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Disclaimer

This document is designed to provide supporting information regarding the
regulatory determinations for hexachlorobutadiene as part of the Contaminant
Candidate List (CCL) evaluation process. This document is not a regulation,
and it does not substitute for the Safe Drinking Water Act (SDWA) or the
Environmental Protection Agency’s (EPA’s) regulations. Thus, it cannot
impose legally-binding requirements on EPA, States, or the regulated
community, and may not apply to a particular situation based upon the
circumstances. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.
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USEPA, Office of Water Report: EPA 815-R-03-011, July 2003

CONTAMINANT CANDIDATE LIST
REGULATORY DETERMINATION SUPPORT DOCUMENT
FOR HEXACHLOROBUTADIENE

EXECUTIVE SUMMARY

Hexachl orobutadiene was a 1998 Contaminant Candidate List (CCL) regulatory determination
priority contaminant. Hexachlorobutadiene was one of the contaminants considered by EPA for a
regulatory determination. The available data on occurrence, exposure, and other risk consderations
suggest that regulating hexachl orobutadiene may not present a meaningful opportunity to reduce hedth
risk. EPA presented preliminary CCL regulatory determinations and further andysisin the June 3,
2002 Federal Register Notice (USEPA, 2002a; 67 FR 38222), and confirmed the fina CCL
regulatory determinations in the July 18, 2003 Federal Register Notice (USEPA, 2003a; 68 FR
42898).

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

Hexachlorobutadiene is a volatile organic compound (VOC) not known to naturaly occur. It is
commonly used as a solvent and in the production of rubber compounds (ATSDR, 1995; see Section
2.0). Hexachlorobutadiene is not specificaly manufactured as acommercia product in the United
States, but sgnificant quantities of the chemica are generated here as awaste by-product from the
chlorination of hydrocarbons. It isadso imported for use as a chemicd intermediate in some
manufacturing processes and as a component of anumber of commercid products. Itsusein these
products, such as transformer and hydraulic fluids, gyroscope fluids, heat trandfer liquids, solvents, and
|aboratory reagents, is widespread.

Hexachl orobutadiene was monitored from 1987 to 1999 under the SDWA Unregulated
Contaminant Monitoring (UCM) program. Hexachlorobutadiene is aso monitored or regulated by
other federa programsincluding the Clean Water Act Priority Pollutantslist, the Clean Air Act
Hazardous Air Pollutant ligt, the Comprehensive Environmental Response, Compensation, and Liability
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Act (CERCLA), the Resource Conservation and Recovery Act (RCRA), and the Toxic Release
Inventory (TRI).

Because of concerns about human hedlth risk, EPA issued a drinking water hedlth advisory (HA)
for hexachlorobutadienein 1989 a 1 ug/L. Other federd agencies and organizations have issued
recommendations for occupationa exposure.

The United States Geological Survey’s (USGS) National Water Quality Assessment (NAWQA)
program studies to date have reported no detections of hexachlorobutadiene in ambient water.
However, releases of hexachlorobutadiene to the environment reported through the Toxic Release
Inventory (TRI), and its occurrence in Ste samples recorded in the Agency for Toxic Substances and
Disease Registry’s (ATSDR) Hazardous Substance Release and Hedlth Effects Database (HazDat)
and at CERCLA Nationd Priorities List (NPL) hazardous waste sites, provides evidence for the
widespread use and environmenta release of hexachlorobutadiene.

Hexachl orobutadiene has a so been detected in PWS samples collected under SDWA.
Occurrence estimates are low for both rounds of UCM monitoring with less than 0.2% of dl samples
showing detections. Significantly, the values for the 99" percentile and median concentrations of all
samples are less than the Minimum Reporting Level. Systems with detections only congtitute 0.350%
of Round 1 systems and 0.180% for Round 2. Detections greater than the Hedlth Reference Level
(HRL) of 0.9 pg/L areless: 0.114% and 0.018% of Round 1 and Round 2 systems, respectively.
Nationd estimates for the population served by PWSs with detections are dso low, especidly for
detections greater than the HRL. For both rounds, these estimates are less than 0.5% of the nationa
PWS population.

The available toxicologicd dataindicate that HCBD has the potentia to cause adverse hedlth
effectsin animas. In particular, the primary target organ for HCBD isthe kidney. Data on human
hedlth effects, however, are limited to afew studies of occupationd exposure to HCBD. These data,
collected from inhaation exposure, are often confounded by smultaneous exposures to other chemicas
in an occupationa setting. Such equivoca data has made it difficult to establish arelationship between
HCBD exposure and toxic/cytogenetic effectsin human. Hexachlorobutadieneis classfied asa
possible human carcinogen.

Monitoring data indicate that hexachlorobutadiene isinfrequently detected in public water supplies.
In addition to the fact that these detections are low, it isimportant to note that when
hexachlorobutadiene is detected, it very rarely exceeds the HRL or avaue of one-hdf the HRL. For
example, under Round 2 monitoring, the 20-State cross-section analysis shows that only 4 out of
22,736 of the reporting PWSs had detections above the HRL. Therefore regulation of
hexachlorobutadiene is unlikely to represent a meaningful opportunity for health risk reduction.
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1.0 INTRODUCTION
1.1 Purpose and Scope

This document presents scientific data and summaries of technica information prepared for and
used in the Environmental Protection Agency’s (EPA) regulatory determination for
hexachlorobutadiene. Information regarding hexachlorobutadiene s physical and chemica properties,
environmenta fate, occurrence and exposure, and hedth effectsisincluded. Andytica methods and
trestment technologies are also discussed. Furthermore, the regulatory determination processis
described to provide the rationale for the decision.

1.2 Statutory Framework/Background

The Safe Drinking Water Act (SDWA), as amended in 1996, requires the United States
Environmental Protection Agency (USEPA) to publish alist of contaminants (referred to asthe
Contaminant Candidate Ligt, or CCL) to assst in priority-setting efforts. The contaminants included on
the CCL were not subject to any current or proposed Nationd Primary Drinking Water Regulations
(NPDWR), were known or anticipated to occur in public water systems, and were known or
suspected to adversdly affect public hedth. These contaminants therefore may require regulation under
SDWA. Thefirst Drinking Water CCL was published on March 2, 1998 (USEPA, 1998a; 63 FR
10273), and anew CCL must be published every five years theresfter.

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

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

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

Satutory Finding ii: the contaminant is known to occur or there is subgtantia likelihood that the
contaminant will occur in public water systems with afrequency and at levels of public hedlth
concern; and

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

The geographic distribution of the contaminant is another factor evaluated to determine whether it
occurs & the nationd, regiond or locd level. This congderation isimportant because the Agency is
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charged with developing nationa regulations and it may not be appropriate to develop NPDWRs for
regiond or loca contamination problems.

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

For each of the regulatory determination contaminants, EPA firg publishesin the Federal Register
the draft determinations for public comment. EPA responds to the public comments received, and then
finalizes regulatory determinations. If the Agency finds that regulations are warranted, the regulaions
must then be formaly proposed within 24, and promulgated 18 months later. EPA has determined that
there is sufficient information to support aregulatory determination for hexachlorobutadiene.

1.3 Statutory History of Hexachlorobutadiene

Hexachlorobutadiene has been monitored under the SDWA Unregulated Contaminant Monitoring
(UCM) program since 1987. It was among 14 VOCsincluded for discretionary monitoring (USEPA,
1987; 52 FR 25690). Monitoring for hexachlorobutadiene under UCM continued throughout the
1990s, but ceased for smdl public water systems (PWSs) under adirect fina rule published January 8,
1999 (USEPA, 1999a; 64 FR 1494). Monitoring ended for large PWSs with promulgation of the new
Unregulated Contaminant Monitoring Regulation (UCMR) issued September 17, 1999 (USEPA,
1999b; 64 FR 50556) and effective January 1, 2001. At the time the UCMR lists were developed, the
Agency concluded there were adequate monitoring data for aregulatory determination. This obviated
the need for continued monitoring under the new UCMR lig.

EPA previoudy recommended guidelines for exposure to hexachlorobutadiene in drinking water
through a health advisory (USEPA, 1989; ATSDR, 1995). As part of the CCL process, hedth effects
data have been reviewed. These are summarized in Section 4.0 of this document.

Hexachlorobutadiene is regulated or monitored by other federa programsaswell. It isincluded on
the Clean Water Act Priority Pollutants list for which EPA establishes ambient water qudity criteria. It
isaso listed as a Hazardous Air Pollutant under the Clean Air Act and subject to Best Available
Control Technology limits. Both the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA or “ Superfund”) and the Resource Conservation and Recovery Act (RCRA)
include it as a hazardous substance and a hazardous congtituent, respectively. CERCLA’slisting
requires reporting of releases over a certain “reportable quantity” which, for hexachlorobutadiene, is
one pound (ATSDR, 1995). Also, hexachlorobutadiene is a Toxic Release Inventory (TRI) chemical.
The TRI was established by the Emergency Planning and Community Right-to-Know Act (EPCRA).
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EPCRA requires certain industrid sectors to publically report the environmenta release or transfer of
chemicasincluded in thisinventory (USEPA, 2000d).

