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ENVIRONMENTAL PROTECTION ADDRESSES: Send written comments to SUPPLEMENTARY INFORMATION:
AGENCY Comment Clerk, Criteria and Standards

40 CFR Part 141
1OW-FRL-2514-3]
National Primary Drinking Water

Regulations; Volatile Synthetic
Organic Chemicals

AGENCY: Fnvironmenial Protection
Agency (EPA).

ACTION: Proposed rulemaking.

SUMMARY: This proposed rule under the
Safe Drinking Water Act (42 U.S.C. 300f
et seq.) establishes Recommended
Maximum Contaminant Levels [RMCLs)
for the following volatile synthetic
organic chemicals (VOCs) in drinking
water: trichloroethylene,
tetrachloroethylene, carbon
tetrachloride. 1,1,1-trichloroethane, vinyl
chloride, 1.2-dichloroethane,

benzene, 1.1-dichloroethylene, and p-
dichlorabenene. RMCLs (goals) for non-
carcinogens are proposed based upon
chronic toxicity data. and RMCLs
{gouls) for carcinogens are proposed at
the zero fevel. VOCs that are not
included in this proposal may be
considered for subsequent rulemaking
as appropriate.

RMCLs are non-enforceable heaith
goals which are to be set at levels which
would result in no known or anticipated
adverse health effects with an adequate
margin of safety. This proposal is the
initial stage in rulemaking for the

establishment of primary drinking water”

regulations for the VOCs. Following this
proposal, Maximum Contaminant Levels
{MCLs) and monitoring/reporting
requirements will be proposed when the
RMCLs are promulgated. MCLs are
enforceable standords and are to be set
as close to the RMCLs as is feasible and
are based upon health, treatment
technologies, cost and other factors.
Public comments are solicited on the
approach to setting RMCLs as proposed
in this notice as well as on the
alternatives presented. Specifically,
comments arc requested on the
following: Should the RMCLs for
carcinogens be zero or a level of
axposure considered to constitute a
negligible incremental lifetime risk. say
one in one million, based upon a
conservative risk estimate calculation
procedure; or should the RMCLs for
carcinogens be established at the limits
of analytical detection?
DATES: Written comments should be
submitted by September 10, 1984. A
public hearing will be held in
Washington, 12.C. on August 6 and 7.
1984, if needed beginning at 9:00 a.m..
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Division, Office of Drinking Water
{(WH-550], Environumental Protection
Agency, 401 M Street, S.W.,
Washington, D.C. 20460. A copy of the
comments and supporting documents
will be available for review during
normal business hours at the EPA Room
55EB, 401 M Street, S.W., Washington.
B.C. 20460. The public hearing will be
held in Room 3906, EPA, 401 M. St. S.W.,
Washington, D.C. It is requested that
anyone planning o altend the public
hearing {especially those who plan to
make statements) register in advance by
cailing or writing Ms. Arnetta Davis at
202/382-7575, EPA, WH-550, 401 M St.,
S.W.. Washington, D.C. 20460. Persons
planning to make statements at the
hearings are encouraged to submit
written copies of their remarks at the
time of the hearing.

References cited on section VI will be

avai i ion at the Dri
available for inspection at the Drin

Water Supply Branches of EPA's

Regional Offices.

1. JFK Federal Bldg., Boston, MA 02203,
Phone: (617) 223-6486, Jerome Healy

11. 26 Federal Plaza, Room 824, New
York. NY 10278, Phone: (212) 264-1800,
Walter Andrews

[II. 6th & Walnut Sts., Philadelphia, PA
19106, Phone: (215) 597-9873, Bernie
Sarnowski

V. 345 Courtland Street, Atlanta, GA
30365, Phone: (404) 881-3781, Robert
Jourdan

V. 230 S. Dearborn St., Chicago, 1L 60604,
Phone: (312} 886-6176, Joseph
Harrison

VI. 1201 Elm St., Dallas, TX 75270,
Phone: (214} 767-2620, James Graham

VIL. 324 East 11th St., Kansas City, MO
64106, Phone: {816) 374-6514, Gerald
R. Foree

VIIL 1880 Lincoln St., Denver, CO 80295,
Phone: (303) 837-2731, Dean Chaussee

IX. 215 Fremont St., San Francisco, CA
94105, Phone: {415) 974-8076, Leslie
Ragle

X. 1200 Sixth Ave.. Seattle, WA 98101,
Phone: (206) 442~1225, Jerry Opatz
Copies of the nine draft health criteria

documents will be available for a fee

from the National Technical Information

Service, U.S. Department of Commerce,

5285 Port Royal Road, Springfield,

Virginia 22161. The toll free number is

800/336-4700; local: 703/487-4650.

FOR FURTHER IMFORMATION CONTACT:

Contact Joseph A. Cotruvo, Ph. D,

Director, Criteria and Standards

Division, Office of Drinking Water

{WEH-550). Environmental Protection

Agency. 401 M Street, SW.,

Washington. D.C. 20460. telephone (202}

382-7575.
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I. Statutory Requirements
. Regulatory Framework
(L. Background and Summurry of Comments
V. VQCs in Drinking Water
¢ Qccurrence of VOCs in Urinking Water
¢ Human tealth Consideratians
—Development of RMCLs for Nou-

opment o
Carcinogens
—Toxicology of VOCs

V. RMCL Development Rationale

* VOCs: Regulatory Approach
+ Regulations for Which VOCs
* RMCLs: Regulatory Approiich

V1. Other Considerations for Public Comment

VIL References

VIIL Request for Comments

1. Statutory Requirements

The Safe Drinking Water Act (42 USC
3001, et seq.) ("SDWA" or “lhe Acl”)
requires the EPA to establish primary
drinking water regulations which: (1)
Apply to public water systems; (2)
specify contaminants which in the
judgment of the Administrator, may
have any adverse effect on the health of
persons; (3) specify for each
contaminant either (a) maximum
contaminant levels {MCLs) or (b)
treatment techniques. See section
1401(1), 42 U.S.C. 300f. A treatment
technique requirement would only be set
if “it is not economically or
technologically feasible” to ascertain
the level of a contaminant in drinking
water.

The SDWA includes provisions for
interim and revised regulations. See
section 1412, 42 U.S.C. 300g~1. Interim
regulations were to be established
within 180 days of enactment of the
SDWA. Revised regulations are to be
developed in two steps: the Agency is to
establish recommended maximum
contaminant levels (RMCLs) and then
establish maximum contaminant levels
{MCLs) as close to the RMCLs as
feasible. MCLs are to be proposed at the
time of promulgation of the RMCLs.
AMCLs are non-enforceable health
goals. RMCLs are to be set at a level
which, in the Administrator's judgment,
“no known or anticipated adverse
effects on the health of persons occur
and which allows an adequate margin of
safety”. Section 1412{b){1){B). The
House Report on the 1974 legislation
provides congressional guidance on
developing RMCls:

. hos

the recommended maximum
{contaminant] level must be set to prevent
the vccurrence of any known or anticipated
adverse effect. It must include an adequate
margin of safety, unless there is no safe
threshold for a contaminan

ucl Kopsce.
the recommended maximu !

level should be set at zero level.
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House Report No. 83-1183, fuly 10, 1674,
at 20,

MClLs vee the eaforceabls standards.
MCLs must be set as close to RMCLs as
is feasible. Feasible means “with the use
of the best technology. treatment
techniques und other means. which the
Administrator finds are generally
available (taking costs into
consideration).” Section 1412(b}(3).

RMCLs of themselves have no impact
on public water systems or the public.
By promulgating RMCLs, no system is
forced to reduce contaminants to this
level or to tuke other action regarding
contaminants. RMCLs serve as goals for
the Agency in the course of setting
MCLs and are therefore initial steps in
the MCL rulemaking that will follow. In
come cases, the MCLs will be set very
close to the RMCLs: in other cases
control processes or economic
considerations may dictate an MCL that
is not as close. Public water systems
must comply with the MCL: non-
compliunce with an RMCL cannot be the
basis of an enforcement action under
section 1414 of the Safe Drinking Water
Act.

In addition. the SDWA specifies that
primary drinking water regulations
contain criteria and procedures to
assure a supply of water that complies
with the MCLs {i.e.. monitoring and
reporting requiraments]. Section
1401(1}{D). Section 1445(a) authorizes
EPA to require by regulation any public
water supplier to keep records, make
reports. conduct monitoring and provide
such other information as may be
required to assist in determining
complianee with the SDWALin
evaluating health risks of unregulated
contaminants, or in advising the public
of such health risks.

The SDWA also requires that the
revised primary drinking water
regulations be reviewed every three
vears and amended whenever changes
in technology, treatment techniques or
other factors permit greater health
protection.

[n addition to the regulatory
mandates, the SDWA provides
authorities for ensuring the safely of the
nation’s drinking water in a non-
regulatory contest. Section 1442(a)(2)(B)
authorizes EPA to provide technical
assistance to States and publicly owned
water systems in response to and
alleviation of anv emergency situation
which the Administrator determines to
be a substantial danger to public health.
In the absence of appropriate State or
local action, section 1431 authorizes
EPA to take such actions as the
administrator deems necessary o
protect public health from a
contaminant that may present an
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imminen! and substantial endangerment
to the health of persons.

1. Regulatory Framework

The issuance of Revised Primary
Drinking Water Regulations is the third
step in the evolution of the primary

g water regulations mandated
the SODWA.

In the first step, the National Interim
Primary Drinking Water Regulations
{NIPDWR] were promulgated on
December 24, 1975, with an effective
date of June 24, 1977. Amendments werg
issued in 1976, and 1979 and 1980. See 40
CFR 141. Maximum contaminant levels
[MCLs) and monitoring and reporting
requirements were set for numerous
microbiological, inorganic, organic, and
radionuclide contaminants (40 CFR, Part
141, Subpart B). At the direction of the
Congress, EPA based the NIPDWR in
large part on the 1862 U.S. Public Health
Service {PHS) Standards for drinking
water which in turn were derived from
previous standards dating as far back as
1915 for the microbiological standards
and the 1940's for the MCLs for some of
the ingrganic chemcials.

As the second step, section 1412{e) of
the SDWA directed EPA to arrange for
the National Academy of Sciences
(NAS]) or an equivalent organization to
conduct a study to assess the health
effects of contaminants in drinking
water and to provide proposals for
RMCLs at levels at which there were
“no known or anticipated effects on the
health of persons * * *.,” and a list of
contaminants whose levels in drinking
water cannot be determined but which
may have an adverse effect on the
health of persons. The NAS submitted
its initial report, “Drinking Water and
Health,” to EPA in 1977 which was
published in the Federal Register {or
public comment; four additional reports
have been received. While Congress
envisioned that the NAS would provide
proposals for RMCLs in the report, the
NAS stated essentially that it would do
toxicological assessments of
contaminants in drinking water but that
developing proposals for RMCLs was
not an NAS responsibility but an EPA
regulatory function. In the words of the
Academy, “determining safe levels to
protect the health of persons’ drinking
water containing contaminants requires
consideration of other factors in
addition to the harmful properties of the
contaminants” {John S. Coleman,
Executive Officer, NAS, Feb. 20, 1975).
The NAS reports have provided EPA
with toxicological assessments of
contaminants in drinking water and
based upon this information and data
from other scientific sources, EPA is
developing the RMClLs.

As the third step. section 1412{b){1){B)
provided that EPA must propose and
promulgate National Revised Primary
Drinking Water Regulations (NPDWR)
that would include RMCLs, MCLs and
monitoring and reporting requirements
for those contaminants that may hive
an adverse effect on human health.

Regulatory Development Approach

Development of the NPDWR will be
accomplished in four phases:

* Phase [ Volatile Synthetic Organic
Chemicals,

¢ Phase Il Synthetic Organic
Chemicals, Inorganic Chemicals and

- Microbiclogical Contaminants,

* Phase III Radionuclides,

+ Phase IV Disinfectant By-Products
including Trihalomethanes.

In general the approach for all four
phases will be similar.

* Initially an ANPRM will be
published followed by a comment period
and a public meeting. Public technical
workshops will also be held. The
workshops provide an opportunity for
EPA to present the issues that must be
addressed in development of the
regulations and to receive information
on scientific and technical matters as
well as receive comments on regulatory
approaches.

¢ RMCLs will then be proposed
followed by a public comment period
and a public hearing(s).

* RMCLs will then be promulgated
and praposals published for MCLs or
treatment techniques, monitoring and
reporting, and other requirements
followed by a public comment period
and a public hearing(s). Technologies
will be identified that were used as the
basis of determining the MCLs; in
addition, generally available treatment
technologies (GAT) will be identified for
use in compliance with the MCLs and
the issuance of variances.

* The MCLs or treatment techniques,
monitoring and reporting, and other
requirements including GAT will then
be promulgated.

An ANPRM for Phase I (VCCs) was
issued on March 4, 1982 (47 FR 9350, et
seq.). and a public meeting was held in
Washington, D.C., on April 28. 1982. In
addition. four public technical
workshops were conducted across the
country {June-August 1982) on volatile
synthetic organic chemicals (VOCs) in
drinking water.

I1I. Background and Summary of
Comments

The ANPRM identified the ¥ ©Cs
listed below as amo 5 st
commonly detected ithdrinking water

bascd upon data available at that time
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trichloroethylene
tetrachloroethylene
curben tetrachloride
1.1.1-trichloroethane
1.2-dichloroethane
viny! chloride
dichloromethane
benzene

chlorobenzene
dichlorobenzene
trichlorobenzene
1.1-dichloroethylene
cis-1.2-dichloroethylene
trans-1.2-dichloroethylene

The purpose of the ANPRM was to
solicit comments on the many scientific,
technical, legal and economic questions
associuted with determining the proper
approach under the Safe Drinking Water
Act (SDWA) to limit human exposure to
VOCs.

The ANPRM was published to initiate
discussions that would assist the
Agency in determining the proper
approach under the SDWA for
minimizing human exposure to VOCs.
The public was invited to comment on
the following broad issues:

» What is the significance of
contamination of drinking water by
VOCs?

» Should national standards be set for
VOCs?

« If standards are appropriate, how
should levels be established?

In addition to the above broad
questions, comments were requested on
specific technical and scientitic
questions. Also. available reference
materials on occurrence, health effects,
analytical methods. and treatment costs
of VOCs in drinking water were
provided for technical and scieatific
review.

Summasy of Public Comments

A total of 136 public written
comments were received with the
comment period ending on September
30. 1982.

