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1.0 Summary

Chloroform is a colorless, volatile liquid used Primarily in the production
of chlorodifluoromethane, and as a solvent, cleaning agent, and fumigant.
The U.S. EPA (1985b) estimates that about 9735 metric tons of chloroform per
year are emitted into the ambient air in the United States. Chloroform is
ubiquitous in the environment, and can be measured in the air in urban and
rural areas. Some of this ambient chloroform may be from natural sources
(U.S.EPA, 1985a).

About 50% of inhaled chloroform is absorbed across the human lung at low

levels of exposure (13 pPb). Indirect evidence from animal -and human
toxicity studies indicates that chloroform is well absorbed across the
gastrointestinal tract. Chloroform is absorbed across the skin. Once in

the body, chloroform is distributed to all tissues, particularly to those.
with a high proportion of lipid. Chloroform can cross the placenta and has
been measured in the fetuses of exposed mice.

‘Chloroform is metabolized by the cytochrome P-450 dependent mixed function
oxidase enzyme system to phosgene. Phosgene may undergo spontaneous
hydrolysis to form 002 and HCl, or it can react with cellular constituents.

Phosgene is believed to be the major reactive metabolite produced during the
metabolism of chloroform. Other reactive metabolites, Primarily free
radicals, may be produced particularly under reductive conditions.

Chloroform is excreted as 002 and as unchanged'CHC13 in expired air. Small
amounts of radiolabel have been found in urine and feces after

administration of 14C-chloroform. Chloroform elimination is characterized
by a rapid initial phase with a half-time on the order of 20 to 30 minutes,
followed by at 1least one slower phase with a half-time of approximately 3
hours. A third phase of elimination representing elimination from a deep
compartment, most likely adipose tissue, has been suggested to have a half-
time longer than 24 hours. :

Unmetabolized chloroform has depressant effects on the central and
peripheral nervous system. However, it appears that metabolism is essential
-to  the hepatotoxicity and nephrotoxicity of chloroform. Induction of
cytochrome P-450-dependent mixed function oxidase enzymes results in
potentiation of chloroform hepatotoxicity and nephrotoxicity, while
inhibitors of mixed function oxidase enzymes reduce the extent of
chloroform-induced 1liver and kidney damage. Radiolabeled chloroform
metabolites have been found bound to cellular proteins and lipids, and to a
lesser extent to DNA.

Chloroform causes central nervous System depression at levels (e.g., 5000
PpPm) several orders of magnitude greater than levels measured in California
ambient air. Other symptoms of acute chloroform intoxication include
cardiac sensitization to catecholamines, and liver_ and kidney damage.
Subchronic and chronic toxicity occurred in animals exposed to 25 ppm for 7
hours per day, 5 days per week, for 6 months. Mild pathological changes in
the 1liver and kidney were noted in rodents. No adverse effects were noted
in animals exposed to 25 ppm  chloroform in air 1, 2, or 4 hours/day, 5
days/week for 6 months. :
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Chloroform interferes with the maintenance of pregnancy and is fetotoxic in
rodents following  exposure to 30 to 100 ppm chloroform in air.
Concentrations of chloroform in air producing adverse effects in
experimental animals are about 5 orders of magnitude greater than ambient
air concentrations of chloroform (< 0.4 ppb) in Califormia. Department of

Health Services (DHS) staff do mot anticipate that noncancer health effects
would result from acute or chronic exposure to ambient levels of chloroform

in California air.

Results of mutagenicity tests in bacteria and fungi are largely negative.
However, bacterial test systems may not be adequate for some compounds which
require metabolic activation for genotoxicity. A few positive results have
been reported for sister chromatid exchange in cultured human lymphocytes
and mouse bone marrow cells, and in the micronucleus test in mouse bone

marrow. In addition, chloroform was a mitotic poison in an invertebrate
test system. Because chloroform was more frequently negative than positive
in genotoxicity tests, many scientists have concluded that it is
nongenotoxic. However, DHS staff believe that the positive tests in

mammalian test systems indicate a possible genotoxic mechanism.

Chloroform is carcinogenic in rodents, ©producing 1liver  tumors
(hepatocellular carcinomas and neoplastic nodules) in both sexes of mice,
kidney tubular epithelial tumors in male rats and male mice, and
cholangiocarcinomas in both sexes of rats. Epidemiological evidence for
human cancer from exposure to chloroform is inadequate. The Intermational
Agenc or Research on Cancer ARC) and the U.S. .EPA both classi

chloroform as a possible human carcinogen based on adequate evidence for
carcinogenicity in animals and inadequate epidemiological data. DHS staff
agree with this classification. Furthermore, DHS staff found little
evidence of a carcinogenic threshold level for chloroform. Although some
scientists conclude chloroform is an epigenetic carcinogen, which may_ imply
the presence of a threshold. DHS staff, in order to protect public health,
treat chloroform as a nonthreshold carcinogen.

DHS staff used data from experimental animals to extrapolate the
carcinogenic risk to humans from exposure to chloroform in ambient air.
Concern has been raised in the scientific literature that liver tumors
produced in animals exposed to chloroform in corn oil may be vehicle-
dependent. ~ Staff used tumor sites that were not vehicle-dependent, Thus,
risks from the 1liver tumors were excluded from the DHS range of risks and
best estimate. The linearized multistage model (GLOBAL86) was applied to
data from several rodent carcinogenicity bioassays where chloroform was
given orally to derive a range of 95% upper confidence bounds on cancer
potency and to estimate risk for a given dose. Cancer potencies derived
from animal data were adjusted by dose scaling on a surface area basis to
obtain theoretical estimates of human cancer potencies. These 95% upper

confidence 1limits on slope ranged from 4.2 x 10.3 to 1.4 x 10.1 (mg/kg-

day)-l. The range of unit risks for inhalation of chloroform estimated

om__these analyses of animal studies assuming 50% absorption across the
lung lies between 2.9 x 10™> and 9.8 x 10 2(ppm) > (6.0 x 10°7 and 2.0 x 10°

sggg[mal-l). This corresponds to a potential cancer burden of 3 to 98

cancer cases per million people continuously exposed over their lifetime to
1 ppb chloroform in air. DHS contracted with the Lawrence Livermore
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National Laboratories (LLNL) Envirommental Health Sciences group to conduct
a health risk assessment of chloroform in drinking water. The LLNL
scientists used a Physiologically - based pharmacokinetic model to estimate
metabolized dose (Bogen et al. 1989). The metabolized dose estimates served
as measures of dose in a linearized multistage model. Animal potencies
were corrected by a surface area correction factor to estimate human

potencies. The resulting potencies for selected data sets (those evaluated

by both DHS and LINL ranged from 4.8 1073 to 1.7 x 1071 (mg M/ke-d lx
This is equivalent to unit risks of 4.5 «x 10-6 to 1.6 x 10-4 (DDb)-l.

DHS staff believe that a best estimate of potency lies between the high and
low end of the range of estimated potencies (see Section 8.7). Almost all
of the data sets were used as input for a best estimate. The potencies
based on hepatocellular carcinomas in mice in the NCI study were excluded
because production of these tumors appears to be vehicle-dependent. Eleven
potency .estimates derived from Roe et al. (1979) data on renal tumors in
male mice and from Tumasonis et al. (1985) data on cholangiocarcinoma in
male and female rats were geometrically averaged. This was done to take
into account the large number of studies indicating positive tumor response,
but to deemphasize their importance to the overall best estimate since each
individual study was not as well-designed as either the Jorgenson et al.
(1985) or NCI (1976) study. This value was then weighted equally with the
potencies from Jorgenson et al. (1985) and NCI (1976) and arithmetically
averaged. This average is presented as the best estimate of potency as a

unit risk of 2.6 x 10°° (ppb)'1 or 2.6 x 10”2 (mg/kg-day)'l.

Measurements of chloroform in California ambient air in 1985 - 1987 ranged
up to 0.3%5 ppb, with a median of about 0.06 ppb and a population weighted
exposure of 0.03 ppb for 20.3 million people. Using the population weighted
exposure (0.03 ppb) for a lifetime and the best estimate of potency (2.6 x

10.5 (ppb)'l), results in a potential 16 cancer cases in California.

These estimates of theoretical oncogenic potency in humans contain many
sources of uncertainty. Extrapolation from animals to man involves a number

of assumptions. Factors including metabolism, target site sensitivity,
diet, immunological responses, and genetics, may influence the process of
carcinogenicity. Differences in these factors in different species cannot

at present be easily quantitated and incorporated into risk assessment. The
human population is much more heterogeneous both genetically and culturally
(lifestyle, diet) than experimental animals. The intraspecies variability
in humans is, therefore, probably much greater than in laboratory animals.
Other uncertainties arise in the assumptions underlying the model used, and
in extrapolating from large experimental doses, where other toxic effects
may compromise the assessment of carcinogenic potential, to much smaller
environmental doses. Additional uncertainties arise from coincidental
exposure to other carcinogens in the occupational or general environment.
Notwithstanding these uncertainties, the lifetime risks presented above are
considered to be conservative estimates and are not likely to be exceeded by
the actual risk. These calculations are for the upper range of plausible
eéXcess cancer risks; the actual risk, which cannot be calculated, may be
insignificant.
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ased on the indings in animal studies of chloroform-induced
carcinogenjcity and the results of the risk assessment, DHS staff find that
chloroform s an ai ollutant which mav cause or contribute to an increase
i mortali or an increase in serious illness. or which ma ose a present
or _potential hazard to human health. Furthermore, chloroform in drinking
water (including that volatilizing into indoor air from household
activities) may contribute more to the overall risk from chloroform exposure
than chloroform in ambient air.
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1.1 Chloroform Highlights

I. National and International Evaluation of Carcinogenici;x
A. International Agency for Research on Cancer (IARC)

1. Animal Carcinogenicity Bioassays:

Sufficient evidence exists that chloroform is carcinogenic
to animals by the oral —route of administration.
(Inhalation route not tested).

2. Human Evidence:

There is inadequate evidence that chloroform is a human

carcinogen.
B, U.S. Environmental Protection Agenc PA

1. Animal Carcinogenicity Bioassays:

There is sufficient evidence that chloroform is

carcinogenic to animals by the oral route.

2. Human Evidence:

There is jinadequate evidence for carcinogenicity of

chloroform in humans. '

C. Conclusions: Both EPA and IARC have concluded that chloroform
is carcinogenic in laboratory animals, but that evidence for
human carcinogenicity is inadequate.

II. Exposure Sources
A. Air

Chloroform is a ubiquitous contaminant of urban and rural air,
Ambient air levels of chloroform were measured at 22 locations
in California by the Air Resources Board in 1985, 1986, and
1987. Measurements ranged from 0.02 to 3.54 ppb chloroform.
The mean concentrations ranged from 0.0257 to 0.3604 ppb, with

' a median of 0.06 Ppb and a population-weighted exposure of 0.03
ppb for 20.3 million people,

B. Water

Chloroform is formed during the chlorination of drinking water
or disinfection. Levels of chloroform in chlorinated drinking
water average 40 pug/l. Contamination of indoor air by
chloroform volatilizing from water during household activities
has been documented.
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III.

Quantitative Risk Assessment

A.

C.

Range of Potencies

The theoretical human risks associated with a continuous,
lifetime exposure to chloroform in ambient air have been
estimated from animal carcinogenicity bioassay data using the
linearized multistage model. Unit risks for humans estimated
from the animal data range from 2.9 x 10'6 per ppb (2.9 x 10-3
(ppm)-l) to 9.8 x 10-5 per ppb (9.8 x 10.2 (ppm).1 ) using the
linearized multistage model with administered dose. Unit risks
for humans estimated from animal data based on metabolized dose

ranged from 4.5 x 10°° per ppb to 1.6 x 1074 per ppb.

Best Estimate of Carcinogenic Potency

The best estimate of carcinogenic potencies was derived by
averaging potencies from selected data sets. The best estimate

of the unit risk was 2.6 x 10™° per ppb.

Extrapolations

1. Route

Animal carcinogenicity bioassays for chloroform were
conducted by the oral route. No studies exist which used
the inhalation <route of exposure. Therefore, the
assumption was made that chloroform is carcinogenic by
inhalation, and that a given absorbed dose is equipotent
by either route.

2. Dose

The doses in the animal carcinogenicity bioassays range
from 19 to 477 mg/kg-d. A human living in an area where
the average ambient air concentration of chloroform is 0.36
ppb would receive a dose from inhalation of about 0.0005
mg/kg-d. Thus, the experimental doses were about 5 to 6
orders of magnitude greater than doses resulting from
inhalation of ambient air.
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2.0 TOXICOKINETICS

2.1 Absorption

Raabe (1988) reported that 46 to 50% of inhaled chloroform is absorbed
across the human lung at low levels of exposure (13 + 5 ppb). About 40% of
inhaled chloroform is absorbed by dogs at levels less than 600 ppb (Raabe,
1986). Little quantitative information is available for absorption across
the gastrointestinal tract or skin in humans. Indirect evidence from animal
and human toxicity studies implies that GI absorption is fairly rapid and
complete, and that chloroform is absorbed to an appreciable extent across
the skin when in a liquid phase or in aqueous solution. Experimental
evidence is discussed in detail in the following sections.

2.1.1. Pulmonary Absorption

Inhalation is a primary route of human exposure to chloroform in the ambient
air. Readily absorbed across the lung (Davidson et al., 1982; Fry et al.,
1972; Poobalasingham and Payne, 1978), chloroform was used extensively as an
inhalation anesthetic for over 100 years (Waters, 1951).

Absorption across the lung into the blood depends on the blood:air partition
coefficient, diffusivity of the vapor, solubility in the various tissue
compartments, and the rate of equilibration into tissues (Goodman and
Gilman, 1980; Raabe, 1986, 1988). 'Other factors influencing absorption
include concentration of chloroform in inspired air, duration of exposure,
ventilation rate and cardiac oﬁtput'(von Oettingen et al., 1950; Davidson et .
al.,h 1982; Poobalasingham and Payne, 1978). The blood:air, water:air, and
oil:air partition coefficients reported by Sato and Nakajima (1979) were
10.3, 3.5, and 401, respectively, reflecting the lipophilic nature of
chloroform. Other investigators have derived similar oil:air and serum:air
partition coefficients (Morgan et al. 1972).

Despite its importance and the duration of its use as an anesthetic agent,
only a few experiments have been done to characterize pulmonary absorption
of chloroform in experimental animals and man. Raabe (1986) measured the
inhalation uptake fractions of 6 chemicals at low concentrations using adult
nose-breathing beagles. Each unanesthetized trained dog was fitted with a
respirafgr that separated and measured the volume of inhaled and exhaled
air. CHC1., (0.393 to 0.594 PPm) was administered to the dogs through the
respirator for 3 hours. Based on measurements of chloroform in the inhaled
and exhaled air (fractional uptake), steady state was reached in the first
30 minutes of exposure. At steady state, the fractional systemic uptake of
chloroform wvia the lungs was 39.8 + 1.5% standard,error. Raabe (1988)
exposed 4 human volunteers, 2 males and 2 females, to " C-chloroform in air
(7 to 25 ppb, 13 + 5 ppb, mean + standard deviation) via a nose-only or
mouth-only breathing apparatus for 2 hours. Steady state was reached within
30 minutes, based on measurements of fractional uptake at 30-minute
intervals. Steady-state uptake of chloroform, corrected for dead space, was
49.6 + 1.6 % by mouth and 45.6 + 1.5 % by nose. Uptake of chloroform while
mouth-breathing was significantly greater than while nose-breathing
(p<0.005, N=4, two-way analysis of variance). Uptake of chloroform, and
other vapors, by humans was greater than that measured in dogs (Raabe, 1986,
1988). This study and the experiments in beagle dogs are useful for risk
assessment because of the 1low levels of exposure which approximate
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environmental conditions. Raabe’s study with humans will be used as the
basis for estimating absorption of inhaled chloroform at ambient levels for
the risk assessment; it is assumed, then, that humans absorb 50% of inhaled
chloroform at 1low environmental levels such as the levels measured in
California ambient air (below 1 ppb) (CARB, 1987).

Lehmann and Hasegawa (1910) measured the retention of chloroform as the
difference in concentration in inspired and expired air in 3 human subjects
exposed to 4200 to 7200 ppm chloroform in air. Samples were taken after
each of four 5 minute exposures, and analyzed for chloroform by alkaline
hydrolysis and chloride titration. The retention (% inspired air
concentration of chloroform retained in the body) was high initially and
decreased during the 20 minutes of exposure. At 20 minutes, the retention
was between 50 and 75% of the inspired concentration. However, this does
not represent steady-state equilibrium absorption. Data from Smith et al.
(1973) 1indicate that equilibrium among all body compartments is not
approached until about 1 hour after induction of anesthesia with chloroform;
minimal differences in arterial and venous blood concentrations occurred at
- 120 minutes post induction. In ten patients observed by Smith et al., the
blood concentrations of chloroform during surgical anesthesia averaged 9.8
mg/dl (ranged from 7 to 16.5). The concentration of chloroform in inspired
air was not constant in this study, but it was less than 1.3% (13,000 ppm).
Poobalasingham and Payne (1978) measured the concentration of chloroform in
the blood of 16 patients undergoing surgery. Eight spontaneously breathing
patients inhaled 2 to 2.5% chloroform (20,000 to 25,000 ppm) in oxygen, and
eight patients on ventilators were breathing 1% chloroform (10,000 ppm).
The mean arterial concentrations of chloroform at surgical plane of
anesthesia were 17.28 + 4.1 mg/dl and 10.1 #+ 3.3 mg/dl in the spontaneously
breathing and ventilated patients, respectively, at equilibrium. The
arterial concentration after 1 hour reached 25% and 41% of the equilibrium
concentration (calculated by the investigators to be 36.7 mg/dl for 10,000
ppm exposure based on a blood:air partition ccefficient of 8.4) in
spontaneously breathing and ventilated patients, respectively. The uptake
of chloroform into the blood in ventilated patients was more rapid in the
initial stages than that occurring in spontaneously breathing patients
probably due to respiratory depression induced by anesthesia (Poobalasingham
and Payne, 1978). The available data are not sufficient to calculate a
fractional uptake of chloroform in humans. The U.S.EPA (1985a) calculated a
retention of about 67% based on data in Smith et al. (1973). However, it is
not clear how this figure was derived. :

2.1.2. Oral Absorption

There 1is appreciable absorption across the gastrointestinal tract followigg
oral administration. Taylor et al. (1974) recovered about 89% of = C
activity in exhaled air, urine and feces of mice within 48 hours of an oral
dose of 1labeled ch}groform, 60 mg/kg in olive o0il. After oral
administration of 60 mg E-chloroform/kg in olive oil, Brown et al. (1974a)
recovered 95 to 97% of © C activity in exhaled air, urine, feces, and the
carcass of mice and 93 and 99% of administered radiolabel in exhaled air,
urine and feces of rats and squirrel monkeys, respectively. 1In all cases,
the fecal elimination was on the order of a few percent while the majority
of radiolabel was exhaled, implying that chloroform is extensively absorbed
(e.g., 80 to 95%) after oral administration. ink et al. (1986) studied the
absorption, distribution, and excretion of = C-labeled trihalomethanes in
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mice and rats after intragastric intubation in corn oil. The total
radiolabel recovered in expired air, urine, and tissues was 78% for rats
given 100 mg/kg (16 uCi/kg) chloroform, and 95% in mice given 150 mg/kg (32
uCi/kg) chloroform. These data imply that at a minimum, 78 and 95% of an
oral dose was absorbed by the rat and mouse, respectively.

Withey et al. (1983) found that absorption of chloroform was influenced by
the vehicle in which it was administered. The blood concentration-time
profile of rats given 75 mg/kg in vegetable oil differed from that obtained
when chloroform was given in water. The peak concentration in blood was
about 6.5-fold greater and the area under the blood concentration-time curve
was 8.7 fold larger when chloroform was administered in water than in oil.
The time to peak concentration differed little (5.6 min in water, 6.0 min in
0il). When chloroform was given in water, an initial rise to a peak of 39
ug/ml was followed by a concave downward phase, which was followed shortly
by a more rapid linear elimination phase. When chloroform was given in oil,
there was a series of uptake pulses with peaks around 6, 20, and 40 minutes,
followed by a fairly linear elimination phase. Withey et al. (1983)
speculated that these peaks reflect uneven absorption of chloroform from
water immiscible globules. They also suggested that chloroform trapped in
vegetable o0il is moved down the gastrointestinal tract and that the peaks
represent differential absorption from different parts of the GI tract.
This phenomenon was observed with other lipophilic halogenated solvents in
the . same study. The,elimination rate constants from blood (water, 0.0218
min""; oil, 0.0258 min" ") did not differ significantly. -

Data reported in Fry et al. (1972) suggest that a large portion of an oral
chloroform dose is absorbed across the gastrointestinal mucosa in humans and
is excreted as unchanged chloroform and carbon dioxide. The bloed
concentration-time profile for 3 of the subjects showed a rapid rise in
concentration of chloroform with peak concentrations ranging from 1 up to 5
ug/ml one hour after oral administration of 0.5 g chloroform in a gelatin
capsule.