Finaly, the National Indtitute for Occupationa Safety and Health (NIOSH) recommends an
occupationa exposure limit of 0.02 parts hexachlorobutadiene per million in air (0.02 ppm) for an 8-
hour workday over a 40-hour workweek. The American Conference of Governmentd Industria
Hygienists (ACGIH) makes the same workplace recommendations (ATSDR, 1995).

1.4 Regulatory Deter mination Process

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

One of the forma means by which EPA works with its stakeholders is through the National
Drinking Water Advisory Council (NDWAC). The NDWAC comprises members of the generd
public, State and local agencies, and private groups concerned with safe drinking water, and advises
the EPA Adminigtrator on key aspects of the Agency’s drinking weater program. The NDWAC
provided specific recommendations to EPA on a protocol to assst the Agency in making regulatory
determinations for current and future CCL contaminants. Separate but smilar protocols were
developed for chemica and microbia contaminants. These protocols are intended to provide a
congstent approach to evauating contaminants for regulatory determination, and to be atool that will
organize information in amanner that will communicate the rationae for each determination to
stakeholders. The possible outcomes of the regulatory determination process are: a decision to
regulate, a decison not to regulate, or a decision that some other action is needed (e.g., issuance of
guidance).

The NDWAC protocol uses the three statutory requirements of SDWA Section 1412(b)(1)(A)(i)-
(i) (specified in section 1.2) as the foundation for guiding EPA in making regulatory determination
decisons. For each statutory requirement, evaluation criteria were developed and are summarized
below.

To address whether a contaminant may have adverse effects on the hedth of persons (statutory
requirement (i)), the NDWAC recommended that EPA characterize the hedlth risk and estimate a
hedlth reference leve for evaluating the occurrence data for each contaminant.
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Regarding whether a contaminant is known to occur, or whether there is substantid likelihood that
the contaminant will occur, in public water systems with afrequency, and a levels, of public hedth
concern (statutory requirement (ii)), the NDWAC recommended that EPA consider: (1) the actuad and
estimated national percent of public water systems (PWSs) reporting detections above hdf the hedth
reference levd; (2) the actud and estimated nationa percent of PWSs with detections above the hedlth
reference level; and (3) the geographic digtribution of the contaminant.

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

The gpproach EPA used to make regulatory determinations followed the generd format
recommended by the NRC and the NDWAC to satisfy the three SDWA requirements under section
1412(b)(1)(A)(i)-(iii). The process was independent of many of the more detailed and comprehensive
risk management factors that will influence the ultimate regulatory decison making process. Thus, a
decison to regulate is the beginning of the Agency regulatory devel opment process, not the end.

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

For each contaminant EPA estimated the number of PWSs with detections >2HRL and >HRL, the
population served at these benchmark values, and the geographic ditribution, using alarge number of
occurrence data (approximatdly seven million andytica points) that broadly reflect nationa coverage.
Round 1 and Round 2 UCM data, evauated for quality, completeness, bias, and representativeness,
were the primary data used to develop national occurrence estimates. Use and environmental release
information, additiona drinking water data sets (e.g., State drinking water data sets, EPA Nationa
Pegticide Survey, and Environmental Working Group data reviews), and ambient water quaity data
(e.g., NAWQA, State and regiona studies, and the EPA Pesticidesin Ground Water Database) were
aso consulted.

The findings from these evaluations were used to determine if there was adequate informétion to
evauate the three SDWA datutory requirements and to make a determination of whether to regulate a
contaminant.

1.5 Determination Outcome

After reviewing the best available public hedth and occurrence information, EPA has made a
determination not to regulate hexachlorobutadiene with an NPDWR. EPA’s determination is based on
the finding that hexachlorobutadiene is not known to occur &t levels of public health concern. All CCL
regulatory determinations and further analysis are formaly presented in the Federal Register Notices
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(USEPA, 20023; 67 FR 38222; and USEPA, 20033; 68 FR 42898). The following sections
summarize the data used by the Agency to reach its decison.

2.0 CONTAMINANT DEFINITION

Hexachlorobutadiene, a volatile organic compound (VOC) aso known as perchlorobutadiene, isa
colorless liquid with aturpentine-like odor. It is not known to naturaly occur, but ingtead formsin the
production of other chemicas (ATSDR, 1995). It iscommonly used as a solvent and in the production
of rubber compounds. Hexachlorobutadiene is dso used as hydraulic and transformer fluid, a heat
transfer liquid, a pesticide, in gyroscopes, and in the production of lubricants (ATSDR, 1995; USEPA,
1989; Howard, 1989).

2.1 Physical and Chemical Properties

Table 2-1 lists summary information regarding hexachlorobutadiene s physica and chemica
properties. Alsoincluded areits CAS Registry Number and molecular formula.

2.2 Environmental Fate/Behavior

When hexachlorobutadiene is released to the environment, it is expected to volatilize quickly. Its
vapor pressure indicates that it will probably evaporate from surfaces, with the lowest evaporation rate
from soils because of itsreatively high log K. value (indicating its strong sorption potentid). 1ts hdf life
in surface water ranges from 3-300 days, with alonger atmospheric half life that can be greater than a
year (Howard, 1989).

With ardatively high log K, it has a strong sorption potential and therefore will not rapidly migrate
through the soil, though there is evidence it will leach through sandy soils. In the unsaturated zone, it
may biodegrade. However, based on laboratory tests, hexachlorobutadiene under anaerobic
conditions will probably not biodegrade(Howard, 1989).

Hexachlorobutadiene s high Henry’s Law congtant suggests it will quickly voldtilize from water.
But because of itshigh K, volatilization may be decreased because of adsorption to bed sediments,
suspended sediments, and biota. Volatilization will be quicker from turbulent streams when compared
with lakes. Hexachlorobutadiene may biodegrade in natural waters (Howard, 1989).

3.0 OCCURRENCE AND EXPOSURE

This section examines the occurrence of hexachlorobutadiene in drinking weater. While no complete
national database exigts of unregulated or regulated contaminantsin drinking water from public weater
systems (PWSs) collected under SDWA, this report aggregates and andyzes existing State data that
have been screened for quality, completeness, and representativeness. Populations served by PWSs
exposed to hexachlorobutadiene are estimated, and the occurrence data are examined for regiona or
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other specid trends. To augment the incomplete nationd drinking water data and aid in the evauation
of occurrence, information on the use and environmental rdease, as wdl as ambient occurrence of
hexachlorobutadiene, is dso reviewed.

3.1 Use and Environmental Release
3.1.1 Production and Use

Hexachl orobutadiene has never been specifically manufactured as acommercid product in the
United States. However, significant quantities of the chemica are generated in the U.S. as waste by-
product from the chlorination of hydrocarbons, and lesser quantities are imported
Table2-1: Physical and chemical properties

| dentification

CAS number 87-68-3

Molecular Formula | C,Clg

Physical and Chemical Properties

Bailing Point 215°C

Melting Point -21°C

Molecular Weight 260.76 g/mol

Log K. 3.67

Log Ko, 4.78

Water Solubility 2-255mg/L a 20 °C

Vapor Pressure 0.15mmHgat 25 °C
Henry'sLaw 004-11
Constant *

after ATSDR, 1994
T note: this quantity is expressed in a dimensionless form.

mostly from Germany as commercid product. Hexachlorobutadiene is used as an intermediate
product in rubber manufacturing and chlorofluorocarbon and lubricant production, aswdll asfor
transformer and hydraulic fluids, fluid for gyroscopes, heat transfer liquid, solvents, laboratory reagents,
and as awash liquor for removing C, and higher hydrocarbons. The chemica isdsoused asa
fumigant in Russig, France, Italy, Greece, Spain, and Argentina (ATSDR, 1995; Howard, 1989).
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Eight million pounds of hexachlorobutadiene were generated as a waste by-product inthe U.S. in
1975, with 0.1 million pounds released into the environment. By 1982, the annua U.S. by-product
generaion of the chemica had jumped to 27 million pounds. In contrast, the annua import rate of
hexachl orobutadiene dropped from 500,000 Ibs/yr imported annudly in the late 70's, to 145,000 |bs/yr
imported in 1981 (ATSDR, 1994; Howard, 1989).

3.1.2 Environmental Release

Hexachlorobutadiene is listed as atoxic rdease inventory (TRI) chemicd. 1n 1986, the Emergency
Planning and Community Right-to-Know Act (EPCRA) established the Toxic Release Inventory (TRI)
of hazardous chemicals. Created under the Superfund Amendments and Reauthorization Act (SARA)
of 1986, EPCRA is dso sometimes known as SARA Title l1l. The EPCRA mandates that larger
facilities publicly report when TRI chemicals are released into the environment. This public reporting is
required for facilities with more than 10 full-time employees that annualy manufacture or produce more
than 25,000 pounds, or use more than 10,000 pounds, of TRI chemica (USEPA, 1996; USEPA,
2000d).

