
SUPPLEMENTARY INFORMATION: 

--‘I’oxicc~lo~y of VOCS 
V. RMCI. I1cvclc~pmc:n1 R;~fion;llr: 

l VOCs: R~~ulatcvy j\pprcwc:h 
* Regtdalions for Whic:h VOCs 
l RblC1.s: Rcgul;llory Approach 

VI. Other Consider:rtion.u for I’Alic: Comnxnt 
VII. Rc~fcruncxs 
VIII. Rcctwst for Cvmcncvts 

1. Statutory Requirements 

The Safe Drinking Water Act (42 USC 
3001, ct seq.) (“SDWA” or “the Act”) 

----_ -_... _ _ _ 

ENVlRONNlENTAL PROTECTION ADDRESSES: Send written mmments to 
AGENCY Comment Clerk. Criteria and Standards 

Division. Office of Drinking Water 
40 CFR Part 141 (WH-550). Environmcntul Protection 

IOW-FRL-2514-31 
r\$cncy, 401 hi Street, S.W.. 
Wzlshinaton. U.C. 20460. t\ copv of the 

National Primary Drinking Water cornmcnts and supporting do&nents 
Regulations; Volatile Synthetic will be available for review during 

.I 

Organic Chemicals norrmil business hours ;lt the EPA Hocm~ 

AGENCY: I:nvironmenLiil Protection 
5SEB. 401 M Strcel. S.W.. Washington. 

Agency (EP;\). 
DC. 20460. ‘The public hearing will be 
held in Room 3906. EPA. 401 M. St. S.W.. 

ACTION: Proposed rulcmakin~. Washington, D.C. It is requested that 
--- ---.--- 
SUNIMARY: This proposed rule under the 

anyone planning to attend the public 

Safe Drinking Water Act (42 USC. 3OOf 
hearing (especially those who plan to 

c:t se</.) establishes Recommended 
make statements) register in advance by 

Masimum Contaminant Levels (RMCLs) 
callin,o or writing EMS. Arnetta Davis at 

for the following volatile synthetic 
202/382-X75. EPA, WH-550,401 M St., 

organic chemicals (VOCsJ in drinking 
S.W.. Washinpton, D.C. 20460. Persons 

water: trichloroethylenc. 
planning to make statements at the 

tetrachloroethylenc. curbon 
hearings arc encourngcd to submit 

tetrachldride, l,l.l-trichlorocthnne. vinyl 
written copies of their remarks at the 
time of the hearing. requires the EPA to establish primary 

chloride. 1.2-dichlorocthancl. 
benzene. l.l-dlchloroethylene. and p- 

References cited on section VII will be drinking water regulations which: 111 

clic:hlorobenene. RMCLs (goals) for non- 
available for inspection at the Drinking Apply cb public w”ztter systems: (2)’ ’ 

Water Supply Branches of EPA’s specify contaminants which in the 
carcinogens are proposed based upon 
chronic toxicity data. and RMCLs 

Regional Offices. judgment of the Administrator. may 

(goals) for cardinogens are proposed ai 
I. JFK Fetlcrol Bldn., Boston, MI\ 02203. have ;lny adverse effect on the hc;dth of 

persons: (3) specify for each 
the zero level. VOCs that are not 

Phone: (627) 22Z&5406. Jerome I Italy 
II. 26 Federal Plaza. Room 824. New contaminant either (a) mnxim.um 

included in this proposal mty be 

considered for subsequent rulemaking 
York. NY 10278, Phone: (ZlZJ 264-1800, contaminant levels (MCLs) or [b) 

as appropriate. 
Walter Andrervs treatment techniques. See section 

III. 6th & Walnut Sts., Philadelphia. PA 1401[1). 42 USC. 300f. A treatment 
RMCLs rl re oome~~~orcc:nbfe health 

;~on~‘s which are to be set at levels lvhich 
19106. Phone: (215) 597-9873. Bernie technique requirement would only be set 
Sarnowski if “it is not economicallv or 

~voulci result in no known or anticipated 
adverse health effects with an iIde;uate 

IV. 345 Courtland Street. Atlanta, GfZ technologically feasible;’ to ;Isccrtain 
the level of a cuz:!amin:int in drinking 

margin of safctv. This orooosal is the 
30365. Phone: (404) 881-3781, Robert 
Jourdnn wa tcr. 

V. 230 S. Denrhorn St.. Chicago, IL 60604. The SDWA includes provisions for 
._ 

establishment of primary drinking water 
rc&ttions for the VOCs. Following this 

Phone: (312) 86~61%. Joseph interim and revised rc~ulations. See 
Harrison section 1412. 42 USC. 3OOg-1. Interim 

proposul. Maximum Contaminant Levels Vi. 1201 Elm St.. Dallas. TX 75270, regulations were to be established 
(blCLs) and monitoring/reporting within 180 days of cnzlctment of the 
requircrticnts will be proposed when the 

Phone: (214) 767-2620. James Graham 

Rh1CI.s iIre promulgated. MCLs nrc 
VII. 324 East 11 th St.. Kansas City. MO SDWA. Revised regulations ;lrc: to be 

developed in two steps: the A2gctncy is IO 
t~n.forc:r~crhic stnndurds ;lnd arc to be set 

64106. Phone: (816) 374-6514, Gerald 
R. Force establish recommended maximum 

21s close to the RMCLs as is feasible and VIII. 1860 Lincoln St.. Denver. CO 80295, contaminant levels (RMCLs) and then 
arc based upon health. treatment Phone: [303) 837-2731, Dean Chaussec establish maximum contaminant levels 
technologies. cost and other factors. IX. 215 Fremont St., San Francisco, CA (MCLs) as close to the RMCLs as 

Public comments are solicited on the 94105, Phone: (415) 974-8076. Leslie feasible. MCLs are to be Proposed at the 
:Ipproach to setting RMCLs as proposed Ragie time of promulgation of the RMCLs. 
in this notice ils ~vell as on the X. 1200 Sislk Ave.. Seattle. WA 98101, RMCLs are non-cnforceahfe health 
;!ltc:rnatives presented. Specifically. Phone: (206) 442-1225. Jerry Opatz goo/.s. RMCLs are to be set nt a lcvcl 
comments arc requested on the which. in the Administrator’s judgment, 
followin:: Should the RMCLs for 

Copies of the nine draft health criteri:l 
documents will be available for a fee “no known or anticipated adverse 

carcinojiens be zero or il level of from the National Technical Information effects on the health of persons occur 
euposuro considered to constitute ii 
nc$i~ible incremental lifetime risk. siiy 

Service, U.S. Department of Commerce, and which allows an adequate margin of 
‘i285 Port Royal Road. Springfield, safety”. Section 1412(b)(l)(BJ. The 

OIW in onr: million. based upon ;I Virginia 22161. The toll free number is I-IOlJSf? Report on the 1974 legislation 
c:rmscrvativc risk estimate calculation 

prcxdurc: or should the RMCLs for 
800/336-4700: vocal: 703/487-4650. provides con:frcssion:lI guidance on 

developing RMCI,s: 
c:;lrc:lnost!ns he established zt the limits 

FOR FURTHER INFORMATION CONTACT: 

rlf :!n;lIytiCiIl cletcclion? 
Contact Joseph A. Co!rnvo. Ph. D.. * ’ * the recommnnclnd maximum 

Director. Criteria and Standards (cx~ntaminanl~ Icwl must Iw sell to prcvcnt 

DATES: Writtcln comments should be thr: occurrencr: of any known or anticipxtcvl 

sul~mitt~~l by Septcmhrr 10. 1984. r\ 
Division. Office of Drinking W;lter 

advcrsc cffoct. II must incluck an ;dr:ctlmtc~ 

put>lic hearing will l)r! hclcl in 
(WIl-SsO). Environmentai Protection 

bt’zlshington. I.1.C. on t\uaust 6 anti 7. 
~\fienc:y. 401 LcI Street. SW., margin of salcty. ~~nlws thwo i$ no s;tf(: 

fhrcshold for a contamin;ln 

IRW. if needed beginning at !):OO il.*>.. 

Washington. D.C. 20460. relcphane (202) thr! rcc:ommcndc:tl mwimu 
362-75;s. icwl should htl wt i~t zero It,vc!t. 
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.I?C.Ls cm ihcl er~rcrceu!~!~~ slandards. 
XJCLs must bc set as closr 10 R1ICLs as 
is feasible. Feasible means ‘*with the use 
of the besf technology. treatment 
techniques and other means. whic;h the 
:\clministrator finds arc jienei-ally 
;iva~lable (taking costs into 
c:l)nsidcr;ltion).“Scction 1-112(b)(3). 

R1ICI.s of themselves hare no impact 
on public water systems or the public. 
By promulgating RX1Cl.s. no system is 
forced to reduce contaminants to this 
level or to take other action regarding 
contaminants. RMCLs serve as goals for 
the Agency in the course of setting 
MCLs ;rncl arc therefore initial steps in 
the MCI. rulemaking that will follow. In 
come cases, the MCLs will be set very 
close to the RMC1.s: in other cases 
control processes or economic 
consithxrtions may dictate an hlCL thitt 
is not as close. Public \Vil!W systems 
must comply with the MCL: non- 
compliance with an R&ICI. cannot be the 
basis of an enforcement action under 
section 1414 of the Safe Drinking Water 
r\ct. 

In addition. the SDWA specifics that 
primary drinking Lvater regulations 
contain criteria and procedures to 
assure a supply of water that complies 
bvith the MCLs (i.e.. n,aniror& and 
rcportir~g rcquirmmnts]. Section 
lXYl[l)(D]. Section 1445(a] authorizes 
EPA to require by regulation any public 
wxtcr supplier to keep records, make 
reports. conduct monitoring and provide 
such other information as may be 
required to assist in determin;ng 
t ~~f~:lbli~t~~~:t~ rvitli the Sl)\Y;\. ii1 

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 
years and amended whenever changes 
tn technology. treatment techniques or 
other factors permit greater health 
protection. 

In addition to the regulatory 
mandates. the SDWA provides 
authorities for ensuring the safety of the 
nation*s drinking water in a non- 
regulatory contest. Section 1442(a](Z)(B) 
authorizes EPA to provide technical 
assistance to States ilEt publicly owned 
water systems in rrymnsc to and 

alleviation of any emergency Sitcliltiorl 
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 tn take such actions as the 
administrator deems ncxcss;iry to 
protect public: health from a 
contaminant that may present an 

s-034999 CQ57(0?)( I I-JUN-8J-IO~.rJ:~~?) 

F,T”, IO, 10-12-83 

imminent und substantial ondan~crmun1 
to the health of persons. 