2.1.3. Dermal Absorption

The absorption of chemicals across the skin is dependent on a number of
physicochemical parameters, including ionic character, hydrophilicity and
lipophilicity. Tsurata (1975) studied the dermal absorption of chloroform
and other solvents across intact shaved skin of urethane anesthetized mice
during 5 to l5-minute application. Chloroform, 0.5 ml, was applied to a
2.92 cm” area under a sealed cup designed to prevent evaporative loss.
Absorption was calculated as the amount of solvent in expired air plus that
retained in the whole body as determined by extraction and gas
chromatographic analysis. Chlorqform was absorbed across mouse skin in vivo
at a rate of 329 nmoles/min/cm“ of skin, for a total absorption of 1718 ug
chloroform in 15 minutes. Thus, an absorption fraction of 0.2% in 15
minutes (1.7 mg absorbed/ 743 mg applied) is derived, assuming that the
entire 0.5 ml chloroform was in contact with the skin. The absorption
fraction could be higher if decreased dermal blood flow resulted from the
urethane anesthesia, as is common. Dermal absorption increased linearly
with time and was directly proportional to water solubility for 8 solvents.
Tsurata (1975) also estimated the amount of chloroform that would be
absorbed by a human,with both hands immersed, assuming the surface area of
the hands is 800 cm“ and the absorption rate is the same as for the mouse.
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The estimated absorption rate was 29.7 mg/min. Tsurata (1975) concluded
that the skin is a likely route of exposure to chlorinated solvents. No
other studies on dermal absorption of chloroform were found.

2.2 Distribution

Chloroform is distributed throughout the body to all tissues, particularly
to those with a relatively high proportion of 1lipid. Equilibrium
concentrations of chloroform will depend on the fat content and metabolic
capacity of the tissue. The tissues of relatively greater vascularity come
to equilibrium faster than those with a lower perfusion rate. McCommell et
al. (1975) found highest concentrations of chloroform in body fat of post-
mortem tissue samples selected randomly from the general population. The
source of the chloroform was presumably environmental.

Partition coefficients for human tissue at 37°C during surgical anesthesia
reported by Steward et al. (1973) reflect the lipophilicity of chloroform.
The expected order of descending concentration of chloroform at equilibrium,
following exposure to minimum alveolar chloroform concentration required for
anesthesia, 1is adipose >> brain > liver > kidney = muscle > blood = lung =
heart. Gettler and Blume (1931) determined the concentration of chloroform
in several tissues of 9 patients who died while under chloroform anesthesia.
Brain tissue contained 120-182 wmg/kg wet weight, while lung and liver
samples contained 92-145 and 65-88 mg/kg, respectively.

Chenoweth et al. (1962) determined the chloroform content of tissues of 2
dogs following a 2.5 hour period of chloroform anesthesia (concentration in
inspired air was not determined). Highest coficentrations were found in fat
(2800 ppm) and the adrenals (1185 ppm, 4-fold higher than blood). The
concentrations in brain, liver, and kidney were similar to those in blood.

Brown et al. (1974a) conducted whole-body autoradiography on maliaand female
rats and squirrel monkeys, 3 hours after an oral dose of 60 mg C-CHCl3/kg
(10uCi/mg). As indicated by the autoradiographs, the adipose tissue, liver,
and gall bladder of the squirrel monkey contained the largest amounts of
residual radioactivity, while the kidneys, lungs, stomach, heart, and testes
contained relatively little radioactivity. The authors noted no apparent
sex differences in distribution in rats and squirrel monkeys. However,
Taylor et al. (1974) observed a sex difference in the distribution of
chloroform in mice Rgsed on autoradiography 3, 5, and 7 hours after oral
administration of C-chloroform. Significantly 1larger amounts of
radioactivity (p<0.005) appeared in the kidneys of the males as compared to
the females of all strains. More radiolabel was found in the renal cortex
than in the medulla in males, while there was little difference in the
amount of label in the cortex and medulla of the kidney in the female mice.
Testosterone pretreatment of female mice resulted in increased distribution
of radiolabel to the kidney. Similarly, less radioactivity appeared in the
kidney of castrated males relative to controls after administration of
labeled chloroform. Ezvers of female mice contained significantly greater
(p<0.02) amounts of C 1label than those from male mice. These findings
correlate well with the observation that chloroform treatment induced kidney
tumors in male but not female mice (Roe et al., 1979) and in male but not
female rats (NCI, 1976). In addition, female mice appear to be more
sensitive to chloroform hepatocarcinogenesis than males (NCI, 1976) (see
Section 7). ‘
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Mink et al. (1986) reported that the stomach (without contents), liver,
kidney, and blood contained the highest amounts of radiolabel 48 hours after
an oral dose of 150 mg chloroform/kg in mice and rats. Cohen and Hood
(1969), using low-temperature autoradiographic techniques, found highest
concentrations of radiolabel in fat (up to 12-fold > blood), with lesser
amounts in the 1liver (1.6-fold > blood), and still smaller, roughly
equivalent amounts in blood, brain, lung,1 cle, and kidney, immediately
following inhalation exposure of mice to ~ CHCl, for 10 minutes. Fifteen
minutes after cessation of exposure, the relative concentrations in fat and
liver increased. By 120 minutes following cessation of exposure, total
radioactivity in the whole body was considerably 1lower, and was found
primarily in the liver, duodenum, and fat.

Similar results for distribution to the liver were observed in pregnant mice
by Danielsson et al. (1986). In addition, Danielsson et al. observed
significant radioactivity in the respiratory epithelium (nasal mucosa,
trachea, bronchi) relative to surrounding tissues in autorigiograms Prepared
immediately after a 10 minute inhalation exposure to C-chloroform. A
large portion of this radioactivity was nonvolatile, presumably metabolites.
Non-volatile radioactivity was also observed in the oral and esophageal
mucosa, centrilobular region of the liver, renal cortical tubules, salivary
glands, and conjunctiva of the eye. Autoradiography also revealed an
accumulation of nonvolatile radioactivity, presumably metabolites, in
respiratory epithelium, intestine, kidney, and urine of 4-day old mice one
hour following intraperitoneal injection of C-chloroform.

Lofberg and Tjalve (1986), wusing autoradiographic techniques, found
radioactivity bound to the following tissues, 30 minutes and 4 hixrs
following intravenous and intraperitoneal injection of adult rats with ~C-
chloroform: liver, kidney cortex, mucosa of the bronchial tree, tracheas,
nasal respiratory and 'olfactory mucosa, and mucosa of the esophagus, the
larynx, the tongue, the gingiva, cheek, pharynx, soft palate, naso-
pharyngeal cavity, and lower levels bound in urinary bladder and intestines.
Most of the radioactivity in the heavily labeled tissues remained after
washing the sections with trichloroacetic acid and organic solvents.
Evidence was presented that the bound radiolabel represented covalent
binding of metabolites (see following metabolism section). GCohen and Hood
(1969) demonstrated that the radioactivity in adipose tissue was primarily
volatile, while that in the liver was initially volatile and became mostly
nonvolatile metabolites (85.6%) by 120 minutes, reflecting biotransformation
of chloroform in that organ.

The distribution of radioactivity following 14C-chloroform administration
may differ depending on the route of exposure. In Taylor et al. (1974) more
radiolabel was found in the liver than in the fat 5 hours after oral
administration of chloroform, whereas in GCohen and Hood (1969) more
radiolabel was present in fat than in liver at 2 hours following cessation
of inhalation exposure. DHS staff suggest that this may be due to a first
pass effect following oral administration of chloroform. Alternatively,
these differences in tissue content may reflect the different sampling
times, i.e., redistribution of radiolabel may have occurred by 5 h in Taylor
et al.

Chloroform crosses the placenta and can be found in fetal blood and tissues
following inhalation or oral exposure (Whipple, 1912; Schwetz et al., 1974;
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Dilley et al., 1977). Danielsson et al. (1986) found volatile radiocactivity
in the R&acenta and fetuses shortly after a 10-minute exposure of pregnant
mice to ~ C-chloroform by inhalation (concentration not specified in paper,
4 mice were exposed in an all-glass chamber to about 80 uCi equivalent to a
total of 16 umol). Non-volatile radioactivity in the fetus reached a peak
about 1 hour after exposure. Metabolites of chloroform accumulated with
time in the fetoplacental unit. Tissue-bound metabolites of chloroform were
found in fetal respiratory epithelium when pregnant mice were exposed late
in gestation, indicating that this fetal tissue may have metabolic
activating capability. Radioactivity accumulated in the amniotic fluid with
time, reaching a - peak about 4 hours after exposure. Since there was more
radioactivity in ammiotic fluid at later sampling times (1 and 4 hours) than
immediately after exposure, the investigators assumed that metabolites had
accumulated in the amniotic fluid. '

2.3. Metabolism and Excretion

Chloroform is metabolized by the cytochrome P-450 dependent mixed function
oxidase system primarily in the liver, the respiratory epithelium, and the
kidney. Chloroform is metabolized to phosgene, presumably via hydroxylation
to an unstable derivative, trichloromethanol, which rapidly
dehydrochlorinates to phosgene (Figure 2-1). Phosgene may undergo
spontaneous hydrolysis to form CO.and HCl, or react with cellular
macromolecules (e.g., lipids and proteins). Phosgene also reacts with
glutathione (GSH) to form diglutathionyl dithiocarbonate. Minor amounts of
carbon monoxide are formed during chloroform metabolism. Some evidence
exists for the formation of free radicals from chloroform under reductive
conditions. Experimental evidence for chloroform metabolism is discussed in
detail in the following section.

2.3.1. Pathways of Metabolism

Early investigators postulated that chloroform is metabolized by cleavage of
chlorine atoms with the production of HC1 (Lucas, 1928; Zeller, 1883;
Graham, 1915). Zeller (1883) found increased urinary output of inorganic
chloride in dogs given oral doses of chloroform. Lucas (1928) found excess
chloride present in homogenates of 1liver incubated with chloroform and
postulated that chloride may be produced in vivo in the liver by clggvage of
chlorine atoms from chloroform. Van Dyke et al. (1964) found Cl (73s
inorganic, 27% uniggntified) in the urine of rats following intraperitoneal
(ip) injection of Cl-CHClB.
The metabolism of chloroform to CO, has been described by many
investigators. Following intraperitoneal”(ip) injection of “ C-chloroform
to rats, 4 to 5 % of the injected radioactivity was recovered as labeled
carbon dioxide (van Dyke et al., 1964). Much higher rates of metabolism of
chloroform to CO, were reported by Brown et al. (1974a). Mice, rats, and
squirrel monkeys excreted about 80%, 66%, and 18% of administered
radioactivity as €0, (captured in an ethanolaTzne trap) via the lung,
respectively, after orial administration of 60 mg ~ CHCl,/kg. About 20% of
the radioactivity exhaled by the rat was chloroform™or toluene-soluble
metabolites. Small amounts of radioactivity were found in the urine and
feces of all species. Urea, carbonate and bicarbonate accounted for nearly
50% of the radioactivity present in mouse urine; the remaining 50% was not
identified. Taylor et al. (1974) also found that mice excreted 80% of a
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" Figure 2-1. Pathways of Chloroform Metabolism in Mammals
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dose of 14CHCl3 (60 mg/kg) as 14COZ. Small amounts (0.4% in males; 1.8% in

females) of radioactivity were &exhaled as chloroform or toluene-soluble
metabolites, and about 5% and 0.6% of administered radiolabel were found in
urine and feces, respectively, collected over 48 hours. Raabe (1986) fignd
that about half of the chloroform absorbed duriﬂg exposure to c-
chloroform (0.393 to 0.594 ppm) was exhaled as ~ CO,, and about 18% as
unchanged chloroform (or toluene-soluble metabolites) in"the first 21 hours
following cessation of exposure in dogs. A small fraction was excreted in
the urine and feces in the 69 hours following exposure.

Fry et al. (1972) and Raabe (1988) indicafgd that humans can metabolize
chloroform to 002.13Two subjects were given CHC13, 0.5 g orally in olive
oil, and exhaled €0, was monitored using mass Spectrometry (Fry et al.
1972). Forty-eight and"51% of a single oral dose of chloroform was exhaled
as CO, over a 7.5 hour period, with maximum excretion occurring 75 to 210
min after administration. Pulmonary excretion of chloroform and its carbon
dioxide metabolite accounted for most of a single oral dose in humans. No
lower chlorinated methanes were found in expired air and chloroform was not
detected in the urine. Raabe (1988) exposed 4 human subjects to 13 + 5 ppb
chloroform in air for 2 hours, and found about 16% of administered
radiocactivity (36% of the absorbed dose) exhaled as CO2 within a half hour
of cessation of exposure.

Metabolism of 1I‘CHCI to 1400 in yvitro was reported by Rubinstein and
Kanics (1964) and aaul and Rubinstein (1963). These investigations
demonstrated that the formation of carbon dioxide from chloroform is an
enzymatically catalyzed NADPH-dependent reaction.

.Several investigations have demonstrated that chloroform is metabolized in
vivo and in yitro to phosgene, COCl,, a highly reactive compound which can
spontaneously hydrolyze to CO, and HC%. Phosgene is a reactive electrophile
which may react with nucleo%hilic groups within tissue macromolecules, and
may be responsible, at 1least in part, for the hepatotoxicity and
nephrotoxicity and possibly the carcinogenicity of chloroform. Mansuy et
al. (1977) and Pohl et al. (1977) showed that phosgene is formed during
NADPH and oxygen-dependent microsomal oxidation of chloroform. These
investigators incubated liver microsomes from phenobarbital-pretreated rats
with 2 mM chloroform in the presence or absence of 2 mM cysteine. In the
presence of cysteine, a.stable adduct was formed identical to the product of
the reaction of cysteine with phosgene, 2-oxothiazolidine-4-carboxylate.
Pohl et al. {l977) also reported that cysteine inhibited the binding of = C
}gbel from CHC1l, to microsomal proigin. Additionally, incubation under

0, resulted in “incorporation of 0 into the 2-oxo position of 2-
oxo%hiazolidine-a-carboxylate (0TZC) in the presence of cysteine. This
provides evidence that chloroform is activated by oxidative dechlorination
to form phosgene. '

Pohl et al. £ 980) found that covalent binding of lhc label and the

formatign of CO2 following in vitro incubation of rat liver microsomes
with CHCl, was “inhibited by cysteine, presumably by reaction with the

metabolite p%osgene.

Incubation of rat 1liver microsomes with 3H—labeled chloroform or 36C1-

labeled chloroform did not result in appreciable amounts of covalently bound
radiolabel, suggesting that other reactive intermediates postulated as
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possible products of chloroform metabolism, including the trichloromethyl
radical (-CCl.), dichloromethyl carbene (CIZC:), and the dichloromethyl
radical (Cl Hé-) are not formed in signiffcant amounts during in wvitro
metabolism o% chloroform (Pohl et al, 1980). Po?& et al. (198 g also showed
that covalent binding, and the formation of “"CO. and the “°Cl anion are
oxygen and NADPH-dependent processes and are inhi%ited by carbon monoxide
and SKF525A, implicating mediation by the cytochrome P-450 mixed function
oxidase enzyme system. ’

Pohl et al. (1979) injected phenobarbital-pretreated rats with cysteine (1
g/kg, ip) followed 30 min later by chloroform (5 mmol/kg,ip, in sesame oil),
or CDCl,. Extraction of the liver showed that rats produced more than twice
as mucg phosgene (trapped as OTZC) from chloroform than from deuterated
chloroform. The C-D bond is more resistant to cleavage than the C-H bond,
and hydroxylation of deuterated chloroform would proceed at a slower rate.
This result supports the concept that a short-lived hydroxylated
intermediate is formed which rapidly decomposes to phosgene. In addition,
these investigators found that deuterated chloroform was 2 to 3 times less
hepatotoxic than chloroform which supports the hypothesis that the
hepatotoxicity of chlorocform results from the production of a reactive .
metabolite.

Metabolism of chloroform to phosgene occurs in the kidney as well as in the
liver in some species. Pretreatment with phenobarbital, a potent inducer of
renal cytochrome P-450 in the rabbit, increased rabbit renal cytochrome P-
450 content, and stimulated metabolism of chloroform to carbon dioxide and
covalent binding of radiolabel 4 to 5-fold in renal cortical slices and
microsomes (Bai}}e et al, 1984). Phosgene formation was indicated by the
production of C-labeled OTZC and.,decreased covalent binding when the
kidney microsomes were incubated with " 'CHCl, and cysteine. Pretreatment of
rabbits with phenobarbital also enhanced the nephrotoxicity of chloroform.

Pohl et al. (1984) also provided evidence that cytochrome P-450 mediates the
metabolism of chloroform to phosgene in the kidney. Production of phosgene
was greatest in the microsomal fraction of kidney homogenates, and was
inhibited by cCo. Branchflower et al. (1984) examined the mefgbolism of
ibloroform in the kidney in male mice. Mouse kidney metabolized CHCl3 and
C-GSCOSG to OTZC and OTZC-glycine (see Figure 2-1).

Lofberg and Tjalve (1986) studied metikolism and covalent binding in rats
injected ip or intravenously (iv) with C-chloroform, using whole-body and
microautoradiography. Several tissues were identified as having marked
ability to metabolize chloroform including the following: liver, kidney
cortex, bronchial tree, olfactory and respiratory nasal mucosa, tracheal and
esophageal mucosa, and larynx, tongue, cheek, gingivae, naso-pharyngeal
duct, pharynx, and soft-palate. In vitro metabolism by tissue slices from
the esophagus, trachea, and lung revealed strong labelling in the presence
of oxygen and 1little to no covalent binding under a nigrogen or carbon
monoxidi4 atmosphere. The greatest in vitro production of “ 'CO, and tissue-
bound [“'C] occurred in the liver, followed by nasal olfactory mucosa, nasal
respiratory mucosa, kidney cortex, cheek, - esophagus, tongue, larynx,
trachea, and lung.
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Other investigators have examined the potential for cytochrome P-450
catalyzed reductive biotransformation of chloroform. Butler (1961) reported

that methylene chloride was not found in exhaled air collected for 2 hours
following inhalation exposure of two dogs to chloroform vapors. Low levels
of methylene chloride were found inohomogenates of mouse liver incubated
with chloroform for one day at 37 C. No details of the incubation
conditions, purity of chloroform, chloroform concentration, and sample size
were reported. Wolf et al. (1977) reported that, under anaerobic
conditions, incubation of rat 1liver microsomes with chloroform produced
minute amounts of CO.

Tomasi et al. (1985) detected the production of free radical intermediates
from chloroform in isolated rat hepatocytes and in vivo in male Wistar rats
using electron spin resonance techniques and the spin trapping agent phenyl-
t-butyl nitrone  (PBN). The authors provided evidence that the
dichloromethyl radical, «CHCl,, is formed from chloroform. The cytochrome
P-450 inhibitors SKF525A, metyrapone, and CO, and increased oxygen tension
reduced free radical-PBN adduct formation in isolated hepatocytes and
microsomal preparations. Free radical-PBN adducts were also found in
extracts of liver homogenates 15 minutes after ip administration of 9.2 mmol
CHC13/kg together with 180 mg PBN/kg in olive oil in phenobarbital-
pretfeated rats. Tomasi et al. (1985) concluded that reductive metabolism
of chloroform to a dichloromethyl radical may contribute to the
hepatotoxicity of chloroform. These investigators also speculated that
chloroform-derived free radicals could be oxidized to the peroxy radical
which may in turn form the alkoxy radical, CHCl,0., that could interact with
cellular macromolecules in a manner similar to phosgene (Tomasi et al.,
1985).

Testai and Vittozzi (1986) incubated liver microsomes from uninduced rats
anaerobically, and found about 2% of the covalent binding seen under aerobic
conditions. However, pretreatment with phenobarbital or beta-naphthoflavone
enhanced covalent binding to microsomal protein under anaerobic conditions
50 and 15-fold, respectively. Under anaerobic conditions, destruction of
cyt P-450 was marked, and NADH supported P-450 loss to the same extent as
NADPH. Testai et al. (1987) reported that ,phenobarbital pretreatment
increased covalent binding of radiolabel from ~ C-chloroform to 1lipid in
male B6C3F1 mouse liver microsomal preparations under both anaerobic and
aerobic conditions. Addition of GSH (3mM) to the incubation medium reduced
covalent binding to protein and lipid under anaerobic and aerobic incubation
conditions. Anaerobic incubation of microsomes with chloroform (0.1 to 5
mM) produced a time and dose-dependent reduction in cytochrome P-450 content
that was about twice that seen under aerobic conditions. These data
indicate that reductive metabolism of chloroform may produce reactive, toxic
metabolites.

Fodor and Prajsnar (as cited in Ahmed et al., 1977) reported elevated levels
of carboxyhemoglobin in rats exposed to various haloforms, suggesting that
haloforms may be metabolized to carbon monoxide. Ahmed et al. (1977)
provided evidence that haloforms, including chloroform are metabolized to
carbon monoxide by a cytochrome P-450 dependent mixed function oxidase in
rat liver microsomes. The slow rate of formation of CO from chloroform
relative to the other haloforms, is consistent with only minimal elevations
in carboxyhemoglobin 1levels in rats exposed to chloroform (Anders et al.,
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1978) and with other metabolic studies which revealed low levels of
formation of CO from chloroform in the rat (Wolf et al., 1977; Stevens and
Anders, 1981b).