Under these conditions, facilities are required to report the pounds per year of hexachlorobutadiene
released into the environment both on- and off-gte. The on-gte quantity is subdivided into air
emissions, surface water discharges, underground injections, and releasesto land (see Table 3-1). For
hexachlorobutadiene, air emissons congtitute most of the on-Site releases. Also, over the period for
which datais available (1988-1998) surface water discharges generdly increased, pesked in 1992-93,
and then decreased sgnificantly through the late 1990s. These TRI data for hexachlorobutadiene were
reported from eight States (CA, IL, KS, LA, NJ, NY, TX, UT); however, hexachlorobutadiene
contamination has often been found in remote areas far from gpparent physical discharge sources
(USEPA, 2000b; Howard, 1989).

Although the TRI data can be useful in giving agenerd idea of rdease trends, it isfar from exhaudive
and has Sgnificant limitations. For example, only industries which meet TRI criteria (at least 10 full-time
employees and manufacture and processing of quantities exceeding 25,000 Ibslyr, or use of more than
10,000 Ibs/yr) are required to report releases. These reporting criteria do not account for releases
from smdler indudtries. Threshold manufacture and processing quantities aso changed from 1988-
1990 (dropping from 75,000 Ibs/yr in 1988 to 50,000 Ibs/yr in 1989 to its current 25,000 lbslyr in
1990) creseting possibly mideading datatrends. Finaly, the TRI datais meant to reflect releases and
should not be used to estimate general exposure to a chemical (USEPA, 2000c; USEPA, 20008a).

While TRI releases were reported in only eight States, the use of hexachlorobutadiene is
widespread. It isincluded in the Agency for Toxic Substances and Disease Registry’s (ATSDR)
Hazardous Substance Release and Hedlth Effects Database (HazDat) and has been detected in Site
samplesin fourteen States (AL, AZ, CT, IA, LA, MI, MN, NJ, NY, OH, PA, RI, SC, WA; ATSDR,
2000). These States are distributed nationwide and include 11 States, and two regions (New England
and the Pacific Northwest), not reporting TRI releases yet manifesting hexachl orobutadiene detections
in the environment.
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The National Priorities List (NPL) of hazardous waste Sites, created in 1980 by CERCLA, isa
listing of some of the most hedlth-threatening waste Sites in the United States. Hexachlorobutadiene
was detected in eleven of the Final NPL Sitesin 1999. These stes are located in eight States: AK,
CO, IN, LA, NJ, OH, PA, WA. Again, note thereislittle overlap between these States and the eight
TRI reporting States (USEPA, 1999c¢).

In summary, dthough hexachlorobutadiene is not manufactured in the United States, both itsusein
industry and occurrence in the environment are widespread.  Significant quantities of
hexachlorobutadiene are generated in the United States as a waste by-product, and smaller quantities
are imported for industriad needs. Hexachlorobutadiene is present in hazardous waste Sitesin at least 8
States (at NPL gites), has been detected in Site samplesin at least 14 States (listed in ATSDR's
HazDat), and has been released into the environment directly in at least 8 States (based on TRI deata).

Table 3-1. Environmental releases (in pounds) for hexachlor obutadiene in the United States,
1988-1998

On-Site Releases : Total On- &
Off-Site :
Year Air Surface Water | Underground | Releases | Releases Off-site
Emissions | Discharges Injection toLand Releases
1998 2,421 5 0 0 510 2,936
1997 1,415 9 299 0 200 1,923
1996 2,381 256 952 0 310 3,899
1995 3,310 661 434 0 252 4,657
1994 1,410 351 201 0 430 2,392
1993 1,747 1,200 520 0 12 3,479
1992 4,134 1,911 738 0 5 6,788
1991 3,410 681 200 2 4,263 8,556
1990 4,906 715 330 0 45 5,996
1989 4,628 622 330 1 26,343 31,924
1988 2,508 153 220 0 19,640 22,521

after USEPA, 2000b

3.2 Ambient Occurrence

To understand the presence of achemicd in the environment, an examination of ambient
occurrence is useful. Inadrinking water context, ambient water is source water existing in surface
waters and aguifers before treetment. The most comprehensive and nationdlly representative data
describing ambient water quaity in the United States are being produced through the United States
Geologica Survey’s (USGS) National Water Quality Assessment (NAWQA) program. (NAWQA,
however, isardatively young program and complete nationd deata are not yet available from their entire
array of sgtes acrossthe nation.)

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

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

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

For volatile organic chemicas (VOCs), the nationd synthesis will compile data from the first and
second rounds of intensive assessments. Study units assessed in the second round represent conditions
in more urbanized basins, but initid results are not yet available. However, VOCs were andyzed in the
firgt round of intensive monitoring and data are available for these study units (Squillace et ., 1999).
The minimum reporting limit (MRL) for most VOCs, including hexachlorobutadiene, was 0.2 pg/L
(Squillace et d., 1999).

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

3.2.2 Results

Initid results published for the 20 NAWQA study units undergoing intensive assessment from
1991-96 indicate that hexachl orobutadiene was not detected in ground water (Squillace et d., 1999).
Hexachl orobutadiene also was not detected in rural or urban wells of the local, State, and federal data
set compiled by NAWQA. These data represent untreated ambient ground water of the coterminous
United States for the years 1985-1995 (Squillace et ., 1999).



Regulatory Determination Support Document for Hexachlorobutadiene July 2003

Furthermore, areview of highway and urban runoff studies found no detections of
hexachlorobutadiene (Lopes and Dionne, 1998). This review was undertaken as part of the National
Highway Runoff Data and Methodology Synthesis and examined 44 studies implemented since 1970.

3.3 Drinking Water Occurrence

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

Hexachl orobutadiene has been monitored under the SDWA UCM program since 1987 (USEPA,
1987; 52 FR 25690). Monitoring for hexachlorobutadiene under UCM continued throughout the
1990s, but ceased for smdl public water systems (PWSs) under adirect fina rule published January 8,
1999 (USEPA, 1999a; 64 FR 1494). Monitoring ended for large PWSs with promulgation of the
revised Unregulated Contaminant Monitoring Regulation (UCMR) issued September 17, 1999
(USEPA, 1999b; 64 FR 50556) and effective January 1, 2001. At thetimethe UCMR lists were
developed, the Agency concluded there were adequate monitoring data for aregulatory determination.
This obviated the need for continued hexachl orobutadiene monitoring under the new UCMR lis.

3.3.1 Data Sour ces, Data Quality, and Analytical Approach

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

The National Contaminant Occurrence Database (NCOD) is an interface to the actua occurrence

data stored in the Safe Drinking Water Information System (Federd version; SDWISFED) and can be
queried to provide asummary of the datain SDWISFED for a particular contaminant. The data used

10
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in this report were derived from the datain SDWIS/FED and another database called the Unregulated
Contaminant Information System (URCIS). Note, however, that the SDWISFED datain this report
have been reviewed, edited, and filtered to meet various data quality objectives for the purposes of this
andysis. Hence, not al data from a particular source were used, only data meeting the qudity
objectives described below. The sources of these data, their quality and national aggregation, and the
andytica methods used to estimate a given contaminant’s nationa occurrence (from these data) are
discussed in this section (for further details see USEPA, 2001a, 2001b).

3.3.1.1 UCM Rounds1and 2

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

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

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

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

3.3.1.2 Developing a Nationally Representative Per spective

11
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The Round 1 and Round 2 databases contain contaminant occurrence data from atotal of 40 and
35 primacy entities (largely States), respectively. However, data from some States are incomplete and
biased. Furthermore, the national representativeness of the data is problematic because the data were
not collected in a systematic or random statistica framework. These State data could be heavily
skewed to low-occurrence or high-occurrence settings. Hence, the State data were eva uated based
on pollution-potentia indicators and the spatid/hydrologic diversity of the nation. This evauation
enabled the congtruction of a cross-section from the available State data sets that provides a reasonable
representation of national occurrence.

A nationd cross-section comprised of the Round 2 state contaminant occurrence databases was
established using the approach developed for the EPA report A Review of Contaminant Occurrence
in Public Water Systems (USEPA, 1999d). This approach was devel oped to support occurrence
andysesfor EPA’s Chemical Monitoring Reform (CMR) evauation, and was supported by peer
reviewers and stakeholders. The gpproach cannot provide a“ Satistically representative’” sample
because the origind monitoring data were not collected or reported in an gppropriate fashion.
However, the resultant “ nationa cross-section” of states should provide a clear indication of the central
tendency of the nationa data. The remainder of this section provides a summary description of how the
nationd cross-section from the SDWIS/FED (Round 2) database was developed. The details of the
approach are presented in other documents (USEPA, 20018, 2003b); readers are referred to these for
more specific information.