II. Regulatory Framewdrk 

The tssuancc of Revised Primary 
Drinking Water Regulations is the third 
step in the evolution of the primary 
&inking \L’(j!ey r&-a rlll,,‘;“.“. - . ..-.. I..;4 ’ i L&W t11>113 IlltLII”<LLt.” IJS 

In thr!fir.s/ stt?p. the Nattonal Interim 
Primary Drinking Water Regulations 
[NIPUWR] wcrc promulgated on 
December 24. 1975. with an effective 
date of june 24.1977. ,1mcndments were 
issued in 1976. and 1979 and 1989. See 40 
CFR 141. Maximum contaminant levels 
[Iv!CLs) and monitoring and reporting 
requirements were set for numcrou5 
microbiological, inorganic, organic, and 
radionuclide contaminants (40 CFR. Part 
141. Subpar! B). At the direction of the 
Congress, EPA based the NIPDWR in 
large part on the 1962 U.S. Public Health 
Service (PI-IS) Standards for drinking 
water which in turn were dorivcd from 
previous standards dating as far back as 
1915 for the microbiological standards 
and the 1940’s for the MCLs for some of 
the inorganic chemcials. 

As the second step. section 141Z(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 heaIth 
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 
contnmimrnts 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 
l-fco!th.” to EPA in 1977 which was 
published in the Federai Register for 
public comment: four additional reports 
have been received. While Congress 
envisioned that the NAS would provide 
proposals tar 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 rcquircs 
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 \virter and 
based upon this informution and data 
from other scientific sources, EPA is 
developing the Kh.1Cl.s. 

As the 1h;rr1s!r?p. section 1412[b)[l)[B) 
provided that EPA must propose and 
promulgate National Revised Primary 
Drinking Water Regulations (NPDWR) 
that would include RIMUs. MCLs and 
monitoring and reporting r5juirements 
for those contaminants that muy hiivt? 
an adverse effect on human health. 

Development of the NPJ1WR will bc 
accomplished in four [IhitSOS: 

l Phase I Volatile Synthetic Organic: 
ctlf!mic;lls, 

l Phase II Synthetic Organic 
Chemicals, Inorganic Chemicals and 
Microbiological Contaminants, 

l Phase III Radionuclidcs. 
9 Phase IV Disinfectant By-Products 

including Trihalomcthancs. 
In general the approach fix al1 four 

phases will be similar. 
l Initially an ANPRM will bc 

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. 

l RMCLs will then be proposed 
followed by a public comme.nt period 
and a pubbc hearing(s). 

l RMCLs will then be promulgated 
and proposals 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. generoliy available treatment 
technologies (CAT) will be identified for 
use in compliance with the MCLs and 
the issuance of variances. 

l The MCLs or treatment techniques, 
monitoring and reporting, and other 
requirements including CAT 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 [V’OCs) in 
drinking wa tcr. 

III. Background and Summary of 
Comments 

listed below as amo 

based upon data available at that time. 
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trichloroeihyleuc 
tetrachloroethvlcne 
cxbcn te!rxh’loride 
l.l.l-trichloroeth~Inc 
1.2-dich!oroethane 
c inyl chloride 
~~n~;;~mc~hanr 

1 I 
ChlOiObf%iIZ~llC 

dichlorobenzcne 
trichlorobcnzene 
I.l-dichloroethylene 
cis-I.‘-dichloroethyiene 
trans-1.2-dichlorocthylenc 

The purpose of the ANPKhl was to 
solicit comments on the many scientific. 
technical. legal and economic questions 
associated with determining the proper 
approach under the Safe Drinking Water 
Act (SDW;\) 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: 

l What is the significance of 
contamination of drinking water by 
VOCS? 

* Should national standards be set for 
VOCS? 

l If standards are appropriate. how 
should levels be estabiisheh? 

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 Ivoter lvere 
provided for technical and scientific 
review. 

Sumrrraiy a,f Pcrblic Cor77nfcnts 
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) mei in 
W:lshington. D.C.. on September 23-24. 
1082. to discuss the VOC ANPRM and 

iis rela!eci issues. The NDWAC provided 
its recommendations to the 
Administrator in a letter dated January 
3. 1983. 

Public comments pertinent to this 
proposill arc summnrized in this section 
and in Appent1i.x A. Comments pertinent 
to proposal of the MCi.s and 
monilr)rin~/rt?porting requirements will 
br! summxized in that proposal. The 
public tvo:kshops conclusions snd 

rcxommendations and the NDWAC 
rccommendalions are briefly 
summarized below. As representative of 
comments received by drinking water 

industry associations and public interest 
groups. comments submitted by the 
American Water Works t\ssocistion 
and Nalural Resources Ueicnse Council 
(NRDC). respectively. are plso 
summarized. 

Summaq of Comments From Public 
!4fu.rksf!ups 

Overall, it was concluded that 
contamination by VOCs is o national 
problem warraniing 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 shouId be updated. 

The proposed analytical methods 
were found to bt 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 couldhevelop their own 
monitoring olans. if data show that VOC 
contaminat;on 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 
(A L‘VWA) 

The AWWA recommended that 
contaminants bc 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 S&nces (NA\S)). 
the AWWIZ felt that MCLs should be 
cst~~blishetl if n significant health risk 
exisls. 

In the interim. AWWA recommended 
that national monitoring for specific 
compound identification should he 

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 thediscretion of the State. 
The initial monitoring freauencv should 
be similar to the trihalom&hane (THM) 
rule. In addition, guidance in the form ot 

contamination levels, and action 
categories for five of the VOCs (i.e.. 
vinyl chloride, trichloroethylenc. 
tetrachloroeth4enc. carbon 
tetrachloride. i.Z-dichloroethane) 
should be established for all water 
supplies. 

Natural Resources Defense Cumcil 
(NRDC) 

The NRDC recommended 
comprehensive national standards for 
volatile organic chemicals (VOCs] 
saying that the occurrence and health 
effects data show a significant national 
problem that warrants action under the 
SDWA. NKDC stated the EPA should 
establish RMCLs and MCLs fo,r 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: 

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

l The multi-stage model as modified 
by the Carcinogen Assessment Group 
(CAG] should not be used in 
establishing RMCLs for carcinooens. 
Mathemati&l models at best p&ide 
crude estimates of the risks resultine 
from exposure to a carcinogen. 

l Calculations of exposure levels 
corresponding to lifetime cancer risks of 
10-s 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 lo-@. 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 survleys 
conducted by EP d dnta 
produced by the unction 
with the health r ant 
establishing conlrols for 5 of the VOCs 

(0000001009 



found in drinking water. These are: 
trichloroeth! ::xne. tetrnchloroethylene, 
carbon tetr.: lloride. I.?.-dichloroethane 
and l.l.l-Lrl::.:loroc!hane. 

2. Regulations under the Safe Drinking 
Water Act shoulci be established for 
those 5 chcmlcals at this time. 
Additional data would be needed before 
(1 C!CCiSiOCi COiild be Iiliitle 011 other 
volatile orgilnics found in drinking 
water. Health advisory type guidance 
should be provided for these compounds 
in lieu of r!stablishing MCLs. 

3. Suffic:l~~~it animal toxicology does 
exist at th!.. lime for establishing RMCLs 
for those 5 chc:micals noted in 1. above. 
Quantitnti~.:~ risk calculations using a 
linearized :;lulti-stage model should be 
used for establishing RMCLs for the 
carcinogens. A 1 in 100,000 target risk is 
recommended as the RMCL. For l,l,l-- 
trichlorocthane. which the current data 
indicate is not carcinogenic, the RMCL 
should be calculated from the No 
Observed Effect Level [NOEL) for 
nc!urotosicity with appropriate safety 
ractors. 

4. The analytical methodology for 
detecting and quantitating VOCs is well 
estabiished fi.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: 
howcucr. 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 
dcsizned point of use devices, when 
shown to he effective for VOC control, 
can also be considered for some small 
water systems if they are cost/effective 
and properly managed. 

IV. Volntile Synthetic Organic 
Chemicals in Drinking Water 

FIuntlreds of chemicals have been 
tletcct~~ti at one time or another in 
drinki::i: water in the U.S., but the vast 
maj!, ‘y have been detected 
irifr1, ~c:ntly and at very low 
con! ~:13tions. Selection of candidate 
chc::, .:ils for revised national primary 
drinl\i;lg water regulations is made from 
,sn analysis of data on the occurrence 
frequency. concenlrations detracted. size 
of thr exposed populations and the 
toxicology of the chemicals. This section 
t)rit>.ly summarizes the available 
oc(.uircnce data. provides an overview 
of population axposurc estimates. and 
tliscusses the hertlth effects data for the 
VOCs. Additional information can be 

found in the references listed in section 
VII. 

One or more VOCs ;mve been 
detected in numerous public water 
systems across the country. Typically, 
contamination is at low levels (i.e.. less 
than i part per biiiion, pg/ij bui some 
svstems have found higher levels. The 
\iOCs are man-made dhemicais, 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 1902. 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 pg/l rangej. The data 
showed a distinct difference in the 
frequency of 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 IO,OOO 
detected VOCs. 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: 

l National Organics Reconnaissance 
Survey (NOB) 

l National Organics Monitoring 
Survey (NOMS] 

l National Screening Program for 
Organics in Drinking Wate;(NSP) 

l Community Water Supply Survey 
(CWSS] 

l Rural Water Survey (RWS) 
l 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 
llSSOCiCl!Cd VGith Viil”iOiiS i+Sk iii:SS. 

These surveys were conducied 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 thlz 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 occurrence 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 pg/l, whereas the GWSS [random 
sample], using a minimum quantifiable 
nominal concentration of 0.2 &I, 
reportad 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 

TABLE 1 .--Summary of GWSS Occurrence Data 
[Random sample: n-A661 
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ii class in public water supplies is 
difficult because not all of the six 
surveys looked for all the lisled VOCs 
and because the detection limits or 
minimum quantifiable conccntralions 
for specific VOCs varied from one 
SilTVtji l0 ;ifiOi:lcr. f iOW~VPr. JOiliC 

insight to the overall occurrence or 
VOCs can bc gainccl from analyses of 
the tiatil from the GWSS und CWSS. AS 
shown in Table 3. in the GWSS. XI of 
466 (ZY.Z%] rundomly sclccted 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 lcasl one of 10 
VOCs identified in that survey: 14 of 100 
(13.2%] surface water supplies were 
found to have one or more of the VOCs 
present. 

Occurrence of VOCs at levels above 5 
E/I auuears to be more likely in ground 

, -1  .  .  

water rather than surface water: 
however the detection frequencies msy 

be similar. Virtually all persistent 
o(:(:urrcn(:f:s of VO(:s i~l)ov~: 50 )*::‘I :,I’(! 
expected to be in ground water. 
However. the frequency of specific 
VOCs occurring above that higher level 
is expected to be much less than 1%. 

Table 3 also provides data on multiple 
occurrences of VOCs; 44 of 466 (9.4%) 
randomly selected sites in the GWSS 
had measurable levels of two or more 
VOCs. while 19 of 330 (5.8%) of the 
ground water supplies in the CWSS had 
two or more present. 
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TADLC 3.-Summary of Single and Multiple Occurrence of VOCs as a Class 

0 
CT 
,2 

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. 

