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Disclaimers

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

Sulfate is a 1998 Contammant Candidate List (CCL) regulatory determmatlon priority contaminant.
Sulfate is one of the contaminants considered by the U.S. Environmental Protection Agency (EPA) for a
regulatory determination. The avaﬂable data on occurrence, exposure, and other risk considerations
suggest that regulating sulfate may not present a meaningful opportunity to reduce health risk. EPA
presents preliminary CCL regulatory determinations and further analysis in the Federal Regrster Notice.

To make the prehmmary determmauon for sulfate, EPA used approaches guided by the National
Drinking Water Advisory Council’s (NDWAC) Work group on CCL and Six-Year Review. The Safe
Drinking Water Act (SDWA) requiréments for National Primary Drinking Water Regulatlon (NPDWR)
promulgation guided protocol development. "The SDWA Section 1412(b)(1)(A) specifies that the
determination to regulate a contaminant must be based on a finding that each of the following criteria are
met: (i) “the contaminant may have adverse effects on the health of persons™; (u) “the contaminant is
known to occur or there is substantial likelihood that the contaminant will occur in public water systems
with a frequency and at levels of public health concern”; and (iii) “in the sole judgement of the
Administrator, regulation of such contaminant presents a meaningful opportunity for health risk reduction
for persons served by pubhc water systems Al Avaﬂable data were evaluated to address each of the three
statutory criteria. : , :

Sulfate, a soluble, divalerit anion (SO,,Z') is produced from the ox1dat10n of elemental sulfur, sulfide
minerals, or organic sulfur. Sulfate is ubiquitous in the environment because of the abundance of sulfur
on earth. Anthropogenic sources of sulfate include the burning of sulfur-containing fossil fuels,

~ household wastes mcludmg detergents and industrial effluents from tanneries, steel mills, sulfate-pulp
mills, and textile plants Sulfate is also used in pickle hquor (sulfuric acid) for steel and metal industries,
as a feedstock or reagent in manufactlmng processes, in some fertilizers, and exists as an end-product in
the form of copper sulfate in 1ts useasa fungxcxde and alglclde ' .

-In 1979, EPA established a secondary maximum contaminant level (SMCL), a non-enforceable
-guidance level for aesthetic quality, at 250 mg/L for sulfate in drinking water. In 1985, EPA proposed a
sulfate health advisory of 400 mg/L that was never finalized. The SDWA amendments of 1986 mandated
an NPDWR for sulfate as well as the establishment of a maximum contaminant level goal (MCLG). After
a proposal of two alternative MCLGs of 400 and 500 mg/L in 1990, and a reproposal of a 500 mg/L
MCLG and Maximum Contaminant Level (MCL) in 1994, a regulatory determination had not been
finalized when Congress amended the SDWA in 1996. Sulfate was monitored from 1993 to 1999 under
the SDWA Unregulated Contaminant Monitoring (UCM) program.

The SDWA amendments of 1996 required EPA to finalize a sulfate regulatory determination by
August, 2001 and to complete a joint study with the Center for Disease Control and Prevention (CDC)
before NPDWR promulgation. The joint study was to determine a reliable dose-response relationship for
human health effects following exposure to sulfate in drinking water. EPA and CDC jointly concluded it
is unlikely that any adverse health effects will result from sulfate concentrations in drinking water below
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600 mg/L for adults. An expert panel of scientists convened in September, 1998, to supplement the
EPA/CDC study concluded there was insufficient scientific evidence regarding health effects to Jusi:lfy a
regulation, and suggested that a health advisory be 1ssued in areas where sulfate concentrations in
drinking water exceed 500 mg/L ‘ L
Sulfate occurrence is ubiquitous in ambient waters momtored by the Umted States Geolog1ca1

Survey’s (U SGS) National Water Quality Assessment (NAWQA) program. The NAWQA monitoring
results indicate nearly 100% of all surface and gmund water sites have sample analytical detections of
sulfate. Although sulfate detection frequencies are high in surface and ground waters, sulfate occurrence
at levels of public health concern is low. Less than approximately 1.4% of all surface water sites and’
about 1.8% of all ground water sites showed detections greater than a Health Reference Level (HRL) of
500 mg/L, a preliminary health effect level used for this analysis. HRL exceedances and 99 percentile

concentrations are generally greatest in urban basins, whﬂe median sulfate concentrahons are snmlar for
urban, mixed land use, and agricultural basms i

Sulfate has also been detected in public water systems (PWS) comphance monitoring samples
collected under SDWA. Occurrence estimates are very high by all measures. Approximately 87% of all
samples show detections, and the median and 99th percentile concentrations of all samples are 24 mg/L
and 560 mg/L, respectively. Approximately 88% of systems, serving 95% of the national PWS '
population (202 million people), report detections. An estimated 0.9% of PWSs, serving about 2 million
people nationally, use water with sulfate levels above an HRL of 500 mg/L. Additional data, including
both ground water and surface water PWSs from select States, were examined through mdependent
analyses and also have shown substantial low-level sulfate occurrence.

The available toxicological data indicate that sulfate may cause adverse health effects in humam‘ and
animals. Sulfate has a laxative effect in high doses, but adverse health effects are temporary and rec overy
is rapid. Sub-populations sensitive to sulfate ingested through drinking water include formula-fed infants,
the elderly or invalids who use powdered nutritional supplements and v1s1tors who are not acclimated to
high sulfate concentrations in dnnkmg water.

In summary, monitoring data indicate that sulfate is detected in the majority of drinking Water o
supplies, but is infrequently detected above the HRL of 500 mg/L. The risk of adverse health effects to
the general population is limited and acute (a short-duration laxative response), and such effects occur
only at high drinking water concentrations (>500 mg/L, and in many cases >1,000 mg/L). People can
develop a tolerance for high concentrations of sulfate in drinking water. Also, because of the taste of
water high in sulfate (the taste threshold for sulfate is 250 mg/L), people tend to decrease the amount of
hlgh-sulfate water they drink at one time, thus reducing the likelihood of acute exposure. For these
reasons, it is unlikely that regulation of sulfate would present a meaningful opportunity for health risk
reduction. EPA is, however, issuing an advisory to provide guidance to communities that may be
exposed to drinking water contaminated with high sulfate concentra’uons
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1.0 INTRODUCTION
1.1 Purpose and Scope

This doeument presents scxentxﬁc data and summaries of techmcal mformatlon prepared for, and used
in, the Environmental Protection Agency’s (BPA) regulatory determination for sulfate. Information
regarding sulfate’s physical and chemical properties, environmental fate, occurrence and exposure, and
health effects is included. Analytical methods and treatment technologies are also discussed.
Furthermore, the regulatory determination process is described to provide the rationale for the decision.

1.2 Statutory Framework/Background )

The Safe Dnnkmg ‘Water Act (SDWA), as amended in 1996 reqmres the EPA to pubhsh a listof
. contaminants (reférred to as the Contaminant Candidate Llst, or CCL) to assist in priority-setting efforts.”
~ The contaminants included on the CCL were not subject to any current or proposed National Primary
Drinking Water Regulations (NPDWR), were known or anticipated to occur in pubhc water systems,
were known or suspected to adversely affect public health, and therefore may require regulation under
SDWA. The first Drinking Water CCL was published on March 2, 1998 (USEPA, 1998; 63 FR 10273),
and a new CCL must be pubhshed every five years therea.ﬁer

The 1998 CCL contains 60 contaminants, including 50 chemicals or chemlcal groups and 10
microbiological contaminants or m1crob1a1 groups. The SDWA also requires the Agency to select 5 or
more contaminants from the current CCL, and determine whether or not t6 regulate these contaminants
with an NPDWR. Regulatory determmat!ons for at least 5 contammants must be completed 3% years
after each new CCL.

Language in SDWA Section 1412(b)(1)(A) specifies that the determmauon to regulate a contammant '
must be based on a ﬁndmg that each of the following cntena are met:

Statutory Fmdmg i the contaminant may have adverse effects on the health of persons;

Statutory Fmdzng ii: the contaminant is known to occur or there is substanual likelihood that
the contaminant wﬂl occur in pubhc water systems with a frequency and at levels of public health
- ‘concern; and

Statutory. Finding iii:  in the sole judgement of the Admlmsirator regulation of such_
contaminant presents a meaningful opportumty for health risk reductlon for persons served
by public water systems :

The geographic distribution of the contaminant is another factor evaluated to determine whether it
occurs at the national, regional, or local level. This consideration is important because the Agency is
charged with developing national regulations and it may not be appropnate to develop NPDWRs for .
reg10na1 or loeal contamination problems

EPA must determme if regulating this CCL contaminant will present a meamngﬁll opportunity fo
reduce health risk based on contaminant occurrence, exposure, and other risk considerations. The Office
of Ground Water and Drinking Water (OGWDW) i is charged with gathering and analyzmg the
occurrence, exposure,-and risk information necessary to support this regulatory dec1s10n. “The OGWDW
must evaluate when and where this contaminant occurs, and what would be the exposure and risk to
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public health. EPA must evaluate the impact of potential regulations as well as determine the appropriate
measure(s) for protecting public health.

For each of the regulatory determinations, EPA must first publish, in the Federal Register, the draft
determinations for public comment. EPA will respond to the public comments received, and will then
finalize regulatory determinations. If the Agency finds that regulations are warranted, the regulations
must then be formally proposed within twenty-four months, and promulgated eighteen months later. EPA
has determmed that there is sufficient mformatmn to support a regu]atory determination for sulfate

1.3 Statutory History of, Sulfate

Sulfate has been monitored under the SDWA Unregulated Contaminant Monitoring (UOM) pmgram
since 1993 (USEPA, 1992a; 57 FR 31776). Monitoring ceased for small public water systems (PWSs)
under a direct final rule published January 8, 1999 (USEPA, 1999a; 64 FR 1494), and ended for large
PWSs with promulgation of the new Unregulated Contaminant Monitoring Regulation (UCMR) issued
September 17, 1999 (USEPA, 1999c; 64 FR 50556) and effective January 1, 2001. Atthe time the -
UCMR lists were developed, the Agency concluded there were adequate monitoring data for a regulatory
determination. This obv:ated the need for continued monitoring under the new UCMR list.

EPA established a secondary maximum contaminant level (SMCL) for sulfate in drinking water in
1979 (USEPA, 1979; 44 FR 42195). An SMCL is based on the negative aesthetic effects of a
contaminant in drinking water (i.e. taste, smell), and is not a federally enforceable standard. Ttis .
estimated that humans detect sulfate in water starting at concentrations of between 250 and 350 mg/L.

For sulfate, the recommended SMCL is 250 mg/L (USEPA, 1979; 44 FR 42195). The World Health
Organization (WHO) advises that sulfate concentrations in drinking water not exceed 400 mg/L, based on
taste (USEPA, 1985; 50 FR 46936).

In 1985, EPA proposed a health advisory for sulfate of 400 mg/L. This advisory was intended as an
alternative to a federally enforceable maximum contaminant level (MCL), and was meant to protect
infants (USEPA, 1985; 50 FR 46936). The proposed health advisory was never finalized (USEPA,
1999b; 64 FR 7028). As a part of the CCL process, health effects data have been reviewed, and are
summarized in Section 4.0 of this document.