3.3.1.2.1 Cross-Section Development

Asafirg step in developing the cross-section, the State data contained in the URCI S database
(that contains the Round 1 monitoring results) and SDWISFED database (that contains the Round 2
monitoring results) were evaluated for completeness and qudity. For both the URCIS (Round 1) and
SDWISFED (Round 2) databases, some State data were unusable for a variety of reasons. Some
States reported only detections, or the data was recorded with incorrect units. Data sets only including
detections are obvioudy biased, over-representing high-occurrence settings. Other problems included
subgtantiadly incomplete data sets without al PWSsreporting. Also, data from Washington, D.C. and
the Virgin Idands were excluded from this andyss because it was difficult to evauate them for the
current purposesin relation to complete State data (USEPA, 2001a Sections 11 and 111).

The balance of the States remaining after the data quaity screening were then examined to establish
andaiond cross-section. This step was based on evauating the States' pollution potential and
geographic coverage in relation to dl States. Pollution potentid is considered to ensure a selection of
States that represent the range of likely contaminant occurrence and a baance with regard to likely high
and low occurrence. Geographic consderation is included so that the wide range of climatic and
hydrogeologic conditions across the United States are represented, again balancing the varied
conditions that affect transport and fate of contaminants, as well as conditions that affect naturaly
occurring contaminants (USEPA, 2001b Sections 111.A. and 111.B.).

12
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The cross-section States were selected to represent avariety of pollution potential conditions. Two
primary pollution potentia indicators were used. Thefirgt factor selected indicates pollution potentia
from manufacturing/popul ation density and serves as an indicator of the potentid for VOC
contamination within a State. Agriculture was selected as the second pollution potentid indicator
because the mgjority of SOCs of concern are pesticides (USEPA, 2001b Section 111.A.). The 50
individua States were ranked from highest to lowest based on the pollution potentia indicator data.

For example, the State with the highest ranking for pollution potentia from manufacturing received a
ranking of 1 for thisfactor and the State with the lowest value was ranked as number 50. States were
ranked for thair agricultural chemica use gatusin asmilar fashion.

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

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

3.3.1.2.2 Cross-Section Evaluation

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

These Round 1 incremental cross-sections were then used to evaluate occurrence for an array of
both high and low occurrence contaminants. The comparative resultsillustrate severd points. The

13
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results are quite stable and consistent for the 8-, 13- and 24-State cross-sections. They are much less
so for the 4-State, 16-State (biased), and 40-State (all Round 1 States) cross-sections. The 4-State
cross-section is gpparently too small to provide balance both geographically and with pollution
potentia, afinding that concurs with past work (USEPA, 1999d). The CMR analyss suggested that a
minimum of 6-7 States was needed to provide balance both geographically and with pollution potentia,
and the CMR report used 8-States out of the available data for its nationally representative cross-
section. The 16-State and 40-State cross-sections, both including biased States, provided occurrence
results that were unstable and inconsistent for a variety of reasons associated with their data quality
problems (USEPA, 2001b Section 111.B.1).

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

3.3.1.3 Data Management and Analysis

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

Sysem leve andysis was used since a PWS with a known contaminant problem usualy hasto sample
more frequently than a PWS that has never detected the contaminant. Obvioudy, the results of a
smple computation of the percentage of samples with detections (or other statistics) can be skewed by
the more frequent sampling results reported by the contaminated Ste. Thisleve of andysisis

conservative. For example, a system need only have a single sample with an analytical result greater
than the minimum reporting limit (MRL), i.e., a detection, to be counted as a system with a result “ greater
than the MRL."

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

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

Round 2 (SDWIS/FED)

Alabama
Alaska*
Arizona
Cdifornia
Horida
Georgia
Hawaii
lllinois
Indiana
lowa

Kentucky*
Maryland*

Minnesota*
Montana
New Jersey
New Mexico*
North Carolina*
Ohio*

South Dakota
Tennessee
Utah
Washington*
Wes Virginia
Wyoming

Alaska*
Arkansas
Colorado
Kentucky*
Maine
Maryland*
Massachusetts
Michigan
Minnesota*
Missouri

New Hampshire
New Mexico*
North Carolina*
North Dakota
Ohio*
Oklahoma
Oregon

Rhode Idand
Texas
Washington*

* cross-section State in both Round 1 and Round 2

3.3.1.4 Occurrence Analysis

To evauate nationa contaminant occurrence, a two-stage andytica approach has been devel oped.

Thefirgt stage of analysis provides a straightforward, conservative, non-parametric evauation of

occurrence of the CCL regulatory determination priority contaminants as described above. These

Stage 1 descriptive Satistics are summarized here. Based in part on the findings of the Stage 1

Anayss, EPA will determine whether more rigorous parametric Satistica evauations, the Stage 2
Anaysis, may be warranted to generate nationd probability estimates of contaminant occurrence and
exposure for priority contaminants (for details on this two stage andytica approach see Cadmus, 2000

and USEPA, 2002b).

The summary descriptive tatistics presented in Table 3-3 for hexachlorobutadiene are aresult

of the Stage 1 analysis and include data from both Round 1 (URCIS, 1987-1992) and Round 2

(SDWISFED, 1993-1997) cross-section States. Included are the total number of samples, the
percent samples with detections, the 99 percentile concentration of al samples, the 99" percentile
concentration of samples with detections, and the median concentration of samples with detections.
The percentages of PWSs and population served indicate the proportion of PWSs whose andytical
results showed a detection(s) of the contaminant (Smple detection, > MRL) at any time during the

monitoring period; or a detection(s) greater than haf the Health Reference Level (HRL); or a

detection(s) greater than the Hedth Reference Level. The Hedth Reference Level, 0.9 pg/L, isa
preliminary estimated hedlth effect level used for this andysis. The HRL was derived using the 10°©
cancer risk as calculated by the linear method and using a body weight to the three quarter power
(dope factor 4 x 102 (mg/kg-day) ).

15



Regulatory Determination Support Document for Hexachlorobutadiene July 2003

The 99" percentile concentration is used here as a summary statistic to indicate the upper bound of
occurrence va ues because maximum vaues can be extreme vaues (outliers) that sometimes result from
sampling or reporting error. The 99" percentile concentration is presented for both the samples with
only detections and dl of the samples because the value for the 99" percentile concentration of al
samplesis below the Minimum Reporting Level (MRL) (denoted by “<” in Table 3-3). For the same
reason, summary statistics such as the 95™ percentile concentration of al samples or the median (or
mean) concentration of al samples are omitted because these dso are dl “<” values. Thisisthe case
because only 0.1% to 0.05% of al samples recorded detections of hexachlorobutadiene in Round 1
and Round 2.

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

The Situation can cause confusion when examining descriptive satistics for occurrence. For
example, the modd MRL vaue for the Round 1 samplesis 0.50 pg/L—avaue twice as large as the
median concentration of detections for Round 1 (0.25 pg/L) (This occurs because some States and/or
systems reporting detections were using alower MRL and had positive results lower than the MRL
used by other States or systems). For Round 2, most States reported non-detections as zeros resulting
inamoda MRL vaue of zero. By definition the MRL cannot be zero. Thisisan artifact of State data
management systems. Because asmple meaningful
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Figure 3-1: Geographic distribution of cross-section Statesfor Round 1 (top) and Round 2
(bottom)
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summary statistic is not available to describe the various reported MRLS, and to avoid confusion,
MRLs are not reported in the summary table (Table 3-3).

In Table 3-3, nationa occurrence is estimated by extrapol ating the summary dtatistics for the 24
and 20 State cross-sections to nationa numbers for systems, and population served by systems, from
the Water Industry Baseline Handbook, Second Edition (USEPA, 2000e). From the handbook, the
tota number of community water systlems (CWSs) plus non-trangent, non-community water systems
(NTNCWSs) is 65,030, and the total population served by CWSs plus NTNCWSs is 213,008,182
persons (see Table 3-3). To arrive at the national occurrence estimate for a particular cross-section,
the nationd estimate for PWSs (or population served by PWSs) is smply multiplied by the percentage
for the given summary gatistic. [i.e. for Round 1, the nationa estimate for the total number of PWSs
with detections (228) is the product of the percentage of Round 1 PWSs with detections (0.35%) and
the national estimate for the total number of PWSs (65,030)].

Because the State data used for the cross-section are not a strict Satistical sample, nationa
extrapolations of these Stage 1 andlytica results can be problematic, especialy for contaminants with
very low occurrence like hexachlorobutadiene and other CCL regulatory determination priority
contaminants. For this reason, the nationaly extrapolated estimates of occurrence based on Stage 1
results are not presented in the Federal Register Notice. The presentation in the Federal Register
Notice of only the actua results of the cross-section andysis maintains a straight-forward presentation,
and theintegrity of the data, for stakeholder review. The nationdly extrapolated Stage 1 occurrence
values are presented here, however, to provide additional perspective. A more rigorous statistical
moddling effort, the Stage 2 analysis, could be conducted on the cross-section data (USEPA, 2002b).
The Stage 2 results would be more gatigticaly robust and more suitable to nationd extrapolation. This
approach would provide a probability estimate and would also allow for better quantification of
estimation error.