The National Drinking Water
Advisory Council (NDWAC) met in
Washington, D.C.. on September 23-24,
1982, to discuss the VOC ANPRM and
its related issues. The NDWAC provided
its recommendations to the
Administrator'in a letter dated January
5.1983.

Public comments pertinent ta this
proposal are summarized in this section
and in Appendix A. Comments pertinent
to proposal of the MCLs and
monitoring/reporting requirements will
be summarized in that proposal. The
public wotkshops conclusions and
recommendations and the NDWAC
recommendations are briefly
summarized below. As representative of
comments received by drinking water
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industry associations and public interest
groups, comments submitted by the
American Water Works Association
and Nalural Resources Defense Council
{NRDC]), respectively, are plso
summarized.

Summary of Coinments From Public
Workshops

Overall, it was concluded that
contamination by VOCs is a nalional
problem warranting action. There was
sentiment in favor of establishing MCLs
and some sort of monitoring program,
provided the health effects data are
valid and indicate the need to reduce
human exposure.

The health effects work groups
believed that there are sufficient data to
cause concern. Three groups suggested
that MCLs be set. However, every group
qualified its recommendation by saying,
variously, that the data are limited, more
studies are needed, and that the
difference between genotoxic and non-
genotoxic carcinogens should be
addressed by EPA.

Aeration and granular activated
carbon were identified as generally
available technologies, effective in
reducing VOC levels to 10 pg/l
(micrograms per liter or parts per billion
{ppb)) or lower. Cost projections
presented by EPA were considered to be
reasonable but they should be updated.

The proposed analytical methods
were found to be suitably accurate and
the best available at this time.

Concerning monitoring, the consensus
seemed to be that EPA should provide
minimum requirements within which
States could develop their own
monitoring plans, if data show that VOC
contamination can be adequately
predicted. EPA would provide criteria
and guidance to assist States in
predicting which systems were
vulnerable to contamination by VOCs
and thus be monitored.

American Water Works Association
(AWWA)

The AWWA recommended that
contaminants be controlled at their
source through EPA’s existing statutory
authorities. They believed MCLs are not
appropriate at this time, since “safe"
levels of VOCs cannot be determined
from existing health-effects data.
However, when the health effects data
have been evaluated by a recognized
independent scientific organization {i.e.,
National Academy of Sciences (NAS)),
the AWWA felt that MCLs should be
established if a significant health risk
exists.

In the interim, AWWA recommended
that national monitoring for specific
compound identification should be

implemented for all water supplies.
preferably using the purge and trap
procedure {EPA Method 502.1 or
equivalent), but requirements for
systems serving less than 10,000 people
would be at the discretion of the State.
The initial monitaring frequency should
be similar to the trihalomethane (THM)
rule. In addition, guidance in the form of
contamination levels, and action
categories for five of the VOCs (i.c.,
vinyl chloride, trichloroethylene.
tetrachloroethylene, carbon
tetrachloride, 1.2-dichloroethane)
should be established for all water
supplies.

Natural Resources Defense Council
(NRDC)

The NRDC recommended
comprehensive national standards for
volatile organic chemicals (VCCs)
saying that the occurrence and health
effects data show a significant national
problem that warrants action under the
SDWA. NRDC stated the EPA should
establish RMCLs and MCLs for the 14
VOCs addressed in the ANPRM as well
as an RMCL and MCL for total VOCs
supported by mandatory national
monitoring requirements. Other -
comments by NRDC included:

* Recommended Maximum
Contaminant Levels (RMCLs} should be
set at zero for carcinogens. RMCLSs for
non-carcinogens may be set at a no-
observed-effect-level with an adequate
margin of safety because RMCLs are
health goals and are not intended to
reflect feasibility of attainment.

« The multi-stage model as modified
by the Carcinogen Assessment Group
(CAG]) should not be used in
establishing RMCLs for carcinogens.
Mathematical models at best provide
crude estimates of the risks resulting
from exposure to a carcinogen. ’

» Calculations of exposure levels
corresponding to lifetime cancer risks of
107¢ should provide the upper limit for
MCLs. That is, contaminant levels
should be set at concentrations
corresponding to lifetime cancer risks of
no greater than 107¢. MCLs for non-
carcinogens should be set at
correspondingly conservative levels.

NDWAC Recommendations

The National Drinking Water
Advisory Council (NDWAC) provided
the following recommendations and
analyses.

1. The occurrence data derived
primarily from the random surveys

conducted by EPA s d data
produced by the S@ i junction
with the health risR®ata, Warrant

establishing controls for 5 of the VOCs
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found in drinking water. These are:
trichloroethy lone, tetrachloroethylene,
carbon tetr.: aloride, 1.2-dichloroethane
and 1,1.1~lrcnloroethane.

2. Regulations under the Safe Drinking
Water Act should be established for
those 5 chemucals at this time.
Additional data would be needed before
a decision could be wude on other
volatile organics found in drinking
water. Health advisory type guidance
should be provided for these compounds
in licu of establishing MCLs.

3. Sufficivnt animal toxicology does
exist at thi- ime for establishing RMCLs
for those 5 chemicals noted in 1. above.
Quantitati+» risk calculations using a
linearized multi-stage model should be
used for establishing RMCLs for the
carcinogens. A 1 in 100,000 target risk is
recommended as the RMCL. For 1,1,1-
trichloroethane, which the current data
indicate is not carcinogenic, the RMCL
should be calculated from the No
Observed Effect Level (NOEL) for
neurotoxicity with appropriate safety
factors.

4. The analytical methodology for
detecting and quantitating VOCs is well
established (i.e.. EPA Method 502.1
using the Purge and Trap technique and
similar procedures). No information was
provided to the Council on the
availability of laboratory services;
however, it is assumed that services
would be available to meet ultimate
demand. The Council believes that
monitoring is technically and
economically feasible.

5. Sufficient data exists at this time to
determine that granular activated
carbon and aeration are “generally
available technologies” for central
treatment application. Appropriately
designed point of use devices, when
shown to be effective for VOC control,
can also be considered for some small
waler systems if they are cost/effective
and properly managed.

IV. Volatile Synthetic Organic
Chemicals in Drinking Water

Flundreds of chemicals have been
detected at one time or another in
drinking water in the U.S., but the vast
majo v have been detected
infre rently and at very low
cont irations. Selection of candidate
chem als for revised national primary
drinking water regulations is made from
an analysis of data on the occurrence
frequency. concentrations detected, size
of the exposed populations and the
toxicology of the chemicals. This section
brieflv summarizes the available
occurrence data. provides an overview
of population exposure estimates, and
discusses the health effects data for the
VOCs. Additional information can be
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Farag rev, 10-12.83

o

found in the references listed in section
Vil

Occurrence of VOCs in Drinking Water

One or more VOC: have been
detected in numerous public water
systems across the countyy. Typically.
contamination is at low levels (i.e., less
than 1 part per billion, pg/1) but some
systems have found higher levels. The
VOCs are man-made chemicals, their
presence may indicate that a pollution-
incident has occurred, and some of them
are among the most frequently detected
contaminants around hazardous waste
sites. Several of these chemicals are
suspected carcinogens, with differing
degrees of evidence, while certain of
these are mutagens and/or teratogens in
some test systems.

In 1982, EPA conducted a national
sampling {Ground Water Supply Survey
{GWSS)) of almost 1000 drinking water
systems using ground water; 500 were
selected at random and 500 were
selected by the States as having high
potential for VOC contamination (non-
random). Table 1 presents results of the
random portion of the GWSS.
Approximately 21 percent of the
systems in the random set had one or
more of the VOCs at detectable levels
(mostly in the sub ug/l range). The data
showed a distinct difference in the
frequency ol occurrence of VOCs
between larger and smaller systems;
approximately 28 percent of samples in
systems serving over 10,000 detected
one or more VOCs in the drinking water
whereas 17 percent of samples in
systems serving less than 10,000
detected VQCs. Six tenths percent of all
public water systems serving less than
10,000 were sampled in the survey
whereas 15 percent of systems greater
than 10,000 were sampled.

Six national surveys have been
conducted by EPA since 1975. These
include:

» National Organics Reconnaissance
Survey (NORS)

¢ National Organics Monitoring
Survey (NOMS)

» National Screening Program for
Organics in Drinking Water (NSP)

* Community Water Supply Survey
{CWSS)

* Rural Water Survey (RWS)

* Ground Water Supply Survey
{GWSS)

Based upon the above six surveys,
projections of national occurrence and
human exposure potential for the VOCs
are summarized in Table 2 for levels
associated with various risk rates.
These surveys were conducled for
various purposes over an eight year
period which saw a rapidly developing
state-of-the-art in water analytical
methods. Different analytical procedures
were used and, consequently, some
surveys were able to detect and
measure particular VOCs at lower
concentrations than other surveys were
able to do. The most significant portion
of the data base on VOCs, however, is
derived from the Ground Water Supply
Survey and the Community Water
Supply Survey.

In combining the survey data, the
national projections of the frequency of
occurrence of VOCs at various
concentrations can be provided only for
those concentrations at or above the
level at which all of the surveys were
capable of detecting and measuring
them. This level, referred to as the
lowest common quantifiable
concentration, is generally the highest
detection limit or minimum quantifiable
concentration from among the surveys
that are combined. Table 2 shows the
estimated frequency of occurrence of the
VOCs at or above the lowest common
quantifiable concentration. Individual
surveys using detection limits or
minimum quantifiable concentrations
less than the lowest common
quantifiable concentration may report a
higher frequency of oceurrence of some
VOCs. For example, according to Table
2, 3.6% of the nation's ground water
supplies are projected to have
trichloroethlyene at or above the lowest
common quantifiable concentration of
0.5 ug/l. whereas the GWSS (random
sample}, using a minimum quantifiable
nominal concentration of 0.2 ug/l,
reported trichloroethylene to be present
in 6.4% of the supplies sampled {Table
1). (Note: The GWSS random sample
was found to have 4.1% at or above 0.5

ng/l)

TABLE 1.—Summary of GWSS Cccurrence Data

[Random sample: n= 468}

Parameter

Quantifi-
cation
it pg b

Positives Median of
No. TPercht crgl

Max ugt

Tetrachioroethylena .. ...
Trchloroethylene.... ..
1,1.1-Tachloroethane .
1.1-Dichiorgethane.. .. NN
1.2-Dichloroethylenes {cis and/or wans).
Carbon tatrachionde ... ...

34

7.3
: G
27} ]
! 3.9
i 3.4
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TaBLE 1.—Summary of GWSS Occurrence Data—Continued Estimating the occurrence of VOCs as
(Random sample: = 4661 a class in public water supplies is
R difficult because not all of the six
. Median of surveys looked for all the listed VOCs
Cval and because the detection limits or
minimum quantifiable concentrations
for specific VOCs varied from one

' Quantte fositives
Parameter cation v m e e s
It Qi No Percent

Max pai

1, 1-Dichlorocthylene ... .. ...
m-Xylene ... ... .. L.

0- »p-Xylene

Toluene..... ... ... S
1,2-Dichloropropane..... ... ... ...
p-Dichiorabenzona .. .
Bromobenzene

Ethyibenzens

Benzene.... ...

1, 2-Dichlorcethan

Viny! chionde. .

1, 2-Oibrome-3-chioropropans .

1. 1, 2-Trchloroethane .. . .
I, 1, 1, 2-Tetrachloreethane....... ..
1,1, 2, 2-Tetrachlorethane....,
Chiorobenzene..... ... ...
n-Propylbenzene

o-Chlorotoluene .

p-Chicrololkiene .
m-Cichlorobenzena
o-Dichlorobenzene

insight to the overall occurrence of
VOCs can be gained from analyses of
the data from the GWSS and CWSS. As
shown in Table 3. in the GWSS, 99 of
466 (21.2%) randomly selected ground
water supplies had at least one of the 29
VOCs identified in that survey. In the
CWSS, 50 of the 330 (15.2%) ground
water supplies had at lcast one of 10
VOCs identified in that survey; 14 of 106
(13.2%) surface water supplies were
found to have one or more of the VOCs
present.

Qccurrence of VOCs at levels above 5

g/l appears to be more likely in ground

water rather than surface water;
TABLE 2.—APPROXIMATE PERCENT OF GROUND WATER SYSTEMS AND SIZE OF POPULATION however the detection frequencies may

PROJECTED TO EXCEED THE NOMINAL INOICATED RISK LEVEL be similar, Virtually all persistent

W N ®w L

LR RT R RN R SN F N
LW
[ Y

n -

OO OO~ —UWLWaEaLDD®D®ED

RN T NURVRTRT R ENEN]

H
|
1
|
H

: 1 oceurrences of VOCs above 50 uef are
Drinking water l Nearest . '
R e expected to be in ground water.
water gy
! concen | parcont of However, thg frequency of sp.ecxhc
Goncer | Rusk tevel | FANOMf0r | Tepdioms VOCs oceurring above that higher level

which .
fration W ! garaare | is expected to be much less than 1%.

I avaiable : . .
P g : Table 3 also provides data on multiple
‘ occurrences of VOCs; 44 of 466 (9.4%)
chioroethylene . ey . randomly selected sites in the GWSS
: 101 i . had measurable levels of two or more
Tetrachioroethylene ... . . oo e s :g : . . 5 VOCS. Whlle 19 Of 330 (5,8%) Of the
: 10- ! i : : ground water supplies in the CWSS had
Carbontetrachlonde . . ... ... i v 10 % . &
10+ two or more present.
10
Benzena. . L FE OO 10"
1075 i
' 10
LLOChIoroethyIene . .. e e s 10°
: 10
10
1.2-0chlorocthane.. ... ... .. . et F1VAR N
10+
, 10-4
Vinyl chlende.. ... ... . 10°°
10°%
: 104
1.1 1-Trchioroethane *. . .. o e 10°%
10-® 217
1074 2170
p-Oichlorabenzene. ... .. oot e i 175

T
|
i

: H
Substance Risk level !

' Recent draft calculations by EPA’s Carcinogen Assessment Group

* Probmunary data: non carcnogenc Adjustable Acceptabie Daily \ntake (AADY) 5 1000 pgsh proposed RMCL is 200 ugh.
Not considered 1n s proposal as a carcinogen. Developing data may change this classihcation. See toxt.

