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1.0 EXECUTIVE SUMMARY 

DHS estimates that approximately 50% of inhaled carbon tetrachloride (CTC) 

is absorbed by the body. Numerous studies have suggested that CTC is 

metabolized to a highly reactive trichloromethyl radical which can then 

react with cellular components to produce acute and chronic toxicity. 

Accidental aclute hluman expos'ures, at concentrations at least five orders of 

magnitude greater than expected ambient levels, and animal experiments 

have shown that CTC can produce liver and kidney damage and numerous effects 

on the nervous system. Chronic exposure to CTC, in occupationai settings 

where CTC concentrations are three to four orders of magnitude higher than 

current ambient levels, has produced neurological effects and elevation of 

serum liver enzymes indicating liver damage. Long-term animal 'exposure to 

similarly high levels of CTC has produced liver and kidney damage. At 

current ambient CTC levels. however. no acute or noncarcinogenic chronic 

effects are expected to occur. 

Reproductive effects developed in male animals in response to very high 

concentrations of CTC. Dosing of pregnant rats with high concentrations of 

CTC resulted in embryo- and fetotoxicity. Experimental data are inadequate 

to assess potential human reproductive risk from ambient CTC exposures. 

Radiolabeled CTC given to laboratory animals binds to DNA as well as other 

cellular components. Thus, CTC is potentially genotoxic. However, tests 

for mutagenicity using standard bacterial and yeast assays and other methods 

for:, detecting chromosomal damage have been predominantly negative. This 
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apparent lack of effect may reflect the inability of those assays to test 

adequately halogenated hydrocarbons such as CTC or may indicate that CTC is 

not strongly mutagenic. 

Examination of human case reports and epidemiological studies has not shown 

that CTC causes cancer in humans. However, the carcinogenicitv of CTC has 

been clearly demonstrated in three animal snecies, which has led the 

International APencv for Research on Cancer (IARC) to conclude that there 

is sufficient evidence of carcinogenicitv in animals and that. in the 

absence of adeauate data in humans, it is reasonable for nractical nurnoses 

to regard CTC as if it nresents a carcinogenic risk to humans. In the major 

animal cancer studies CTC was administered orally in a solution with olive 

or corn oil. None of the studies was conducted by inhalation. In these 

studies CTC produced malignant tumors in the liver in up to 100% of the 

animals, and the tumors began to appear 16 weeks after the beginning of the 

study. On the basis of this experimental work, DHS staff concurs with the 

findings of IARC. In addition, DHS staff has not found comnelling: evidence 

demonstrating the existence of a carcinogenic threshold for CTC. 

The DHS recommends adopting portions of the risk assessment performed by the 

Environmental Protection Agency (EPA), which applied a multistage model to 

the results of several of the animal studies. For one of the studies time- 

to-tumor information was incorporated into the multistage model. DHS staff 

gg su ests the use of 

exnosure to carbon tetrachloride ranging from 10 to 42 cancer cases ner 

million neonle continuously exDosed over their lifetimes to 1 microgram CTC 

.".." ._ 
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per cubic meter of air (1 q/m3). This range is based on the carcinogenic 

potencies estimated from two animal studies. 

The range of risk values represents several sources of uncertainty, 

including statistical uncertainty due to the small numbers of animals used 

in the bioassays and the variability in the animals' response in experiments 

using different species and protocols. Other general sources of 

uncertainty, .which did not directly affect the magnitude of the above range 

of risks, include the choice of the animal-to-human scaling factor, the 

choice of the extrapolation models, and the large range of extrapolation 

(three to five orders of magnitudej from the oraily administered CTC 

concentrations used in the animal experiments to current ambient levels. 

The lifetime risk values given above represent a range of conservative 

estimates and are unlikely to be exceeded by the actual risk. A lifetime 

excess risk of lo-42 per million population must be viewed in the context of 

the overall probability of developing cancer, which is on the order of 

250,000 cases per million population (25%) over a lifetime. 

Based on the findings of carcinogenicity and the results of the risk 

assessment, DHS staff finds that ambient CTC is an air pollutant which may 

cause or contribute to an increase in mortality or an increase in serious 

illness, or which may pose a present or potential hazard to human health. 
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2.0 PHARMACOKINETICS 

2.1 Routes of exnosure 

Carbon tetrachloride (CTC) is lipophilic and is readily absorbed orally and 

via inhalation. There is some dermal absorption. Acute oral exposure in 

humans is primarily restricted to accidental ingestion or suicide attempts. 

However, it was formerly used as an anthelmintic,l and medicinal doses 

occasionally resulted in toxicity (Von Oettingen 1964). Information 

regarding oral administration is provided below for comparative purposes and 

to supplement inhalation data. Chronic oral exposure occurs from 

consumption of contaminated food and water. The major routes of 

occupational exposure are inhalation and dermal. The toxicokinetics have 

been reviewed previously by Von Oettingen (1964), Browning (1965), Swinyard 

(1975), Bergman (1979), Torkelson and Rowe (1981) and others. 

2.2 Absorntion 

2.2.1 Inhalation 

Inhalation absorption was first studied by Lehmann and Hasegawa (1910) using 

rabbits. They reported that the absorption rate decreased from 34.7 to 

4.7%, during a 3-hour exposure to 50 mg/L (==8000ppm). Following exposure of 

dogs to 15,000 and 20,000 ppm CTC, Von Oettingen et al. (1949, 1950) found 

1 An agent destructive to worms. Recommended'oral doses were 2-3 ml for 
adults, and 0.13 ml per year of age for infants and children up to 15 years 
old. I.. ^ . 



that blood CTC levels reached equilibrium in approximately 5 hours. 

However, exposure to such high concentrations would induce severe toxicity 

that could result in decreased absorption. 

McCollister et al. (1950, 1951) exposed three monkeys via inhalation to an 

average of 46 ppm of l*C-labelled CTC for 2 to 6 hours. The absorption 

reportedly occurred at an average rate of 1.34 mg/kg/hour, or 30% of the 

total weight of CTC inhaled. They observed that absorption of the material 

ranged from 26 to 37%. The highest absorption rate was obtained during the 

longest exposure. Equilibrium of CTC between the air and blood was not 

reached during the course of the experiment. Consequently, absorption 

following a longer exposure until equilibrium was reached would be expected 

to be above 37%. 

In a human inhalation study by Lehmann and Schmidt-Kehl (1936), individuals 

were exposed to CTC vapors for up to 30 minutes. The amount of CTC absorbed 

was calculated from the difference of the amount available and the amount 

exhaled. Thus the amount of CTC absorbed was estimated indirectly. They 

reported a range of absorption of 57 to 64%. This study used from 2 to 14 

subjects, although the actual number was unspecified. Extrapolating from 

the primate studies of McCollister et al. (1950, 1951), it is unlikely that 

equilibrium was attained using such short exposure periods in the human 

studies. 

The above noted primate and human studies, even with their limitations, 

represent the two best estimates for absorption reported in the literature. 

The staff at DHS believe that these two studies, with their shortcomings, 
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should be given equal weight in estimating an absorption value for humans. 

The human study is lacking due to incomplete documentation of exposure of 

the subjects and the indirect absorption method used. The primate study 

directly measured absorption; however, it is not clear how similar human 

exposure would be. Consequently, the reported absorption coefficient values 

were given equal weight in estimating a 50% absorption coefficient that will 

be utilized in the quantitative risk assessment in Section 9.0. Although 

the studies on which this value is based are not ideal, the staff at DHS 

believes that 50% is the best estimate and that a more precise absorption 

calculation would change the unit risk estimates by less than a factor of 

two. 

2.2.2 Dermal 

Two monkeys were exposed dermally to vapor concentrations of 485 and 1150 

ppm for approximately four hours (Beamer et al. 1950, McCollister et al. 

1951). CTC blood levels indicated that absorption by this route was 

relatively low and was not of practical significance, Stewart and Dodd 

(1964) studied the dermal absorption of CTC in human subjects. Three 

subjects immersed their thumbs for 30 minutes in a beaker of CTC, and 

expired air samples were analyzed. CTC was detected in the alveolar air 

samples within ten minutes and it continued to rise for up to 30 minutes 

post-exposure. Although absorption of vapor by the dermal route is 

insignificant, dermal absorption of liquid CTC could result in toxicity. 



2.2.3 Oral 

Essentially 100% of an oral dose is absorbed. Gastrointestinal absorption 

of CTC (3 ml) was studied by Robbins (1929), who demonstrated that it was 

readily absorbed from the small intestine and that the rate was enhanced by 

alcohol and fats. The oral absorption in rats was subsequently studied by 

Recknagel and Litteria (1960), who determined that peak blood concentration 

occurred 1.5 hours following administration. 

2.3 Distribution 

The distribution of carbon tetrachloride in animals varies with the route of 

administration, concentration, and the duration of exposure (Von Oettingen 

1964); however, as would be predicted from CTC's solubility properties, most 

of the compound accumulates in tissues with high fat content, such as 

adipose tissue, liver and bone marrow (Robbins 1929, McCollister et al. 

1950, 1951). Fowler (1969) examined the distribution and metabolism of CTC 
. 

following oral administration to rabbits of 1 ml/kg. The highest 

concentrations of CTC were found in the fat, followed by the liver, kidney 

and muscle. CTC metabolites (i.e. chloroform and hexachloroethane) were 

also detected in fat, liver, kidney and muscle. In a study on CTC 

accumulation, adipose tissue concentrations appeared to reach a steady state 

CTC concentration after one week of repeated 3-hour exposures of rats to 10, 

50, or 100 ppm CTC (Shimizu et al. 1973). Following a two-week exposure of 

rats to 100 ppm 14CC14, Paustenbach et al. (1986a) found that the fat, 

liver, adrenals and lung contained the highest concentrations of 14CC14. 
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2.4 Metabolism 

The metabolism of CTC has been investigated in the rat, rabbit, dog and 

human. Close to half of the absorbed CTC is excreted unchanged, but the 

remainder is metabolized to carbon dioxide, chloroform, hexachloroethane, 

urea, carbonate and a number of unidentified substances present in tissues, 

in feces or in urine. Carbonyl chloride (phosgene) is also a postulated 

metabolite. The metabolic products are thought to be produced via the 

formation of a trichloromethyl radical. A basic metabolic scheme has been 

postulated as follows: 

cc1 2~E~~~~~~~~> .Cl 
4 microsomes 

0 lipid membrane 

--2--> peroxidation ---> crosslinking 

/ 

/' 
H 

------------------> CHCl, 
+ *cc1 
trichloramethyl 

\ 
radical 

3 
2*CC13 

------------------> C2C16 

\ \ 
\ \ -2HCl 

\ --- > ---> Cl C-O + H 0 -------> CO 
\ 2 2 2 

\ phosgene 
\ 

-------------> other metabolic products 

Paustenbach et al. (1986b) exposed rats to 100 ppm 14CC14 for 1 to 2 weeks. 

They found that 1 to 2 % of the Ccl4 was present as CO2 in the expired air. 

The rate of elimination of 14C02 was slower than that of 14CC14 in the 

expired air. The investigators concluded that the late appearance of 14C02 



c 

and then metabolized. Radiolabeled compound in the feces was not 

identified, but is presumed to be a metabolite. 

McCollister et al. (1950, 1951) exposed monkeys to radiolabeled CTC vapor by 

inhalation. An estimated 40% of the absorbed material was exhaled 

unchanged, while 11% was exhaled as carbon dioxide. In the blood, a number 

0, -*I&- f rrni ilenti f i en-4 **w.L&Lv... radiolabeled materials were isolated and classified as 

"alkaline volatiles," "acid volatiles," or as "non-volatiles." In the 

urine, some of the labeled carbon was in the form of urea and carbonate, but 

95% was a nonvolatiie, unidentified compound. 

The production of chloroform following administration of CTC was 

demonstrated in the rat (Ahr et al. 1980), in the rabbit (Fowler 1969) and 

in the dog (Butler 1961). Chloroform production from CTC was also 

demonstrated in vitro - -, using mouse tissue homogenates (Butler 1961). Fowler 

(1969) identified hexachloroethane, which was assumed to have formed from 

the dimerization of the trichloromethyl radical. Reynolds et al. (1984) 

measured CTC, chloroform and CO2 exhalation following oral 14CC14 

administration (0.1 to 26 mmoles/kg). They reported that as the dose was 

increased, the proportions of C02, chloroform and CTC changed: 

14C0 2 declined from 28 to 0.7 %, chloroform levels remained under 1 %, and . 

expired 14cc1 4 levels increased from 19 to 89%. This suggests that 

saturation of CTC metabolism had occurred. The authors suggested that the 

decrease in CO2 production, along with an increase in hepatotoxicity, is 
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consistent with the presumption that the trichloromethyl radical reacts with 

other biomolecules when the CO2 pathway is saturated. 

Durk and Frank (1984) showed that CTC metabolism increased when the oxygen 

partial pressure was lowered. This resulted in an increase in the amount of 

lipid peroxidation as measured by the exhalation of ethane and pentane. 

However, the total time course of CTC metabolism was limited due to the 

concomitant destruction of cytochrome P-450. It has also been demonstrated 

that hyperbaric 02 treatment alters CTC metabolism as measured by a decrease 

in the conversion of Ccl4 to CO2 and CHC13 (Burk et al. 1986). Thus, the 

metabolism of CTC and the production of various metabolites appear to be 

highly dependent on the experimental conditions. 

The mechanism of carbon tetrachloride hepatotoxicity has been extensively 

studied and reviewed (Ahr et al. 1980, Castro and Diaz Gomez 1972, Comporti 

1985, Farber 1985, Ray and Moore 1986, Recknagel and Glende 1973, Recknagel 

1983, Shah et al. 1979, Slater 1966, Slater et al. 1985, Smith and Sandy 

1985, Smuckler and James 1984, Yalcin et al. 1986). The general view is 

that CTC may act via the formation of a trichloromethyl radical intermediate 

(*CC13) following loss of a chlorine atom (Butler 1961, Kubic and Anders 

1981, Sagai and Tappel 1982, Gee et al. 1981, Link et al. 1984). The 

irreversible incorporation of CTC into total lipids and phospholipids was 

shown in liver, kidney, lung, brain and other tissues (Ciccoli et al. 1978). 

The binding of CTC to lipid and protein has been shown to occur in vivo 

(Castro and Diaz Gomez 1972, Ciccoli et al. 1978). 



Several studies have suggested the stimulation of lipid peroxidation as a 

possible mechanism of toxicity of CTC (see Slater et al. 1985). Link et al. 

(1984) isolated and identified a group of monomeric trichloromethyl fatty 

acid residues. They suggested that the binding of trichloromethyl radicals 

to lipids may result in membrane lipid cross-linking, which could ultimately 

disrupt cellular function. Yalcin et al. (1986) reported that CTC 

injections caused significant increases in hepatic lipid peroxide levels and 

significant decreases in glutathione peroxidase activity, glutathione 

transferase activity and hepatic glutathione levels. The reports of lipid 

peroxidation do not preclude the trichloromethyl radical from also binding 

with ot‘her bioiogical molecules, such as proteins, to initiate biochemical 

toxicity. 

Other studies have investigated the disturbance of Ca * homeostasis as a 

possible mechanism for CTC hepatotoxicity (Moore and Ray 1983, Ray and Moore 

1986, Recknagel 1983, Smith and Sandy 1985). Intracellular calcium releases 

may initiate hepatotoxic changes (Ray and Moore 1986). In addition to the 

above evidence for binding of carbon tetrachloride metabolites to proteins 

and lipids, there is also evidence of binding to DNA; this is discussed in 

the section on genotoxicity. 

2.5 Elimination 

Following inhalation, ingestion, or injection, unmetabolized CTC is 

predominantly excreted via the lungs (McCollister et al. 1951, Reynolds et 

al. 1984, Robbins 1929). Excretion of CTC appears to be biphasic and the 

second phase is relatively slow; thus, accumulation of CTC with repeated 
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exposure can result in chronic intoxication. Monkeys exhaled CTC for 29 

days after exposure'(McCollister et al. 1950, 1951). Studies based on rats 

would tend to underestimate the tendency of CC14 to accumulate in humans 

since rats eliminate CC14 faster (Paustenbach et al. 1986a, Stewart et al. 

1961). 

The predominant route for elimination of CTC metabolites appears to be the 

feces. In rats this represented 32 to 62% of the total CTC dose 

(Paustenbach et al. 1986b). However, the substances containing the 

radioactivity detected in the feces have not been identified and are only 

presumed to represent metabolic end products. In contrast, elimination in 

the urine represented 4 to 8% of the excreted dose, while elimination as CO 
2 

in the exhaled air was approximately 2% of the total dose. The remainder of 

the dose (32 to 59%) was exhaled as unchanged CTC. In an earlier study, 

when CTC was administered by injection to rats, 85% of CTC was exhaled 

unchanged in 18 hours (Paul and Rubenstein 1963). 