Carbon monoxide is believed to be formed from the hydrolysis of the
chloroform metabolite diglutathionyl dithiocarbonate (GSC0SG) (Anders et

al., 1978). Formation of GSCOSG from chloroformlyas demonstrated to occur
in wivo and in wvitro by Pohl et al. (1981). C- NMR revealed that the

thiocarbonate carbon was derived from chloroform. GSCOSG was detected in
the bile of rats 30 minutes after administration of 3.7 mmol chloroform/kg
ip in sesame o0il. The reaction of phosgene with GSH probably accounts for
the protective effect of GSH against covalent binding of chloroform
metabolites to microsomal protein and for GSH depletion observed after
chloroform administration in vivo (Pohl et al., 1981; Brown et al., 1974).

Stevens and Anders (1981a) investigated the mechanism of haloform metabolism
to CO in vivo in rats. Carbon monoxide was produced in rats given CHCl. or

CDCl,, 0.2 ml/kg ip in corn oil. Treatment with diethyl maleate (DE&), a
GSH aepletor, prior to chloroform administration inhibited the formation of
CO in wvivo. Stevens and Anders (1979) propose a metabolic scheme whereby
carbon monoxide is formed when the phosgene reacts with cellular GSH to
form a carbonyl chloride which reacts with a second molecule of GSH to form
a glutathione dimer and CO and HCl. This scheme was validated in vitro
(Stevens and Anders, 1979) and in vivo (Stevens and Anders, 1981b). Since
DEM treatment enhances covalent binding and hepatotoxicity of chloroform
(Stevens and Anders, 1981b), these investigators suggested that the
glutathione-dependent production of €O may be a common detoxification
pathway for haloforms (Stevens and Anders, 198la). Carbon monoxide
formation in vivo was also inhibited by about 50% when cysteine (1 g/kg, ip)
was administered 30 minutes prior to chloroform administration (0.3 ml/kg,
ip) (Stevens and Anders, 198la). This suggests that cysteine may react ip
vivo with phosgene to detoxify this chloroform metabolite. The data
Presented in Stevens and Anders (1981a) supports that obtained from several
studies conducted in vitro on chloroform metabolism. Formation of Phosgene
is central to the production of carbon dioxide, carbon monoxide, and OTZC
from chloroform.

2.3.2. Excretion

Early investigators reported that inorganic chlorides were found in liver
and urine of dogs, rabbits, and rats following administration of chloroform
(Zeller, 1883; Lucas, 1928; Van Dyke et al., 1964). Mice, rats, and
iguirrel monkeys excreted 80%, 66%, and 18% of administered radioactizity as

CO, wvia the lung, respectively, following oral administration of "'CHC1.,
60 mg/kg (Brown et al., 1974a). About 20% of the exhaled radiocactivity was
eliminated unchanged and/or as toluene-soluble metabolites in the rat.
Urinary and fecal excretion accounted for a small portion of the
administered radiolabel in all three species. Taylor et al. (1974) found
similar results in mice. Mice, however, exhaled less than 2% of radiolabel
as unchanged chloroform and/or toluene-soluble metabolites.

ynolds et al. (1984a, 1984b) measured exhalation of parent compound and
CO, at 15-minute iYEervals for 8 to 12 hours following oral administration
of I2 or 36 ng CHCl,/kg in mineral oil to rats. These doses were not
hepatotoxic by measurement of serum transaminases and histological criteria.
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Pharmacokinetic analysis (using a nonlinear least squares program, NONLIN)
of the data fit a two compartment model. Pharmacokinetic parameters
obtained in this study (Table 2-A) indicate that about two-thirds of this
oral dose was eliminated as CO, within 24 hours. About 5 and 12% of the
parent compound were eliminated” by the lung at 12 and 36 mg/kg doses,
respectively, in the first 24 hours. The elimination curves of parent
compound were roughly parallel and the amounts proportional to dose, for rats
given 12 and 36 mg/kg. However, the curves for elimination of ~ CO. were
not parallel. Rats given the higher dose of chloroform exhaled CO: at a
rate that was about 25% greater than the rate observed in the lowef dose
group. The peak rate occurred later and lasted longer in the high dose
animals. Apparent half-times for the phases of absorption, distribution,
and elimination of parent compound, and elimination of CO, are presented in
Table 2-A. The apparent half-time of elimination of'CO2 was about 2-fold
longer at the high dose relative to the low dose.

Raabe (1986i4 reported that 14.9% of an inhaled dose of chloroform was
excreted as =~ CO, via the dog lung in the first 21 hours following cessation
of exposure to“0.4 - 0.6 ppm. This represents about half of the amount of
chloroform absorbed during exposure. In the same time period, 5.3% of the
administered dose (about 20% of the absorbed dose) was exhaled as chloroform
or alcohol-soluble metabolites. Excretion of radiolabel in urine and feces
accounted for 2.5 and 0.5% of the administered dose (about 9% and 2% of
absorbed dose), respectively, within 69 hours followingaexposure. The
estimated clearance half-time of radiolabel derived from CHCl3 from the
blood was 10 hours.

Withey and Collins (1980) found that, in rats given intravenous doses of 3,
6, 9, 12, or 15 mg chloroform/kg, the elimination of chloroform followed a
three compartment model at all doses. The mathematical expression for a
three compartment model is as follows:

In C, = In(ae " + Be Pt 4 ce”Aty

The kinetic parameters for this model are listed in Table 2-B. While the
elimination at each dose appeared to fit a 3-compartment model, several of
the kinetic parameters exhibited dose-dependent changes. Specifically, a,
B, and X decreased with increasing chloroform dose. B and C increased with

increasing dose. In addition, the volume of distribution increased with
increasing dose. The U.S. EPA (1985a) pointed out that the route of
administration, intravenous in this case, influences these parameters. A

bolus iv dose of volatile compound such as chloroform would be rapidly
excreted via the lung, and, therefore, pulmonary elimination is occurring
simultaneously with distribution and metabolism. In contrast, after oral
administration, the distribution phase is more readily separated from the
elimination phase. This complicates interpretation of pharmacokinetic
information, and use of such information in extrapolating across routes is
not realistic. Withey and Collins (1980) also looked at elimination of
chloroform from major organs following iv administration of 15 mg/kg. The
rates of elimination from all tissues except fat were not much different
than those from blood. The investigators suggest that most of the major
organs together with the blood constitute the central pharmacokinetic
compartment. This is probably why most of the data presented by Withey et
al. (1980) apparently fit a two compartment model as well as a three-
compartment model.
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Table 2-A

Pharmacokinetic Parameters for Chloroform
after Oral Administration to Rats.
From: Reynolds et al. (1984a, 1984b)

Chloroform Dose

Parameter 12 mg/kg 36 mg/kg
% Eliminated as CHC1§ 5 12
b
Time of Peak Elimination of CHCl3 0-15 0-30
Peak Rate of Elimination of CHCl3
(pmoles/h-kg) 6.0 15.2
a
% Elimination as 002 67 68
Time of Peak Elimination’ of co, 30-45 60-105
Peak Rate of Elimination of CO2 37 46
(pmoles/h-kg)
Apparent t1/2 (hours) of :
CHC1l, Absorption 0.08 0.13
CHC1, Distribution 0.29 0.41
CHC1, Elimination 3.8 2.3
Cco Elimination 2.1 5.6

2

a In 24 Hours
b Minutes
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Table 2-B

Pharmacokinetic Parameters for Chloroform
after i.v. Administration to Rats,
Based on the Three-Compartment Model
(mean #+ standard error)

From: Withey and Collins (1980)

a b
oeg Ya A X b Lo ) k12 k21 k13 k31
ml ug/ml ___ min’ ug/ml min L ug/ml min.1 Amjn'l min'1 mln'1 min
l

3.0 (2) 45.70 21.43 0.72 5.01 0.135 1.189 0.0287 0.2346 0.2575 0.0921 0.0421
+0.04 +0.11 +0.11 40.52 +0.001 +0.39 +0.0064 +0.0651 +0.0316 +0.0008 40,0098

6.0 (5) 53.57 48.52 0.64 10.42 0.081 1.834 0.0158 0.2681 0.1862 0.0730 0.0233
+12.61 +10.22 40.13 +1.42 +0.010 10.31 +0.0019 +0.0631 +0.0188 +0.0246 +0.0032

9.0 (2) 64.46 47.23 0.64 15.52 0.095 2.821 0.0189 0.2529 0.2421 0.0594 0.0281
+14.26 49.16 +0.084 +1.31 +0.0002 +0.92 +0.0009 40,0489 +0.0064 40.0034 40.0042

12.0 (2) 80.62 57.52 0.32 15.61 0.060 1.434 0.0074 0.1071 0.1192 0.0395 0.0106
+20.20 - +15.23 +0.20 +4.28 +0.028 +1.13 +0.0056 +0,0774 +0.0676 +0.0253 40,0084

15.0 (&) 89.13 55.98 0.35 20.41 ~ 0,070 3.442 0.0134 0.1104 0.1523 0.0396 0.0193

+12.83 47.39 $0.048 - +3.07 40.006 +0.64 40,0005 40.0256 +0.0188 +0.0104 40.0018

t. Number of animals per dose

). Vd = volume of distribution ealculated as D/(A + B + C), where D was the administered amount in ug.



A recent report by Raabe (1988) provides data on the pharmacokinetics of
chloroform in humans following low level inhalation exposure. Raabe (1988)
reported that humans exposed to 7 to 25 ppb chloroform by inhalation exhaled
4 significant portion of the dose as carbon dioxide. The total amount of

€0,, chloroform or alcohol-soluble metabolite exhaled during and 30
minu%es after exposure are presented in Table 2-C. The average net body
retention of radiolabel, measured 30 minutes after exposure ceased, was 28.2
+ 1.5% of total inhaled radiolabel. AEgut 36% of the absorbed dose (16.6%
of inhaled radiolabel) was excreted as - 'CO. via the lung, while only about
3% was excreted as unchanged chloroform or azcohol-soluble metabolite within

30 minutes of the end ofa exposure. The elimination half-life» of
radioactivity derived from CHCl, from the lung and via urine were about
3.5 and 5.2 hours, respectively, These half-life estimates were based on

a simple exponential clearance process described by:

lnAl-lnA + A(t,- t.)

where A is the average uptdke, A,“is the‘totil body retention of inhaled
vapor a% 2.5 hours after the beginfiing of exposure, t, is the beginning of
exposure, and t is 2.5 hours after exposure began.” The value of A, was
obtained by sub%racting' measured urinary and lung excretion from mea$ured
average uptake during exposure. The clearance half-time is calculated from
the clearance rate constant, ), where A = In 2 / t1/2'

Some information on pharmacokinetics following higher exposure levels can be
inferred from case reports and human studies. Stewart et al. (1965) report
@ case of an 18 year old male who was accidentally exposed via inhalation to
several solvents, among them chloroform. The patients breath was analyzed
for chloroform over a 96 hour period, and the results, plotted in a semilog
fashion, reveal an exponential decay with three phases, The three
compartments probably correspond to vessel-rich tissues with high blood flow
and high diffusion rate constants, lean body mass (muscle and skin), and
adipose tissue, The elimination half-life from the adipose compartment,
indicated by the griph in Stewart et al., appears to be about 24 hours.
Limited information in Lehman and Hasegawa (1910) points to an elimination
halflife of about 20 minutes from highly perfused tissue. 1In this study, a
human subject was exposed to about 4400 ppm chloroform in air for 30
minutes. The amount of chloroform in the expired air was monitored during
exposure and for 30 minutes after exposure. The concentration in expired
air decreased from an average of 1.7 mg/l in the first 10 minutes to 0.85
mg/l in the 20 to 30 minute period following exposure. Similar estimates
can be made from a graph of chloroform content of arterial and venous blood
in an anesthetized patient published in Smith et al. (1973). Upon cessation
of exposure to chloroform (about 10,000 ppm), the concentration fell rapidly
from about 7 mg/dl to 3.5 mg/dl in 30 minutes.

The pulmonary excretion of orally-administered chloroform and its carbon
dioxide metabolite was studied in healthy male and female human volunteers
(18-50 'yr old, 60 to 80 kg body weight) (Fry et al., 1972). The percentage
of administered dose excreted via the lungs as unchanged chloroform in 8
hours ranged from 18 to 67% for eight subjects following oral administration
of a. gelatin capsule containing 0.5 g chloroform in olive oil (Table 2-D).
Maximum pulmonary excretion of CHCl. occurred 40 to 120 min after

administration. The amount of unchangea chloroform excreted appeared to be
igversely proportional to body fat content. Igo subjects were given
CHC13, 0.5 g orally in olive o0il, and exhaled CO2 was monitored using
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Pharmacokinetics of

TABLY £-G

4
1 C-chloroform in Humans Following Low-Level Inhalation Exposure

From: Ra~be (1988) ‘ |

 PERCENT OF INHALED RADIOLABEL:
a c
SUBJECT Conc, ROUTE T AC oSy TERV. : TOTAL AT 2.5 HOURS
(SEX) (ppb) (HOUR) EXHALED EXHALED as EXCRETED NET BODY
b as 002 CH013 or ASM IN URINE RETENTION
0-0.5 0,5-1 1-1,5 5-2.0 ssu :
B.L.(M) 14 M 56.0 52.1 49.7 43.6 48,5 + 2.5 17.8 .- 0.53 --
B.R.(M) 12 M 52.0 44.9 41.8 41.0 42.6 + 1.2 16.5 -- 0.25 --
M.G.(F) 11 M 51.4 50.5 51.0 45.5 49.0 + 1.8 15.2 .- 0.22 --
P.W.(F) 25 M 56.0 55.4 59.4 52.2 55.7 £ 2.1 20.1 -- 0.14 --
B.L. (M) 10 N 45.9 40.9 39.6 38.2 39.6 + 0.8 15.6 -~ 0.40 --
B.R. (M) 7 N 50.4 42.3 4Q.6 38.8 40.6 £ 1.0 14.9 ‘ -- 0.60 --
M.G.(F) 10 N 54.4 53.0 47.1 45,0 48.3 + 2.4 15.1 -- 0.14 --
P.W.(F) 13 N_ 55.8 52.6 47.7 45,0 48.4 + 2.2 17,5 .- 0,06 -
. d |
Average: Nose 44.2 +1.5 16.6 +0.6 1.5+ 0.12 0.29 + 0,07 28.2 +1
d
Mouth 48.9 + 1.6
' d
Corrected for dead space Nose 45.6 £ 1.5
d
Mouth 49.6 + 1.6
a. N = Nose breathing; M = mouth breathing
b. SSU = Steady-state uptake; Total inhaled (ug): MOUTH B.L. = 68, B.R, = 52, M.G, - 40, P.W. = 81
NOSE B.L. = 51, B.R, = 28, M.G, = 34, P.W. = 50
¢. For exposure time (2 hours) plus 0.5 hour clearance.
d. Based on 12 measurements made during the last 1.5 hours of exposure.
e. ASM = alcohol-solu?le metabolite. i
Specific activity of C-chloroform = 11.9 mCi/mmol, >98% pure.



Pulmonary Excretion of Chloroform in Man

Table 2-D

From: Fry et al. (1972)

Subjects Pulmonary excretion (% of dose)
Dose of
Body-wt chloroform Found Calculated
No. Sex (kg) (g) (S-hr period) (infinite time)
1 M 61.8 0.5 66.6 67.2
2 M 64.6 " 51.0 54.8
3 M 70.9 " 50.0 52.2
4 M 80.0 " 35.9 38.4
5 M 74.6 " 17.8 18.2
6 F 62.7 " 40,4 42.0
7 F 59.0 " 34.8 35.8
8 F 58.0 " 25.6 27.6
9 M 65.0 ‘1.0 64.7 68.3
10 M 66.0 0.25 12.4 (1)
10 M 66.0 0.1 - 3

(!) After 3 hr, chloroform concentrations fe
(2) Chloroform was undetected in the exhaled
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mass spectrometry. Forty-eight and 51% of the dose was exhaled as 1360

over a 7.5 hour period with maximum excretion occurring 75 to 210 min after

administration. In a separate experiment with the same two subjects, 67%
and 40% of a chloroform dose was excreted unchanged via the lungs in an 8
hour period. No 1lower chlorinated methanes were found in expired air and

chloroform was mnot found in the urine. Pulmonary excretion of chloroform
and its carbon dioxide metabolite accounted substantially for a single oral
dose in humans. The blood concentration - time curve for chloroform in 3
human subjects revealed a biphasic elimination profile out to 7.5 hours
(Figure 2-2). The half-lives of elimination in the first rapid phase ranged
from 9 to 21 minutes. The half-lives of elimination in the second slower
phase ranged from 86 to 96 minutes. Chloroform was detected in the breath
of some subjects for up to 24 hours after administration. Based on this
information, the U.S.EPA (1985a) suggests that a third phase of elimination
exists with a very long half-life, representing disappearance from adipose
tissue. The wvariation in half-lives measured in the studies cited above
reflects differences in exposure levels, in assumptions concerning the shape
of the elimination curve, and in the time over which measurements were taken
(Table 2-E). Low level (ppb) exposures in the Raabe (1988) study are
subsaturating in terms of metabolic capacity. The higher level exposures
(in Fry et al., 1972, Lehman and Hasegawa 1910, Smith et al., 1973 and
Stewart et al., 1965) are probably saturating the metabolic enzymes,
resulting in a backlog of unmetabolized chloroform which distributes
preferentially into adipose tissue. In addition, Raabe (1988) only measured
elimination during the 2 hour exposure and for 0.5 hours following cessation
of exposure, while Fry et al. (1972) measured elimination for up to 8 hours
thereby obtaining more information on the shape of the elimination curve.

2.3.3. Relationship Between Metabolism and Toxjcity

Metabolism of chloroform by the cytochrome P-450 dependent mixed function
oxidase enzyme system is central to the toxic effects observed in chloroform
intoxicated animals. The potentiation and antagonism of chloroform-induced
toxicity by a variety of compounds that interact with cytochrome P-450 (p-
450) has been extensively investigated. The potentiation of chloroform-
induced hepatotoxicity and nephrotoxicity by various alcohols and ketones is
well documented (Cowlen et al., 1984; Iijima et al., 1983; Hewitt et al.
1979, 1980, 1983; Brown and Hewitt, 1984). Branchflower and Pohl (1981)
investigated the potentiation of chloroform-induced hepatotoxicity by
methyl-n-butyl ketone (MBK) in the rat and concluded that potentiation of
chloroform-induced hepatotoxicity by MBK is the result of MBK-induced
hepatic GSH depletion and increased oxidative metabolism of chloroform to
phosgene. Nephrotoxicity induced by chloroform was also potentiated by MBK
although P-450 and renal GSH levels were unaffected. This apparent anomaly
was attributed by the investigators to possible alteration of P-450 types or
localized GSH depletion not reflected in a measurement of total remal GSH
levels (Branchflower and Pohl, 1981).

Jernigan and Harbison (1982), provided evidence that the potentiation of
chloroform-induced hepatotoxicity by 2,5-hexanedione in mice resulted from
an increase in P-450 content and amount of chloroform metabolized. The P-
450 induction and potentiation of hepatotox1c1ty by 2,5-hexanedione was:
greater in the females than in the males. ‘
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Figure 2.2, Blood concentration-time curve of 3 humans following

ingestion of chloroferm.  From: Fry vt al, (1972),

Mood concentration of chtorolorm (pglmi )

. b .q-Q
o1l / - ~ .

2 3 & g 8

Time (hr)

Semi-log plois for the blood conceniration-time relationships of chloreform in human

" subjects sfier oral administration. A gelatin capsule contsining $00 mg of chloroform

in ] m} of olive oil was ken orally by cach subject st zero time, and instantsneous blood

levels were measured at regulsr timcs theresfter. The curve C = = = O reprasents thé

blood profile of subject no. 2. the broken curve A= - = A the blood profile of subject
no. $ snd the cune g§——-u the blood profile of sudject no. 6,
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074

Reference

Fry et al. (1972)

Stewart et al. (1965)

Lehman and Hasegawa
(1910)

Smith et al. (1973)

Raabe (1988)

a. R = route of exposure,

TABLE 2-E

Estimates of Half-lives of Chloroform in Humans

t

R /2

9.21 min
- 86-96 min

24 h

20-30 min
30 min

3.5h
5.2 h

.

Reflecting:

Rapid phase of pulmonary
elimination

Second slower phase of
pulmonary elimination

Pulmonary elimination from
3rd compartment (adipose

tissue)

Pulmonary elimination from
highly perfused tissue

Pulmonary elimination from
highly perfused tissue

Pulmonary elimination

Urinary clearance

0 = oral, I = inhalation

L]

Assumption:

2 compartment model

3 compartment model

Multi-compartment model
Multi-compartment model

Simple exponential
clearance



Cornish et al. (1973) reported that phenobarbital pretreatment of rats
markedly potentiated the increase in SGOT in chloroform challenged animals,
and increased the percentage of the 1liver experiencing centrilobular
necrosis. Brown et al. (1974b) observed marked centrilobular necrosis and
increased lethality after a 2 hour inhalation exposure to anesthetic
concentrations (5000 to 10000 ppm) of chloroform in phenobarbital pretreated

rats relative to controls. Gopinath and Ford (1975) reported that
phenobarbitone sodium, phenylbutazone, and DDT induce hepatic P-450
activity, and potentiate the hepatotoxicity of chloroform in rats.