"Random sample found 5 occureences all beiow this level
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Tasie 3.—Summary of Single and Multiple Occurrence of VOCs as a Class

No. ¢} contaminants

Gwss! Cwss ¢

Surface

Random water >

. Ground waiar ¢

280 )
50115 ¢
15 {5.8°y
6 (1.8%%

4(1 2%
2 {06%)

| 92(86.8%)
14(13.2%)
5 (a.7%)
1(0.9%)

1 367(78 8
L99(21.2%)
44 (9.4%)
26 (56%)
14 {30%])
8 (17%)
4 (0.9%)
2 (0 40/0,
0

* Based on analysos for 29 VOCs
* 468 supphes studied.
' Based on analysas for 10 VOCs.
* 330 supplies studied.
* 108 supphes studwad

Table 4 shows the frequency of
occurrence of supplies with total
concentrations of the 29 VOCs
examined in the GWSS (random
sample} above the indicated levels.

[n addition to the EPA nalional survey
data, numerous incidents of
contamination have been reported by
States across the country, and
contamination in some public water
wells has been in the range of 100 pg/i
to 1,000 pg/l and higher. Usually when
concentrations in that range have been
detected. corrective measures have been
rapidly taken: this could explain the
relatively small number detected in the
random surveys.

Several States. including California.
Michigan, New Yerk, and Connecticut,
have monitored comprehensively for
VOCs while others have generally

responded o incidents of
contamination. Table 5 summarizes
State data that were available to EPA.
The estimates of population exposed to
VOCs in Table 2 are based eonly on the
data from the EPA surveys; the State
data and miscellaneous information
were not included because those data
were only from a few States and
thercfore not geographically
representative. Furthermore, since much
of the State data were obtained in
response to incidents of recognized
contamination problems, these data may
not be representative of typical
conditions existing nationally. However,
while these data were not used for
computing the national projections, they
{including the GWSS non-random data)
do provide a valuable and necessary
perspective for evaluating those
projections.

TABLE 4.—CUMULATIVE OCCURRENCE OF SUPPLIES IN THE GWSS RANDOM SAMPLE WITH TOTAL
CONCENTRATION OF 29 VOC's ABOVE THE INDICATED LEVELS

»Minimum
quantfiable
concentrations

Yotal number of supphes

sampled fug!

10uqgt 50 4! 100 gt

1

Q3 {21 2 percenl) , 20 (4.3 percent} ! 12 (2.6 perceny) 2 (0.4 percent) 1 0.

TABLE 5.—SUMMARY OF STATE OCCURRENCE DATA !

Parameter

Number of |

' Number of , Number of |
i positives

i States samples | Max {ppb)

Tetachleroethylena

Tnchiproethylene | |

1.t 1. Tnchloreethane ., e e

* Z.chloroathylenes (a1 and/or trans) .
Carton tetrachionde |

dnngene L

© 2:Dichioroethane

» nvl chtonde,

17! 3636 : 628

19 4228 ; 6241 510.000
16 3.3330 ¢ 715 2250
13 1,249 | 197 | 860
15 2,646 - 368 ! 1,300
2 646 ° 4 17
15 2,628 . 177 | 2,100

9 1,793 : 126 ; 380

1.000

The State data are not a comprehensive dala base The data represent a collection of avaiable data from various State
Aenc:es, are normally i response to comtamination incidents, and are not considered o be statistically reprosentative of
natonal occurrence In addibon, not ail the data are from public water systems since private and industnal welis are included in

SN CAS05

Occurrence and Exposure Assessment

As part of the basis for determining
how to reduce human exposure to VOCs
and determine the appropriate

S-0014990 OO6TO3NTT-JUN-84-10:34:14)

Famm eev 1041281

regulatory actions. the occurrence data
on VOCs are used in two principal
areas. As input to the hefalth risk
assessment of the VOCs. an estimate is
conducted of the number of individuals

in the United States exposed to various
levels of the VOCs in drinking water
from public water supplies. information
on Dietary intake and respiratory intake
from ambient air is provided and is used
to estimate the relative contributions of
the three sources, particularly of
drinking water, to the total dose
received by individuals. While it is
recognized that some individuals may
be exposed to the VOCs from other
sources, such as occupational settings or
the use of particular consumer products,
these analyses are limited to drinking
water, food and air because these are
the major exposure routes common to
all individuals.

In addition to serving as an input to
the health assessment, the exposure
assessment supports EPA efforts to
estimate the economic impact of the
regulatory alternatives being
considered. To aid in that effort,
projections are provided to estimate the
number of public water supplies of
various water source and system size
categories likely to have VOUs present,
and the distribution of the VOCs levels
in those water supplies.

There are approximately 60,000 public
water supplies in the United States.
These sys:cms fall into two major
categories according to water source
(i.e., surface water and ground water)
and for purposes of estimating the
potential regulatory impact are divided
into eleveu size categories according to
the number of individuals served.

Probability distributions for
computing the expected number of
systems with concentrations in specified
intervals were examined and tested by
statistical significance procedures.
Ideally. separate probability
distributions should be developed for
each water soure and system size
category: however, the available data
were too limited for this. Therefore, it
was necessary to consolidate some of
the size categories to have sufficient
data for developing the probability
distribution. Specifically, for ground
water it was necessary to collapse the
data into two size categories: less than
10,000 people served and 10,000 or more
people served. For surface water, there
were insufficient data for statistical
analysis even when all size categories
were combined. The delta distribution
was found to be reasonable for the
available data and was used for
determining the probability of
contamination at various levels within
the two ground water size categories.
Fo completing the GEWimatcs
fo' ground water, it ed that

the probability distribution function

e_stalds edfor g given consolidated size
000667017
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category was directly applicable to erch
of the systems in a particular source/
size category. Concentrations of VOCs
within a given interval were calculated
as the product of the probability
associated with the interval and the
total number of systems in that source/
size category.

As noteu previously, Table 2
summarizes the estimated population
exposures at various levels of
contumination. Details of the data base
used in these projections for each of the
VOC's can be found in the occurrence
documenls referenced in section VII.

Human Health Considerations

The underlying principles used to
assess the potential health risks of
exposure to chemicals are discussed in
this section. Brief summaries of the
toxicology of each selected VOC are
also provided. A more detailed
evaluation of the health effects of the
chemicals {s given in the individual
health criteria documents referenced in
section VII

Develonment of RMCLs for Non-
carcinogens

When appropriate data are available
from human epidemiology or animal
studies. determination of the no known

S-034999 £02ON(TI-JUN-84-10:34:16)

Firm ey 10-1783

or anticipated adverse effect levels™ for
RMCL purposes for toxic agents not
considered to have carcinogenic
potential is a relatively well-accepted
procedure. "No effect” levels for chronic
or lifetime periods of exposure including
a margin of salely are referred to
commonly as ADIs or Acceptable Daily
Intakes. These ADI's are considered to
be exposure levels which would be
without significant risk to humans when
received daily over a lifetime. For non-
carcinogenic end-points of toxicity, it is
assumed that an organism can tolerate
and detoxify some amount of a toxic
agent without ill effect up to a certain
does or threshold. As the threshold is
exceeded, the extent of the response
will be a function of the dose applied
and the length of time exposed.

The intent of a toxicological analysis
performed as part of the regulatory
development process is to identify the
highest no-observed-adverse-effect-level
(NOAEL) based upon assessment of
human or animal data (usually from
animal experiments). To determine the
ADI or "no effect” level, the NOAEL is
divided by appropriate “uncertainty” or
“safety” factors. This process makes
accommodations for the extrapolation of
animal data to the human, for the
existence of weak or insufficient data

and for individual differences in human
sensitivity toxic agents, among other
factors. General guidelines were
provided by the NAS Safe Drinking
Water Committee (Drinking Water and
Health, Vol. 1) which state that an
uncertainty factor of 10 is used if there
exist valid experimental results via
ingestion in humans; an uncertainty
factor of 100 is used if there exist valid
experimental results on long-term
feeding studies on experimental
animals: and an uncertainty factor of
1000 is used if there exist inadequate
animal data. Additional factors and
variations also may be used if the
circumstances dictate it

Figure 1 illustrates a process by which
an ADI for humans is computed. Figure 1
shows the lower end of a typical
sigmoid-shaped dose-response curve as
might be generated experimentally for a
non-carcinogenic end-point of toxicity
believed to have a threshold. The solid
line represents the curve as
experimentally-determined. Point A
represents the highest NOAEL
determined during the experiment. Point
C represents the theoretical threshold
dose at or above which an adverse
effect might occur in the most sensitive
case.

CLw
0000001013
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Figure 1

Non~Carcinogenic Effect

uncertainty
factor

P /
S

5
r\A

7

///

To derive the human “no effect” level
or ADE based upon the experimentally-
derived data displayed in Figure 1, the
appropriate margin of safety (i.c.,
uncertainty factor) is applied to
establish an acceptable level of
exposure, depicted as Point B. The
objective of applying the uncertainty
factor is to make Point B fall below
Point C. Thus, Point B would represent
the ADI or “"no effect” level with a
margin of safety. It is possible that the
actual dose response curve would result

$-034999 00630 1 1-JUN-84-10:34:18)
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NOAEL

ADI or

"no effect™

(experimentally
derived)

level

Presumed threshold for
adverse effect

Another possible presumed
threshold for adverse effect

Non-threshold end point
of toxicity

in Point G, not detected in the
experiment, in which case the calculated
ADI (i.e., Point B} might not be below
the actual threshold for an adverse
effect.

There ie suggestive scientific evidence
available to postulate that thresholds do
exist for non-carcinogenic end-points of
toxicity. In the absence of irrefutable
evidence, however, it remains
theoretically possible that one or more
non-carcinogenic end-points may not
have a demanstrable threshold. The

dose-response curve for this case is
depicted as the dashed line from Point A
to the origin or Cs. C, represents the
threshold dose and the “no effect” level
in this case would thus be zero.

Table 6 summarizes the suggested
Adjusted Acceptable Daily Intakes
(AADIs) for the VOCs based upon
chronic toxicity data without
consideration of the potential
carcinogenic riffKNEh lues were not
used for develoWw r@pBsed RMCLs

0000001014
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for chemicals considered to be potential
carcinogens, but are provided to add
some perspective on the chemical’s total
toxicity including potential non-
carcinogenic end-points.

tn addition, these values may have
some practical application as guidance
on the levels at which no adverse health
effects would be expected to oceur
based upon non-carcinogenic data.
weuld be especially useful for
substances considered to be "weaak”
carcinogens. Comment is reques:~-1 on
these values.

The AADI's were calculated by:

» Determining the highest No-
Observed-Adverse Effect Level
(NOAEL), 0i the lowest observed
adverse effect level (LOAEL) in mg/kg
body weight/day.

 Dividing by appropriate safety or
uncertainty factor(s) (U.F.),

« Multiplying by the weight of an
adult (70 kg). and

*» Dividing by the amount of water
consumed by an adult per day (2 liters/
day]). (This allocates the ADI totally to
drinking water which would have to be
modified to consider other routes of
exposure when the RMCL or MCL is
computed.) The formula for this
calculation is as follows:

This

(NOAFL in mgfkg/dav) (70

@)

e =AADL mg/l
2 liters/dayv

UF(s)

TABLE 6, —SUGGFSTED ADJUSTED ACCEPTABLE
Gaiy INTAKE: VOC's

{Do2< a0l consider carcmogenicity and excludes
contrbulions from ar and foed}

Compound

AADH

Tetrachioroethylena .
Tachlorgethylene | |
Carbon tetrachionde .
1.1.1-Tnchloroethane
1.2-Dichloroethane | .
Vinyt chlonde ... .. ...
Benzene.. .
1 Dxcmoroethyleno .o
p-Oichlorobenzene. . ... ..

... 0.085 my/l
.. 026 mg/t
... 0025 mg/i

. L0 mght,

' 0.26 mg/1

... 006 mg/i

; 0.025 mg/1.
w035 mg/i
. 375 mg/i,

The calculated AADIs abo ¢ assume
that the total exposure was [rom
drinking water. Since normally exposure
also comes from air and food. in
addition to drinking water, and since
drinking water is frequently a minor
contributor to the total exposure, the
RMCL or MCL should be modified to
take into account the relative source
contributions. The World Health
Organization. in "Guidelines for
Orinking Water Quality” (1983),
assigned as little as 1 percent of the ADI
to drinking water where the chemical
was known to bioaccumulate to a high
degree. while greater proportions were

S5-034999 OHOMTT-TUN-S84-10:54:19
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assigned where the chemical was
known to bicaccumulate to a lesser
degree. In “Drinking Water and Health"”
(1977). the Nationadl Academy of
Sciences provided projections of 1
percent and 20 percent as illustrations of
drinking water contributions. In the
National Interim Primary Drinking
Water Regulations for six organic
chemicals, drinking water was assumed
to contribute 20 percent of the total daily
intake.

Because of the wide range of
environmental exposure distributions
that would occur across urban and rural
populations as well as because of age
and occupationally-related differences.
assumption of a 20 percent contribution
from drinking water would be
reasonably conservative and protective.
Thus, in this case, if an AAD!I value for a
non-carcinogen were to be the basis for
an RMCL, it would be reduced by 80
percent to account for up to 20 percent
contribution from drinking water to the
total daily burden.

Development of RMCLs for
Carcinogens. Evaluations of the
texicology of substances which may
possess carcinogenic potential is a two-
phase process. In the first phase, the
toxicological data base for non-
carcinogenic end-points of toxicity was
evaluated in the same manner as
described above for “non-carcinogens”
(Table 6). In the second phase,
assessment was made of the evidence of
the carcinogenic potential (e.g.. long-
term bioassays in rodents and human
epidemiology) as well as information
which provides indirect evidence (e.g..
mutagenicity and other shart-term test
results). This process is complex since
the production of cancer probably is a
multi-stage event, determined by a
multiplicity of mechanisms, the nature of
which remain, for the most part,
hypothesized rather than identified.

To date, scientists have been unable
to demonstrate experimentally a
threshold of effect for “"carcinogens.”
acording to the 1977 report of the NAS
Safe Drinking Water Committee. This
leads to the assumption that since no
threshold dose can be demonstrated for
carcinogens. any exposure might
represent some finite level of risk.
Depending upon the potency of the
specific carcinogen and the level. such a
risk could be vanishingly small at very
low doses.

Human epidemiology data are
extremely limited in their ability to
identifv carcinogenic risks. Thus, animal
experiments are conducted from which
potential human risk is extrapolated. In
the first volume of Drinkine Water and
flealth (1977). the NAS Safe Drinking
Water Committee provided principles to

serve as guidance lo EPA when
assessing the irreversible effects of long
term exposure to non-threshold
substances at low doses:

Principle 1: Effects in animals,
properly qualified, are applicable to
man.

Principie 2: Methods do not now exist
to establish a threshold for long term
effects of toxic agents.

Principle 3: The exposure of
experimental animals to toxic agents in
high doses is a necessary and valid
method of discovering possible
carcinogenic hazards in man.