The percent of excretion by exhalation has not been quantified in human 

studies (Stewart and Dodd 1964, Stewart et al. 1961, Lehmann and Schmidt- 

Kehl 1936). In the Stewart et al. (1961) experiments, individuals inhaled 

CTC (11 or 49 ppm) for up to 180 minutes. CTC was detected (0.3 ppm) in the 

expired air up to 5.5 hours post-exposure. However, the limit of detection 

was only 0.1 ppm and it was not stated whether samples were taken after 5.5 

hours. 
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3.0 ACUTE TOXICITY 

The narcotic effects of CTC were first reported in 1867 (Sansom) and 

descriptions of its toxicity appeared in the early 1900's (Lehmann 1911). 

Over 611 cases of acute CTC poisoning, many of which were fatal, have been 

reported in the literature (Beattie et al. 1944, Bjarnason et al. 1968, 

DuPont et al. 1975, Ruprah et al. 1985, Von Oettingen 1964). The NOAEL (no 

observed adverse effect level) for a 3-hour acute exposure of humans is 10 

ppm (Stewart et al. 1961). This concentration is at least 4 orders of 

magnitude greater than expected ambient levels, providing enough of a margin 

of safety so that the acute toxic effects would not be expected to occur in 

the general population. 

3.1 Local effects 

Applied to the skin, CTC causes reddening, blistering, inflammation and 

pain. Ingested orally it can irritate mucous membranes, produce a burning 

sensation and stimulate peristalsis. Exposure to the vapor can produce 

irritation of the eyes, nose and throat. The NOAEL for irritation of mucous 

membranes for humans is 49 ppm for a 70-minute exposure (Stewart et al. 

1961). 

3.2 Svstemic effects 

CTC produces acute systemic toxicity following ingestion or inhalation, 

including inhalation of vapors in a poorly ventilated area. The major 

effects are nervous system depression, hepatic damage, and renal tubular 
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destruction. Symptoms of toxicity may appear after a delay of two to three 

days. Pulmonary toxicity has been reported (Anttinen et al. 1985, Boyd et 

al. 1980). Hemolysis and other circulatory disturbances have been observed 

(Schulze and Kappus 1980, Von Oettingen 1964). 

The CNS symptoms following exposure to CTC are nausea, vomiting, headache 

and/or dizziness. In severe cases, CTC may produce vertigo, mental 

confusion, incoordination, stupor, convulsions, coma or death. Suppression 

of the medullary centers may result in vasodilation and a fall in blood 

pressure. 

CTC is hepatotoxic in animals (Adams et al. 1952) and in humans (DuPont et 

al. 1975), and the effects appear rapidly. In humans, alterations in lipid 

metabolism in the liver may be observed 30 minutes following administration. 

Histological changes may be observed within one hour. Within 24 hours a 

characteristic centrilobular necrosis of the liver is present. Early signs 

of injury may appear as altered enzymatic levels, such as increased serum 

glutamic oxaloacetic transaminase (SGOT), or enlargement of the liver 

(Beattie et al. 1944). Relative to lethality, hepatotoxicity is an 

extremely sensitive endpoint. In acute exposures, hepatotoxicity (median 

toxic dose) has been reported at concentrations l/230 to l/280 of the median 

lethal dose (Klaasen and Plaa 1966, Lundberg et al. 1986). 

The kidney is a major target of CTC toxicity. Necrosis and tubular 

degeneration have been observed in laboratory animals (Chandler and Chopra 

1925). In mild poisoning incidents in man, CTC can produce reversible 
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oliguria for several days (Dudley 1935 a.b.). In severe cases, there may be. 

complete anuria, hypertension, 'acidosis and pulmonary edema. 

In humans, 317 ppm is an estimated toxic concentration for a 30-minute 

exposure (NIOSH 1984). A 70-minute exposure of 6 individuals to 49 ppm 

altered normal metabolism (depressed serum iron and elevated urinary 

urobilinogen) of three of the subjects (Stewart et al. 1961). In the same 

study, no effects were observed following an exposure to 10 ppm for 188 

minutes. Thus, based on information for humans, a NOAEL for acute exposures 

up to 3 hours is 10 ppm. 

The severity of effects from CTC depends more on the concentration inhaled 

than on the length of exposure. Using rats, experiments examining the 

relative effects of concentration versus length of time, investigators found 

higher concentrations over shorter exposures produced more toxic effects 

than lower concentrations over a longer period (David et al. 1981, Uemitsu 

et al, 1985). 
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4.0 SUBCHRONIC AND CHRONIC TOXICITY 

Toxic effects, other than genotoxicity, reproductive effects and 

carcinogenicity, following both subchronic and chronic exposures to CTC are 

discussed in this section. Chronic toxicity has been obsenred following 

dermal (animal studies), oral (animal studies) and inhalation exposure 

(animal studies and human cases). The slow excretion rate of CTC results in 

its accumulation, increasing the potential for toxicity following repeated 

exposure. Subchronic and chronic exposures affect the same target tissues 

as acute exposure: the nervous system, the liver and the kidney (Higgins and 

Stasney 1936, Lehmann and Schmidt-Kehl 1936, Cameron and Karunaratne 1936, 

Smyth et al. 1936, Edwards 1941, Edwards and Dalton 1942, McCord 1946, 

Prendergast et al. 1967, Kanics and Rubenstein 1968, Shimizu et al. 1973, 

Merkur'eva et al. 1979). 

Toxic effects have been reported following chronic inhalation exposure to 5 

wm or greater. The longest animal study reported lasted 10 l/2 months. A 

NOAEL based on histopathologic and gross toxicity for a prolonged exposure 

of the rat is 1 to 5 ppm (depending on the study, Prendergast et al. 1967, 

Adams et al. 1952). NOAEL's for other species have not been determined, but 

are below 1 ppm. There appears to be a reasonable margin of safety to 

expect that histopathologic or gross toxicity would not occur in the general 

population since current ambient levels are 4 orders of magnitude below the 

LOEL (low effect level). However, a recent gavage study examining 

biochemical markers of hepatotoxicity indicates that CTC has a very shallow 

dose-response curve, spanning over 2 orders of magnitude. Consequently, 

although it is unlikely that any biochemical liver changes would occur from 



exposure to current ambient levels, animal studies have not been conducted 

that establish NOAEL for this endpoint. 

4.1 Animal Studies 

4.1.1 Subchronic 

A _- subchronic inhalation study Was conducted on carbon tetrachloride by 

Prendergast et al. (1967) using the rat, guinea pig, rabbit, dog and monkey 

(see Table 1). The most susceptible species in terms of mortality was the 

guinea'pig; t-wenty percent of the animais died during the 5i5 mg/ms exposure 

(= 80 ppm). Weight loss was reported in all species except the rat. Severe 

liver damage was observed in rats, guinea pigs and monkeys following 24 

hour/day exposures to 61 mg/m3 (= 10 ppm) for 90 days. At the 6.1 mg/m3 (=l 

wm) exposure, slight growth depression and histopathological changes were 

observed in all species except the rat. Thus, from this study for 

subchronic exposures the NOAEL for the rat would be 1 ppm, but the NOAEL for 

rabbit, dog and monkey would be below 1 ppm. It is important to note that 

the animals in this study were more sensitive to CTC than those animals in 

the chronic studies (See below). Consequently, in the present document, the 

NOAEL for chronic exposure is primarily based on the results of this 

subchronic study. 

Hayes et al. (1986) conducted a go-day gavage exposure of CD-1 mice (20 

animals of each sex per dose group) to 12, 120, 540 or 1200 mg/kg in corn 

oil. There were no effects on mortality, body weight, hematological 

endpoints or urinalysis endpoints. There were significant increases in 
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TABLE 1. SUMMARY OF DESIGN OF SUBCHRONIC AND CHRONIC INHALATION STUDIES 

Study Species 

Smyth rat 
et al. 

1936 guinea pig 

guinea pig3 16 25,50,100,200 
monkey 4 50,200 

Adams rat 
et al. 

1952 rat 
rat 
rat 
guinea pig 
rabbit 
rabbit 
monkey 
monkey 
monkey 

.ful 

24 

Concentration Exposure 
(nvm) Design Length 

50,100,200,40~ 8h/d, Sd/w 10.5m2 

24 50,100,200,400 

304 

304 
404 
48 
104 

44 
44 
2 
2 
1 

100,200,400 7h/d, 5d/w 37w 

25,50 
10 
5 
25 
25,50,100 
10 
100 
50 
25 

7h,l;, 5d/w 
7h/d, 5d/w 

11 
l, 
" 
11 
I, 
II 

11 
27w 
29w 
26w 
36w 

11 
4ow 

(1 
3ow 

Effects Observed 

Sciatic nerve damage, 
cirrhosis above 50 ppm 
High mortality, nerve 
damage. 
Mortality. 
Fatty infiltration, SC 
nerve damage at 200. 

Mortality, liver and 
kidney (> 100) patholo 
Fatty degeneration. 
Fatty degeneration. 
No effects observed. 
Decreased growth, cirr 
Cirrhosis. 
No effects observed. 
Fatty degeneration. 
Decreased growth. 
No effects observed. 

---..-.- ---.-...-...-.----.-.-..---..----...-.- -...--.--.--.-..--.-.--...-.-.-~,.~~~.- 
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TABLE 1. (cont.) SUMMARY OF DESIGN OF SUBCHRONIC AND CHRONIC INHALATION STUDIES 

Studv Snecies QQ1 
Prendergast rat 15 
et al. 1963 

guinea pig 15 

rabbit 3 

dog 2 

monkey 3 

rat 15 

rat 15 

guinea pig 15 

guinea pig 15 

rabbit 2 

rabbit 3 

dog 2 

dog 2 

monkey 3 

monkey 3 

Concentration Exposure 
(DDlll) Desixn Length Effects Observed 
430 

==80 

~80 

~80 

-80 

=lO 

=l 

=lO 

=l 

=lO 

-1 

=lO 

=l 

=lO 

=l 

8h/d, 5d/w 

" 

continuous 

continuous 

1, 

6w 

90d 

90d 

8, 

Liver and lung 
pathology. 
Mortality, weight loss, 
liver and lung 
pathology. 
Weight loss, liver 
and lung pathology. 
Weight loss, liver 
and lung pathology. 
Mortality, weight loss, 
liver and lung 
pathology. 
Depressed growth, 
enlarged liver, 
fatty infiltration. 
Lung inflammatory 
changes. 
Mortality, depressed 
growth, enlarged liver, 
fatty infiltration. 
Decreased weight gain, 
lung inflammatory 
changes. 
Depressed growth, 
enlarged liver. 
Lung inflammatory 
changes, decreased 
weight gain. 
Depressed growth, 
histological liver 
changes. 
Lung inflammatory 
changes, decreased 
weight gain. 
Emaciated appearance, 
loss of hair. 
Decreased weight gain. 

l N refers to the number of animals per dose group. 
2 h refers to hours, d to days, w to weeks, m to months 
3 This group of guinea pigs had 1.2g of calcium lactate added to daily diet. 
4 Half of the animals were male. 
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serum lactate dehydrogenase (LDH), serum glutamic-pyruvic transaminase (SGPT), 

and serum glutamic-oxaloacetic transaminase (SGOT) at all dose levels relative 

to controls. The serum glucose was decreased at all dose levels relative to 

controls. There was a significant increase in liver weight and spleen weight at 

all dose levels relative to control animals. At levels of 120 mg/kg and above, 

animals exhibited a significant increase in thymus weight. Hepatotoxicity was 

evident at all dose levels and was reported to be dose-dependent. Although the 

study used a loo-fold dose range with no observed mortality, a NOAEL was not 

obtained. 

A go-day subchronic oral toxicity study of CTC was conducted by Bruckner et al. 

(1986). Rats (15 to 16 per group) were gavaged daily with 0, 1, 10, or 30 mg/kg 

CTC in corn oil. Administration of 1 mg/kg did not affect clinical chemistry 

indices, weight gain, tissue weights or liver morphology. The 10 mg/kg dose 

level produced mild centrilobular vacuolization, but no evidence of necrosis, 

fibrosis or other serious degenerative changes. Animals in the 30 mg/kg dose 

group had increased sorbitol dehydrogenase (SDH), ornithine-carbamyl transferase 

(OCT) and glutamic-pyruvic transaminase (GPT) levels. They exhibited a decrease 

in weight gain and an increase in liver weight to body weight ratcos. The 

livers had extensive degenerative lesions, periportal fibrosis, bile duct 

hyperplasia and some hyperplastic nodules. The authors concluded that 1 mg/kg 

represented a NOAEL for rats, 10 mg/kg represented a LOAEL, and that, although 

cirrhosis and hyperplastic nodules are commonly seen in livers of animals with 

hepatic tumors, the existence of a causal relationship is unclear. 

3n -- 
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To compare the relative toxicity of the inhalation versus the oral route, the 

results of the go-day subchronic studies in rats of Prendergast et al. (1967) 

and Bruckner et al. (1986) can be compared. In the Prendergast et al. (1967) 

study a NOAEL was observed at 6.1 mg/m3 (1 ppm). Assuming that 50% of the 

inhaled dose is absorbed and that a rat breaths 0.144 m3 of air per day, the 

daily dose of CTC is: (0.5) (6.1 mg/m3> (0.144 m3/day> f 0.350 kg rat = 1.25 

mg/kg per day. This value is comparable to the 1 mg/kg per day NOAEL observed 

in the Bruckner et al. (1986) study. 

4.1.2 Chronic 

The first major study on chronic exposure to carbon tetrachloride was conducted 

by Smyth et al. (1936) as summarized in Table 1. They also examined workers 

exposed to CTC (discussed below). Extensive mortality occurred in the guinea 

pigs, such that only the 25 and 50 ppm groups survived an average of 40 or more 

exposures. Only two rats succumbed from CTC at the 400 ppm exposure. Growth 

retardation was reported in guinea pigs (25 ppm), in rats (400 ppm) and in 

monkeys (200 ppm). The rats (100 ppm and above) and guinea pigs (50 ppm and 

above) exhibited liver cirrhosis while the monkeys showed signs of fatty 

degeneration. Kidney damage was also reported in the rats and guinea pigs. 

Many of the guinea pigs and monkeys exposed to 200 and 400 ppm exhibited sciatic 

nelTve damage, while rats exhibited it at all exposure levels. 

Adams et al. (1952) studied rats, rabbits, guinea pigs and a few rhesus monkeys 

(see Table 1). Survival rates at 100 ppm and above were 50% or less for the 

rats and guinea pigs. Although precise information is not provided, apparently 

animal mortality was observed at exposure levels above 50 ppm for rats and 
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guinea pigs. Four or fewer animals were used in the rabbit and monkey dose 

groups preventing clear evaluation of the responses. They found that chronic 

exposure of guinea pigs, rats and rabbits (at 100 ppm or greater) produced 

growth depression, increased liver weights, centrilobular fatty degeneration and 

cirrhosis of the liver, and degeneration of the tubular epithelium of the 

kidneys. Rats exhibited hepatic effects above the 5 ppm exposure. The guinea 

pigs reportedly had a statistically significant increase in liver weight at the 

5 ppm level. For the monkeys, growth depression (50 and 100 ppm) and hepatic 

toxicity (100 ppm) were observed. The NOAEL is reported in rats to be 5 ppm for 

the 7 hour/day exposure. The NOAEL for the guinea pigs was not attained in this 

study, but would be below 5 ppm. The NOAELs for rabbits and monkeys cannot be 

determined in this study due to the few animals tested. 

4.2 Human Cases 

Signs and symptoms of chronic CTC poisoning include fatigue, headache, anxiety, 

giddiness, muscular twitching, jaundice, hypoglycemia, lack of appetite, nausea, 

diarrhea, dull pain in the kidney region, dysuria, proteinuria, blurred vision, 

and eye irritation. Studies of exposed workers have reported the presence of 

gastrointestinal/hepatic disturbances, cirrhosis, aplastic anemia, and 

neurological disturbances (Browning 1965, Kazantzis and Bomford 1960, McDermott 

and Hardy 1963, Stewart and Witts 1944, Straus 1954). 

NIOSH has recommended a time-weighted average (TWA) occupational standard of 2 

ppm (lo-hour workday, 40-hour workweek with air sample taken over a period not 

to exceed l-hour duration) based on reports of liver and eye changes in workers 

chronicallvO exposed and animal studies (NIUSH 1975, 1984). They stated that 



‘ 

this concentration is expected to be low enough to prevent chronic liver injury 

in humans. The American Conference of Government Industrial Hygienists (ACGIH) 

recommended a 5 ppm TWA threshold limit value (TLV) based on exhibition of 

fatty infiltration in chronically exposed laboratory animals to 10 ppm CTC 

(ACGIH 1984). The current CAL-OSHA standard for CTC is also 5 ppm. 

