinking Water Equivalent Level for fluoride. The EPA’s
(2010b) RSC estimates were derived using the national mean fluoride concentration in public water
supplies at the time of that assessment (0.87 mg/L). Most community water systems (CWSs) that provide
fluoridation of their drinking water have already lowered their fluoridation level to a single level of 0.7
mg/L from a previous range of 0.7 to 1.2 mg/L to accommodate the updated PHS recommendation (U. S.
Department of Health and Human Services, 2015). The U.S. Food and Drug Administration (FDA) also
issued a letter to bottled water manufacturers recommending that they not add fluoride to bottled water in
excess of the revised PHS recommendations (FDA, 2015). In addition, the FDA stated it intends to revise
the quality standard regulation for fluoride added to bottled water to be consistent with the updated PHS
recommendation. Therefore, EPA anticipates that a significant portion of the population’s exposure to
fluoride in drinking water, as well as some commercial beverages that use fluoridated water from CWSs
and certain bottled water, has already been or will be reduced. This information will likely be useful in re-
evaluating the RSC. The Six-Year Review 3 monitoring data for fluoride do not reflect the full impact of
the change in the PHS fluoridation level. Therefore, EPA currently cannot use the Six-Year Review 3
monitoring data to project a MCLG based on the RfD at this time. In addition to the tooth and bone
effects, the NRC also evaluated the impact of fluoride on reproduction and development,
neurotoxicity and behavior, the endocrine system, genotoxicity, cancer and other effects. The
NRC (2006) concluded that the available data were inadequate to determine if a risk for effects
on these endpoints exists at an MCLG of 4.0 mg/L and made recommendations for additional
research. After considering the genotoxicity data, cancer studies in humans and animals, and
studies of mode of action in cell systems, the NRC determined that the evidence on the potential
of fluoride to initiate or promote cancers, particularly of the bone, is tentative and mixed. NRC
recommended that EPA await the results and publication of an in-process hospital-based, case-
control study of osteosarcoma and fluoride exposure from the Harvard School of Dental
Medicine before determining if an Agency update of the cancer risk assessment for fluoride is
necessary. One paper from this study (Bassin et al., 2006) was published after the NRC report
but the data were included in the NRC report based on the author’s dissertation. Bassin et al.
(2006) showed an age-related relationship between osteosarcoma in young male subjects (< 20
years) and estimated fluoride exposures from drinking water. The NRC classified the study as
having “multiple limitations in design, analysis and presentation of findings.” A subsequent
study from the same project (Kim et al., 2011) found there were no significant differences
between the fluoride levels in bone from 142 individuals with osteosarcoma and 52 controls with
cancers at other sites. Two hundred tumor-adjacent bone samples and 57 iliac crest bone samples
were analyzed for their fluoride content. Both conditional and unconditional logistic regressions
were used to analyze the data and determine the odds ratio for a correlation between the bone
fluoride levels and the risk for osteosarcoma. The odds ratio adjusted for age, gender, and a
history of broken bones was 1.33 (CI 0.56-3.15).

Based upon the recommendations of the NRC, EPA has evaluated dental fluorosis as a critical
endpoint of concern for this Six-Year Review (U.S. EPA, 2010a; 2010b). EPA also reviewed
recent publications on the impact of fluoride on reproduction and development, neurotoxicity
and behavior, the endocrine system and cancer as they become available. EPA noted limitations
in some of these studies such as lack of details and confounding factors. Overall, the new data
were not sufficient to alter the NRC conclusion that severe dental fluorosis is the critical health
effects endpoint for the MCLG. While EPA has evaluated the available health effects and
exposure information related to fluoride, the Agency also recognizes that new studies on fluoride
are currently being performed. One example is a National Toxicology Program (NTP) systematic
review of animal studies that examined the impact of fluoride on learning and memory (NTP,
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2016). For more information about fluoride developmental neurotoxicity, visit the National
Toxicology Program website at https://ntp.niehs.nih.gov/pubhealth/hat/noms/fluoride/neuro-
index.html.

Examples of other relevant new studies published after the U.S. EPA (2010a; 2010b) and
NRC (2006) publications are provided below.