Principle 4: Material should be
assessed in terms of human rigk, rather
than “safe” or "unsafe”.

Tumors appear spontanecously in
experimental animals, at different rates
and different sites depending upon the
species and strain. It is unlikely that any
increased tumor incidence could be
detected following exposure of
experimental animals to most
carcinogens at dose levels occurring in
the ambient environment. Very large
numbers of animals would be required
to distinguish between treated and
control groups. It is possible, as was
shown in the 24,000 animal “mega-
mouse” study on 2-acetylaminofluorene
at the National Center for Toxicology
Research (NCTR), that a definitive
answer would not necessarily be
forthcoming at the low dose levels.
Mathematical extrapolation still would
be required to project human risk.
Relying on this type of study for
individual assessments is impractical
because of its great expense and
lingering scientific uncertainty.

In order to produce quantitative
estimates., the assumption has been
made that estimated excess cancer risk
in humans at low dose levels can be
extrapolated using various technigues
from results observed in animals at high
dose levels. Conventionally, designed
carcinogenicity bioassay studies are
conducted using both sexes of two
species of test animals (usually rat and
mouse) with each group of 50 animals
exposed at the maximum tolerated dose
or one-half the maximum tolerated dose.
In addition to the possible existence of
thresholds, other sources of uncertainty
in high to low dose extrapolation
include: (1) heterogeneity of sensitivity
in the exposed populaticns, (2) the
pharmacokinetic behavior of the toxic
agent in animals vs. the human and {3)
mechanisms of action (i.e., whether the
agent initiates the process or acts at a
later stage). Classification of

carcinogens into g on-
genotoxic cur(,mngmw possible

mechanisms has also been considered

0000001015
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but a scientific consensus has not been
achieved. Fundamental changes in
normal cells are the most probable basis
for the conversion of normal cells to
cancer cells; however, the nature of
these changes and how they are brought
uboul i< qlill a scientific uncertainty.
that the most

hkdy mechdmsm mvol»es direct
alteration of DNA by carcinogens. Many
carcinogens are capable of allering
DNA; chemically-induced alteration of
DNA in germinal cells can also cause
heritable changes, or mutations: thus,
when a chemical shows a positive
response in short-term mutagenicity
tests, there is concern that it could also
be a carcinogen. Scientists also
generally believe that cancer results
{rom a multi-stage process. However,
these processes are not well understood
and available evidence is insufficient to
differentiate between carcinogens on
the basis of mechanism (IARC, 1983).
Therefore in this proposal EPA did not
make a differentiation based upon
potential mechanisms.

Thus. quantitative risk extrapolation
procedures can provide only a rough
projection of carcinogenic hazard
because of the many unknown factors
which enter into these estimates.
Models using different assumptions may
preduce estimates ranging over several
orders of magnitude. Since there is
currently no way to demonstrate the
accuracy of any model at low doses, this
process is a subject of debate in the
scientific community. However. in spite

f these difficulties. quantitative risk
estimation does provide the decision-
maker one means of setting priorities
among pollutants and some gauge of the
potential seriousness of environmental
hazurds {see NCI Subcommittee report
referenced in section VII).

EPA’s Carcinogen Assessment Group
employs a multi-stage model among
various others to extrapolate potential
excess cancer risk expected at doses of
the chemical found in the environment
from results in high dose animal studies
(U.S. EPA. 1980). Equivalent human
doses are established either on a body
weight basis (mg/kg) such that the ratic
of human to animal body weights is
raised to the 4 power:

human body
weight

animal hody
weight

or on a body surface area comparison.
The multi-stage madel is used far

several reasons: (1) it is more systematic

than the one-hit model, {2) it invakes

$-034999 COASOMITT-JUN-84-10:34:22)

FaT0r rev, 10-12-83

fewer arbitrary assumptions, {3} the
assumption of low dose linearity is not
essential in the use of the model and (4)
it incorporates dala from all of the
dosage groups which are consistent with
the multi-stage model. Al the same time,
it is conceptually consistent with the
lincar, non-threshold concept. W
model, CAG estimated the upper bound
excess cancer risk rate at a specific
exposure level for a 70 kg adult who
consumes 2 liters of drinking water per
day, every day over a 70 year lifespan.
These calculated risk rates have
associated uncertainties. This
uncertainly has many sources, including
such uncertainties as the shape of the
dose-respanse relationship at low doses,
differences in responses between
humans and laboratory animals, and the
effects of artificial dosing regimens. A
relatively minor source of uncertainty is
statistical fluctuation that results from
the linite sample size necessarily used
in any experiemental study. This is the
only uncertainty that can be readily
quantified: it is expressed in EPA's
methodology by giving the upper-95%
canfidence limit of the observed
response. Other confidence limits could
also be calculated. {In more technically
precise terms, the confidence limit is
calculated on the coefficient of the
linear term in the multi-stage model,
assuming that all the statistical
uncertainty is loaded on that term.)
Excess cancer risk rates also can be
projected using variations within a
specific model or other models, such as
the one-hit model, the Weibull model,
and logit and probit models. There
exists no solid basis in the current
understanding of the biological
mechanisms involved in cancer to say
that one model provides a better
estimate of the true risk. The estimates
of risk at low doses for these models can
differ by several orders of magnitude.
However, the linear non-threshold
model usually has the best. even if
limited, scientific biological basis of any
of the currently available models for
giving an upper limit estimate. The
multi-stage model is presumed to
usually give a conservative risk estimate
(i.e.. less likely to underestimate the
actual risk) and thus would usually be
consistent with a protective regulatory
philosophy. A similar model was used
by the NAS Safe Drinking Water
Committee in the calculations provided
to EPA in "Drinking Water and Health"”,
The NDWAC recommended that the
multi-stage model be used in the
estimation of cancer risk associuted
with the VOCs. Various calculations
using mu!h stage models are presented
in Table

HES SOS M Y
vy iul ulid

Shown along with the risk estimates
in Table 7 is a qualification of the degree
of evidence of carcinogenicity exhibited
by the chemicals. The International
Agency for Research on Cancer {IARC)
provides guidance for categorizing
chemicals having sufficient or limited
evidence of u?ifuiﬁageﬁh’:x::y In the IARC
Monographs Supplement #1 the
definition for sufficient evidence for
carcinogenicity indicates that there need
be an increased incidence of malignant
tumors: {a) In mulitple species or strains,
or (b} in multiple experiments, or (c] to
an unusual degree with regard to
incidence, site or type of tumor, or age at
onset. Sufficient evidence of human
carcinogenicity indicates a causal
association between exposure and
human cancer. Limited evidence of
carcinogenicity means that the data
suggest a carcinogenic effect but are
limited because: (a) The studies involve
a single species, strain, or experiment; of
(b} the experiments have an inadequate
period of follow-up, poor survival, ioo
few animals, or inadequate reporting: or
{c) the neoplasms produced often occur
spontaneocusly or are difficult to classify
as malignant by histological criteria
alone. Limited evidence of human
carcinogenicity indicate a possible
carcinogenic effect in humans, although
the data are not sufficient to
demonstrate a causal association. In
general, although a single study may be
indicative of a cause-effect relationship,
confidence in inferring a causal
association is increased when several
independent studies are concordant in
showing the association, when the
association is strong, when therer is a
dose-response relationship, or when a
reduction in exposure is followed by a
reduction in the incidence of cancer.

The National Academy of Sciences in
their report, Drinking Water and Health,
Vol. 1, (1977) classified chemical
carcinogens into four categories: human
carcinogens, suspected human
carcinogens, animal carcinogens and
suspected animal carcinogens.

Figure 2 presents a typical dose-
response curve for animal experiments
dealing with carcinogens. Usually only
two dala points are available either
from an NTP bioassay or other chronic
study. Points A, amd A. represent the
tumor incidence observed in the animal
experiment at the high and low dose
levels, respectively. Point B represents
the mathematically extrapolated tumor
incidence esimated to occur at an
exposure level below those
experimenta Iy lxe is e\poqure
level would co level likely
to exist in the a u-nt nvnronmcn(
(usually far below the experimental
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dose). Identification of this point {B) and  projection of an associated excess
others along the extrapolated lower end  human carner risk.
of the curve then allows for the

TaBLE 7.—CANCER RiSK ESTIMATES FOR VOGS, PROJECTED Upper LiMiT LIFETIME CANCER
R13Ks

Pro- Concentration in drinking

1ected water (ug/n

upper AL e

Wt ! L ) | Qualtty of
' excess ' I ewdonce **
; Meume | CAG 3
; cancer |
T oask

Compound

TOChIOrOOINYIBNS ... . . e s e e s v 107 i Limited
0% 28 R 5% {ammal).
Telrachioroethyiene .. e e L b e et 10°* el . . | Limited
1078 1 . . 51 {ammal).
Carbon tetrachionde. ... . oo oo 107 4 8 | | sutficient
10°% 0.4 . . (ammal)
1. 2-DIChIOICRINANG .. . oo et e e 107* 9.5 Sutficient
10-¢ 0.95 3 5 (ammal).
Viny! chtorge T 107 20 5 Sutficien
107¢ . i {human).
1, 1-DICIOFOSIRYIENE . .ot.. oot v eemrvesnsieesern 1073 2.3 . . ! Limited ***
| 10°¢ 3 A . {animal).
Benzene I oot : SuHicient
10°9 . . {human).
1,1, 1-TAChIOFOEINANG {1)..cccer + tvirecrniieereessse e seaee s s sees s 10°° Limited ****
o100e . 2 {ammal).
p-Dichlorobenzene ... .. . ... ' Inadequate.

* 95°, conhdence it

" Vinly chlonde and bengene classthed as human and suspected human carcinogens, respechively, by NSA Both have
been classified as human carcinogens by IARC (1982).

CAG - EPA Carcinogen Assassment Group; MAS--Nabonal Academy of Sciences Safe Dnnking Water Committee,
IARC - International Agency for Research on Cancer.

N Recenl draft updated calculations by CAG.
* Based upon IARC unless otherwise noted. Indicates strength of evidence as an animal carcinogen.

°** Agsessment made by EPA Carainogen Assessment Group {CAG), and 1ARC.

*T*t umnted evidence as determined by the NAS Safe Dnnking Water Committee (1983) and CAG (1983) from preliminary
data.

{1} Not considered n this proposal as a carcinogen. Risk estimates are provided for perspechve Developing data may
change this classification. See text.

Figure 2
Carcinogenic Effects

Response

High dose tumor
incidence (observed)

Low dose tumor
incidence (observed)

Tumor incidence
(extrapolated) at
dose corresponding
t> level found in
ambient environment

Toxicology of VOCs each VOC and are provided for public
comment; see section VII, References.
Trichloroethylene. Trichloroethylene
has been shown to exhibit non-
carcinogenic bioeffects at high (non-
environmental) doses in humans and
several other animal species, including

The following are shor! discussions of
the toxicity of VOCs for which RMCLs
are proposed. Detailed assessments are
found in the draft health criteria
documents that have been prepared for
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dogs, rabbits, guinea pigs, rats and mice.
The major effects demonstrated are liver
and kidney damage, central nervous
system effects and depression in
myocardial contractility.

In the calculation of a suggested
adjusted ADI for trichloroethylene, liver
toxicity was used as the most sensitive
end-point with respect to adverse heaith
effects, not including the potential
carcinogenic risk that may result from
exposure to the chemical. A study in
which rats were exposed to
trichloroethylene through inhalation
with resulting elevation of liver weights
was used to calculate a suggested
Adjusted ADI of 0.257 mg/l. This value
was calculated based upon a minimal-
effect-tevel of 300 mg/m? (55 ppm), since
rats exposed to this dose level (5 days a
week for 14 weeks) showed elevation of
liver weights. An uncertainty factor of
1000 was applied due to the fact that an
animal study, where the no-observed-
adverse-effect-level was not identified,
was used and because the study was
only of 4 weeks duration. One hundred
percent exposure from drinking water
and a 70 kg adult consuming 2 liters of
water per day were assumed in the
calculations.

The NAS has not calculated a chronic
non-carcinogenic Suggested No-
Adverse-Response Level (equivalent to
an Adjusted ADI) for trichloroethylene,
because every long-term study, with the
exception of the National Cancer
Institute (NCI) carcinogenesis
investigation, involves trichloroethylene
administration by inhalation. The NCI
bioassay did no! determine a “no-effect
level” and thus it was not considered
appropriate for use in the deviation of a
chronic, noncarcinogenic value.

Bacterial mutagenicity studies have
shown trichloroethylene to be mutagenic
in several systems, including
metabolically activated Salmonella
typhimurium and E. coli K12 strain;
however, a later study reported
trichloroethylene to be non-mutagenic in
the Ames test system.

Commercial grade trichloroethylene
was tested by the National Caricer
Institte (NCI) (1976) and was reported
to induce hepatocellular carcinomas in
male and female mice by oral gavage. A
repeat bioassay by the National
Toxicology Program (1983) using purified
trichloroethylene in corn oil found it to
cause hepatocellular carcinomas in both
sexes of mice, at a dose of 1,000 mg/kg
per day, five days per week for 2 years,
administered by gavage.
Trichloroethylene was not carcinogenic
in female rats unde tegtgegnditions
and the results inn re
determined to be insufficient to make an
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adequate evaluation of the
carcinogenicity. The doses administered
to the rat were 1,000 and 500 mg/kg/day.

The International Agency for
Research on Cancer {IARC]) has
concluded that trichloroethylene has
limited evidence of carcinogenicity,
based upon experimental animal studies
and inadequate evidence from available
human data. This means that the data
suggest a carcinogenic effect in one
species, but lack of confirmation in
others. The World Health Organization
{1981} has recommended a tentative
guideline value of 30 pg/! for
trichloroethylene in drinking water.

EPA’s Carcinogen Assessment Group
has used the linearized non-threshold
multi-stage model to calculate projected
excess cancer risk estimates
extrapolated from high dose animal
studies. Fur trichloroethylene, these
estimates were based rpon the NCI
bioassay data. Calculated risks
correspondingly to various doses are
listed in Table 7.

Tetrachloroethylene. The principal
non-carcinogenic effects of
tetrachloroethylene in humans and other
animals from both acute and longer-term
exposures at relatively high {non-
environmental} doses include central
nervous system depression and fatty
infiltration of the liver and kidney with
cornicomitant changes in serum enzyme
activity levels indicative of tissue
damage.