Based on the highest average ambient concentration reported by ARB, current 

amb lent leve is are three orders of magnitude below the current occupational 

standards. 
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5.0 GENOTOXICITY 

Radiolabeled l*CC14 has been shown to bind covalently to macromolecules, 

including DNA, in vitro and in viva. Most research has shown that it is 

first metabolized to the trichloromethyl radical, possibly at the nuclear 

membrane, prior to alkylation. Almost all bacterial mutagenicity tests have 

been negative. A weak positive response was reported in yeast. Negative 

responses were reported in an in vitro study using a rat liver epithelial 

cell line. Negative or weak responses were observed in four studies 

examining unscheduled DNA synthesis. CTC has been shown to be a strong 

inducer of chromosomal rearrangements. Based on these results, DHS staff 

have concluded that carbon tetrachloride has genotoxic potential. 

5.1 Covalent Binding to DNA 

As indicated in Section 2.1, much of the carbon tetrachloride absorbed by 

any route is exhaled unchanged; however, some is apparently metabolized to 

form trichloromethyl radical. This highly reactive intermediate has been 

found to covalently bind with macromolecules. Furthermore, metabolically 

activated carbon tetrachloride was found to bind with DNA in vivo (Diaz 

Gomez and Castro 1980a, Rocchi et al. 1973) and in vitro (Diaz Gomez and 

Castro 1980a, Direnzo et al. 1982, Levy and Brabec 1984, Rocchi et al. 

1973). The in vivo test species were Swiss and A/J mouse strains, and 

Wistar and Sprague-Dawley rats. The in vitro systems included rat 

mitochondrial DNA, mouse liver DNA, and calf thymus DNA. An in vitro study 

(Diaz Gomez and Castro 1981) indicated that the trichloromethyl radical 

interacted with all four DNA bases, but bound preferentially to guanine and 



adenine. Consequently, carbon tetrachloride could produce a genotoxic 

response following metabolic activation. 

5.2 Mutazenicitv test systems 

The ability of CTC to produce a mutagenic response has been examined using 

several test systems. The sole positive result was reported in an abstract 

bY Cooper and Witmer (1982), who observed that Salmonella strain TAX00 

exhibited a weak mutagenic response under low oxygen tension, with rabbit 

liver S9 as the activation system. Negative reponses were reported with 

strains TA97, TA98 , TAiOO, TAi62, TAi535, TA1537, TA1538, TAP950 using rat 

liver S9 for metabolic activation (Barber et al. 1981, Braun and Schoneich 

1975, De Flora et al. 1984, Simmon et al. 1977, Uehleke et al. 1977). 

EPA considered these negative results inconclusive because the rat liver S9 

could be an inadequate activation system for CTC; there could have been 

scavenging of reactive intermediates by microsomal protein or lipid; or 

there may have been evaporation of CTC from the test systems (EPA 1984). 

Other halogenated hydrocarbons as a class have reportedly produced false 

negatives in the Ames Salmonella assay (McCann and Ames, 1976). The 

bacterial test systems may not be appropriate for testing the mutagenic 

response of CTC because of the lack of a nuclear membrane. Nuclear protein 

fractionation studies using rat liver (Diaz Gomez and Castro 1980b) indicate 

that metabolic activation of CTC occurs preferentially in the nuclear 

membranes, providing the reactive intermediates access to DNA. Thus, the 

bacterial test system may not be an appropriate mutagenicity model. 
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CTC was analyzed for its mutagenic potential in yeast (Callen et al. 1980). 

The D7 strain of Saccharomvces cerevisiae yeast was examined for gene 

conversion at the trp-2 locus, mitotic crossing over at the ade-2 locus, and 

gene reversion at the ilv-1 locus. The yeast strain contained an endogenous 

cytochrome P-450 dependent monooxygenase activation system, thus avoiding a 

number of the pitfalls cited in the bacterial studies. The authors 

concluded that CTC induced mutations in yeast. However, since positive 

mutagenic responses were observed only under conditions of extreme (90%) 

cytotoxicity, DHS staff believes that these results are unreliable. 

5.3 Chromosomal Effects 

Gualandi (1984) examined the ability of CTC to induce gene mutations and 

chromosomal rearrangements in a diploid strain of ASDerEilhS nidulans. 

When assayed for mutagenicity, CTC produced negative results in the plate 

incorporation assay and produced a 2- to 3-fold increase of suppressor 

mutants in the growth-mediated assay. In contrast, CTC was shown to be a 

strong inducer of chromosomal rearrangements compared to controls. This 

study indicates, that although CTC lacked strong mutagenic activity in the 

assay, it was genotoxic by virtue of its induction of chromosomal 

rearrangements. 

In a study using an epithelial-type cell line derived from rat liver, CTC 

did not produce chromatid or chromosomal aberrations (Dean and Hodson-Walker 

1979). In this test system, CTC was not observed to be mutagenic, but this 

may have been due to the high cytotoxicity of CTC to the cell line used. 

The exposure concentratiohs used in the chromosome assay were based on a -.-.~.---~--. ..-. 
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predetermined "growth inhibiting dose." Thus the dose levels for CTC were 

very low. For example, the CTC doses (0.005 to 0.02 pg/ml) were less than 

l/2500 of the dose levels of other substances examined in the test series: 

2-acetylaminofluorene, propylene oxide and cyclophosphamide. 

5.4 Other Test Svstems 

Amacher and Zelljadt (1983) tested CTC's ability to produce in vitro -- 

morphological transformation of Syrian hamster embryo (SHE) cells. CTC 

produced a weakly positive response as indicated by the transformation of 

one to three of the test colonies. No transformed colonies were observed in 

the solvent controls. These results are consistent with other' data 

suggesting that CTC is potentially genotoxic. 

Sina et al. (1983) developed an alkaline elution rat hepatocyte assay to 

measure DNA single-strand breaks (SSBs). In the test system, CTC produced a 

3- to 5-fold greater number of SSBs than the controls; a positive response 

suggesting potential genotoxicity of CTC. The authors concluded that the 

test system correlates well (85 to 92%) with mutagenic and carcinogenic 

activity for the 91 compounds tested. 

In a study by Brambilla et al. (1986), CTC was used as an agent to stimulate 

rapid hepatic growth for testing effects of 2-acetylaminofluorene (2-AAF). 

However, administration of CTC alone increased the level of DNA 

fragmentation. Furthermore, the concurrent administration of 2-AAF and CTC 

produced more than an additive effect on DNA fragmentation. This study 

indicates that CTC may affect DNA stability. 
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CTC produced a positive genotoxic response in a test system of De Flora et 

al. (1984). CTC was assayed in a DNA-repair test with E.Coli strains 

proficient and deficient in DNA repair. The genotoxic effect was 

ascertained by increased killing or growth-inhibition of bacteria lacking 

specific DNA-repair mechanisms, compared with the isogeneic repair- 

proficient strains. Although the test indicates genotoxicity it does not 

assay for mutagenicity. 

CTC produced negative results in tests for unscheduled DNA synthesis (UDS). 

Mirsalis et al. (1980 and 1982) treated F-344 rats in vivo with CTC and 

reported no increase in measured UDS in vitro using primary hepatocyte 

cultures. Although some known hepatocarcinogens (dimethylnitrosamine and 

acetylaminofluorene) were positive in the test system, other known mutagens 

(benzo[a]pyrene and 7,12-dimethyl benz[a]anthracene) tested negative. In 

another in vivo study (Craddock and Henderson 1978) rat hepatocyte nuclei 

were examined for induction or changes in de novo replication. A positive 

effect was reported at 17 hours after treatment; the authors felt that the 

latency indicated that the repair replication was a secondary effect and not 

a direct reaction with DNA. Perocco and Prodi (1981) examined the effect of 

CTC on scheduled and unscheduled DNA synthesis in vitro using human 

lymphocytes. They reported that CTC inhibited scheduled DNA synthesis (SDS) 

but produced low values of UDS. 

In summary, carbon tetrachloride appears to have genotoxic potential based 

on its ability to form reactive intermediates that can covalently bind to 

DNA, to induce chromosomal rearrangements in vitro - -, to cause SSBs and to 

produce morphological transformation of SHE cells .- CTC has demonstrated ~-~---.. .-. 



very little, if any, mutagenic activity based on the standard bacterial 

mutagenic assays, a yeast assay, and determinations using unscheduled DNA 

synthesis. However, the negative mutagenicity test results may be a result 

of the inadequacy of the activation systems of some of the assays, the 

inappropriateness of using a bacterial test system as a model and the high 

cytotoxicity of CTC in the test systems. The absence of positive results in 

the standard mutagenicity assays indicates that although CTC is potentially 

genotoxic , it probably does not induce point mutations. 
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6.0 REPRODUCTIVE TOXICITY 

Inhaled carbon tetrachloride causes degenerative changes in the testes and 

reduced testicular weight in laboratory animals. In one study CTC reduced 

fertility in rats (Smyth et al. 1936). In pregnant female rats exposed to 

concentrations of 300 ppm, CTC crossed the placenta and produced developmental 

abnormalities in the fetus. The teratogenic potential of CTC has not been 

adequately tested. 

The NOAEL for reproductive effects caused in rats is 100 ppm (Adams et al. 

1952). This level is nearly six orders of magnitude above the highest 

recorded ambient levels of CTC; therefore, reproductive effects are not 

expected to occur in the general population due to exposure to CTC. 

6.1 Male Reproductive Effects 

A number of studies demonstrate decreased weight in testes and accessory 

reproductive organs or other pathological changes. The most sensitive study 

that considered male reproductive effects was by Adams et al. (1952). Rats 

and guinea pigs were repeatedly exposed to CTC ranging from 5 to 400 ppm (See 

Table 1 for details). At 200 ppm and above rats exhibited decreased weight of 

the testes compared to controls and germinal elements of the testes showed 

moderate to marked degeneration, with some seminiferous tubules exhibiting 

complete atrophy of germinal elements. At 400 ppm guinea pigs exhibited some 

minor nonspecific pathological changes in the testes. No decrease in 

testicular weight or histological effects were observed in rats at 

concentrations of 100 ppm'or below, or in guinea pigs at concentrations of 200 



. 
ppm or below. Rabbits and monkeys were also studied by Adams et al. (19!Z), 

but there were only one or two animals in each dose group so the numbers were 

too small to draw reliable conclusions. 

Chatterjee (1966) and Kalla and Bansal (1975) reported similar male 

reproductive effects caused by CTC in rats. In both studies 4800 mg/kg CTC 

were administered intraperitoneally for 10 to 20 days. The relative weights 

of thn M.&U testes and accessory reprodtictive organs were decreased compared with 

controls. Histological examination indicated testicular atrophy, disruption 

of normal architecture, and marked abnormalities in spermatogenesis, including 

azoospermia. Both studies reported an increase in pituitary weight; however, 

the relevance of this finding cannot be determined without actual measurement 

of serum gonadotrophins. The route of administration (intraperitoneal instead 

of inhalation) and high dose make the interpretation of these results 

difficult. 

These three studies indicate that CTC can produce adverse male reproductive 

effects. A similar decrease in testicular weight was observed in two species 

by two exposure routes. Although the results indicate a decline in the 

spermatogenic process, only one investigator has tested the reproductive 

ability of affected animals (Smyth et al. 1936, described below), 
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6.2 Study on Fertility 

In a multigeneration study, Smyth et al. (1936) found that 200 and 400 ppm CTC 

diminished the number of litters and decreased the number of offspring per 

litter in rats, compared to controls. Up to 3 generations were observed for 

fertility following repeated 8-hour/day, 5-day/week exposure of both sexes to 

50, 100, 200 and 400 ppm CTC over 10.5 months. It was not clear if the 

decline in fertility resulted from effects of CTC on males, females, or both. 

6.3 Placental TranSDOrt 

Dowty and Laseter (1976) reported that CTC (as well as other halogenated 

hydrocarbons) can cross the human placenta and accumulate in the fetus. Blood 

samples were recovered from the umbilical cord and from paired maternal blood 

of 11 women after vaginal delivery. The authors indicated that exposure to CTC 

and other halogenated hydrocarbons may have occurred in drinking water. 

Carbon tetrachloride levels were higher in cord blood than in the maternal 

blood. In animal studies, CTC was shown to cross the placenta of pregnant 

rats and to produce fetotoxicity (Sundareson 1942, Bhatacharyya 1965, Schwetz 

1974). Maternal toxicity was produced in these studies, which could increase 

fetal toxicity. However, several investigators have shown that for CTC there 

does not appear to be a direct correlation between the severity of maternal 

toxicity and the severity of reproductive effects in the rat fetus (Wilson 

1954, Schwetz et al. 1974). Sundareson (1942) reported that direct injections 

of CTC into fetuses in utero produced maternal toxicity, indicating that CTC 

can traverse the placenta in either direction. 



6.4 DeveloDmental Toxicity 

Several studies have suggested that CTC is embryotoxic in rats; these are 

summarized in Table 2. The presence or absence of maternal toxicity is also 

indicated. Administration of CTC to pregnant rats prior to the 12th day of 

gestation produced a failure to implant or increased intrauterine mortality 

(Sundareson 1942). CTC produced a decrease in the viability and in the number 

of pups per litter when compared to controls (Gilman 1971). In rabbits, CTC 

administered on days 4 and 5 of gestation produced cellular degeneration in 

the embryonic discs, and the trophoblasts contained very large nuciei with 

prominent nucleoli (Adams et al. 1961). The latter study indicates that CTC 

can produce embryotoxicity prior to implantation. 

CTC is fetotoxic in rodents. When administered after the 12th day of 

gestation CTC was associated with premature delivery, increased postnatal 

mortality, and liver degeneration and necrosis in the fetus (Sundareson 1942, 

Bhattacharyya 1965). Schwetz et al. (1974) reported that CTC inhalation by 

pregnant rats produced a significant decrease in fetal body weight and crown- 

rump length when compared to controls. Furthermore, CTC can diffuse into 

mother's milk and cause liver damage in the nursing neonate (Bhattacharyya 

1965). 

Two studies reported the absence of teratogenic effects. In a preliminary 

inhalation study, Gilman (1971) reported no teratogenic effects were observed 

in the offspring. Schwetz et al. (1974) also reported the absence of 
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TABLE 2. SUMMAEY OF STUDIES ON DEVELOPMENTAL TOXICITY 

Study 

Briese 1938 

Sundareson 
1942 

Snecies 

rat 

rat 

Adams et al. 
1961 

rabbit 

Bhatacharyya 
1965 

rat 

Gilman 1971 rat 

Schwetz et 
al. 1974 

rat 

rat 

m2 

60 

l-22 

nr3 

nr 

25 

22 

23 

Dose 

Day of 
Gestation 

Exnosed 

nr 

200-2400 mg/kg 

4800-8000 mg/kg 

1600,320O mg/kg 

-250 ppm 
8 hours/day 

300 ppm 
7 hours/day 

1000 ppm 
7 hours/day 

l-21 

19-20 

4-5 

19-20 

10-15 

6-15 

6-15 

Fetal Effects 

Anemia 

Death, liver 
degeneration 

Embryonic 
degeneration 

Liver 
necrosis 

Fetotoxicity 

Fetotoxicity 

Fetotoxicity 

1 

Maternal 
Toxicity 

Yes 

Yes 

no 

nr 

nr 

Yes 

Yes 

1 Maternal toxicity was evidenced by anemia, hepatotoxicity, reduced food 
consumption and increased SGPT activity. 

2 Number of female animals per dose group. 

3 Not reported. 



teratogenicity in the rat as a result of CTC inhalation. However, 

significant increases in total skeletal anomalies (300 ppm), the presence of 

subcutaneous edema (300 wm), and evidence of sternebral anomalies (1000 

wm) suggest that fetotoxicity rather than teratogenicity was associated 

with prenatal CTC exposure in the rat. The experiments cited above do not 

meet current EPA criteria for a test of teratogenic potential. EPA study 

design guidelines require that three dose levels be administered, that a 

nonrodent species be studied, and that positive controls be used (EPA 1984j. 

The studies on embryo- and fetotoxicity suggest that, in rodents, CTC 

exposure exhibited only iimited potential for teratologic change. 

Additional studies in at least one more rodent and in a nonrodent species 

are needed prior to conducting an adequate human health risk assessment for 

prenatal and neonatal CTC exposure. 
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7.0 CARCINOGENICITY 

Carbon tetrachloride has been shown to produce liver tumors in mice, rats 

and hamsters by the oral, subcutaneous and rectal routes. No inhalation 

studies have been conducted. These bioassays were not designed for use in a 

quantitative risk assessment: the studies were either preliminary in nature 

or CTC was administered to animals as a positive control; furthermore, there 

was high noncancer mortality in most of the experiments. Human case reports 

and epidemiological studies have not provided sufficient information to 

draw any inferences about a causal association between carbon tetrachloride 

exposure and cancer in humans. Consequently, CTC is considered to be an 

animal carcinogen and a potential human carcinogen. IARC's evaluations of 

carcinogenicity (1972, 1979) concluded that there was sufficient evidence 

that CTC was carcinogenic in experimental animals and that CTC should be 

regarded as a potential human carcinogen. 