In addition to the EPA national survey 
data. numerous incidents of 
contamination have been reported by 
States across the country, and 
contamination in some public water 
wcils has been in the range of100 pg/i 
to 1,000 krg/l and higher. Usually when 
zoncentrations in that range have been 
dctec!cd. corrective measures have been 
rapidly taken: this could explain the 
relatively small number detected in the 
random surveys. 

Sevf:r:il St;ites. including Caiifornia. 
hlic:hi:;ln. New York. and Connecticut, 
have monitored comp;ehcnsively for 
VOCs while others have generally 

responded lo incidents of 
coniamination. Table 5 summarizes 
State data that were available to EPA. 
The estimates of population esposed to 
VOCs in Table z are based only on the 
data from th-e EPA surveys: the State 
data and miscellaneous information 
were noi included because those data 
were only from a few States and 
therefore not geographically 
representative. Furthermore, since much 
of the Statedata 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 :I 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 

a66 09 (21 2 perccnn j 20 I4 3 Percenl) 12 (2 6 perconr, 2 (0 4 perccnt~ 1 0 
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TABLE 5.-SUMMARY OF STATE OCCURRENCE DATA I 

Parameter i Number 01 
/ sampres i. 

3.636 
4.228 

3.3330 

- 

I Number DI 
POSweS Max lppb) 

- 

626 1 I.000 
62.3 1 51o.ooc 
715 i 2.250 
197 / 660 
368 ! 

4i 
I.300 

17 
,77 ; 2.100 

1.249 
2.646 

M6 
2.628 

( krUrrf?nr:i? UIICI Euposllrr .‘lss/?.~smcil I regulatory actions. the occurrence data 

c\s p;lrl of the basis for tlctcrminin,q on VOCs arc used in two principal 

h(jw to reduce human esposure ta VOCs areas. As input to the he%llh risk 

;~ntf determine the appropriate 
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 
vn Dietary inta!tc 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 
pr,~c,;.,o<l h,. ;n,li.,:rl..nln Inrh;l ’ .CULSILW YJ I~LU~IILILUUI~. vv2is;C il 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 sysiem size 
categories likely to have VOCs 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:zms fail 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 clever. 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 wa 
Fo completing the 
fo ground water, it 
the urobabilitv distribution function 
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category was directly applicable to c;>ch 
of the systems in a particular source/ 

or anticipated adverse effect levels” for 
REvICL ~UFDOSCS for toxic aeents not 

size category. Concentrations of VO& 
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. 

i\s noteti previously, Table z 
summarizes thr: estimated population 
esposurcs at various levels of 
contamination. Details of the data base 
used in these projections for each of the 
VOC’s can be found in the occurrence 
documents referenced in section VII. 

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

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

. . s. 
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 safety arc refe’rred 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 toxicolonical analvsis 
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. amono, other 
factors. General guidelines were 
provided by the NAS Safe Drinking 
Water Committee (Illriflkil?$ VVatw*arid 
I-lcaith. Vol. I) which state that an 
uncertainty factor of 10 is used if there 
exist valid experimental resuits 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 AD1 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. 

s-OiJ’lW lX)O?(l).l)(I I-JCN-X4-I0:iJ:Ih) 

F.I:o, :I., ,Wil .I,. 3 



Figure 1 

Non-Carcinogenic Effect 
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To derive the human “no effect” level 
or )ZDI based upon the expcrimcntally- 
derived data displayed in Figure 1, the 
appropriate margin of safety (i.e.. 
uncertainty factor) is applied to 
establish an acceptable level of 
exposure, depic!ed as Point B. The 
obiective of applying the uncertainty 
factor is to rrake 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 close response curve would result 

s-034099 (X)h3(03)(I I-JUN-RJ-IO:34:18) 

Dose 

A: NOAEL (experimentally 
derived) 

B: AD1 or “no effect” level 

c: Presumed threshold for 
adverse effect 

cl: Another possible presumed 
threshold for adverse ef feet 

c2: Non-threshold end point 
of toxicity 

in Point CI 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 is suggestive scientific evidence 
available to postulate that thresholds do 
exist for non&rcinogcnic 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 demonstrable threshold. The 

dose-response curve for this case is 
depicted as the dashed line from Point A 
to the origin or CZ. G 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 ial 
carcinogenic r lues were not 
used for dcvcl ed RMCLs 
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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. 

In addition. these values may have 
some practical application as guidance 
on the lcvcls at which no adverse health 
effects would be expected to occur 
based upon non-carcinogenic data. This 
wcultl be especially useful for 
substances considered to be “weak” 
carcinogens. Comment is reques:-,l on 
these values. 

The AADI’s were calculated by: 
* Determining the highest No- 

Observed-Adverse Effect Level 
(NOAEL), 0, the lowest observed 
adverse effect level [LOAEL] in mg/kg 
body weight/day. 

l Dividing by appropriate safety or 
uncertainty factor(s) [U.F.]. 

* Multiplying by the weight of an 
adult ($0 kg), and 

l 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 hnvc to be 
modified to consider other routes of 
exposure when the RMCL or ILICL is 
computed.) The formula for this 
calculation is as follows: 

TABLE 6.-SUGGFSTEO ADJUSTED ACCEPTABLE 
GAILY INTAKE: VOC’s 

The calculated AADls abo: ,z assume 
that the total exposure was from 
drinking water. Since normallv exposure 
also cmnes from air and food.‘in 
zlritlition to drinking w;itcr. and since 
drinking water is frequently a minor 
contributor to the total exposure. the 
R&fCI. or MCI, should be modified to 
take into account the relative source 
contributions. The World Health 
Organization. in “Cuiclclinr5 for 
Drinking Waler Quality” (19Kl). 

;Issigned as little as 1 pcrccnt of the ADI 
to drinking w;ttcr whclrc the chemical 
w:\s known to bio;lccumulatc: to a high 
cloprcc. \vhile yrr:;ltcr proportions \v(!rc 

assigned where the chemical was 
known to bioaccumulate to n lesser 
degree. In “Drinking Water and fiealth” 
(1977). the National Academy of 
Sciences provided projections of 1 
percent and 20 percent as illustrations of 
drinking water contributions. In the 
National Interim Primarv Drinking 
Water Regulations for six organic 
chemicais. drinking water ~vas assumed 
to contribute 20 percent of tke total daily 
intakn. 

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 AADl value for a 
non-carcinogen were to be the basis for 
an RMCL. it would be reduced by 00 
percent to account for up to 20 percent 
contribution from drinking water to the 
total daily burden. 

Deveelopment of RMCLs for 
Corci~7o~er7s. 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 61. 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 short-term test 
results]. This process is complex since 
the production of cancer probably is a 
multi-stage event. determined by a 
multipllclty of mechanisms. the nature of 
which remain. for the most part. 
hypothesized rather than identified. 

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

I-luman epidemiology data are 
extremely limited in their ability to 
identify cnrcinogcnic risks. Thus. anim;il 
expcrimcnts :!rc conduclc?d from which 
potential human risk is extrapolated. In 
the first voluinc of flrii7king Wfffo’nrd 

Ilr~~/li~ (1%7\. the N/\S Safe Drinking 
Water Comniitlrf* provitlr!d principles In 

, 

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

Principkf? I: Effects in animals, 
properly qualified, are applicable lo 
man. 

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

Prirwpls 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 bc 
assessed in terms of human risk, rnther 
than “safe” or “unsafe”. 

Tumors appear spontaneously 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 
Relving 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 techniques 
from. resul ts 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, [z.) the 
pharmacokinetic behavior of the toxic 
agent in animals vs. the human and (3) 
mechnnisms of action (i.e.. whether the 
agent initiates the process or acts at a 
later stage). Classification of 
carcinogens into Oil- 
~L!IIOlOXi~ GiKino possible 
mcchnnisms has illso been considcrcd 

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. fhc nature of 
these changes and how they are brought 
about is still a scientific uncertainty. 
.h!nr!y scicn!ists LY!!ln:Y? that !hc mos! 
likely mechanism involves direct 
illteration of DNA by carcinogens. Many 
cnrcinugens arc capitblc of aitering - 
DNA; chemici~llv-inducetl alteration of 
DNA in germi& 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 
qnerally believe that cancer results 
from a multi-stage process. However. 
these processes are not well understood 
2nd available evidence is insufficient to 
differentiate between carcinogens on 
the basis of mechanism (IARC, 1983). 
Therefore in this proposal EPA did not 
m;tkc a differentiation bilsed 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 
produce 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 subicct of debate in the 
scientific community. However. in spite 
of these difficulties. auantitative risk 
estimation does provide the decision- 
maker one means of setting priorities 
among pollutants and some gauge of the 
potential seriousness of environmental 
hazards (see NC1 Subcommittee report 
referenced in section VII). 

EPi\‘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. 198Oj. Equivalent human 
doses arc established either on rl bodv 
xveight basis (mg/kg) such that the radio 
of human to animal body weights is 
raised to the ‘41 power: 

or on 0 body surfacr area comparison. 
The multi-stage! model is used for 

scvcrill reasons: (11 it is more systcmnlic 
than the one-hit motlci. (2) it invokes 

fewer arbitrary assumptions, (3) the 
assumption of low dose linearity is not 
essential in the use of the model and (41 
it incorporates data from all of the 
dosage groups which are consistent with 
the multi-stage model. At the same time. 
it is conceptually consistent with the 
! i n c a r , ‘IVII-LL 1LJl‘“I” b”lllrCPL. “.,.. ,~“,..Ll,l ^^_^^ , ‘l”?i:h p.is 
model. CAG estimated the upper bound 
cxccss cimccr risk rate at a specific 
exposure level for a 70 kg adult who 
consumes z liters of drinking water per 
day. every day over a 7C year lifespan. 

These calculated risk rates have 
associated uncertainties. This 
uncertainty has many sources, including 
such uncertainties as the shape of the 
dose-response relationship at low doses, 
differences in responses between 
humans and laboratorv animals, and the 
effects of artificial do&g regimens. A 
relatively minor source of uncertainty is 
statistical fluctuation that results from 
the finite sample sizp 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-%% 
confidence 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 bc 
proiccted 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 sat! 
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 bioloaical basis of anv 
of the currently availadie models for 

0 

giving an upper limit estimate. The 
multi-stage model is presumed to 
usually give a conservative risk estim;+te 
(i.e.. less likely to underestimate the 
actual risk) and thus would usually be 
consistent with a protective regulatory 
philosophy. A similar model wns used 
by the NM Safe Drinking Water 
Committee in the calculations orovidcd 
to EPA in “Drinking Water and I-lc;llth”. 
The NDWAC recommended thilt Ihc 
multi-stager model be used in the 
estimation of cancer risk ;tssoci;ltcd 
with the VOCs. Various calculations 
using multi-stqc motlr:ls are prf?sc:ntr:tI 
in Txlile 7. 

