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1,1-DICHLOROETHANE 


Summary ^ 

1,1-Dichloroethane i s quite volatile and probably i s not 

very persistent in aquatic environments. Inhalation exposure 

to high doses causes central nervous system depression in humans 

and may cause hepatotoxicity. In animals, high doses cause 

l iver and kidney damage and retard fetal development. 


CAS Number: 75-34-3 


Chemical Formula: CH^CHC^ 


IUPAC Name: 1,1-Dichloroethane 


Important Synonyms and Trade Names: Ethylidene chloride, ethylidene 

dichloride 


Chemical and Physical Properties 


Molecular Weight: 98.96 


Boiling Point: 57.3°C 


Melting Point: -97.0°C 


Specific Gravity: 1.1776 at 20°C 


Solubility in Water: 5 g/liter 


Solubility in Organics: Miscible in alcohol 


Log Octanol/Water Partition Coefficient: 1.79 


Vapor Pressure: 180 mm Hg at 20°C 


Transport and Fate 


1,1-Dichloroethane disperses from surface water primarily 

by volatilization into the troposphere, where i t i s subsequently 

broken down by hydroxylation. No studies on adsorption were 

found in the literature reviewed, but because of i t s water 

solubility and relatively low log octanol/water partition co­

e fficient, 1,1-dichloroethane potentially could move through 

s o i l and enter the groundwater. 
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Health Effects 


Limited toxicological testing of 1,1-dichloroethane has 

been conducted, although the literature indicates that 1,1­
dichloroethane i s one of the least toxic of the chlorinated 

ethanes. An NCI bioassay on 1,1-dichloroethane was limited 

by poor survival of test animals of test animals, but some 

marginal tumorigenic effects were seen. Inhalation exposure 

to high doses of 1,1-dichloroethane (over 16,000 mg/nr) caused 

retarded fetal development in rats (Schwetz et a l . 1974). 

1,1-Dichloroethane was not found to be mutagenic using the 

Ames assay. 1,1-Dichloroethane causes central nervous system 

depression when inhaled at high concentrations, and evidence 

suggests that the compound i s hepatotoxic in humans. Kidney 

and liver damage was seen in animals exposed to high levels 

of 1,1-dichloroethane. The oral LD-- value in the rat i s 

72 5 mg/kg. 3  U 


Toxicity to Wildlife and Domestic Animals 


No information on the toxicity of 1,1-dichloroethane to 

aquatic species was reported in the literature reviewed. How­

ever, the available information on the chloroethanes indicates 

that toxicity declines with decreases in chlorination and that 

the 1,1,1-isomer i s less active than the 1,1,2-isomer. Therefore 

1,1-dichloroethane i s probably no more toxic than 1,2-dichloro­
ethane, which i s acutely toxic at levels of 100-500 mg/liter 

and has a chronic toxicity beginning at about 20 mg/liter. 


No information on the toxicity of 1,1-dichloroethane to 

t e r r e s t r i a l wildlife or domestic animals was found in the sources 

reviewed. 


Regulations and Standards 


Ambient Water Quality Criteria (USEPA): 


The available data were inadequate for establishing c r i ­

t e r i a . 


OSHA Standard ( a i r ) : 400 mg/ra3 TWA 


AC6IH Threshold Limit Value: 810 mg/ra3 TWA 


REFERENCES 
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1,2-DICHLOROETHANE 


Summary 

1,2-Dichloroethane (ethylene d ichlor ide) i s a v o l a t i l e 
organic solvent* and v o l a t i l i z a t i o n and percolat ion into ground­
water may be s i g n i f i c a n t routes of transport . I t has a low 
s o l u b i l i t y in water and may be a component in nonaqueous-phase 
l i q u i d s . 1,2-Dichloroethane i s carcinogenic in animals and 
mutagenic in b a c t e r i a l test systems; i t i s a suspected human 
carcinogen. 