Mouse Studies 

At least eight studies on chronic CTC administration have reported the 

development of hepatic tumors in six different strains of mice. Tumors have 

been reported in both males and females, by oral and rectal administration. 

The results of seven of these experiments are summarized in Table 3. 

Edwards (1941) and Edwards and Dalton (1942) administered CTC by gavage to 

four different strains of mice (1 to 6 months of age) two ti three times a 

week for 8 to 23 weeks. Both sexes were used in the study, but the olive 
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TABLE 3. MOUSE BIOASSAYS 

Tumor 
Incidence 

% (N)2 

1 (200) 
100 (54) 

0 (44) 
71 (58) 
98 (64) 

0 (28)4 
38 (63) 
38 (63) 
42 (59) 
53 (60) 
55 (60) 

0 (10) 
0 (1Oj 

70 (10) 
63 (8) 

0 (10) 
100 (10) 
100 (10) 
100 (9) 

4 (157) 
100 (89) 

97 (93) 

0 (16) 
83 (41) 

0 (17) 
88 (143) 

4 (23) 
88 (143) 

1 (152) 
47 (73) 

2 (129) 
60 (15) 

Dose 
iB!idW Vehicle1 

none 
olive oil 

olive oil 

Strain 

A m,f3 
f 

Am 
Af 

m,f 

A m,f 

AS m,f 

A6 m,f 

B6C3Fl 
m,f 

Cm 
f 

C3H m 

C3H m 

L m,f 

Y m,f 

Reference Tumor 

0 
-2100 

hepatoma 
hepatoma 

Edwards 1941 

0 
~260 

-2100 

Edwards & Dalton 1942 
hepatoma 

II 

olive oil 0 
~160 
=315 
~625 

~1250 
~2500 

Eschenbrenner and 
Miller 1943 hepatoma 

II 

olive oil 

olive oil 

0 
z540 
~80 

=159 
O,=lO 

=20 
=30 
=40 

Eschenbrenner and 
Milier i946 

hepatoma 
n 

Eschenbrenner and 
Miller 1946 hepatoma 

,t 
,t 

NC1 1976 a,b, 1977 corn oil 0 
1250 
2500 

hepatocellular 
carcinoma 

I, 11 

olive oil 0 
=2100 

Edwards & Dalton 1942 

Edwards 1941 

Edwards & Dalton 1942 

hepatoma 

0 
==2100 

none 
olive oil 

olive oil 

hepatoma 

0 
-2100 

hepatoma 
hepatoma 

0 
a2100 

hepatoma 
hepatoma 

Edwards et al. 1942 

Edwards & Dalton 1942 

none 
olive oil 

none 
olive oil 

0 
=2100 

hepatoma 
hepatoma 

l All animals were administered CTC by gavage. 
2 N refers to the number of animals in the treatment group. 
3 m refers to male and f refers to female animals. 
4 Animals dosed at various intervals were combined; there were 5-12 per group. 
6 Administered 30 doses over 120 days. 
6 Administered 120 doses over 120 days. 
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oil vehicle was administered only to male control animals of strains A, C 

and CH3. The animals were 1 to 5 months old at the beginning of the study. 

One experiment in the study indicated the latency for tumor development in 

mice was 8 weeks. To assess the tumor-producing ability of CTC, animals 

were necropsied 12 to 21 weeks after the last treatment. For those animals 

exposed to approximately 2100 mg/kg of CTC the incidence of hepatoma was 

88.2 percent; specific strain incidences are presented in Table 3. Whether 

the CTC-induced hepatomas were malignant was not established histologically 

in the study. The animals were dosed on a nondaily schedule for a maximum 

of 16 weeks and sacrificed as young as 4 months of age. Since tumor 

expression is a function of both dosage and the latency period, any risk 

assessment based on these studies, with their short observational periods, 

will underestimate the true carcinogenic risk. The data for strains A, C 

and CH3 (Edwards and Dalton 1942) were used in the DHS and EPA (1984) risk 

assessments of CTC. In another experiment Edwards and Dalton (1942) 

administered 1, 2 or 3 doses of carbon tetrachloride (~260 to 2100 mg/kg) 

followed by long-term observation. The doses were hepatotoxic, but when the 

animals were examined 12 months later no tumors were observed. This 

experiment indicates that at these dose levels an acute exposure may not be 

tumorigenic in Strain A mice. Edwards et al. (1942) also reported CTC- 

induced tumors in an inbred L strain of mice, but these data were not used 

in the risk assessment since there were no vehicle controls, the dosing 

schedule was irregular and there was a relatively short exposure period 

relative to lifespan. 

Eschenbrenner and Miller (1943, 1946) extensively examined tumor production 

in Strain A mice. In'the first study they adiniriiS'tet'e'd"36""~oses ofCTC at ~ 
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intervals of one to five days. All animals were examined for tumors at 150. 

days following the first dose. Centrilobular liver necrosis was observed at 

all exposure levels. They reported that the incidence of hepatomas was 

increased as the time interval between doses increased. In Table 3 results 

for the different interval groups were combined. These data were not used 

in the risk assessment because the number of animals in the control groups 

was small (5 to 6), there was high animal mortality (39% of the controls), 

there W&§ a short 30-day exposure period for animals and also a relatively 

short period of time prior to necropsy (21 weeks after first dose). 

In a second study Eschenbrenner and Miiier (1946) administered the same 

total quantity of CTC, either in 30 doses at four-day intervals or in 120 

doses on consecutive days. This study was conducted to determine the effect 

of liver necrosis on tumor development; they found that mice receiving the 

smaller dose over 120 days (a so-called "non-necrotizing" dose) developed 

tumors at roughly the same or greater rate as those animals that received 

necrotizing doses (30 large doses at ,4-day intervals). The 1943 study 

implied that a larger interval between doses increased tumor production. 

The 1946 study showed that the total length of the exposure period (i.e., 

120 versus 30 days), not the time between doses, may have been the major 

determining factor in the production of tumors. There were too few animals 

in the study to determine a statistically significant effect, and 

consequently this study could not be used in a quantitative risk assessment. 

Other problems with using these data for risk assessment include the short 

exposure period, the short observation period to necropsy and the high 

mortality in all treated and control groups. 
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The 1946 study attempted to address the question of whether liver necrosis 

was a precondition of tumor production. The results indicated that massive 

liver necrosis was not a required precondition for the production of tumors 

with CTC. However, the study did not address the question of whether an 

hepatotoxic dose was a precondition for tumor production. Based on the work 

of Hayes et al. (1986), it is likely that hepatotoxic effects occurred in 

the animals dosed in the 1946 study. However, this does not answer the 

question of whether hepatotoxicity is a required precondition for tumor 

production by CTC. As indicated by Williams and Weisburger (1986) the 

carcinogenic mode of action of carbon tetrachloride remains to be clarified. 

The three NC1 mouse bioassays used carbon tetrachloride as a positive 

control (NC1 1976a,b, 1977, Weisburger 1977) and excess mortality was a 

severe problem in the studies. Mice were dosed by gavage for 5 days a week 

for up to 78 weeks and they were to be sacrificed at 92 weeks; however, only 

14% of the animals survived to 78 weeks and less than 1% survived to 92 

weeks. This compares with 66% of the controls surviving the 92-week 

experiment. All animals were necropsied, regardless of the time of death, 

and hepatocellular carcinoma was found in almost every treated animal. 

Carcinomas were observed as early as 16 weeks for the low-dose female group. 

The high mortality and virtual 100% tumor response are the more serious 

limitations of this study. The data from this study, however, were used in 

the DHS and EPA (1984) risk assessments. 



_. ,. -_ -.-.-. -.-_..--.- .-.- ___- 

7.2 Rat Studies 

Several studies reported the production of malignant tumors in rats 

following subcutaneous injections and oral administration of carbon 

tetrachloride. Tumor production in rats has been demonstrated in at least 

four strains, and in both sexes. The results of these studies are 

summarized in Table 4. 

Reuber and Glover (1967) injected Buffalo rats subcutaneously twice a week 

for up to 12 weeks. Control animals were given corn oil. The animals were 

0.6, 4, 12, 24 or 52 -weeks old at the beginning of the study. Newborn rats 

died in approximately 8 days due to hepatic and renal necrosis. Animals 

were sacrificed and necropsied following exposure at 12 weeks, They 

reported hepatic hyperplasia, hyperplastic nodules and a few cases of 

hepatic carcinoma. 

In a later study, Reuber and Glover (1970) compared the carcinogenicity of 

CTC in 12-week-old male rats from the Japanese, Osborne-Mendel, Wistar, 

Black and Sprague-Dawley strains. The animals were subcutaneously injected 

twice a week for up to 105 weeks, depending on survival. Corn oil was 

administered to controls. All of the Sprague-Dawley strain died within 16 

weeks, and all of the Black strain died within 18 weeks. Although 

hyperplastic nodules were reported in these two strains, no carcinomas were 

observed. The absence of carcinoma is possibly due to the poor survival; 

the latency period reported for carcinoma in this study was 68 weeks. 

Hyperplastic nodules and hepatic carcinoma were reported in the other three 

strains. Other lesions reported were hemangiomas, carcinomas of the thyroid 
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TABLE 4. RAT BIOASSAYS 

Strain Route 

Buffalo m,f 
m 

f 

Japanese m,f 

SC 

SC 

SC 

Osborne- m SC 0 
Mendel 2080 

Wistar m 

Black2 m SC 

Sprague- m 
Dawley2 

Osborne- m,f 
Mende12 m 

f 

SC 

SC 

oral 

Dose 
(mg/kR) 

0 
~2060 

==2060 

Tumor 
Incidence 

% (NJ1 

0 
2 

12 
5 

40 

0 
2080 

0 12 
80 15 
13 15 
20 15 

7 15 
20 15 

0 12 
62 13 

8 13 
23 13 
31 13 

0 
2080 

0 12 
14 33 
14 58 

0 0 
2080 41 

0 0 
2080 12 

0 
47 

94 

80 

159 

48 
40-56 

n 

” 

I, 

12 
17 

12 
17 

40 
50 
50 
50 
50 
50 
50 
50 
50 

Tumor Reference 

carcinoma 
hyperplas. nodule 
carcinoma 
hyperplas. nodule 

Reuber 6 Glover 
1967 

hepatic carcinoma 
hemangioma 
thyroid carcinoma 
leiomyosarcoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hepatic carcinoma 
hemangioma 
thyroid carcinoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hepatic carcinoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hyperplas. nodule 
Reuber & Glover 

1970 

hyperplas. nodule 
Reuber & Glover 

1970 

hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 

NC1 1976a,b 
1977 

l Size of dose groups at beginning of study. 
2 Incidence rates may not be comparable due to high mortality rate during study. 



gland, and subcutaneous leiomyosarcoma. Cirrhosis was reported in all 

animals. Due to the small group size, poor survival of several strains and 

the incomplete reporting of total dosage, and most importantly, the 
I 

inappropriate route of exposure, (subcutaneous injections may produce high 

local concentrations and an uncertain whole-body dose) this study cannot be 

used in a quantitative risk assessment. 

As in the mouse studies, NCT used carbon tetrachioride as a positive controi 

in rat bioassays for chloroform, l,l,l-trichloroethane and trichloroethylene 

(1976a,b and 1977, Weisburger 1977). The Osborne-Mendel rats were 

administered a time-weighted average dose of CTC by gavage for 78 weeks. 

All surviving animals were observed for up to an additional 32 weeks, but 

only 28% of the animals survived until that time. Thirty-nine percent of 

the pooled controls1 survived the llO-week experiment. Hepatic carcinomas 

were found at both doses in both sexes. A lower incidence was reported in 

the high-dose females, but this may to have been a result of that dose 

group's high mortality rate prior to tumor expression. The first 

hepatocellular carcinoma was observed in the female dose group at 16 weeks 

and in the male dose group at 26 weeks. Tumors in other tissues were not 

discussed, although the authors implied that other tissues were examined. 

The EPA (1984) and National Academy of Sciences (NAS 1978) used this study 

in their risk assessment estimates; however, DHS staff members consider such 

use of the NC1 study inappropriate because when the data are adjusted for 

excess mortality there is not a statistically significant association 

between dose and tumor response. 

l Vehicle and non-vehicle controls. 
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7.3 Hamster studv 

CTC in corn oil was administered weekly by gavage to Syrian golden hamsters 

(both sexes) for a total of 30 weeks (Della Porta et al. 1961). The dosages 

were equivalent to 190 and 380 mg/kg of body weight respectively (EPA 1984). 

Following treatment the animals were kept 25 weeks, sacrificed and examined. 

,Only eight of the original 20 animals survived the full 55 weeks. The first 

animal death occurred at 10 weeks. Historical controls were used in the 

study and reportedly had not developed any liver-cell tumors (O/254). 

Carcinomas were not observed in the animals that died prior to the 43rd week 

(50%), but one or more liver-cell carcinomas were reported in the remaining 

animals. The high mortality rate and the 100% tumor incidence in surviving 

animals indicate that tumors may be produced at lower levels in this 

species. Furthermore, only 20 animals were treated, and it is likely that 

the animals were infected with a liver disease as many other colonies were 

in the early 1960's (Dungworth 1986, personal communication). Consequently, 

even though the hamster appears to be the most sensitive species studied and 

exhibited a very high tumor incidence rate at the exposure level used, the 

study was deemed inadequate for quantitative risk assessment. 



. 
7.4 Human Case Reoorts and Studies 

The epidemiological data suggesting an association of carbon tetrachloride 

exposure with human cancer development are inconclusive; exposure data are 

unavailable and the putative association is confounded by exposure to other 

potential carcinogens. Several case reports stated that liver cancer 

developed following a single acute exposure (Tracey and Sherlock 1968, 

Simler et al. 1964) or a chronic exposure to CTC (Johnstone 1948). iiowever, 

as with the epidemiological data, exposures were poorly documented, and the 

information can at best be used qualitatively to corroborate animal test 

data. 

7.4.1 Human studies 

Capurro (1979) reported a study on the residents in a rural valley polluted 

by vapors from a solvent recovery plant for at least 10 years. Chloroform, 

benzene, methyl isobutyl ketone, trichloroethylene and 26 other organic 

agents were detected in the air in addition to CTC (Capurro 1973). The 

author reported four excess cases of lymphoma. Attributing these cancer 

cases to CTC alone would be inappropriate since exposure to the other 

contaminants was verified in blood samples of residents. 

In a preliminary study of 330 laundry and dry cleaning workers, Blair et al. 

(1979) examined occupational exposure to CTC and other dry cleaning agents. 

Information from death certificates indicated an excess of deaths from lung, 

cervical and liver cancers, and leukemia. Katz and Jowett (1981) studied 

female laundry and drycleaning workers in Wisconsin. Their results failed 
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to show an overall increase in malignant neoplasms, but they did report an 

elevated risk for cancers of the kidney and genitals (unspecified), along 

with smaller excesses of bladder and skin cancer and lymphosarcoma. 

However, the use of carbon tetrachloride has been of only minor importance 

in dry cleaning since the 1950's (DeShon 1978, Garfield 1985 a,b), and 

quantitative data on exposure to CTC were not presented in these studies. 

-Hernberg et al. (1984) reported a case-control study on primary liver cancer 

and exposure to solvents. Of 126 cases, 2 had a history of exposure to 

carbon tetrachloride, among other solvents. They concluded that there was 

an association between primary liver cancer and exposure to "solvents" among 

women, but not for men. 

Recently, two reports were published on cancer mortality in a population of 

rubber workers (Checkoway et al. 1984, Wilcosky et al. 1984). Information 

on cause of death was reported in an earlier study (McMichael et al. 1974). 

They examined work history records to estimate the potential exposure 

experienced by the individuals, They reported a significantly elevated odds 

ratio relating carbon tetrachloride with lymphatic leukemia (OR=15.3, p < 

0.0001) and lymphosarcoma and reticulum cell sarcoma (OR=4.2, p < 0.05). 

Attributing these outcomes to CTC alone is inappropriate since different 

solvents were used simultaneously in a given process area. That is, a high 

degree of correlation existed between exposure to several solvents and the 

incidence of lymphatic leukemia (CTC, carbon disulfide, ethyl acetate, 

acetone, and hexane) and lymphosarcoma (CTC, xylenes, carbon disulfide and 

hexane). Although carbon disulfide, ethyl acetate, acetone, hexane, and 



exposures, the lack of association of CTC exposures with these cancers in 

other studies, and the small number of cases (19 of a study population of 

6678), preclude any causal inference from this study. 

Summary 

Animal studies demonstrate that carbon tetrachloride produces hepatocellular 

carcinomas - f 1n the f . mouse , rat and hamster. L * , .ddiian evidence 1s mconcliisive. 