A suggested adjusted ADI for
tetrachloroethylene, considering adverse
health effects other than the potential
carcinogenic risk. was calculated based
upon a series of studies in which rats
were exposed by inhalation to
tetrachloroethylene with effects
observed on the central nervous system.
immune system and certain blood
components. The value of 0.085 mg/}
was derived [rom these studies, based
upon a no-observed-adverse-effect level
of 10 mg/m® (1.5 ppm) and an
uncertainty factor of 100. This
uncertainty factor was considered
appropriate for use with a no-observed-
adverse effect level from an animal
study with no comparable human data.
Daily exposure of a 70 kg adult drinking
2 liters of water per day was assumed in
the calculations.

Tetrachloroethylene in corn oil was
tested for carcinogenic potential in mice
and rats by gavage in the NCI Bioassay
Program {1977). In these bioassays, it
was shown that tetrachloroethylene
increased the incidence of
hepatocellular carcinomas in both sexes
of mice, but not in rats. A dose rate of
531 mg/kg per day, 5 days/week in male
mice and 386 mg/kg in female mice
resulted in a tumor incidence rate of 65
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percent and 40 percent, respectively.
Because of an excessive dose related
mortality in the gavage experiment and
low dose level in the inhalation study,
no conclusion can be made about the
carcinogenicity of tetrachloroethylene in
rats. Data from the recent gavage study
has been withdrawn for the time being
pending the results of an indepth audit
by the NTP due to unresolved problems
with the study as conducted.

The majority of mutagenicity studies
on tetrachloroethylene were negative.
Two positive studies have been
reported; however, the purity of the
tetrachloroethylene was questioned in
these cases.

The IARC has concluded that
tetrachloroethylene has limited evidence
of carcinogenicily in animals and
inadequate evidence from available
human data. This means that the data
suggest a carcinogenic effect in one
species, but lack confirmation in others.
The World Health Organization has
recommended a tentative guideline
value of 10 ug/! for tetrachloroethylene
in drinking water.

EPA’s Carcinogen Assessment Group
has used the linearized multi-state
model to calculate projected excess
cancer risk estimates extrapolated from
high-does animal studies. For
tetrachloroethylene, these estimates
were based upon the 1977 NCI bioassay
in mice. Calculated risks corresponding
to various doses are listed in Table 7.

1,1.1-Trichloroethane. The principal
toxic effects of 1.1,1-trichloroethane
from which (non-environmental) dose
exposure in animals and humans are
depression of the central nervous
system, increase in liver weight and
cardiovascular changes.

Liver toxicity was used as the most
sensitive end-point with respect to
adverse health effects. not including the
potential carcinogenic risk, in the
calculation of an adjusted ADI for 1,1.1-
trichloroethane. An inhalation study
which examined exposure of mice to
1.1,1-trichlorocthane was used to
calculate a suggested Adjusted ADI of
1.0 mg/!. This study demonstrated
changes in the livers of the mice at
various dose levels

Two animal bioassays by the National
Cancer Institute (NCI) have been
completed in rats and mice (1977; 1983).
In the earlier bioassay. rats and mice
were treated with 1,1,1-trichloroethane
in corn oil by gavage. Because only 3
percent of the animals survived to the
end of the experiment, due in part to
chronic murine pneumonia which was
determined to be the most probable
cause of the high incidence of natural
deaths among the animals, it was
concluded that carcinogenicity could not

be determined from this study. A repeat
carcinogenesis bioassay of 1.1.1-
trichloroethane was conducted in which
doses of 3.000 or 1,500 mg/kg were
administered by gavage to both sexes of
mice, and rates were given does of 750
ot 375 mg/kg. In the preliminary report
of this study, 1.1.1-trichloroethane was
carcinogenic in both male and female
mice showing an increased incidence of
hepatocellular carcinomas but not in
rats; however, these initial results have
been questioned.

1.1.1-Trichloroethane has been tested
for mutagenicity in several test systems.
Both negative and positive results were
reported in mutagenicity fests in various
Saimoneila typhimurium strains, and
1.1,1-trichloroethane was not shown to
be mutagenic in studies using yeast as
an indicator'organism.

EPA’s Carcinogen Assessment group
has used the linearized non-threshold
multi-stage model to calculate
preliminary excess cancer risk estimates
extrapolated from the preliminary
reported incidence of hepatocellular
carcinomas in female mice in the study
cited above. Calculated risks
corresponding to various doses are
listed in Table 7.

Similar calculations were made by the
NAS (Drinking Water and Health, Vol.
V) except that the average of the results
in both male and female mice were used
as the basis.

The latest bioassay data, on 1,1,1-
trichloroethane is currently undergoing
audit by the NTP and a [inal report has
not been issued. Therefore this proposal
will use the noncancer inhalation data
as the basis for the proposed RMCL.
This notice will be amended if the final
NTP report determines that 1,1,1-
trichloroethane was carcinogenic under
the conditions of the tests.

Carbon Tetrachloride. Carbon
tetrachloride (CCI,) has been shown to
exhibit non-carcinogenic effects in
humans and animals following acute
and chronic exposures. The principal
effects seen at high doses are liver
changes such as fatty liver with
centrilobular necrosis developing if
exposure is continued.

A chronic AADI for CCI, of 0,025 mg/
1 was calculated from a recent report of
a study [Bruckner, et al., 1983) which has
not yet been published or peer reviewed
at this juncture.

Rats weighing 200-500 g were
randomly divided into groups of 15 to 16
animals each The animals were given
by gavage 0. 1. 10, 33 mg CCl/kg bw
{in corn oil). 'Ih Wro dosed on
a daily basm 5 tctﬂ far a total
period of 12 weeks. Blood samples were
obtained from alternate animals at Hé
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following intervals: 2, 4, 6. 8,10 and 12
weeks post-treatment. The serum was
analyzed for BUN, GPT, SDH and OCT.
At 1 mg/kg, there were no significant
biochemical/histopathological changes.
SDH, the most sensitive index of
hepatotoxicity. wus elevated (p <0.05)

v I e Lol v fles Foam 10 civmn oo
in rats receiving 10 Mg/ Kg 10T 12 Weeks.

Also, these rats f:xhxblted mild
centrilobular vacuolization. At 33 mg/
kg, levels of GPT. SDH, and OCT were
increased {p <0.01) and marked hepatic
lesions were apparent. There was no
evidence that CUL was nephrotoxic.

Comments on the experimental
protocols and interpretations of the data
are requested. ’

Carbon tetrachloride has been shown
to be carcinogenic in rats, mice and
hamsters lhrouﬂh oral administration. In
the NCI (1976) bioassay for
trichloroethylene, carbon tetrachloride
was used as the positive control. Carbon
tetrachloride was administered in corn
oil by gavage to rats at two dose levels:
47 and 94 mg/kg for males and 80 and
159 mg/kg for females. In mice, the
chemical was administered at 1,250 and
2,550 mg/kg. Carbon tetrachloride was
determined to increase carcinomas of
the liver in buth rats and mice in this
bioassay.

Carbou tetrachloride has not been
shown to be mutagenic in any of the
reported Salomonella (Ames) assays.
However, mutagenic activity associated
with carbon tetrachlonide has been
observed in .t lest system using the
veast Sacelaromyces cerevisiae.

The IARC has concluded that
sufficient »vidence of carcingenicity in
animals ex'~is for carbon tetrachloride.
The NCI h.:+ alsv identified carbon
tetrachlor:.» as an animal carcinogen
and has us. ! it as a positive control in
several bic.assavs, The World Health
Organiza::n (1981) has recommended a
tentative  wdeline value of 3 ug/l for
carbon 1 chloride in drinking water.

EPA’s ¢ :rcinogen Assessment Group
has used o linearized non-threshold
multi-st.: - model to calculate projected
excess «cerrisk estimates
extrape  d from high dose animal
studies. . r carbon tetrachloride, the
latest d: 1 estimates were based upon
the geos tric mean of the four cancer
studies  aleulated risks corresponding
to vare  doses are listed in Table 7.

1.2-i  loroethane. The toxic effects
0f1,2-.. doroethane in humans and
other .. nals from both acute and
longer  -m exposures at relatively high
levele  lude central nervous system
depre o, liver and kidney damage, |
gaste ‘stinal distress, adrenal and
pulm. v effects and circulatory
dist:  nces.

QO6R(CH( 1 1-JUN-84-10:36:26)
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A series of inhalation studies in which
a variety of animal species were
exposed for up 1o 8 months to 1.2-
dichloroethane were used to calculate
a suggested Adjusted ADI for 1,2-
dichloroethane. The most sensitive end-
pomt:’ not inc udmg the potentml

studies were pulmonary congesuon.
diffused myocarditis, and fatty
degeneration of the liver, kidney,
adrenal and heart. A value of 0.260 mg/!
was calculated, based upon a no-
observed-adverse-effect-level of 405 mg/
m? {100 ppm). A variety of animal
species exposed to this dose level for 6
to 7 hours/day, 5 days/week yielded no
adverse effects as measured by general
appearance. behavior, mortality rates,
growth rates, organ function and blood
chemistry. An undertainty factor of 1000
was used to account for an animal study
with no equivalent human data, and for
the use of a study of less than lifetime
exposure. One hundred percent
exposure irom drinking water and a 70
kg adult consuming 2 liters of water per
day were assumed in the calculations.

1,2-Dichloroethane has been shown to
significantly increase tumor incidences
at several sites in both rats and mice
when administered by gavage, but not
following inhalation exposure. In the
NCI bioassay, doses of 47 or 95 mg/kg in
corn oil administered by gavage to rats
and 97 or 195 mg/kg given to male mice
and 148 or 299 mg/kg given to female
mice were shown to increase the
incidence of several types of tumors. 1,2-
Dichloroethane has also been shown to
be mutagenic in a number of biological
systems, including Drosophila
melanogaster, Salmonella typhimurium
and E. coli.

The IARC has concluded that
sufficient evidence of carcinogenicity in
animals exists for 1,2-dichloroethane.
The World Health Organization (1981)
has recommended a tentative guideline
vatue of 10 ug/! for 1,2-dichloroethane in
drinking water.

EPA's Carcinogen Assessment Group
has used the linearized non-threshold
mulli-stage model to calculate projected
excess cancer risk estimates
extrapolated from high-dose animal
studies. For 1,2-dichlorocthane, these
estimates were based upon the NCI
bioassay data. Calculated risks
corresponding to various doses are
listed in Table 7.

Vinyl chloride. Acute and chroic
toxicity studies with vinyl chloride have
shown the major non-carcinogenic
effects resulting from high dose
exposures to be congestion and edema
of the lungs and hyperemia of the kidney
and liver. Other non-carcinogenic effects
have been noted. including disturbances

of the central nervous system,
pulmonary insufficiency. cardiovascular
manifestations, gastrointestinal
svmptoms and acroosteolysis.

A suggested Adjusted ADI for vinyl
chloride of 0.06 mg/! considering
adverse health effects not including
carcinogenic risk, was calcuinied based
upon an oral toxicity study in rats in
which a variety of carcinogenic and
non-carcinogenic effects were observed
at all dose levels. A minimal-effect-level
of 1.7 mg/kg was used in the
calculations, as histopathological
changes in the liver including clear-cell
foci. extensive necrosis, cysts and liver-
cell polymorphism were cbserved at this
dose level. An uncertainty factor of 1000
was applied to account for an animal
study where the no-observed-adverse-
effect level was not identified..One
hundred percent exposure from drinking
water and a 70 kg adult consuming 2
liters of water per day were assumed in
the calculations.

Vinyl chloride has been shown to
have carcinogenic effects in animals and
humans. Animal studies have
demonstrated the production of liver
angiosarcomas, mammary carcinomas,
pulmonary angiosarcomas and other
tumor types in rats following oral
exposure and carcinogenic effects in
mice, rats and hamsters by inhalation
exposure have been reported. In
humans, studies have linked vinyl
chloride with angiosarcoma of the liver
and other forms of neoplasm. The IARC
has concluded that sufficient evidence
of carcinogenicity exists for vinyl
chloride from animal studies and human
studies. and that vinyl chloride should
be considered a human carcinogen with
target organs of the liver, brain, lungs
and haemo-lymphopoietic system.

Vinyl chloride was shown to be
mutagenic in the test system using
metabolically activated Salmonella
typhimurium, E. coli K12 strair, in germ
cells of Drosophiia and Chinese hamster
V79 cells.

EPA's carcinogen assessment Group
has used the linearized non-threshold
multi-stage model to calculate projected
excess cancer estimates extrapolated
from high dose animal studies. For vinyl
chlorice. these eslimates were based
upon an inhalation study in rats in
which vinyl chloride concentrations
ranging from 50 to 10,000 ppm resulted in
a total tumor incidence rate of 17
percent to 62 percent, respectively. The
NAS has also used the multi-stage
model to calculate excess cancer risk

values. They based their estimates upon
the same study aj CWI‘Ialtoni. el
al.. 1975), except 1! ata instead

of inhalation data were used. The NAS
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risk estimation used ingestion exposure
and thus may be more appropriate for
estimating risks from drinking water
exposure. Calculated risks
carresponding to various doses are
listed in Table 7. In addition, data from
a recent draft CAG calculation using an
ingestion study in rats (EPA, 1984 are
also included for comment.

Benzene. The toxic effects of benzene
in humans and other animals include
central nervous system effects,
hematological effects as well as
immunological effects. The toxicity of
benzene to the hematopoietic system of
humans experiencing chronic exposure
to benzene is well documented.
Repeated exposure effects include
myelocytic anemia, thrombocytopenia
and leukemia. In laboratory animals.
leukopenia is the most commonly
observed effect of chronic benezene
exposure.

A suggested Adjusted ADI for
benzene, considering adverse health
effects not including carcinogenic risk.
was calculated based upon data from a
gavage study in rats in which leucopenin
was observed at specific dose levels. A
value of 0.025 mg/! was calculated using
a no-observed-adverse-effect level of 1
mg/kg and an uncertainty factor of 1000.
This uncertainty factor was used to
account for an animal study with no
equivalent human data. and for the use
of a study of less than lifetime exposure.
One hundred percent exposure from
drinking water and a 70 kg adult
consuming 2 liters of water per dav were
assumed in the calculations.

Benzene has been shown to be
carcinogenic in Sprague-Dawley ruts,
causing tumors at dose levels ol 50 mg/
kg and 250 mg/kg. An increase in
zymbal gland carcinomas, luckemias
and mammary carcinomas in rats has
also been observed. Toxic effects on
bone marrow cells of rats and other
laboratory animals from benzene
exposure include chinges in
chromosome number and chromosome
breakage. These types of effects have
also been observed in humans,

EPA’s Carcinogen Assessment group
has used the linearized non-threshold
multi-stage model to calculate projected
nxcess cancer estimates extrapolated
from high-dose animal and human
studies. For benzene. these estimates
were based upon an epideminlogic study
of workers exposed to benzene vapors
on their jobs. Calcuwlated risks
corresponding to various doses are
listed in Table 7.