CAS Number: 107-06-2 

Chemical Formula: C l ^ C l C i ^ C l 

IUPAC Name: 1,2-Dichloroethane 

Important Synonyms and Trade Names: Ethylene d i c h l o r i d e , g lyco l 
d ich lor ide 

Chemical and Physical Properties 


Molecular Weight: 98.96 


Boiling Point: 83-84°C 


Melting Point: -35.4°C 


Specific Gravity: 1.253 at 20°C 


Solubility in Water: 8 g/liter 


Solubility in Organics: Miscible with alcohol, chloroform, 


and ether 


Log Octanol/Water Partition Coefficient: 1.48 


Vapor Pressure: 61 mm Hg at 20°C 


Flash Point: 15°C (closed cup) 
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Transport and Fate 


The primary method of dispersion from surface water for 

1,2-dichloroethane i s volatilization. In the atmosphere, 1,2-di­
chloroethane i s rapidly broken down by hydroxylation, although 

some may be absorbed by atmospheric water and return to the 

earth by precipitation. No studies on the adsorption of 1,2-di­

chloroethane onto s o i l were reported in the literature examined. 

However, 1,2-dichloroethane has a low octanol/water partition 

coefficient, i s slightly soluble in water, and therefore leaching 

through the s o i l into the groundwater i s an expected route of 

dispersal. 


Health Effects 


1,2-Dichloroethane i s carcinogenic in rats and mice, producing 

a variety of tumors. When administered by gavage, i t produced 

carcinomas of the forestomach and hemangiosarcomas of the circu­

latory system in male rats; adenocarcinomas of the mammary 

gland in female rats; lung adenomas in male mice; and lung 

adenomas, mammary adenocarcinomas, and endometrial tumors in 

female mice. I t i s mutagenic when tested using bacterial test 

systems. Human exposure by inhalation to 1,2-dichloroethane 

has been shown to cause headache, dizziness, nausea, vomiting, 

abdominal pain, i r r i t a t i o n of the mucous membranes, and liver 

and kidney dysfunction. Dermatitis may be produced by skin 

contact. In severe cases, leukocytosis (an excess of white 

blood cells) may be diagnosed; and internal hemorrhaging and 

pulmonary edema leading to death may occur. Similar effects 

are produced in experimental animals. 


Toxicity to Wildlife and Domestic Animals 


1,2-Dichloroethane i s one of the chlorinated ethanes least 

toxic to aquatic l i f e . For both fresh- and saltwater species, 

i t i s acutely toxic at concentrations greater than 118 mg/liter, 

while chronic toxicity has been observed at 20 mg/liter. 1,2-Di­

chloroethane i s not lik e l y to bioconcentrate, as i t s steady 

state bioconcentration factor was 2 and i t s elimination half-

l i f e was less than 2 days in bluegill. 


No information on the toxicity of 1,2-dichloroethane to 

domestic animals or te r r e s t r i a l wildlife was available in the 

literature reviewed. 
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METHYLENE CHLORIDE 


Summary 


Methylene chloride increased the incidence of lung and 

liver tumors and sarcomas in rats -and mice. I t was found to 

be mutagenic in bacterial test systems. In humans, methylene 

chloride i r r i t a t e s the eyes, mucous membranes, and skin. Exposure 

to high levels adversely affects the central and peripheral 

nervous systems and the heart. In experimental animals, methylene 

chloride is reported to cause kidney and liver damage, convulsions, 

and paresis. 


CAS Number: 75-09-2 

Chemical Formula: CHjClj 

IUPAC Name: Dichloromethane 

Important Synonyms and Trade Names: Methylene dichloride, methane 
dichloride 

Chemical and Physical Properties 


Molecular Weight: 84.93 


Boiling Point: 40°C 


Melting Point: -95.1*C 


Specific Gravity: 1.3266 at 20°C 


Solubility in Water: 13,200-20,000 mg/liter at 25°C 


Solubility in Organics: Miscible with alcohol and ether 


Log Octanol/Water Partition Coefficient: 1.25 


Vapor Pressure: 362.4 mm Hg at 20°C 


Vapor Density: 2.93 


Transport and Fate 


Volatilization to the atmosphere appears to be the major 

mechanism for removal of methylene chloride from aquatic systems 
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and i t s primary environmental transport process (USEPA 1979) . 

Photooxidation in the troposphere appears to be the dominant 

environmental fate of methylene chloride. Once in the troposphere, 

the compound is attacked by hydroxyl radicals, resulting in 

the formation of carbon dioxide, and to a lesser extent, carbon 

monoxide and phosgene. Phosgene is readily hydrolyzed to HC1 

and C02. About one percent of tropospheric methylene chloride 

would Be expected to reach the stratosphere where i t would 

probably undergo photodissociation resulting from interaction 

with high energy ultraviolet radiation. Aerial transport of 

methylene chloride is partly responsible for i t s relatively 

wide environmental distribution. Atmospheric methylene chloride 

may be returned to the earth in precipitation. 