The 1986 Safe Drinking Water Act mandated a National Primary Drinking Water Regulation for
sulfate, as well as the establishment of a maximum contaminant level goal (MCLG) (USEPA, 1999b; 64
FR 7028). In 1990, EPA proposed two alternative MCLGs of 400 and 500 mg/L (USEPA, 1990; 55 FR
30370). Promnlgation of these standards was deferred, however, until EPA could identify proper
implementation techniques for target populations (USEPA, 1992a; 57 FR 31776). EPA reproposed an
MCLG and MCL for sulfate in drinking water of 500 mg/L in 1994, including in their proposal four
compliance options to facilitate implementation (USEPA, 1994; 59 FR 65578). A regulatory
determination had not been finalized when Congress amended the SDWA in 1996.

The SDWA amendments of 1996 contained specific regulatory authority for sulfate. The ,
amendments required that EPA finalize a regulatory determination by August, 2001. The amendments
also mandated the initiation and completion of a joint study by EPA and the Center for Disease Control
and Prevention (CDC) prior to promulgation of an NPDWR for sulfate. The joint study was to determine
a reliable dose-response relationship for human health effects in the general population (including at-risk
groups like transients and infants) following exposure to sulfate in drinking water (SDWA, § 1412 (b)
(12) (B)). Results from this study were pubhshed in January, 1999. v

i
|
i
i
;
!
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EPA and CDC were unable to-complete the dose-response study for infants because of an insufficient
study population. ‘EPA and CDC concluded that, for adults, it is unlikely that any adverse health effects
will result from sulfate concentrations in drinking water below 600 mg/L. There are no significant dose-
response associations between sulfate exposure and reports of diarrhea in adults (EPA and CDC, 1999a).
An expert panel of scientists was:convened in a September, 1998, workshop to supplement the EPA/CDC
study. Participating scientists concluded that there was insufficient scientific evidence regarding health
* effects to ]usnfy a regulation. - The panel suggested that a health advisory be issued in areas where sulfate
concentrations in dnnkmg water exceed 500 mg/L (BPA and CDC 1999b)

1.4 Regulatory Determinatmn Process .

. In developing a process for the regulatory determinations, EPA ‘sought input from experts and
stakeholders. ‘EPA asked the National Research Council (NRC) for assistance in developing a
scientifically sound approach for deciding whether or not to regulate contaminants on the current and
future CCLs. The NRC’s Committee on Drinking Water Contaminants recommended that EPA: €3]
gather and analyze health effects, exposure, treatment, and analytical methods data for each contaminant;
(2) conduct a preliminary risk assessment for each contaminant based on the available data; and (3) issue
a decision document for each contaminant describing the outcome of the preliminary risk assessment.

The NRC noted that in using: this decision ﬁ'amework, EPA. should keep in mind the importance of
involving all mterested partws '

. One of the formal means by which EPA works with its stakeholders is through the National Drinking
Water Advxsory Council NDWAC). The NDWAC comprises members of the general public, State and
local agencies, and private groups concerned with safe drinking water, and advises the EPA Administrator
on key aspects of the Agency’s drinking water program. The NDWAC provided specific
recommendations to EPA on a protocol to assist the Agency in making regulatory determinations for
current and future CCL contaminants. Separate but similar protocols were developed for chemical and

- microbial contaminants. These protocols are intended to provide a consistent approach to-evaluating
contaminants for regulatory determination, and to be a tool that will organize information in a manner that
will communicate the rationale for each determination to stakeholders. The possible outcomes of the ’
regulatory determination process are: a decision to regulate, a decision not to regulate, or a decision that
some other action is needed (e.g.; issuance of' gmdance)

The NDWAC protocol uses the three statutory reqmremenm of SDWA Section 1412(b)(1)(A)()-(iii)
(specified in section 1.2) as the foundation for guiding EPA in making regulatory determination
dec1sxons For each statutory reqmrement, evaluaﬂon criteria were developed and are summanzed below.

To. address whether a contaxmnant znay have adverse éffects on the ‘health of persons (statutory
requirement (i)), the NDWAC recommended that EPA characterize the health risk and estlmate a health -
reference level for evaluating the occurrence data for each contaminant.

Regarding whether a contaminant is known to occur, or whether there is substantial likelihood that
the contaminant will occur, in public water systems with a frequency, and at levels, of public health
concern (statutory requirement (ii)), the NDWAC recommended that EPA consider: (1) the actual and
estimated national percent of public water systems (PWSs) reporting detections above half the health
reference level; (2) the actual and estimated national percent of PWSs with detections above the health
reference level; and (3) the geographic distribution of the contaminant. ’
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To address whether regulation of a contaminant presents a meaningful opportunity for health risk
reduction for persons served by public water systems (statutory requirement (iii)) the NDWAC
recommended that EPA consider estimating the'national population exposed above half the health.
reference level and the national populahon exposed above the health reference level.

The approach EPA used to make prehmmary regulatory determmauons followed the general fcrmat
recommended by the NRC and the NDWAC to satisfy the three SDWA requirements under Section
1412(b)(1)(A)(i)-(ii). The process was independent of many of the more detailed and comprehensnve
risk management factors that will influence the ultimate regulatory decision making process. Thus, a
decision to regulate is the beginning of the Agency regulatory development process, not the end.

Specifically, EPA characterized the human health effects that may result from exposure toa
contaminant found in drinking water. Based on this charactenzauon, the Agency estimated a health
reference level (HRL) for each contaminant. ‘ :

For each contaminant EPA estlmated the number of PWSs thh detectlons >YHRL and >HRL the
population served at these benchmark values, and the geographic distribution, using a large number of
occurrence data (approximately seven million analytical points) that broadly reflect national coverage.
Round 1 and Round 2 UCM data, evaluated for quality, completeness, bias, and representativeness, were
the primary data used to develop national occurrence estimates. Use and environmental release
information, additional drinking water data sets (e.g., State drinking water data sets, EPA National
Pesticide Survey, and Environmental Working Group data reviews), and ambient water quality data (e.g.,
NAWQA, State and regional studies, and the EPA Pesticides in Ground Water Database) were also
consulted.

The findings from these evaluations were used to determine if there was adeqﬁéte informaticn to
evaluate the three SDWA statutory requirements and to make a preliminary determination of whether to
regulate a contaminant.

1.5 Determination Qutcome

After reviewing the best available public health and occurrence information, EPA has made a
preliminary determination not to regulate sulfate with an NPDWR. This preliminary decision is based on
the weight of evidence suggesting that regulating sulfate does not present a meaningful opportunity.for
health risk reduction for persons served by public water systems. EPA is , however, issuing an advisory
to provide guidance to communities that may be exposed to drinking water contaminated with high
sulfate concentrations. All preliminary CCL regulatory determinations will be presented in the Federal
Register Notice. The following secuons summarize the data used by the Agency to reach thls prelnmmary
decision.

2.0 CONTAMINANT DEFINITION

Sulfate, a soluble, divalent anion (SO,*) with molecular weight 96.06 g/mol, results from the
oxidation of either elemental sulfur, sulfide minerals, or organic sulfur (Alley, 1993; Field, 1972; Wetzel,
1983). The anion is often connected, through ionic bonds, to alkali, alkaline earth, or transition metals
(Field, 1972). Living organisms assimilate sulfate and reduce it to organic sulfur (R-SH, where R denotes
an alkyl group), an essential constituent of two amino acids (Madigan et al., 1997). Sulfate is also
incorporated into the structure of several polysaccharides, and is released to the environment through

4
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degradation of fecal wastes and ofganjc material. Terrestrial evaperite minerals and the ocean are the
largest reservoirs of planetary sulfate (Alley, 1993)

Anthropogenic sources of sulfate mclude the bummg of su]fur-contalmng fossil fuels, household
wastes inchiding detergents, and industrial effluents from tanneries, steel mills, sulfate-pulp mills, and
textile plants (USEPA, 1985; 50 FR 46936). Sulfate is also used in pickle liquor (sulfuric acid) for steel
. and metal industries, as a feedstock or reagent in manufacturing processes, and as an end-product such as_

* copper sulfate, which is used as a fungicide and algicide (USEPA, 1990; 55 FR 30370). Sulfate is
constantly replenished by means of the sulfur cycle (explained below), and is ubiquitous in the
environment because of the-abundance of su]fur on earth.

2.1 Environmental Fate/Behavior

The environmental fate and transport of sulfate are inextricably linked to the physical and chemical
processes active in the earth’s sulfur cycle (Figure 2-1). Sulfur reservoirs depicted in the upper portion of
Figure 2-1 are present in the oxidized sulfate form, whereas those portrayed in the lower part are found as
reduced sulfides.
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Figure 2-1: The Sulfar Cycle
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Sedimentary sulfur is present mostly in the form of evaporite sulfates, such as gypsum :
(CaS0*2H,0), anhydrite (CaSO,), magnesium sulfate, and sodium sulfate. Sulfate can be leached from
these evaporites to fresh water (USEPA, 1985; 50 FR 46936; Kaplan, 1972). In general, sulfate salts
resulting from lower-molecular weight alkali metals like sodium, potassium, and magnesium are
extremely soluble, while those salts of higher molecular weight metals like barium, iron, or lead have a
low solubility (USEPA, 1990; 55 FR 30370). Although adsorption has been documented in the field,
sulfate does not generally adsorb strongly to soils but instead is carried unchanged through soil by
percolating water (Drever, 1988). The weathering and oxidation of metallic sulfides, like pyrite (FeS,),
found in shales, limestone, and sandstone, are important sources for sulfate in fresh water (Kaplan, 1972).

Sulfur is oxidized to the sulfate anion in fresh water and is eventually transferred to the ocean by
streams or rain. The sulfate anion is very stable, and does not spontaneously reduce under normal
environmental conditions. However, the reduction of sulfate by sulfate-reducing bacteria (obligate
anaerobes) is extremely important to the sulfur cycle. Once in the ocean, the sulfate anion is either
reduced by bacteria and converted to pyrite at the mud-water interface, or is brought into the atmosphere
by sea spray. Oceanic sulfate can also be precipitated as gypsum (CaSO,+2H,0) in semi-isolated basins
in arid portions of the earth (at which point evaporation has increased sulfate levels to four times the
oceanic concentration). The approximate residence time for sulfate in the sea is 21 x 10° years (Kaplan,
1972). Sulfate is not expected to bioaccumulate in the aquatic food chain (Moore, 1991).

)
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The concentration of sulfate ions in rain can be hxghly variable dependmg on proximity to.industrial
~ areas where sulfur-containing fuels are combusted and sulfur dioxide: (S0,) is released (Wehmiller, 197 2).
SO0, is converted to sulfate in the atmosphere by photooxidation and heterogenous reactions, with the rate
of conversion increasing in polluted areas that have hlgh atmospheric concentrations of oxxdlzmg radicals
(like HO, HO,, and CH,OZ, Moore, 1991).