Shown along with the risk estimates 
in Table 7 is a oualification tof the degree 
of evidence of c’nrcino~enicity exhibiied 
by the chemicals. The‘Intern:<lional 
Azencv for Research on Cancer (IARC 
pt%vid*cs guidance for categorizing 
chemicals having sufficient or limited 
cvidcncc G, LnrL!,,“l;“““LLy. In :iic !?,RC F ̂ ..^^:..^r?r:^:b.. 
Monographs Supplement *l the 
definition for sufficient cvidonce for 
carcinogenicity indicates that there need 
be an increased incidence of malignant 
tamers: [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 rlzporting: or 
(c) the neoplasms produced often occur 
spontaneously or are difficull: 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 relationshio. 
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 reuort. Drinking Water and Health. 
Vol. I. (i977) classifiid chemical 
carcinogens into four categories: human 
carcinogens, suspected human 
carcinogens, animal carcinogens and 
suspected animal carcinogens. 

Figure 2 presents a typical d.ose- 
response curve for animal experiments 
dealing with carcinogens. Usually only 
two data 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 
exoosurc level below those 
cx&imcntn is esposure 
lC?Vr.l would ‘I level likely 
to exist in th ‘ronment 
(usually far below the experimental 



dose). Identification of this point (B) and projection of an associated escess 
others along the extrapolated lower end human earner risk. 
of the curve then allows for the 
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Toxicology of VOCs each VOC and are providccl for public 

The following are short discussions of comment: see scctibn VII. References. 

the toxicity of VOCs for which RMCLs Trichlorodhylenc. ‘I’richloroc~hylcne 
are proposed. Detailccl assessments arc has been shown to exhibit non- 
found in Ihe draft health criteria carcinogenic bioeffccts at high (non- 
documcnls that have bcarl preparctl for 

environmental) doses in humans and 
several other animal species, including 

s-OZJY9Y OObh(O.l)(l I-JUWXJ-lO:342) 

does. rabbits. guinea Digs. rats and mice. 
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Thi major eff&s de&oistra!ed are liver 
and kidney damage, central nervous 
system efft)cts and depression in 
myocardial contractility. 

In the calculation of a suggested 
adjusted ADI for trichloroethylene. liver 
toxicitv was used as the most sensitive 
end-pdint with respect to adverse health 
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 inhrilation 
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-level of 300 mg/m3 (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 
r1111y crf 14 tvt!c!ks tll!ration. 0n1: hunrlmtl 
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 trichlorN3ethylene 
administration by inhalation. The NC1 
bioassay did not 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 Sdmonda 
fyphimorium and E. coli Kl.2 strain; 
however, a later study reported 
trichloroethylene to be non-mutagenic in 
the Ames test system. 

Commercial grade trichloroethyiene 
was tested by the National Cancer 
Instit*lte (NCI) (1776) and was reported 
to induce hepatocellular carcinomas in 
male and female mice by oral gavage. A 
repeat bioassay by the National 
Toxicology Program (19831 using purified 
trichloroethylene in corn oil found it to 
cause hepatocellular carcinomas in both 
sescs 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 editions 
and the results in n e 
determined to be i make an 

0800001017 
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adequate evaluation of the 
carcinogenicity. The doses administered 
to the rat were 1.000 and 500 mg/kg,‘clay. 

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 
silggest a carcinogenic effect in one 
species, but lack of confirmation in 
others. The Wor!d Health Organization 
(19811 has recommended a tentative 
guideline value of 30 pg/i 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 
extrapolatctl from high dose animal 
studies. Fur trichloroethylene, these 
estimates were based I’pon the NC1 
bioassay data. Calculated risks 
correspondingly to various doses are 
listed in Table 7. 

Tetrachloroethlene. 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 
concomitant changes in serum enzyme 
activity levels indicative of tissue 
damage. 

A suggested adjusted AD1 for 
tctrachloroethylene, 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 
tetrachloroethylcne with effects 
observed on the central nervous system. 
immune system and certain blood 
components. The value of 0.085 mg/l 
was derived from these studies. based 
upon a no-observed-adverse-effect level 
of 10 mg/ms (1.5 ppm] and an 
uncertainty factor of 100. This 
uncertainty factor was considered 
appropriate for use with a no-obscrvccl- 
adverse effect level from an animal 
study with no comparable human data. 
Daily exposure of a 70 kg adult drinking 
z liters of water per day was assumed in 
the calculations. 

‘Tctrachloroethylene in corn oil was 
tested for carcinogenic potential in mice 
and rats by gavage in the NC1 Bionssay 
Program (1977). In these bionssays, it 
was shown that tctrachloroethylenc 
increased the incidence of 
hcpatocellular carcinomas in both sexes 
of mice, but no! in rats. A dose rate of 
531 mg/kg per clay, 5 days/week in malt: 
mice and 386 mg/kg in female mice 
resulted in a tumor.incidcnce rate of 65 

S-O?4999 Mlh7(04)(I l-JUN-?.4-I0~3h~:?) 
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percent and 40 percent. respectively. 
Because of an esccssive dose rc!atcd 
mortality in the garage 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 garage study 
has been withdrawn for the time being 
pending the results of an indcpth audit 
by the NTP due to unresolved problems 
with the study as cc+nductcd. 

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

The IARC has concluded that 
tetrachloroethylenc has limited evidence 
of carcinogenicity 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 pg/l for tetrachloroethylene 
in drinking water. 

EPA’s Carcinogen Assessment Group 
has used the linearized multi-state 
model to calculate projected excess 
cancer risk estimates extrapola!ed from 
high-does animal studies. For 
tetrachloroethylenc. these estimates 
were based upon the 1977 NC1 bioassay 
in mice. Calculated risks corresponding 
to various doses are listed in Table 7. 

1.1.1-Tricflloroelhanc. The principal 
toxic effects of l.l.?-trichloroethanc 
from which (non-environmental) dose 
exposure in animals and humans arc! 
depression of the central nervous 
system. increase in liver weight and 
cardiovascular changes. 

I,ivr!r tosicily IVilS tlsl!tl i15 the: IIlOXI 

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 
l.l.l-trichlorocthane was used to 
calculate a suggested Adjusted AD1 of 
1.0 mg/l. 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 l.I.l-trichloroethanc 
in corn oil by gnvage. Because only 3 
percent of the animals survived to the 
end of the experiment. due in part to 
chronic murinn pneumonia which was 
tlctcrmined to be the most probnbic 
cause of the high incidence of natural 
deaths among the animals, it was 
concluded that carcinogenicity could not 

1 

be determined from this Istudy. A repeat 
carcinogcncsis bioassay of l.l,l- 
trichlorocthane 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 
or 37.5 mg/kg. !r! the pre!l!??inary report 
of this study, 1.1.1~trichloroethane was 
carcinogenic in both male and female 
mice showing an increased incidence of 
hcpatocellular carcinomas but not in 
rats: however, these initial results have 
been questioned. 

l,l.l-Trichloroethane has been tested 
for mutagenicity in several test systems. 
Both negative and positive results were 
reported in mutagenicity lests in various 
Salmonella typhimurium strains. and 
l.l.l-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 oE hepatoceltular 
carcinomas in female mice in the study 
cited above. Calculated risks 
corresponding to various closes 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 l.l.l- 
trichloroethane is currently undergoing 
audit by the NTP and a final 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 thal 1.1,1- 
trichloroethane was carcinogenic under 
the conditions of the tests. 

Carbon Tefrachioride. Carbon 
tc~trac:hloritlr? (CCI,,) 112s tx!t:ri 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. 

I\ c:hrcirlir: i\i\l)l for (:(:I, of 0.025 nt$ 
1 was calculated From a reclnnt report of 
a study [Bruckner. et al.. 1983) which has 
not yet been published or peer reviewed 
at this juncture. 

Rats weighing ZOO-500 g were 
randomly divided into groups of 15 to 16 
animals each. The animals were given 
1~ ,c:;Iv;I~~c 0. I. IO. 33 WF: c:Cl.,ikg II~ 
(in corn oil). Th .rc dosed on 
a daily basis, 5 , for a total 
period of 12 weeks. Blood samples wcrc 
obtained from alternate animals at t 

000000~0~~ 
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following intervals: 2. 4. 6. 0.10 and 12 
weeks post-treatment. The serum was 
analyzecl for BUN. CPT. SDH and OCT. 
At 1 mgjkg. therta were no significant 
biochemicnl/his:opathoiogical changes. 
SDH, the most sensitive index of 
hepatotoxicitv. was elevated (p <O.OS) 
in v.,,,‘. 7.,,4.,i,, -li, . ..-i I.^ F^.. *‘1 . ..^_ I... .I. .U..I IL”C~“III<~ AL, “t&,I\z ,“I l.5 WEUP.>. 
Also. these rats exhibited mild 
ccntrilobular vac:uolization. At 33 mgj 
kg, levels of GP’I’. SD1 I. and Oc’l’ were 
increased (p <MI) and marked hepatic 
lesions were apparent. There was no 
t~~iclwc:t* tllat (:I :I j \v‘ils nephrotoric:. 

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 lhroiigh oral administration. In 
the NC1 [XIX] b~onssay for 
trichloroeth~!r~nc. carbon tetrachloride 
was used as the positive control. Carbon 
tctrachloride was administered in corn 
oil by gavage to rats at two dose levels: 
47 and 94 mp/kg For malts and 90 and 
159 mg/kg for females. In mice, the 
chemical was iidministered at 1,250 and 
2.550 mg/kg. Carbon tetrachloride was 
determined to increase carcinomas of 
the liver in both rats and mice in this 
bioassay. 

Carbon t~~crachloridc has not been 
shown to !)ts mutagenic in any of the 
rcporteci S;licmionella (Ames) assays. 
Flowever. rll!iagenic activity associated 
with carbo:: ‘t~tcachloridc has been 
observed ir: I, test system using the 
yCi3St %Cf ‘:‘.::ORljKeS Ct?Ft?ViSiUC. 

The Ir\R:‘ I~;Is concluded that 
sufficiclnt i-\ ltience of carcingcnicity in 
animals ~‘x’,.Is for carbon tetrachioride. 
The NCI h.‘.: ;IISI) identified carbon 
tetrachior~. ” ils an animal carcinogen 
and has ,I> %! it as a positive control in 
several I)~c,.tssays. The World Health 
Organic- ..:I [1981) has recommended a 
tf:ntativ!, : ‘lrlciine value of 3 pg/i for 
c;,rbon II !ch!oride in drinking water. 