Photolysis, oxidation, and hydrolysis do not appear to 

be significant environmental fate processes for methylene chlor­

ide, and there is no evidence to suggest that either adsorption 

or bioaccumulation are important fate processes for this chem­

i c a l . Although methylene chloride is potentially biodegradable, 

especially by acclimatized microorganisms, biodegradation prob­

ably only occurs at a very slow rate. 


Health Effects 


Methylene chloride is currently under review by the National 

Toxicology Program (NTP 1984, USEPA 1985). Preliminary results 

indicate that it. produced an increased incidence of lung and 

liver tumors in mice and mammary tumors in female and male 

rats. In a chronic inhalation study, male rats exhibited an 

increased incidence of sarcomas in the ventral neck region 

(Burek et a l . 1984). However, the authors suggested that 

the relevance and toxicological significance of this finding 

were uncertain in light of available toxicity data. Methylene 

chloride is reported to be mutagenic in bacterial test systems. 

I t also has produced positive results in the Fischer rat embryo 

c e l l transformation test. However, i t has been suggested that 

the observed cell-transforming capability may have been due 

to impurities in the test material. There is no conclusive 

evidence that methylene chloride can produce teratogenic effects. 


In humans, direct contact with methylene chloride produces 

eye, respiratory passage, and skin i r r i t a t i o n (USEPA 1985). 

Mild poisonings due to inhalation exposure produce somnolence, 

lassitude, numbness and tingling of the limbs, anorexia, and 

lightheadedness, followed by rapid and complete recovery. 

More severe poisonings generally involve correspondingly greater 

disturbances of the central and peripheral nervous systems. 

Methylene chloride also has acute toxic effects on the heart, 

including the induction of arrhythmia. F a t a l i t i e s reportedly 
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due to methylene chloride exposure have been attributed to 

cardiac injury and heart failure. Methylene chloride is metabolized 

to carbon monoxide in vivo, and levels of carboxyhemoglobin 

in the blood are elevated after acute exposures. In experimental 

animals, methylene chloride is reported to cause kidney and 

liver damage, convulsions, and d i s t a l paresis. An oral LD 5 Q -I 

value of 2,136 mg/kg, and an inhalation LC value of 88,000 mg/m / 

30 rain are reported for the rat. 


Toxicity to Wildlife and Domestic Animals 


Very l i t t l e information concerning the toxicity of methylene 

chloride to domestic animals and wildlife exists (USEPA 1980). 

Acute values for the freshwater species Daphnia magna, the 

fathead minnow, and the bluegill are 224,000, 193,000, and 

224,000 ug/liter, respectively. Acute values for the saltwater 

species, mysid shrimp and sheepshead minnow, are 256,000 and 

331,000 ug/liter, respectively. No data concerning chronic 

toxicity are available. The 96-hour EC_  values for both freshwater 
n


and saltwater algae are greater than the highest test concentration, 

662,000 ug/liter. 


Regulations and Standards 


Ambient Water Quality Criteria (USEPA): 


Aquatic Life 


The available data, are not adequate for establishing c r i t e r i a . 


Human Health 


Criterion: 12.4 mg/liter (for protection against the 


noncarcinogenic effects of methylene chloride) 


­CAG Unit. Risk (USEPA): 1.4xl0~2 (rag/kg/day)


NIOSH Recommended Standards: 

3 3
261 mg/m TWA in the presence of no more than 9.9 mg/m of CO 


1,737 mg/m /15 min Peak Concentration 


OSHA Standards: 1,7 37 mg/m3 TWA 

3,474 mg/raf Ceiling Level 

6,948 mg/m Peak Concentration (5 min in any 3 hr) 


ACGIH Threshold Limit Values: 350 mg/m3 TWA 

1,740 mg/m ST£L 
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1,1,1-TRICHLOROETHANE 


Summary 


Preliminary results suggest that 1,1,1-trichloroethane 

(1,1,1-TCA) induces l i v e r tumors i n female mice. I t was shown 

t o be mutagenic using the Ames assay, and i t causes transforma­

t i o n i n cultured rat embryo c e l l s . Inhalation exposure t o 

high concentrations of 1,1,1-TCA depressed the central nervous 

system; affected cardiovascular function; and damaged the lungs, 

l i v e r , and kidneys i n animals and humans. I r r i t a t i o n of the 

skin and mucous membranes has also been associated with human 

exposure to 1,1,1-trichloroethane. 