Pretreatment with inhibitors of P-450 reduced the extent of
histopathological 1lesions produced by administration of chloroform. Kluwe
et al. (1978) reported that pretreatment of mice with various inducers of P-
430 altered chloroform-induced renal damage differently than chloroform-
induced hepatic damage, implying that the metabolism of chloroform in the
liver and kidney may follow different pathways and may be catalyzed by
different forms of P-450 in ICR mice. .

Pohl et al. (1984) demonstrated a correlation between strain and sex
differences in CHCL. -induced nephrotoxicity and the ability of the kidney to
metabolize chloroform to phosgene in mice. Kidney homogenates from male
DBA/2J mice metabolized chloroform to phosgene about twice as fast as
homogenates from male C57B1/6J mice, a strain which is less sensitive to
chloroform induced nephrotoxicity. Female mice are much less sensitive to
the nephrotoxic effects of chloroform than male mice (Eschenbrenner and
Miller, 1945a, 1945b; Klaassen and Plaa, 1967; Ilett et al., 1973). Kidney
homogenates from male ICR mice produced about 9-fold greater amounts of
phosgene than homogenates from female mice. Pohl et al. (1984) provided
evidence that differences in the testosterone levels in plasma may be partly
responsible for the observed strain and sex differential sensitivity to the
nephrotoxicity of chloroform.

Branchflower et al. (1984) reported that chloroform and deuterated
chloroform increased BUN, and depressed PAH and TEA accumulation by renal
cortical slices. Chloroform was metabolized more rapidly, and was more
effective at depressing renal GSH levels and inducing nephrotoxicity than
its deuterated analogue.

Lavigne and Marchand (1974) reported that treatment of rats with
phenobarbital, 3-MC, and 3,4-benzopyrene increased the hepatotoxicity of
chloroform (0.5 ml/kg) increased excretion of carbon dioxide via the lung,
and decreased the exhalation of unchanged chloroform. Pretreatment with
SKF525A prior to chloroform administration resulted in a decrease in the
amount of carbon dioxide exhaled. Kluwe and Hook " (1981) showed that
pretreatment of ICR male mice with piperonyl butoxide, a P-450 inhibitor,
600 mg/kg ip in corn oil 2 hours before administration of chloroform (0.25
or 0.75 ml/kg, ip in corn 0il) protected the animals against hepatotoxicity
and nephrotoxicity. When Piperonyl butoxide was given 1 hour after the
administration of chloroform, hepatotoxicity, nephrotoxicity, and lethality
were potentiated, probably as a result of decreased detoxification of the
toxic metabolite, phosgene. The GSH depletor diethyl maleate (0.6 mg/kg, ip
in corn o0il) reduced renal and hepatic GSH levels to about 19% of control
levels and increased the hepatotoxicity and nephrotoxicity of chloroform.
This study provides more evidence for the protective effect of GSH against
chloroform-induced tissue damage.
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Ahmadizadeh et al. (1984b) pretreated C57 and DBA mice with phenobarbital
(PB) and noted marked increases in hepatic (but not renal) aryl hydrocarbon
hydroxylase - (AHH) activity and in chloroform (37 to 370 mg/kg, ip) induced
hepatotoxicity (but mnot nephrotoxicity) in both strains, relative to
nonpretreated mice. Pretreatment of mice with polybrominated biphenyls
(PBB) also stimulated hepatic AHH activity and increased chloroform-induced
hepatotoxicity in both strains. PBB pretreatment increased remal AHH and
chloroform induced nephrotoxicity only in C57 mice and not in DBA mice.

Letteron et al. (1987) reported that methoxsalen, a potent inhibitor of P-
450 mediated biotransformation, given 30 minutes prior to ip administration
of chloroform, 1 wml/kg, prevented hepatotoxicity and nephrotoxicity in
mice. Treatment with methoxsalen decreased P-450 content and activities in
liver and kidney, and substantially decreased covalent binding in hepatic
and renal microsomes. This study provides more evidence for the role of P-
450 mediated Dbiotransformation of chloroform in chloroform-induced
nephrotoxicity and hepatotoxicity. McMartin et al. (1981) and Brown et al.
(1974b) also showed that alterations of the P-450 content of liver and
kidney resulted in alteration of chloroform-induced toxicity in those organs
in rats. Masuda and Nakayama (1982, 1983) reported that supression of the
bioactivation of chloroform by administration of equimolar oral doses of
diethyldithiocarbamate (30 or 100 mg/kg) and carbon disulfide (10 or 30
mg/kg) decreased the hepatotoxic and nephrotoxic effects of chloroform (1
ml/kg, ip in corm o0il). Lavigne et al. (1983) demonstrated that the
hepatotoxicity of chloroform to male Sprague-Dawley rats varied with the
time of day of administration following a circadian rhythm correspondlng to
the pattern of P-450 activity.

The form of P-450 involved in the metabolism of chloroform has been studied
by several investigators. Enosawa and Nakazawa (1986) reported that
chloroform (1.0 ml/kg, ip in corn o0il) administered to phenobarbital (PB) or
3-methylcholanthrene (3-MC) treated rats resulted in a reduction of both PB
and 3-MC type P-450 in the 1liver. Thus, based on the assumption that
chloroform metabolites react with components of the P-450 enzyme complex and
destroy it, both forms of P-450 are involved in the bioactivation of
chloroform. This is consistent with increased hepatotoxicity observed in
both 3-MC and PB treated rats relative to controls (Lavigne and Marchand,

1974) . Branchflower et al. (1983) found that methyl-n-butylketone (MBK)
produced qualitative changes in the composition of microsomal P-450 in rat
liver and that the degree of chromatographic changes paralleled
hepatotoxicity and formation of phosgene. The rate of metabolism of
chloroform to phosgene was greater in microsomes from MBK treated animals
than in those from PB-treated animals, when expressed as nmoles GSCOSG
produced per nmole P-450. ’

2.3.4. Covalent Binding of Chloroform Metabolites

Chloroform metabolites bind covalently to cellular macromolecules with
concomitant destruction of cellular integrity. There 1is considerable
evidence that chloroform metabolites bind covalently to cellular protein and
lipid. Covalent binding appears to be dose-related, and correlates with
toxicity such that agents (e.g., GSH and cysteine) which decrease covalent
binding to cellular macromolecules also protect animals against hepatotoxic
and nephrotoxic effects of chloroform. There is conflicting evidence for
covalent binding of chloroform metabolites to DNA or RNA. However, if
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binding to nucleic acids occurs, it appears to be much less extensive than
binding to proteins and lipids. Irreversible binding of chloroform
metabolites to human microsomal Protein and lipid has been shown, and the
extent of binding was over 4-fold greater than binding to mouse and rat
microsomal constituents.

Reynolds and Yee (1967) found covalently bound radiolabel in protein and
lipid fractions of rat liver cells, representing 0.31Eo 0.5% of the dose, 2
hours after admigistration of hepatotoxic doses of ““CHC1 - Incorporation

of nonvolatile C was determined in lipid, nucleic acid, and protein
fractions of 1liver by scintillat}gn counting and thin layer chromatography
followed by autoradiography. C from labeled chloroform was bound

Primarily to phospholipids in the lipid fraction, and to methionine in
hydrolyzed protein fraction. Some radiolabel was bound to nucleic acids but
the .specific activity was not greater than that of the homogenates, and the
amount bound to nucleic acids was much smaller than that bound to protein
and lipid.

Ilett et al. (1973) observed a substantial amount Bf covalent binding of
radiolabel, determined by exhaustive extraction and counting of tissue
homogenates, to 1liyer and kidney of male €57 Black mice following ip
administration of C-chloroform (60, 297, 442, or 750 mg/kg) . Binding
Preceeded development ofademonstrable necrotic lesions. Approximately 0.5,
2, 3, and 3 nmoles C-chloroform (metabolites) were bound per mg liver
protein, 6 hours after doses of 60, 297, 442, and 750 mg/kg, respectively.
These data suggest that metabolic saturation occurs somewhere between about
300 and 440 mg/kg. Covalent binding in liver occurred to a similar extent
in male and female mice. However, covalent binding in kidney of female mice
was an order of magnitude less than that which occurred in male kidney. 1In
in vitro experiments, only one-third as much covalently bound radiolabel was
found in renal microsomes from female mice than in those from male mice.
Female mice are equally sensitive to hepatotoxic effects of chloroform, but
are much less sensitive to nephrotoxic effects than males. Additionally,
male mice are more sensitive to the carcinogenic effects of chloroform on
kidney than females. Piperonyl butoxide, a P-450 inhibitor, reduced the
severity of hepatic and renal damage and the extent of covalent binding to
liver and kidney in male mice. Autoradiography and histopathological
examination showed that the binding of radiolabel occurred largely in
regions of hepatic centrilobular and renal tubular necrosis. Incubation of
hepatic microsomes with chloroform wunder a nitrogen or (C0:0 (8:2)
atmosphere markedly reduced the extent of covalent binding, suggesting that
it is a metabolite of chloroform, and not chloroform itself, which is
covalently bound. However, incubation of renal microsomal preparations with
chloroform under nitrogen or a CO atmosphere did not significantly affect
covalent binding. Ilett et al. speculated that renal metabolism of
chloroform in mice may proceed by a different pathway than that which ocecurs
in the liver.

Smith and Hook (1984) reported that little or no metabolism of chloroform to
carbon dioxide or covalent binding (determined by exhaustive exXtraction
techniques) of chloroform-derived radiolabel occurred in renal cortiecal
microsomes from female ICR mice. In contrast, renal cortical microsomes
from male ICR mice, which are sensitive to chloroform-induced nephrotoxicity
(Smith and Hook, 1984), metabolized chloroform to carbon dioxide and
covalently bound metabolites. Oxygen and NADPH-dependent metabolism and
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covalent binding were 1linear with time, and were inhibited by CO. The
inability to detect metabolites of chloroform in renal microsomes from
female mice is consistent with the lack of nephrotoxicity observed in wvivo
(Smith et al., 1983; Eschenbrenner and Miller, 1945) and in vitro (Smith and
Hook, 1983), and the absence of renal tubular cell tumors in female mice
(NCI, 1976; Roe et al., 1979).

Sipes et al. (1977) showed that incubation of liver microsomal preparations
from PB-pretreated rats under nitrogen or in an atmosphere of C0:0, (8:2)
decreased the covalent binding of chloroform-derived radiolabel to
microsomal protein by about 65%. Covalently bound radiolabel was defined as
that radiolabel remaining after heating and exhauizive extraction of
microsomal preparations following incubation with ~ CHCl,. Addition of
SKF525A (0.5 mM) or GSH (3 mM) to the incubation medium reduced covalent
binding substantially, and omission of NADPH nearly abolished covalent
binding. Pretreatment of rats with allylisopropylacetamide, which reduced
the 1level of hepatic P-450 about 5-fold, resulted in a 5-fold decrease in
covalent binding to liver microsomal protein in preparations from these rats
relative to controls.

DiRenzo et al. (1984) observed that the extent of cizalent binding
(determined by exhaustive extraction) of radiolabel from ~ CHCl, to lipid
and protein of cultured primary rat hepatocytes decreased as %he oxygen
tension decreased. A concomitant decrease in the formation of water soluble
metabolites with decreasing oxygen tension also occurred, which suggests
that conjugation of chloroform metabolites decreased. :
Reynolds et al. (1984b) found 1“C-la]::eled metabolite bound to l'zer
macromolecules after oral administration of 0.1 and 0.3 mmoles C-
chloroform to male Sprague-Dawley rats. Covalently bound radiolabel was
defined  as that radiolabel remaining after heating precipitated lipids,
protein, and nucleic acids to 80°C in 0.3 N KOH. The amount of metabolite
bound was 1.1 + 0.1 and 0.9 + 0.1 pmoles chloroform equivalents/kg,
respectively. This represents about 0.3 to 1% of the original dose.
thleke and Werner (1975) reported that intraperitoneal administration of
C-chloroform to male NMRI mice (100 umoles/mouse, in peanut oil; 0.2 uCi/g
body weight) resulted in covalent binding (determined by exhaustive
extraction and heating) of radiolabel to liver microsomal and mitochondrial
protein and lipid representing 0.4% of the administered dose. This finding
agrees with that of Reynolds et al (1984b). Peak binding occurred 6 hours
after administration.

Under 1 erobic conditions, Uehleke and Werner (1975) found that radiolabel
from C-chloroform bound covalently in wvitro to microsomal protein in
preparations from rabbit, mouse, rat, and human liver. The amount of
binding to human and rabbit liver microsomal protein was about 4-fold higher
than that bound to rat and mouse liver microsomal protein.

Purified rat liver nuclear membrane preparations are capable of metabolizing
chloroform in the presence of an NADPH generating system and oxygen to
reactive metabolites that bind covalently to lipids and proteins (Diaz Gomez
and Castro, 1980a). The extent of covalent binding was about 40% of that
observed with rat liver microsomal preparations. This finding is intriguing
in that reactive metabolites may be formed in close proximity to DNA and
other nuclear targets. However, Diaz Gomez and Castro (1980b) found no
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covalent binding of chloroform metabolites to isolated mouse or rat liver
DNA or R?ﬁ by scintillation counting 6 hours following administration of 5
or 750 mg C-chloroform/kg, either as single or multiple ip injections. In
vitro binding to DNA was studied after microsomal activation of chloroform
in the presence of purified mouse 1liver DNA. Neither DNA nor RNA were
labeled to an appreciable extent above background in the in vivo or in vitro
experiments. However, all fractions of nuclear proteins (acidic, histone,
deoxyribonucleo-protein, and residual) were labeled.

Reitz et al. (1982) observed weak binding of radiolabel to rat and mggse
liver and kidney DNA following a single oral dose of 240 mg C-
chloroform/kg (equivalent to about 10 mCi/kg body weight). DNA was isolated
from 1liver and kidney 4 hours after exposure, enzymatically hydrolyzed, and
subject to scintillation counting. About 1.5 umole chloroform equivalents
were bound per mole of DNA (detection limit = 1 umole/mole). The levels of
radioactivity were about 10 to 20 dpm over background counts in samples of
DNA 1isolated from untreated control mice. The binding index for chloroform
was about 370 times lower than that observed in previous experiments for 2-

acetylaminofluorene and about 5000 times 1less than . that for
dimethylnitrosamine. No data from concurrently run positive controls were
presented.

DiRenzo et al. (1982) investigated the covalent binding of a series of
radiolabeled aliphatic halideia in wvitro to calf thymus DNA following
microsomal biocactivation. C label was found bound1 o DNA at a rate of
0.46 + 0.13 nmoles/mg DNA/h after incubation of C-chloroform with
microsomes prepared from phenobarbital-pretreated -rats in the Presence of
calf thymus DNA. Enzymatic degradation ,of extracted and purified DNA,
followed by chromatography revealed that C from chloroform was bound to
at least 2 separated nucleosides, which were not identified in the report.
The binding of chloroform metabolites to DNA provides evidence that
chloroform may have initiating potential through its reactive metabolites.
It 1is not clear why the results of DiRenzo and colleagues differ from those
of Diaz Gomez and Castro (1980b) and Reitz et al. (1982). The experimental
conditions were not the same in the three studies, and this may account for
differences in results obtained.

Pereira and Chang (1982) and Pereira et al. (1984a) reported that radiolabel
from C-chloroform was bound to hemoglobin jin vivo and in vitre. The
binding of radiolabel to rat hemoglobin following oral administration
exhibited a first-order relationship with dose up to 100 pmol/kg. After a
single oral dose of 10 umol/kg, binding to rat hemoglobin was maximal at 10
hours and decreased slowly with a half-life of about 2 weeks. The amount of
bound chloroform ranged from 85 to 152 pmol/g hemoglobin in rats and mice.
Chromatographic analysis of hemoglobin from chloroform-treated rats revealed
the formation of altered amino acids in the globin portion of the molecule.
The binding resulting from 10 daily doses of 0.1 or 1 umol chloroform/kg was
additive, and equaled or exceeded that amount bound after a single dose of 1
or 10 pmol/kg, respectively. Incubation of rat 1liver microsomes with
chloroform and hemoglobin resulted in the formation of radiolabeled
metabolites which bound covalently to hemoglobin (Pereira et al. 1984a).
The major adduct formed was identified by gas chromatography/mass
Spectrometry as N-hydroxymethyl cysteine which may have formed during
isolation from 2-oxothiazolidine-4-carboxylic acid (OTZC) present in the
intact hemoglobin.
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2.3.5. Role of Clutathione in Chloroform Metabolism and Toxicity

Glutathione (GSH) plays a major role in the metabolism of chloroform and can
protect cells from injury induced by chloroform metabolites. Several
studies have demonstrated that GSH decreases covalent binding of chloroform
metabolites to cellular macromolecules, and that hepatic GSH levels are
inversely correlated with the extent of chloroform-induced hepatotoxicity.
GSH reacts with the toxic metabolite, phosgene, thereby serving to detoxify
chloroform.

Brown et al. (1974b) reported that diethyl maleate (DEM) treatment reduced
hepatic GSH levels of rats to 22% of controls, and increased the content of
diene conjugates and liver triglycerides following chloroform challenge. In
addition, phenobarbital (PB) treatment (1l mg/ml in drinking water for 10
days), prior to inhalation exposure to 0.5 or 1.0% chloroform produced a
large decrease in hepatic GSH content, resulted in P-450 destructionm, and
increased conjugated diene and 1liver triglyceride 1levels relative to
chloroform treated noninduced rats. Kluwe and Hook (1981) reported that
pretreatment with DEM (0.6 mg/kg, ip) 90 minutes prior to chloroform (0.03,
0.10, or 0.30 ml/kg, ip in corm oil) reduced kidney and liver GSH content to
19% of control values, increased SGPT activity and BUN, and decreased PAH
accumulation by renal cortical slices, relative to chloroform treatment
alone. Docks and Krishna (1976) found that chloroform (0.1 to 1.0 ml/kg,ip
in sesame o0il) induced a significantly greater reduction of hepatic GSH
levels, and resulted in much greater histopathology in the liver in PB-
pretreated rats relative to noninduced controls. Administration of cysteine
or cysteamine (150 mg/kg, ip) to PB-induced rats 30 minutes prior to and 30
minutes after chloroform challenge (0.2 ml/kg,ip) protected the liver from
chloroform-induced necrosis, presumably by acting as a scavenger for
reactive chloroform metabolites as GSH does.

Sipes and colleagues (1977) found that addition of GSH (3mM) to rat liver
microsomal preparations in the presence of chloroform substantially reduced
covalent binding of chloroform metabolites to microsomal protein.

Cresteil et al. (1979) reported that addition of cysteine (2 mM) and
histidine (2 mM) to rat and human microsomal preparations in fke presence of
NADPH inhibited the irreversible binding of radiolabel from ~ C-chloroform,
presumably by reacting with the electrophilic metabolites.

Stevens and Anders (1981b) investigated the effects of cysteine, DEM, and
phenobarbital treatments on the hepatotoxicity of chloroform. and deuterated
chloroform, and covalent binding of radiolabel from C-chloroform.
Administration of DEM (0.6 ml/kg, ip) or pretreatment with phenobarbital (50
mg/kg, ip once daily for 4 days) resulted in a 2 to 3-fold increase in
covalent binding of chloroform metabolites to hepatic microsomal and
cytosolic proteins, relative to treatment with chloroform alone. Cysteine
(1 g/kg, 1ip) decreased covalent binding to hepatic proteins in vivo in PB-
pretreated chloroform challenged rats. DEM potentiated and cysteine
antagonized chloroform induced hepatotoxicity, measured as increased SGPT
levels. DEM treatment reduces the amount of CO in the blood of chloroform
treated rats (Stevens and Anders, 198la) by decreasing hepatic GSH levels
and production of GSH conjugates of phosgene (the precursors of CO). The
increased phosgene load results in increased covalent binding and
hepatotoxicity.
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2.3.6. Lipid Peroxidation Induced b Chloroform Metabolites

A few investigators have examined possible lipid peroxidation induced by
metabolites of halogenated methanes by measuring alkane production in vive
in chloroform-treated rats (Sagai and Tappel, 1979; Ekstrom et al., 1986).
Sagai and Tappel (1979) measured pentane in expired air 15, 30, 60, 90, and
120 minutes after ip administration of 0.90 ml chloroform/kg in mineral oil.
This dose of chloroform caused a 2.7-fold increase in the pentane content of
expired air relative to mineral oil treated controls. However, measurement
of conjugated dienes in tissue 30 min after chloroform administration
provided no evidence for diene conjugation in tissues at doses up to 2.7
ml/kg. Carbon tetrachloride and bromotrichloromethane were much more potent
initiators of lipid peroxidation than chloroform. Ekstrom et al. (1986)
measured lipid peroxidation as expired ethane and malondialdehyde excretion
in urine in rats exposed to chloroform. Starvation or DEM treatment reduced
hepatic GSH levels, and increased ethane exhalation relative to control
animals following oral doses of 0.7 ml chloroform/kg. In nonstarved animals
not treated with DEM, hepatic GSH levels were normal and this same dose of
chloroform did not result in an increase in the ethane content of expired
air, Chloroform also produced an increase in malondialdehyde excretion via
the urine in rats. This increase was potentiated and the time-to-effect
shortened by starving the rats 48 hours prior to chloroform administration.
The investigators concluded that GSH depletion was essential to chloroform-
induced lipid peroxidation in vive.
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3.0 Acute Toxicity of Chloroform

Acute chloroform intoxication involves effects on the central nervous
system, cardiovascular system, liver, and kidney. No-observed-adverse-
effect 1levels (NOAEL) reported for hepatotoxicity and nephrotoxicity by
parenteral routes of exposure are on the order of 7 to 17 mg/kg in rodents.
Minor 1liver damage was noted in mice after a 4 hour inhalation exposure to
100 ppm. The lowest-observed-adverse-effect 1level (LOAEL) for acute CNS
intoxication 1in rats by oral administration is about 300 mg/kg. Acute LC50
values for mice following inhalation exposures range from 1200 to 7000 ppm.
In contrast, mean levels of chloroform measured in ambient air in California
in the years 1985-87 ranged from 0.026 to 0.36 ppb (CARB, 1987), with a
highest measured concentration of 3.54 ppb.