IARC evaluated CTC and concluded that it is an animal carcinogen. The IARC 

classification would place CTC in group 2B, indicating that it is probably 

carcinogenic to humans. DEE staff members concur with this assessment, 

based on the evidence cited in the preceding subsections. Since there are 

sufficient animal data to conclude that CTC is a potential human carcinogen, 

a risk assessment of CTC is presented in Section 9. 

The epidemiological studies and human case reports are inadequate to use in 

a quantitative risk assessment. Thus, the quantitative risk assessment will 

be based on animal data. Two studies were selected for quantitative risk 

assessment: Edwards and Dalton (1942), and NC1 (mouse) (1976a,b and 1977). 

These are discussed further in Chapter 9 on quantitative risk assessment. 
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8.0 SYNERGISM AND ANTAGONISM 

8.1 Svnernism 

A number of substances have been shown to potentiate the noncarcinogenic 

effects of carbon tetrachloride. Some have been shown to increase its acute 

toxicity, such as ethanol, fats, polybrominated biphenyls, 2-butanone, 2,3- 

butanediol, chlordecone, phenobarbital, Mirex, and isopropanol (Curtis et 

al. 1979, Dietz and Traiger 1979, Klingensmith and Mehendale 1983, Kluwe et 

al. 1979, Mehendale 1984, Robbins 1929, Strubelt et al. 1978). Other 

compounds, such as benzo(a)pyrene and p-dimethylaminoazobenzene, may 

increase the chronic toxicity of CTC (Kotin et al. 1962, Moore and Ray 1983, 

Protzel et al. 1964, Ueda 1967). 

8.1.1 Acute Interactions 

The most prominent synergistic effect reported is the potentiation of 

hepatic toxicity in humans by alcohol (Bjarnason et al. 1968, Von Oettingen 

1964). The precise nature of the potentiation has not been elucidated, but 

interest in the effect has generated numerous studies and a number of 

mechanisms have been proposed. 

Alcohol increased the absorption of carbon tetrachloride from the intestinal 

tract in dogs (Robbins 1929); however, the effect (liver necrosis and 

mortality) was so much greater than the effect of CTC alone that the author 

concluded that "alcohol affects the toxicity in some way other than by 

changing the rate of absorption." 



. 
Klaassen and Plaa (1967) and Cornish and Adefuin (1966) reported that 

pretreatment with ethanol followed by CTC administration elevated the serum 

glutamic-pyruvic transaminase (SGPT) in dogs by an order of magnitude, 

indicating liver dysfunction. Other studies examining ethanol potentiation 

of CTC toxicity were conducted by Traiger and Plaa (1971), Wei et al. 

(19711, and Strubelt et al. (1978). In summary, ethanol has been shown to 

potentiate the acute toxicity of carbon tetrachloride in several animal 

species, including humans; it is unlcnown wlnether such potentiation extends 

to chronic effects and carcinogenicity. 

8.1.2 Chronic Interactions 

A study by Ueda (1967) compared the chronic toxicity of CTC and p- 

dimethylaminoazobenzene (DAD), administered separately and simultaneously. 

Liver carcinoma and cholangiofibrosis were observed in the DAB treatment 

group alone. Liver fibrosis and cirrhosis were observed in the CTC 

treatment group. The combined regimen produced nodular hyperplasia with 

liver cirrhosis, and greater incidences of liver carcinoma and 

cholangiofibrosis. DAB did not increase the incidences of liver fibrosis or 

cirrhosis observed with CTC, although the appearance of cirrhosis occurred 

earlier. The primary interaction observed was the potentiation by CTC, as a 

promoter, of DAB's carcinogenic effects, 

Liver damage produced by CTC has been shown to change the rate of 

benzo(a)pyrene metabolism and the profile of metabolites formed (Kotin et 

al. 1962). When CTC (0.06 ml/100 g b.w.) was injected prior to injection of 

200 pg of radiolabeled benzo(a)pyrene, clearance of benzo(a)pyrene was 
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reduced and there was a decrease in glucuronide conjugation of 3- 

hydroxybenzo(a)pyrene. Kotin et al. (1962) also studied the effects in mice 

of chronically administered CTC and benzo(a)pyrene, both separately and 

together. No tumors were observed in animals treated with CTC alone. 

However, CTC administration doubled the incidence of tumors present when 

compared with those animals treated with benzo(a)pyrene alone. A similar 

enhancement of benzo(a)pyrene tumor production was obsewed by Protzel et 

al. (1964), who applied a 0.1% solution of benzo(a)pyrene to the buccal 

mucosa of mice and periodically injected a 10% solution of carbon 

tetrachloride. CTC also enhanced 2-acetylaminofluorene (AAF) tumor 

production, apparently by increasing the metabolism of AAF to the N- 

hydroxylated metabolite (Weisburger et al. 1963 and 1965). 

8.2 Antagonism 

A number of compounds reportedly produced a protective effect against carbon 

tetrachloride toxicity. Beattie et al. (1944) reported that oral 

administration of methionine prevented a fatality in an acute case of CTC 

poisoning. In an animal study, calcium lactate (added to the feed at 1.2 

g/day) increased the number of CTC exposures (100 and 200 ppm) that guinea 

pigs were able to tolerate before death (Smyth et al. 1936). Other 

substances that have reportedly antagonized the effects of CTC include 

dietary vitamin E, selenium, reserpine, carbon disulfide, 

diethyldithiocarbamate, chloramphenicol and chlorpromazine (EPA 1984). 

However, many of these compounds primarily reduce subclinical effects, so it 

is unclear how effective they would be following human administration. 

. ..-.-~ -..-- -.-. ..-. 

- - 
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In summary, the acute toxicity of CTC can be potentiated by a number of 

substances, including some commonly used drugs and some environmental 

pollutants. CTC itself has been shown to act as a carcinogenic promoter for 

several substances. Other compounds have been shown to antagonize the 

effects of CTC; however, there is not sufficient information to incorporate 

this into the risk assessment. 
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9.0 QUANTITATIVE RISK ASSESSMENT 

A health assessment document for CTC was recently prepared by the EPA 

(1984). The document was peer-reviewed by members of the EPA Office of 

Health and Environmental Assessment (OHEA) and by external reviewers not 

connected with EPA. The initial purpose of the document was for use by the 

Office of Air Quality Planning and Standards, although the final scope was 

expanded to include other areas. The health assessment included 

quantitative risk estimates for cancer. The quantitative risk assessment 

section of the document has been modified for use in this report and is 

included in Appendix A. The staff of DHS believes the EPA (1984) risk 

assessment, as modified, is a reasonable and appropriate interpretation of 

the health effects data on CTC, as explained below. 

9.1 Noncarcinogenic Risks 

The effects of CTC following acute and chronic exposure are presented in 

Sections 3 to 7. The NOAEL in humans for a 3-hour acute exposure is 10 ppm 

while the NOAEL for rats for chronic exposure was reported to be 5 ppm. 

These levels are four orders of magnitude above the highest ambient maximum 

24-hour concentrations reported in Part A of this document. However, 

NOAEL's for other species were not attained when subchronic testing was 

conducted at 1 ppm. Furthermore, chronic animal studies have not been 

conducted that establish a NOAEL for biochemical liver changes. Even in the 

absence of this information, based on the relatively low ambient CTC 

concentrations, noncarcinogenic, chronic intoxication is not expected to 

. _".. 
result in the general population from inhalation of carbon tetrachloride. 

-- 



9.2 Carcinogenic Risks 

9.2.1 Thresholds 

For toxicologic purposes, a threshold dose is one below which a specified 

outcome does not occur; however, the self-propagating, clonal nature of 

tumor growth and development from a single damaged cell suggests that the 

effective dose for carcinogenesis may be so low as to be indistinguishable 

from zero. While threshold models (based on detoxification enzyme 

saturation, the existence of DNA repair mechanisms, recurrent cytotoxicity) 

have been proposed, none has been convincingiy demonstrated. 

An "epigenetic mechanism" that could theoretically embody threshold doses 

has been invoked to explain the carcinogenic action of substances that do 

not directly produce genetic damage in short-term tests. However, neither 

short-term tests nor nonlinearities in dose-response curves from animal 

bioassays can reliably distinguish between "genetic" versus "epigenetic" 

carcinogenesis, primarily because of the limited sensitivities of the 

experimental methodologies. In the case of CTC there is evidence suggesting 

potential genotoxicity (because of binding to DNA) without much evidence of 

mutagenicity (see Chapter 6). There is also experimental support for CTC 

acting as a promoter of tumorigenesis (see Chapter 8). On the other hand, 

in some experiments CTC alone was an effective carcinogen (see Chapter 7). 

Thus, the mechanism of CTC-induced carcinogenesis has not been elucidated. 

Since CTC produces its toxicity via production of the trichloromethyl 

radical, it might be assumed that a threshold exists based on the presence 

of antioxidants and free radical scavengers. However, as indicated by 
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Slater et al. (1985) "it is evident that effective scavenging of such 

species must satisfy a number of demanding criteria," including the ability 

to penetrate to the precise intracellular locus of metabolic activation. On 

the other hand, the DNA must compete with other biomolecules that would be 

damaged by the trichloromethyl radical as well as with the potential 

noncytotoxic scavengers. Consequently, further study is required to 

elucidate the effectiveness of the competing processes. DHS staff agrees 

with the conclusion of the IARC (1983) that there is insufficient evidence 

at present to justify creating separate classes of carcinogens (based on 

mechanism) for which different risk assessment methods would be used. Thus, 

in the absence of compelling evidence to the contrary, DHS treats 

carcinogenesis as a non-threshold phenomenon. 

9.2.2 Risk assessment 

The quantitative risk assessment of CTC conducted by EPA is contained in 

Appendix A. DHS modified the EPA risk assessment by: 1) applying an 

absorption fraction of 50% instead of 40%; 2) omitting the rat bioassay 

(NC1 1976 a, b, 1977) and the hamster bioassay (Della Porta et al. 1961) EPA 

used ; 3) assuming an average inhalation intake of 18 pg/day instead of 20 

%/day; and 4) presenting the range of resulting unit risks instead of the 

geometric mean. The range of human equivalent excess cancer risk estimates 

for lifetime inhalation exposure to CTC at lpg/m3 determined by DHS is 

presented in Table 5. Discussion of the differences between the EPA and DHS 

interpretations follow. 



‘ 

EPA chose an inhalation absorption fraction of 40%. EPA considered three 

reports in calculation of their inhalation absorption fraction (Lehmann and 

Schmidt-Kehl 1936, McCollister et al 1951, and Stokinger and Woodward 1958). 

The Stokinger and Woodward (1958) 30% absorption value represents their 

interpretation of the literature; however, they did not provide any data to 

support their conclusion. DHS staff decided to consider only the Lehmann 

and Schmidt-Kehl (1936) and the McCollister et al. (1951) studies in 

calculating an inhaiation absorption fraction of 50% of the totai CTC 

inhaled. 

No animal study in the CTC health effects literature is ideal for use in a 

quantitative risk assessment. Four studies have sufficient information to 

estimate unit risk (Della Porta et al. 1961, Edwards et al. 1942, and NCI 

1976 a,b, 1977 [rat, mouse]). However, DHS believes that the use of the rat 

NC1 (1976 a,b, 1977) data and the hamster (Della Porta et al. 1961) data, is 

inappropriate as discussed in Sections 7.2 and 7.3. The NC1 study used both 

vehicle and nonvehicle controls; when only vehicle controls are used and 

adjustments are made for early mortality, the NC1 rat study data do not 

indicate a statistically significant association between dose and tumor 

response for either sex at either of the doses tested. Therefore, the NCI 

rat study constitutes a negative carcinogenic result. The hamster bioassay 

study was very small, using ten male and ten female animals. Only one dose 

level was tested. The tumor incidence was compared to 50 male and 30 female 

vehicle controls that were not concurrent, but they were housed under 

similar conditions. The report indicates that a number of animal deaths 

occurred early in the study; however, time-to-tumor information was not 

available. Also, it is possible that the hamster colony was infected with a 
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liver disease as many of them were at that time (Dungworth 1987, personal 

communication). The staff at DHS did not include these data in the risk 

assessment even though the study represents the most sensitive carcinogenic 

response to CTC. 

Limitations of the two other studies are discussed below. The major 

limitation of the database is that there is no appropriate inhalation study 

examining the carcinogenic effects in the literature. Consequently, oral 

studies have to be used and applied to inhalation exposure. In addition, 

none of the studies were originally designed for use in a carcinogenic risk 

assessment model and the quality of the data is not ideal. In these studies 

emphasis was placed on determining the presence of liver tumors; the 

presence of other tumors, although mentioned, was poorly documented. This 

factor may have little influence on the risk assessment since it appears 

that the liver is the predominant site for CTC-induced tumors. 

The NC1 mouse study (NC1 1976a,b, 1977) has a number of study design 

problems. There was considerable animal mortality, requiring that the data 

be adjusted for the animals dying prior to the observation of the first 

liver tumor. The tumor response ' was close to 100% in both dose groups, 

limiting the interpretation of the dose-response curve. The goodness-of-fit 

criterion was not satisfied for the multistage model; however, the data 

provided are sufficient to calculate a time-to-tumor risk estimate. 

The major limitations of the Edwards and Dalton (1942) study are the use of 

only male control mice, the short duration of the experiment, and the 

irregular dosing schedule. Although the authors didnot indicate whether............ -.. -..-- --.-- 
-~__ ___ _______-. 



the hepatomas were benign or malignant, the fact that hepatocellular 

carcinomas were reported in mice (NC1 1976a,b 1977), rats (NC1 1976a,b 1977, 

Reuber and Glover 1970), and hamsters (Della Porta et al. 1961) indicates 

that the hepatomas should be used in a risk assessment. 

The EPA risk assessment uses several correction factors in its risk 

calculations as described below. Corrections for the data are discussed in 

Appendix A. This includes reasons for combining groups, eliminating 

inappropriate data points, corrections for surface area, adjustments for 

experiment duration and time-weighted average approximations of dosage. The 

EPA then calculated the geometric mean of the risk estimates from each of 

the four studies. 

The DHS risk assessment does not adopt EPA's approach of using the geometric 

mean. Instead DHS presents the range of the estimates predicted by each of 

the two studies used. See Table 5. 

The exposure level used in the unit risk calculation was 1 pg/m3 and it 

corresponds to an estimated inhaled intake of 18 pg/day. The dose-response 

curve for the multistage model at these low concentrations is projected to 

be linear for the 95% upper confidence limit. Thus the upper limit of risk 

can be estimated by multiplying the unit risk by the exposure concentration. 

Since there are no inhalation studies, the unit risk is estimated from 

ingestion studies. The expected daily intake for the inhalation route is 

calculated using the respiration rate, absorption fraction and the estimated 

human weight as described on page A-24 of the Appendix. Using an absorption 

fraction of 50%, an estimated human weight of 60 kg and an estimated 
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respiration rate of 18 m3/day, the unit inhalation intake is 4.5 times the 

unit oral intake. Thus the EPA 95% upper confidence limit excess cancer 

risk values in Table 2 of the Appendix, are multiplied by a factor of 4.5 to 

obtain the values in Table 5. 

As seen in Table 5 the upper limit estimate for inhalation exposure to 

lpg/m3 ranges from low to high values of 10 to 42 excess cancers per million 

people exposed continuously for a lifetime. The staff at DHS believes that 

this range best estimates the excess risk associated with inhalation 

exposure to CTC based on the available data. 

. 
-.--..-- ._----- ..~-. --. . ..-.. .--.----- -.. 
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TABLE 5. Human Eauivalent Excess Cancer Risk Estimates for Lifetime 

Inhalation ExDosure to 1 ug/m3 Carbon Tetrachloride 

Data Set 

Edwards et al., 1942 

NC1 1976a,b,. 1977 mouse 

Maximum 

Likelihood 95% 'u'pper 

Estimate Confidence Limit TvDe of Model 

multistage 

multistage 

time-to-tumor 
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Unit risk is one index of the relative carc1nogcnic potential of a chem- 

ical. Unit risk is defined here as the lifetime risk to humans of contract- 

ing cancer from a ddily exposure to a ccncentration of 1 pg/!2 tn water 

via ingesticn or a daily exposure to 1 ug/m3 In air via inhalation. The 

main assumptions for such risk estimates are 70 kg bw, 2 e/day consumption 

of water and 20 ma/day inhalation rate (ICRP, 1975). The unit risk 

. . 

represents only the estimated risk at the stated exposure concentrattcns. 

It should not be interpreted as the slope at any exposure level since the 

shape of the curve in the low-dose region Is not known. 