3.0 OCCURRENCE AND EXPOSURE

: This sectmn examines the occurrence of sulfate in drmkmg water. While no complete national

. database exists of unregulated or regulated contaminants in drinking water from public water systems
(PWSs) collected under the Safe Drinking Water Act (SDWA), this report aggregates and analyzes
existing State data that have been screened for quality, completeness, and representativeness. Populations
served by PWSs exposed to sulfate are estimated, and the occurrence data are examined for regional or
other special trends. To augment the incomplete national drinking water data and aid in the evaluation of
occutrence, information on the use and envuonmental release, as well as amblent occurrence of sulfate, is
also reviewed. : :

3.1 Use and Environmeéntal Release '
3.1.1 Production and Use

Anthropogenic sources of sulfate include: the burning of sulfur-containing fossil fuels, household
wastes including detergents, and industrial effluents from tanneries, steel mills, sulfate-pulp mills, and
textile plants (USEPA, 1985; 50 FR 46936). Sulfate is also used in pickle liquor (sulfuric acid) for steel
and metal industries, as a feedstock or reagent in manufacturing processes, and as an end-product such as
copper sulfate, which is used as a fungicide and algicide (USEPA, 1990; 55 FR 30370). Ammonium
sulfate is applied to the environment directly as a fertilizer. Sulfate is constantly replenished by means of
the sulfur cycle, and is ublqmtous in the environment because of the abundance of sulfur on earth (See
Figure 2-1)

Sulfur is the 14® most abundant elenient in the earth’s crust, and the 8% or 9* most abundant in
sediments (Kaplan, 1972). See Table 3-1 for sulfur abundances in different environments:
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Table 3-1: Abundance of sulfur in different environments

Crustal Average | 260
Ultramafic 300
Basalt . - 1250
Granite =270
Shale | 2.400
Sandstone 240
Carbonate 1,200
Deep-sea sediment R 1,300
Soils 850
Terrestrial plants 500
Seawater 885
Freshwater 5.5
after Field, 1972

Since the sulfate anion is naturally occurring and is readily generated by the oxidation of various
sulfur compounds, exact figures for its use and environmental release are unavailable. Production of
sulfate compounds is expected to be very high, however (in the thousands of tons per year); as the use of
sodium sulfate alone in 1987 was reported to be 792 tons (USEPA, 1990; 55 FR 30370).

3.1.2 Environmental Release ‘ ' : . x

Sulfur dioxide (SO,) emissions have recently become a majot concern for industrialized nations. One
of the most pressing of these concerns is related to the interaction of SO, with atmospheric water to
produce sulfuric acid (H,S0,), causing acid rain (Moore, 1991; Wetzel, 1983). In addition, SO, can be
converted to sulfate in the atmosphere. Elevated SO, concentrations in precipitation can lead to the
acidification of soil solutions and elevate sulfate concentrations in terrestrial waters (See Figure 3-1;
Drever, 1988). Note that in Figure 3-1, precipitation pH is lowest in regions where precipitation SO,
concentrations are highest.

“f
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Figure 3-1 Annual weighted mean pH and sulfate concentration in prec:pltatmn in North America
in 1985 '

0
- 504 {mg/l)

afier Drever, 1938

Anthropogenic sulfur emissions have a significant impact on the sulfur cycle, with at least 80% of global
SO, emissions and over 45% of riverborne sulfates traceable to man-made sources (Moore, 1991).  Table
3-2 indicates that total global sulfur dioxide production contmually mcreased from 1930-1980 (the years

when data were available).
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Table 3-2: Global production of sulfur dioxide (x 10° metric tons Sulfur per year)

Asia 5 9 12 34 43 57 | 3090
Europe 21 25 21 30 30 30 12-30,
North 22 17 25 24 34 29 25
America

Afiica 0.5 0.7 1 12 3 4 6
South 0.4 0.5 i 2 3 6
Anmerica -

Oceania | 0.4 0.5 1 1 1 2 2
Total 49 53 61 93 114 126 81-159

after Dignon and Hameed, 1 989; Hordijk, 1988; Moller, 1984

In addition to acidification through precipitation, terrestrial waters are acidified through a process
called acid mine drainage. The process takes place in ground waters proximal to the mining and milling
of sulfur-bearing ores, where sulfur compounds, including sulfate, are 1mportant mineral components of
the hydrogeologic system. Acidified ground water produced through acid mine drainage can also affect
surface waters through ground water dlscharge (Moore, 1991).

The basic reaction taking place in acid mine drainage involves the bacterially-mediated convers:on of
pyrite (FeS,) to ferric hydroxide in the presence of percolating ground water, releasing sulfate and acid:

FeS, +3.5 0, + H,0 = Fe* + 2 S0 + 2 H*
Fe* +0.25 0,42.5 H,0 = Fe(OH), + 2 H*

If more acid is produced than can be neutralized by the alkalinity of the surrounding aquifer, acid
water will result. The bacteria that catalyze the above reactions thrive under acidic condmons
accelerating acidification once it has begun (Drever, 1988).

Sulfate concentrations from ~1,500 mg/L (coal mine in Pennsylvama) to 63,000 mg/L (zinc mine in
Idaho; Barton, 1978) have been detected in waste waters near mines. To put this in perspectlve the
national secondary standard for sulfate is 250 mg/L.

Sulfate is almost always present in drinking water, and is often found in relatively high

concentrations. A 1985 survey by the American Water Works Association, conducted in 39 States and 3
territories, detected sulfate concentrations above 250 mg/L in 1,466 cases (Moore, 1991).

10
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3.2 Amblent Occurrence

To understand the presence of a chemlcal in the envuonment, an examination of amblent occurrence
is useful. In a drinking water context, ambient water potentially (though pot necessarily) is source water
existing in surface waters and aquifers before treatment. The most comprehensive and nationally
consistent data describing ambient water quality in the United States are being produced by the United
States Geological Survey (USGS), particularly in their National Water Quality Assessment (NAWQA)
program. (NAWQA, how®ver, is a relatively young program and complete national data are not yet
avaﬂable from thelr entire array of s1tes across the natlon )

3 2.1 Data Sources and Methods

The USGS instituted the NAWQA program in 1991 to examine water quality status and trends in the .
United States. NAWQA is designed and implemented in such a manner as to allow consistency and
comparison between representative. study basins located around the countfry, facilitating interpretation of
natural and anthropogemc factors affectmg water quahty (Leahy and Thompson, 1994).

The NAWQA progtam cons:sts of 59 51g1nﬁcant watersheds and aquifers referred to as “study units.”
The study units represent approximately two thirds of the overall water usage in the United States and a
similar proportion of the population served by public water systems. Apprommately one half of the
nation’s land area is represented (Leahy and Thompson, 1994)

To facilitate management and make the program cost-eﬁ'ectlve approx1mate1y one third of the study
units at a time engage in intensive assessment for a period of 3 to 5 years. This is followed by a period of'
less intensive research and monitoring that lasts between 5 and 7 years. This way all 59 study units rotate
through intensive assessment over a ten-year period (Leahy and Thompson, 1994). The first round of
intensive monitoring (1991-96) targeted 20 study umts and the second round momtored another 16
begmnmg in 1994,

Sulfate is an analyte for both surface. and ground water NAWQA studies, w1th a Mm1mum Reportmg
Level (MRL) of 0.1 mg/L.

Sulfate data from the first two rounds of intensive NAWQA momtonng have undergone USGS
quality assurance checks and are available to the public through their NAWQA Data Warehouse (USGS, .
2001). EPA has analyzed these data after further data quality review and occurrence results are presented
below. The descriptive statistics generated from the sulfate NAWQA data broadly characterize the
frequency of sulfate detections by sample and by site. Furthermore, detection frequencies above a Health
Reference Level (HRL) of 500 mg/L are also presented for all samples, and by site. The HRL isa -
preliminary health effect level used for this analysis (see Section 3.3.1.4 for further discussion of the HRL
and its development). The median and 99 percenule concentrations are included as well, to characterize
the range of sulfate concentration values present in ambient waters sampled by the NAWQA program.

3.2.2 Results
Typical of many inorganic contaminants, sulfate occurrence in ambient surface and ground waters is

- high (Table 3-3). This is not surprising, considering that the anion occurs naturally and is ublqultous
because of the abundance of sulfur on earth Anthropogenic sources are also numerous.

11
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Snrface and ground water detection frequencies are similar, between 89.9% and 100% across all
NAWOQA sites, though ground water detections are somewhat lower (Table 3-3). Median sulfate
concentrations are also similar between surface and ground water, but HRL exceedances and 99% .
percentile values are generally much greater in ground water. Locaﬂy' hlgh concentrations in ground -
water, higher than most surface water concentrations, are not surprising given the possxblhty oflong
contact times between ground water and rocks enriched in sulfide minerals or sulfates at a glven location
(the natural oxidation of sulfides is an important source for sulfate in fresh water). Contact times between
surface waters and naturally occurring sulfides and sulfates are orders of magnitude shorter, hence
concentrations are lower. Furthermore, surface waters subject to large anthropogenic inputs of sulfate are
more easily diluted by waters integrated from other parts of the watershed where sulfate concentratlons
may be lower. , L

Table 3-3 illustrates that low-level sulfate occurrence is ubiquitous. Surface water detection
frequencies are greater than 99% for all land use categories. However, detection frequencies greater than
the HRL are significantly lower. Forest/rangeland basins did not detect sulfate at levels greater than the
HRL, while urban, mixed, and agricultural basins show infrequent HRL exceedances (by site: between

0.4%-3.6%). Median concentrations for sulfate in surface waters are similar for urban, mixed, and
agricultural basins, while forest/rangeland basins again show lower sulfate levels. Forest/rangeland
basins also have the lowest 99" percentile concentrations. The 99 percentile concentratlons are
considerably higher for all other land use categories, with the highest concentrations found in urban areas,
These concentration percentiles are understandable because sulfate is used widely in both industry and
agriculture, is produced in the burning of fossil fuels, and can affect surface waters in urban and
agricultural basins. Sulfate occurrence in forest/rangeland basins is low by comparison, given B
anthropogenic sources are few. Detections exceeding the MRL and HRL, by site, for all sites are
approximately 99.6% and 2.7%, respectively. These figures indicate that although sulfate is ub:qmbous in
surface water, detections at levels of public health concern are low.

For ground water, detections frequencies for all samples, and by site, exceed 89% for all land use
categories. Urban and agricultural areas have the greatest median and 99™ percentile concentrations, and
the highest frequency of HRL exceedances. Forest/rangeland basins report no detections greater than the
HRL, and have the lowest median and 99® percentile values. Detection frequencies above the MRL, and
HRL, by site, for all sites are approximately 98.0% and 3.2%, respectively. Again, sulfate detections at
levels of public health concern are low relahve to sulfate occurrence.