CAS Number: 71-55-6 


Chemical Formula: CH3CCI3 


IUPAC Name: 1,1,1-Trichloroethane 


Important Synonyms and Trade Names: Methyl chloroform, chloro­
thene, 1,1,1-TCA 


Chemical and Physical Properties 


Molecular Weight: 133.4 


B o i l ing Point: 74.1°C 


Melting Point: -30.4°C 


Specific Gravity: 1.34 at 20°C ( l i q u i d ) 


S o l u b i l i t y i n Water: 480-4,400 mg/liter at 20°C (several divergent 
values were reported i n the l i t e r a t u r e ) 

S o l u b i l i t y i n Organics: Soluble i n acetone, benzene, carbon 
t e t r a c h l o r i d e , methanol, ether, alcohol, 
and chlorinated solvents 

Log Octanol/Water P a r t i t i o n C o e f f i c i e n t : 2.17 


Vapor Pressure: 123 mm Hg at 20°C 


Vapor Density: 4.63 
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Transport and Fate 


1,1,1-Trichloroethane (1,1,1-TCA) disperses from surface 

water primarily by volatilization. Several studies have indic­

ated that 1,1,1-trichloroethane may be adsorbed onto organic 

materials in the sediment, but this is probably not an important 

route of elimination from surface water. 1,1,1-Trichloroethane 

can be transported in the groundwater, but the speed of transport 

depends on the composition of the so i l . 


Photooxidation by reaction with hydroxyl radicals in the 

atmosphere is probably the principal fate process for this 

chemical. 


Health Effects 


1,1,1-Trichloroethane was retested for carcinogenicity 

because in a previous study by NCI (1977), early lethality 

precluded assessment of carcinogenicity. Preliminary results 

indicate that 1,1,1-TCA increased the incidence of combined 

hepatocellular carcinomas and adenomas in female mice when 

administered by gavage (NTP 1984). There is evidence that 

1,1,1-trichloroethane is mutagenic in Salmonella typhimurium 

and causes transformation in cultured rat embryo cells (USEPA 

1980). These data suggest that the chemical may be carcinogenic. 


Other toxic effects of 1,1,1-TCA are seen only at concen­

trations well above those likely in an open environment. The 

most notable toxic effects of 1,1,1-trichloroethane in humans 

and animals are central nervous system depression, including 

anesthesia at very high concentrations and impairment of coordi­

nation, equilibrium, and judgment at lower concentrations (350 

ppm and above); cardiovascular effects, including premature 

ventricular contractions, decreased blood pressure, and sensiti­

zation to epinephrine-induced arrhythmia; and adverse effects 

on the lungs, liver, and kidneys. Irritation of the skin and 

mucous membranes resulting from exposure to 1,1,1-trichloro­

ethane has also been reported. The oral LD5Q value of 1,1,1­
trichloroethane in rats is about 11,000 mg/Rg. 


Toxicity to Wildlife and Domestic Animals 


The acute toxicity of 1,1,1-trichloroethane to aquatic 

species is rather low, with the LC concentration for the 

most sensitive species tested being 52.8 mg/1. No chronic 

toxicity studies have been done on 1,1,1-trichloroethane, but 

acute-chronic ratios for the other chlorinated ethanes ranged 

from 2.8 to 8.7. 1,1,1-Tricholoroethane was only slighty bio­
accumulated with a steady-state bioconcentration factor of 

nine and an elimination half-life of two days. 
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No information on the toxicity of 1,1,1-trichloroethane 

to t e r r e s t r i a l wildlife or domestic animals was available in 

the literature reviewed. 


Regulations and Standards 


Ambient Water Quality Criteria (USEPA): 


Aquatic Life 


The available data are not adequate for establishing c r i t e r i a . 

However, EPA did report, the lowest values of the two 

trichloroethanes (1,1,1 and 1,1,2) known to be toxic in 

aquatic organisms. 