The unit risk estimate for CC1 
4 

represents an extrapolation below the 

dose-risk range of experimental data. There is currently no solid sclentif- 

lc basis for any mathematical extrapolation modei that relates exposure to 

cancer risk at the exbremel;t 10~ concentrations, including the unit corcen- 

tration given above, that must be dealt with In evaluating environmental 

hazards. For practical reasons the correspondingly lov levels of risk 

cannot be measured direct!y either by animal experiments or by cpidemtologic 

studies. Low-dose extrapola:;on must, therefore, be based on current under- 

standtng of the mechanisms of carcinogenesis. At the present time the dcm\- 

nact viebi of the carcinogenic process involves the concept t!?at mcst agents 

. 

that cause cancer also cause irreversible damage to CNA. This position lj 

based in part on the fact that a very large proportion of agents that cause 

cancer are also mutagenic. There is reason to expe^t that the quanta? 

response that is character!stic of mutagenesis is associated rith a Tinear 

L con-threshold dose-response t-eldtlonzhip. Indeed, there Is substantial 

evidence froim mutaycnliity studies with both ionizing radlat-ion and a w’lde 

-_ i_ -_._____-_ - -- __-._- -._ . . . ..-. 
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vartety of chemjcals that th\s type of dose-response model Is the appro- 

prlate one to use. This 1s particularly true at the lower end of the dose- 

response curve; at higher doses, there can be an upward curvature probably 

reflecting the effects of multtstage processes on the mutagenjc response. 

The linear non-threshold dose-response relat1onshSp 1s also cons1;tent with 

the relatively few epidem!ologic studies of cancer responses to speclfjc 

agents that contain enough information to make the evaluation possible 

(e.g., radiation-Induced leukemia, breast and thyroid cancer, skin cancer 

Induced by arsenic 1n drinking water, liver cancer Induced by aflatoxln \n 

the diet). Some supporting evidence also exists from animal experjments 

(e.g., liver tumors Induced 1n mtce by 2-acetylamlnofluorene In the large 

scale EDDl study at the National Center for Toxlcologlcal Research and the 

initlat1on stage of the two-stage carctnogenesis model In rat 71*ie; and 

mouse skin). 

, 

, ‘: 

I. 

L  

.Because It has the best, albett ljmlted, sclent1f!c basts of any of the 

current mathematical extrapolation models, t!le non-threshold model wh!ch Is 

linear at low doses has been adapted as the primary basis for risk extrapo- 

lation to 102 levels of the dcse-response relatlonshlp. The risk estjmates 

made with such a model should be regarded as conservatjve, reprosentlng the 

most plausible upper-11mtt for the risk, l.e., the true r:sk :s not likely 

tc be h1ghcr than the estfmate, but It could be lower. 

The mathematical formulation chosen to describe the dose-response 

relatlonshlp at low doses Is the llnearlzed multl,tage model. This model 

employs enough arbitrary constants to be able to fit almost any nonotontc- 

ally Increaslng dose-response data. It 12 constralned to ensure l:neart?y 

\n the low dose region at least far the upper confidence llmlt by requlr?ng 

non-negative values For'the fitted coefficients. 
.". ." 

Furthermore, there exist; ,' 



. 

.- 
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a procedure for estImatIng an upper confidence llmli on the slope at low 

extrapolated doses that is based on flttlng the data at all experjmentai 

dose levels. Dther dose-response models have been proposed which are also 

/. 
. linear In the low dose regfon. The procedure recommended by the Carcinogen 

Assessment Group of EPA, however, Involves estimating a most plausible upper 

‘. 

(. 

:: 
: 
i: 

limit of the slope at loti doses. The other,models (discussed later) can be 

i: 

shown to give lower slopes for tile same data set than does the llneartzed 

multIstage model, when extrapolated to the low dose region. Thus, the 

extrapolation model preferred by the darcinogen Assessment Group Is the 

multlstage model. 

EXPERKNTAL STUDIES USED IN UNIT RISK ESTIWATES 

i Three oral studies on antmaTs have sufflclent 
: 

lnformatlon to allow 

estimation of unit risk. The oral studjes are the pos ltlve control data for 

mice and rats used In three of its bloassays (NCI, 1976a,b, 1977), the 

Edwards et al. (1942) mjce data and the Della Porta et al. (1961) hamster 

data. The incidence data and other pertjnent quantltatlve informatton on 

these studies are presented In Table 1. For all studies, male and female 

data were combined. This was done because of the small san.ple sizes in the 

groups segregated by sex. No appropriate inhalation stl~d!cs or human oral 

studies were found In the avdllable ljterature. 

Each of these oral studlcs has one or several characterIst:cs gh:ch make 

ft less than jdeal for risk estimation for continuous dally exOosure over a 

lifetime. Della Porta et al. (1961) did not report results for a control 

group, although they did report tiie :ncldence rate for vehicle controls In a 

different study. Moreover,.the dose was admjnlstered only once per week and 

was reduced by half after 7 weeks, iorclng the use of a time-Leighted 

average approximation to a dally dose. The sample size (I?) was also small. 

Edwards et al. (1942) exposed the mice for only 4 months and observed them 
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TABLE 1 

Data for Cancer Studles Used ln Unlt Risk Calculations 

Anlma'l Average Responders/ Other Data Reference 
Dally Dose Tested 

Hamster 0 o/00 Average bw: 0.108 kg Della Porta et al., 1961 
0.95 mg 10/19 Exposure: 30 weeks 

Experlment: 55 weeks 
Assumed lIfespan: 55 weeks 

House 
. 

0 2/52 Average bw: 0.03 kg (assumed) Edwards et al., 7942 
15 mg 34/73 Exposure: 17 weeks 

Experiment: 31 weeks 
Assumed llfespan: 713 weeks 

House 0 b/l57 Average bw: 0.0213 kg NCI, 1976a,b, 1977 
21 mg B9/B9 Exposure: 70 weeks 
42 mg go/93 Experlment: 92 we&s 

Assumed llfespan: 92 weeks 

Rat' (M,F) 0 O/37 Average bw: 0.45 kg NCI, 1976a,b, 1977 
(Ml llmg 2/45 Exposure: 78 weeks 

I:il 21 18 my mg 4/46 2/47 Assumed Experlment: lIfespan: 110 weeks 110 weeks 
if) 36 mg l/30 

.M = ma le, F = fema 

. 

le I 



for -8 months, much !ess than the dcs'ired 11fetlme experiment (1.5-2 yrs). 

The ages varied; the animals inlt1ally ranged from 2.5-7.5 months of age. 

In the NC1 (1970a.b, 1977) study on mtce, both low and hlqh dose groups 

showed virtually 100% response (89/89 and 90/93, respectIve!y:, so that no 

Informatjon was avallable on the slope of the dose-response curve. As a 

consequenc.e, risk projections for doses lover than those used !n the study 

~111 be underestjmated by an unkno?jn amount. In the NC1 (1976a,b, 1977) 

r study on rats, survival to the end of exposure was puor, the dose was 

; changed forcing use of a TIelA dose estimate, and when segregated by sex, the 

sample sites Were small so that only the low-dose females were stat1sttcally 

s1gnfflcantly djfferent from controls. The combjnlng rr‘ the male and female 

rats when different, though slmjlar, doses were uced (see Table 1) may add 

further uncertainty. 

Insuffjcjent metabolic and 2harmacok1netlc data precluded the selectjon 

! 
of the most cpproprlate species for use In estimat'lng human risk. Because 

no study could be selected as "best" and "most appropriate", all four data 

sets are used in separate estjmates of unit risk. In addition, an average 

unit risk estimate Is also calculated which Is the geometric mean of the 

four separate estfmates. 

DESCRIPTIOH Of THE PREFERRED LO%DOSE AHIiN EXTRAPDLATIOW NGDEL 

Let P(d) represent the lffetlme risk (probability) of cancer at dose d. 

The multlstage model has the fcrm 

P(d) = 1 - exp [-(qD + qld + q2d2 t ..* + qkdk)l 

where all coeffjcients (q,. ql . ..qk) are non-negative. The unit risk 

estimates are based on excess or extra risk over the background rate at 

dose d, I.e. the effect of treatment: 

Pt(d) = 
P(d) - P(o) 

1 - P(o) 
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It follows that 

Pt(d) = 1 - exp [-(q,d + q2d2 + . . . + ukdk)]. . , 

. 

;* 

i 
i 
i 

! 

The point estimate of the coefflclents qi, 'I = 0, 1, 2, . . . . k, and 

consequently the extra risk function Pt(d) at any given dose d, Is calcu- 

lated by.maxlmzing the 11kel1hood function of the data. The point estimate 

and the 9% upper conftdence llmjt of the extra risk Pt.(d) are calculated 

by using the computer program GLOBAL 79 developed by Crump and Hatson 

(1979). The upper confidence llmlt for the extra rtsk calculated at low 

doses Is always linear with dose. Thts Is conceptually consjstent K:th the 

linear non-threshold concept dtscussed earlier. The slope parameter q,* 

1s taken as an upper bound (at 102 doses) of the potency of the chemical In 

tnduclng cancer. 

In ftttlng the dose-response model, the number of terms In the polyno- 

mial 1s chosen equal to (h-l), where h is the number of dose groups ?n the 

experiment Includjng the control group. 

blhenever the multlstage model does not fit the data sufflclently well, 

the data point at the htghest dose Is deleted and the model Is refltted to 

the rest of the data. Thts 1s cont'rnued until an acceptable fit to the data 

1s obtalned. To determlne whether or not a fit 1s acceptable, the ch!- 

square statlstlc 

h 

Is calculated where N, Is the number of animais fn the lth dose group, 

X, ts the number of animals in the 1 
th 

dose group with a tumor response, 

Gh P1 ts the probabtllty of a response !n the , dose giOi;p EStliMt~2d by 

fitting the multistage model to the data, and h Is the numhcr of dose 

The f1t 1s determlned tc be unacceptable whenever'X2 Is larger groups. .-.... ____. -.-. .- .-.. ~-~ ------.-- 
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than the cumolatlve 99% point of the chl-square dlstributlon with f degrees 

of freedom, where f equals the number of dose groups. minus the number of 

non-zero multlstage coefflcfents. 

CONSIOCRATIOHS I# SELECTING INCIDENCE DATA 
. 

The tumor incidence data are separated according to organ sites or tumor 
;‘- 

types. The set of data (t.e., dose and tumor Incidence) used In the model 

Is the set tihere the incidence is statIstIcally sIgnIficantly higher than 

the control for at least one test dose level and/or where the tumor 

incidence rate shows a statIstically signIfIcant trend with respect to dose 

level. Usually, the conservative approach adopted by the Carcinogen 

Assessment Group selects the data set which gives the highest estlnate of 

the unit risk for humans. Because of the difficulties ul th each Ccl4 

study described earlier, no selection uas deemed appropriate. instead, the 

separate esttmates and their geometric mean are presented. 

If two or more sjgnlflcant tumor sites are observed In the same stuffy, 

and if the data are available, the number of animals ulth at least one of 

the specjfic tumor sites under conslderatton is used as incidence data In 

the model. 

DESCRIPTION OF THE PREFERRED lW-lOD fDR CALCULATIGG iiii%W EQiJIvALE21 UWlT 
RISK 

The method adopted by the Carcinogen Assessment Group for calcuiat!ng a 

human ec;ufw ,!ent estimate of unit risk from antmal data employs tb'o ad:ust- 

ments (Federal Register, I98Cb) reflecting 'species differences and the 

influence of exposure duration on llfetlme cancer risk. First, the animal 

doses are expressed as the time-uclghted-average (TM) daily dose ever the 

duration of the experiment, and the low-dose extrapo?at1on moriel 'IS flttcd 

to the resultjng dose-fncidence data. The risk is then estltnated for a 

dally dose of 2 &day, which 1s the oral dally exposure corrl!s;londlng to 
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a water concentration of 1 Mg/"L and human Intake of 2 e/day. This -_ 
. 

risk Is then multlpiled by each of the above adjustment factors to obtain 

the human equivalent oral unit risk. 

The models used to develop the species and duration adjustment factors 

represent the best' sclentIflc judgment based on avaIlable data. Other 

.approaches have been suggested and are discussed In a later sectjcn. 

The preferred model for equitoxIc dose across spec!cs, or equivalently 

for risk at a constant dose across species, Is based on an adjustment for 

‘ 

metabolic dlffferences. Hetaboljc rate has been suggested to be roughly 

pro?ortIonal to body surface area (Mantel and Schnelderman, 1975; Calabrese, 

1982), thus the equItoxlc model ts dose/surface area = constant. Equating 

the animal and human ratios and solving for the human dose gives: 

. 

dh = da (Sh/Sa) 

where d Is dally dose (mg/day), S Is surface area, and a and h reicr to 

an\mal and human, respectively. The surface area 1s roughly proporttonal to 

the 2/3 poser of body uejght, and the proportlonalIty constant 5s approxl- 

mately the same (-10) for a variety of species. The human dose Is then 

_- 
!:'. 

approximated by 

dh = da +,/wa) 
2/3 

The untt risk estimate represents the lifetlme risk for llfet:ne 

exposure to the carcinogen. ghen the animal experiment Is partlsl lIfet!me, 

an adjustment Is necessary to allow for posltlve responses that would have 

occurred had suffic'lent time been aliowed for the tumors to develop. The 

r\sk \s then adjusted upward (or equivalently the dose downward) to reflect 

,: ‘, the m\sslng responders in the short experiment. The adjustment ceeff::\ent 
, 

ts 
3 

a (L/L,) , where L Is the anirrzii lifespan and Le Is the duration of 

the experiment. The exponent 3 is supported In part by Doll (1971). whc 

--- --. ..-...-.-.-.--------.-~.-.. .- 
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showed that age-spectflc rates for humans increase by at least the second 

power of age, thus the cumulatjve tumor rate should increase by at least the 

third pouer of age. The choice of 3 for the exponent Is also supported by 

. 

Druckrciy (1967) who showed that for a constant tncldence rate, the dose- 

duration, relationship uas represented by dt" = constant with n ranging 

from 2-4 1n his experiments. Mth n=3, Druckrey's results suggest that the 

dose used for half-llfetlme exposure (and observation) can be reduced to 

one-eighth its value for l\fet\me exposure and the Incidence rate ulll be 

the same. Druckrey's results then reflect the Influence of both exposure 

duration and observati-n period on the result9ng Incidence rate. 

This adjustment factor is consistent with the proportional hazard model 

proposed by Cox (1972) and the t\me-to-tumor model consldered by Crunp 

(1979, 1982) where the probabllfty of cancer by age t at dose d Is 

P(d,t) = f - exp I-fW*W)l. 

For compar\son, Grump's (1982) time-to-tumor model 1s also used to estimate 

unit risk for the NC1 rat and mice studjes (KI, 1976a,b, 1977) whjch had 

tjme-to-tumor data. In the above model, g(d) Is the multlstage polynom1a1, 

and f(t) is (t-to)k, uhere to may be Interpreted as mlnlmum tnductjon 

time. 

Interpretation of Quant!tat:ve Estimates 

. . 

-!. 

. 

For several reasons, the unit risk estimate based on animal btoassays Is 

only an approximate IndtcatIoc of the absolute risk In populattons exposed 

to known carclnoqen concentrattons. First, there are Important species 

differences in uptake, metabolism, and crgan d:;ti1bution of carcinogens, as 

well as species djfferances tn target site susceptlblllty, inununologlcal 

responses, hormone functjon, dietary factors and disease. Seco!?d, the 

concept of equivalent doses for humans compared to animals on a mq/surface 
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area basts is virtually without expertmental vertflcatton regarding carcfno- 

gentc response. Ftnally, human populations are variable ulth respect to 

genetic constItut\on and d'let, Tlv'lng environment, actjvlty patterns, 'and 

other cultural factors. The exposure levels used In the unit risk calcula- 

tjons (1 pg/L, 1 Pg/m') correspond to estimated tnlake of 2 pg/day 

via 'Ingestion and 20 pg/day vta Inhalation. The expected human Intake 

_- 

rates for CC1 
4 

are In the same range: 4 pg/day from food, 9 Pg/day 

from flulds and 13 pg/day from air (see Chapter 4). The assumed dose- 

response curve is qujtc TInear \n this dose range so that the risk Is 

proportional to exposure level, j-e., the upper 1Imit estimate of risk 1s 

the unit rtsk multlplled by the exposure concentration. 

The unit risk est\mate can give a rough Indtcatlon of the relat'lve 

potency of a g!ven agent compared with other carcinogens. The comparative 

potency of djfferent agents Is more reliable uhen the comparison Is based on 

studies In the same test species, strain and sex, and by the same route of 

exposure. For unit risk estimates for air, :ne preferable studies would use 

exposure by Inhalation. 

The quant!tatlve aspect of the carctnogen r1s.k assessment Is Included 

here because It may be of use In the regulatory dectsion-maklng process 

(e.g., setiingregulatory prlorltles, evaluating the adequacy of technology- . 
. . 

based controis, etc.). tlo!fe\'ef ( 1 t should be recognized that t7e estlmatlon . 