12
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Talz\lé 3-3: Sulfate detections and concentrations in streams and ground water -
' ' . ‘Detection frequency | Detection frequency | - Concentrations
>MRL* “>HRL* - (all samples; mg/L)

% samples - Yosites | Y%samples  Y%sites | - median percentile

surface water 7 ‘ o ‘ ‘
Cwben . 100% . 100% | 26%  04% 20 2000
mixed  999%  994% | .08% 22% | 440
agricultural 998%  997% | 29% 3.6% 25
forest/rangeland 999%  995% | 00%  00%

=
s

allsites © . 998%  99.6% 18%  27%

ground water
wban o11% . 987% | 53%  64%
mixed  809%  966% 21% 24%

agricultural | 036%  995% | 43%  43%

forest/rangeland 918%  975% | 00% 0.0% 71

 all sites  916% - 98.0% 27%  32% 17 1300

* The Minimum Reporting Level (ML)  for sulfate in water is 01 mg/L and the Health Reference Level (HRL) is 500 mg/L. The HRL is a
preliminary health effect level used for this investigation. - ' . o A

3.3 Drinking Wa_tei Occurrence : :

" The Safe Drinking Water Act, as amended in 1986, required PWSs to monitor for specified
“unregulated” contaminants, on a five year cycle, and to report the monitoring results to the States.
Unregulated contaminants do not have an established or proposed National Primary Drinking Water
Regulation, but they are contaminants that were formally listed and required for monitoring under federal
regulations. The intent was to gather scientific information on the occurrence of these contaminants in
. order to enable a decision as to whether or not regulations were needed. ‘All non-purchased community
water systems (CWSs) and non-purchased non-transient non-community water systems (NTNCWSs),
with greater than 150 service connections, were required to conduct this unregulated contaminant ‘
monitoring. Smaller systems were not required to conduct this monitoring under federal regulations, but
were required to be available to monitor if the State decided such monitoring was necessary. Many States
collected data from smaller systems. Additional contaminants were added to the Unregulated
Contaminant Monitoring program in 1991 (USEPA, 1991; 56 FR 3526) for required monitoring that

. began in 1993 (USEPA, 1992a; 57 FR 31776). -

13
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Sulfate has been monitored under the SDWA Unregulated Contaminant Momtonng (UCM) program
since 1993 (USEPA, 1992a; 57 FR 31776). Monitoring ceased for small PWSs under a dn'ect final rule
published January 8, 1999 (USEPA, 1999a; 64 FR.1494), and ended for large PWSs with promulgation of
the new Unregulated Contaminant Monitoring Regulation issued September 17, 1999 (USEPA, 1999c; 64
FR 50556) and effective January 1, 2001. At the time the UCMR lists were developed, the Agency”
concluded there were adequate monitoring data for a regulatory determination for sulfate. " This obviated
the need for continued momtonng under the new UCMR list.

EPA estabhshed a secondary maximum contaminant level for sulfate in drmkmg Water in 1979
(USEPA, 1979; 44 FR 42195). An SMCL is based on the negative aesthetic effects of a2 contaminant i in
drinking water (i.e. taste, smell), and is not a federa!ly enforceable standard. It is estimated that hurnans
detect sulfate in water starting at concentrations of between 250 and 350 mg/L. For sulfate, the
recommended SMCL is 250 mg/L (USEPA, 1979; 44 FR 42195). . o

3.3.1 Data Sources, Data Quality, and Analytical Approach

Currently, there is no complete national record of unregulated or regulated contaminants in drinking
water from PWSs collected under SDWA. Many States have submitted unregulated contaminant PWS
monitoring data to EPA databases, but there are issues of data quality, completeness, and
representativeness. Nonetheless, a significant amount of State data are available for UCM contammants
and can provide estimates of national occurrence. The contaminant occurrence analyses findings |
presented in this report are based on a national cross-section of aggregated State data (i.e., a . ‘
repr&scntauve subset of available State data) derived from the Safe Drinking Water Informatlon System
(Federal version; SDWIS/FED) database.

The National Contaniinant Occurrence Database (NCOD) is an interface to the actual occurrence data -
stored in the SDWIS/FED database and can be queried to provide a summary of the data in SDWIS/FED
for a particular contaminant. The drinking water occurrence data for sulfate presented here were derived
from monitoring data available in the SDWIS/FED database. Note, however, that the SDWIS/FED data
used in this report have undergone significant review, edit, and filtering to meet various data quality
objectives for the purposes of this analysis. Hence, not all data from a particular source were used, only
data meeting the quality objectives described below were included. The sources of these data, their
quality and national aggregation, and the analytical methods used to estimate a given contaminant’s
national occurrence (from these data) are dxscussed in this section (for further details see USEPA, 2001a,
2001b).

~ 3.3.1.1 UCM Rounds 1 and 2

The 1987 UCM contaminants included 34 volatile organic compounds (VOCs) (USEPA, | 1987; 52 FR
25690). Sulfate, an inorganic compound (IOC), was not among these contaminants. The UCM (1987)
contaminants were first monitored coincident with the Phase I regulated contaminants, during the 1988-
1992 period. This period is often referred to as “Round 1” monitoring. The monitoring data collected by
the PWSs were reported to the States (as primacy agents), but there was no protocol in place to report -
these data to EPA. These data from Round 1 were collected by EPA from many States over time and put
into a database called the Unregulated Contaminant Informauon System, or URCIS.

The 1993 UCM contaminants included 13 synthetlc organic contammants (80Cs) and sulfate the

only IOC (USEPA, 1992a; 57 FR 31776). Monitoring for the UCM (1993) contaminants began -
coincident with the Phase II/V regulated contaminants in 1993 through 1998. This is often refen-ed o as

14
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“Round 2”7 momtonng The UCM (1987) contaminants were also included in the Round 2 monitoring.
As with other monitoring data, PWSs reported these results to the States. EPA, during the past several
years, requested that the States submlt these hlstonc data to EPA and they are now stored in the
SDWIS/FED database :

‘Monitoring. and data collectlon for sulfate, a UCM (1993) contaminant, began in Round 2. Therefore,
the following discussion regarding data quality screening, data management, and analytical methods is
restricted to SDWIS/FED. Discussion of the URCIS database is inchuded where relevant, but it is worth
‘noting that the vatious quality screening, data management, and analytical processes were nearly identical
for the two databases.’ For further details on the two’ momtormg periods as well as the databas&s, see
USEPA (20013) and USEPA (2001b).

3.3.1.2 Developing a Nat:onally Representatlve Perspectlve

The Round 2 data contain contammant occurrence data from a total of 35 primacy entities (mcludmg

34 States and data for some tribal systems). However, data from some States are incomplete and biased.

Furthermore, the national representativeness of the data is problematic because the data were not collected

in a systematic or random statistical framework. These State data could be heavily skewed to low-

" occurrence or high-occurrence settings. Hence, the State data were evaluated based on pollution-potential
indicators and the spatial/hydrologic diversity of the nation. This evaluation enabled the construction ofa -
cross-section from the avaﬂable State data sets that prov1des a reasonable representauon of nattonal

- OCCUITENCE. :

A national cross-section comprised of the Round 2 State contaminant occurrence databases was
established using the approach developed for the EPA report A Review of Contaminant Occurrence in
Public Water Systems (USEPA, 1999d). This approach was developed to support occurrence analyses for
EPA’s Chemical Monitoring Reform (CMR) evaluation, and was supported by peer reviewers and -+ -
stakeholders. ' The approach cannot provide a “statistically representative” sample because the original
monitoring data'were not collected or reported in an appropriate fashion. However, the resultant

“national cross-section” of States should provide a clear indication of the central tendency of the national
data. The remainder of this section provides a summary description of how the national cross-section
" from the SDWIS/FED (Round 2) database was developed. The details of the approach are presented in
other documents (U SEPA¥, 2001a, 2001b); readers are referred to these for more specific information.

3.3.1.2.1 Cross-Section Development

As a first step in developing the cross-section, the State data contained in the SDWIS/FED database
(that contains the Round 2 monitoring results) were evaluated for completeness and quality. Some State
data in SDWIS/FED were unusable for a variety of reasons. Some States reported only detections, or the
data was recorded with incorrect units. Data sets only including detections are obviously biased, over-
representing high-occurrence settings. Other problems included substantially incomplete data sets
without all PWSs reporting (USEPA, 2001a Sections II and IIT).

The balance of the States remaining after the data quality screening were then examined to establish a
national cross-section. This step was based on evaluating the States’ pollution potential and geographic
coverage in relation to all States. Pollution potential is considered to ensure a selection of States that
represent the range of likely contaminant occurrence and a balance with regard to likely high and low
_ occurrence. Geographic consideration is included so that the wide range of climatic and hydrogeologic
conditions across the United States are represented, again balancing the varied conditions that affect
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transport and fate of contaminants, as well as conditions that affect natnrally occurring contammants ,
(USEPA, 2001b Sections I A.. and IIL.B.). » . v o

The cross-section Sj;ates were selected to represent a variety of pollution potenﬁal conditions. Two
primary pollution potential indicators were used. The first factor selected indicates pollution potential
from manufacturing/population density and serves as an indicator of the potential for VOC contamination
within a State. Agriculture was selected as the second pellution potential indicator because the majority -
of SOCs of concern are pesticides (USEPA, 2001b Section III.A.). The 50 individual States were ranked
from highest to lowest based on the pollution potential indicator data. For example, the State with the
highest ranking for pollution potential from manufacturing received a ranking of 1 for this factor and the
State with the lowest value was ranked as number 50. States were ranked for their- agncultm'al chemical

use status in a similar fashion.

The States’ pollution potential rankings for each factor were subdxv:ded into four quamles (ﬁ'om
highest to lowest pollution potential). The cross-section States were chosen equally from all quartiles for
both pollution potential factors to ensure representation, for example, from: States with high agrochemical
pollution potential rankings and high manufacturing pollution potential rankings; States with high
agrochemical pollution potential rankings and low manufacturing pollution potential rankings; States with
low agrochemical pollution potential rankings and high manufacturing pollution potential rankings; and
States with low agrochemical pollution potential rankings and low manufacturing pollution potential
rankings (USEPA, 2001b Section II.B.). In addition, some secondary pollution potential indicators were
considered to further ensure that the cross-section States included the spectrum of pollution ﬁotentiad
conditions (high to low). At the same time, States within the specific quartiles were considered
collectively across all quartiles to attempt to provide a geographic coverage across all reglons of the
United States. ‘

The data quality screening, pollution potential rankings, and geographic coverage analysis established
a national cross-section of 20 Round 2 (SDWIS/FED) States. The 20 cross-section States provide good
representation of the nation’s varied climatic and hydrogeologic regimes, and the breadth of pollution
potential for the contaminant groups (Figure 3-2). - ‘
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Figure‘ 3-2: Geographic distribution of cross-section States for Round 2 (SDWIS/FED)

- Round 2 (SDWIS/FED) Cross Sectum K ]
, ' States v

| Alaska = " #New Hampshire =
Arkansas” - -~ New Mexico
Colorado " " 'North Carolina
Kentucky - -~ North Dakota .
{Maine - Ohio"

Maryland -~ - * Oklahoma
Massachusetts Oregon

Michigan - Rhode Island
‘Minnesota - Texas

Missouri - "Washmgton g

3.3.1. 22 Cross-Sectlon Evaluation 7

To evaluate and va.hdate the method for creating the natlonal cross-sectlons, the method was used to
create smaller State subsets from the 24-State, Round 1 (URCIS) cross-section. Again, States were
chosen to achieve a balance from the quartiles describing pollution potential, and a balanced geographic
distribution, to incrementally build subset cross-sections of various sizes. For example, the Round 1
cross-section was tested with subsets of 4, 8 (the first 4 State subset plus 4 more States), and 13 (8 State
subset plus 5) States. Two' additional cross-sections were included in the analysis for comparison;a
cross-section composed of 16 States with biased data sets eliminated from the 24 State cross-section for
data quality reasons, and d cross-sectlon composed of all 40 Round 1 States (USEPA, 2001b Sectlon
IL.B.1).

