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MICHIGAN DEPARTMENT OF ENVIRONMENT, GREAT LAKES, AND ENERGY 
___________ 

 
INTEROFFICE COMMUNICATION 

___________ 
 

 
 
TO:  File for 1,1,2-Trichloroethane (CAS #79-00-5) 
 
FROM:  Doreen Lehner, Toxics Unit, Air Quality Division 
 
DATE:  October 6, 2020  
 
SUBJECT: Screening Level for 1,1,2-Trichloroethane (CAS #79-00-5)    
 

Summary 
 
The initial risk screening level (IRSL) for 1,1,2-trichloroethane (CAS #79-00-5) is 0.063 µg/m3 
and the SRSL is 0.63 µg/m3 based on an annual averaging time.  The initial threshold screening 
level (ITSL) for 1,1,2-trichloroethane (CAS #79-00-5) is 11 µg/m3 based on an annual averaging 
time.  A second acute ITSL for 1,1,2-trichloroethane of 160 µg/m3 based on a 24-hour averaging 
time.  The acute ITSL is derived as a short-term exposure and will be used in conjunction with 
the more chronic ITSL. 
 
Uses and Physical Chemical Properties 
 
1,1,2-Trichloroethane is used as a solvent and as an intermediate in the production of 
1,1-dichloroethane. 
 
1,1,2-trichloroethane is an organochlorine compound with a molecular weight of 133.41 g/mol 
and can dissolve in water and evaporates easily. 
 

Table 1. Physical/Chemical Properties of 1,1,2-Trichloroethane 

Structure 

 
CAS Number 79-00-5 

Synonyms 1,1,2-TCE, ethane trichloride, β-trichloroethane, vinyl trichloride 

Appearance/Odor Clear, colorless, sweet-smelling liquid 

Melting Point -36.6°C 

Boiling Point 113.8°C 

Vapor Pressure 23 mmHg at 25°C 

Solubility 4900 mg/L at 25°C 

LogP (octanol/water) 1.89 
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Literature Search 
 
The following references or databases were searched to identify data to determine the 
screening level: U.S. Environmental Protection Agency (EPA) Integrated Risk Information 
System (IRIS), Registry for Toxic Effects of Chemical Substances (RTECS), American 
Conference of Governmental and Industrial Hygienists (ACGIH) Threshold limit Values (TLVs).  
International Agency for Research on Cancer (IARC) Monographs, Chemical Abstract Service 
(CAS) SciFinder (searched 5/26/2020), U.S. EPA ChemView, California Office of Environmental 
Health Hazard Assessment (OEHHA), and the U.S. Department of Health and Human Services 
Agency for Toxic Substances and Disease Registry (ATSDR). 
 
Toxicokinetics 
 
ATSDR (2019) reviewed the available data on the comparison of the absorption efficiency of 
1,1,2-trichloroethane in the GI tract and lung.  ATSDR (2019) stated that, “Studies in humans 
indicate that 1,1,2-trichloroethane is absorbed rapidly after inhalation exposure (Morgan et al. 
1970, 1972).  In one of the studies (Morgan et al. 1970), a volunteer took one breath of 
radiolabeled 1,1,3-trichloroethane and expired 2-3% of the inspired dose in the alveolar air after 
12 seconds and about 0.5% after 40 seconds of breath-holding.  More than 90% of the 
administered dose was retained in the body after 50 minutes.  These data indicate that 1,1,2-
trichloroethane was extensively absorbed into the bloodstream, supported by a blood-air 
partition coefficient (KD) of 44.2.  Gargas et al. (1989) determined a blood:air partition coefficient 
in humans of 35.7.” 
 
ATSDR (2019) stated that, “Rats and mice exposed to 1,1,2-trichloroethane under closed 
chamber conditions at 100 ppm 6 hours/day, 5 days/week for 4 weeks showed significant 
concentrations of 1,1,2-trichloroethane in the blood, indicating that 1,1,2-trichloroethane is 
extensively absorbed in both species (Sapphire Group, 2003).  This is supported by the 
identification of a partition coefficient for rats of 58.0 (Gargas et al. 1989).” 
 