" I. 

of .cancer rfsks to humans at low levels of exposure Is uncertain. At best, 

the low-dose llnear extrapolation model used here provldcs a rough, but 

plausible estimate of the upper-llmlt of risk, i.e., it is not 1Ikely that 

t the true risk would be much more than the estimated risk, btit It could very 

. weli be considerably low?r. The risk estimates presented In subsequent 

sections should not be regarded as accurate represeniattans of the ergected 



cancer risks even when the exposures are accurately defined. The estjmates 

presented may be factored into regulat,Jry decls?ons to the extent that the 

‘2:’ : I concept of upper risk limits Is faund to be useful. 
‘. 
.<:. 

. I  i. . . I 

.? ” . ..t p. -.- 
1 : 

Unit Risk Estlrsates for Ingestton Exposure 

The unit risk estjmates based on human equivalent doses as discussed 
.  I  

‘j 

:- 

above are given In Table 2. Sjnce the WI studjes (1976a,b, 1977) on rats 

and mice were the only ones to present t:me-to-tumor data, they are the only 
, 

. 

data sets evaluated using the tjme-to-tumor mode?. Both the maxImum 15ke?i- 

hood estjmates (NE) and upper 95% confidence lfmtts are presented, as vel? 

as thetr geometric means. For the KC1 (?976a,b) mouse data, the goodness- 

of-fit criterion was not satlsfjcd (x2 = 14.4) for the multlstage (and 

one-hit) mode?. The risk estjmates are presented anyway since the mode? 

cannot be fitted to the data If the hjgh dose group 1s deleted, due to the 

100% response at the low dose. becaus:! of the protectjve approach dlscussed 

i 
. 

i earlier which led (In part) to the adoptIon of the multlstage model, and 
.' 

because the MLE does not accoun t for estlmatlon errors due to smal? sample 

sizes,, the 95% upper lfmit on risk is preferred. Furthermore, since no 

st:ldy was entirely adequate for risk assessment purposes, the geometr;c mean 

of the upper confjdence llm1ts 1s preferred as the most plausible upper 

11mjt esttmate of unit risk. For ljfetfmc Ingestlon of 2 e/day of water, 

the recorimended (based upon present jnformatlon and current understandlng of 

CarcSnogenesjs) esttmzte of unit risk (concentratjon of 1 +~/e) is 

3.7x10-6. 

ALTERNATIVE HETHODOLOSICAL APPROACHES 

The methods descr'lbed above, which 'l:ave been adopted by the Carcinogen 

Assessment Group, are consistently conservative, I.e., tending totiard high 

ertl.mdter of cancer risk. The aspect wh::h contrIbutes most to thZs 

crnservatlsm Is the choice of the llnearjzed multistage mcdel for low-dose 

i 

t 
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. . TABLE 2 

Human Equivalent Unit Risk Estimates for Ingestion Exposure 
uith Specific Adjustmentsa 

Data Set 

Della Porta et al. (1961) 

Extrapolation Hodel 

Hultistaqeb Time-to-Turnorb 

HLE UL HLE UL 

2.1E-!i 3.4E-5 c/ 

Edwards et al. (1942) 7.1E-6 

NC1 (1976) mouse 1.4E-6 

NC1 (1976) rat 1.9E-7 

9.4E-6 

l.aE-6 

3.1E-7 

G.. 

l.DE-6 2.2E-6 

3.lE-7 5.3E-7 

All (geometric mean) ?.5E-6 l.lE-6 

aFor ingestion of 7 vg CC14 per e water daily for life. Species 
conversion uses dose/body surface area. Duration adjustment for partial 
lifetime experim;;,t used for Edwards et al. (1942) study is (fraction life- 
span)-3. 

bHLE = Haximum. likelihood estimate; UL = upper 95x confidence limit. 

cFio time-to-tumor data were available for these studies, 



extrzpolatlon. Other extrapo 

r  

latlon models have been suggested, and are 

Included below for compar\son. These other models generally glue lower 

estimates of risk than does the multlstage model. 

The various adjustment factors can also be calculated :n different ways. 

The uncertalnties related to the several models and adjustment factors and 

their Influences on the risk estimates are alscussed below. Generally, most 

of the uncertainty !n es+~~a+~nn cancer :!sk from animal data ‘- A*.- to tiie . ‘“‘.G.,“.J I> uue 

ltmlted data available In the bIoassays, espectally due to the hfgh 'ose 

levels used, so that almost nothlng Is known about the shape of the dose- 

response curve at low doses or about the djfferences In low-dose incidence 

rates across species. 

Lou-Dose Extrapolation Kodels ~. 

Four models are used to extrapolate from the region of the experlmental 

:. 
! , 

IngestIor; data to the levels corresponding to 1 pg/P (Albert, 1983). 

All of these models relate exposure level to the lnctdence of tumor-bear\ng 

animals (Table 3). The "IlnearIzed" nultfstage modei is constralned to have 
r 

non-negative parameter values, and has the same number of parameters as the 3 z"&%' 

number of dose groups (Including the control group). The one-hit model h&s Gf: w ' F ,I- 

two parameters. These two models are linear at suffjciently low doses. The 4 ,*' '; '- 

WeSbull model has three parameters. When only two dose groups exist, the 

Welbull exponent Is set at 1, and then the Wetbull model :i also linear at 

lcw doses. The log probit model Is used to represent a class of models 
,’ 

_, 

uhich are not linear at low doses. The multistage reduces to the one-hit If /' 

c only two dose groups exist. With only two dcse groups, the Welbull param- 

eter k is set to 1 and the Welbull model also reduces to the one-hit model. 
7 

Currently, as dlscussed prcvlously, there Is InsufffcIent evlcience to 

L 
provide strong support for any low-dose ertr2polation m3de1, although there 

Is some justlflcatlon for lcw-case llncarlty. 
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In addttlon, since the NC1 (1976a,b, 1977) data provide Information 

pertaining to early mortality and time-to-tumor estimates, a multistage 

Welbull model u1th five parameters (Crump, 1982) Is also used (see Table 3). 
c 

L 

4 

The time-to-tumor estimates are based largely on time-to-mortality utth 

subsequent discovery of tumors. Since the NC1 (1976a,b, 1977) studies are 

the only ones involving mare than two dose groups, they are also the only 

data sets to which ail four previous models can be aoplled. 

Untt RZsk Calculation Approach 

Each law-dose extrapolat\on model Is applted to the original unadjusted 

animal data. The result!ng r!sk esttmate is then converted into equlvalent 

human unit risk by mult!plicat1on by several factors to adjust for experi- 

ment duration (if parttal lIfetime), species djfferences and, ff necessary, 

route conversion. Uncertainties in each adjustment factor are investigated 

by changjng the chotce of each adjustment model and/or the assumed parameter 

values tn the model. There Is insufficient 1nformatlon to allow the alter- 

b- L 

1 

. 

natives to be characterized by llkellhood or error dlstributjons; hence, all 

dec'lsions are based on scientific judgment. The adjustment categoric: and 

their decjslon alternatlves are gtven 1n Table 4. 

Each animal risk estimate obtained by fitting a low-dose extrapolation 

model to the animal data 1s presented as the max:num llkeilhood est!nzte 

(HLE) and, when possible, as the upper 95% confidence limit. The confidence 

limit js stzt?s:jcally more stable; the NE may show substantfal sensitivjty 

to small changes In the orlglnal data. Some data errors are expected due to 

d!aqnostic uncerta\nties generally leading to underdetectlon, I.e., missed 

tumors. The conftdence lfm1t on risk, however, reflects sample size and 

randcm varlabIllty, and may be much h!gher than the #LE. Both estimates are 

investigated for their sensitivities to such data errors. 
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TABLE 4 

Alternatives for Judgmental Decisions In Cancer I!nlt Risk EstImatIon 

Decision Category Alternattves 

- 

Lou-dose extrapolatlon Model: Multistage, one-hit, Welbull, 
log probIt 

. 

Estimator: Haxlmum 1Ikellhood estimate, 
upper 95x conftdence limit 

Equitoxtc dose across species Hode!: Dose/bu, dose/body surface area 

Adjustment for partfal lIfetIme Hodel: (L/Le)k, k = l-4 
exper'lment 

: . 

i 

. 
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The risk estimate from the low-dose extrapolation 1s based on average 

dally intake level. Gavage studies add uncertainty stnce gastrolntest1na7 

effects may be due to the repeated high local concentrations and may not 

occur if the same daily dose were given continuously, hence at ; lower '~a1 

concentration. Since insufficIent pharmacoklnetic Information exists to 

adjust for Intermtttent exposure, the TMA dally intake rate 1s used. 

The extrapolation from r!sk based on partial llfetjme experjments to 

rtsk fr'om ltfetlme exposure uses the factor: (L/Lelk* where L 1s llfe- 

span and Le 1s the duration of the experfment. As dIscussed previously, 

there Is some evidence from human and animal studies to support an exponent 

of 3. Druckrey (1967) found that, at constant rtsk, fjtting the model 

dt" = constant to a series of data on nitrosamtnes gave values of n of 

2-4. Studies of age-specjftc cancer rates in humans give estimates of k at 

3 or higher. The concept of total dose (dose rate x duration) or slmllarly 

time-weIghted-average dose for the experiment has been used JS an in:",cation 

of toxjc severity, but has not been verified for cancer risk. It 1s tn- 

eluded here for completeness and Is represented by the case k&l in the 

adjustment factor. There 1s Snsuffjcient information at present to allow 

precise determ\nat!on of k for most chemicals, In the ab:en:e of such 

fnfori-ratton,' the sensltivjty of the r'isk estimate to k is demonstrated by 

varying k between 1 and 4, and dfsplapfng the resulting range of r!sk 

estjmates. 

The conversion factor for species differences Is presentjy based on 

models for equ1tox:c dose. The tuo general models currently used are bdsc.d 

on body burden, dose/bv = constant (Stara and Kello, 1974); and metabolic 

rate, dose/body surface area = constant (Hantel and frhnelderman, l?!S; 

Calabrese, 1902). In the absence of pharmacokinetlc data reidted to 
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toxicity on the test chemical for the experimental species and for humans, 

c both models are us&d. 

c The converslor. of adminlstered dose from one route to another (e.g., 

.. . ingestIon to inhalatjon) Is not uell understood. The approach by Stock'inger 
. 

=I 
and Wooduard (195E) uses approx1matc cet absorption fractions and dally 

Intake rate to convert from one route to an equltoxlc exposure level via 

. . another route. This approach, discussed below, Is used to give approximate 

estimates ci exposure levels when 1nsufftclent data exist for the desired 

route, although the estimates are acknowledged as being highly uncertaln and 

probably Inaccurate. 

Unit Risk Estimates for Ingcstlon Exposure 

The untt risk estimates based on human equlvalent doses consistent wtth 

prevtous guidelines (Federal Register, 1980b) are given In Table 5 for the 

four data sets and the applicable models. Note that for the MCI mouse and 

rat data, the unconstrajned Welbull and unconstrained log problt models 

could not be used to estjmate r?sk. The fallure of the computer algortthm 

:. ; 
1. 
..; 1’ 

,. 

. 

to yjeld mean'ingful results 1s attr'lbuted to the virtually flat slope at the 

low and high dose data. This caused the extrapolated r!;k to be essentlaliy 

dose-Independent, i.e., the same as the risk \n the dostd groups regardless 

of the level of dose. The successfully applied models were fitted to the 

or1g\nal animal data u;tng average dally tr.lake (mg/day); their parameter 

estimates are given In Tabie 6. The human risk was then calculated by mul- 

ttplylng the animal unit risk by the adjustment coefflctcnts reflecting par- 

tia? l'ifetlme exposure and species conversion. The low-dose extrapolation 

of the tiCI rat data 1s shown In Figure 1 as an example of the difference In 

unit risk estimation (risk at 1 vg/L) due oniy to selectton of extrapo- 

latlon model. The risk projections have not been adjusted for spec?es 

.- -L-c-.: 
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TA8!.E 5 

Unit Risk Estlmatas for Ingestiona 

c 

Model (type of estimate)b 

Study 
f4ultlstaqec Time-to-Tumor 

Weibull Log Probit 
(XLE 1 (ULI (NLE) (UL) 

Della Porta Z.lE-5 3.4E-5 
et al. (19bl) 

Edwards et al. 7.1E-6 9.4E-b 
(1942) 

d/ e/ e/ 

NC1 (197b) mouse 1.4E-6 1.8E-6 l.BE-6 2.2E-6 r u 

NC1 (1976) rat 1.9E-7 3.1E-7 3.1E-7 5.3E-7 f/ / 

_' 
I 
\: : 

aFor ingestion af 1 trg CC14 per e water dally for life. Species 
conversion uses dose/body surface area. 

bHLE = Haximum likelihood estimate; UL = upper 95% confidence limit. 

CThe one-hit model results agreed with the multistage model results to 
three significant figures. 

dNo time-to-tumor data were available for these studtes. 

"These models have three parameters whtch could not be f1t by the two dose 
groups in these studies. 

fThe unconstrained L?etbu?l and unconstrained log probit models could not 
be used to estimate unit risk for these studies. See text. 

L 
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TABLE 6 

Parameter Estjmates for the Low Dose Extrapolation Models FItted to Animal Dataa 

Hult1staqe Time-to-tumor 

Study 90 91 q1* q2 40 91 q* to k 

Della Porta et al., 1961 0 0.784 1.28 -- -- -- -- -- -- 

Edwards et al., 1942 0.0133 0.0415 0.0549 -- -- -- I- -_ -- 

NCI, 1976 mouse 0.0397 0.133 0.167 0 O.l3E-12 4.96E-13 5.9DE-13 0 5.87 

NCI, 1976 rat 0 2.71E-3 4.47E-3 Ob 0. 2.47E-13 4.15E-13 0 5.03 

aSec Table 3 for model deflnltions. qD Is dlmenslonless. 91 and ql* are In (mg/day)'l. 
Is In (mg/day)-2. to Is In (MO. All values are maximum llkel1hood estimates except ql*, which % 
the upper 95% confidence llmlt for ql, E denotes powers of 10, I.e., O.ldE-13 = 0.16~10-~~. 

bEstlmates of q3 and qq were also zero. 

---?. 
.., .,. 
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RlSK ESTIMATES FOR CARBON TETRACWLORHIE 
COMPARISON OF EXtRAPOLATION FIODELS 

DnTR FRCfl tiCI ( 1976 1 RAT STUDY 

0 
I;;;;;;;;;;;;;;;;;-;;;;‘;” 

) -6-L----- , -1------r 
1 10 100 1000 10000 100000 

EXPOSURE WC/L1 

UPPER CURVE IS MLE TIEdE-TO-TUMOR MODEL 
LOWER CURKE IS ldLE MULTISTAGE MODEL 

FIGURE 1 

Comparison of low-dose cxtrapolatlon models. The models are appljed to the NC1 (1976) rat data: 
upper curve Is HLE for time-to-tumor model, lower curve is HLE for multistage model. Risks are for 
animals. The curves are spllne fits to the data; one data point not pictured Is at the or!gIn (0, 0). At 
1 ,FJ/L the r!sk estimates from the curves dlffcr by d factor of 17. 

\ 
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d\fferences so that the actual rat response rates (the 4 data points) can be 

plotted. The logarlthmlc plot precluded the display of the control group 

response (0%). 

The possibility of errors 1n the incidence data Increase the uncertainty 

In the unit risk estimates. Such errors are usually under-detectton of 

tumors (Anonymous, 1983), caus'ing posttlvely responding animals to be class- 

Ifled as nonresponders, and leadtng to underestimates of the unit risk. 

Furthermore, prevtous studies have suggested that the mulilstage maximum 

ltkellhood estimate, ql, is more sensitive to such data errors than \s the 

upper conffdence llmlt, ql*. The sensltivitles of q, and q,* to data 

changes are investigated for each of the three oral studies under conslder- 

atjon. 

Discussjon of possible detectlon errors In Incidence data at the 

"ED,-/ conference* suggested the folloulng: that m1sclassiflcatjon is 

more likely to underestimate the lncldence of tumor-bearing anjmals than 

oierestlmate the 1ncldence. and that having one animal m1sclassifled in a 

study of 50 animals is not rare. The sensittvjty of the parameter estimates 

to data errors was determined here by 'increasing the number of responders by 

1 for every 50 anjmals tested (e.g., 1 for up to 50 anjmals, 2 for 51-100 

anjmals, etc.), and then recalculating the parameters. The results are 

presented In Table 7. For each of these studjes, the HLE (q,) seems to be 

approximately as senzltlve as the upper bound (q,*) to the data changes. 

Note that the parameter estimates are obtalned from the raw data, are 

unadjusted and, thus, are not comparable across studies. 

. 

*"Workshop on Biological and Statjstlcal Impllcatlons of the ED01 Study 
and Related Data eases,' D?er Creek State Park, Ohlo, September 13-10, 1981. 