EPA\‘.< :r.c:inogcn Assessment Group 
has us,‘{. ‘1 linearized non-threshold 
multi-s:.: 1110del to calculate projected 
,‘scf!s:: , ,.t’r risk f:stimatcs 

f,utr;lpt! *tl from high dose animal 
sluclic,s 11’ carbon tctrachloricle, the 
l;ttcst (;. .I estimates were based upon 
thfa g~!cl’ .tric mean of the four cancer 
~;tudit!:: .~lculntt:d risks corresponding 
lo Vill’l, doses are listed in Table 7. 

12-i ?oro~hane. The toxic effects 
of 1.2., :tloroeth;lne in humans and 
other. ,II;~Is from both acute and 
lOngPi 111 exposures at relatively high 
IL’Vf?i! little central nervous system 

tIPpI I ‘~1. liver ;Incl kidney damage., 
~~ilS!l \+ ,5tinal distress. ;Iclrcnal and 
pth!’ a~ f:ffec:ts and circulatory 
cli!;t;~ ‘;l(:cs. 

A series of inhalation studies in which 
ii variety of animal species were 

exposed for up to 8 months to 1.2- 
dichloroethane were used to calculate 
a suggested Adjusted ADI for 1.2. 
dichlorocthane. The most sensitive end- 
points, not including the potential 
,,,._,.: _^--,^ :” L-1. :A--l:Pi.J f- ‘f .._, LnL\.lll”;;triir, L l>R, Iut:IIL1IIL” III II Vbt. 
studies were pulmonary congestion. 
diffused myocarditis. and Fatty 
degeneration of the liver. kidney, 
adrenal and heart. A vafue of 0.260 mg/l 
was calculated, based upon a no- 
observed-adverse-effect-level of 405 mg/ 
m3 (100 ppm). A variety of animal 
species expqsed 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 From drinking water and a 70 
kg adult consuming z liters of twier 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 r.31 
following inhalation exposure. In the 
NC1 bioassay, doses of 47 or 95 mgjkg in 
corn oil administered by gavage to rats 
and 97 or 1% mg/kg given to male miLe 
and 149 or 299 mg/kg given to female 
mice were shown toLincrcase the 
incidence of several types of tumors. I,% 
Dichloroethane has also been shown to 
be mutagenic in a number of biological 
systems, includin:! Drosophila 
meionogoster. Salmonella typhimctrinm 
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 
value of 10 ug/l for 1.2-dichloroethane in 
drinking water. 

EPA’s Carcinogen Assessment Group 
has used the linearized non-threshold 
multi-stage model to calculate projected 
excess cancer risk Estimiltes 

extrapolated from high-dose animal 

studies. For 1.2~clichiorocthane. 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. corciiovnsc:nlnr 

manifestations. gastrointestinal 
symptoms and acroostcolysis. 

r\ suggested Adjusted i\DI for vinyl 
chloride of 0.06 mg/I considering 
adverse health effects not including 
carcinogenic risk, was cilicuin1ed ‘based 
upon an oral toxicity study in rats in 

which a variety of carcinogenic and 
non-carcinogenic effects were observed 
at ail 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 observed at this 
dose level. An uncertainty factor of 1000 
was applied to account for an animal 
study where the no-obsprved-adverse- 
effect level was not identified..One 
hundred percent exposure from drinking 
water and a 70 kg adbit 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 
angiosai-comas. 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 Su/rno.ne//u 
fyphimurium. E. co/i K12 strain, in germ 
cells of Drosophila and Chinese hamster 
V79 cel3s. 

EPA’s carcinogen assessment Group 
has used the linearized non-threshold 
multi-s!age model to calculate ;?rojected 
excess cnncer estimates extrapolated 
from high dose animal studies. For vinyl 
chloriie. these estimates were based 
upon an inhalation study in rat:; in 
which vinyl chloride concentrations 
ranging from 50 to 10,000 ppm resulted in 
a total tumor incidence rate of17 
percent to 62 percent. respeclively. The 
NAS has also used the multi-stage 
model to calculate excess cancer risk 

the same study n 

of inhalation data 

a tes upon 
altoni. ef 
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used. The NAS 
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risk estimation used ingestion exposure 
and thus may be more appropriate for 
estimating risks from drinkinS water 
exposure. Calculated risks 
corresponding to various doses are 
listed in Table 7. In addition, data from 
a recent draft CAG calculation musing an 
ingestion study in rats (EPA. 19841 are 
also included for comment. 

&naeoe. The toxic effects of benzene 
in humans and other animals i~clutle 
central nervous system effects, 
hcmntological 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 
myclocytic anemia, thrombocytopenia 
and leukemia. In laboratory animals. 
Icukopenia is the most commoni!, 
observed effect of chronic benezcne 
exposure. 

A suggested Adjusted ADI for 
benzene. considering adverse health 
effects not including carcinogenic risk. 
tr;a~ culcuia ted based upon da tit from a 
gavage study in rats in which leucopeni,t 
was observed at specific dose levels. A 
value of 0.025 mg/l was calculated using 
a no-observed-adverse-effect level of 1 
mg/kg and an uncertainty factor of 1000. 
This uncertainty factor was usctl 10 

account for an nnimal study with no 
equivalent human dai:!. ;\ntl for the use 
of a study of less than lifetime exposure. 
One hundred percent cxposurr: from 
drinking water and a 70 kg adult 
consuming 2 liters of watr:r per day Lveri! 
assumed in the calculations. 

Benzene has been shown to be 
cnrcinojienic in Sprague-Dnwlcy rig ts. 
causing tumors at Jose levels of 50 mg/ 
kg and 250 mg/kg. An increiisI> in 
zymbal gland carcinomas, Iuckemias 
and mammary carcinomas in rats has 
also been observed. ‘I’osic effects on 
bone marrow CCIIS of rilts <ind other 
Iaboratorv animals from henzenc 
cxposure’inclrltlr: ch;ingos in 
chromosome number and chrr~mosomc! 
brrnkqe. These types of effects have 
:rlso bc:l:n observed in humans. 

documt:nted. along with renal toxicity. 
CNS di,pression and sensitization of the 
heart. 

An Adjusted AD1 of 350 J.&I for ‘l.I- 
clichlorocthylene considering ndverw 
health effects nut including the potential 
r.,rr;n,,nnn;r rirl.. ,.,,, _ ,.,. I I... 1...-J I..... -.j “: . . . . . ..- *‘.,,C . I&.‘. ““Ci., I.‘III.C,I‘I,C” “‘L>UU 
upon tosic liver effects using ii NOAEI. 
of 10 q/kg and 1OU percent exposure 
from drinking WiitCr. 

The NAS (1983) has i:ihdatctl s. 

chronic. supSestcd-no-;ltlversc-response 
level (equivalent to an ;Idjusted ADI) of 
0.1 mg/l hosed upon non-carcinogenic 
effects only for l,l-dichiorocthylcnc. 
from dtttil in the National Tosicology 
Prog-am bioassay [1982) in r.lts and 
mice. A no-observed-adverse-effect 
level of 2 mg/kg was used and an 
uncertninty factor of 100. and complete 
absorption from the GI tract. Twenty 
percent exposure from drinking water 
and aXI kg adult consuming.2 liters of 
water per dny were assumed in the 
calculntions, along with conversions 
from H 5 d/week dosing regime to a 7 d/ 
week exposure. 

I.l-Dichloroethylene was found to be 
mutagenic with microsomal activation in 
Soimomifa fyphimurium and E. co/i test 
systems. However. mutagenicity wus 
not observed with VT9 Chinese hamster 
cells or in dominant lethal studies in 
mice :lnd rats. 

l:i-I)ichloroethylene XFX shown to 
produce kidney adenocarcinomils in 
mice and rats in one study (Maltoni. 
1977). Ffowevcr, most of the other 
stuc!ies have failed to cicmonstratc 
significant carcinogenic activity of the 
chemical. .A study by the National 
Tosicology Program (1982) examined 
I.l-dichloroethylene exposures of ‘1 mg/ 
kg or 5 mg/kg 5 times per week in rats 
and 2 mg:/kg or 10 mg/kg 5 times per 
tccel\ in mice. In this bioass;~y. there 
~~3s no evidence that 1.1- 
dic:hiorocthyicnc ~~1s carcinogenic for 
either the rats or the mice. I iowevcr. 
Ihr!rr: ~vas some question :IS to Lvhcthcr 
tht% maximum tolcratcd dose had been 
usrd in this study. The NI\S [IWI) has 
c:onc:lutieti thiit inform;ition on l.l- 
tlii:hlort,cthyienc is not sufficient to 
rtb,tr:h a clf,fini:cx conclusion on the 
c:;iri:inoRf’rlii:iI~ of tht: comp~unci. 

FII’/\‘s Carcinogen A ismcnt Group 
fotlntl 1.1.tiichlorocthyll;,le to hnvt? 
limitcil evidence af cnrcinogenicity in 
;Inimals. Thr:y h;lve used the linearized. 
non-threshold. multi-st;lgo modei to 
r:4lcul:~tc projected CYCCSS cancer 
t!stimiltt’s e~~lr;~polatrd from high-tlosr 
anirn;ll sturlics. For l.l-di~hlorocthylcnc. 
thr,51: cstimales w’ere bused on results of 
inh;ilation shldics in mice and r;lts. 
C~tlcul;lti4 risks corresponding IO 
vilrious dnsos arc listed In ‘l’;lbir! 7. 
Er’:\‘\‘s Si\B h;\s PIIC.~‘~ tip rl\i:s!ionctl 

validity of this study result. This 
tentative classification of l.I-IICE iis il 
c:arcino,::f:n will be rcesarnineti during 
the cummenl pcrioc!. Comment is 
solicited in this rt:g;lrrl. 

p-l)it,Ir/oroi,~‘r,;!~~1~1~. N~)n-c;rrc:inojienic.:~ir~:ilio~~~ni~ 
adverse effects observed in uninial 
stuclies include liver and kidney 
dnm;lge. porphyria. pulmonary edema 
unc! congestion :tnci spienic i\*c,ight 
changes. In humi~ns. exposure :o fairi> 
high concentrations of the 
dichlorobenzencs h;ls been roporteil to 
result ir! anorexia. nausea. yellow 
atrophy of the liver and blood 
dyscmsias. 

A suggested Adjusted r\DI of 3.X mg/ 
1 for p-dichlorobenzone considering 
adverse health effects other than 
carcinogenic potential \vns calculated. 
This value was based upon the rat 
subchronic gavegc study which served 
as the dose range-finding study for the 
NTP bioassay. The ADI ws 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-Dichlorobcnzcne hns been shown to 
induce abnormal mitotic division in 
higher pliints. The compound was nut 

seen to be mutagenic when tested in the 
Salmoncli(~ Iypphimclri~inf or fY. coli LL’I’? 
systems, and no evidence of 
mutagenicity in animals has been 
reported to date. 

