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Fact Sheet Date:     March 12, 1998   

NEW YORK STATE
- HUMAN HEALTH FACT SHEET -

Ambient Water Quality Value for
Protection of Sources of Potable Water

SUBSTANCE:  1,1,1,2-Tetrachloroethane CAS REGISTRY NUMBER:  630-20-6

AMBIENT WATER QUALITY VALUE:  5 ug/L

BASIS: Surface Water: Principal Organic Contaminant Classes

Groundwater: Former Reference to 10 NYCRR Subpart 5-1 Principal
Organic Contaminant (POC) General Maximum
Contaminant Level (MCL)

SUMMARY OF INFORMATION

1,1,1,2-Tetrachloroethane (ClCH2CCl3) is used as a feedstock for the synthesis of solvents
such as trichloroethylene and tetrachloroethylene.

Pharmacokinetics

Truhaut (1972) identified 2,2,2-trichloroethanol and trichloroglucuronic acid in the urine of
rats, guinea pigs and rabbits after oral administration of 1,1,1,2-tetrachloroethane (1,1,1,2-
TCE).  Trichloroethanol was oxidized in rats to trichloroacetic acid, found in the urine after
inhalation or intraperitoneal injection of 1,1,1,2-TCE.  Ikeda and Ohtsuji (1972) found
trichloroethanol and trichloroacetic acid as major urinary metabolites.  After subcutaneous
administration Yllner (1971) found 43% of the administered dose in female mice expired
after 3 days.  The principal urinary and fecal metabolites after 3 days were trichloroethanol
(31%) and trichloroacetic acid (4%) of the dose administered.  About 78% of the dose was
excreted within 3 days.
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Acute/Subchronic Effects

Little is known about the effects of acute exposure in humans to 1,1,1,2-TCE.

Men with prolonged exposure to tetrachloroethane fumes (isomer not specified) suffered
weakness, nausea and acute hepatic damage (Norman et al., 1981).

Oral  LD50  values  of  1500,  670  and  780  mg/kg  for  1,1,1,2-TCE  were  found  in  male
Swiss-Webster  mice,  male  Wistar  rats  and  female  Wistar  rats,  respectively, by
Truhaut et al. (1974).  The acute effects of administration of 1,1,1,2-TCE range from death
at 5,000 mg/kg in mice and rats and at 1000 mg/kg in rats (NTP, 1983), to severe
centrilobular necrosis of the liver at 1000 mg/kg in mice and granular liver with centrilobular
cytoplasmic swelling in male rats receiving 1000 mg/kg.  Female rats given 800 mg/kg, of
1,1,1,2-TCE had severe microvacuolar steatosis of the liver, congested lungs and spleens
with hemosiderin deposits and macrophages (Truhaut et al., 1974).

Female Wistar rats given 300 mg/kg 1,1,1,2-TCE by gavage in olive oil 5 days/week for two
weeks developed fatty degeneration of the liver, accumulation of triglycerides, decreases
in lactate dehydrogenase, malate dehydrogenase and glutamic pyruvic transaminase
compared to controls.  Male rats' livers were not affected (Truhaut, et al. 1975).

In rabbits given 500 mg/kg 1,1,1,2-TCE by gavage, Truhaut et al. (1973) noted elevations
in  several  liver  enzymes  indicative  of  liver  injury  and  aberrant  electrocardiographic
Q waves.  Blood cholesterol and total lipids were increased at 96 hr after dosing.  Guinea
pigs and rabbits given 500 mg/kg in one dose developed severe centrilobular necrosis of
the liver after 1 day and 3 days, respectively.  Heart tissue was characterized by
edematous dissociation of myocardial fibrils.

Chronic Effects

Toxicity to humans has not been observed in long-term exposure where 1,1,1,2-TCE was
the only solvent exposure (USEPA, 1989; Norman et al., 1981).

NTP (1983)  exposed  rats  to  0,  125  or  250 mg/kg  1,1,1,2-TCE  in  corn  oil  by gavage,
5 days/week for 103 weeks.  There were no differences in body weights due to treatment.
High dose rats were uncoordinated and their survival rate was significantly less than
controls, partly due to accidental killing (NTP, 1983).