TABLE i 

Senslt!vlty of Hultlstage Parameter Estimates to Changes In the Incidence Data 

Range of Parameter Valuesa 

study 91 (MLE) Relatlve 
Rangeb (uppe?Ylml t) 

Relative 
Rangeb 

Della Porta et al., 0.758-0.907 16% 1.26-1.46 
1961 

14% 
'p I 
r: Edidards et al., 0.0402-0.0452 11% 0.0537-0.0592 9% 

1942 

NCI, 1976 (mouse) 0.151-0.152 0.6% 0.227-0.228 0.4% 

NCI, 1976 (rat 1.45E-4, 1.23E-3 89% l.O2E-3, 3.956-3 48% 

aThese cstlmates are unadjusted for species or duratloii and are not comparable across studies. Relative 
ranges are comparable across studies. 

bRelatlvc range = (high-lov)/hlgh. The orlglnal data do not necessarily give the lower est\mate, so the 
rclatlve range does not necessarily represent the change from the original parameter estimates. 
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198Ob). In Table 5, In line with previous guidc'lines (Federal Register, 

the species conversion model was dose per body surface area and 

lifet!me risk was adjusted to lifetime risk by the ratio (L/L, 

partial 

13- The 

effects of using dose per body weight instead for species conversion, as 

well as exponents of 1 (total dose), 2 or 4 for the partjal llfetime to 

lifetime adjustment are shown by the coefficients in Table 8 and the range 

i 

of unit risk estimates in Table 9. Note that the adjustment coefficients in I' 

Table 8 are comparable only within a study, not across studies. The unit 

risk estimates in Table 9 are comparable across studies. 

UNIT RISK ESTIWRTE'; FOR XHHXLATION EXPOSURE 

The unft risk for inhalation exposure is the excess cancer risk for 

lifetime exposure to 1 pg CC14/m3 air. No inhalation cancer s'Ludies 

have been located which contain adequate dose-response information. 

However, the unit risk can be estimated from ingestion studies by assuming 

that the same daily intake rate results in the same lifetime risk. This 

assumption has not been thoroughly tested uith other chemicals. In addi- 

tion, each of the studies used for estimating oral unit risk has deficien- 

cies. 'Therefore, the unit risk estimate for inhalation exposure should be 

considered approximate based on assumptions that have yet to be proven. 

To estimate the risk corresponding to the concentration of 1 ug 

CCl,/iV dir, the effective dose in terms of mg/kg/day corresponding to 
* 

1 pg/n3 must first be estimated. Assuming an air intake of 20 I~/~~** .a -J-J 

(ICR?, 1475) and a 40% abscr ptfon rate by inhalation for humans (as recon- 

mended in this document), this effective dose can be estimated for a 70 kg 

I human: 

d 
air = 120 ma/day x 0.40 x l/(70 kg)] x 10-s mg/mJ 

= 1.14 x lo-' mg/kg/day = 7.98 x 10-3 rag/da;, 
U 



TABLE 8 

Adjustment Coefflclents for Estlmatlng Human Unit Risk 
(duration adjustment) X (species adjustment) 

Studya 

Species Conversion: Della Porta et al. Edwards et al. NC1 (1976a,b, 1977) NC1 (1976a,b, 1977) 
duration exponent k (1961) (1942) (mouse) (rat) 

7 Surface area: 1 0.0134 0.0140 
f;: 2 0.0134 0.0345 

3b 0.0134 0.01152 
4 0.0134 0.210 

Body weight: 1 0.00154 0.00105 0.00040 0.00643 
2 0.00154 0.00259 0.00040 0.00643 
3 0.00154 0.00640 0.00040 0.00643 
4 0.00154 0.0158 0.00040 0.00643 

0.00543 0.0346 
0.00543 0.0346 
0.00543 0.0346 
0.00543 ~ 0.0346 

aOnly the Edwards et al. (1942) study had partial llfetlme experlment duration requlrlng the duration 
adjustm.?nt factor: (fraction lifespan)-k. 

bThe anlmal unlt risk estlmatcs were, multlplled by the coefflclents ln this row (k = 3 In duration 
factor, dose/surface area species conversion) to obtain the human unit risk estimates In Table 4. 

, ,  ,  , ,  , , , * ,  “,_” , , . ”  , .  :  . * , , . ,  . I  . * . ,  i.. . . ‘L-. . : . .  .1 . . , , . . . .  .  



TABLE 9 

Range of Unl't Risk Estlmates for Oral Exposurea 

Study 
Hultlstaqe Hodel 

FILE Upper Llmlt 

Time-to-Tumor #ode1 

HLE Upper Llmlt 

Gella Porta 
I et al. (1961) 

2.4E-6, 2.1E-5 3.9E-6, 3.4E-5 NAb 

Edwards et al. 
(1942) 

B.7E-8, 

NC1 (1976) l.OE-7, 
KCJUSC 

1.7E-5 1.2E-7, 2.3E-5 NA 

1.4E-6 1.3E-7, l.BE-6 1.3E-7, l.BE-6 1.6E-7, 2.2E-6 

NC1 (1976) 
rat 

3.5E-8, 1.9E-7 5.BE-8, 3.1E-7 5.8E-8, 3.1E-7 9.8E-8, 5.3E-7 

aObtained by changtng the adjustment coefflclents for species differences and parttal llfetlme experl- 
nent duration. See text. 

bNA = Not appllcabic. Tlnd-to-tumor data not available. 

.  .  
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which 

:. mg/day 

Is 4.0 times the unit Intake for cral exposure (1 pg/P = 2x70-a 

1. The unit rtsk for Inhalation 1s then estimated from the oral 

studies by multjpiylng the oral unit risk by 4.0. Based on the range of 

.- 

. 

recornrtended risks (based upon present inforrnat$on and current understandlng 

of carclnogenesls) derived from the four oral data sets, and using the. 

linearized multistage model with the dose per body surface area converslon 

across specjes, and with the exponent k=3 In the adjustment for partial 

llfetfme study, the upper limft estimate of unjt risk for lnhalatlon 
, 
! exposure ranges from i.2x10-c to 1.4~10'~ with a geometric mean of 
., 
: i 

., 
:: 

1.5x10-~. As a measure of uncertainty, all models and adjustments were 

consfdered (see Table 9). The resulting upper ?Irdtt untt risk estimate for 

inhalatjon exposure rangzci from 2.3x10-7 to 1.4x10-4. 

Because of the uncortalntles in both the qualitative and quantitative 

aspects of risk assessment, the actual cancer risks may be lower than the 

best unit r4sks presented above, which should be regarded only as plausible 

upper-limits. The unit risk estlmltes are calcu?ated using a dose-response 

extrapolation model uhlch is linear at low doses. This low-dose linearity 

Is based on mutagenicity studles and on some slmilaritles between mutagene- 

sis and carclnogenesfs. Stnce the results on the mctagenlcjty of CC74 are 

Inconclusive, the selected extrapolat!on model may be lnapproprlate, and 

hence the unit risk estlmates are uncertain. 

WLTIPLE EXPOSURE SITllATiOitS 

The shove informat!cn provqdes recorzentied route-specif\c cancer risk 

estimate5 asscciated with exposure to given units of CC14. These 

estimates may be conservative aue to the chofcc of the multjstage mode7 for 

dose extrapolation and the various adjustment factors. Nevertheless, unit 
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rfsks for cancer presented above are deflned for Independent water and air 

exposures In that their computation assumes 100% of the Insult Is via the 

stated route. 

, 

. J 

< 
i 

1 7 

/ 

When exposure js by both oral and lnhalatlon routes, an addltlvlty 

assumpt'lbn can be used to calculate the risk associated with the concurrent 

exposures. It fs a general recomendatjon to use the add!tlvjt} assumptfon 

uhjch 1s made since the avallable data on Ccl4 are llmlted and do not 

allow the presentation of a defensjble alternatlve. As new lnformatton 

becomes available, other alternatIves should be cons!dered. Here the 

additlvity assumption 1s that the risk associated u1th exposure to a given 

chemtcal v1a tuo routes concurrently Is roughly the sum of the risks asso- 

ctated with each jndependent route-spec1ftc exposure. Since lnteractfons 

between the concurrent routes of intake cannot be quantified, uncertajnty 

surrounds the resultfng risk estimate that 1s derfved from the concurrent 

risks. 

In applying the assumption of add1tlvtty. the risks rather than the 

doses associated with each route are added, but the mere sumnatlon of these 

rfsks is ptesently justjflable only when doses are low enough that no Inter- 

action occurs between the two routes. Furthermore, the amounts of 

1 pg/Q and 1 t&m3 are concentrations In rater and air, respec- 

tfvely, not doses. The dose can be estimated oy assuming constiapt:on of 

2 Q water/day over the lifetime. Thus, the daily dose corresponding to d 

concentration of 1 ).!g/k water tiould be 2 Q/day x 1 ug:o = 

2 rtg/day. 

COHPARXSON OF RISK ESTIflATES FOR VAXOUS CARCfH3GECS 

The. carclnogenjc risk from exposure to ccl4 is csnps7eti to the rl:k 

from exposure to other potential carcinogens 1n Table 10. For comparison 

_ 
(7 I__ 
‘.. 
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TABLE 10 

Relative Carclnogcnlc Potencjes Among 53 Chemicals Evaluated by the Carcinogen 
Assessment Group as Suspect Human Carc1nogensaeb*c 

Compounds Slope 
(rig/kg/day)-1 

Molecular Potency 
Weight Index 

Order of 
Magnitude 

(log10 Index) 

Acrylonltrile 

Aflatoxln El, 

Aldrln 

Ally1 chlorjde 

hrsentc 

?= 
2 

Bia]P 

Benzene 

Benz\dlne 

Beryllium 

Cadmium 

Carbon tetrachlorlde 

Chlordane 

Chlorjnated Ethanes 

1,2-dlchloroethane 
1,1,2-trlchloroethane 
1,1,2,2-tetrach!oroethane 
Hexachloroethane 
I,l,l-trlchloroethane 

0.24 (W) 53.1 

2924 312.3 

11.4 369.4 

l.l9xlo-2 16.5 

'5 (HI 149.8 

11.5 252.3 

5.2xlo-2 (W) 70 

234 (U) 184.2 

1.40 (H) 9 

6.65 (W) 112.4 

0.13 153.8, 

1.61 409.8 

6.9x10-2 90.9 
5.73x10-2 

7x100 
133.4 8~10~ 

0.20 167.9 3x10+1 
1.42x10-2 
1.6~10-~ 

236.1 3x100 
133.4 2x10-1 

1x10+' +l 

9xlo+5 6 

4x10t3 t4 

9x10-l 0 

2x10t3 +3 

3x10t3 t3 

4x10° tl 

4x10t4 +5 

lxlotl t2 

7x10t2 t3 
2x10+” .' tl ', 

7x10+2 +3 

tl 
tl 
tl 

-Y 

Chloroform 7x10-2 119.4 8x100 tl 
- 
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. TABLE 10 (cont.) 

. 

Order of 
Compounds Slope Molecular Potency Hagnltude 

(mg/kg/day)-1 I Weight Index (log10 Index) I 
j 
i 
i I I Chroiilum 41 iti) I j 104 4x10t3 t4 

DDT 8.42 354.5 3x10t3 t3 

D\chlarobenz\d\ne 1.69 253.1 4x10t2 i3 

l,l-Ulchloroethylcne 0.147 (I) 97 1x10+' tl 

Dleldrln 30.4 380.9 1x10t4 t4 

Dlnltrotoluene il.31 182 6x10t1 t2 

D\phenylhydraz\ne 0.77 100 1x10t2 t2 

Eplchlorohydrin 9.9x1o-3 92.5 9x10-l 0 

Bls(2-chloroethyl)ether I.14 143 2x10t2 +2 

Bls(chloromcthyl)ether ?300 (I) 115 1x10t6 +6 

Ethylene dlbromjde (EDB) 8.51 187.9 2x10t3 t3 

Ethylene oxide ;.26 (I) 44.1 6x10+' 
I : 

r2 

Hcptachlor 3.31 373.3 Mot3 t3 

trL'.:; :hlorobcnzene 1.67 284.4 5x10+2 t3 

Ilexachloro3utaCle7e 7.75xlo-2 261 2r!OC1 +l 
) 8, / j Hexachlorocyclohexane 

' il tcchnlcal grade 4.75 290.9 lxlG+3 t3 

alpha Isomer 11.12 290.9 
tzLa Isomer 

t3 
1.84 290.9 ! 1 +:, 

I '~ ganma Isomer 1.33 290.9 4x10+2 t3 

I 
I !I I 

I : : ,( : 
! , , --, .'.*._ 
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TABLE 10 (cpnt.) 

Compounds Slope 
(mg/kg/day)-1 

Molecular 
Weight 

Potency 
Index 

Order of 
Hagnltude 

(log10 Index) 

Methylene chloride 6.3~10-~ 84.9 5xlo-2 -1 

IJlckcl 1.15 (W) 58.7 7x10+' +2 

z= Nltrosamlnes 

c: Dlmzthylnltrosamine 
Dlethylnltrosamlnc 
Dlbutylnl trosamlne 
N-nltrosopyrrolidlne 
N-n\tro:o-N-ethylurca 
N-nltroso-N-methylurca 
N-nltroso-djphenylamlne 

25.9 (not by ql*) 
:3;; (not by ql*) 

2:13 
32.9 
302.6 
4.92x10-3 

74.1 
102.1 
158.2 
100.2 
117.1 
103.1 
198 

PCBS 

Phenols 

2,4,&trlchlorophenol 

4.34 324 

2x1043 
4x10+3 
9x10+* 
2x10+2 
4x10+3 
3x10'4 
1x70~ 

1x10t3 

+3 
t4 
+3 
t2 
t4 
t4 
0 

t3 

1.99x10-2 197.4 4x100 41 
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Compounds Slope 
(mg/kg/day)-1 

Molecular 
Weight 

Potency 
Index 

Order of 
Magnitude 

(log10 Index) 

Tetrachlorodlbcnzo-p- 
dloxln (TCOD) 

Tetrachlorozthylene 

Toxaphene 

Trichloroethylene 

VInyl chlor\de 

VInylldene chloride 

1.56x105 322 5x10+7 ta 

3.5x1o-2 165.8 6x10' tl 

* 1.13 414 5x10t2 +3 

1.9x10-2 131.4 2.5x10° 0 

l.75x1o-2 (I) 62.5 lxlOO 0 

0.13 (I) 97 l.x?o+l tl 

aAnlmal slopes are 45X upper-11mlt slopes based on the 11near multlstage model.' They are calculated 
based on animal oral studies, except for those 1ndlcated by I (animal. jnhalatlon), W (human occupational 
exposure, and. H (human drlnklng water exposure). 
threshold model. 

tiuman slopes are point estlmates, based on linear non- 

i bThe potency Index Is a rounded-off slope 1n (mMol/kg/day)-1 
slnpcs In (mg/kg/day) -1 by the molecular weight of the compound. 

and is calculated by multlply\ng the 

cHot all the carc\nogen!c potenc\es presented 1n this table represent the same degree of certainty. All 
are subject to change a: new evidence becomes avallable. 

, .. . 
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estimates are dertved from varjous studjes on humans and anImajs,- for oral 

and Inhalation exposure. These estimates are derived with the .llnearIzed 

..: 

multlstage model with speckles ; 'r:stment using dose/body surface- area and 

addustment for parttal ltfet’lme study by cslng the exponent k=3. .- Carbon ' 

tetrachloride has a relatively low potency compared to the others tn the 

group. 

, 

A rclatIve potency index, proposed by the Carcinogen Assessment Group, 

is also presented IO Table 10 for each%hemical'. This index represents the 

risk posed by dally exposure to 1 Mo? of carctnogen per kg body weight, and 

thus allows comparison of rfsks from exposure to the same nun;ber of 

molecules. The frequency distribution of the relative potency IndIces, 

rounded to the nearest order of magnitude, Is shown qn F"rgure 2. 

SlJMIARY/COXtUSIO~S 

No stngle study was entfrely adequate for rfsk estjmation. Thus, the 

unit rtsk estfmate is based on the geometric mean of the fndlvldual unit 

‘_ rtsk'esttmates from the four studies cons1dere.d. The studies contalned data 

on three animal species: rats, mice and hamsters. From these data, the 

recommended upper limit unit rfsk estjmates (based upon present InformatIon 

and current understanding of carcinogenests) for Ingestion are In the range 

of 3.1x10-7 to 3.4x10-5 with a geometric mean of 3.7~10’~. Using 

these same oral data, unit risk estimates for tnhalation are In the range of 

1.2x10-6 to 1.4x10-4 ujth a geometric mean of 1.5x10-S. Since no 

study was entirely adequate for risk assessment purposes, the geometric mean 

of the upper confjdence limits Is preferred as the most plausible upper 

1Imlt estimate of unit risk. 
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FIGURE 2 
\ 

HIrtogram Reycsenting the Frequency Distribution of the Poiency Indtccs 
of 54 Suspect Carcinogens Evaiuated by the Carcinogen Assess,zent Group 
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