In June 1980. a carcinogenesis 
bioassay of p-dichlorobcnzenc in mice 
and rats was undertnkcn by the 
National Toxicology Program. Doses of 
7.00 mp/kg or 600 mg/kg were 
administered by gnvage to both sexes of 
mice and to female rats. klale ra\s were 
given ISO or 300 mg/kg. The resuits of 
this study have not yet been relc;lscrl. 

V. RblC!. Dcvolopmnnt Ralionnlci 

The ANPRhl rquested public; 
comment on Ihi: ;Ipproprintc dpproilch to 
deal with VOCs in drinking watr:~. 

speciiicallv requesting consideration of 
the folios.&: c 

* wll;il ;lpj”‘“d~ sl1t,nicl lw follf>\w~tl 
under thr SDWA to reduce humill\ 
es/iosuri: lo VOCs? 

- For cvhich VOCs should rc:::ul;ltions 
he sr:t? 

* What apprnach should be f~,llo\w~I 
in sr,tting IIXICf,s for suspecli*rl 
c;trcinoj<enx? 
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requirements of the SDWA. and the 
available scientific: information. 

VOCs: Re~ularary Approach 
Aftcff?atiw c~p,urotrc:he.s. ‘I‘he miijo r 

alternatives con?idereil for limiting 
hUi*i,in e.x~,usule to VOCs ii1 drirtkillg 
water as discussed in 4; FR 9350 are 
provided below. 

(1) X0 Ji:dcro/ reguloiions. Prut.jsion 

Q!‘ 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 sys!cms for use 
in dealing with incidents of VOC 
cor.lamination. 

Each State would design its own 
control strategies to address incidents of 
cuntamination on a case-by-case basis 
or state-wide. Health advisories \vt:re 
developed to deal primarily with 
isolated incidents of short-term 
contamination in lieu of standards and 
not as a substitute for MCLs. Experience 
hiis shown that. as lvould be expected. 
States have interpreted and applied the 
health advisories in different ways. 
Some States have applied the health 
advisories as if they were standards or 
cx~nsiclcrccl adopting them as State 
slamlards. 

(2) sot liY/fw:/ /Itci/~itor;li~! rf1$:/l~Itiulfs 
arid prf~cItl(: t~ttcfllf~ c7tir~i.wrir.s far State 
oc:!ior, US ctppruprio/r. This option would 
set monitoring requirements for VOCs 
under sc!ctiun 1-1~5 and provide health 
advisories for Stilte action as needed. 
This alternative rvould 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 con!rol oplions and action 
It:vels. 

1% ~pcw~ti rryu/fi!tlrJ. r~j~pruuch. ‘fho 
.C;I)tV/\ authorizes I<I’/\ to establish 
I<XICI.s for “each c:llnt;tminant which, in 
[thf> r\cirrlinistr;ltc,r’I;j judgment * ’ * 
may h;~vr, .tny ;Itivt,rscx c!ffcc~ on the 
hcaith of pt~rsons” section 1~12(b)(l)(B]. 
A primary drinkin:? water regulation is 
to be cstablishotl for each contaminant 
for which an RMCL is cst;~i~lishrxl. 
Section 1412(b)[z). In implementin:~ this 
t)rcxltl statutory mandate. EPA is 
c:onsitlcring the follnrving f;lc:tors to 
scrlcct cont;lminants appropriiltc for 
rc,gulations. These inr:luc!r~: 

detected in drinking water and the 
extent of the population exposed 
warrant establishment of national 
primary drinking water regulation!+. 

l Whether the available toxicology 
data are sufficient to warrant a 
derermination that adverse efiecis may 
be known or nnticionted at levels for:nd 
in drinking water. 

Notsvithstandina these factors, EPA 
feels that primnry‘drinking’water 
regulations may be appropriate in some 
instances for substances which to date 
have r.ot been found at high 
concentrations or frequencies in 
drinking water, but where in the 
r\drninistrator’s judgement it Lvould 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 (XL or treatment 
requirement] include: 

0 Whether monitoring is technically 
and economically feasible. 

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

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

l World Health Orranization: 
“Maximum Permissible Concentrations 
of Harmful Substances in the Water of 
Water Courses tlsed for Hygienic and 
Domestic Purposes (197Oj.” 

l World Health Organization: 
“European Standards for Drinking 
Water.” 2nd edition, Revised. Geneva 
(1970). 

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

* Tosic Substances listed under 
section 307 of the Federal Wiltor 
Pollution Control Act. 

Information provided 1)~ the NAS in 
the Drinking Water and I Ic!itlth series is 
itn acltlitionnl source. 

While numerous contaminants arc 
listed in these sources. this proposal in 
Phase I of EPl\‘s National Primary 
&inking Water Regulations addresses a 
limitecl number of contaminants in the 
VOC category found in drinking water. 
Because of EPA’s desire to iivoid delay 
in clc,veloping regulations for certain 
VOCs Ihilt have been detected in ground 
rv;lters and the need to prioritize the 
c~spcncliturt: of limited resources. onlv 
nine VOCs ;irc ;~dclrc:;setl in this initial 
proposal. Other VOCs for rvhich 
sufficient ocwrrrnce 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 rrgulation based upon 
occurrence. health risk considcral.ions 
and available data. 

Several VOCs have been found across 
the country in numerous drinking water 
supplies. In the GWSS. 21 percenl: of 
systems had at least one VOC detected. 
EPA has concluded that sufficient 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 
intcrpretation’of health risk data raises 
numerous scientific issues. However. 
cirawing 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 
resulntions 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. 

Seiection of VOCs for Regulatiorr 

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

Focfors considewd. 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 ir,, 
drinking water and that theoretically 
may adversriy affect health in some 

~.~~~~l~~:~,U,~~~~~~~~~~~~~in 
drinking water so that ii reasonable 

0000001021 
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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 safetyLuf,d:inking svater. EPA 
I..,,:-.. uc4ac*S.i ikrJL usi! i7iO.i: ie!SVlii;t CXtt?Citl 
arc the: [I] Analytical ability to detect a 
contaminant in drinking water. (2) the 
frequency and level of occurrcncc itncl 
oooutntion exoosed. and (31 ootential 
health aspects of the conta;n’inants. In 
addition EPA considers rcoulation when 
there are sufficient incideits or 
contamination potential such that 
national guidance in the form of a 
Primary Urinking Water Regulation is 
desirable to assist States and public 
rvater systems which must determine 
appropriate responses. 

:I:~7l~~licn/ n~+ods. Analytical 
methods must be available such that the 
presence of the chemicals in water can 
be validly determined. This factor is an 
important part in determining whether 
the substance can be regulated and 
whether an MCL or a treatment 
technique regulation should be 
promulgated. 

Abtional or limi&ed sign[ficonce. 
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 t1NPRM for Phase II-of 
the NPDWR. 48 FR 45501. ct see.. EPA 
described a categorization system for 
tliffcrentiation between widespread and 
limited contamination ootential. 

I/r:crli/~ c-ffccts. Cons;deration of the 
potential health effects of a chemical 
;,ncompasst:s the: (1) Suitability of the 
.lvail:lble data for assessing the 
tr,sicology of the chemical. and (2) the 
possibility of human health concern 
from csposure from drinking kvater. 
tZihen it is possible scientifically. 
section 1412(e)(3) of the SUWA also 
requires consideration of the impact of 
the followins: 

occupational settings) and the resulting body 
burden of contnminacts. 

(C) Synergistic effects resultinfi from 
exposure to or interaction by t!co or morr 
contaminants. 

(0) The contaminant exposure and body 
burden levels tvhich alter physiolo#cal 
functicr; or structure in a manner reasonably 
sii.ipected of incicasin<g :he risk 0, i,LLLLJII. F’llnnr,. 

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 in section VII. 
However, applicable data are seldom 
available for any of these factors escept 
B (to a limited extent] which is 
adclressed in both the occurrence and 
health effects documents. 

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

l One approach that might be 
considered would be to set RMCLs bv 
category. i.e., the same RMCL for eaih 
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 relativetoxicities of individual 
substances (different thresholds) and 
different toxic endpoints. 

l Streneth of evidence. Pertainina 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 heman 

carcinogen, even though occurring 
relativelv infreauentlv in drinkino, 
water supplies might’be approprkte 
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 potential health risks ~vas lveaker 
could be appropriate for regulation. 
e.g.. trichloroethylcnc. 
tetrachloroethylene. carbon 
tetrachloridc. l.l-dichlorocthylcne. 
l.l.t-trichloroethane. I.Z- 
dichloroethane. 
l ~\intia;laigclidance to address 

i~;tk:nls of conlanli/?olion. Regulations 
provide a benchmark for potential 
action by State and local officials in 
uvnlunting incidents of contamination. 
In certain cases. this factor may be a 
major consideration in determining if 
regulations are appropriate. For 
example, regulations would he 
appropriate ror a chemical that occurs 
but at levels normally below those 
associated lvith potential health risks, 

e.g.. p-dichlorobenzcne and l.l.‘l- 
trichloroethane. The MCI, would provide 
guidance that no action was necessary 
for these systems with less thar that 
level; without regulations. these types of 
situations ha\.e met widely varying 
responses by States and public water 
r,rrtamr D”n~~ln+innc c:j” pravi& :1 .,*, L)LCIII.,. ..‘.~Y.“..“..’ 
basis for rational and uniform responses 
to incidents of contamination. 

* Potcrltial impact. The potential 
impact of setting regulations can be 
considered in a general manner: 
however, this factor is primarily 
considered during establishment of 
MCLs. This evaluation considers 
potential burdens including such factors 
as the affordability of treatment 
svstems. the technical feasibilitv of 
meeting MCLs. and other possil?e 
impacts such as monitoring and 
reporting. 

The results of setting regulations for 
VOCs will vary widely from no impact 
!o installation of treatment svstems 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 through 
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 for in a 
single analytical procedure. 

* Otherfuctors. Surrogate parameters 
or aggregate parameters may be needed 
to take into account other potential 
effects not considered in setting RMCLs 
and MCLs for individual chemicais, 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 employinS gas 
chromatography [Method 502.1 and 
Method 503.1. U.S. EPA. Environmental 
Monitoring and Support Laboratorvl. As 
shown in ‘i‘able 1. not all of the AlNPRM 
list of 14 VOCs were detected in the 
GWSS. 

EPA has concluded that these chemicals 
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“may have an adverse effect upon the 
health of persons” and that RXlCLs and 
primary drinking watbr regulations 
unclcr Section 1412 should be proposed 
at this time. They arc: 
trichloroethllcr~~~ 
tc~tr;ir:hr~l~lrilrthvl~nc 
I.l.l-trichlorocthnne 
c;~rl)un tctrachioride 
i.2-tlir:hioroclthantl 
bi,nzone 
vinyl chloride 
p-llichlorobenzcne 
l.l-dichloroethglene 

As presented previously. the NDWAC 
recommencied developing regulations for 
the first five of the nbove nine VOCs. 
Their rationale was based upon an 
evaluation of the nvailable occurrence 
ilntl health effects da!a for each of the 
VOCs. The NDWAC evaluated the 
information in September 1982. Since 
that time ;!dditional data have become 
;tvail;lble and the Agency has concluded 
that four additiorml VOCs warrant 
regulation. 