1,1,2-Trichloroethane absorption via inhalation above was compared against the absorption in 
the GI tract.  “…[R]ats were administered 1,1,2-trichloroethane via gavage in corn oil at 92 
mg/kg/day or in water at 1.7 mg/kg/day for 5 days.  Similarly, mice were treated at 390 
mg/kg/day in corn oil or 10 mg/kg/day in water.  Significant concentrations of 1,1,2-trichloro-
ethane were detected in the blood, indicating that 1,1,2-trichloroethane is well absorbed in both 
species.  Maximal blood concentrations were observed in rats on day 1 (up to 17 µg/g) and in 
mice on days 3 and 5 (8.5 to 25 µg/g) (Sapphire Group 2003).  The only other data available in 
animals showed that oral doses near the maximum tolerated dose in mice (300 mg/kg) or rats 
(70 mg/kg) were 81% metabolized, indicating that at least this amount was absorbed (Mitoma et 
al. 1985).  This suggests that 1,1,2-trichloroethane, like other structurally related halocarbons is 
well absorbed from the gastrointestinal tract of animals, and probably humans as well” (ATSDR, 
2019).    
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Carcinogenicity 
 
Genotoxicity 
 
1,1,2-Trichloroethane has been tested for genotoxicity in vivo.  The table below was taken from 
ATSDR (2019) and shows that there were mixed results in the available in vivo tests.  
Foureman et al. (1994) showed a negative result in sex-linked recessive lethal mutations in 
Drosophila melanogaster after fed 1,1,3-trichloroethane, but Vogel and Nivard (1993) showed a 
positive result in mitotic recombination in D. melanogaster after inhalation.  Crebelli et al. (1999) 
found no effect of 1,1,2-trichloroethane in mouse micronuclei in bone marrow cells after 
intraperitoneal (i.p.) injection and no DNA damage (unwinding of the DNA) was seen in mouse 
hepatocytes after i.p. injection of 1,1,2-trichloroethane (Taningher et al., 1991).  However, 
Mazzullo et al., 1986 found DNA adduct formation in mouse liver DNA after i.p. injection which 
was seen to a greater extent in mice than in rats given i.p. 1,1,2-trichloroethane.  Mirsalis et al. 
(1989) showed that mice given 1,1,2-trichloroethane via gavage showed induction of S-phase 
DNA synthesis in hepatocytes and Miyagawa et al. (1995) found an increase in replicative DNA 
synthesis in mouse hepatocytes after gavage with 1,1,3-trichloroethane (ATSDR, 2019).  Taken 
as a whole, 1,1,2-trichloroethane is genotoxic.    
 

Table 2. Genotoxicity of 1,1,2-Trichloroethane In Vivo* 

Species (exposure route) Endpoint Results Reference 

Drosophila melanogaster 
(feed) 

Sex-linked recessive lethal – Foureman et al. 1994 

D. melanogaster 
(inhalation) 

Mitotic recombination + Vogel and Nivard 1993 

Mouse (intraperitoneal) Micronuclei in bone marrow cells – Crebelli et al. 1999 

Mouse (intraperitoneal) DNA damage (unwinding) in hepatocytes – Taningher et al. 1991 

Rat (intraperitoneal) DNA adduct formation with liver DNA + Mazzullo et al. 1986 

Mouse (intraperitoneal) DNA adduct formation with liver DNA + Mazzullo et al. 1986 

Mouse (gavage) Unscheduled DNA synthesis in 
hepatocytes 

– Mirsalis et al. 1989 

Mouse (gavage) S-phase DNA synthesis in hepatocytes + Mirsalis et al. 1989 

Mouse (gavage) Replicative DNA synthesis in hepatocytes + Miyagawa et al. 1995 

 
+ = positive results; – = negative results; DNA = deoxyribonucleic acid 

  

*Table 2-4 from ATSDR (2019), page 48. 

Key Study 
 
The EPA (1987) set an inhalation unit risk of 1.6 x 10-5 per µg/m3 based on a National Cancer 
Institute (NCI, 1978) study in rats and mice.  Groups of 50 male and female B6C3F1 mice and 
Osborne-Mendel rats were exposed to technical grade (92.7%) 1,1,2-trichloroethane by gavage 
5 days/week for 78 weeks.  During the study, the doses for the rats and mice were increased.   
 
“Low and high dose mice received 150 and 300 mg/kg body weight, respectively, for 8 weeks, 
followed by 200 and 400 mg/kg, respectively, for 70 weeks, followed by 12-13 weeks without 
treatment, after which the experiment was terminated.  The time-weighted doses were 195 and 
390 mg/kg, respectively.  Untreated control and vehicle control groups were included (20 
animals/sex/group)” (OEHHA, 2009). 
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“Low and high dose rats received 35 and 70 mg/kg body weight, respectively, for 20 weeks, 
followed by 50 and 100 mg/kg, respectively, for 58 weeks, followed by 34-35 weeks without 
treatment, after which the experiment was terminated.  The time-weighted average doses were 
46 and 92 mg/kg, respectively.  Untreated control and vehicle control groups were included (20 
animals/sex/group)” (OEHHA, 2009).   
 