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

3.3.2 Reaults
3.3.2.1 Occurrence Estimates

While States with detections of hexachlorobutadiene are widespread (Figure 3-2), the percentages
of PWSs by State with detections are low (Table 3-3). In aggregate, the cross-sections show only
0.2% - 0.4% of PWSsin both rounds experienced detections (> MRL), affecting 0.9% - 2.4% of the
population served (approximately 2 - 5 million people). Percentages of PWSs with detections greater
than haf the Hedlth Reference Leve (> %2HRL) are dightly lower: 0.1% - 0.2%. The percentage of
PWSs exceeding the Hedlth Reference Level (> HRL) for both roundsis very smdl (see dso Figure 3-
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4). Between 0.02% and 0.1% of PWSsin Rounds 1 and 2 experienced detections > HRL, affecting a
population of approximately 10,000 - 750,000.

There are some qudifying notes for both rounds of data that warrant discusson. The Round 1
estimates of PWSs affected by hexachlorobutadiene are influenced by the State of Florida (Table 3-3;
Figures 3-3 and 3-4). This State reports that 5.4% of its PWSs experienced detections greater than
the HRL during Round 1, a value consderably greater than the next highest State (1.5%). This
suggests that Florida s data for hexachlorobutadiene isincomplete and may be biased. Out of 855
Florida PWSs reporting contaminant data for Round 1 monitoring, only 112 provided data for
hexachlorobutadiene (USEPA, 2001a). Also, the 5.4% of systems reporting detections al reported
concentrations greater than the Hedlth Reference Level. These figures suggest that perhaps only
systems experiencing problems submitted data for hexachlorobutadiene, biasing Florida' s results for
occurrence measures examined in this report.

The large vaues for the Round 2 nationd estimates of population served with detections greater
than the MRL and greeter than haf the HRL are influenced by the inclusion of one PWS serving avery
large population (1.5 million people). While the percentage of systems with detections of
hexachlorobutadiene are smilar (both rounds show low values, 0.2% - 0.4% PWSs> MRL), the
difference in population served resultsin alarger difference in the population extrapolations.

Note that for the Round 1 cross-section, the total number of PWSs (and the total population served
by the PWSs) is not the sum of the number of ground water and surface water systems (or the
populations served by those systems). Because some public water systems are seasondly classified as
ether surface or ground water, some systems may be counted in both categories. The population
numbers for the Round 1 cross-section are dso incomplete. Not dl of the PWSs for which occurrence
data was submitted reported the population they served. (However, the population numbers presented
in Table 3-3 for the Round 1 cross-section are reported from 94% of the systems.)

The nationa estimates extrgpolated from Round 1 and Round 2 PWS numbers and populations
are not additive either. In addition to the Round 1 classification and reporting issues outlined above, the
proportions of surface water and ground water PWSs, and populations served by them, are different
between the Round 1 and 2 cross-sections and the nationd estimates. For example, approximately
49% of the population served by PWSsin the Round 1 cross-section States are served by surface
water PWSs (Table 3-3). Nationaly, however, that proportion changes to 60%.

Both Round 1 and Round 2 nationa cross-sections show a proportionate balance in PWS source
waters compared to the nationd inventory. Nationdly, 91% of PWSs use ground water (and 9%
surface waters): Round 1 shows 89%, and Round 2 shows 90% of systems using ground weter. The
relaive populations served are not as closely comparable. Nationally, about 40% of the population is
served by PWSs using ground water (and 60% by surface water). Round 2 data is most representative
with 37% of the cross-section population served by ground water; Round 1 shows about 55%.
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There are differences in the occurrence results between Round 1 and Round 2, as should be
expected. The differences are not greet, however, particularly when comparing the proportions of
systems affected. The results range from 0.2% - 0.4% of PWSs with detections of
hexachl orobutadiene and range from 0.02% to 0.1% of PWSs with detections greater than the Health
Reference Leve of 0.9 pg/L. These are not substantively different, given the data sources.

The differences in the popul ation extrapolations gppear greeter, but ill condtitute rdlatively small
proportions of the population. The most pronounced differenceis in the estimate of the population
served by PWSs with detections greater than the Hedlth Reference Levd, ranging from 10,000 to
750,000. In both cases, thisis lessthan 0.5% of the population. The differencein this category is
largely driven by the Florida datain Round 1, as discussed above.

The Round 2 cross-section provides a better proportiona baance related to the national population
of PWSs and may have fewer reporting problems than Round 1 (i.e., incomplete population numbers,
Florida). The larger estimate of the national population served by PWSs with detections greater than
the Hedlth Reference Level using Round 1 data can aso provide an upper bound estimate in
consdering the data.

3.3.2.2 Regional Patterns

Occurrence results are displayed graphicaly by State in Figures 3-2, 3-3, and 3-4 to assess
whether any digtinct regiond patterns of occurrence are present. Combining Round 1 and Round 2
data (Figure 3-2), there are forty-seven States reporting. Six of those States have no data for
hexachl orobutadiene, while another 21 have no detections of the chemica. The remaining 20 States
have detected hexachlorobutadiene in drinking water and are well distributed throughout the United
States.

The smple spatia analys's presented in Figures 3-2, 3-3, and 3-4 suggests that specid regiona
andyses are not warranted. Florida's possible biasis notable, however. While no clear geographica
patterns of occurrence are gpparent, comparisons with environmenta use and release information are
useful (see dso section 3.1). Five of the eight Toxic Release Inventory States that reported rel eases of
hexachlorobutadiene into the environment between 1988 and 1998 have a so detected the chemical in
PWS sampling. Of the remaining three (Kansas, Louisana, and Cdifornia), Kansas hasn't reported
any datafor either Round 1 or 2. Also, of the eight States with detections of hexachlorobutadiene a
CERCLA Nationd Priorities List (NPL) hazardous waste Sites, five have detected the chemicd in
drinking weter. Findly, sx of the States detecting hexachlorobutadiene in PWS samples have dso
detected it in Site samples reported to the ATSDR’'s HazDat database. It isinteresting to note that
neither Alabama nor Florida, the two States with the highest percentage of PWSs with detections
gregter than the Hedlth Reference leve, are Toxic Release Inventory States for hexachlorobutadiene
nor do they have CERCLA NPL steswith detections of the chemica (Figure 3-4).
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Table 3-3: Summary occurrence statistics for hexachlor obutadiene

24 State 20 State .
o T, National System &
Cross-Section Cross-Section Pobulation Numbers3
Freauencv Factors (Round 1) (Round 2) P
Total Number of Samples 42,839 93,585 --
Percent of Samples with Detections 0.13% 0.05% --
99" Percentile Concentration (all samples) < (Non-detect) < (Non-detect) -
Health Reference Level 0.9 po/L 0.9 pg/L --
Minimum Reporting Level (MRL) Variable* Variable* --
99" Percentile Concentration of Detections 10 ua/L 1.5 ua/L --
Median Concentration of Detections 0.25 pg/L 0.30 pg/L --
Total Number of PWSs 12,284 22,736 65,030
Number of GW PWSs 10,980 20,380 59.440
Number of SW PWSs 1,385 2,356 5.590
Total Population 71,582,571 67,075,493 213,008,182
Population of GW PWSs 40,399,177 24,960,222 85.681.696
Population of SW PWSs 34,418,834 42,115,271 127,326,486 .
National Extrapolation
Qccurrence bv Svstem Round 1 Round 2
% PWSs with detections (> MRL) 0.350% 0.180% 228 117
Range of Cross-Section States 0 - 5.36% 0 - 3.36% N/A N/A
GW PWSs with detections 0.301% 0.132% 179 79
SW PWSs with detections 0.722% 0.594% 40 33
% PWSs > 1/2 Health Reference Level (HRL) 0.163% 0.079% 106 51
Range of Cross-Section States 0 - 5.36% 0 - 0.51% N/A N/A
GW PWSs > 1/2 Health Reference Level 0.118% 0.064% 70 38
SW PWSs > 1/2 Health Reference Level 0.505% 0.212% 28 12
% PWSs > Health Reference Level 0.114% 0.018% 74 11
Range of Cross-Section States 0 - 5.36% 0 - 0.24% N/A N/A
GW PWSs > Health Reference Level 0.064% 0.005% 38 3
SW PWSs > Health Reference Level 0.505% 0.127% 28 Z
Qccurrence by Population Served
% PWS Population Served with detections 0.896% 2.360% 1,909,000 5,027,000
Range of Cross-Section States 0 - 11.38% 0 - 29.93% N/A N/A
GW PWS Population with detections 1.458% 0.186% 1,249,000 159,000
SW PWS Population with detections 0.153% 3.649% 194,000 4,646,000
% PWS Population Served > 1/2 Health Reference Level 0.569% 2.331% 1,213,000 4,965,000
Range of Cross-Section States 0 - 11.38% 0 - 29.92% N/A N/A
GW PWS Population > 1/2 Health Reference Level 0.978% 0.177% 838,000 152,000
SW PWS Population > 1/2 Health Reference Level 0.036% 3.607% 46,000 4,593,000
% PWS Population Served > Health Reference Level 0.367% 0.005% 781,000 10,000
Range of Cross-Section States 0 - 9.66% 0 - 0.02% N/A N/A
GW PWS Population > Health Reference Level 0.619% 0.011% 531,000 9,000
SW PWS Population > Health Reference L evel 0.036% 0.001% 46,000 1.000

1. Summary Results based on data from 24-State Cross-Section, from URCIS, UCM (1987) Round 1.

2. Summary Results based on data from 20-State Cross-Section, from SDWISFED, UCM (1993) Round 2.
3. Total PWSand population numbers are from EPA March 2000 Water Industry Baseline Handbook.