Thesé Round 1 “incremental cross-sections” were then used to evaluate occurrence for an array of
both high and low occurrence contaminants. The comparative results illustrate several points. The results .
are quite stable and consistent for the 8-, 13- and 24- State cross-sections. They are much less so for the
4-State, 16-State (biased), and 40-State (all Round 1 States) cross-sections. The 4-State cross-section is
apparently too small to provide balance both geographically and with pollution potentxal a finding that
concurs with past work (USEPA, 1999d). The CMR analysis suggested that a minimum of 6-7 States was
needed to provide balance both geographlcally and with pollution potential, and the CMR report used 8
States out of the available data for its nationally representative cross-section (USEPA, 1999d). The 16-
and 40-State cross-sections, both including biased States, provided occurrence results that were. unstable
and inconsistent for a variety of reasons associated with then' data quality problems (USEPA, 2001b
Section III.B. 1) ,

The 8-, 13- and 24-State cross-sections provide very comparable results, are consistent, and are
usable as national cross-sections to provide estimates of contaminant occurrence. Including greater
amounts of data from more States improves the national representation and the confidence in the results,
as long as the States are balanced related to pollution potential and spatial coverage. The 20-State cross-
section provides the best, nationally representative cross-section for the Round 2 data.
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33.1.3 Data Management and Analysxs

The cross-section analyses focused on occurrence at the water system level; i.e., the summary data
presented discuss the percentage of public water systems with detectiofis, not the percentage of samples
with detections. By normalizing the analytical data to the system level,. skewness inherent in the sample
data is avoided. System level analysis was used since a PWS with a known contaminant problem usually
has to sample more frequently than a PWS that has never detected the contaminant. Obviously, the.
results of a simple computation of the percentage of samples with detections (or other statistics) can be
skewed by the more frequent sampling results reported by the contaminated site. The system level of .
analysis is conservative. For example, a system need only have a single sample with an analytical result
greater than the Minimum Reportmg Limit (MRL), i.e., a detection, to be counted as a system witha

result “greater than the MRL.”

Also, the data used in the analyses were lmnted to only those data w1th conﬁrmed water | source and

sampling type information. Only standard SDWA compliance samples were used; “special” samples, or

- “investigation” samples (investigating a contaminant problem that would bias results), or samples of
unknown type were not used in the analyses. Various quality control and review checks were made of the
results, including follow-up questions to the States providing the data. Many of the most intractable data
quality problems encountered occurred with older data. These problematic data were, in some cases,
simply eliminated from the analysis. For example, when the number of problematic data were
insignificant relative to the total number of observa,uons those data were dropped from the analysm (for
further details see Cadmus, 2000).

3.3.1.4 Occurrence Analysis

To evaluate national contaminant occurrence, a two-stage analytical approach has been developed.
The first stage of analysis provides a straightforward, conservative, non-parametric evaluation of
occurrence of the CCL regulatory determination priority contaminants as described above. These Stage 1
descriptive statistics are summarized here. Based in part on the findings of the Stage 1 Analysis, EPA
will determine whether more rigorous parametric statistical evaluations, the Stage 2 Analysis, may be
warranted to generate national probability estimates of contaminant occurrence and exposure for priority
contaminants (for details on this two stage analytical approach see Cadmus, 2000, 2001).

The summary descriptive statistics presented in Table 3-4 for sulfate are a result of the Stage 1
analysis and include data from Round 2 (SDWIS/FED, 1993-1997) cross-section States. Included are the
total number of samples, the percent samples with detections, the 99* percentile concentration of all
samples, and the median concentration of all samples The percentages of PWSs and population served
indicate the proportion of PWSs (or population served by PWSs) whose analytical results include at least
one detection of the contaminant (simple detection, > MRL) at any time during the monitoring period; or
a detection(s) greater than half the Health Reference Level (HRL); or a detection(s) greater than the HRL
(the HRL is a preliminary estimated health effect level used for this analysis).

The HRL used in evaluating the occurrence information for sulfate is 500 mg/L. This is the value
suggested by a panel of experts convened by EPA (USEPA, 1999¢) as protective for sulfate-induced
diarthea. The Agency adopted the HRL of 500 mg/L, based on the recommendations of the CDC/EPA
Panel (USEPA, 1999¢), as a health-related benchmark for evaluating the occurrence data.
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The 99 percentile concentration is used here as.a summary statistic to indicate the upper bound of
occurrence values, because maximum values can bé extreme valiies (outliers) that sometimes result from
sampling or reporting errgr. . - - ST TR S o

As a simplifying assumption, a value of half the MRL is often used as an estimate of the .
concentration of a contaminant in samples/systems whose results are less than the MRL. However, for
these occurrence data this is not straightforward. For Round 2, States have reported a wide range of
values for the MRLs. This is‘in partrelated to State data management differences as well as real -

differences in analytical methdds, laboratories,'and other factors. -

The situation can cause confusion when examining descriptive statistics for occurrence. For example,
most Round 2 States reported non-detections as zeros resulting in a modal MRL value of zero. By
definition the MRL cannot be zero:: This is.an artifact of State data management systems. Because a
simple meaningful summary statistic is not available to describé the various reported MRLSs; and to avoid
confusion, MRLs are not reported in the summarytable (Table 3-4).- L o

In Table 3-4, national occurrence is estimated by extrapolating the summary statistics for the 20-State
cross-section to national numbers for systems, and population served by systems, from the Water Industry
Baseline Handbook, Second Edition (USEPA, 2000). From the handbook, the total national number of
community water systems (CWSs) plus non-transient, non-community water systems (NTNCWSs) is
65,030, and the total population served by CWSs plus NTNCWSs is 213,008,182 persons (see Table 3-4).
To generate the estimate of national occurrence based on the cross-section occurrence findings, the
national number of PWSs (or population served by PWSs) is simply muitiplied by the percentage value
for the particular cross section occurrence statistic (e.g. the national estimate for the total number of-
PWSs with detections 7(57:»3299) is the product of the total national number of PWSs (65,030) and the
percentage of PWSs with"detections (88.1%)). T o

‘Because the State data used for the cross-section are not a strict statistical sample, national . ‘
extrapolations of these Stage 1 analytical results can be problematic. For this reason, the nationally .
extrapolated estimates of occurrence based on Stage 1 results are not presented in the Federal Register
Notice. The presentation in the Federal Register Notice of only the actual results of the cross-section.
analysis maintains a straight-forward presentation, and the integrity of the data, for stakeholder review.
The nationally extrapolated Stage 1 occurrence values are presented here, however, to provide additional
perspective. A more rigorous statistical modeling effort; the Stage 2 analysis, could be conducted on the
cross-section data (Cadmus, 2001). The Stage 2 results would be more statistically robust and more
suitable to national extrapolation. This approach would provide a probability estimate and would also -
allow for better quantification of estimation error. - ' ’ e

3.3.1.5 Supplemental CMR State Data

Occurrence data on sulfate submitted directly with other drinking water occurrence data by the States
of Alabama, California, Illinois, Montana, New Jersey, and Oregon, for the independent analysis 4
Review of Contaminant Occurrence in Public Water Systems (USEPA, 1999d), was used to augment the
SDWIS/FED Round 2 occurrence analysis. These State supplemental CMR data provide additional
perspective on sulfate occurrence as five of the six States were not represented in the 20-State cross-
section. These CMR State data are also compared to the 20-State SDWIS/FED cross-section. 4 Review
of Contaminant Occurrence in Public Water Systems supported occurrence analyses for EPA’s Chemical
Monitoring Reform (CMR) evaluation, and is therefore referred to in this document as the CMR report.
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The occurrence data for sulfate used in the CMR analysis were submitted by States foran
independent review of the occurrence of regulated contaminants in PWSs at various times for different
prograros (USEPA, 1999d). In the USEPA (1999d) review, occurrence data froma total of 14 States
were noted. However, because several States contained data that were incomplete or unusable for various
reasons, only 12 of the 14 States were used for a general overview analysis. From these 12 States, eight
were selected for use in a national analysis because they provided the best data quality and completeness,
and a balanced national cross-section of occurrence data. These eight States were Alabama, ‘California,
Ilinois, Michigan, Montana, New Jersey, New Mexico, and Oregon.. The CMR 8-State cross-section was
developed in the same manner as, and was the model for, the 20-State Round 2 cross-section (see.
Sections 3.3.1.2, 3.3.1.3, and 3.3.1.4 for description).

Only the Alabama, California, Illinois, Montana, New Jersey; and Oregon State data sets contained
occurrence data for sulfate. These results are presented in Table 3-5 and are described in section 3.3,2.2.
The data represent more than 38,000 analytical resilts from about 5,800 PWSs mostly during the period
from 1993 to 1997, though some earlier data are also included. The number of sample results and PWSs
vary by State, however, with some States having considerably more data. :

3.3.2 Results
3.3.2.1 Occurrence Estimates ﬁom SDWIS/FED Round 2 Data

The percentages of SDWIS/FED Round 2 PWSs with detections are high, as should be expected for
sulfate (Table 3-4). The cross-section findings indicate that 88% of PWSs (57,299 PWSs nationally)
experienced detections of sulfate above the MRL, affecting 95% of the population served (about 202
million people nationally). Occurrence analyses.are also provided relative to the Health Reference Level
of 500 mg/L; 1.8% of PWSs reported detections above the HRL. These statistics indicate that nationally,
about 1,163 PWSs would be affected by suifate levels greater than the HRL of 500 mg/L (affecting
approximately 2 million people). ‘ r B T

Surface and ground water PWSs show similar detection frequencies for sulfate for all concentration
thresholds evaluated (> MRL, >/ HRL, and > HRL). The median concentration of all samples is 24 .

mg/L and the 99" percentile concentration of all samples is 560 mg/L.

The Round 2 national ‘cross-section shows a proportionate balance in PWS source waters and
population served, compared to the national inventory. Nationally, 91% of PWSs use ground water (and
9% surface waters); the Round 2 cross-section also shows 91% use ground water (and 9% surface
waters). The relative populations served are almost as comparable. Nationally, about 40% of the
population is served by PWSs using ground water (and 60% by surface water). For the Round 2 cross-
section, 39% of the cross-section population is served by ground water PWSs (and 61% by surface
water). The resultant national extrapolation is affected by this slight disproportion, so that adding the
national extrapolation of an occurrence parameter for just ground water PWSs to the same parameter for
just surface water PWSs does not always produce the national extrapolation for a// PWSs. :

3.3.2.2 Occurrence Estimates from the CMR State Data _
Drinking water data for sulfate from the CMR States vary among States (Table 3-5). The number of

systems with sulfate data for Illinois is far less than the number of PWSs in the State. Hence, it is not

clear how representative these data are. Alabama, California, Montana, New Jersey, and Oregon have
substantial amounts of data and PWSs represented. ' :

20




a |
Preliminary Regulatory Determination Support Document for Sulfate ' . November, 2001

Sulfate detections by PWS range from about 83% in Oregon to'93% in California (Table 3-5).
Detection frequencies are relatively evenly distributed between stirface water and ground water systems.
These figures agree with. s1mp1e sulfate detection frequencies from the SDWIS/FED Round 2 cross-
section where an average of 88% of PWSs. experienced detections. greater than the MRL with surface
water and ground water detections were similar.. The variability of SDWIS/FED Round 2 detections, with
a range of 4.5% to 100% detections (Table 3-4), is greater than that for the CMR data. However,
compansons made between data for simple detections need to be viewed with caution because of -
differences in MRLs between the CMR State data sets and the SDWIS/FED Round 2 data set, as well as
differences in MRLs between the CMR States and the SDWIS/FED Round 2 States themselves (see
Section 3.3. 1 4) i . ) »

Simple sulfate detection ﬁ'equencles @ie. >MRL)are srgmﬁcanﬂy higher than detection frequencles
of levels greaier than the HRL. At the HRL of 500 mg/L, data from the CMR States indicate PWS
exceedances from 0% to 6.32%. The SDWIS/FED Round 2 range of PWS detections greater than the
HRL of 500 mg/L is qmte eomparable (0%—5 24%), with an average of 1 79%