Mineralization of the kidney occurred in 12/48 (25%) of the control males, 19/50 (38%) of
the low-dose males and 26/48 (54%) of the high-dose males.  The lesion was characterized
by multifocal deposits of basophilic material (probably calcium) and crystals in the tubules
of the papilla considered related to intake of 1,1,1,2-TCE.  Hepatic clear cell change in
females was dose related.  The LOAEL from this study is 125 mg/kg.

Genotoxicity
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1,1,1,2-Tetrachloroethane shows limited evidence of non-mutagenicity in vivo and in vitro
(Ashby and Tennant, 1993).  The compound has been tested in a variety of bacterial and
mammalian genotoxicity tests for genetic mutations and for chromosome damage and
abberations, with conflicting but predominantly negative results.  Positive results in 3 strains
of the S. typhimurium reverse mutation (Ames) test were reported by Strobel and Grummt,
1987 (RTECS, 1993).  However, negative results for the same Salmonella strains were
reported by Jackson and Stack (1993) and Simmon et al. (1977) in addition to negative
results with S. typhimurium 1535 (Milman et al., 1988), 1538 and 1537.  In other strains,
BA13 and BAL13, 1,1,1,2-TCE was genetically inactive (Roldan - Arjona and Garcia-
Pedrajas, 1991) in the L-arabinose resistance test.

Tests of mammalian cell mutation gave conflicting results.  The forward mutation assay in
L5178Y mouse lymphoma cells was positive in one lab (Myr and Caspary, 1991), negative
in another (McGregor et al., 1988) for mutagenic activity.  In the hepatocyte DNA repair
test, 1,1,1,2-tetrachloroethane showed no activity in two separate assays (Williams et al.,
1989; Milman et al., 1988).

Two assays of the ability of 1,1,1,2-tetrachloroethane to induce cell transformation in the
BALB/3T3 mouse (Williams et al., 1989; Milman et al., 1988) were negative.  In two
promotion-inhibition assays to induce enzyme-altered foci in rat liver, 1,1,1,2-TCE showed
no activity (Story et al., 1986; Milman et al., 1988).  

Clearly positive results were found in the DNA binding assay in the Wistar rat and BALB
mice (Colacci et al., 1989; Paolini et al., 1990) and in the gene mutation conversion test in
S. cerevisiae (Paolini et al., 1990).

Differing points of view have been developed by authors examining structure- activity
predictions of the mutagenic or carcinogenic potential of 1,1,1,2-TCE.  Rosenkranz and
Klopman (1990) identified a mouse specific biophore in the molecule (Cl-C-Cl) they view
as predicting carcinogenicity.  Using a system of structural fragments (structural alert) that
correlate with mutagenic and genotoxic carcinogens, Ashby and Tennant (1991) classed
1,1,1,2-TCE as a nongentoxic putative carcinogen.  They group it with carcinogens
affecting a single species at a single site.

Carcinogenicity

The NTP (1983) exposed male and female B6C3F1 mice to 0, 250 or 500 mg/kg 1,1,1,2-
tetrachloroethane in corn oil gavage 5 times a week for 103 weeks and male and female
rats to 0, 125 or 250 mg/kg.  There were increases in the incidence in combined hepatic
neoplastic modules/carcinomas in male rats and increased mammary fibroadenoma in low-

dose female rats, but not in high-dose females.  In both male and female mice apparently
increased incidences of hepatocellular adenomas and carcinomas occurred.

Virtually the only evidence about the carcinogenicity of this chemical is this flawed 1983
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NTP bioassay.  It was agreed by reviewers of the bioassay results that the data in rats are
inadequate due to the premature deaths of 42 rats, which affected the statistical power.
The design of the mouse study was flawed because the high dose exceeded the maximum
tolerated dose in the high-dose group and none of these mice lived past 65 weeks.  Two
of the reviewers (Vesselonovitch and Swenberg) maintained that the toxicity at the high
dose precluded the use of the high-dose endpoint for assessing carcinogenicity.  "Clear
evidence of an increased incidence of hepatocellar carcinoma in male mice was not found"
(NTP, 1983).  Therefore, the bioassay shows evidence of carcinogenicity in only one
species (mouse) and one sex (female) and the high-dose toxicity in females may make use
of the data questionable.  One reviewer (Swenberg) maintained the deaths in mice were
not caused by tumors, which negated the study altogether.

There appears to be increased incidence of mouse liver tumors (one species, one sex) in
a flawed study with little supporting data that would constitute insufficient evidence to
regulate 1,1,1,2-TCE as a carcinogen.