4. National extrapolations are from the 24-Sate data and 20-Sate 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
- The Health Reference Level used for hexachlorobutadiene is 0.9 ug/L. Thisis a draft value for working review only.

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

- Median Concentration of Detections = the median analytical value of all the detections (analytical results greater than the MRL) (in

polL).

- Total Number of PWSs = the total number of public water systems with records for hexachlorobutadiene.
- Total Population Served = the total population served by public water systems with records for hexachlorobutadiene.
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- % PWSwith detections, % PWS > Y2 Health Reference Level, % PWS > Health Reference Level = percent of the total number of
public water systems with at least one analytical result that exceeded the MRL, %2 Health Reference Level, Health Reference Level,

respectively.
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3.4 Conclusion

While there have not been detections of hexachlorobutadiene in ambient water reported in USGS
NAWQA studiesto date, it has been detected at a very low percentage of ATSDR HazDat sites and
CERCLA NPL sites. Furthermore, rel eases have been reported through the Toxic Release Inventory.

Hexachl orobutadiene has a so been detected in PWS samples collected under SDWA.
Occurrence estimates are low for Round 1 and Round 2 UCM monitoring with only 0.13% and 0.05%
of al samples showing detections, respectively. Significantly, the values for the 99" percentile and
median concentrations of al samples are less than the Minimum Reporting Leve. For Round 1 samples
with detections, the median concentration is 0.25 pg/L and the 99" percentile concentration is 10 pg/L.
Median and 99" percentile concentrations for Round 2 detections are 0.30 ug/L. and 1.5 pug/L,
respectively. Systems with detections only congtitute 0.4% of Round 1 systems and 0.2% for Round 2.
Nationd estimates for the population served by PWSs with detections are dso low, especidly for
detections greater than the Hedlth Reference Level. For both rounds, these estimates are less than
0.5% of the nationa PWS population (Round 1: 754,537; Round 2: 9,721).

40 HEALTH EFFECTS

A description of the hedlth effects and available dose-response information associated with
exposure to hexachlorobutadiene (HCBD) is summarized below. A full description of the hedth effects
and the dose-response information for threshold and non-threshold effects associated with exposure to
hexachlorobutadiene are presented in Chapters 7 and 8 of the Health Effects Support Document for
Hexachlorobutadiene (USEPA, 2003b).

4.1 Hazard Characterization and Mode of Action Implications

While available toxicologica dataindicate that HCBD has the potentid to cause adverse hedlth
effects in animals, data on human hedlth effects are limited to afew studies of occupationa exposure to
HCBD. These data, collected from inhaation exposure, are often confounded by smultaneous
exposures to other chemicalsin an occupationa setting. Such equivoca data has made it difficult to
establish a relationship between HCBD exposure and toxic/cytogenetic effects in human.
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Figure3-2: Stateswith PWSswith detections of hexachlor obutadiene for all Stateswith data
in URCIS (Round 1) and SDWISFED (Round 2)

All States

' Hexachlor obutadiene Detections
G a» in Round 1and Round 2

[ Satesnotin Round 1 or Round 2

[ Nodaafor Hexachlorohutadiene

States wi th No Detecti ons (NOPWSs > MRL)
Sateswi th Detections (Any PWSs > MRL)
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Figure 3-3: Stateswith PWSswith detections of hexachlor obutadiene (any PW Sswith results
greater than the Minimum Reporting Level [MRL]) for Round 1 (above) and Round 2 (below)
Cross-section States

* Stateof Floridais an outlier with 5.36% PWS > MRL

Hexachlorobutad iene Occurrencein Round 1

[] Satesnot in Cross-Section
[] Nodaafor Hexachlorbutadiene
[CJ 0.00% PWSs > MRL

0.01 -1.00% PWSs > MRL
1.00 -3.50% PWSs > MRL*

Hexachl or obutadiene Occurrence

in Round 2

[ states not in Cross-Section
[ Nodatafor Hexachlorbutadiene
[C] 0.00% PWSs> MRL

0.01 - 1.00% PWSs> MRL
1.00 - 3.50% PWSs> MRL
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Figure 3-4: Cross-section States (Round 1 and Round 2 combined) with PW Sswith detections
of hexachlorobutadiene (above) and concentrations greater than the Health Reference Level

(below)

* Stateof Floridais an outlier with 5.36% PWS > MRL

Hexachl or obutadiene Occurrence
in Round 1and Round 2

[] Statesnot in Cross-Section
[ No datafor Hexachlorbutadi ene
] 0.00% PWSs > MRL
0.01-1.00% PWSs > MRL
1.00- 3.50% PWSs > MRL*

* State of Floridaisan outlier with 5.36% PWS > HRL

Hexachl or obutadiene Occurrence
in Round 1and Round 2

[ Sates not in Cross-Section

[ Nodatafor Hexachlorobutadiene
[ 0.00% PWSs>HRL

0.01- 1.00% PWSs> HRL

1.00- 3.50% PWSs> HRL*

27



Regulatory Determination Support Document for Hexachlorobutadiene July 2003

Animds studies demondtrate selective effects of HCBD on the proximd tubule of the kidney. For
example, rend toxicity has been observed in rodents following single acute exposures of 100-200 mg
HCBD/kg and short-term exposures to 3 mg/kg-day and above. Furthermore, subchronic and chronic
studies on rodents have indicated renal damage at alowest observed adverse effect level (LOAEL) of
2 mg/kg-day. Progressve effects over time from HCBD exposure include kidney weight changes,
increased urinary excretion of coproporphyrin, and increased rend tubular epithelia hyperplasa

Developmentd effects and neurotoxicity have been observed in studies that used higher HCBD
doses than in the previous studies (Harleman and Seinen, 1979; Badaevaet d., 1985). In addition,
pups with lower birth weights and reduced growth have been reported after administering materna
dosages of 8.1-15 mg/kg-day to rats (Harleman and Seinen, 1979).

Results from mutagenicity studies with HCBD are ambiguous. Some studies have shown HCBD
and its degradates to be mutagenic in specific chemical environments (Vamvakas et ., 1988; Reichert
et d., 1984). HCBD metabalites have been shown to bind to mitochondrial DNA in vivo in mice, and
induce DNA repair in cultured porcine kidney cdll, suggesting genotoxic potentia (Schrenk and
Dekant, 1989; Vamvakas et d., 1989). However, no human studies of HCBD carcinogenicity have
been reported and only one anima study has been performed (Kociba et d., 1977). In this study,
neoplastic changes were observed in the liver at the highest dose (which exceeded the maximum
tolerated dose [MTD]). The dosage necessary to cause these significant adverse effects suggests that
tumor formation may be secondary to cytotoxicity.

In order to evduate the hazard posed by HCBD, the threat to humans must be extrapolated from
data on rodents, raising the issue of applicability. Nephrotoxicity caused by HCBD is dependent on a
multistep bioactivation mechanism involving both kidney and liver enzymes. In vitro studies with human
rend cytosol and cultured human proxima tubule cdlls suggest that humans have the potentia to form
HCBD-glutathione conjugates and to metabolize HCBD cysteine conjugates to toxic metabolites.
However, the rate of metabolism, particularly for the reaction catalyzed by p-lyase, appears to be much
lower for humans than for rodents (Lock, 1994; Lash et d., 1990).