. Populatlon ﬁgures for the CMR States are mcomplete and are only reported for those systems in the
. database that have reported their population data. For sulfate, approximately 85% of the PWSs reporting
occurrence data for these 6 ‘States also reported population data. :

3323 Cross-Sectlon Compansons

e :

An important comparison can be made between the two cross-sectzons analyzed in thrs report. The
20-State cross-section of SDWIS/FED Round 2 data was used in Table 3-4 to extrapolate national
estimates of sulfate occurtence. The cross-section States were chosen based on geographic coverage and
relative pollution potential distribution. The 8-State CMR cross-section of States were chosen in the same
manner (USEPA, 1999d). Significantly, of the 6 States that reported data for sulfate in the 8-State CMR
cross-sectlon only one (Oregon) was part of the 20-State SDWIS/FED cross—sectlon

Sulfate detection frequencies from these two cross-sections are very similar (Table 3—6) ForPWSs
with simple detections (concentrations > ‘MRL), the 20-State cross-section detection frequencies are
consistently about two percent less than the corresponding 8-State cross-section detection frequencies,
suggesting a possible variation in MRLs. For PWSs with detections greater than the HRL of 500 mg/L,
the 20-State cross-section and the 8-State cross-section dxﬁ‘er by less than 1% in all mstances —

The proportlon of ground water PWSs compared to surface water PWSs for the 20-State SDWIS/FED

and the 8-State CMR cross-sections are also almost identical; 91% ground water (9% surface water) and
90% ground Water (10% surface water), respectively. :
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Table 3-4: Summary occurrence statistics for sulfate

S : 20 State Cross-Section' National System &

Frequency Factors ‘ Round 2) ’ Population Numbers?

Total Number of Samples L o . 40,484 ) A -

Percent of Samples with Defections o ‘ 87.0% . -

Health Reference Level : b - 500mg/L ‘ o

Minimum Reporting Level (MRL) ‘ + Variable’® ‘ ' -

99" Percentile Concentration of all Samples 560 mg/L -

Median Concentration of all Samples 24 mg/L. (-

Total Mumber of PWSs ’ 16,495 65,030
Number of GW PWSs . , © 15009 . 59,440
Number of SW PWSs . 1,486 ‘ 5590

Total Population o . 50,370,291 . - -213,008,182
Population of GW PWSs § 19,649,749 85,681,696
Population of SW PWSs 30,720,542 127,326,486

Occurrence by System National Extrapolation’

% PWSs with detections (> MRL) T 88.1% : 57,299
Range of Cross-Section States 4.5-100% N/A.

GW PWSs with detections ' - 87.8% - 52,165
SW PWSs with detections 91.7% 5,124

% PWSs > 1/2 Health Reference Level (HRL) (500 mg/L) 4.97% ' 3,229

*  Range of Cross-Section States ® 0-11.1% N/A
GW PWSs>1/2HRL 4.61% 2,741

- SWPWSs>12HRL . v |1 = 855% 478

% PWSs > HRL (500 mg/L) ‘ 1.79% 1,163

Range of Cross-Section States : 0-5.24% N/A
. GW PWSs > HRL ‘ : 1.83% 1,085
SW PWSs >HRL ‘ . -~ 1.41% 79

Occurrence by Population Served - : P

% PWS Population Served with detections 95.1% 202,468,000
Range of Cross-Section States , ‘ ‘ 4.56 - 100% , N/A
GW PWS Population with detections - 94.0% 80,533,000
SW PWS Population with detections . 95.7% 121,890,000

% PWS Population Served > 1/2 HRL (500 mg/L) 10.2% 21,791,000
Range of Cross-Section States ‘ ) 0-36.1% N/A
GW PWS Population > 1/2 HRL . 5.29% ‘ 4,532,000
SW PWS Population > 1/2 HRL 13.4% ‘ 17,0f19,000

% PWS Population Served > HRL (500 mg/L) ‘ 0.89% ‘ '1,887,000
Range of Cross-Section States ‘ : 0-33.5% .N/A
GW PWS Population >HRL 1.61%" 1,383,000
SW PWS Population > HRL 0.42% 535,000

1. Summary Results based on data from 20-State Cross-Section, from SDWIS/FED, UCM (1993) Round 2.
2. Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook (USEPA, 2000).
3. See Section 3.3.1.4 for discussion.
4. National extrapolations are from the 20-State data using the Baseline Handbook system and population numbers. ‘
-PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; MRL = Minimum Reporting Level (for laboratory analyses); HRL
= Health Reference Level, an estimated health effect level used for preliminary assessment for this review; N/A = Not Applicable
. = Total Number of Samples = the total number of analytical records for sulfate
- 99th Percentile Concentration = the concentration value of the 99th percentile of all analytical results (in mg/L)
- Median Concentration of Detections = the median analytical value of all the analytical results (in mg/L)
= Total Number of PWSs = the total number of public water systems with records for sulfate
- Total Population Served = the total population served by public water systems with records for sulfate
- % PWS with detections, % PWS > % Health Reference Level, % PWS > Health Reference Level = percent of the total number of public water
systems with at least one analytical result that exceeded the MRL, % Health Reference Level, Health Reference Level, respectively
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Table 3-5: Occurrence summai-y by State for siilfate (CMR data)

Frequency Factors - / Alabama | California | Tilinois Montana | New Jersey | Oregon

Total Number of Samples - - . s - 1,545 - 29050 | 280 - - 1,565 5,055 - 1,346
Number of Ground Water Samples . 1,132 26,682 210 1,343 4,446 804
Number of Surface Water Samples ’ 413 2,368 70 222 609 542

Percent of Samples with Detections : 90.5% 95.7% '864% 86.9% | 869% " 77.0%
Percent of Ground Water Samples with Detections 87.8% 95.6% 81.9% 86.8% 85.7% 79.1%
Percent of Surface Water Samples with Detections - 978% 96.2% --100.0% 874% ©96.1% 73.8%

99% Percentile Concentration (all samples) 72mg/L 523mg/l. | 760mg/L | 1200mg/L. | 260 mp/L 79 mg/L

|Median Concentration (all samples) 8.1mg/L 33mg/L 60 mg/L 2mgh. | 159mgL | 5.13mgL

Minimum Reporting Level (MRL) Variable' | Varisble! | Variable! | Variable! | Variable' | Variable!

Total Number of PWSs 547 2,195 195 775 1,443 656
Number of Ground Water PWSs , - 478 1,977 128 722 S 1,410 - 507
Number of Surface Water PWSs 69 ’ 218 67 53 33 149

Occurrence by System - :

% PWSs with detections (> MRL) 1 90.9% 93.4% " 872% 884% | :886% 829%
Ground Water PWSs with detections - 89.5% 93.4% 80.5% 88.1% 88.4% 81.1%
Surface Water PWSs with detections 100.0% 93.1% -100.0% 92.5% . 97.0% | 893%

Health Reference Level (HRL) = 500 mg/L. ’ . }

% PWSs > 1/2HRL . ’ 0.18% 10.4% 7.18% . . 12.5% 1.59% 0.15%
Ground Water PWSs > 1/2 HRL o 0.00% - 109% | 109% 12.5% . 1.42% 0.20%
Surface Water PWSs > 1/2 HRL 1.45% 5.96% 0.00% 132% ] 9.09% - 0.00%

% PWSs > HRL 0.00% 2.69% 3.08% 6.32% 0.69% 0.00%
Ground Water PWSs > HRL ) 0.00% 2.98% 4.69% 6.23% 0.57% 0.00%
Surface Water PWSs > HRL - 0.00% 0.00% 0.00% 7.55% 6.06% | -0.00%

" {Oceurrence by Population Served '

% PWS Population Served with detections 99.9% 999% | 95.8% 95.9% 99.2% 93.7%

Ground Water PWS Population with detections 97.2% 99.8%° 86.1%- 93.8% 98.0% 85.2%
-+ Surface Water PWS Population with detections | 100.0% |. 99.9% 100.0% -97.9% 100.0% "96.8%

Health Reference Level (HRL) = 500 mg/L, ) . i

% PWS Population Served > 1/2 HRL co 0.23% '50.7% 1.59% 102% "120% | - 0.00%
Ground Water PWS Population > 1/2’ HRL - . 0.00%. . 439% -|° 5.19% 15.5% 0.52% - 0.01%
Surface Water PWS Population > 1/2 HRL 0.13% 510% 0.00% 5.34% 19.4% 0.00% .

% PWS Population Served >HRL . 0.00% 22.6% 0.67% 433% 1L7% 0.00%
Ground Water PWS Population > HRL 0.00% 344% 2.11% 5.41% 0.11% - 0.00%
Surface Water PWS Population > HRL. : 0.00% _ 0.00% 0.00% 3.33% 19.2% 0.00%

ISee Section 3.3.1.4 for details '

- PWS = Public Water Systems; GW Ground Water; SW Surface Water; MRL = Mmmum Reporting Level (for laboratory anab:ses),

= Health Reference Level, an estimated health effect level used for preliminary assessment for this review; N/A = Not Applxcable

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

- 99¢h Percentile Concentration = the concentration value of the 99th percentile of all wuz{yltca] results (in mg/L)

- Median Concentration of Detections = the median anaIytzcaI value of all the analytical results (in mg/L)

- Total Number of PWSs = the total number of public water systems with records for sulfate

- Total Population Served = the total population served by public water systems with records for sulfate

- 9% PWS with detections,'% PWS > % Health Reference Level, % PWS > Health Reference Level = percent of the total number of public water
systems with at least one analytical result that exceeded the MRL, % Health Reference Level, Health Reference Level, respectively
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Table 3-6: 20-State SDWIS/FED Round 2 cross-section compared to the 8-State CNIR
cross-section for sulfate! ,

20-State Cross-Section”  8-State Cross-Section®

Total Number of PWSs 16,495 ‘ 5,973
Number of GW PWSs 15,009 5,381
Number of SW PWSs - 1,486 - . 592

% PWSs with detections (> MRL)  88.1% | 90.3%
GW PWSs with detections 87.8% | . 89.9%
SW PWSs with detections 91.7% | 93.9%

% PWSs with detections > 500 mg/L.  1.8% o 21% )
GW PWSs > 500 mg/L 1.8% 2% - '
SW PWSs > 500 mg/L 1.4% C1.0%

! Only six States reported data for sulfate in the 8-State cross-section.
? Summary Results based on data from 20-State Cross-Section, from SDWIS/FED, UCM (1993) Round 2; see Table 3-4 and Sechon 3.3. I 1
2after USEPA, 1999d; see Table 3-5 and Section 3.3.1.5.

3.4 Conclusion

Low-level sulfate occurrence in ambient waters monitored by the USGS NAWQA program is
ubiquitous, with detections approaching 100% of all surface and ground water sites. The percent ‘samples
with detections are similarly high for all surface and ground water sites. Forest/rangeland basins show the
" lowest frequency of HRL exceedances, median concentrations, and 99 percentile concentrations across
all land use categories, for both surface and ground waters. HRL exceedances and 99 percentile
concentrations are generally greatest in urban basins, while median concentrations are similar for urban,
mixed, and agricultural basins. Although sulfate detection frequencies are high in surface and ground
waters, sulfate occurrence at levels of public health concern is low.