Blakely et al. (2014) conducted a study to examine whether there was a relationship between
drinking water fluoride and an increased risk of primary bone cancer (osteosarcoma or Ewing
sarcoma). Geographical information system methodologies were used to assign the drinking
water fluoride levels to the cancer cases. The cases were limited to individuals ages birth to
49 years. The findings of Blakely et al. (2014) study provided no evidence that levels of
fluoride (0 to 1.268 mg/L) in drinking water, including systems that fluoridated, lead to
greater risk of either osteosarcoma or Ewing sarcoma. Ewing sarcoma is a tumor that usually
begins in bone or the soft tissue surrounding the bone of children, often during periods of
rapid bone growth.

A meta-analysis (Choi et al., 2012) focused on studies conducted in rural China (with
drinking water fluoride concentrations up to 11.5 mg/L) and found an association between
high fluoride exposures and lower 1Q scores. The author noted the low quality of the studies
included in the meta-analysis and the inability to rule out other explanations. Another study
by Choi et al. (2015) found that 51 children with moderate or severe dental fluorosis scored
significantly lower in total and backward digit span tests (a test used to assess short-term
memory and working memory) than those with no or questionable fluorosis; 60% of those
tested had moderate or severe dental fluorosis. The authors reported that the levels of other
contaminants that might have neurological impact were low in the area (lead and arsenic
specified), but did not mention the iodine status for the children or the drinking water levels
for manganese. The tests focused on nonverbal measures of learning and memory because
most of the available neurophysiological tests were not in Chinese. Six measures of learning
and memory as represented in 14 subtests were selected. Only one (digit span) displayed a
significant difference between those with normal/questionable fluorosis (n=8) and those with
moderate/severe fluorosis (n=26). The digit span test is described as requiring the child to
repeat a strings of digits forward and backward. Those with moderate/severe dental fluorosis
had significantly lower scores (p<0.05) in the backward and total digit span scores than those
with normal/questionable fluorosis. Although the findings of Choi et al. (2015) are
noteworthy, a limitation of the study is its statistical weight because of the small size of the
study population (n=51), and because of the fact that significance was achieved for only two
components of the 14 subtests administered.

Broadbent et al. (2015) conducted a study in New Zealand and reported no association
between high fluoride exposures and lower 1.Q. scores in children.
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e Peckham et al. (2015) reported a higher prevalence of hypothyroidism among primary care
practices located in fluoridated’® versus non-fluoridated areas in England. However, exposure
to fluoridated water was based on the location of the physician’s practice, not on the patient’s
residence and no attempt was made to control for other confounding factors, such as iodine
sufficiency. lodine deficiency is common in England (Grimes, 2015).

e Malin et al. (2015) found a higher prevalence of reported attention deficit hyperactivity
disorder (ADHD) in states with higher percentages of persons receiving fluoridated water.
Exposure to fluoridated water was measured at the state level and based on the CDC census
which includes both naturally fluoridated systems and systems that supplement the natural
fluoride with a certified additive to achieve the fluoride level established by the state for
fluoridation. In addition, the study did not control for other possible factors that may affect
ADHD, such as prenatal exposures to alcohol or tobacco, premature delivery, low birth
weight, and exposure to other environmental factors such as lead.

e The National Toxicology Program (NTP) conducted a systematic review of animal studies
that examined the impact of fluoride on learning and memory (NTP, 2015; 2016). From
among 4656 studies identified via database searches there were 68 studies in mice and rats
that examined exposures from drinking water or diet; 48 of those studies examined effects on
learning and memory and 16 of those assessed exposures during development. The dose
range tested was 0.12 to 40 mg/kg/day, all greater than the 0.08 mg/kg/day RfD for severe
dental fluorosis in humans identified in the EPA assessment (U.S. EPA, 2010a). NTP (2015;
2016) concluded that there was low to moderate confidence suggestive of effects on learning
and memory with the moderate finding applicable to animals exposed as adults and the low
finding applicable to the developmental studies.

e A study by Garcia-Perez et al. (2013) strengthens the link between severe dental fluorosis and
carries. The study was conducted in two low socioeconomic communities in Mexico using
457 children (ages 8 -12 years). The mean decayed missing and filled teeth (DsMFT) and the
dental fluorosis score as determined by the Thylstrup-Fejerskov Index (TFI) was highly
significant (P<0.0001) when children (369) with scores< 4 were compared to children with
scores >4 (88). Fluoride exposures were from both the drinking water and salt fluoridation.
Under the TFI procedure scores >4 are those that require pitting of the tooth enamel (U.S.
EPA, 2010a).
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