4.2 Dose-Response Characterization and Implicationsin Risk Assessment
Noncancer effects

Rend effects in rodents, resulting from short-term exposure to HCBD, appear to have LOAELs of
5-20 mg/kg-day, depending on the following factors: rodent species/'strain, length of exposure, and
method of adminisiration. For female Sprague-Dawley rats administered HCBD for 3 weeks, no effect
was observed after 3 mg/kg-day ord dose, reduced body weight gain and food consumption after a 10
mg/kg-day dose, and rend tubular degeneration, necross and regeneration were observed at a 30
mg/kg-day dose (Kociba et d., 19717; Schwetz et al., 1977). Male Sprague-Dawley rats exposed to
HCBD viaingestion for 3 weeks identified a LOAEL of 20 mg/kg-day and ano observed adverse
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effect level (NOAEL) of 0.2 mg/kg-day for kidney damage and increased relative kidney weight (Stott
et a., 1981). Inafour-week ord study with Widtar rats, a LOAEL of 8 mg/kg-day and a NOAEL of
2.25 mg/kg-day were identified for decreased body weight gain and rena tubular effects (Jonker et al.,
1993). A 2-week feeding study in Widtar rats identified a LOAEL of 4.6 mg/kg-day (the lowest dose
tested) for rena tubular epithdid cell degeneration (Harleman and Seinen, 1979). Ladtly, in a2-week
ora exposure study on B6C3F; mice, aLOAEL of 3-5 mg/kg-day (the lowest dose tested) was
reported for rena tubular necrosis (NTP, 1991).

In a subchronic 13-week oral exposure study of HCBD in B6C3F, mice, aNOAEL of 1.5 mg/kg-
day was identified for male mice based on rend tubular cell regeneration (NTP, 1991). Infemaes, 1 of
10 micein the lowest dose group (0.2 mg kg-day) was affected with tubular regeneration. The authors
of this study concluded that insufficient data existed to identify a NOAEL for the female mice (NTP,
1991). Others (USEPA, 1998b; WHO, 1994) have also concluded that this observed effect is not
datigticaly sgnificant. Asaresult, 0.2 mg/kg-day may be considered close to the NOAEL for rend
injury in femaemice

In alifetime ora exposure study on HCBD (Kociba et d., 1977), aNOAEL of 0.2 mg/kg-day and
aLOAEL of 2 mg/kg-day in rats was identified, based on an increasein rend tubular epithdid cdl
hyperplasia/regeneration and an dtered rend function (increased urinary coproporphyrin excretion).
The sgnificance of thisNOAEL vaue from a chronic sudy isthet it isidentica to the vaue identified
from the 13-week NTP study on femae mice (NTP, 1991), suggesting that female mice may be more
sengtive than rats to HCBD.

The EPA’s Reference Dose (RfD) for HCBD is 2 x 10* mg/kg-day (1998b). The RfD isan
edimate of adaily exposure to the human population (including sengtive subgroups) thet islikely to be
without appreciable risk of deleterious effects over alifetime. The RfD is derived from aNOAEL of
0.2 mg/kg-day for rend tubular epithelia cell hyperplasialregeneration from the Kociba et d. (1977)
and NTP (1991) studies. A composite uncertainty factor of 1,000 was used in the derivation of the
RfD to account for extrgpolation from animals to humans (factor of 10); protection of sengtive
subpopulations (factor of 10); use of aNOAEL that may be closer to a LOAEL (factor of 3); and
database deficiency (factor of 3) due to lack of a 2-generation reproductive study.

Cancer effects

The single lifetime exposure sudy in ratsis dso a vauable source of data on tumor formation
(Kocibaet d., 1977). Only at the highest dose of 20 mg/kg-day (which exceeded the level a which
sgnificant non-carcinogenic effects were seen, i.e. mortality, rend toxicity, and body weight depression)
were tumors observed in both sexes. No tumors were observed in the group administered the second
highest dose of 2 mg/kg-day. Also, no definitive shape from the dose-response curve could be
determined from this data set.

Datafrom Kociba et d. (1977) indicate that the tumor dose response curves are strongly non-
linear and that rena tumors are only observed at HCBD doses that cause toxicity. HCBD appearsto
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be carcinogenic only at cytotoxic dose. Under EPA’s 1986 Guiddines for Carcinogen Risk
Assessment, HCBD is classified as a Group C, possible human carcinogen (USEPA, 1986). EPA’s
draft Ambient Water Qudlity Criteriafor HCBD recommends using a non-linear approach for dose-
response extrapolation, since the non-linear margin of exposure approach may be more appropriate for
assessng the dose-response of HCBD (USEPA, 1998b).

4.3 Rdative Source Contribution

Reative source contribution analys's compares the magnitude of exposure expected via drinking
water to the magnitude of exposure from intake of HCBD in other media, such asfood, air, and soil.
To perform this andysis, intake of HCBD from drinking water must be estimated. Occurrence data for
HCBD in water and other media are presented in Chapter 3 of this document.

The 99" percentile concentration for al samples (i.e., those with detectable and nondetectable
levels of HCBD) from Round 1 and Round 2 PWS sampling is below the MRL. Asaconvention, a
vaue of haf the MRL is often used as an estimate of the concentration of a contaminant in
samples/systems whose results are less than the MRL. However, for Round 1 and Round 2, States
have reported a wide range of vaues for the MRLs. Therefore, asingle estimate of the MRL for
HCBD isunavailable.

The median concentration (0.3 pg/L) for HCBD in samples with detectable levelsis used to
edimate intake from drinking water. The exposure estimate for an average individua is determined by
multiplying the drinking water concentration by daily water intake (2 liters/'day) and dividing by average
adult body weight (70 kg). The estimated exposure to HCBD from drinking water for an average
person is 8.6 x 10° mg/kg-day. For children, assuming adaily water intake of 1 liter/day and body
weight of 10 kg, the exposure estimate is 3.0 x 10° mg/kg-day.

The estimated food:drinking water exposure ratio is 0.02 for an adult and 0.008 for achild. The
estimated air:drinking water exposure is 14 for an adult and 21 for achild. Collectively, these data
indicate that intake from drinking water islow when compared to intake from air, though when
compared to possible intake from food.

4.4 Senstive Populations

The primary target organ for HCBD isthe kidney. Exigting nephropathy or age-reated kidney
degeneration has been observed to increase the risk of rend injury in humans. Therefore, sendtive
populations for HCBD exposure may include people with pre-exigting kidney or liver damage, or the
elderly. Furthermore, dthough it is unlikely that human newborns would be acutely exposed to
ggnificant doses of HCBD, acute exposures for young rats and mice have shown to cause toxicity at
lower doses than for adults (Hook et al., 1983; Lock et al., 1984).
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Cdculation of medium-specific exposure ratios indicates that HCBD intake from air is about 14 —
20 fold greater than intake from water. Asaresult, regulation of HCBD in drinking water may not
ggnificantly reduce the risk to adverse effects from HCBD for sendtive populations.
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4.5 Exposureand Risk Information

Approximately 2 —5 million people are served by systems with detections of HCBD. When
average daily intakes from drinking water are compared with intakes from air, drinking water accounts
for areatively smal proportion of total HCBD intake. Rdative intake rates from food may be higher,
while intakes from soil are unknown. On the badi's of these observations, the impact of regulating
HCBD concentrations in drinking weater on heslth risk reduction islikely to be small.

Nationd population estimates for HCBD exposure were derived usng summary satistics for Round
1 and Round 2 PWS cross-sectiona data and population data from the Water Industry Baseline
Handbook (USEPA, 2000e). An estimated 1.9 to 5 million people are served by public water
supplies that have detected HCBD. Of this population, approximately 1.2 million people could be
exposed to over one-hdf of the hedth reference level (HRL), based on data from Round 1 sampling,
while about 5 million people could be exposed at one-half the HRL, based on Round 2 sampling.
Based on the data from Round 1 sampling, about 781,000 individuals were exposed to concentrations
at or above the HRL. Based on Round 2 sampling results, an estimated 10,000 persons could be
exposed at or abovethe HRL. The Round 2 based estimate is probably a better estimate of possible
exposure since the database is more recent, and more representative of the cross-section population
served by ground water.

4.6 Conclusion

In concluson, while there is evidence that HCBD may have adverse hedth effectsin animds a
moderate-to-high doses, available data on human subjects are limited and ambiguous. Nevertheless,
using a conservative hedth reference levd, nationd exposure dataindicate that it is unlikely that HCBD
will occur at frequencies that are of public hedth concern. It is therefore unlikely that regulation
represents a meaningful opportunity for health risk reduction in persons served by public water systems.
All CCL regulatory determinations and further andlysis are formaly presented in the Federal Register
Notices (USEPA, 2002g; 67 FR 38222; and USEPA, 2003a; 68 FR 42898).

5.0 TECHNOLOGY ASSESSMENT

If adetermination has been made to regulate a contaminant, SDWA requires development of
proposed regulations within 2 years of making the decison. It iscriticd to have suitable monitoring
methods and trestment technologies to support regulation development according to the schedules
defined in the SDWA.

5.1 Analytical Methods
The avallahility 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
edtablishes aMaximum Contaminant Level (MCL), there must be an andyticd method suitable for
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routine monitoring. Therefore, EPA needs to have gpproved methods available for any CCL regulatory
determination contaminant beforeit is regulated with an NPDWR. These methods must be suitable for
compliance monitoring and should be cost effective, rapid, and easy to use.