DERIVATION OF VALUES

Since there is inadequate evidence of carcinogenicity of 1,1,1,2-TCE, the development of
a value on chronic endpoints could be considered.  Based on the NTP (1983) data on
kidney mineralization in rats an ADI can be calculated using the LOAEL of 125 mg/kg
corrected to a time-weighted average (125 mg/kg x 5/7 d/wk) of 89 mg/kg/day, an
uncertainty factor of 100 for inter- and intra-species variation, 10 for LOAEL-to-NOAEL
conversion and 3 for lack of adequate supporting studies.  The ADI is 0.03 mg/kg/d.  Based
on a 70 kg adult, 2L water consumption, and 20% relative source contribution, a water
quality value of 210 ug/L can be calculated (6 NYCRR 702.5).

Surface Water

Regulations [6 NYCRR 702.2(b)] require that the value be the most stringent of the values
derived using the procedures found in sections 702.3 through 702.7.  The principal organic
contaminant class value of 5 ug/L (702.3(b)) represents the most stringent value that can
be derived for 1,1,1,2-TCE.  Therefore, the ambient surface water quality value for 1,1,1,2-
TCE is 5 ug/L.
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Groundwater

The principal organic contaminant (POC) groundwater standard of 5 ug/L (6 NYCRR 703.5)
applies to 1,1,1,2-TCE.  This standard became effective on January 9, 1989 by inclusion
by reference to 10 NYCRR Subpart 5-1 standards.  The basis and derivation of the POC
standard are described in a separate fact sheet.

REFERENCES

6NYCRR, Chapter X, Parts 700-705.  Water Quality Regulations.  Surface Waters and
Groundwater Classifications and Standards.

Ashby, J., R.W. Tennant.  1991.  Definitive relationships among chemical structure,
carcinogenicity and mutagenicity for 301 chemicals tested by the U.S. NTP. Mutat. Res.
257:224-306.

Beal, D.D.  1990.  Use of mouse liver tumor data in risk assessments performed by the
U.S. EPA in:  Mouse Liver Carcinogenesis: Mechanisms and Species Comparison.
Stevenson D.E. (ed.) Wiley-Liss.

Colacci, A., S. Bartol, B. Bonora, et al. 1989.  Covalent binding of 1,1,1,2-tetrachloroethane
to nucleic acids as evidence of genotoxic activity.  J. of Toxicol. and Environmental Health
26:485-95.

European Society of Toxicology.  1987.  Mouse Liver Tumors: Relevance to Human Cancer
Risk.  Chambers P.L., D. Heuschler and F. Oesch (eds).  Springer-Verlag, Berlin.

Gold, L.S.  1991.  Target organs in chronic bioassays of 533 chemical carcinogens.

Ikeda M. and H. Ohtsuji.  1972.  Comparative study of the excretion of Fujiwara-reaction-
positive substances in urine of humans and rodents.  Br. J. Ind. Med. 29:99-104.

Jackson, M.A. and H.B. Stack.  1993.  The genetic toxicology of putative nongenotoxic
carcinogens.  Mut. Res. 296(3): 241-277.

Lijinsky, W. 1990.  Non-genotoxic  environmental  carcinogens.  J. Environ. Sci. Health Part
C.  Environ. Carcinog. Rev. 8:45-88.

McGregor, D.B., A. Brown, P. Cattanach, et al. 1988.  Responses of the L5178Y tk+/tk-

Mouse Lymphoma Cell forward Mutation Assay: III.72 Coded Chemicals.  Environ. and Mol.
Mutagenesis 12:85-154.

Milman, H.A., D.L. Story, E.S. Riccio, et al.  1988.  Rat liver foci and in-vitro assays to
detect initiating and promoting effects of chlorinated ethanes and ethylenes.  NY Acad. of



1,1,1,2-Tetrachloroethane (Water Source) [Page 6 of 7]

Sciences, Annals of NY Acad. Sci. Living in a Chemical World 53:521-530.

Myr, B.C., and W.J. Caspary.  1991.  Chemical mutagenesis at the thymidine kinase locus
in L5178Y mouse lymphoma cells: Results for 31 coded compounds in the National
Toxicology Program.  Environ. and Mol. Mutagenesis 18:51-83.