1.1-Dichiorocthylene. 1.1-
Dichloroethylene has been shown to
cause liver and kidney injury in animals
from high dose exposures. Liver damage
in rats, mice and guinea pigs has been

§-014009 COSHOLTI-JUN 8410 36,20y
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documented, along with renal toxicity,
CNS depression and sensitization of the
heart.

An Adjusted ADI of 350 pg/t for 1.1- .
dichloroethylene considering adverse
health effects not including the patential
carcinogenic risk was calculated based
upon toxieliver effects using a NOAEL
of 10 mg/kg and 100 percent exposure
from drinking water.

The NAS (1983) has catculated a
chronic, suggested-no-adverse-response
level {equivalent to an adjusted ADI) of
0.1 mg/l based upon non-carcinogenic
effects only for 1,1-dichloroethylene,
from data in the National Toxicology
Program bipassay [1982) in rats and
mice. A no-observed-adverse-effect
level of 2 mg/kg was used and an
uncertainty factor of 100, and complete
absorption from the GI tract. Twenty
percent exposure from drinking water
and a 70 kg adult consuming 2 liters of
water per day were assumed in the
calculations, along with conversions
from a 5 d/week dosing regime to a 7 d/
week exposure.

1.1-Dichloroethylene was found to be
mutagenic with microsomal activation in
Salmonella typhimurium and E. coli test
systems. However, mutagenicity was
not observed with V79 Chinese hamster
cells or in dominant lethal studies in
mice and rats.

1.1-Dichloroethylene was shown to
produce kidney adenocarcinomas in
mice and rats in one study (Maltoni,
1977). However, most of the other
studies have failed to demonstrate
significant carcinogenic activity of the
chemical. A study by the National
Toxicology Program {1982) examined
1.1-dichloroethylene exposures of 1 mg/
kg or 5 mg/kg 5 times per week in rats
and 2 ma/kg ar 10 mgfkg 5 times per
week in mice. In this bivassav. there
was no evidence that 1.1-
dichloroethyvlene was carcinogenic for
either the rats or the mice. However,
there was same question as to whether
the maximum tolerated dose had been
used in this study. The NAS (1983) has
concluded that information on 1.1-
dichloroethylene is not sufficient to
reach a definite conclusion on the
carcinogenicily of the compound.

EPA's Carcinogen A ssment Group
found 1.1-dichloroethyicae to have
limited evidence of carcinogenicity in
animals. They have used the linearized.
non-threshold, multi-stage model <o
caleulate projected excess cancer
eslimates extrapolated from high-dose
animal studies. For 1.1-dichloroethylene.
these estimates were based on results of
inhalation studies in mice and rats.
Calculated risks corresponding to
various doses are listed in Table 7.
EPA’s SAR has recently questioned

validity of this study result. This
tentative classification of 1,1-DCF as a
carcinogen will be reexamined during
the comment period. Comment is
solicited in this regard.

p-Dichlorobenzene. Non-carcinogenic
adverse effects observed in animal
studies include liver and kidney
damage, porphyria. pulmonary edema
and congestion and splenic weight
changes. In humans. exposure fo fairly
high concentrations of the
dichlorobenzenes has been reported to
resull in anorexia. nausea, yellow
atrophy of the liver and bleod
dyscrasias.

A suggested Adjusted ADI of 3.75 mg/
1 for p-dichlorobenzene considering
adverse health effects other than
carcinogenic potential was calculated.
This value was based upon the rat
subchronic gavage study which served
as the dose range-finding study for the
NTP bioassay. The AD! was-based upon
a NOAEL of 150 mg/kg/day.
Uncertainty factors of 100 and 10 were
used to account interspecies
extrapolation and use of data from an
exposure duration significantly less than
lifetime.

p-Dichlorobenzene has been shown to
induce abnormal mitotic division in
higher plants. The compound was not
seen lo be mutagenic when tested in the
Salmonella tvphimurium or E. coli WP2
systems, and no evidence of
mutagenicity in animals has been
reported to date.

In June 1980, a carcinogenesis
bioassay of p-dichlorobenzene in mice
and rats was undertaken by the
National Toxicology Program. Doses of
200 mg/kg or 600 mg/kg were
administered by gavage to both sexes of
mice and to female rats. Male rats were
given 150 or 300 mg/kg. The results of
this study have not vet been released.

V. RMCIL Development Rationale

The ANPRM requested public
comment on the appropriate approach to
deal with VOCs in drinking water,
specifically requesting consideration of
the following:

» What approach should be followed
under the SDWA o reduce humian
expasure to VOCs?

* For which VOCs should renulations
be set?

= What approach should be followed
in setting RMCLs for suspecterd
carcinogens?

Each of these issues is discussed
below in regard to t ;
the Agency in devel
proposal and the Agency’s consideration
of the public comments. the
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requirements of the SDWA, and the
available scientific information.

VOCs: Regulatory Approach

Alternative approaches. The major
alternatives considered for limiting
human exposure to VOCs in drinking
water as discussed in 47 FR 9350 are
provided below.

(1) No federal regulations. Provision
of health advisories for State action as
appropriate. Health advisories and
advice on treatment and analytical
methods are currently being provided to
States and public water systems for use
in dealing with incidents of VOC
contamination.

Each State would design its own
caontrol strategies to address incidents of
contamination on a case-by-case busis
or state-wide. Health advisories were
developed to deal primarily with
isolated incidents of short-term
contamination in lieu of standards and
not as a substitute for MCLs. Experience
has shown that, as would be expected.
States have interpreted and applied the
health advisories in different ways.
Some Stales have applied the health
advisories as if they were standards or
considered adopting them as State
standards.

(2) Sot federal monitoring regulations
and provide health advisories for State
action as uppropriate. This option would
set monitoring requirements for VOCs
under section 1445 and provide health
advisories for State action as needed.
This alternative would result in all
public water systems determining if they
have VOCs in their drinking water and
could be proposed and promulgated in a
shorter period of time than alternative 3.
Different States would probably adopt
different control options and action
levels.

(3) Set Primary Drinking Water
Regulations for certain of the VOCs.
This option would set RMCLs. MCls,
monitoring and reporting requirements
for i number of VOCs and would result
in consistent, nation-wide controls on
VOCs.

Proposed regulatory approach. The
SDWA authorizes EPA to establish
RMCLs for “each contaminant which, in
[the Administrator’s] judgment * * °
may have any adverse effect on the
health of persons™ section 1412(b)(1)(B).
A primary drinking water regulation is
to be established for cach contaminant
for which an RMCL is established.
Section 1412(b}(2). In implementing this
broad statutory mandate, EPA is
vonsidering the following factors to
select contaminants appropriate for
regulations. These include:

= Whether the frequency of
occurrence and the concentrations
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detected in drinking water and the
extent of the population exposed
warrant establishment of national
primary drinking water regulations.

« Whether the available toxicology
data are sufficient to warrant a
determination that adverse effecis may
be known or anticipated at levels found
in drinking water.

Notwithstanding these factors, EPA
feels that primary drinking'water
regulations may be appropriate in some
instances for substances which to date
have rot been found at high
concentrations or frequencies in
drinking water, but where in the
Administrator's judgement it would be
appropriate to anticipate possible future
potential for drinking water
contamination from spills or improper
disposal.

Other factors that must be considered
as part of the decision on the type of
regulation {MCL or treatment
requirement) include:

» Whether monitoring is technically
and economically feasible.

» Whether treatment technologies are
available to reduce the contaminants to
appropriate levels.

In addition, some guidance was
provided in the legislative history to the
SDWA Senate Report on possible
candidates for Revised Regulations.
Contaminants listed in the following
sources were expected to be considered
for regulation.

* World Health Organization:
“Maximum Permissible Concentrations
of Harmful Substances in the Water of
Water Courses used for Hygienic and
Domestic Purposes (1970}."

* World Health Organization;
"European Standards for Drinking
Water.” 2nd edition, Revised, Geneva
(1970),

* National Institute of Occupational
Safety and Health annual list of toxic
substances.

* Toxic Substances listed under
section 307 of the Federal Water
Pollution Conlrol Act.

Information provided by the NAS in
the Drinking Water and tlealth series is
an additional source.

While numerous contaminants are
listed in these sources. this proposal in
Phase 1 of EPA's National Primary
Drinking Water Regulations addresses a
limited number of contaminants in the
VOC category found in drinking water.
Because of EPA's desire to avoid delay
in developing regulations for certain
VOCs that have been detected in ground
waters and the need to prioritize the
expenditure of limited resources, only
nine VOCs are addressed in this initial
proposal. Other VOCs for which
sufficient occurrence and health effects

information become available will be
addressed in Phase II and later
iterations of the National Primary
Drinking Water Regulations along with
other contaminants. Specific VOCs
considered in this proposal are those
that have appeared to be the highest
priority for regulation based upon
occurrence. health risk considerations
and available data.

Several VOCs have been found across
the country in numerous drinking water
supplies. In the GWSS, 21 percent of
systems had at least one VOC detected.
EPA has concluded that sufficienl health
effects data are available to cause
concern about potential human
exposure to certain VOCs via drinking
water. Various of the VOCs are
suspected or proven mammalian
carcinogens, some are known human
carcinogens, some are active in certain
mutagenic test systems and exposure to
certain of the VOCs at high doses has
shown other non-carcinogenic toxic
effects. EPA recognizes that
interpretation of health risk data raises
numerous scientific issues. However,
drawing upon the conclusions/
recommendations of the NAS, IARC and
the NDWAC. EPA believes that the data
adequately demonstrate concern such
that RMCLs and primary drinking water
regulations are warranted. Thus, EPA
has determined that human exposure to
certain VOCs via drinking water may
have an “adverse effect upon the health
of persons™ thereby warranting
regulatory action.

Sefection of VOCs for Regulation

This section provides a discussion of
the factors used to select the specific
contaminants for which RMCLs are
proposed at this time. VOCs that were
not included in this proposal will be
reconsidered in Phase II of the Revised
Regulations as additional data become
available.

Factors considered. A number of
factors were considered in determining
which VOCs should be regulated:
however, there is no established formula
or set criteria for these determinations.
The SDWA states that regulations
should be set for contaminants that the
Administrator determines “"may have
any adverse effect upon the health of
persons” but little additional guidance
was provided. Obviously, it is
impossible to consider for regulation
every chemical that may appear in
drinking water and that theoretically
may adversely affect health in some
remote circumstan ig needed
is some prioritizalicﬂ t¥minants in

drinking water so that a reasonable
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number of contaminants of sufficient
concern can be addressed in regulations.

To best employ its resources. EPA
must select contaminants for regulation
based upon considerations that will
advance the goals of the Act to assure
the safety of drinking water. EPA
believes that the most relevant criteria
are the: (1) Analyvtical ability to detect a
contaminant in drinking water, (2) the
frequency and level of cccurrence and
papulation exposed. and (3) potential
health aspects of the contaminants. In
addition EPA considers regulation when
there are sufficient incidents or
contamination potential such that
nalional guidance in the form of a
Primary Drinking Water Regulation is
desirable to assist States and public
water systems which must determine
appropriate responses.

Analvtical methods. Analytical
methods must be available such that the
presence of the chemicals in water can
be validly determined. This factoris an
important part in determining whether
the substance can be regulated and
whether an MCL or a treatment
technique regulation should be
promulgated.

National or limited significance.
Consideration of occurrence data
encompasses both the frequency of
occurrence, the level of occurrence and
ther extent of the population exposed.
The occurrence data allow EPA to
determine whether contamination of
drinking water represents isolated or
localized incidents of contamination
more appropriatelv dealt with by States.
or whether contamination has occurred
or has the potential for occurring in
numerous locations across the country
involving a sufficient number of water
supplies and population exposed to
warrant action under the Safe Drinking
Water Act. In the ANPRM for Phase I[ of
the NPDWR, 48 FR 45502, ¢ seq.. EPA
described a categorization system for
differentiation between widespread and
limited contamination potential.

Health effects. Consideration of the
potential health effects of a chemical
encompasses the: (1) Suitability of the
available data for assessing the
toxicology of the chemical. and (2) the
possibility of human health concern
from exposure from drinking water.
When it is possible scientifically.
section 1412(e}(3} of the SDWA also
requires consideration of the impact of
the following:

(A} The existence of groups or individuals
in the population which are more susceptible
to adverse effects than the normal healthy
adult.

(B) The exposure to contaminants in other
media than drinking water (including
exposures in food, in the ambient air and in
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occupational settings) and the resulting body
burden of contaminants.

{C) Synergistic effects resulting from
exposure to or interaction by two or more
contaminants.

(D) The contaminant exposure and body
burden levels which alter physiological
functict or structure in a manner reasonably

susnected of increasing the risk of illness
suspected of increasing the risk of illness.

These factors were addressed in
assessing the potential health effects of
each of the VOCs and are discussed in
each of the health effects criteria
documents as referenced ia section VII
However, applicable data are seldom
available for any of these factors except
B {to a limited extenij which is
addressed in both the occurrence and
health effects documents.

Other considerations. Additional
factors considered in determining which
VOCs should be regulated and how are
discussed below.

* One approach that might be
considered would be to set RMCLs by
category. i.e., the same RMCL for each
VOC or subcategories of VOCs. In effect
this is being proposed for the category
determined to be non-threshold
toxicants. However, a categorical RMCL
for non-carcinogenic VOCs is not
scientifically supportable due to
differing relative toxicities of individual
substances (different thresholds) and
different toxic endpoints.

* Strength of evidence. Pertaining to
either the extent of contamination or to
the potential health risks of exposure,
the amount of available data of
sufficient quality on a certain chemical
was considered. For example:

—A chemical proven to be a human
carcinogen, even though occurring
relatively infrequently in drinking
water supplies might be appropriate
for regulation. e.g., vinyl chloride and
benzene.

—A chemical occurring at a higher
frequency in drinking water supplies
but for which the strength of evidence
on poteutial health risks was weaker
could be appropriate for regulation,
e.g.. trichloroethylene.
tetrachloroethylene. carbon
tetrachloride, 1,1-dichloroethyvlene,
1.1.1-trichloroethane. 1.2-
dichloroethane.