3.1. Animal Studies

Several = investigators have determined lethal doses of chloroform in
experimental animals by the inhalation and oral routes. Values reported in
the 1literature are summarized in Table 3-A. Acute oral LD50 values for
rodents are on the order of 1000 mg/kg. Intraperitoneal LD50 values were
reported by Klaassen and Plaa (1967, 1969) as 1.2 and 1.3 ml/kg (1800-1900
mg/kg) for mice and rats, respectively. Acute (6-7 hour) inhalation LC50
values range from 1260 to 7161 ppm (5-35 mg/l) in mice (von Oettingen et
al., 1950; Gradiski et al. 1978).

In dogs, depression and narcosis followed inhalation of 15,000 ppm
chloroform (von Oettingen et al., 1950). Death resulted from respiratory
arrest in combination with a direct effect on the heart resulting in cardiac
arrest (von Oettingen et al. 1949, 1950). Concentrations of chloroform in
brain and blood were about 35 mgX at death (von Oettingen et al. 1949).
Ataxia, sedation, and anesthesia were observed in mice given 500 mg/kg
(Bowman et al. 1978), and in rats given doses >546 mg/kg (Chu et al. 1980)
by gavage. An acute oral LOAEL in rats of 300 mg/kg for gross symptoms of
CNS 1intoxication 1is estimated from the data of Kimura et al. (1971). Fink
and Hatscke (1973) observed that chloroform, 1like other anesthetics,
depresses cerebral oxygen consumption in experimental animals.

Balster and Borzelleca (1982) reported an ED50 for ataxia of 484 mg
chloroform/kg (95X confidence interval, 243-965). Mice acquired a taste
aversion to saccharin, demonstrated by a preference test paradigm, after a
single dose of 30 mg chloroform/kg, but not 10 mg/kg.

Cardiovascular effects observed during chloroform anesthesia include changes
in arterial and venous blood pressure and induction of cardiac arrythmias
(von Oettingen et al. 1949). Studies in rodents have demonstrated that
chloroform sensitizes the heart to the action of catecholamines (Dutta at
al. 1968). Taylor et al. (1976) provide evidence for depressed myocardial
contractility and negative inotropic effects follow1ng short-term exposure
to 5% chloroform (50,000 ppm) *in rabbits.

The acute hepatotoxic effects of chloroform are well-documented.
Centrilobular 1liver necrosis was observed in dogs after inhalation exposure
to anesthetic levels of chloroform (Davis and Whipple, 1919; Whipple, 1912;
Graham, 1915) and intraperitoneal injections of approximately lethal doses
(Klaassen and Plaa, 1967). Gross pathologic changes in the livers of rats
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Table 3-A

LD50 values for Chloroform

Species/Strain Sex __ Age ev® W 0% value (95% c)° Method" __ Reference
mice us' NS ip/c 1 5 1.2 mt/kd Brownlee  Klaassen and Plaa, 1967
rats, Sprague-Dawley " Adulf ip/c 5-10 4-5 ‘ 1.3 ml/kg €1.1-1.4) L-¥ Klaassen and Plaa, 1969
mice N§ NS O/NS 1309 NS 1750 mgskg (1550-2000) Lt-u Miklashevskii et al, 1966
rat, Sprague-Dawley M neub_orn osu 6-12 NS 0.3 ml/kg (0.2-0.5) L-" Kimura et al, 1971
young adult o/u 6-12 NS 0.9 ml/kg (0.8-1.1) L-¥
old adult o/ 6 NS 0.8 ml/kg ¢0.7-0.9) L-v
rat M adult o/ 3 (] 2.0 ml/kg (1.0-3.8) Heil lorkelsoﬁ et al, 1976
mice, ICR Swiss L] adul t O/E 10 7 1120 mg/kg (789-1590) L-W Bowman et al, 1978
F adult 0/E 10 7 11-.00 ma/kg (1120-1680)  L-W
rat, Sprague-Dauley M adult o)c 10 S §08 mg/kg (750-1082) probit Chu et al, 1980
F adult o/C 10 5 1117 marke (843-1514)
mice NS NS 1 20 NS 5761 ppm (28.2 ma/rt) von Oettingen et al, 1950
mice F adult l" 20 NS 1260 ppm (1229-1292) Bliss Gradiski et al, 1978
Footnotes: a. R = Route, V = Vehicle, ip = intraperitoneal, 0 = oral, I = inhalati;m, C = corn oil, NS not specified,

U = undiluted, € = emulphor; ethanoi: water, 8 : 2 : ¢
b. N ~ # animals per dose group

¢c. D = # doses

d. CL = confidence timits
e. L-W is Litchfield - Wilcoxon
f. NS = not specified

g. 130 was total number of mice used

Purity of the chloroform used was specified as analytical grade by Kimura and as 99.3% pure by Torkelson.
Otherwise no comment wes made on the purity of the chloroform.



and mice given 1lethal doses include congestion, enlargement, fatty
infiltration, and centrilobular necrosis (Chu et al. 1980; Bowman et al.
1978). Intragastric intubation of mice with chloroform produced mimimal
midzonal fatty changes of the liver at 35 mg/kg, massive fatty infiltration
of the total liver lobule at 140 mg/kg and severe centrilobular necrosis at
350 mg/kg (Jones et al. 1958). Subcutaneous injections of chloroform in
peanut o0il at doses ranging from 38-535 mg/kg produced hepatic damage
manifested as prolonged pentobarbital sleep time and pathologic lesions in
mice 24 hours after administration (Plaa et al. 1958). A dose of 8 mg/kg
did not result in hepatotoxicity. White female mice exposed to 100, 200,
400, or 800 ppm chloroform for 4 hours in an inhalation chamber exhibited
dose-dependent liver lesions, ranging from fatty infiltration to frank
necrosis. Serum ornithine carbamoyl transferase (SOCT) activity was greater
than control 1levels 24 hours after exposure of mice to 200 ppm or higher

concentrations of chloroform. Brondeau et al. (1983) found no change
relative to control 1levels of serum glutamic oxaloacetic transaminase
(SGOT), glutamic pyruvic transaminase (SGPT), glutamic dehydrogenase

(SGLDH), or sorbitol dehydrogenase (SSDH) in rats exposed for 4 hours to 137
prm. Increased 1levels of SGLDH and SSDH were measured 24 hours after a 4
hour exposure to 292 ppm chloroform. SGOT was elevated after exposure to
942 or 1075 ppm chloroform, and SGPT was not elevated by exposures up to
1075 ppm chloroform for 4 hours. It is interesting to note that
measurements of SGPT and SGOT are less sensitive indicators of hepatic
damage than either SLDH or SSDH but are used much more frequently than the
other two enzymes. It is apparent from the studies by Plaa et al. (1958) and
Kylin et al. (1963) that chloroform is more hepatotoxic than many other
halogenated hydrocarbon solvents.

Many chemicals act to increase the hepatotoxicity of chloroform. Included
among these are compounds which increase the rate of metabolism of
chloroform (Brown et al. 1974b; Hewitt et al. 1980, 1986; Danni et al.
1981). This phenomenon was discussed in the section on metabolism. Species
differences exist in the potentiation of chloroform toxicity by cytochrome
P-450 monooxygenase inducers (Ebel et al. 1987).

Chloroform is also nephrotoxic in experimental animals. Kidneys of mice and
rats given lethal doses of chloroform by gavage were congested, pale, and
enlarged at autopsy (Chu et al. 1980;Bowman et al. 1978). Eschenbrenner and
Miller (1945a, 1945b), and Hewitt (1956) reported that extensive necrosis of
the convoluted tubules of the kidney occurred in male but not in female mice
following oral or inhalation exposure (246 ppm for 2 h) to chloroform.
Female mice did not have kidney damage even after inhalation exposure to
anesthetic concentrations (not specified, but presumably about 5000 ppm) of
chloroform (Hewitt, 1956). Ilett et al. (1973) demonstrated that chloroform
metabolites were bound covalently to protein of liver and kidney in male
animals suffering chloroform-induced hepatotoxicity and nephrotoxicity. 1In
female mice which did not experience nephrotoxic effects, covalent binding
to kidney protein was minimal. Nephrotoxic effects of chloroform have also
been observed in dogs. The EDS50 for reduction of phenolsulfonphthalein
excretion in dogs following a single intraperitoneal dose of chloroform was
640 mg/kg (Klaassen and Plaa, 1967). At doses near this ED50, slight
changes such as mild dilatation of the collecting ducts were seen in some
kidneys. At nearly 1lethal doses, slight calcification of the tubules was
observed. The mouse may be much more sensitive to the nephrotoxic action of
chloroform than other experimental animals (Klaassen and Plaa, 1967). There
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are also strain differences in susceptibility within the species. Hill
(1977) reported an oral LD50 of 119 mg/kg in male DBA/2J mice while the LDS50
for C57BL/6J mice was 490 mg/kg.

A decrease in the ability to concentrate organic anions was observed in
renal cortical slices from rats pretreated with 0.25 to 1.65 ml
chloroform/kg (370-2450 mg/kg) ip, sc, or po (Watrous and Plaa, 1972).
Chloroform was more potent in the mouse than in the rat, inducing a greater
decrease in organic ion accumulation at a given intraperitoneally
administered dose. The minimum subcutaneous dose of chloroform necessary to
produce a decrease in organic ion accumulation by mouse renal cortical
slices was 7.4 mg/kg. A maximal response was seen at a dose of 37 mg/kg.

Moore et al. (1982) showed that the wvehicle may have an effect on the
hepatotoxicity and nephrotoxicity of chloroform. No toxic effects were
observed in mice following oral administration of 17.3 mg chloroform/kg in
corn oil or 18.2 mg/kg in toothpaste. Chloroform given in corn oil at 65.6

mg/kg resulted in increased kidney weight and 3H-thymidine uptake in the
kidneys. When administered in toothpaste a dose of 59.2 mg/kg did not
induce either 1liver or kidney damage, as estimated by organ weight, plasma

urea, SGPT, and SGOT 1levels, 3H-thymidine uptake or histological
abnormalities. The highest dose of chloroform in either vehicle (273 mg/kg

in corn o0il, 199 mg/kg in toothpaste), pProduced elevated plasma urea and 3H-
thymidine wuptake, and kidney mnecrosis. Liver damage was also evident as

increased SGPT, elevated 3H-thymidine uptake by the liver, and centrilobular
enlargement relative to untreated mice.

Torkelson et al. (1976) applied chloroform under an impermeable plastic cuff
to the bellies of rabbits at doses of 1, 2, or 4 g/kg for 24 hours. Two
weeks after exposure, necropsy revealed degenerative changes in the kidney
tubules which increased in intensity with dosage level. The livers were not
grossly affected.

Other organ systems may have acute toxic reponses to chloroform. Yannai
(1983) observed adrenal hypertrophy in rats one day after oral
administration of a single dose of 1500 mg chloroform/kg. Plasma
corticosterone levels were also elevated by chloroform treatment. The
specificity of this response is questionable in light of the large number of
stressors which may activate the hypothalamic-pituitafy-adrenocortical axis
(Selye, 1951).

Chloroform applied to rabbit skin at levels of 1, 2, or 4 g/kg for 24 hours
produced hyperemia, erythema, edema, exfoliation, extensive necrosis of the
skin and weight 1loss after one to four treatments (Torkelson et al. 1976;
Duprat et al. 1976). Torkelson et al. found that chloroform caused
irritation of the conjunctiva when instilled in the rabbit eye. Corneal
injury was noted upon staining with fluorescein. Duprat et al. (1976) found
that, of 11 compounds studied, chloroform was the most potent eye irritant,
producing purulent conjunctivitis, and intense epitheliostromal necrosis.
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3.2. Acute Toxicity in Humans

Information on the acute toxic effects of chloroform in humans derives from
its wuse as an anesthetic, and from a few case reports of accidental or
intentional exposure. The acute toxic effects in humans are similar to
those observed in animals, and wusually involve central nervous system
depression at high concentrations (5000 ppm), and liver and kidney damage.
Chloroform was first used as an anesthetic agent in 1847 by James Simpson at
the University of Edinburgh for relief of labor pain (Payne, 1981; Waters,
1951; Winslow and Gerstmer, 1978). It has fallen out of favor because of
the hepatotoxicity, nephrotoxicity, and cardiovascular derangement observed
during and after surgery when chloroform was used as the anesthetic agent.
Concentrations used for the induction of anesthesia were 1 to 3% (10,000-
30,000 ppm) followed by lower concentrations (5000 ppm) for maintenance of
anesthesia. The minimum alveolar concentration (MAC) for absence of
response to surgical incision in 50% of the population is about 0.5% v/v
(5000 ppm) (Steward et al. 1973). Blood concentration of chloroform in
humans during surgical anesthesia ranges from about 9 to 17 mg/dl (Payne
1981; Steward et al. 1973).

The cardiovascular effects of chloroform during surgical anesthesia are
well-documented. Steward et al. (1973) and others (Waters, 1951) reported
that 50% of patients under chloroform anesthesia experienced arrythmias and
12% experienced hypotension. Respiratory rate and depth increase during
induction of anesthesia with chloroform and in light anesthesia. Bronchial
smooth muscle is relaxed and bronchial secretions increase in chloroform
anesthetised patients (Waters, 1951).

Gastrointestinal effects observed following chloroform anesthesia include
decreased intestinal tone and motility, and nausea and vomiting during
recovery (Goodman and Gilman, 1980). Chloroform anesthesia results in a
decrease of urine flow, probably due to release of antidiuretic hormone and
renal vasoconstriction (Goodman and Gilman, 1980).

Metabolic effects caused by chloroform anesthesia include glycogenolysis,
elevated blood glucose, and metabolic acidosis (Goodman and Gilman, 1980;
Smith et al. 1973). After anesthesia, an increase in polymorphonuclear
leukocytes occurs, clotting time decreases and the synthesis of prothrombin
by the liver is impaired (Goodman and Gilman, 1980).

Chloroform-induced hepatotoxicity following chloroform anesthesia in humans
is characterized by progressive weakness, prolonged vomiting, jaundice and
hemmorhage occurring 1 to 3 days after exposure (Goodman and Gilman, 1980;
Wood-Smith and Stewart, 1964). Autopsy of victims revealed degeneration and
centrilobular necrosis of the liver (Winslow and Gerstner, 1978; Goodman and
Gilman, 1980).

Human poisonings from accidental or intentional ingestion of chloroform have
also occurred (Piersol et’' al. 1933; Schroeder, 1965; Storms, 1973). The
lethal oral dose in humans is estimated to be about 30 ml in an adult
(approximately 640 mg/kg for a 70 kg person), although doses of 5 to 7 ml
have caused serious poisoning and death, and one .individual survived a dose
of 180 ml (Schroeder, 1965; Winslow and Gerstner, -1978). Signs and symptoms
of poisoning following ingestion are similar to that following inhalation
except that ingestion of chloroform results in severe irritation of the
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mucosa lining the mouth, esophagus, and stomach. In addition, kidney
damage, manifested as oliguria, anuria, elevated BUN, and histopathologic
damage in the convoluted tubules, was observed in some cases after ingestion
of large amounts (113 to 170 ml) of chloroform (Piersol et al. 1933;
Schroeder, 1965). Acute chloroform intoxication following intravenous
injection (Timms and Moser, 1975) resulted in a chemical pneumonitis
characterized by a hazy infiltrate in the chest roentgenogram, low measured
vital capacity, deranged arterial blood gases, and the presence of tachypnea
and rales. Evidence of hemolysis observed in this patient included anemia,
elevated serum bilirubin levels, and free hemoglobin in the urine.

Chloroform causes a burning sensation, erythema, hyperemia, and vesication
when applied directly to human skin. When splashed into the eye, chloroform
causes burning, pain, and redness of the conjunctiva (Winslow and Gerstner,
1978). '
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SPECIES

rat

mice

mice

rat

mice

rat

mice

a NOAEL = no-observed-adverse-effect leval;

ROU Eb

oral (u)
oral (ol)

sc (pn)
inhalation

sc (co)

oral (co)

TABLE 3-B

Acute NOAELS and LOAELSa for Chloroform in Experimental Animals

NOAEL

8 mg/kg
137 ppm (4h)

17.3 mg/kg

LOAE ENDPOINT REFERENCE
300 mg/kg CNS intoxication Kimura et al., 1971
35 mg/kg _hepatotoxlcity Jones et al., 1958
-- hepatotoxicity Plaa et al., 1958
-- hepatotoxicity Brondeau, et al,, 1983
7.4 wmg/kg nephrotoxicity Watrous and Plaa, 1972
-- nephrotoxicity and Moore et al., 1982
hepatotoxicity

LOAEL = lowest-observed-adverse-effect level.

b Vehicle is in _parenthesis: u = undiluted; ol = olive oil; pn = peanut oil; co = corn oil;
sc¢ = subcutaneous injection '



4.0 Subchronic and Chronic Toxicity

4.1 Introduction

Subchronic and chronic toxicity of chloroform in experimental animals
generally involves the 1liver and kidney. Pathological changes including
frank necrosis have been observed in both organs following chronic
chloroform exposure by inhalation or ingestion. Other reported effects
include pathological changes in the lung and blood dyscrasias. A subchronic
oral no-adverse-effect level (NOAEL) of 31 mg/kg-d for neurotoxicity in mice
was reported by Balster and Borzelleca (1982). A subchronic (28-day) oral
NOAEL of 50 ppm chloroform in drinking water (approximately 1.3 mg/rat-day)
was reported in rats by Chu et al. (1982a). However, Chu et al. (1982b)
found that exposure to 5 to 500 ppm chloroform in the drinking water for 90
days resulted in histopathology of the liver in rats. The significance of
this result is difficult to assess in terms of a NOAEL or LOAEL as the
controls had a similar number of lesions, and the authors state that the
severity of lesions increased with dose. Torkelson et al. (1976) reported
an inhalation NOAEL in rats of 25 ppm 4 h/d, 5 d/w, for 6 months. Longer
daily exposures (7 h/d) to 25 ppm, 5 d/w, for 6 months resulted in
pathological changes in liver and kidney of rats, rabbits, dogs, and guinea
pigs. A chronic oral NOAEL of 0.4 mg/kg-d, administered for at least 5
months, was reported by Miklashevskii et al. (1966) for rats and guinea
pigs. In this study, guinea Pigs were more sensitive than rats to higher
doses of chloroform (see Table 4-A). Heywood et al. (1979) found minor
serum enzyme elevations in dogs given 15 mg chloroform/kg-d for 7.5 years.

In humans, exposure to 2 to 205 pPpr chloroform in an occupational setting
produced hepatomegaly, splenomegaly, and increased susceptibility to viral
hepatitis (Bomski et al, 1967). ’ :

In contrast to the experimental and occupational exposure levels cited
above, means of measured levels in ambient California air ranged from 0.026
to 0.36 ppb chloroform, with maximum measured concentrations up to 3.54 PPb
(CARB, 1987). DHS staff do not expect noncancer health effects to result
from exposure to ambient levels of chloroform in California air.

4.2. Animal Studies

4.2.1. Qral Exposure

The subchronic and chronic toxicity of chloroform has been studied in
rodents and dogs (Table 4-A). Eschenbrenner and Miller (1945a) administered
chloroform to mice in a corn oil gavage at doses ranging from 15 to 250
mg/kg at intervals of 4 days for a total of 30 doses. Twenty-four hours
after the last dose, extensive liver necrosis was observed in both males and
females with the 3 larger doses, whereas no necrosis was noted at the two
lower doses. Thirty days after the last dose, the livers of mice that had
received necrotizing doses of chloroform were moderately cirrhotic. A
striking sex difference was noted in the incidence of renal necrosis
observed 24 hours after dosing. Renal necrosis was present in all
chloroform-treated male mice but completely absent in the females.