NTP (National Toxicology Program).  1983.  Carcinogenesis studies of 1,1,1,2-
Tetrachloroethane (CAS No. 630-20-6) in F344/N rats and B6C3F1 mice.  Tech. Rpt. Series
No. 237.  NTIS, Springfield, VA.

Paolini, M., E. Sapigni, P. Hrelia, S. Grilli et al.  1990.  Strategies for optimization of short-
term genotoxicity tests:  the synergistic effect of NADPH and NADH on P450 function in
processing pre-mutagens.  Mutagenesis 5:51-54.

Norman, J.E., C.D. Robinette, J.F. Fraumeni.  1981.  The mortality experience of Army
World War II chemical processing companies.  J. Occup. Med. 23:818-822.

Roldan - Arjona, T. and M.D. Garcia - Pedrajas, et al. 1991.  An association between
mutagenicity of the ara test of S. typhimurium and carcinogenicity in rodents for
halogenated aliphatic hydrocarbons.  Mutagenesis (6):199-206.

Rosenkranz, H.S., G. Klopman.  1990.  Identification of rodent carcinogens by an expert
system.  Progress in clinical and biological research vol. 340.  Mutation and Environment
Part B. pp. 23-48.

RTECS.  1993.  Strobel and Grummt, 1987.  S. typhimurium assay results.

Simmon, V.F., K. Kauhanen and R.G. Tardiff.  1977.  Mutagenic activity of chemicals
identified in drinking water.  2nd Intl. Cong. Environ. Mutagens.  Edinburgh, Scotland in: D.
Scott, B.A. Bridges, F.H. Sobels (eds.) Dev. Toxicol. Environ. Sci. 2:249-258 Elsevier,
Amsterdam.

Story, D.L., E.F. Meierhenry, C.A. Tyson, H.A. Milman.  1986.  Differences in rat liver
enzyme-altered foci produced by chlorinated aliphatics and phenobarbital.  Toxicol. Ind.
Hlth. 2:351-362.

Tennant, R.W.  1993.  Stratification of rodent carcinogenicity bioassay results to reflect
relative human hazard.  Mutation Research 286:111-118.

Truhaut, R.  1972.  Metabolic transformations of 1,1,1,2-tetrachloroethane in animals (rats,
rabbits) Chem. Anal. (Warsaw) 17(4):1075-1078.

Truhaut, R., N.P. Lich, Le Quang Thuan and H. Duterte-Catella.  1973.  Serum enzymic
activities and biochemical blood components in subacute 1,1,1,2-tetrachloroethane
poisoning in the rabbit.  Eur. J. Toxicol. 6(2):81-84 (in French in Eng. Summary).



1,1,1,2-Tetrachloroethane (Water Source) [Page 7 of 7]

Truhaut, R., N.P. Lich, H. Dutre-Catella, G. Molas and V.N. Huyen.  1974.  Toxicological
study of 1,1,1,2-tetrachloroethane.  Arch. Mal. Prof. Med. Trav. Secur Soc. 35(6):593-608
(in French with Eng. Summary).

Truhaut, R., M. Thevenin, J.M. Varner, J.R. Claude and N.P. Lich.  1975.  Preliminary
biochemical study of the hepatotoxicity of 1,1,1,2-tetrachloroethane in the Wistar rat.  Effect
of sex. Eur. J. Toxicol. Environ. Hyg.  8(3):175-179 (in French with Eng. Summary).

U.S. EPA.  1989.  1,1,1,2-Tetrachloroethane.  Drinking Water Health Advisory.  Office of
Water.  Washington, D.C.

U.S. EPA.  1993.  Integrated Risk and Information System (IRIS).  1,1,1,2-Tetrachloro-
ethane on-line.  Cincinnati.  Office of Research and Development and Environmental
Criteria and Assessment.

Williams, G.M., H. Mori, C.A. McQueen.  1989.  Structure-activity relationships in rat
hepatocyte DNA-repair test for 300 chemicals.  Mutat. Res. 221:263-286.

Yllner, S.  1971.  Metabolism of 1,1,1,2-tetrachloroethane in the mouse.  Acta. Pharmacol.
Toxicol.  29(5-6):471-480.

SEARCH STRATEGY

IRIS - 9/93
RTECS - 9/93
CCRIS - 9/93
Database search on TOXLINE and BIOSIS - September 1993.

New York State Department of Environmental Conservation
Division of Water
AS/vc
3/94