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

For hexachlorobutediene, there are two andyticd methods available. EPA Method 524.2 isawdll
established, and sengtive, purge and trap gas chromatographic mass spectrometry (MS) method with a
detection limit of 0.11 pg/L. EPA Method 502.2, a purge and trap method using conventiond gas
chromatography detectors (PID and ELCD in series), has a method detection limit (MDL) of 0.06

HOL.

5.2 Treatment Technology

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

Granular activated carbon trestment removes contaminants viathe physica and chemical process of
sorption, by which the contaminants attach to the carbon surface as water passes through the carbon
bed. Activated carbon has alarge sorption capacity for many water impuritiesincluding synthetic
organic contaminants, taste and odor causing compounds, and some species of mercury (USEPA,
1998a). Adsorption capacity istypicaly represented by the Freundlich isotherm congtants, with higher
Freundlich K vaues indicating grester sorption potentia.

Air dripping involves the continuous contact of ar with the water being treated, dlowing volatile
dissolved contaminants to transfer from the source water to the air. After contact, the “ contaminated
ar’ isswept from the system, taking the contaminant out of contact with the treated water. The driving
force for the water-to-air transfer of the volatile contaminants is the contaminant’ s concentration
gradient between the water and air. The Henry's Law congtant is a commonly used indicator of the
tendency of a contaminant to partition from water to air. A larger Henry’ s constant indicates a greater
equilibrium of the contaminant in the air. Thus, contaminants having larger Henry’ s congtants are more
easily removed by air Stripping.

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

Hexachlorobutadiene has a predicted Freundlich (K) value of 154,000 and a predicted Henry’s
Law congtant of 1.1. Therefore, both GAC and air stripping are applicable trestment technologies.

6.0 SUMMARY AND CONCLUSIONS- DETERMINATION OUTCOME

Three statutory criteria are used to guide the determination of whether regulation of a CCL
contaminant is warranted: 1) the contaminant may adversdy affect the hedth of persons; 2) the
contaminant is known or islikely to occur in public water sysems with a frequency, and at levels, of
public hedth concern; and 3) regulation of the contaminant presents a meaningful opportunity for hedth
risk reduction for persons served by public water syslems. As required by SDWA, adecision to
regulate a contaminant commits the EPA to propose a Maximum Contaminant Level God (MCLG)
and promulgate a Nationa Primary Drinking Water Regulation (NPDWR) for the contaminant. A
decison not to regulate a contaminant is considered afina Agency action and is subject to judicia
review. The Agency can choose to publish a Hedlth Advisory (a nonregulatory action) or other
guidance for any contaminant on the CCL that does not meet the criteria for regulation.

While available toxicologica dataindicate that HCBD has the potentid to cause adverse hedth
effects in animals, data on human hedlth effects are limited to afew studies of occupationa exposure to
HCBD. Data collected from inhalation exposure are often confounded by smultaneous exposures to
other chemicalsin an occupationd setting. Such equivoca data has made it difficult establish a
relationship between HCBD exposure and toxic/cytogenetic effects in human.

Evidence indicates that renal damage may be caused by acute, subchronic, or chronic HCBD ord
exposuresin rodents. A few anima studies have also reported liver effects and neurotoxicity. Review
of anima dose-response data suggests that subchronic and chronic LOAEL vaues for HCBD toxicity
are generaly at 2 mg/kg-day and above. The EPA has classfied HCBD as a Group C, possible
human carcinogen (USEPA, 1986) and set the reference dose for HCBD at 2 x 10* mg/kg-day
(19983).

HCBD in the United States is generated as a waste by-product from the chlorination of
hydrocarbons. Monitoring data indicate that HCBD is infrequently detected in public water supplies,
however, when it is detected, HCBD rarely exceedsthe HRL or avaue of one-hdf theHRL. The
physiochemica properties of the contaminant and the available data for environmenta fate indicate that
HCBD in surface water is likely to be rapidly degraded by biotic and abiotic process, dthough it has
the potentid for bioaccumulation.

USGS NAWQA studies to date have not reported detections of HCBD in ambient water, although
HCBD has been reported through the Toxic Release Inventory. The contaminant has also been
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detected at avery low percentage of ATSDR HazDat and CERCLA NPL sites. Detection of HCBD
in PWS samples collected under SDWA indicate low occurrence estimates for Round 1 and Round 2
monitoring, with only 0.13% and 0.05%, respectively, of dl samples showing detections. Significantly,
the values for the 99" percentile and median concentrations of al samples are less than the Minimum
Reporting Leve. For Round 1 samples with detections, the median concentration is 0.25 pg/L and the
99" percentile concentration is 10 pg/L. Median and 99" percentile concentrations for Round 2
detections are 0.30 pg/L and 1.5 pg/L, respectively. Systems with detections only constitute 0.4% of
Round 1 systems and 0.2% for Round 2. Nationa estimates for the population served by PWSs with
detections are dso low, especidly for detections greater than the Health Reference Leve of 0.9 pg/L.
For both rounds, the estimates are less than 0.5% of the nationa PW'S population.

Approximately 2-5 million people are served by systems with detections of HCBD. When average
dally intakes from drinking water are compared with intakes from air, drinking water accounts for a
relatively smal proportion of total HCBD intake. Relative intake rates from food may be higher, while
intakes from soil are unknown.

EPA congders exposure to both the generd population and sengtive populations, including the
fetus, infant, and children , in making its regulatory determination. Existing nephropathy or age-rdated
kidney degeneration has been observed to increase the risk of rend injury in humans. Therefore,
sengtive populations for HCBD exposure may include people with pre-existing kidney or liver damage,
or the dderly. An extrafactor of ten isincluded in the hedlth reference leve to add protection for
sengitive subpopulations.

In conclusion, while there is evidence that HCBD is cgpable of causing adverse hedth effectsin
humans, it is unlikely to occur with afrequency, or a levels, of public health concern. Monitoring data
indicate that hexachlorobutadiene is infrequently detected in public water supplies, when HCBD is
detected, it very rarely exceeds the HRL or avalue of one-half the HRL. Therefore regulation of
hexachlorobutadiene is unlikely to represent a meaningful opportunity for health risk reduction. All CCL
regulatory determinations and further analysis are formaly presented in the Federal Register Notices
(USEPA, 2002a; 67 FR 38222; and USEPA, 2003a; 68 FR 42898).
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APPENDIX A: Abbreviationsand Acronyms

ACGIH - American Conference of Governmentd Industrid Hygienists
ATSDR - Agency for Toxic Substances and Disease Regisiry
CAS - Chemica Abstract Service

CCL - Contaminant Candidate List

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

CWS - community water system

DBCP - dibromochloropropane

ELCD - electrolytic conductivity detector

EPA - Environmenta Protection Agency

EPCRA - Emergency Planning and Community Right-to-Know Act
FR - federd regigter

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

g/moal - grams per mole

GW - ground water

HA - Hedlth Advisory

HAL - Hedth Advisory leve

HCBD - hexachlorobutadiene

HRL - Hedlth Reference Leve

10C - inorganic compound

IRIS - Integrated Risk Information System

LOAEL - lowest observed adverse effect leve

MCL - maximum contaminant leve

MCLG - maximum contaminant level god

MDL - method detection limit

mg/L - milligrams per liter

MRL - minimum reporting level

MS - mass spectrometry (alaboratory method)

MTD - maximum tolerated dose

NAWQA - National Water Quality Assessment Program

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

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

NOAEL - no-observed adverse effect level

NPDWR - Nationd Primary Drinking Water Regulation

NPL - Nationd PrioritiesList

NPS - National Pesticide Survey

NTNCWS - non-transient non-community water system

OGWDW - Office of Ground Water and Drinking Water
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ORD
PGWD
PID
ppm
PWS
RCRA
RfD
SARA
SDWA
SDWIS
SDWIS/FED
SOC
Sw
TRI
UCM
UCMR
URCIS
USEPA
USGS
VOC
HoL
Hokg
>MCL
>MRL

- Office of Research and Development

- Pesticides in Ground Water Database

- photoionization detector

- part per million

- public water system

- Resource Conservation and Recovery Act

- Reference Dose

- Superfund Amendments and Reauthorization Act
- Safe Drinking Water Act

- Safe Drinking Water Information System

- Federd Safe Drinking Water Information System
- gynthetic organic compound

- surface water

- Toxic Release Inventory

- Unregulated Contaminant Monitoring

- Unregulated Contaminant Monitoring Regulation/Rule
- Unregulated Contaminant Monitoring Information System
- United States Environmenta Protection Agency

- United States Geologicd Survey

- volatile organic compound

- micrograms per liter

- micrograms per kilogram

- percentage of systems with exceedances

- percentage of systems with detections