Freshwater 


Acute toxicity: 18 mg/liter 

Chronic toxicity: 8.4 mg/liter 


Saltwater 


Acute toxicity: 31.2 mg/liter 

Chronic toxicity: No available data 


Human Health 


Criterion: 18.4 mg/liter 


NIOSH Recommended Standard: 3 50 ppm (1,910 mg/m3)/15 min Ceiling 

Level 


OSHA Standard: 350 ppm (1,910 mg/m3) TWA 
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TRICHLOROETHYLENE 


Summary 


Trichloroethylene (TCE) induced hepatocellular carcinomas 

in mice and was mutagenic when tested using several microbial 

assay systems. Chronic inhalation exposure to high concentra­

tions caused l i v e r , kidney, and neural damage and dermatological 

reactions in animals. 


CAS Number: 79-01r6 


Chemical Formula: C2HC13 


IUPAC Name: Trichloroethene 


c
Important  'nonyms and Trade Names: Trichloroethene, TCE, 

and ethylene trichloride 


Chemical and Physical Properties 


Molecular Weight: 131.5 


Boiling Point: 87°C 


Melting Point: -73°C 


Specific Gravity: 1.4642 at 20°C 


Solubility in Water: 1,000 mg/liter 


Solubility in Organics: Soluble in alcohol, ether, acetone, 


and chloroform 


Log Octanol/Water Partition Coefficient: 2.29 


Vapor Pressure: 60 mm Hg at 20°C 

Vapor Density: 4.53 


Transport and Fate 


Trichloroethylene (TCE) rapidly volatilizes into the atmos­

phere where i t reacts with hydroxyl radicals to produce hydro­

chloric acid, carbon monoxide, carbon dioxide, and carboxylic 

acid. This is probably the most important transport and fate 

process for trichloroethylene in surface water and in the upper 
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layer of s o i l . TCE adsorbs to organic materials and can be 

bioaccumulated to some degree. However, i t i s unclear whether 

trichloroethylene bound to organic material can be degraded 

by microorganisms or must be desorbed to be destroyed. There 

is some evidence that higher organisms can metabolize TCE. 

Trichloroethylene leaches into the groundwater f a i r l y readily, 

and i t i s a common contaminant of groundwater around hazardous 

waste sites. 


Health Effects 


Trichloroethylene is carcinogenic to mice after oral admin­

istration, producing hepatocellular carcinomas (NCI 1976, NTP 

1982). I t was found to be mutagenic using several microbial 

assay systems. Trichloroethylene does not appear to cause 

reproductive toxicity or teratogenicity. TCE has been shown 

to cause renal toxicity, hepatotoxicity, neurotoxicity, and 

dermatological reactions in animals following chronic exposure to 

levels greater than 2,000 mg/m for 6 months. Trichloroethylene 

has low acute toxicity; the acute oral LD_Q value in several 

species ranged from 6,000 to 7,000 mg/kg. 


Toxicity to Wildlife and Domestic Animals 


There was only limited data on the toxicity of trichloro­

ethylene to aquatic organisms. The acute toxicity to freshwater 

species was similar in the three species tested, with L C 5  Q 


values of about 50 mg/liter. No L C 5  Q values were available 

for saltwater species. However, a dose of 2 mg/liter caused 

erratic swimming and loss of equilibrium in the grass shrimp. 

No chronic toxicity tests were reported. 


No information on the toxicity of trichloroethylene to 

domestic animals or t e r r e s t r i a l wildlife was available in the 

literature reviewed. 


Regulations and Standards 


Ambient Water Quality Criteria (USEPA): 


Aquatic Toxicity 


The available data, are not adequate for establishing c r i t e r i a . 

However, EPA did report the lowest values known to be 

toxic in aquatic organisms. 


Freshwater 


Acute toxicity: 45 mg/liter 

Chronic toxicity: No available data 
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Saltwater _ 

Acute t o x i c i t y : 2 mg/ l i t er 
Chronic t o x i c i t y : No avai lable data 

Human Health 

Estimates of the carcinogenic r i s k s associated with l i f e t ime 
exposure to various concentrations of tr ichloroethylene 
in water are: 

Risk Concentration 

10~l 27 p g / l i t e r 
10"!? 2.7 Mg/l i ter 
10"' 0.27 Mg/ l i ter 

CAG Unit Risk (USEPA): l . l x i o " 2 (mg/kg/day) - 1 

NIOSH Recommended Standards ( a i r ) : 540 mg/m? TWA 
760 mg/m 10-min C e i l i n g Leve l 

OSHA Standards ( a i r ) : 540 mg/m3 TWA 
1,075 mg/mf/15-min C e i l i n g Leve l 
1,620 mg/m for 5 min every 3 h r , 

Peak	 Concentration 
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