Critical Effect 
 
“No statistically significant increase in 1,1,2-trichloroethane-induced tumor incidence was noted 
in either male or female rats.  Increases in hepatocellular carcinoma incidence were noted in all 
male and female mouse 1,1,2-trichloroethane-exposed treatment groups.  The Fisher exact test 
comparing tumor incidences of dosed to control groups and the Cochran-Armitage test for 
positive dose-related trend indicated a highly significant association (p < 0.001) between 
hepatocellular carcinomas and 1,1,2-trichloroethane exposure.  A positive dose-related 
association between 1,1,2-trichloroethane exposure and adrenal gland pheochromocytoma 
incidence in male and female mice was also indicated by the Cochran-Armitage test (p = 0.003 
for males, p < 0.001 for females).  Fisher exact tests confirmed these results for high dose 
female mice (p= 0.006) but not for other mouse treatment groups” (OEHHA, 2009). 
 
Derivation of IRSL/SRSL 
 
The inhalation unit risk factor was derived from the male mouse hepatocellular carcinoma tumor 
data.  The doses were adjusted from 5 days/week to 7 days/week.  Then a linearized multistage 
model was used to calculate an oral slope factor of 5.7E-2 per (mg/kg)/day and derive an 
inhalation unit risk value of 1.6 x 10-5 per µg/m3 based on a route-to-route extrapolation 
(Sapphire Group, 2004). 
 
Rule 231(1) is used to develop an IRSL for 1,1,2-trichloroethane.  The equation is below: 
 

𝐼𝑅𝑆𝐿 =  
1 𝑥 10−6

𝑈𝑛𝑖𝑡 𝑟𝑖𝑠𝑘
=  

1 𝑥 10−6

1.6 𝑥 10−5
= 0.0625 

𝜇𝑔
𝑚3⁄ ≈ 0.063 

𝜇𝑔
𝑚3⁄  

Rule 231(3) states that the averaging time for IRSLs and SRSLs is an annual averaging time.  
The initial risk screening level (IRSL) for 1,1,2-trichloroethane (CAS #79-00-5) is 0.063 µg/m3 
and the SRSL is 0.63 µg/m3 based on an annual averaging time. 
 
Non-Carcinogenic Response 
 
Key Study (Annual ITSL) 
 
ATSDR developed an intermediate inhalation exposure Minimal Risk Level (MRL) of 0.002 ppm 
based on a study by Kirkpatrick (2002).  In the Kirkpatrick (2002) study, ten F344 CDF Crl:BR 
rats/sex/dose group (with satellite groups for pharmacokinetic evaluations) were exposed whole 
body to either 0,15,40, or 100 ppm for 6 hours/day 5 days/week for 13 weeks.  The “rats 
exposed at ≥ 40 ppm for 13 weeks showed significantly increased incidences of lesions in the 
olfactory epithelium of the nasal turbinates, including atrophy, vacuolization and microcyst 
formation, and respiratory epithelial metaplasia compared to control rats” (ATSDR, 2019).  Rats 
exposure at 100 ppm showed histopathological changes in the liver (hepatocellular 
vacuolization). 
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Critical Effect 
 
ATSDR performed benchmark dose modeling (BMD) to identify a point of departure (POD) 
using “concentrations adjusted for intermittent exposure and incidence data for vacuolization/ 
microcyst formation and atrophy in the olfactory epithelium.  Concentrations of 0, 15, 40, and 
100 ppm were adjusted for intermittent exposure (6 hours/24 hours and 5 days/ 7 days) 
resulting in adjusted concentrations of 0, 2.7, 7.1, and 17.9 ppm.  The data were fit to all 
available dichotomous models in EPA’s Benchmark Software (BMDS version 2.6.0).  A BMR of 
10% was selected in the absence of data that would support a lower BMR.  In accordance with 
EPA (2012) guidance, BMCs and BMCLs (95% lower confidence limit on the benchmark 
concentration) associated with an extra risk of 10% are calculated for all models” (ATSDR, 
2019).  The Log-Logistic model was selected as the best model for vacuolization/microcyst 
formation data.  The POD value of 0.57 ppm was converted to a human equivalent 
concentration of 0.07 ppm.  A total uncertainty factor (UF) of 30 (UF of 3 for extrapolation from 
animal to humans and an UF of 10 for human variability) was used.  This results in an 
intermittent inhalation exposure MRL of 0.002 ppm. 
 