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

Trichloroeth~Am?. Occurrence: GWSS 
(Random): 6.1%: max: 78 &I: medium: 
I.0 pa/l. GWSS (Non-random): 12.7%: 
max: 130 pa/l: median: 1.4 &I. State 
Data: 624 positives/4228 sampled. max: 
510.000 pgil. 

Health Effects: Non-carcinogenic 
effects [at high doses): liver and kidney 
clamage. central nervous system effects. 
cleprcssion in myocardial contractility. 
Carc:inog:nic effects: mutagenic in some 
test systems: carcinogenic in NC1 test: 
mice. Limitctl evidence. 

~~lrflcliiorac!f~~l~~nc. Occurrence: 
GWSS [Random): 7.3”;: ma.x: 2 3 &I: 
median: 0.5 ,us/l. GWSS [Non-random): 
1?.4’!:%: max: 69 &I: median: 0.7 gg/l. 
State Data: 626 positive/3636 sampled. 
mill: 1.000 /.&I. 

f Ict;ll:h Effects: Non-carcinogenic 
effects (at high doses]: central nervous 
systt:m depressian. fatty infiltration of 
liver and kidney. tissue damage. 
Cilrcino(~~nic effects: carcinogenic in n 
NCI test: mice: limited cvidcncc. 

I. I. I-Trict~tfJrat?thoi,c. Occurrence: 
(;WSS (Random): 5.8”.;: mas: 18 pa/l: 
mc~dian: 0.8 &I. GWSS [iNon-random): 
lO.G%: max: 21 pg/1: mcclii!n: 1.0 pg/l. 
State Data: 715 positive/3330 Lilmpled. 
max: 2.250 ,ug/l. 

I Icalth Effects: Xon-carcinoxcnic 
effects (at high doses]: ccntrill nervous 
system clcpression. increase in livr:r 
weight. c;~rcliov;lsc:ui;lr changes. 
Carcinogenic effects: carcinogenic in 
prelimimiry rclport from NTI’ test: mice: 

limited evidence. This report is currently 
being evaluated. 

CarDon tetrochluride. Occurrence 
(may be a contaminant in chlorine) 
GWSS [Random): 3.2% max: 16 pg/l; 
meclion:O.4 pg/l. GWSS (Non-random]: 
3.1”6: max: ‘15 &I: median: 0.5 pg/i. 
State Uata: 366 positive/2646 sampled. 
mas: 1.200 pg/I. 

1Iealth Effects: Non-carcinogenic 
effects: liver effects such as falty liver 
tvith centrilobulilr necrosis. 
Carcinogenic effects: mntngenic in some 
test systems: carcinogenic in NCI test: 
micr. rats. hamsters: sufficient evidence. 

I.-‘-Dichloroethane. Occurrence: 
GWSS [Random]: 0.~3%. mnx: 1.0 g/l: 
median: 0.5 ,&I. GWSS (Non-random): 
1.5%: max: ‘LO pg/l; mcclian: 2.5 &I. 
State Data: 177 positive/1793 sampled. 
max: 2.100 &I. 

Health Effects: Non-carcinogenic (at 
high doses): central nervous system 
depression. liver and kidney change. 
gastro-intestinal clistress. adrenal and 
pulmonary effects. circulatory 
disturbances. Carcinogenic effects: 
mutagenic in most test systems: 
carcinogenic in NC1 test: mice, rats: 
sufficient evidence. 

Viny/chloride. Occurrence: GWSS 
(Random): 0.2%: max: 1.1 ,ug/l: median: 
1.1 ,L& GWSS (Non-random]: 1.3% 
max: 8 &I: median: 2.7 pg/l. State 
Data: 126 positive/l793 sampled. max: 
380 @/I. 

Health Effects: Non-carcinogenic (at 
high doses]: congestion and edema of 
the lungs. hypercmia of the kidneys and 
liver. Carcinogenic effects: mutagenic; 
carcinogenic in animal s&lies: mice, 
rats, hamsters: sufficient evidence for 
human carcinogenicity. 

Benzene. Occurrence: GWSS 
[Random]: O.G”X m;lx: 15 g/l: median: 3 
pg/l. GWSS (non-random): 1.7X: max: 12 
g/l: median: 1.6 &I. State Data: 4 
positive/645 sampled, max: 17 g/l. 

Flealth Effects: non-carcinogenic: 
central nervous system effects. 
hematoiogical and immunological 
effects. Carcinogenic effects: sufficient 
evidence for human carcinogenicity. 

I. t-Dichlorocth~.lcnc. Occurrence: 
GWSS [Random): 1.9%. mex: 6.3 pg/l: 
median: 03. &I. GWSS (non-random): 
3.1X. max: 3.0 r*s/l: median: 0.4 &I. 
State Data: NA. 

Health Effects: non-carcinogenic 
effects (at high doses]: liver and kidney 
damage. renal toxicity. CNS depression 
;Ind sensitization of the heart. 
Carcinogenic effects: mutnpenic. 
carcinogenic in one :lnimill study: mice 
and rats: limitccl evidence. 

p-nici1lorobcnzr?171,. Occurrt,ncc: 
GWSS (Random]: 1.1’&. max: 1.3 pg/l. 
mediiin: 0.7 lig/I. CWSS [Non-ranclom): 

t 

0.8%, max: 0.9 pg/l. median: 3.7 &l. 
State Data: N/A. 

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

V//XY VUc’s. Scverai additionai V6Cs 
listed in the ANPRM (47 FK 93501 have 
been found in some drinking water 
samples but the available data has bt:en 
judged to be insufficient to propose 
RMCLs at this time. 

l Cis-1,2-dichloroethylene and trans- 
l.2-dichloroethylcne 

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

l Chlorobenzenc 
While some occurrence has been 

reported by a number of Stales. the 
GWSS did not detect any chiorobenzcne 
in the random sample: however. it was 
found twice in the non-random sample. 
The toxicology evaluation has not been 
completed. 

l Trichlorobenzene(s] 
States nave detected trichlorobenzene 

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 samDIes in the GWSS 
precluded obtnining representative 
occurrence data. 

l Dichloromethane 
Because of problems of laboratory 

contamination and quality assurance. 
the available occurrence data for 
dichloromethane was not considered 
reliable. In addition, the NTF’ 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 
dibromidc. I.l-dichloroethanc. xytencs. 
toluene. bromobenzene. 
tlibromochloropropanc. 1.2- 
dichloropropanc. and ethylbenzene (see 
ANPRM, October 5, 1963. 48 :FR 45502). 
Other chemicals in the random GWSS 
for which no occurrence information 
was obtainacl but which will receive 
some consideration in Phase II or other 
iterations include: 1.2.2-trichloroclhane. 
1.1.2.2-tctrachlorocthnne, 1.1.1.~ 

styrene. isopropylbenzenc. 

0000001023 



2434? 
-- 

Total VOCs 

In addition to regulations for 
individual VOCs, the inclusion of 
RXlCLs and hfCLs for total VDCs 
(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 sapporting guidance. 

‘I‘VOC Lvould represent summalion of 
the Ictfels of the individual VOCs for 
which RMCLs and MCLs have been set. 
The objective of u TVOC standard is to 
provide some additional protection from 
simultaneous esposure lo 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 
simultaneous exposure to more than one 
chcrnic;ll. Chemicals are normally tested 
sc:p;lratr!ly and the possible synergistic. 
;Intil!:onistic:. or additive health effects 
;lrc II~I known. I lowever. the NAS 
su::~t:stlon in this ;ITI:;I ~V;IS 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 
il public water system finds several 
VOCs in its drinkinr! water at levels 
slightly below the ilCLs. For example. 
assume that hICLs ure set for 
trichloroethylenc. tctrnchloroethyler,e. 
and carbon tetrachloride: a public water 
system with the following levels would 
iechnically be in compliance with the 
hlCLs: 

While technically in compliance with 
the standards. this condition probrlbly 
represents an increilsed risk over any 
single chemical but the question that 
cannot be scientifically answered is 
whether this rvnuld be significant. EPA 
fc~:ls that multiple exposures could be 
more signiricant than indicated from just 
c:onsideriltiiln of individual substances 
:~ntl requests public comments 
c:onsidcrin~ the myriad of possibilitic5 in 
Tissessing nulltiplc cxpc~surcs. the costs 

and fcasibilitv to reduce all the VOCs 
by application of one treatment 
technology. ilntl the! unknown il~~rr!~;l tr 
health risk ant1 thl: SIIWA intent to err 

on the side of safety. If ;In RMCI. and 
XICI, for tOtill VOCS (TVOCS] were 

appropriate, should EPA adopt the NAS 
suggestion that risks be considered 
additive be an appropriate approach? 

RMCLs: Regulatory Approach 

EPA is to set RlMCLs at levels which, 
“no known or anticipated adverse 
effects on the health of persons occur 
and which dlocv an adequate margin of 
safety”. Section 1412[b)(i)(B). I’ 
Recommended MCLs are health coals 
and not enforceable stan&rds. i”hc 
proposed RMCLs for non-carcinogens 
can be determined using the scientific 
procedures set forth previously by 
calculating an AADI. i-Iowever. 

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 [l’he 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, EPR requests comments on all 
three approaches. EPA’s analysis of 
these approaches and the issues they 
raised are provided below. 

.‘lfternatiw I: Set RMCLs at zero. One 
approach would be to establish RMCLs 
at zero for substance: ccnsidered to be 
non-threshold toxicants. The existence 
of a threshold for the action of oenotoxic 
carcinogens cannot be demons;ated 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 mro onlv for those! 
substances known to function 11y 
gcnolo?tic proccsscs. or perhaps only 
those determined to bc human 
carcinogens. or only those for which 
“sufficient” rather than “limitctl” 
evidence of mammalian carcinogenicily 
exists. 

Setting RMCLs for carcinogens at zero 

\vould follow ihe Izuidunce orovided in 
I-Iouse Report 93-i’%% and ;vould 
express a general philosophy that cs (I 
Soa(carcinogens should not be present 
in drinking water. The Agency bciieves 
that the RMCLs [as a goal) should 
express the ideal concept that drinking 
wnier shouid be free from iivoidabic 
contamination and risk and that quality 
degradation should not be permittc,tl. 