Roe et al. (1979), Palmer et al. (1979), and Heywood et al. (1979) conducted
a safety evaluation of toothpaste containing chloroform in mice, rats, and
beagle dogs. Chloroform was administered to mice by gavage in a toothpaste
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Summary of Subchronic and Chronic Toxicity Studies in Animals

Species Seglvi ggff Rout§3 Dqggh (mg/kg) Observations_and Comments Reference
mice M/F 5 0 (OL) 30 doses at Renal necrosis in males Eschenbrenner
(Strain A) 4d intervals in b-f; hepatic necro- and Miller,
X sis in both sexes and 1945a
a. olive oil mild cirrhosis in d-f.
b. 15
c. 30
e, 120~
d. 70
£. 250
mice M/F 104C 0 (TP) 6d/w for 80w Intercurrent respiratory Roe et al.,
(1IC1) 52T disease and moderate- 1979, Expt. 1
‘ a. 0 severe fatty degener-
b. 17 ation of liver in all
c. 60 groups, more preva-

lent in ¢. Increased
incidence of kidney

& tumors in c.
N8 .
mice M 260C 0 (TP) 6d/w for 80w Retardation of welipght Roe et al.,
(ICI) 52T gain in b; increased 1979, Expt. I1I
' a. 0 incidence of kidney
b. 60 - tumors in b;

respiratory, kidney
and liver disease in

a and b,
mice ‘ M 52-100C 0 (TP)- 6d/w for 80w Respiratory and urinary Roe et al., 1979,
(ICI, C57BL, 52T tract infections in Expt. III
CBA, CF/1) , a, 0 all groups; moderate
b. 60 to severe renal

pathology in b

(CBA and CF/1 mice);
increased kidney tumor
incidence in b.

ICI only M 52C 0 (A0) 6d/w for 80w As above only renal

52T , disease worse when
a. 0 chloroform was given
b, 60 in AO than TP;

increased kidney tumor
incidence in b.
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AMULC TR O LUILL LILUTU /,
' Species Sex N> Route’  pose” (meg /kg)
rat M/F 50 0 (Tp) 6d/w for 80w
(Sprague- .
Dawley) a. 0
b. 60
dogs M/F 16C 0 (TP)
(Beagle) 8T
a. 0
b. 15
c. 30
Guinea pigs M 6 0 Daily for 5 months
a, 0
b. 0.
.G, 30
rats , M 6 0 Daily for 5 months
- a. 0
b. 0.4
c. 125
mice M 16C 0 (co) 7d/w for 14d
(Cp-1) 10T

6d/w for 7.5 yrs.

a
b
c
d

]

0
37
74

148

o

Observations and Comments

Reference

Reduced plasma
cholinesterase in
group b females; severe
respiratory and renal
disease in control and
treated animals;
retardation of weight

-gain in both sexes in

b.

Elevated SGPT in b and
c; fatty cysts in
b and c.

~

No effect in a or b.
Deranged blood chem-
istry, impairment of
conditioned reflexes,
histopathologic changes
in liver, myocardium,
and stomach wall, death
by 2-3 months in c.

No effect in a or b,
Impairment of condit-
ioned reflexes, inhib-
ited phagocytic activ-
ity of leukocytes,
histopathologic changes
in liver, myocardium,
and stomach wall in c.

Dose-dependent decrease
in PAH accumulation by
renal cortical slices,
increase in BUN and
SGPT, and histopatho-
logic changes in liver
and kidney.

Palmer et al,
1979

lleywood et al.,
1979

Miklashevskii
et al., 1966

Condie et al.,
1983



Observations and Comments

Reference

Table 4-A continued 1 9 1 4
Species Sex N Route Dose  (mg/kg)
mice M/F 6-8 0 (DW) Daily for 90 d
(1C1)
a,. 0
b. 3.1
c. 31.1
Daily for 30 d
d. 100
Daily for 60 d
e. 100
£. 400
mice M/F 7-12 0 (EM) paily for 14
(CD-1) or 90 d
a. 0
b. 50
c. 125
d, 250

No effects on several
behavioral measures in

a, b, or ¢, Impairment
of operant. behavior in

e and f, with development
of partial tolerance.

14 day study: Depressed
body weight in group d
males; Increased liver
weight in b, ¢, and d
females and d males;
Increased SGPT in d
males and females,
increased SGOT in d
females. Dose-
dependent decreased
number of AFC per
million spleen cells

in both sexes.
Depressed blood glucose
in c and d females.

90 day study: Increased
liver weight in b, ¢,
and d females and d
males; Increased blood
glucose in d females

. and males; Decreased

microsomal protein in d
males and females and
decreased cyt P430
activity and prolonged
hexobarbital sleeptime
in females; Depressed -
humoral immunity in d
females. Histopatho-
logic changes in liver
and kidney in both
sexes in b, ¢, and d.

Balster and
Borzelleca,
1982

Munson et al.,
1982



S-%

_Species Sex” . N Route” Dose” (mg/kg) Observations and Comments : Reference
rat M 10 0 (hW) Daily for 28 d No alteration in serum Chu et al.
(Sprague- biochemical profiles and 1982a
Dawley) a. 0 hepatic microsomal
b. 5 ppm  enzyme activities. No
c. 50 ppm  pathological changes
d. 500 ppm observed. Decreased blood
neutrophil content in d.
. rat M/F 20 0 (DW) Daily for 90 d Depressed weight gain Chu et al.,
(Sprague- decrease in water and 1982h
Dawley) a, 0 food consumption in e,
b. 5 ppm  both sexes; Depressed
c. 50 ppm  lymphocyte count in d
d. 500 ppm males; Histopathologic
e 2500 ppm changes in liver and
‘ thyroid in a-e (more
severe in d and e).
Severity rating ,
significant for thyroid
in e. '
rat M/F 12rt 1 7h/d, S5d/w Pathological changes in Torkelson
rabbit '2-3rb for 6 mo liver and kidney in et al., 1976
guinea pig 8-12gp ' both sexes of rt _
a. alir and rb in d, in both
b. 25 ppm sexes of rt in ¢, and
c. 50 ppm in male rt, both sexes
d. 85 ppm of gp and rb in b;
Pneumonitis in female
« rb in b, and in male
rt, female gp, and
male rb in d.
dog M/F 1 1 7h/d, 5d/w No effects noted in male Torkelson
for 6 mo dog; Pathological et al., 1976
changes in kidney of
a. air

b. 25 ppm

treated female.



L N =

4.

specles Sex” N~ Route” Dose” (mg/kg) Observations and Comments Reference
rat M 10 1 1,2 or 4h/d No adverse effects. Torkelson
for 6 mo et al., 1976
a. air
b. 25 ppm

M=Males, F=Females

N=number of animals/dose/sex, C=control group, T=treated groups, rt=rét, rb=rabbit, gp=guinea pig;
Route of administration: O-o ral, ip=intraperitoneal, I=inhalation, sc=subcutaneous;
Vehicle in parentheses: OL~olive oil, CO=corn oil, TP=toothpaste, AO=arachis oil, DW=drinking water,

EM=10% Emulphor in water;

Dose is in mg/kg unless otherwise noted.

Other abbreviations used: d=days; w=weeks; AFC=antibody-forming cells; GSH=glutathione



base or in arachis oil, at doses of 17 or 60 mg/kg/day, 6 days/week, for 80
weeks (Roe et al. 1979). Treatment with 60 mg chloroform /kg was associated
with significantly higher incidence of moderate to severe kidney lesions in
the CBA and AF/1 males relative to controls. No evidence of treatment-
related liver damage was noted in this study. Daily doses of 150 mg/kg/d
for 13 weeks resulted in death in 8/10 males and marked retardation of
weight gain in the females. There were no deaths in mice given 60 mg/kg/d
by gavage for 13 weeks, but moderate retardation of weight gain was observed
in both sexes. Palmer et al. (1979) reported increased liver weight, fatty
degeneration and necrosis of the liver, gonadal atrophy, and increased
cellular proliferation of the bone marrow in rats given chloroform in a
toothpaste base at doses of 150 or 410 mg/kg-d by gavage daily for 13 weeks.
Doses of 60 mg chloroform/kg/day given 6 d/w for 80 weeks by gavage in a
toothpaste base reduced plasma cholinesterase in female rats but not males.
No other toxic effects attributable to chloroform were noted. This study,
however, was complicated by severe mnon-neoplastic respiratory and renal
disease in the control and chloroform-treated rats. :

Chloroform was given to 1 or 2 dogs of each sex in doses ranging from 30 to
120 mg/kg/day for 12 to 18 weeks (Heywood et al. 1979). Vomiting, jaundice,
and general malaise were noted occasionally, and marked body weight loss
occurred in dogs given doses of chloroform > 60 mg/kg/day. Hepatocyte
enlargement and vacuolization, fatty deposition in the liver, increased
liver weight, and increased SGPT, SGOT, plasma bilirubin, and serum alkaline
phosphatase were observed in dogs given doses of 45 mg chloroform/kg/day or
greater. Heywood et al. (1979) gave beagles gelatin capsules containing
chloroform (0, 15, or 30 mg/kg/day) in a toothpaste base 6 days/week for 7.5
years. Cessation of dosing was followed by a 20-24 week recovery period.
The only statistically significant treatment-related adverse effect was
elevated SGPT levels. During the post-treatment recovery phase, SGPT levels
tended to revert toward normal. Other biochemical measurements and
macroscopic and histological examination did not reveal any other adverse
effects from treatment with chloroform in toothpaste at 15 or 30 mg/kg/day.

Miklashevskii et al. (1966) gave groups of 6 male guinea pigs or rats 0,
0.4, 35 (guinea pigs), or 125 (rats) mg chloroform /kg-day, p.o., for
several months (regimen not described). Only 2 guinea pigs in the high dose
group survived Ilonger than 3 months. Changes observed in the high dose
group of guinea pigs include increased blood globulin levels, decreased
albumin 1levels, depressed blood catalase activity, and a decline in the
phagocytic activity of leukocytes in treated animals. Histological lesions
observed in high dose guinea pigs and rats include fatty infiltration,
necrosis, and cirrhosis of the liver parenchyma, lipoid degeneration and
proliferation of interstitial cells in the myocardium, and acute edema of
the submucosal and muscular layers of the stomach. Behavioral toxicity was
also observed in conditioned reflex testing paradigms. The long term
administration of 0.4 mg chloroform/kg-d was not associated with any toxic
effects in rats in this study, and the only effect on guinea pigs was an
increase in the vitamin C content of the adrenals. The investigators stated
that 0.4 mg chloroform/kg-d can be regarded as a threshold dose for
prolonged oral administration.
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Condie et al. (1983) administered technical grade chloroform to mice by
gavage daily for 2 weeks at doses up to 148 mg/kg/day. There was a slight
but significant body weight loss in the high dose group. Active uptake of
PAH by renal cortical slices isolated from treated animals was inhibited in
a dose-dependent fashion. BUN and SGPT levels were significantly elevated
in the high dose group. Dose-dependent microscopic changes in the kidney
included renal intratubular mineralization, epithelial hyperplasia and
cytomegaly. Chloroform treatment was associated with 1liver lesionms,
particularly in the high dose group, which included centrilobular
cytoplasmic pallor, focal inflammation and mitotic figures (indicative of
marked cellular proliferation).

Balster and Borzelleca (1982) evaluated behavioral effects of chloroform
administered to mice in drinking water. No effects of chloroform (3.1 or
31.1 mg/kg/day) treatment for 90 days were observed in the cling test,
screen test, or hole-board test. Treatment with 100 mg chloroform/kg/day
for 30 days had no effect on passive-avoidance learning. Effects on operant
behavior were observed during a 60 day regimen of 100 or 400 mg
chloroform/kg/day. Greatest effects were observed early in the dosing
regimen in both dose groups, with partial tolerance developing during the
course of treatment. Balster and Borzelleca (1982) concluded that there was
no evidence for progressive neurotoxicity of chloroform at doses of 3.1 and

31.1 mg/kg/day.

Munson et al. (1982) gave chloroform by gavage to mice at doses ranging from
50 to 250 mg chloroform/kg-day for 14 or 90 days. Increased liver weight
was noted in female mice in all dose groups relative to controls, and in
male mice at the two highest doses after 14 days. Increased SGPT and SGOT
were measured in the high dose mice. A dose-dependent decrease in the
number of antibody-forming cells (AFC) per million spleen cells occurred in
both sexes. Similar changes were noted in the 90-day study, although the
dose-response relationship for decreased AFC was unclear. Histopathological
examination revealed chronic inflammatory cells in the intertubular regioms
of the kidney. Hydropic degeneration of hepatocytes and focal collectioms
of lymphocytes were noted in the liver. Aniline hydroxylase activity and

microsomal protein were depressed in treated females at the two higher doses
and ‘in males at the highest dose. Glutathione levels in the liver were
elevated at all treatment levels in females but not in males. Since
suppression of the humoral immune system occurred in a dose-dependent
fashion in the 14-day study, the investigators suggested that immunotoxicity
may be an indicator of halomethane toxicity.

Chu et al. (1982a) gave rats chloroform in the drinking water at levels up
to 500 ppm (w/v) for 28 days. Based on the amount of water ingested daily,
the approximate doses of chloroform ranged up to 11 mg/rat/day. Growth rate
and food consumption were not affected by chloroform. No treatment-related
symptoms, histopathology, or biochemical changes were noted. However, mice
given 500 ppm chloroform had a decreased number of neutrophils in the blood.
Chu: et al. (1982b) gave rats drinking water containing 0 to 2500 ppm
chloroform for 90 days. Ten rats from each group were killed immediately
following cessation of exposure while the remainder were retained untreated
for 90 more days prior to sacrifice. Fluid intake was depressed in a dose-
dependent manner. Decreased food consumption and lower weight gain were
noted at the highest dose in males and females. After the 90 day recovery
period, food consumption was still depressed but weight gain approached
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normal, Lymphocyte counts were depressed in male rats in the 500 PpPm group
relative to controls. Dose-dependent changes in the liver of treated rats
included fatty infiltration, a mild increase in cytoplasmic volume in the
midzonal and pericentral regions, and vesiculation and hyperplasia of the
biliary epithelium. After the 90 day recovery period, the histological
changes were not significantly different from controls. However, it appears
that this is due to an increase in liver lesions in the vehicle controls (12
emulphor) measured at the end of the recovery period, rather than
improvement in the chloroform-treated groups. Histopathological changes in
the thyroid gland were observed in high dose males, and consisted of a
reduction in follicular size and colloid density, increased epithelial
height, and occasional focal collapse of follicles.

4.2.2. Inhalation Exposure

Torkelson et al. (1976) exposed rats, rabbits, and guinea pigs 7 hours/day,
5 days/week, for 6 months to 25, 50, or 85 ppm chloroform vapor (99.3%
chloroform, 0.4% ethyl alcohol, 0.3% unknown) . In addition, dogs were
exposed to 25 ppm chloroform 7 hours/day, 5 days/week for 6 months. Dose-
and species-dependent pathological changes in the liver included mild to
marked centrilobular granular degeneration, foamy vacuolization, focal areas
of necrosis, and fibrosis in both sexes of all species tested. Guinea pigs
were least sensitive and male rats most sensitive to chloroform
hepatotoxicity. Dose-dependent cloudy swelling of renal tubular epithelium,
and interstitial and tubular nephritis were observed in all species. No
effects were noted in the male dog, but pathological changes occurred in the
kidney of the female dog exposed to 25 ppm. Pneumonitis was observed in the
high exposure groups of male rats, female guinea pigs, and male rabbits, and
in the low dose group of female rabbits. Mortality was highest in the high
dose male rats, and attributable to pneumonia. No effects of chloroform on
hematological parameters, clinical chemistry, SGPT, SAP, or BUN were
observed at any exposure level in rats and rabbits (other species not
examined). Some rats exposed to 25 ppe 7 h/d were allowed to recover for 6
weeks following the 6 month exposure. These rats were histologically
normal, reflecting the reversibility of the slight changes produced at this
concentration. No adverse effects were noted in rats exposed for 1, 2, or 4
h/d to 25 ppm for 6 months.

ealth ects in Humans

De Salva et al. (1975) conducted 2 long-term studies in humans which
evaluated the safety of chloroform-containing toothpaste and mouthwash under
normal conditions of use. The subjects were patients at state hospitals for
mentally retarded and physically handicapped people. A wide variety of
drugs were administered to the patients throughout the study including
hypnotics, haematinics, anticonvulsants, antibiotics, antihistamines,
antiarrythmics, hormones, anticholinergics, tranquilizers, and stimulants.
In study I, 118 subjects brushed their teeth twice daily for 5 years with 1
gram of toothpaste containing 3.4X% or 0% chloroform. Serum glutamic-pyruvic
transaminase (SGPT), glutamic oxaloacetic transaminase (SGOT), alkaline .
phosphatase (SAP), and blood urea nitrogen (BUN) were measured before
exposure and periodically during exposure. No differences between control
and exposed groups were noted. 1In study II, 57 men and women brushed their
teeth with a toothpaste containing 3.4% chloroform, and rinsed with a
mouthwash containing 0.425% chloroform twice daily for 1 year. A group of
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54 men and women used toothpaste and mouthwash that did not contain
chloroform. There were no differences in measured parameters between
treated and control groups before the study and at 6, 9, and 12 months into
the study. The authors concluded that chloroform in toothpaste and
mouthwash is not hazardous. However, the dose to individuals in this study
could not be ascertained. Furthermore, use of the toothpaste and mouthwash
were carefully monitored, unlike the experience of the general population
where children may be expected to swallow such products. Since many drugs
can affect serum transaminase levels and BUN, use of drugs by the test
population 1limits the usefulness of the study. It is difficult, therefore,
to extrapolate the results to the general population.

Evidence of chronic intoxication by chloroform in the occupational setting
was reported by Challen et al. (1958), Phoon (1983), and Bomski et al.
(1967). Workers exposed to chloroform vapors during the manufacture of
throat lozenges complained of fatigue, dull-wittedness, depression,
gastrointestinal distress, and frequent and burning micturition (Challen et
al. 1958). Ventilation of the workroom air was poor and exposure was
estimated to be 77-237 ppm with episodes of >1100 ppm. Workers in this
plant were observed by management to stagger about at times and behave in a
giddy manner. No evidence of liver dysfunction was found based on tests of
thymol turbidity, serum bilirubin, and urine urobilinogen levels in exposed
individuals and controls. However, more sensitive tests may have detected
liver damage. Bomski et al. (1967) reported 17 cases of hepatomegaly in a
group of 68 workers exposed to chloroform in concentrations ranging from 2
to 205 ppm for 1 to 4 years. Three of the 17 individuals with hepatomegaly
were judged to have toxic hepatitis on the basis of elevated serum enzymes.
Ten cases of splenomegaly were found in the 68 workers. Workers exposed to
chloroform were ten times more likely to contract viral hepatitis than the
general population of the city in which the plant was located. The authors
attributed this to toxic liver injury as a predisposing factor in the
chloroform-exposed workers. However, the incidence of viral hepatitis’ in
the workers is in itself a confounding factor in the study. Other problems
with the study include a lack of description of the control cohort, and no
specification of the area tested for chloroform levels in air (e.g., general
workroom air, breathing zone). Phoon (1983) described outbreaks of toxic
hepatitis in workers involved in the manufacture of electronics equipment in
Singapore. In one plant, 13 workers from the same work.area had been
diagnosed as having viral hepatitis. Upon examimation of the work area, a
sweet odor and an open bottle of degreasing agent (99.5% chloroform, 0.5%
ethanol) were noted. The 1level of chloroform in the air was above the
measurable range of the detector, 400 ppm. Blood samples from 9 workers, 5
of whom were jaundiced, contained between 0.10 and 0.29 mg chloroform/100
ml. In another factory described in the report, 18 workers were diagnosed
with hepatitis. All the hepatitis cases came from an area of the plant
where chloroform was used from open dishes or bottles. Analyses of workroom
air found between 14.4 and 50.4 ppm chloroform. Due to a lack of fever and
lack of hepatitis B surface antigen in the patients, the authors attributed
the jaundice to chloroform exposure rather than viral hepatitis.

Wallace (1950) described hepatitis and nephrosis in a 47 year old man who
had been consuming on the average 12 ounces of the cough formula, Cheracol,
daily for ten years, with occasional excursions to 20 ounces per day.
Thus, the man ingested 0.8 to 1.3 g of codeine and 1.6 to 2.6 g of
chloroform (about 23-37 mg/kg-d) in 3% ethanol each day. Hepatomegaly was

4-10



noted upon physical examination. The

granular casts and a trace of albumin.
impaired. Discontinuation of the Cheracol
effects and the patient was normal 6 months 1

urine contained many hyaline and
Bromosulphthalein excretion was

resulted in a reversal of toxic
ater. :
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5.0. Reproductive and Developmental Toxicity

5.1. Introduction

Chloroform is embryotoxic and fetotoxic in experimental animals when
exposure occurs by the oral or inhalation routes. No evidence of
teratogenicity was found in studies using the oral route of exposure.
However, acaudia and imperforate anus were ogserved following inhalation
exposure of pregnant rats to 100 ppm (488 mg/m”) 7 h/d from days 6 through
15 of gestation by Schwetz et al. (1974). A significant increase in the
incidence of cleft palate in fetuses of mice exposed to 100 ppm 7 h/d from
day 8-15 of gestation was reported by Murray et al. (1979). Fetotoxicity
was observed following exposure of pregnant rats to levels as low as 30 ppm,
7 h/d from days 6-15 of gestation (Schwetz et al. 1974).