Derivation of ITSL (Annual) 
 
ATSDR states that “an MRL is an estimate of the daily human exposure to a hazardous 
substance that is likely to be without appreciable risk of adverse noncancer health effects over a 
specified route and duration of exposure” (ATSDR, 2019). ATSDR derived the MRL from the 
most sensitive endpoint which are lesions of the olfactory epithelium and an intermediate MRL 
is derived to be protective for 15 to 364 days.  According to Rule 229(2)(b), which allows AQD to 
use the best available science to derive a screening level, the intermediate MRL of 0.002 ppm is 
appropriate and will be adopted as an ITSL.  1,1,2-Trichloroethane concentrations in ppm were 
converted to µg/m3 using equation 4-1b on page 4-20 in EPA (1994) with the assumptions that 
the testing was performed at 25°C and 760 mmHg, and that 1-g/mole of a perfect gas occupies 
24.45 L. 
 

𝑚𝑔
𝑚3⁄ =  

𝑝𝑝𝑚 × 𝑀𝑊

24.45
 

The molecular weight of 1,1,2-trichloroethane is 133.405 g/mol.  Using the equation above: 

𝑚𝑔
𝑚3⁄ =  

0.002 𝑝𝑝𝑚 × 133.405 
𝑔

𝑚𝑜𝑙⁄

24.45
= 0.010912474 

𝑚𝑔
𝑚3⁄ = 10.912474 

𝜇𝑔
𝑚3⁄  

≈ 11
𝜇𝑔

𝑚3⁄  

According to Rule 232(2)(b) the averaging time is annual.  Therefore, the initial threshold 
screening level (ITSL) for 1,1,2-trichloroethane (CAS# 79-00-5) is 11 µg/m3 based on an annual 
averaging time. 
 
Key Study (Short-term ITSL) 
 
ATSDRs acute-duration inhalation MRL is 0.03 ppm.  It is based on Kirkpatrick (2001):”F344 
rats(5/sex/group) were exposed whole-body to 1,1,2-trichloroethane (purity 99.56%) as a vapor 
at target concentrations of 0, 50, 200, and 1,500 ppm for 4 hours and sacrificed 24 hours after 
cessation of exposure.  Actual (measured) concentrations were 0, 58, 181, and 1,527 ppm.  
Animals were monitored for mortality and clinical signs of toxicity.  The response to a stimulus 
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(noise) was assessed at (approximately) the midpoint of exposure.  One day following 
exposure, detailed physical examinations were performed, and body weights were measured.  
At necropsy, organ weights (of the adrenals, brain, kidneys, liver, lungs, ovaries, and testes) 
were recorded.  Respiratory tract tissues were examined microscopically in animals from all 
exposure groups; the liver, kidneys, and stomach were additionally examined in animals in the 
control and high-exposure groups” (ATSDR, 2019). 
 
Critical Effect 
 
ATSDR used the lowest observed adverse effect level (LOAEL) of 58 ppm for necrosis of the 
olfactory epithelium in rats.  Benchmark Dose (BMD) was not used because the lowest tested 
concentration of 58 ppm showed incidence of necrosis in 70% of the animals, which is 
substantially higher than the benchmark response (BMR) of 10%.  The LOAEL of 58 ppm was 
adjusted to a human equivalent concentration (HEC) of 7.5 ppm and an uncertainty factor of 
270 was applied (3 for extrapolation from animals to humans; 10 for human variability; 3 for 
extrapolation from a minimal LOAEL – the study authors classified the severity of necrosis as 
minimal to mild because the necrosis affected a small number of cells; and 3 as a modifying 
factor for database deficiency as the only acute exposure data are from a single 4-hour 
exposure study) (ATSDR, 2019). 
 
The acute inhalation MRL from ATSDR was adopted as the acute ITSL (160 ug/m3, 24-hr AT) 
because it is recently derived, it is well documented and justified, and it provides an appropriate 
level of protection.  Also, the ATSDR MRL was derived using a 1,1,2-trichloroethane inhalation 
study, unlike the ACGIH TLV-TWA, which used the similarity of effects of 1,1,2-trichloroethane 
to 1,1,2,2-tetrachloroethane and chloroform to develop a value.  Table 3 provides a useful 
comparison of this and other acute benchmarks discussed above, and the associated candidate 
acute ITSLs. 
 