* National guidance to address
incidents of contamination. Regulations
provide a benchmark for potential
action by State and local officials in
evaluating incidents of contamination.
In certain cases. this factor may be a
major consideration in determining if
regulations are appropriate. For
example, regulations would be
appropriate for a chemical that occurs
but at levels normally below those
associated with potential health risks,

e.g.. p-dichlorobenzene and 1,1.1-
trichloroethane. The MCL would provide
guidance that no action was necessary
for these systems with less thar that
level; without regulations. these types of
situations have met widely varying
responses by States and public water
systems. Regulations can provide a
basis for rational and uniform responses
to incidents of contamination.

» Potential impact. The potential
impact of setting regulations can be
considered in a general manner;
however, this factor is primarily
considered during establishment of

MOl e Thic avaluation congidere
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potential burdens including such factors
as the affordability of treatment
systems, the technical feasibility of
meeting MCLs, and other possible
impacts such as monitoring and
reporting.

The results of setting regulations for
VOCs will vary widely from no impact
to installation of treatment systems for
reduction of VOCs. Recognizing that the
great majority of public water systems
do not have VOCs in the drinking water,
the only burden on these systems would
be monitoring and reporting. These
burdens could be minimized theough
flexible monitoring requirements {see 48
FR 45502]) that would provide states with
authority to determine appropriate
requirements beyond the national
minimum. In addition, the VOCs are
somewhat unique in the sense that
several of them can be analyzed forin a
single analytical procedure.

s Other factors. Surrogate parameters
or aggregate parameters may be needed
to take into account other potential
effects not considered in setting RMCLs
and MCLs for individual chemicals, such
as possible additive or synergistic risks
of simultaneous exposure to more than
one VOC.

Proposed VOCs. The ANPRM listed
fourteen VOCs being considered for
regulations. Detailed occurrence and
health effects information were
provided for six of the fourteen VOCs.

Since the ANPRM was published, EPA
completed the Ground Water Supply
Survey {GWSS] in which twenty-nine
VOCs were looked for in each sample
using the “purge and trap” analytical
procedure employing gas
chromatography (Method 502.1 and
Method 503.1, U.S. EPA, Environmental
Monitoring and Support Laboratory). As
shown in Table 1, not all of the ANPRM
list of 14 VOCs were detected in the
GWSS.

Based upon the above considerations,
public comments ec endations
of the NDWAC an re¥mormation,

EPA has concluded that these chemicals
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“may have an adverse effect upon the
health of persons™ and that RMCLs and
primary drinking water regulations
under Section 1412 should be proposed
at this time. They are:
trichloroethylene

tetracholarnethvlene
1.1.1-trichloroethane

carbon tetrachloride
t.2-dichlorvethane

benzene

vinyl chloride

p-dichlorobenzene
1,1-dichloroethylene

As presented previously, the NOWAC
recommended developing regulations for
the first five of the above nine VOCs.
Their rationale was based upon un
evaluation of the available occurrence
and health effects data for cach of the
VOCs. The NDWAC evaluated the
information in September 1982. Since
that time additional data have become
available and the Agency has concluded
that four additional VOCs warrant
regulation.

The background occurrence and
health effects data used as the basis for
determining which VOCs warranted
regulations is summarized below.

Trichloroethylene. Occurrence: GWSS
{Random): 6.4%: max: 78 pg/l: medium:
1.0 pg/l. GWSS (Non-random): 12.7%;
max: 130 pg/l: median: 1.4 pg/l. State
Data: 624 positives/4228 sampled. max:
510000 pg/l:

Health Effects: Non-carcinogenic
effects [at high doses): liver and kidney
damage. central nervous system effects,
depression in myocardial contractility.
Carcinogenic effects: mutagenic in some
test systems: carcinogenic in NCI test:
mice. Limited evidence.

Tetrachloroethylene. Occurrence:
GWSS [Random}: 7.3%; max: 23 pg/h
median: 0.5 pg/l. GWSS (Non-random):
9.4%: max: 69 pg/l: median: 0.7 g/l
State Data: 628 positive/3636 sampled,
max: 1,000 pga/l.

Flealth Effects: Non-carcinogenic
offects {at high doses): central nervous
system depression, fatty infiltration of
liver and kidney. tissue damage.
Carcinogenic effects: carcinogenic in
NCI test: mice: limited evidence.

1.1.1-Trichloroethane. Occurrence:
GWSS (Random): 5.8%: max: 18 pg/l:
median: 0.8 pg/l. GWSS (Non-random):
10.6%: max: 21 ug/l: median: 1.0 pg/l.
State Data: 715 positive/3330 sampled.
max: 2.250 ug/l.

Health Effects: Non-carcinogenic
effects (at high doses): central nervous
system depression, increase in liver
weight. cardiovascular changes.
Carcinogenic effects: carcinogenic in
preliminary report from NTP test: mice:
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limited evidence. This report is currently
being evaluated.

Carbon tetrachloride. Occurrence
(may be a contaminant in chlorine)
GWSS (Random): 3.2% max: 16 pg/l;
median: 0.4 ug/l. GWSS {Non-random):
3.1%; max: 15 pg/k median: 0.5 pg/l.
State Data: 368 positive/2646 sampled,
max: 1,200 pg/l.

Health Effects: Non-carcinogenic
effects: liver effects such as fatty liver
with centrilobular necrosis.
Carcinogenic effects: mutagenic in some
test systems; carcinogenic in NCI test:
mice, rals, hamslers; sufficient evidence.

1,2-Dichloroethane. Occurrence:
GWSS {Random); 0.6%, max: 1.0 ug/l:
median: 0.5 pg/l. GWSS (Non-random):
1.5%: max: 10 pg/l; median: 2.5 pg/l.
State Dala: 177 positive/1793 sampled,
max: 2,100 pg/l.

Health Effects: Non-carcinogenic (at
high deses): central nervous system
depression, liver and kidney change,
gastro-intestinal distress, adrenal and
nulmonary effects, circulatory
disturbances. Carcinogenic effects:
mutagenic in most test systems;
carcinogenic in NCI test: mice, rats;
sufficient evidence.

Vinyl chloride. Occurrence: GWS8S
(Random): 0.2%; max: 1.1 pg/l: median:
1.1 pg/l. GWSS (Non-random): 1.3%
max: 8 ug/l; median: 2.7 ug/l. State
Data: 126 positive/1793 sampled, max:
380 pg/fl

Health Effects: Non-carcinogenic {at
high doses): congestion and edema of
the lungs, hyperemia of the kidneys and
liver. Carcinogenic effects: mutagenic;
carcinogenic in animal studies: mice,
rats, hamsters; sufficient evidence for
human carcinogenicity.

Benzene. Occurrence: GWSS
{Random): 0.6% max: 15 ug/l: median: 3
pg/l. GWSS (non-random): 1.7%; max: 12

¢/l; median: 1.6 pg/l. State Data: 4
positive/645 sampled, max: 17 ug/l.

Health Effects: non-carcinogenic:
central nervous system effects,
hematological and immunological
effects. Carcinogenic effects: sufficient
evidence for human carcinogenicity.

1.1-Dichloroethylene. Occurrence:
GWSS (Random}: 1.9%. max: 6.3 pg/l:
median: 03. ug/l. GWSS (non-random):
3.1%, max: 3.0 pg/l median: 0.4 pg/l.
State Data: NA.

Health Effects: non-carcinogenic
effects (at high doses): liver and kidney
damage. renal toxicity. CNS depression
and sensitization of the heart,
Carcinogenic effects: mutagenic,
carcinegenic in one animal study: mice
and rats; limited evidence.

p-Dichlorobenzene. Occurrence:
GWSS (Random}: 1.1%. max: 1.3 ug/l
median: 0.7 pgfl. GWSS (Non-random):

0.8%, max: 0.9 ug/l. median: 0.7 pgfl.
State Data: NJA.

Health Effects: non-carcionogenic {at
high doses): kidney and liver damage.
pulmonary edema and congestion,
spleneic weight changes. Carcinogenic
effects: NTP test underway.

Other VOUs. Several additional VOTs
listed in the ANPRM (47 FR 9350} have
been found in some drinking water
samples but the available data has been
judged to be insufficient to propose
RMCLs at this time.

* Cis-1,2-dichloroethylene and trans-
1,2-dichloroethylene

These two VOCs have not been tested
for carcinogenicity by the NTP and
adequate studies on non-carcinogenic
toxicity have not been conducled.

¢ Chlorobenzene

While some occurrence has been
reported by a number of States, the
GWSS did not detect any chlorobenzene
in the random sample; however, it was
found twice in the non-random sample.
The toxicology evaluation has not been
completed.

¢ Trichlorobenzene(s)

States nave detected trichlerobenzene
in a number of water samples; however
the number of drinking water versus
non-drinking water incidences could not
be determined from the data. In
addition, analytical difficulties in
analyzing samples in the GWSS
precluded obtaining representative
occurrence data.

» Dichloromethane

Because of problems of laboratory
contamination and quality assurance.
the available occurrence data for
dichloromethane was not considered
reliable. In addition, the NTP initial
report on carcinogenicity has been
withdrawn and the NTP is currently
conducting an in-depth audit of the data.

These VOCs and several others will
be considered in the Phase II portion of
the Primary Drinking Water Regulations
when sufficient occurrence and
toxicology data become available.
Among the other compounds being
evaluated are such VOCs as ethylene
dibromide, 1.1-dichloroethane. xylenes.
toluene, bromobenzene,
dibromochloropropane, 1.2-
dichloropropane, and ethylbenzene (see
ANPRM, October 5, 1983, 48 ¥R 45502).
Other chemicals in the random GWS5
for which no occurrence information
was obtained but which will receive
some consideration in Phase Il or other

- iterations include: 1,1.2-trichloroethane,

1.1,2.2-tetrachloroethane, 1,1.1.2-
tetrachloroethangegpropglpenzene, o-
chlorotoluene, p-mCWne. m-
dichlorobenzene, o-dichlorobenzene,

styrene, isopropylbenzene.

0000001023




Federal Register / Vol. 49, No. 114 / Tuesday, June 12, 1984 / Proposed Rules

24347

Total VOCs

In addition to regulations for
individual VOCs, the inclusion of
RMCLs and MCLs for total VOCs
(TVOC]} is being considered. TVOC is
not formally proposed in this regulation.
Public comments are being solicited on
whether it would be proper to include
TVOC in drinking water regulations or
in supporting guidance.

TVOC would represent summation of
the levels of the individual VOCs for
which RMCLs and MCLs have been set.
The objective of a TVOC standard is to
provide some additional protection from
simultaneous exposure to multiple
VOCs. As indicated in Table 4, drinking
water often contains several VOCs.
Generally, toxicology has not yet been
able to provide a scientifically based
conclusion on possible effects of
stmultaneous exposure to more than one
chemical. Chemicals are normally tested
separately and the possible synergistic,
antagonistic, or additive health effects
are not known. However, the NAS
suggestion in this area was that in the
absence of any other procedures.
exposure to multiple carcinogens could
be assessed by adding the risk rates.
Comment is requested on the technical
validity of this approach.

The potential problem that EPA feels
must be addressed is a situation where
@ public water system finds several
VOCs in its drinking water at levels
slightly below the MCLs. For example,
assume that MCLs are set for
trichloroethylene, tetrachloroethylere,
and carbon tetrachloride: a public water
system wilh the following levels would
technically be in compliance with the
MClLs:

Measured

. Hypotheheal
tevel MCL

Compound

F 0 gt
Ve

L 1S aat
CHual

H

.19 pg/t
EREPN.T
i 4 pg

Tnchiorcethylene .,
Tetrachloroethylene ..
Carbon tetrachlonde

While technically in compliance with
the standards. this condition probably
represents an increased risk over any
single chemical but the question that
cannot be scientifically answered is
whether this would be significant. EPA
feels that multiple exposures could be
more significant than indicated from just
vonsideration of individual substances
and requests public comments
considering the myriad of possibilities in
assessing multiple exposures. the costs
and feasibility to reduce all the VOCs
by application of one treatment
technology. and the unknown aggregate
health risk and the SDWA intent to ecr
on the side of safety. If an RMCL and
MCL, for total VOCs (TVOCs) were
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appropriate, should EPA adopt the NAS
suggestion that risks be considered
additive be an appropriate approach?

RMCLs: Regulatory Approach

EPA is to set RMCLs at levels which,
“no known or anticipated adverse
effects on the health of persons occur
and which allow an adequate margin of
safety”. Section 1412(b){1}(B).
Recommended MCLs are health goals
and not enforceable standards. The
proposed RMCLs for non-carcinogens
can be determined using the scientific
procedures set forth previously by
calculating an AADI However,
determination of the “no effect” levels
for carcinogens is a much more complex
decision on what constitutes the safe
level for non-threshold toxicants.
Guidance on levels for the RMCLs was
provided in House Report 93-1185 which
stated that “It [The RMCL| must include
an adequate margin of safety, unless
there is no safe threshold for a
contaminant. In such a case, the
recommended maximum contaminant
level should be set at zero level.” EPA
has considered the following
approaches for setting RMCLs for
carcinogens:

1. Set the RMCLs at zero.

2. Set the RMCLs at the analytical
detection limit.

3. Set the RMCLs at a non-zero level
based upon a calculated negligible
contribution to lifetime risk.

Although one of these is proposed at
this time, EPA requests comments on all
three approaches. EPA's analysis of .
these approaches and the issues they
raised are provided below.

Alternative 1: Set RMCLs at zero. One
approach would be to establish RMCLs
at zero for substances censidered to be
non-threshold toxicants. The existence
of a threshold for the action of genotoxic
carcinogens cannot be demonstrated by
current science; thus, it could be
conservatively assumed that no
threshold exists, absent evidence to the
contrary. Since distinctions between
mechanisms of action of most
carcinogens also cannot be conclusively
made at this time, virtually all
substances determined to be
“carcinogens” would be assumed to be
“non-threshold”. Variation of this
approach would be to limit the selection
of RMCLs at zero only for those
substances known to function by
genoloxic processcs. or perhaps only
those determined to be human
carcinogens, or only those for which
“sufficient” rather than “limited”
evidence of mammalian carcinogenicity
exists.

Setting RMCLs for carcinogens at zero
would follow the guidance provided in
House Report 93-1185 and would
express a general philosophy that ¢s o
goal carcinogens should not be present
in drinking water. The Agency believes
that the RMCLs (as a goal) sheuld
express the ideal concept that drinking
water should be free from avoidabie
contamination and risk and that quality
degradation should not be permitted.