Sulfate has been detected in a high percentage of PWS samples collected under SDWA. Occurrence
estimates from SDWIS/FED Round 2 data are very high, with 87% of all samples showing detections.
The median concentration of all samples is 24 mg/L and the 99® percentile concentration of all samples is
560 mg/L. Systems with detections constitute 88% of Round 2 cross-section systems. National estimates
for the population served by PWSs with detections are very high: about 202 million people (95% of the
national PWS population). At the HRL of 500 mg/L, approximately 2% of PWSs, serving about 2
million people natlonally, use water wﬁh sulfate levels above the HRL.

Addmonal CMR data from the States of Alabama, California, Illinois, Montana, New Jersey, and
Oregon were examined through independent analyses and also show high levels of sulfate occurrence. ‘
Systems with detections constitute between 83%-93% of systems from the six CMR States with sulfate
data. Approximately 0%-23% of the CMR populations are served by systems with sulfate detections
greater than the HRL of 500 mg/L. A comparison between the 20-State SDWIS/FED national cross-
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section and the CMR 8:Stdte national cross-secuon shows very s1mﬁar results for sulfate detecnon
frequencies in pubhc water systems . . .

4.0 HEALTH EFFECTS

A descnptxon of the’ health effects and the avaﬂable dose-response information associated with
exposure to sulfate is summiarized below. For more detailed information, please see Drinking Water
Advzsory Consumer Acceptabzlity Adv:ce and Health Eﬁcts Analys:s on Sulfate (U SEPA 2001c).

4. l Hazard Characterizatmn and Mode of Actlon Imphcatlons

Most data on human responses to sulfate are based on short-term exposure that are obtained from
controlled settings (i.e., studies and experimental trials). Reports on long-term exposure are based on
responses to questionnaires in North Dakota and South Dakota, States with high sulfate concentrations in
their drinking water supply. ‘Data from animal studies on the reproductive, developmental, and ’
‘carcinogenic effects are avaﬂable for both short-term and long-term exposures to sulfate.

The data from human studies demonstrate that sulfate induces a laxative effect following acute
 exposures of concentrations greater than 500 mg/L (Anderson and Stothers, 1978; Fingl, 1980; Schofield
and Hsieh, 1983; Stephen etal,, 1991; Cochetto and Levy, 1981; Gomez et al., 1995; Heizer et al., 1997;

USEPA, 1999f). However, the severity of the laxative effect that occurs from acute sulfate exposures

may be dependent on the sulfate salt, as well as how the dose is administered. For instance, magnesium

sulfate exerts a stronger laxative effect than sodium sulfate because magnesium sulfate is absorbed less -

completely, and theréforerhas a more pronounced effect on the osmolality of the intestinal contents

(Morris and Levy, 1983b). Additionally, a single. dose of sulfate that produces a laxative effect does not
* have the same eﬁ'ect as when d1v1ded and admmlstered in mtervals (Cochetto and Levy, 198 .

Since humans appear to develop a tolerance to vdnnkmg water with high sulfate concentrations,
chronic exposures do hot appear to produce the same laxative effect as seen in acute exposures (Schofield
and Hsieh, 1983). While it is not known when this acclimation occurs in adults, researchers believe that
acclimation occurs within 7 to 10 days. In a 90-day study, rats who were administered mineral waters
containing up to 1,595 mg/L of sulfate showed no soft feces or diarrhea, indicating rapid acclimation
(Wurzner’ 1979) However, earlier reports have shown that chronic exposure to high sulfate '
concentrations in drinking water does have laxative effects in humans (Peterson, 1951; Moore, 1952;
Cass, 1953). These reports are subject to response bias, however, since the data used was based on
questionnaires. For example, an inquiry on the questionnaire about the laxative effect (that requested a
YES or NO response) is subject to a respondent’s interpretation of a laxative eﬁ'ect Furthermore, sulfate
was probably not the only contammant found in the dnnkmg water

High sulfate concentrations do not appear to exert adverse reproductlve or deveIOpmental effects.
Following the ingestion of drinking water containing up to 5,000 mg/L of sulfates by mice and pigs, no
reproductive effects were observed (Andres and Cline, 1989). “Furthermore, no adverse developmental
effects were observed following the admmlstratlon of 2, 800 mg/kg/day of sulfate to pregnant mice
(Seidenberg et al., 1986). )

No tumor development was observed in a limited-duration study done on rats injected intramuscularly
with sodium every other day for 4 weeks (Kasprazak et al., 1980). Because of the short-term
experimental protocol and the injection route of exposure, it is impossible to draw conclusions on the
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potential carcinogenicity of sulfate. Because of the limited data, EPA has classified sulfate in Group D,
or not classified as to human carcinogenicity (1993). This category is reserved for contaminants with
inadequate evidence to support a determination on carcinogenicity.

4.2 Dose-Response Characterization and Implications in Risk Assessment

Although several studies have been conducted on the long-term exposure of humans to sulfate i in
drinking water, none of them can be used to derive a dose-response characterization (Peterson, 1951;
Moore, 1952; Cass, 1953). These studies utilized data collected from the North Dakota Department of
Health Survey, which was administered over a period of several years to determine the mineral content of
the drinking water and any correlated health effects (Moore, 1952). An increasing trend was observed in
the number of persons reporting laxative effects as sulfate concentrations mcreased (ie., 22,24, 33 and 69
percent for sulfate concentrations 0200, 200-500, 500-1,000 and >1,000 mg/L, respectwely) However,
the results of these studies cannot be used to derive a dose-response. charactenzanon for the following
reasons: (1) the results are based on recall with litile scientific weight (ie., sulfate may have induced the -
laxative effects, but it cannot be proven), and (2) the water samples had varying concenu'atlons of
magnesium and total dissolved solids in addition to sulfate. No laxative effects were observed in rats or
heifers following long-term exposure to sulfate in drmkmg water (szner 1979; Dlgestl and Weeth,
1976), , .

Because sulfate appears to exert its laxative effect with short-term as opposed to long-term exposures,

several short exposure studies were reviewed. Two short-term studies were identified that evaluated the
effect of various sulfate concentrations on bowel functionin a controlled environment, one in humans and
one in animals. In the multiple dose study, sulfate concentrations of 0, 400, 600, 800, 1,000 and 1,200
mg/L were given to four subjects (2 men and 2 women) for six consecutive 2-day periods (Heizer et al.,
1997). A significant trend was only observed for a decreasing mouth-to-anus appearance time for
chemical markers with increasing sulfate concentration. For a single dose study by the same ‘researchers,
6 adults (3 men and 3 women) received drinking water with sulfate concentrations of 0 or 1,200 mg/L for
two consecutive 6-day periods. A statistically significant increase in mean stool mass per 6-day pool and
in mean stool mass per hour were observed with the hlgher dose. However, none of the subjects reported
diarrhea.

In a study where neonatal piglets were exposed to various concentrations of suifate to simulate the
effect of inorganic sulfate, on the bowel function in infants, no diarrhea was observed in any of the piglets
at 0 and 1,200 mg/L concentrations (Gomez et al., 1995). However, concentrations greater than 1,200
mg/L resulted in an increased prevalence of dJarrhea, while concentrations greater than 1,800 mg/L
resulted in persistent, nonpathogenic diarrhea. '

The studies discussed above suggest that there is a risk for a laxative-related response to sulfate in
drinking water at concentrations greater than 1,000 mg/L (USEPA, 1999f; Heizer et al., 1997; Moore,
1952) The observed effect is a response to changes in the net osmolality of the mtestmal contents, and
thus is influenced not only by sulfate intake, but also by the presence of other osmotically active materials
in the drinking water or diet, and the temporal pattern of sulfate ingestion. The laxative effect of sulfate

- can be manifest as an increase in stool mass, increased stool moisture, and decreased intestinal transit
time, and/or frank diarrhea. The tendency for a frank diarrheal response increases with increased
osmolality of the intestinal contents, and therefore, with the amount of sulfate ingested.

At this time, it is not possible to characterize a dose-response relationship for laxative effects of short-
term or long-term exposure to sulfate based on the available data. A Centers for Disease Control and
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Prevention (CDC) panel favored a Health Advisory for sulfate drinking water levels of 500 mg/L or
greater (USEPA, 1999¢). ‘The Advisory was designed to prevent osmotic diarrhea in infants: The

. panelists referred to the study by Chien:et al. (1968) which found that sulfate levels greater than 630 mg/L
caused diarrhea in infants. It should be noted that this effect was observed after the infants had ingested
formula made with water containing sulfate and other osmotically active agents: the total dissolved solid
concentration of the water used to prepare infant formulas was high, from 2,424 t6 3,123 mg/E. The

CDC further stated that 500 mglL seemed to be asafe sulfate level because 500 mg/L was shown tobe
safe.in all reviewed studxes T

43 Relative Source Contribuhon

There is hm;ted data on dletary exposure to: morgamc sulfate A study of per capxta sulfate exposure,
from data on the use of snlfate additives by the food industry, estimates an average of 453 mg/day -
(FASEB, 1975). The median exposure to sulfates in drinking watet is 48 mg/day for an adult drinking 2
L of water per day. Abernathy (2000) estimates that sulfate exposure from ambient air averages 0.4
mg/day given high end median air concentration. Under these conditions, food is the major source of
sulfate exposure, comprising 90% of the total. However, under conditions where the water concentration
- is at the 99' percentile level-of all samples or 560 mg/L, and where the dietary and inhalation exposures
remain constant, drmkmg water is the ma_)or source of sulfate exposure, contnbunng 70% of the total

Sulfate has httle tendency to bloaccumulate through the food chain. Blologlcally, su]fate is ‘
incorporated into. complex carbohydrates by animal systems or reduced and used for the synthesis of the -
sulfur-containing amino acids by microbial, plant and animal systems. Mammalian systems also
conjugate a pumber of xenobiotlcs w1th sulfate for excretlon. Dlssolved sulfate ion is removed by the
excretion in urine. - .

4.4 Sensitive Populations

Anecdotal data suggest that visitors to an area with high sulfate concentrations in‘the water may be .
more sensitive than the local population. Acclimatization appears to occur apprommately one week after
first water use.. However, even permanent residents would experience an increase in their risk for

 diarrhea if the water were used to prepare a beverage that conitained additional osmotically active
materials, Thus, formula fed infants and invalids or- elderly patients who use nutritional supplements
prepared with tap water could be more likely to experience laxative effects from the sulfate in the
drinking water than other individuals. In high sulfate areas, the use of bottled water for preparation of
formula or nutritional supplements could significantly reduce the risk of osmotic diarrhea. ,

4.5 Exposure and Risk Information

Estimates of the total exposed population, as well as the population exposed above the Health |
Reference Level (HRL) receive the highest consideration in determining whether a regulation would
provide a’ meamngful oppornmty to reduce risk. The HRL for sulfate is 500 mg/L (see Section 3.3.1.4).
Estimates of the populatiéns exposed and the levels to which they are exposed are derived from the
momtonng results, presented in Section 3.3.2, and are summarized below.

Apprommately 95% of the popnlatlon served by pubhc ‘water systems (PWSs), about 202 million
people nationally, are exposed to sulfate concentrations above the minimmm reporting level. However,
only 1.8% of the PWS-served populatlon, about 2 million people nationally, are exposed to levels greater
than 500 mg/L. The median concentration of all samples is 24 mg/L and the 99% percentile concentration
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of all samples is 560 mg/L. One of the six States (Montana) that provided supplemental (CMR) data for
the independent analysis, 4 Review of Contaminant Occurrence in Public Water Systems, hada99®
percentile level of 1,200 mg/L. However, Montana s median concentration was 22 mg/L, well below the
health and taste threshold.