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

Alternative 2: Set RMCLs at tfw 
analytical detection hif. Due to 
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 
nlwnys be unachievable [or at least not 
demonstrable). While zero could be the 
theore’ical 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 
verifiabIe detection limits (i.e.. the 
RMCLs) would probably fall in the 
vicinity of 1 &l depending upon the 
suecific 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 movin:; targets 
as the state-of-the-art of analytical 
chemistry progresses. but at Ie;ist they 
do provide a measurable target, 

Alternative 3: Set RMCLs at o non- 

zero level hosed upon a calcutotcd 
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 
ilnv iICtllill iItlvcrse effects on an 
ind‘ividu:jl. 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 
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quantitative guidanc.2 to public water 
svstems of the ultimate goal which they 
might wish to use in ihe operation of 
water treatment facilities and in the 
design of future planned facilities. 
blorvevcr. it should be recognized that 
just as with analvtical detection limits 
(Option “\ ._ .__ I-:.>..,.., -1.3 ij d L~ILL~~ILJU rls< iiirgui rvuuid 
also be moving target. because: (1) 
calculation meihocls change. and [Z) the 
subjective detclmination 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 alterr.ative would 
recognize the lack of accuracy and 
precision of risk calculations and the 
inherent difficulties in selecting one 
finite level as the OIJ/V appropriate 
health goal in view of the numerous 
scientific uncertainties of risk estimates. 
However, this approach has a number of 
disadvantapes including: lack of 
national uniformity and lack of specific 
guidance from EPA. 

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

(I) What level should be used as 

representing the “no effect” level? 
(21 How can an “adequate margin of 

safety” be incorporated into the finite 
risk level? 

The NAS principles (Drinking W’aler 
a77dHenlfh. Vol. 11 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 analytical sense. rather 
than speaking in terms of zero 
concentrations for carcinogens RMCts 
for carcinogens could be set at levels at 
which the risks are so small that they 
are considered virtually nonexistent. 

Dctcrmination 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 
c:nvironmental exposure levels. 
Scicn;ific issues surround their use in 
such arms as the data used. 
c?str;ipol;l tion techniques. and v;lrious 
filctors in the analysis. Risk models arc 
recognized as imperfect but they arc the 
best tool available fnr estimating toxic 
potency or risk a! low exposure Icvcls. 
The commonly used risk models are 
wnerallv conscrv:ltivc in their 
r!stim;!tion of hum:ln risk of c!sposurc to 
a cont;lminant. Selection of n t:lrget risk 
tmsecl upon a conservative risk model. 
such as the linr:;lrized multi-stage model. 
is argu;llJiy in accord with the SDWA. 
rvhich requires the RMCI, to he 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 wav to 
determine this level. The decision is 
judgmental-not strictly based upon 
science but upon a social judgment on 
whaf constitutes a negligible risk. 

Fedeia1 ruguialiuiis for ellviruflllleiltlli 
contaminants have generally fallen in 
the IO-.’ to 10-6 lifetime risk range. us 
CalCUliItf2d from a linear multi-stage 
model. Most of those deci5ions 
incorporated consideration of costs and 
feasibility. 

The negligible risk concept considered 
here is based strictly on individual risk 
rates and exposure. It does not include 
other economic or technical 
considerations that are port 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 ihe 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 (10m5] probability per 70 

years of exposure and one in 1.000.000 
[10-y probability. An incremental 
lifetime risk level of 10-6would 
prcbably be more representative than 
lo-” as the “no effect” level for these 
chemicals in drinking water with a 
margin of safety as envisioned by 
Congress. The NDWAC stated that lo-” 
would be an appropriate target. 
However, a level of IO-~ 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 
111: 1norc! ;illpropriiilt~ lililll c)lllvr.s 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.. lo-’ 
or 10-q if any risk actually esists 
(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 whilt lo-“would 
mean in terms of the U.S. population. a 
tOti OF 20 cases of cancer would result 
if 10 percent of the population were 
cxposcd at 21 dose level equivalent to a 

lo-“risk for 70 years. Stated another 
wcty. that would be one-third of ix cilncer 
case per yc:lr :,s :In upper limit in the 

, 

U.S. population compared to the 
appropriately 500,000 annual cancer 
deaths that occur. The actual number of 
cases attributabfe to that particular 
substance would probably be less and 
perhaps none at all would occur unless 
some additive or synergistic interaction ..I ., 1 wlrn omcr suostancc; resuiteii in 
enhanced toxicity. 

~~roposcd fi%fCLs: Cocdusions. This 
proposal selects RMCLs for potential 
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 selec:ted for 
the RMCL, it is unlikely that the MCL ‘or 
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 feasibie” 
using available technologies. MCLs will 
be set as close to th:> RMCLs as feasible. 
Preliminary analyses indicate that the 
MCLs may fall roughly in the range of 5 
to 50 &I for most of the VOCs being 
considered in this proposal. 

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

The proposed RIMCL for 1,1-l- 
trichloroethane is 0.2 mg/l. derived from 
the calculated AADI of 1.0 mg,‘l 
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 [l&dichlorobenzene] 
is 0.75 mg/l. derived from the calculated 
AADI of 3.75 mg/l assuming 20 percent 
contribution from drinking water to total 
exposure. 

Three of these substances 
(trichloroethylene, tetrachloroethylene 
and l.l-dichloroethvlene) have only 
“limited” animal e<idence of 
carcinogenicity. as this term is used in 
the IARC criteria. Factors which 
contribute to this classification include 
lack of replication in multiple 
experiments or multiple species, as well 
as defects in particualr studies. In 
addition. indicators of certain types of 
tcmors. such as in the mouse liver. are 
considered by some scientists to have 
less weight than others in n.3 
czlrcinogcnicity in hum n 

c 
f this 

type, ob-tnined by corn 
introduces another variable that 
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complicates int t erpretation. While 
evidence for ths ese three substances is of 
a weaker naturl-e than for others that 
EPA is proposinng lo regulate as 
carcinogens. it i is nevertheless evidence 
that must be wofighed by the 
i\dmiriistrator. 11.1 L rle siriciiy 56 c:iertiiTic CvuiutiiiuIl uf 
such evidence (][known as “risk 
assessment”) ca:;~n only describe its 
strength ;~nd we c!akncsses. EPA’s risk 
assessment is seummarizcd above and 
dtzscribecl in dce tail in the documents 
referenced in Siuction VII. f-Iealth 
Assessment doocuments for these three 
substances tvenrc reviewed by EPA’s 
Science Advisoury Board in April and 
May of 19~ ‘I‘Hhose reviews will be 
considered in tllhis rulemaking action 
under the SDWVA and become part of the 
record. 

Decisions nbllout what actions to take 
on the basis of the evidence [known as 
“risk maniigem~n ent”). including decisions 
about how stro.ong the scientific evidence 
should be to jusstify regulating a 
substance. requlire policy judgments 
which must be made by the 
Administrator. after public comment. in 
the light of the. Agency’s statutory 
mandates. 

EPA stronglyti believes that its risk 
assessments shnould be consistent among 
Agency proprnnms. On the other hand, 
risk mana~emeznt decisions can and 
should vary in the light of differing 
circumstances 4 or statutory manclates. It 
is therefore posssiblc that some of these 
substances mi<Eht be regulated 
differently in 0.1 ther Agency programs. 
For example. ESPY plans to decide 
whether to list several of these 
substances as Hhnzardous air pollutants 
under section UIY:! of the Clean Air Act. 
The same scicmtific evidence will be 
considered alo:ong with other factors 
rt!lcvant to that t clecisior.. This may or 
rn;~y not Icad too a conclusion to list and 
to rcgula to thcnm as carcinogens. 

Public commrlcmts are requested on 
sc>ttinz RMC1.s: for carcinogens at zero. 
:hr: ;Inalvtic;ll ocletection limit. and at 
come finite valRue based upon risk 
Ibstlmation. Co~~mment is also requested 
on appropriate? analytical detection 
limits. and on tlthc method for calculating 
!hr! finite risk uvaluc and fnr determining 
the: risk target. _ Comrncnts are also 
r**clut!s~cd on tIi he KhIC1.s for non- 
, .Irr:lnc>x:c:nir: sr.~ll,st;lncc!s and the 
.I~;~urnption of an I:sposurc factor of 20 
~>~-,~:!~nt from till rinkin: water. absent 
itll.lntit;ltivr: rnnr~lti-rnc+tli;l cxposurc data. 

(:c~mmt~nt is ;IISCI tltrr-ctcd to trchnical 
c!r,:~~rniin;ltirln~ I;. i\l\I)! c:;llcuiations. the 
tlr.ift ~~!vlsr:tl (T:I\(; risk calculations. and 
thv inclusion (x zT sutlstances with “limited 
~~viilt:nc:e” in tli tIf: carcinoXt:n c:atf:gory. If. 
1.)~ the bn’sis of f the record. it is 

detesmined that one or more of these 
substances should not be treated as 
carcinogens. then the AADI calculations 
modified by an allocation of 20 percent 
to drinking water would be the basis for 
the promulgated RMCL. 

VI. Other Considerations for Public 
Corn ment 

The next rcgulatorp steps will br 
promulgation of the RMCLs and 
proposal of MCLs and monitoring and 
reporting requirements. Suppbrting 
doctzmentation for the MCL proposal 
will include: (1) Exposure and risk 
assessments, (2) an assessment of 
gene rally available technology. (3) an 
assessment of available analvticnl 
methods and costs of monitoring, and (4) 
an economic and financial impact 
analysis. Available information to 
support several of the assessments is 
referenced in the next section. The 
pub1 ic is requested to review those 
references and provide comments and 
other supporting information and data. 
The public is also requested to comment 
on the issues and information discussed 
beloxv on available treatment techniques 
and costs and current estimates of the 
potential impact of VOC regulations. 

Trew tment of Cantro: of VOCs 

Economics. treatment technologies 
and feasibilitv are not factors involved 
in the determination of RMCLs; however 

brief discussions are provided here. 
These factors are key elements in the 
determination of the MCL which will be 
urooosed when the RMCLs are 
promu;ga ted. 

Methods for removal of these volatile 
organic chemicals include aeration and 
pran~u!ni activated carbo:: \.*. .-,. _ ..P fflAr1 Th 

avnilablc data do not show powdered 
activated carbon treatment or 
conventional drinking water treatment 
(i.e.. coagulation. sedimentation, and 
filtration] to be sufficiently affective 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 oftreatment. Preliminary 
designs and cost estimates have been 
developed for a hypothetical ground 
water contamination situation involving 
trichloroethylene (TCE]. Ta’ble 8 
provides relevant estimated. cost 
information for treatment ol:TCE at the 
90 percent and 99 percent removal 
levels. respectively, for aeration and 
GAC technologies. 

TABLE &-PRELIMINARY COSTS FOR CONTROLLING TCE IN DRINKING WATER 

11963 dollars1 

1 Esbmalod costs--System size-Pop&&o” 
I nwve\, 

The nominal limits of detection appears that precision and accuracy 

att;x incd by the laboratories performing requirements for regulatory complinnce 

ana !YSC?S ii; the GWSS were usually in clctcrminalion e that 

the 0.2 to 0.5 pa/l range ricpcnding upon regulations (M It least one 