Chloroform interferes with the maintenance of pregnancy in rodents, and is
associated with an increase in the number of morphologically abnormal sperm
in mice, and, therefore, can be considered a reproductive toxicant.
Decreased incidence of pregnancy in CF-1 mice exposed to 100 ppm chloroform
by inhalation for 7 h/d from days 1 through 7 or 6 through 15 of gestationm,
relative to controls, was reported in Murray et al. (1979). In another
study, the LOAEL for interference with the maintenance of pregnancy in rats
was 300 ppm in air, 7 h/d from days 6-15 of gestation (Schwetz et al.,
1974). No statistically significant effects on maintenance of pregnancy
were observed at 2 lower doses (30 and 100 ppm). Thus, 100 ppm was a NOAEL
for reproductive effects in rats, while mice were adversely affected at this
dose.

5.2. Animal Studies

Experimental studies are discussed below Qnd summarized in Table 5-A.

Burkhalter and Balster (1979) evaluated the effects of chloroform on
neurobehavioral development in albino mice using a battery of tests which
clearly show ontogenetic development of behaviors in the mouse. Male and
female mice were given vehicle (Emulphor:saline) or 31.1 mg chloroform/kg-
day by gavage for 21 days prior to mating and during the mating period.
Treatment of the dams was continued throughout gestation and lactation. The
pups were also given daily oral doses starting at postnatal day 7. Pups
were selected randomly for testing each day starting at postnatal day 1.
Chloroform treatment was not associated consistently with retardation of

neurobehavioral development. However, on days 5-8, the chloroform group
scored lower than the vehicle control group in the forelimb placement
response, but the difference between treated and controls was only

significant on 2 of these days. The investigators concluded that this
treatment regimen did not result in adverse effects on behavioral
development.

Thompson et al. (1974) found no evidence of external, skeletal, or soft
tissue abnormalities in rats given oral doses of chloroform ranging from 20
to 126 mg/kg-day on days 6-15 of gestation, and in rabbits given doses of 20
to 50 mg/kg-day on days 6-18 of gestation. Fetotoxicity, manifested as
reduced birth weight, was evident at the highest dose in both rats and
rabbits. Maternal toxicity in the high dose groups involved anorexia and
depressed weight gain in both species, alopecia, rough appearance and mild

5-1



(e}

TABLE 5-A '
Summary of Reproductive and Developmental Toxicity Studies of Chloroform

Species ‘ 1 2 3. 4
(Strain) Sex N Route Dose (mg/kg) Ohservations References
mice (albino) M/F 0 (EM) Daily throughout Slight depression of body weight gain Burkhalter and
mating (M,F), in b pups from postnatal day 7-21; Balster (1979)
adults 10 and through No treatment-related effects in pups on
" pregnancy and righting reflex, forepaw grasp, rooting
pups 80 lactation (F). reflex, cliff drop aversion, auditory
. Pups treated daily startle response, bar-holding ability,
starting at eye opening, motor performance,
postnatal day 7. and passive avoidance learning.
a. 0 Lower score in b pups for forelimb
b. 31 placement, significantly lower on days

5 and 7; not significant but lower
on days 6 and 8. :

rat

(Sprague-Dawley) F 25 0 (CO) Daily in 2 Body weight gain suppressed and mild Thompson et al,
' divided doses, fatty changes in liver in c and d (1974)
days 6-15 of dams; alopecia and rough coat in
gestation. d dams; body weight of fetuses
a. 0 lower in d; no major external,
b. 20 skeletal, or visceral abnormalities in
c. 50 any group. No effect on number of
d. 126 implantations, corpora lutea,
- resorptions, or fetal viability.
rabbit F 15 0 (CO) Daily on days Some anorexia and diarrhea in all groups; Thompson et al.
(Dutch-Belted) 6-18 of Depressed body weight gain and hepato- (1974)
gestation toxicity in d dams; body weight of fetuses
a. 0 lower in b and d; increased incidence
b, 20 of incompletely ossified skull bones in
c. 35 fetuses of b and ¢. No effects on number
d. 50 of fetuses, implantations, corpora

lutea, resorptions, or fetal viability.
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TABLE 5-A Continued

Species
(Strain) Sex N Route Dose (mg/kg) Observiations References
rats F 15 0 (COo) Daily on Depressed maternal weight gain in b, Ruddick et al.
(Sprague-Dawley) days 6-15 of c, and d; increased maternal liver (1983)
gestation weight in b, ¢, and d, and kidney
a. 0 weight in d; dose-dependent decrease
b. 100 in hemoglobin and hematocrit in b-d,
.c. 200 elevated blood levels of inorganic
d. 400 phosphate in ¢ and d; depressed
sorbitol dehydrogenase in b-d dams.
Depressed fetal body weight, presence
of sternebral aberrations and inter-
parietal deviations in d; no evidence
of dose related visceral anomalies
or other terata.
rats F 20 I 7 h/d, days Dose-dependent decrease in maternal Schwetz et al.
(Sprague-Dawley) 6-15 of weight gain and food consumption and (1974)
gestation increase in liver welght in c-e;
a, air Decrease in live fetuses/litter and
b, starved C increased resorptions in e,
c. 30 ppm Depressed fetal crown-rump length and
d. 100 ppm body weight in b and e; altered
e. 300 ppm sex ratio of pups in e; increased

incidences of delayed ossification and
missing or wavy ribs in ¢ and d;
increased incidence of acaudia or
short tail and imperforate anus in d,
increased incidence of subcutaneous
edema in d,



TABLE 5-A Continued

References

Observations

Maternal body weight gain significantly
reduced in b and d, slightly reduced in
c; decreased ability to maintain preg-
nancy in b and c¢; increased number of
resorptions per litter in b; increased
relative liver weight and SGPT levels in
c and d. Fetal body weight and crown-
rump length decreased in b and d;
increased incidence of delayed ossifi-
cation of skull bones in b,c, and d, and
and of sternebrae in b and d; increased
incidence of cleft palate in d.

Dose-related increase in number of
morphologically abnormal spermatozoa
in b and c 28 days following
exposure.

Death in f; no evidence of
abnormal spermatozoa in a-f,

Species
{Strain) Sex _N Route Dose (mg/kg)
mice F 34-40 I Daily on
(CF-1) days 1-7,
6-15, or
8-15 of
gestation
a. air
b. 100 ppn,
- 1-7
c. 100 ppm
6-15
d. 100 ppm,
8-15
mice M 9T I 4 h/d for 5d
(C57B1/C3H)F 15¢C a. air
1 b. 400 ppm
c. 800 ppm
mice M 5 ip (CO) Daily for 5d
(CBA x BALB/c)F a. 0
. 1 b. 0.025
<. 0,05
d. 0,075
e. 0.10
f£. 0.25
1. N = number of animals/sex/dose; C = control group, T = treated group
2. Route: 0 = oral, I =~ inhalation, ip = intraperitoneal

Vehicle in parenthesis: FM = Emulphor: saline; €O = corn oil

Dose expressed in mg/kg unless noted otherwlise.

(98]

4. Effects reported in treated groups are relative to vehicle treated controls (group a).

Murray et al,
(1979)

Land et al.
(1981)

Topham (1981)



fatty changes in livers of rats, and overt hepatotoxicity in rabbits. The
investigators concluded that there was no evidence for teratogenicity of
chloroform in this study.

Ruddick et al. (1983) reported no teratogenic effects in rats following oral
administration of chloroform at doses up to 400 mg/kg-d from day 6 to 15 of
gestation. Dose-dependent maternal toxicity was found in the chloroform-
treated rats (Table 5-A). Fetotoxicity was observed in pups of high dose
dams . There were no histopathologic changes observed in the dams or
fetuses. The negative finding in this study is in agreement with others on
the teratogenicity of chloroform by the oral route.

Schwetz et al. (1974) found that inhalation exposure of pregnant rats to 300
ppm chloroform 7 h/d on days 6 - 15 of gestation was associated with a high
incidence of fetal resorption (p<0.05, Fisher Exact Test). Only 3 of 20
females which were bred and then exposed to 300 ppm chloroform were pregnant
at the end of exposure (significantly less than controls, p<0.05, Fisher
Exact test). In 7 of the 17 nonpregnant rats, there was vascular evidence
of implantation in the mesometrium. Schwetz et al. speculate that
chloroform may have adverse effects at an early stage in gestation and may
interfere with the process of implantation. A decrease in fetal body weight
and crown-rump length (analysis of variance and Dunnett’s test, p<0.05) was
also observed in fetuses of dams exposed to 300 ppm relative to controls.
There were no statistically significant changes in fertility indices at
lower (30 or 100 ppm) exposure concentrations. Fetal crown-rump length was
significantly less, and the incidences of delayed ossification of skull
bones and wavy ribs were greater in the 30 ppm group than in controls. 1In
the 100 ppm exposure group, the incidence of acaudia or short tail and
imperforate anus (considered by Schwetz et al. as true terata), as well as
the incidences of missing ribs and delayed ossification of stermebrae
(evidence of retarded fetal development), and subcutaneous edema were
significantly greater than controls (p<0.05, Fisher Exact Probability test).
Anomalies of the ‘skull and sternum, and subcutaneous edema were also
observed in the 300 ppm fetuses but statistical analysis was preempted by
the small number of litters (two) born to dams in this exposure group.
Chloroform caused a dose-dependent decrease in maternal food consumption and
body weight gain (p<0.05, analysis of variance and Dunnett's test).
Maternal relative liver weight at termination of study was increased in the
100 ppm and 300 ppm exposure groups compared to controls (p<0.05, Dunnett’s
test); however, SGPT 1levels were not different in control or treated
animals. With the exception of depressed fetal body weight and crown-rump
length, the untoward effects seen in embryos and fetuses of dams exposed to
100 and 300 ppm chloroform were not due to anorexia in the dams, since the
same degree of starvation in an unexposed control group did not produce
skeletal anomalies or true terata. Similarly, restriction of food intake
in these controls did not interfere with the maintenance of pregnancy and
did not affect fertility. Schwetz et al. concluded that chloroform-induced
adverse developmental effects observed in this study were not correlated
with maternal toxicity. These results contrast with the results of the oral
teratogenicity studies in which chloroform did not cause abnormalities in
the fetus even at doses high enough to cause significant materpal toxicity
in rats and rabbits.
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Murray et al. (1979) evaluated the teratogenicity of chloroform in groups of
CF-1 pregnant mice exposed to 0 or 100 ppm chloroform vapor 7 h/d from days
1 through 7, 6 through 15, or 8 through 15 of gestation. Food consumption
and body weight gain were depressed in chloroform-treated dams (p<0.05, one-
way analysis of wvariance). The ability of females to maintain pregnancy was
significantly decreased by exposure to chloroform on days 1-7 or days 6-15,
but not ‘on days 8-15 of gestation (p<0.05, Fisher Exact test). Mice were
more sensitive to this effect than the rats in the Schwetz et al. (1974)
study. Increased maternal 1liver weight and SGPT levels were observed in
animals exposed to 100 ppm chloroform on gestation days 6-15 or 8-15. Fetal
body weight or crown-rump length were decreased by exposure to chloroform on
day 1-7 or day 8-15, but not in the day 6-15 group (p<0.05, one-way analysis
of wvariance). Delayed ossification of skull and sternebrae occurred more
frequently in the chloroform-exposed groups than in the controls. The
incidence of cleft palate was significantly higher than controls in the
group of mice exposed to chloroform from day 8-15, but not in the other
chloroform-exposed groups (p<0.05, modified Wilcoxon test). It is not clear
why cleft palate occurred in the group exposed on gestation days 8 through
15, but not in the group exposed on days 6 through 15. This malformation
was seen predominantly in fetuses with low body weight. Murray and
colleagues suggest that the cleft palate may have resulted from an indirect
rather than a direct effect of chloroform. Under conditions of maternal
toxicity, it is unclear whether the chemical has direct teratogenic effects,
or whether the observed effects result from imbalanced maternal homeostasis.
The U.S. EPA (1986) states that current information is inadequate to assume
that developmental effects at maternally toxic doses result only from
maternal toxicity. When developmental effects are seen only at maternally
toxic doses, it may simply mean that the fetus and adult are equally
sensitive. Maternal toxicity may be reversible while effects on the
offspring may be permanent. Although cleft palate occurred in association
with severely growth retarded fetuses, it must be viewed as indicative of
the teratogenic potential of chloroform.

Dilley et al. (1977) found no fetal malformations after exposing pregnant
rats to 4100 ppm or 2 lower concentrations daily (h/d not reported) from
days 7 through 14 of gestation. Chloroform caused increased fetal mortality
and decreased fetal weight gain relative to controls. Borzelleca et al.
(1980) reported a dose-dependent effect on survival and weight gain of pups
and on viability and lactation indices following exposure of pregnant ICR
mice to 0.1 to 5.0 mg chloroform/ml in drinking water (duration of exposure
or other details not reported). There were no apparent dose-related
dominant lethal or teratogenic effects. There was not enough detail in
these two abstracts for critical review.

Land et al. (1981) exposed mice to reagent grade chloroform, 400 or 800 PPm
4 h/day for 5 consecutive days in an inhalation chamber. Chloroform
exposure increased the number of abnormal sperm relative to air-exposed
controls measured 28 days after exposure (Table 5-A). Abnormalities
observed were the result of exposure to chloroform in the first stage of
sperm development.



Topham (in de Serres and Ashby, 1981) found mno evidence of sperm
abnormalities five weeks after mice were given daily ip injections of
chloroform in doses ranging from 0.025 to 0.25 mg/kg/d for 5 consecutive
days. Some or all of the animals at the high dose died. Differences in
results observed in this study and that of Land et al. (1981) may be related
to dose, time of sampling after treatment, or other methodological
considerations.



6.0. Genotoxicity

Results of mutagenicity testing in bacteria, fungi, and mammalian systems
are largely negative. However, a few positive results are reported in the
literature (see following sections and Tables 6-A through 6-D). In
addition, there is evidence that chloroform is a mitotic poison.

6.1. Prokarvotic Test Systems

Of the studies discussed below, only one study reported positive results in
bacteria (San Agustin and Lim-Sylianco, 1978). This study was difficult to
evaluate due to a lack of procedural detail, inadequate reporting of data,
and a lack of statistical analysis. Using several different bacterial
mutagenicity assay systems, only one of 20 1labs participating in the
International Collaborative Program on Evaluation of Short-Term Tests for
Carcinogens (de Serres and Ashby, 1981) reported a positive result for
chloroform which could not be repeated. One other lab involved in the
collaborative program reported that they could not classify chloroform as
positive or negative. De Serres and Ashby (1981) concluded that chloroform

is not a mutagen for Salmonella typhimurium or Escherichia coli.

Several problems can arise in testing a volatile, metabolically activated
chemical, such as chloroform. Volatilization of chloroform from the test
medium must be adequately controlled. Activation of chloroform to phosgene
(and other reactive metabolites) by added exogenous metabolic activation
systems must be sufficient to test for mutagenicity of metabolites.
-Finally, many of the studies did not use volatile positive controls.

6.1.1. Studies Reported in de Serres and Ashby (1981)

Chloroform was negative in most of the assays reported in the volume edited
by de Serres and Ashby (1981). Ten groups of investigators indicated that
chloroform was not mutagenic in the Ames assay using S. typhimurium tester
strains TA1l535, TAl537, TAl1538, TA98, and TAlO0 or E. coli strains WP2(p)
and WP2uvrA(p), with or without a preincubation period, and either in the
presence or absence of rat liver microsomes from Arochlor 1254 pretreated
rodents. Although not all investigators reported the concentration range
examined, several indicated that chloroform was tested at concentrations
ranging from 10 to 10,000 ug/plate.

Garner et al. (198l) reported a questionably positive result in the Ames
assay in strain TA1535 when chloroform, 20 pg/plate, was tested in the

absence of rat liver S9 mix. However, the investigators stated that
repeated testing of chloroform gave inconsistent results, and a positive
dose-response curve was not obtained. Mixed results were reported for

chloroform mutagenicity in a fluctuation test with S. typhimurium strains
TA98 and TAl00 by Hubbard et al. (1981). However, they considered the
positive results questionable and did not conclude that chloroform was
mutagenic. Ichinotsubo et al. (1981) reported that chloroform was positive
in the rec- assay in 2 of 5 E. coli rec- strains. A reproducible dose-
response curve was obtained and the size of the zones of inhibition were at
least 3 mm at one of the concentrations tested. Chloroform was weakly
positive in a growth inhibition assay in DNA polymerase-deficient E. coli in
the presence of S9 mix, and negative without S9 (Rosenkranz et al., 1981).

6-1



9

Reference

TABLE 6-A

Summary of Bacterial Mutagenicity Assays of Chloroform

Uehleke et al.,
(1977)

Simmon et al.,
(1977)

Van Abbe et al.,
(1982)

Actlvation2 Bacterial Tester Strain Result3 Comments

T§§t1

Ames + micr.
Ames . + 59
Ames + S9

S, typhimurium

S, typhimurium

S, typhimurium

TA
TA

TA
TA
TA
TA
TA

TA
TA
TA
TA
TA

1535
1538

1535
1537
1538
98
100

1535
1537
1538

98

100

Only 5mM CHCl, used; survival was 90%
at this dose.” Bacterial suspensions

. were incubated under nitrogen for 60

minutes with liver microsomes from pheno-
barbital-treated rats and mice.

Bacteria were then plated on histidine
deficient medium to determine reverse
mutation to histidine prototrophy.

The plate incorporation assay tested
up to 5 mg/plate or a dose which pro-
duced a toxic response. For vapor
test system, plates were incubated
wigh chloroform vapor 7-10 h at
37°C in a sealed dessicator,
covered and incubated 40 h for
determination of reverse mutation
to histidine prototrophy.
Chloroform concentration was not
reported.

Used standard plate test with
concentration of 10, 100, 1,000,

and 10,000 ug/plate in triplicate. S9
fraction was made from Aroclor 1254
pretreated rat and mouse liver and
kidney. In vapor test systems, plates
were exposed to vapor (flow rate =
32 ml per hour) for 2, 4,

6, or 8 h, sealed, and incubated

72 hours. Chloroform was negative

at all concentrations tested

both in the absence and presence of
liver or kidney S9 fraction.
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TABLE 6A, Continued.

Reference Test1 Activation2 Bacterial Tcster Strain
.Cocké et al., Ames + S9 S.typhimurium TA 1535
(1981) TA 100
TA. 1538
TA 98
TA 1537
Kirkland et al., Ames + 89 E.coli P2
(1981) : wp2Bvra-p
San Agustin and Ames _ S. typhimurium
Lim-Sylianco TA 1535
(1978) TA 1537
TA - 98
ibid. rec assay _ B.subtilis H 17 (rec +)
H 45 (rec -)
ibid. host- in vivo S.typhimurium TA 1535
' mediated TA 1537
assay

+

Result3 Comments

Five concentrations were tested

up to 3,600 ug/plate, in the standard
plate incorporation assay. 89 fraction
was made from Aroclor treated rat liver,
Plates were incubated in a dessicator
to control for volatility of chloro-
form. Chloroform was negative in both
systems with or without §9.

Chloroform was tested at 0.1, 1, 10,
100, 1,000, or 10,000 ug/plate. $§9
fraction was made from Aroclor treated
rat liver. For plate incorpora-

tion, chloroform was added to molten
agar. For preincubation assay, bac-
terial suspensions were shaken for

20 minutes with chloroform and then
added to top agar.

Tested concentrations of 4,500 ug/
plate” in TA 1535, 750 ug in TA 1537
and 300 ug in TA 98, dissolved in
DMSO, in 25 plates/strain,

Concentrations of chloroform tested
were not reported. Zone of inhibition
was 4.0 + 0.4 mm in rec + and

14,7 + 0.9 in rec - strain (N = 5),

Host was albino mouse. No procedural
details reported except that they
followed the method of Legator and
Malling (1971).” Ratio of mutation
frequency in treated to that in



TABLE 6A, Continued.