According to Rule 229(2)(b), the acute-duration inhalation MRL of 0.03 ppm is appropriate 
based on toxicological grounds and is supported by the scientific data, therefore the acute-
duration MRL will be adopted as an ITSL.  1,1,2-Trichloroethane concentrations in ppm were 
converted to µg/m3 using equation 4-1b on page 4-20 in EPA (1994) with the assumptions that 
the testing was performed at 25°C and 760 mmHg, and that 1-g/mole of a perfect gas occupies 
24.45 L. 
 

𝑚𝑔
𝑚3⁄ =  

𝑝𝑝𝑚 × 𝑀𝑊

24.45
 

The molecular weight of 1,1,2-trichloroethane is 133.405 g/mol.  Using the equation above: 

𝑚𝑔
𝑚3⁄ =  

0.03 𝑝𝑝𝑚 × 133.405 
𝑔

𝑚𝑜𝑙⁄

24.45
= 0.163687117 

𝑚𝑔
𝑚3⁄ = 163.687117 

𝜇𝑔
𝑚3⁄  

≈ 160 
𝜇𝑔

𝑚3⁄  

ATSDR states that acute MRLs are applicable to exposure of 14 days or less, the most 
appropriate and practical averaging time for AQD to assign to this acute MRL value is 24 hours.  
The acute inhalation MRL from ATSDR was adopted as the acute ITSL (160 ug/m3, 24-hr AT) 
because it is recently derived, it is well documented and justified, and it provides an appropriate 
level of protection.  
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Other Relevant Information 
 
ACGIH set a TLV-TWA of 10 ppm (55,000 µg/m3) for 1,1,2-trichloroethane “to minimize the 
potential for central nervous system depression that can lead to narcosis, eye and upper 
respiratory tract irritation, and liver damage” (ACGIH, 2001).  “The TLV-TWA is based on 
toxicological similarity of 1,1,2-TCE to 1,1,2,2-tetrachloroethane and by analogy to chloroform” 
(ACGIH, 2001).  “The TLV-TWA concentration for a conventional 8-hour workday and a 40-hour 
workweek, to which it is believed that nearly all workers may be repeatedly exposed, day after 
day, for a working lifetime without adverse effect.” (ACGIH, 2001).  The TLVs are derived for 
workers who are typically healthy adults that are exposed during work hours and do not 
consider long-term exposures or their effects on susceptible subpopulations such as infants, 
children, the elderly, sensitive individuals, or those with illnesses.  Therefore, TLVs may 
generally be divided by 100 to derive an acute ITSL that may be presumed to be protective of 
the general population including sensitive subgroups. 
 
OSHA set a PEL of 10 ppm (45,000 ug/m3) for 1,1,2-trichloroethane (OSHA, 2020).  The 8-hour 
PEL is the highest level of exposure an employee may be exposed to without incurring the risk 
of adverse health effects.  These values are for workers and may be divided by 100 to be 
presumed to be protective for the general population including sensitive subgroups.  NIOSH set 
a REL of 10 ppm (45,000 µg/m3) for 1,1,2-trichloroethane (NIOSH, 2020).  NIOSH RELs are 
time-weighted average concentrations for up to a 10-hour workday during a 40-hour workweek.  
As with the ACGIH TLVs above, these values are derived for workers and may be divided by 
100 to be presumed to be protective for the general population including sensitive subgroups. 
 

Table 3. 1,1,2-Trichloroethane Acute Toxicity Benchmarks 
and Candidate Acute ITSLs 

Available benchmark type Value (µg/m3) Candidate acute ITSL 
(in descending order) 

(µg/m3) 

Candidate ITSL 
Averaging Time 

ACGIH TLV-TWA 55,000 TLV/100 = 550 8-hour 

OSHA PEL 45,000 PEL/100 = 450 8-hour 

NIOSH REL 45,000 REL/100 = 450 8-hour 

ATSDR acute MRL 160 160 24-hour 

 
Summary 
 
The initial risk screening level (IRSL) for 1,1,2-trichloroethane (CAS #79-00-5) is 0.063 µg/m3 
and the SRSL is 0.63 µg/m3 based on an annual averaging time.  The initial threshold screening 
level (ITSL) for 1,1,2-trichloroethane (CAS #79-00-5) is 11 µg/m3 based on an annual averaging 
time.  A second acute ITSL for 1,1,2-trichloroethane of 160 µg/m3 based on a 24-hour averaging 
time.  The acute ITSL is derived as a short-term exposure and will be used in conjunction with 
the more chronic ITSL.  
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