The EPA is required to consider both the general pubhc and sensitive popnlanons, mclndmg th¢= fetus
infants, and children, in makmg its regulatory determination. Thus, identification and characterization of
sensitive populations are an important component of the regulatory determination. Then, the EPA must -
carefully consider whether a national drinking water regulation can achieve any risk reduction for such
populations. There are some instances where the therapeutic course of treatment for a genetic or
physiological disorder renders the risk from exposure through drinking water inconsequential. For
example, in cases where individuals undergoing dialysis for renal disorders are identified as a sensitive
population, the risk would not be significantly reduced by regulatlon since the primary control of risk
would be by way of the dialysis process.

4.6 Conclusion

The estimated population exposed at concentrations of possible health concern is relatively small.

. Furthermore, the critical health effect of sulfate, a laxative effect, is generally temporary and reversible.
Persons exposed repeatedly to water from affected systems seem to adjust to the sulfate in the drinking
water within a week or so of initial exposure. Effective, low-cost risk management options, such as use
of bottled water or minimization of the amount of water consumed at one time, is available for transient
visitors to an affected area. For these reasons, it is unlikely that the regulation of sulfate represents a
meaningful opportunity for health risk reduction for persons served by public water systems.’ All
preliminary CCL regulatory determinations and further analysis will be presented in the Federal Register
Notice.

5.0 TECHNOLOGY ASSESSMENT

If a determination has been made to regulate a contaminant, SDWA requires development of
proposed regulations within 2 years of making the decision. It is critical to have suitable monitoring
methods and treatment technologies to support regulation development-according to the schedules defined
in the SDWA.

5.1 Analytical Methods

The availability of analytical methods does not influence EPA’s determination of whether or not a
CCL contaminant should be regulated. However, before EPA actually regulates a contaminant and
establishes a Maximum Contaminant Level (MCL), there must be an analytical method suitable for
routine monitoring. Therefore, EPA needs to have approved methods available for any CCL regulat ory
determination contaminant before it is regulated with an NPDWR. These methods must be sultable for
compliance monitoring, and should be cost effective, rapid, and easy to use.

Sulfate is an unregulated contaminant for which monitoring was required under the Unregulated
Contaminant Monitoring Program (USEPA, 1987; 52 FR 25690). Monitoring for sulfate Wwas initiated
through rulemaking in 1992 (USEPA, 1992a; 57 FR 31776), and began in 1993. Sulfate has well-
documented analytical methods developed specifically for low-level drmkmg water analyses (see Table 5-

1).
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Table 5-1: Anal cal methods for sulfate N
Method Type : - Method Detectmn ',

. Limit (ng/L)
EPA300.0 | TonChromatography = |20 =
ASTM - { Ton:Chromatography “TestRange of
D4327-91 ; | method 2,850-
N - 195000
SM4110B - - | Ton Chromatography . - | Minimum
: : detectable conc.
100 '

EPA 3752 | Automated Colorimetry | 500

SM v Automated o Conc. ranges from

4500-S07 C = | Methylthymol Blue - | 10,000 to 30,000
‘ .| Method N
SM | Gravimetric Method | Suitable for.conc.
4500-S0,> C ' | with Ignition of Residue | >10,000
SM. | Gravimetric Method Suitable for conc.

1 4500-807 C | with Drymg of Residue |>10,000

5.2 Treatment Technology

Treatment technolog1es also do not influence the determmatxon decision. But beforea contammant
can be regulated with an NPDWR, treatment technologies must be readily available. Sulfate is one of
three inorganic contaminants listed as Regulatory Determination Priorities on the CCL. The treatment
data for these inorganic compounds was obtained from technology and cost documents, Office for
Research and Development’s National Risk Management Research Laboratory (NRMRL) Trealabrhty :
Database, and published studies. The technologies reviewed include conventional treatment, ion
exchange, reverse osmosis, lime softening, and chemical precipitation.

Conventional treatment usually includes. pre-treatment steps of chemical coagulatlon, rapid mixing,
and flocculation, followed by floc removal via sedimentation or flotation. After clarification, the water is
- then filtered. Common filter media mclude sand, dual- and tri-media (e.g. silica sand, garnet sand, or
anthracitic coal).

Ion exchange involves the selective removal of charged inorganic species from water using an ion-
specrﬁc resin. The surface of the ion exchange resin contains charged functional groups that hold ionic
species by electrostatic attraction. As water containing contaminant ions passes through a column of resin
beds, charged ions on the resin surface are exchanged for the contaminant species in the water.

Reverse osmosis (RO) is similar to other membrane processes such as ultrafiltration and

nanofiltration, since water passes through a serm-permeable membrane. However, in the case of RO, the
principle involved is not ﬁltratlonr Instead, it involves the use of applied hydraulic pressure to oppose the
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osmotic pressure across a non-porous membrane, forcing the water from the concentrated solution side to
the dilute solution side. The water does not travel through pores, but rather dissolves into the membrane,
diffuses across, then dissolves out into the permeate. Most inorganic and many organic contaminarits are
rejected by the membrane and will be retained in the concentrate. ' ‘ ' ‘

In the lime-softening process, the pH of the wétér being treated is rmsed siiﬂiciéﬂﬂy to pfecipiﬁ;te
calcium carbonate and, if necessary, magnesium hydroxide. Calcium and magnesium ions in water cause -
hardness. After mixing, flocculation, sedimenta_tiop, and pH readjustment, the softened water is filtered.

Results of a preliminary technology assessment and review indicate that ion exchange and reverse
osmosis are the most successful techniques for removing sulfate from water, though chemical
precipitation is also effective. No data are available for the efficacy of using conventional treatment or
lime softening to remove sulfate from water. '

6.0 SUMMARY AND CONCLUSIONS - DETERMINATION OUTCOME ‘

Three statutory criteria are used to guide the preliminary determination of whether regulation of'a’
CCL contaminant is warranted: 1) the contaminant may adversely affect the health of persons; 2) the
contaminant is known or is likely to occur in public water systems with a frequency, and at levels, of
public health concern; and 3) regulation of the contaminant presents a meaningful opportunity for health
risk reduction for persons served by public water systems. . As required by SDWA, a decision to regulate
a contarninant commits the EPA to propose a Maximum Contaminant Level Goal (MCLG) and
promulgate a National Primary Drinking Water Regulation (NPDWR) for the contaminant. A decision
not to regulate a contaminant is considered a final Agency action and is subject to judicial review. The
Agency can choose to publish a Health Advisory (a nonregulatory action) or other guidance for any
contaminant on the CCL that does not meet the criteria for regulation. I

Sulfate in drinking water at concentrations greater than 500 mg/L appears to have a short-term
laxative effect. If other osmotically active materials are not present, the effect is usnally not seen unless
sulfate concentration exceeds 1000 mg/L.. The laxative effect can be manifested as an increase in stool
mass, increased stool moisture, decreased intestinal transit time, and/or frank diarrhea. Recovery from
laxative effects is rapid and complete, and acclimation to high levels of sulfates seems to occtir within one
week. Available data do not indicate developmental or reproductive effects from long-term exposure.

Carcinogenicity of sulfate cannot be determined from available health effects data.

Available occurrence data show that sulfate is occasionally present in potable water supplies at
concentrations that can produce a laxative effect. Nationwide, the 99* percentile concentration of sulfate
was 560 mg/L, greater than the Health Reference level (HRL) of 500 mg/L. Although such
concentrations are not likely to produce a laxative effect alone, they may be combined with other
osmotically active materials such as in infant formula preparation, creating a stronger laxative effect.
Therefore, the contaminant is known to occur in public water systems and at levels of public health
concern. However, the population exposed at concentrations of possible health concern is relatively

small.

To make its regulatory evaluation, the EPA looks at total exposed population, as well as population
exposed to levels above the estimated HRL. To evaluate risk from exposure through drinking water, the
EPA compares net environmental exposure to drinking water exposure. EPA also considers exposure to
both the general public and sensitive populations, including fetuses, infants, and children. Approximately
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e .
202,464,000 people are served by systems with detections greater than the minimum reporting level, but
only 1,887,000 are exposed to concentrations above the HRL, ahd 490,000 above the concentrations that
are most likely to have a laxative effect when other osmotlcally active materials are not present (>1000
mg/L). At median water concentrations, food comprises 90% of sulfate exposure, but at the 99
percentile level of 560 mg/L, water contributes 70% of total exposure. Sensitive populations include
visitors, formula-fed infants, and those who consume nutritional supplement drinks from powdered
preparations. In high sulfate areas, use of bottled water for sensitive populauons could significantly
reduce the risk of laxative effects. ' .

Available data indicate that regulation of sulfate would not present a meaningful opportunity for
health risk reduction. The population exposed at concentrations of possible health concern is relatively
small. The critical health effect is generally temporary and reversible. Those exposed chronically to
water high in sulfate tend to adjust within a week of initial exposure, or reduce their intake because of
taste in the water. To manage risk, sensitive populations can use bottled water during visits or to prepare
formula and supplement drinks. EPA is issuing an advisory to provide guidance to communities that may
be exposed to drinking water contaminated with high sulfate concentrations. All preliminary CCL
regulatory determinations and further analysis are presented in the Federal Register Notice.

o
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Appendlx A: Abbrewatmns and Acronyms

- Contaminant Candeate Llst

- Center for Disease Control and Prevention

~ Chemical Monitoring Reform

- Community Water System

- Environmental Protection Agency -

- Federal Register :

- grams per mole

- ground water

- Health Advisory

- Health Advisory Level

- Health Reference Level
10C - inorganic compound

- liters

mg , - milligrams

© MCL - Maximum Contaminant Level
MCLG - Maximum Contaminant Level Goal |
MDL - Method Detection Limit
MRL - Minimum Reporting Level
NAWQA - National Water Quality Assessment Program
NCOD - National Drinking Water Contaminant Occurrence Database
NDWAC - Natgonal Drinking Water Advisory Council
NIRS - National Inorganic and Radlonuchde Survey
mm - nanometer
NPDWR - National Primary Dnnkmg Water Regulation
NRMRL - National Risk Management Research Laboratory
NTNCWS - Non-Transient Non-Community Water System
OGWDW - Office of Ground Water and Drinking Water
ORD - Office of Research and Development
PGWD. - Pesticides in Ground Water Database
pH - the negative log of the concentration of H' ions
ppm - part per million
PWS - Public Water System
RO - reverse osmosis ‘
SDWA _ - Safe Drinking Water Act
SDWIS/FED - the Federal Safe Drinking Water Information System
SMCL - Secondary Maximum Contaminant Level
SoC , - synthetic organic compound
Sw - surface water
SWp - surface water - purchased
UCcM - Unregulated Contaminant Monitoring
UCMR - Unregulated Contaminant Monitoring Regulation/Rule
URCIS - Unregulated Contaminant Monitoring Information System
USEPA - United States Environmental Protection Agency
USGS - United States Geologlcal Survey
vocC. - volatile organic compound
WHO - World Health Organization

ug - micrograms
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>MCL - percentage of systems with ejxceedances
>MRL - percentage of systems with detections
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