If RMCLs are set at zero, some
explanation may be needed to
differentiate an RMCL from an MCL that
would not be zero, since MCLs consider
factors such as potential health risk,
costs of treatment and feasibility of
meeting the MCL. If these factors
changed substantially, MCLs would
need to be reexamined.

Alternative 2: Set RMCLs at the
analytical detection limit. Due lo
limitations in analytical techniques, it
will always be impossible to say with
certainty that the substance is not
present. In theory, RMCLS at zero will
always be unachievable (or al least not
demonstrable). While zero could be the
theoretical goal for carcinogens in
drinking water, in practice, a goal of
achieving the analytical detection limits
for specific carcinogens would have to
be followed.

One possible approach would be for
EPA to specify RMCLs for carcinogens
based upon defined state-of-the-art
analytical detection limits. The
verifiable detection limits (i.e., the
RMCLs) would probably fall in the
vicinity of 1 pgfl depending upon the
specific VOC. EPA believes this
approach is justifiable in that zero is
analytically undefinable and the
detection limit may be the functional
equivalent of zero. Of course. analytical
detection limits are also moving targets
as the state-of-the-art of analytical
chemistry progresses. but at least they
do provide a measurable target.

Alternative 3: Set RMCLs at a non-
zero leve! based upon a calculated
negligible contribution to lifetime risk.
Alternative 3 would establish a non-zero
level as the RMCL. A level could be
selected that would present a negligible
risk. In practical terms, such a low
nominal risk would effectively preclude
any discernable adverse effect on the
health of the population and. because of
the conservative nature of the risk
calculation process, may not result in
any actual adverse effects on an
individual. EPA would have to conclude
that this very low risk would result in
“no known or anticipated adverse effect
on the health of persons and which

This nppronch o AW
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quantitative guidance to public water
systems of the ultimate goal which they
might wish to use in the operation of
water treatment facilities and in the
design of future planned facilities.
However. it should be recognized that
just as with analytical detection limits
{Option 2} a calculatzd risk target would
also be moving target, because: {1)
calculation methods change, and (2) the
subjective determination of what is a
negligible risk might change.

One possible variation of Option 3
would be to set RMCLs as a range of
finite risk levels. This alternative would
recognize the lack of accuracy and
precision of risk calculations and the
inherent difficulties in selecting one
finite level as the onlv appropriate
health goal in view of the numerous
scientific uncertainties of risk estimates.
However, this approach has a number of
disadvantages including: lack of
national uniformity and lack of specific
guidance from EPA.

If a non-zero level is determined as
appropriate for the RMCLs. two
questions must be considered.

(1) What level should be used as
representing the "no effect” level?

(2) How can an “adequate margin of
safety” be incorporated into the finite
risk level?

The NAS principles (Drinking Water
and Health, Vol. 1) state that human
exposure to carcinogens should be
addressed in terms of risk rather than
safe or non-safe. Because zero is not
definable in an analvtical sense. rather
than speaking in terms of zero
concentrations for carcinogens RMCLs
for carcinogens could be set at levels at
which the risks are so small that they
are considered virtually nonexistent.

Determination of RMCLs for
carcinogens at a finite level would be
based on available science and the only
quantitative tools available are cancer
risk models. These are based upon
animal studies and none of the models is
experimentally verifiable as there is no
scientifically valid method for
determining the actual risks at low
environmental exposure levels.
Scientific issues surround their use in
such areas as the data used,
extrapolation techniques. and various
factors in the analvsis. Risk models are
recognized as imperfect but they are the
best tool available for estimating toxic
patency or risk a! low expasure levels.
The commonly used risk models are
generally conservative in their
estimation of human risk of exposure to
a contaminant. Selection of a target risk
based upon a conservative risk model,
such as the linearized multi-stage model,
is arguably in accord with the SDWA,
which requires the RMCL to be set at a
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no effect level "with an adequate margin
of safety.” The Agency believes that
there is no exact or precise way to
determine this level. The decision is
judgmental—not strictly based upon
science but upon a social judgment on
what constitutes a negligible risk.

Federal regutations for environmental
contaminants have generally fallen in
the 10-* to 10-° lifetime risk range, as
calculated from a linear multi-stage
model. Most of those deciksions
incorporated consideration of costs and
feasibility.

The negligible risk concept considered
here is based strictly on individual risk
rates and exposure. [t does not include
other economic or technical
considerations that are part of setting
the enforcement standards (i.e.. the
MCLs). The level for the MCLs (not
RMCLs) would thus be considered to be
the upper limits of risk that are
considered to be acceptable based upon
our current evaluation of the feasibility
and costs of controls.

Under this approach to setting
drinking water RMCLs, EPA has
considered two risk levels as possibly
representing an upper limit for a risk:
one in 100,000 (1079 probability per 70
vears of exposure and one in 1,000.000
(10" % probability. An incremental
lifetime risk level of 10~ % would
prcbably be more representative than
107% as the "no effect” leve] for these
chemicals in drinking water with a
margin of safety as envisioned by
Congress. The NDWAC stated that 107
would be an appropriate target.
However, a level of 107 %is the level of
concern that commonly has been
discussed as the lower limit of concern
over the potential health risks of
exposure, especially for the generally
involuntary risk from exposure to a
drinking water contaminant.

In addition, if RMCLs were to be set
at a non-zero level, use of the linearized
multi-stage model would often appear to
be more appropriate than others to
meet the Congressional intent. The
conservative nature of the model could
actually mean that the real risk of
exposure was probably lower {e.g.. 1077
or 1079 if any risk actually exists
{assuming a non-threshold mechanism
were operative) because the model was
structured to be conservative and
because of the nature of many of the
assumptions in the model.

As an example of what 10" % would
mean in terms of the U.S. population, a
total of 20 cases of cancer would result
if 10 percent of the population were
exposed at a dose level equivalent to a
10~ " risk for 70 years. Stated another
way, that would be one-third of a cancer
case per year as an upper limit in the

U.S. population compared to the
appropriately 500,000 annual cancer
deaths that occur. The actual number of
cases attributable to that particular
substance would probably be less and
perhaps none at all would occur unless
some additive or synergistic interaction
with other substances resuited in
enhanced toxicity.

Proposed RMCLs: Conclusions. This
proposal selects RMCLs for patential
carcinogens at zero; the alternatives
were carefully considered in view of the
intent of the SDWA and public
comments. It should be recognized that
regardless of which of the three
alternatives is ultimately selected for
the RMCL, it is unlikely that the MCL "ot
a particular substance would be
affected. since normally all of the
approaches would yield targets that are
likely to be below levels that are
“technically and economically feasible”
using available technologies. MCLs will
be set as close to the RMCLs as feasible.
Preliminary analyses indicate that the
MCLs may fall roughly in the range of 5
to 50 pg/! for most of the VOCs being
considered in this proposal.

Proposed RMCLs for the following
substances considered carcinogenic are
“zero": tetrachloroethylene,
trichloroethylene, carbon tetrachloride,
1.2-dichoroethane, vinyl chloride,
benzene, 1,1-dichloroethylene.

The proposed RMCL for 1,1.1-
trichloroethane is 0.2 mg/l, derived from
the calculated AADI of 1.0 mg/!
assuming 20 percent contribution from
drinking water to total exposure. If the
preliminary NTP report on the
carcinogenicity of this compound is
affirmed, the RMCL would be zero. EPA
would provide formal notice if and when
this occurs.

The proposed RMCL for p-
dichlorobenzene [1.4-dichlorobenzene)
is 0.75 mg/l. derived from the calculated
AADI of 3.75 mg/] assuming 20 percent
contribution from drinking water to total
exposure.

Three of these substances
{trichloroethylene, tetrachloroethylene
and 1,1-dichloroethylene) have only
“limited" animal evidence of
carcinogenicity, as this term is used in
the TARC criteria. Factors which
contribute to this classification include
lack of replication in multiple
experiments or multiple species, as well
as defecls in particualr studies. In
addition, indicators of certain types of
tumors, such as in the mouse liver, are
considered by some scientists to have
less weight than others in predicting
carcinogenicity in humgfn E’ f this
type, obtained by corn i 82

2 .
¢

introduces another variable that
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complicates intt erpretation. While
evidence for the ese three substances is of
a weaker naturre than for others that
EPA is proposirmng to regulate as
carcinogens, it 1 is nevertheless evidence
that must be weeighed by the
Admiriistrator.

The strictly ss cientific evaluation of
such evidence (J{ known as "risk
assessment”) caan only describe its
strength and we eaknesses. EPA’s risk
assessment is saummarized above and
described in deetail in the documents
referenced in Seection Vil Health
Assessment dox cuments for these three
substances werre reviewed by EPA's
Science Advisoory Board in April and
May of 1984. THhose reviews will be
considered in thhis rulemaking action
under the SDWV A and become part of the
record.

Decisions absout what actions to take
on the basis of the evidence (known as
“risk managema ent”), including decisions
about how stroong the scientific evidence
should be to jusstify regulating a
substance, requuire policy judgments
which must be made by the
Administrator. after public comment, in
the light of the . Agency's statutory
mandates.

EPA stronglyv believes that its risk
assessments shrould be consistent among
Agency progranms. On the other hand,
risk managemeent decisions can and
should vary in - the light of differing
circumstances + or statutorv mandates. It
is therefore pogssible that some of these
substances migzzht be regulated
differently in o ther Agency programs.
For example, EZPA plans to decide
whether to list several of these
substances as Hhazardous air pollutants
under section 1112 of the Clean Air Act.
The same scierntific evidence will be
considered alonng with other factors
relevant to that t decision. This may or
may not lead too a conclusion to list and
to regulate thenm as carcinogens.

Public commnents are requested on
setting RMCLs: for carcinogens at zero,
the analvtical odetection limit, and at
some finite valll ue based upon risk
estimation. Conmment is also requested
on appropriater analytical detection
limits. and on tthe method for calculating
the finite risk wwalue and for determining
the risk target. . Comments are also
requested on t he RMCLs for non-
carcinogenic stwubstances and the
wssumption of ©an exposure factor of 20
prreent from diirinking water, absent
quantitative maulti-media exposure data.

Comment is  also directed to technical
determinations s AAD! calculations. the
draft revised (T2AG risk caleulations. and
the inclusion of substances with “limited
evidence” in Y he carcinogen category. 1,
on the basis of § the record. itis
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determined that one or more of these
subs tances should not be treated as
carcinogens. then the AADI calculations
modi fied by an allocation of 20 percent
to dr inking water would be the basis for
the'promulgated RMCL.

VI. Other Considerations for Public
Comment

Th e next regulatory steps will be
promuulgation of the RMCLs and
prop osal of MCLs and monitoring and
reporting requirements. Suppbr‘.ing
docu mentation for the MCL proposal
will include: {1) Exposure and risk
asse ssments, {2) an assessment of
gene rally available technology. (3) an
asse ssment of available analytical
meth ods and costs of monitoring, and (4)
an economic and financial impact
anal ysis. Available information to
supp ort several of the assessments is
referenced in the next section. The
public is requested to review those
references and provide comments and
othe r supporting information and data.
The public is also requested to comment
on the issues and information discussed
below on available treatment techniques
and costs and current eslimates of the
potential impact of VOC regulations.

Trea tment of Control of VOCs

Economics. treatment technologies
and feasibility are not factors involved
in th e determination of RMCLs; however

brief discussions are provided here.
These factors are key elements in the
determination of the MCL which will be
proposed when the RMCLs are
promugated. o o

Methods for removal of these volatile
organic chemicals include aeration and
. ular activated carbon (GAQC), The

AT aCivVaiel Caragn (sive ;.

available data do not show powdered
activated carbon treatment or
conventional drinking water treatment
{i.e., coagulation, sedimentation, and
filtration) to be sufficiently effective for
long term application. Macroreticular
resins may eventually prove to have
value for removing VOCs: questions still
exist concerning their use. Data
describing actual exhaustive capacity of
the resins are not available to define the
regeneration frequencies to be expected
with the resins. Thus, costs have not yet
been estimated for application of resin
technology. At this time, substantial
operational experience and/or
experimental data are available only for
aeration and GAC.

Costs of treatment. Preliminary
designs and cost estimates have been
developed for a hypothetical ground
water contamination situation involving
trichloroethylene (TCE). Table 8
provides relevant estimated cost
information for treatment of TCE at the
90 percent and 99 percent removal
levels. respectively, for aeration and
GAC technologies.

TABLE 8.—PRELIMINARY COSTS FOR CONTROLLING TCE IN DRINKING WATER
{1983 dollars]

Type of trealment

Estimated costs—System size—Population
served

1,000 t0
2,500 (0.43
mgd}

10.000 to

100 to 500 25,000 (4.0
mgd)

{0.05 mgd}

Packe-d tower aeration:
Fosr a0 percent romaval # g soutce 500 wq I MCL 50 uq !
Caprtat cost...... . . R
Cost per thousard gallons (cents)

$16,000 $50,000
128 34

$269,000
8

Ft 99 percent removal rq souree 500 0 I MCL S gt
Captat cost... . . . oL .
Cost per thousand gallons (cents)...

Granu/ar activated carbon

Foor M0 percont enmovat e q  source 500 w1 MCL 50 0
Caprtal cost. s e
Cost per thousand gallons (cents) . ... ..

Feat R parcent ramoval o g soume SO0 ug 1 MCL S aat
Capntal cost.. . e e et e
Cost per thousand gallons (cents)...........

$28,500 $125.000 $510,000
181 a1 1

$28.400 | $84,000 $486,500
143 | 36 19

]
$28.400 | 84,00 486,500
149 | 39 22

:

Bas:s for designs
Notes.

For packed tower asration—libergiass reinforced plastic shell with plastic packing materal and separate housing; Kavanaugh
& Trussell dasign procedure; contingency factors ol 25 percent for engneanng. 25 percant for overhead and profit, 25 percent
tor_shipping and instalfation: electncity costs 8 cents por kWh; interast rate of 12 percent; amortization penod of 20 years,

For granular activated carbon—emply-bed-contact-ime of 10 minutes; pressure contractors based upon quoted prices of
vanous manufacturars; nibal charge carbon cosls 65 cents per [b.; contingoncy lactors of 25 percent of engineering, 25
sercernt for overhead and profit, 25 parcent of shipping and installabon; etectncity costs 8 cenls per KWh, mtorost rate of 12

perce Mt amortization penod of 20 yaars.

Potezntial Impact of Regulations

The nominal limits of detection
atta ined by the laboratories performing
ana lyses in the GWSS were usually in
the 0.2t0 0.5 ug/l range depending upon

the specific chemical, although it
appears that precision and accuracy
requirements for regulatory compliance

determination WWC that
regulations (M b at least one
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