~ Reference Test1 Actlvation2 Bacterial Tester Strain Rg§u1t3 Comments

controls in TA 1535 was 0.12 (female
mice), 0.61 (male mice). Ratio in
TA 1537 was 2.30 (female mice) and
36.75 (male mice). The latter value

. was considered indicative of a positive

response.
1bid. spot test in vivo S.typhimurium TA 1537 + Urine of 10 adult male mice which
of mouse , . . had received a dose of 700 mg
extracts : . chloroform/kg (route not reported)

was pooled and extracted with ether

' (presumably diethyl ether but it is
not stated). Extracts were plated.
No. of revertants/plate: 10 # 2
‘controls, 302 + 66 for extract I,
101 &+ 20 for extract II. The posi-
tive control, 9-aminoacridine
produced colonies that were "too
numerous to count." Zone of inhibi-
tion for control, extract I, extract
1I, and positive control were 0, 29,
32, and 15 mm, respectively,

Ichinotsubo et al., rec assay + 89 E. _coli rec - + Chloroform was tested up to 500 ug/ml.
in de Serres S9 was made from rat liver. Test
and Ashby (1981) chemicals were added to microwe%ls
: and plates incubated 24 h at 37 C.
. Chloroform was positive without

. metabolic activation in 2 of the
5 strains tested (positive in
E. coli strains 2921 and 5519, but not
in 9239, 8471,7623, or 7689).
No details were reported; eg., level of
chloroform producing positive
!
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taBLl oA, Continued,

Reference Test:1 Activﬁtion Bacterial Tester Strain Result 3 Comments
response, etc,
Rosenkranz et al., DNA ‘ + S9 E, coli P3478 +?6 Bacteria were incubated in suspension
in de Serres Polymerase (polAl-) wigh 250 ug/ml chloroform for 2 h at
and Ashby Deficient w3110 . 37°C, plated on HA + T wedium,
Growth (polAl+) and incubated for 48 h at 37°C. §9
Inhibition fraction was made from Aroclor 1254

treated rat liver. Chloramphenicol

(20 ug/incubation) and ethyl
methanesulfonate (1 ul/incubation)
were positive controls. Chloroform was
weakly positive in the presence of

S9 mix; survival ratio of polAl- to
polA+ was 0.91. Ratio for

ethyl methanesulfonate was 0.2.
Chloroform was negative in the

absence of §9.

1. Mutagenicity test system.

2. Metabolic .activation. # = assays were conducted with and w

§9 = 9000 x g -postmitochondrial supernatant fraction from liver.

3. - .= negative; + = positive

4. Assumes 0.1 ml of chloroform in DMSO were added per plate.
they state that the procedure of Ames and Yanofsky (1971) wa

o

ithout activation systems. Micr. = microsomes.

This was not directly stated in the paper. However,
s used,

5. Legator, M.S. and H.V. Malling. "Chemical Mutagens," vol. 2, Plenum Press, pp. 569-588. 1971.

6. Equivocal,



The survival index, expressed as the ratio of the survival of the polA-
strain to the polA+ strain, in the presence of S9 was 0.91. In contrast,
ethyl methanesulfonate showed a survival ratio of 0.2. Other carcinogens
such as benzo[a]lpyrene (survival ratio = 1.0) tested negative, and 2-
acetylaminofluorene was only weakly positive (survival ratio = 0.89).

Chloroform was mnegative in several other types of bacterial mutagenicity
assays reported in de Serres and Ashby (1981) including microtiter
fluctuation tests with E. coli WP2uvrA and S. typhimurium TA98, TA1l535, and
TA1537, a reverse mutation test with E. goli WP2, a forward mutation assay
to 8-azaguanine resistance in §. typhimurium strain TM677, and a lambda
induction assay using E. coli strains 58-161 envA and C600. Chloroform was
negative in a preferential killing assay using E. coli strain WP2, and the
repalr deficient strains WP67 uvrA polA, and CM871 uvrA recA lexA (Green,
1981). Green suggested that the metabolic activation of chloroform, and
other mutagens which tested negative, by rat liver S9 was not sufficient in
this assay. Additionally, since the preferential killing assay requires the
production of lethal mutations in a 1large proportion of the bacterial
population for a  positive result, it is not a very sensitive test for
genotoxicity. 1In all of the reports in de Serres and Ashby (1981) no detail
is given on measures that were taken to prevent the evaporation of
chloroform during incubation. No volatile positive controls were included.
In addition, not all carcinogens tested positively in every assay. Finally,
little detail is given in these reports, particularly when the results were
negative which was often the case when chloroform was tested. This makes
interstudy comparisons difficult.

6.1.2. Other Studies

Uehleke et al. (1977) found no evidence for mutagenicity of chloroform in
the Ames test following anaerobic incubation of S. typhimurium tester
strains with rat or mouse liver microsomes and an NADPH generating system.
Appreciable binding of radiolabeled chloroform metabolites to 1liver
.microsomal protein and lipid was noted. Higher concentrations of chloroform
should have been tested; survival at this concentration was greater than
90%. In addition, aerobic incubations were not conducted.

Simmon et al. (1977) tested chloroform by the Ames test both in suspension
and in a dessicator with and without a metabolic activating system. In the
suspension test system, several Salmonella tester strains were incubated
with test chemical prior to determination of viability and mutation to
histidine prototrophy. In the dessicator assay system, plates of bacterial
tester strains were placed uncovered in a sealed dessicator containing
chloroform wvapor for 7 to 10 hours at 37°C. The plates were then removed,
sealed, and incubated for 40 hours before counting the mutant colonies.
Chloroform was not mutagenic to $. typhimurium in either the suspension or
dessicator assay systems. Bromoform, bromodichloromethane, and
dibromochloromethane were mutagenic in the dessicator assay in the absence
of S9 mix.

Daniel et al. (1980) reported negative findings for chloroform mutagenicity
in the Ames test in the presence of liver or kidney S9 from Arochlor 1254
treated CFY mice and CFLP rats, strains which have shown a carcinogenic
response to chloroform. A range of known mutagens gave a positive response
in their system. Concentrations of chloroform tested were not reported in
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the abstract. Van Abbe et al. (1982) also reported negative results in
similar experiments wusing Salmonella in the standard Ames test and in a
vapor phase system, with or without S9 fraction. Concentrations from 10 to
10,000 pg pharmaceutical grade chloroform/plate were used in the plate
incorporation assay. At the highest concentration, toxicity was evident as
an incomplete bacterial lawn. There was no significant increase in numbers
of revertants formed at any dose tested for any of the indicator strains.
In the vapor phase system, exposure to chloroform for 6-8 hr was highly
toxic to strains TA1535 and TAl538. No significant increase in revertants
was observed at any exposure in the two strains. In both systems the
positive controls gave the expected results. However, the positive controls
in the vapor test system (ethylmethanesulphonate, 2.5%, and 2-
acetylaminofluorene, 2.5 pg/plate) were not vapors and were, therefore,
inappropriate. :

Gocke et al. (1981) reported that chloroform was negative in the standard
Ames assay. Although the protocol was not described in detail, the authors
stated that at least 5 doses of each test compound were tested in all 5
Salmonella strains, usually up to 3600 #g/plate, both with and without a
metabolic activating system prepared from Arochlor-pretreated rats. Test
plates of chloroform,'dichloromethane, and 1,1,1-trichloroethane were placed
in sealed dessicators for 8 hours to control for volatility. It is not
clear how efficacious this control measure was; however, both
dichloromethane and 1,1,1-trichloroethane increased the frequency of
revertants with and without the metabolic activating system.

Kirkland et al. (1981) found that analytical grade chloroform was not
mutagenic in two strains of Escherichia coli, WP2p and WP2uvrA-p, using
plate _ incorporation and liquid preincubation systems both with and without
rat. liver S-9 fractions. Bacteria were pPlaced onto medium in the Presence
or absence of tryptophan to determine viability and reversion to tryptophan
prototrophy, respectively. Measures taken to prevent volatilization of
chloroform in the plate incorporation assay were limited to packing
triplicate plates in a gas tight container for incubation. This may have
been inadequate particularly since the chloroform was mixed with agar at
45°C in the plate incorporation assay. The positive controls were N-methyl-
N’-nitro-N-nitrosoguanidine and 2-aminoanthracene, both nonvolatile
chemicals,

San Agustin and Lim-Sylianco (1978) reported that chloreform was negative in
the Ames assay in §. tryphimurium without metabolic activation, but positive
in the rec assay in Bacillus subtilis. The zone of growth inhibition was
over 3 times larger in the rec- strain (DNA repair deficient) of B. subtilis
than in the rec+ strain. The concentration of chloroform tested was not
reported. In a host-mediated assay using Salmonella strain TA1537 (frame-
shift mutations), chloroform was positive when the host was a male mouse but
not when the host was female. Chloroform was negative in the host-mediated
assay with TA1535 (base-pair mutatioms). It is not clear why the mutation
frequencies of TA1535 1in the chloroform-treated animal were less than the
control (Table 6-A). This may be symptomatic of a problem with the assay.
Doses of chloroform, route of exposure, duration of exposure, time of
sacrifice, and number of bacteria injected and recovered were not reported.
San Agustin and Lim-Sylianco also reported that ether (diethyl, Presumably;
not stated) extracts of urine from chloroform-treated male mice were
mutagenic in strain TA1537 using the spot test. Evaluating the results of
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this paper is compromised by a lack of procedural detail, inadequate
reporting of data, and a lack of statistical analysis.

6.2. Eukaryotic Test Systems

Results of genotoxicity assays of chloroform in eukaryotic systems have been

largely negative. A few notable positive results were found in yeast, in
mammalian test systems and in an invertebrate test system for mitotic
poisons. Experimental evidence is discussed below and summarized in Tables

6-B through 6-D.

6.2.1. Tests in Fungi

Chloroform was not mutagenic in a number of genotoxicity assays using
Saccharomyces cerevisiae as the test organism. As reported in de Serres and
Ashby (1981), chloroform was negative in the following tests: the haploid
yeast reversion assay with strain XV185-14C; a mitotic crossing over and
differential growth inhibition assay with strains T1l, T2, T4 and T5; mitotic
gene conversion assays with strains D4, D7, and JD1; induction of mitotic
aneuploidy in strain D6; and inhibition of cell growth in the repair
deficient strain rad. ’ .

A positive result in a forward mutation assay in the yeast
Schizosaccharomyces pombe was reported by Loprieno in de Serres and Ashby
(1981) (Table 6-B). In this assay, forward mutations induced in 5 different
loci were distinguished by changes in colony color. Following incubation
with or without chloroform, cells were screened for white complete
(indicative of forward mutation) or sectored mutant colonies. The wild type
colonies are red. Chloroform did not produce an increase in the frequency
of wmutation, .as measured by the frequency of white colonies. However, the
presence of sectored mutant colonies among those grown from treated cells
indicated possible treatment-related mutation; but, more experimental
support is needed.

Callen et al. (1980) found that chloroform was genotoxic in Saccharomyces
cerevisise strain D7. Chloroform-exposed cells were plated on various
selective media for the determination of gene conversion at the trp5 locus,
mitotic recombination at the ade2 1locus, or gene reversion at the ilvl
locus. Cells incubated with chloroform (purity not reported) for 1 hour
showed dose-dependent decreased survival and increased frequencies of gene
conversion, mitotic recombinants, and revertants. The authors considered a
doubling in the number of genetically altered colonies per unit survivors as
a positive genetic effect. Chloroform produced significant (by this
criterion) effects at 41 and 54 mM, concentrations associated with 69 and 6%
survival, respectively (Table 6-B). When the incubations proceeded for &
hours, the genotoxic activity was weaker; the investigators attributed this
to masking of genotoxic effects by the cytotoxicity of chloroform.
Chloroform was inactive and less toxic when tested with yeast which had a
lower 1level of cyt P-450 enzymes than strain D7. Callen et al. suggested
that the halogenated hydrocarbons tested were metabolically activated to
mutagenic compounds and that the metabolites produced the genotoxic effects.
observed. This yeast system may be more sensitive to halogenated
hydrocarbons than the Ames assay because the metabolites are produced in
close proximity to the DNA, rather than by externally added microsomes.
Highly reactive metabolites may not be able to reach target bacterial DNA in
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Reference

TABLE 6-B, SUMMARY OF POSITIVE RESULTS FOR GENOTOXICITY OF CHLOROFORM IN FUNGI

Test

Fungal Tester Strains

Results1

Comments

Loprieno, in
de Serres and
Ashby, 1981.

i Callen et al.,
1980.

Forward mutation

Gene conversion,
mitotic recombina-
tion, gene
reversion

Schizosaccharomyces
pombe, double mutant

strain P., genotype
SPade6 60/rad 10-198/h"

Saccharomyces cerevisiae,

strain D7

+?

1. +? = equivocal response

Concentrations of 0, 0.04, 0.06, and 0.08 mM
chloroform were tested. Growing cells were
incubated with chloroform for 16 h at 32°
with or without rat liver §9, plated, and
incubated for 5 days at 32°C, then for

1-2 days at 4°C. N = 10 plates/dose. Back-
ground colonies are red; white colonies are
indicative of forward mutation;sectored
colonies are indicative of possible
treatment-related mutation. Chloroform

did not induce statistically significant
increased rate of forward mutatfion. However,
the presence of sectored mutant colonies with
and without S9 was considered indicative of a
mutagenic response.

Cells from log-phase cultures were incubated
at 37°C for 1 or 4 h with 0, 21, 41, or 54 mM
chloroform. Washed cells were incubated at
3J0°C on supplemented minimal medium for 2 or
5 days for determination of trp 5 convertants
and ilv 1 revertants, respectively. Plates
were stored at 4 C for 7 days to score mitotic
recombinants, Convertants per 100,000
survivors at trp 5 locus: 1.7, 2.1, 4.6

33.1 for 0, 21, 41, and 54 mM chloroform
treatment, respectively. Revertants per
million survivors at flv 1 locus:4.3, 3.5,
8.2, 60.0 for 0, 21, 41, and 54 mM
chloroform treatment, respectively. Mitotic
recombinants per 10,000 survivors at ade?
locus: 1.6, 1.7, 4.1, 44.8 for 0, 21, 41,

and 54 mM chloroform treatment, respectively.



Highly reactive metabolites may not be able to reach target bacterial DNA in
the Ames procedure (Callen et al., 1980). In addition, multiple endpoints
in the yeast system provide greater semsitivity than the single endpoint in
the Ames test. :

Chloroform was nonmutagenic in Aspergillus nidulans (Carere et al., 1985).
In this assay, the haploid strain 35 was used for detection of gene
mutations (methionine suppression), while the diploid Pl was used for the
study of somatic segregation. Cells were exposed to chloroform in the vapor
phase. Other volatile compounds, including carbon tetrachloride and
benzene, were positive in this system. Details of the procedures were not
reported in the abstract.

6.2.2. Mammalian Test Systems

The majority of reports on mutagenicity of chloroform in mammalian test
systems is negative. However, a few positive findings are reported. It
would be prudent to conclude that the evidence of mutagenicity in mammalian
systems is equivocal and that more studies are needed.

6.2.2.1. Forward Mutation - 8-azaguanine Resistance

Chloroform was not mutagenic in a test for forward mutation to 8-azaguanine
resistance in cultured Chinese hamster lung fibroblast cells (Sturrock,
1977) (Table 6-C). Chloroform-exposed cells were cultured in the absence or
presence of 8-azaguanine to determine viability and mutation frequencies to
8-azaguanine resistance (hypoxanthine-guanine phosphoribosyltransferase
deficiency), respectively. There were mno significant differences in the
mutation frequencies between treated and control cells.

6.2.2.2. Sister Chromatid Exchange

White et al. (1979) reported that exposure to chloroform vapors (7100 ppm)
did not increase sister chromatid exchange in cultured Chinese hamster ovary
cells in the presence of Arochlor-induced rat liver S9 fraction, relative to
controls (Table 6-C). Of the other anesthetics tested in this study, vinyl-
containing compounds, including divinyl ether, fluroxene, and ethyl vinyl
ether increased the frequency of sister chromatid exchanges significantly
above the controls. The exposure duration of 1 h is rather short, and only
one concentration of chloroform was tested. In addition, the amount of
chloroform that actually went into solution and contacted the cells was not
quantified.

Perry and Thompson (in de Serres and Ashby, 1981) also reported negative
results' for chloroform-induction of SCE in Chinese hamster ovary cells. The
investigators considered a compound to be positive if an increase of 50% in
frequency of SCE over control values and a positive dose-response
relationship were observed. The number of cells scored seems rather low in
comparison to other investigations (Table 6-C). In addition, longer
exposure durations should have been tested.

Chloroform at concentrations up to 400 pwg/ml (3.3 mM) did not increase the
frequency of sister chromatid exchange or chromosome breakage in cultured
human lymphocytes (Kirkland et al. 1981) (Table 6-C). The positive control,
benzo-a-pyrene, gave the expected response, but was not run concurrently.
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TABLE 6-C: GENOTOXICITY ASSAYS OF CHLOROFORM IN MAMMALIAN TEST SYSTEMS

Reference Test Test Organism/Cell Rcsults1 Comments
Sturrock 8-azaguanine Chinese hamster lung - Monolayer cells were exposed to 10,000, 15,000
(1977) resistance fibroblasts : " 20,000, or 25,000 ppm chloroform vapor for one hour,

White et al.
(1979)

Perry and
Thompson (in
e Serres and
Ashby, 1981)

Zirkland et al,
’1981)

sealed with the chloroform atmosphere, and incubated 23 h
at 37°C. Cells were plated to determine percent survival.
Resistance to 8-azaguanine (8-AzG) (20 ug/ml, final
concentration) was determined after incubation with 8-AzGC
starting 48h after exposure commenced through dag 14,
Frequency of mutation to 8-AzG resistance per 10
survivors: control=13; average of all treated groups minus
control - 1.89 + 3.4, No metabolic activation used.

SCE2 Chinese hamster ovary - Exponentially growing CHO cells were exposed to 7100 ppm
(CHO) cells chloroform for 1 h (78% remaining afterol h) in presence

of Arochlor-treated rat liver Sg, at 37 °C. Washed cells
were incubated with 10 uM BrdUr” for 24 h; colcemid was
added for final 2 h. Cells were stained by fluorescence-
plus-Giemsa. 100 cells were scored for SCE. Rate of
SCE: 0.544 + 0.018 SCE per chromosome for treated
groups, 0.536 + 0.018 for controls. Difference
not significant by Student'’s range test.

SCE CHO cells - Cells were incubated with chloroform, 0.01, 0.1, 1.0, or
10 ug/ml for 1 h with S9 from Arochlor-treated rat liver.
Washed cultures were incubated 23 h, with 10 uM BrduUr,
treated with 0.2 uM colcemid for 2 h, harvested and
stained for SCE scoring. Twenty cells/dose were scored.
SCE per chromosome: -control 10.3; 0.01 group,

11.1 + 0.65; 0.10 group, 9.4 + 0.39; 1.0 group, 10.8
0.49; 10 group, 11.8 + 0.75. No differences among
treatment groups were noted.

Chromosome Cultured human - Cultured human lympocytes were incubated 2 h at 37°C with
breakage lymphocytes 50, 100, 200, or 400 ug chloroform/ml in the presence of



TABLE 6-C, Continued

Reference Test

Comments

ibid SCE

Morimoto and Cell cycle
Koizuma (1983) delay

ibid SCE

Test Orpanism/Cell Results

Cultured human -
lymphocytes '

Cultured human +
lymphocyte

Cultured human +
lymphocytes “

rat liver S9. Washed cells were incubated 22 h at 37°C.
Colcemid was added 1 h before harvest. 100 metaphases

" were scored for chromosome breaks. No difference in numbe)

of chromosome breaks was noted between treated and
control metaphases. Positive control (benzo-a-pyrene) not
run concurrently.

Lymphocytes were incubated 2 h at 37°C with

25, 50, 75, 100, 200, or 400 ug chloroform/ml and 50 uM
BrdUr. Washed cells were incubated with BrdlUr for 22 h.
50 cells/dose were scored for SCE, No difference in SCE
frequency between treated and control cells was noted.
Positive control (benzo-a-pyrene) not run concurrently.

Whgle blood from a healthy, adult man was incubated at

37 ¢ w&th chloroform (0.02, 0.08, 0.4, 2, 10, or 50 mM),
3% PHA", and BrdUr (20 uM). Three h prior to fixation,
colcemid was added. Cells were stained with fluore- ,
scence-plus-Giemsa method. The number of cells dividing
for the first, second, or third time was recorded (200
metaphase cells/dose). About 65, 50, and 5% of cells were
in the third division in the 0, 10, and 50 mM groups.
Corresponding changes in the number of cells in the flrst
division were observed.

Procedure as above. Chromosome preparations were scored
for SCE in 35 second-division cells/dose. The lowest
concentration associated with increased SCE was 10 mM
chloroform (p < 0.05, Student’s t test). Number of
SCE/cell was about 8, 8.5, 11, and 15 for 0, 2, 10 and
50 mM chloroform treated lymphocytes, respectively.
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TABLE 6-C, Continued

Test Organism/Cell

Mouse bone marrow
cells, in vivo

Cultured human

Cultured human

Réference Test
ibid SCE

exposure
Perocco and SDS and UDS4
Prodi (1981) lymphocytes
Perocco et al. SDS and UDS

(1983)

lymphocytes

Results

Comments

.

+

Male ICR/SJ mice were given daily oral doses of 0, 25, 50
100, or 200 mg chloroform/kg in corn oil for 4 days.
Following the last dose, mice were constantly infused witl
BrdUr, 30 mg/kg/h for 24 h, and given colcemid (1 mg/kg)
ip 2 h before sacrifice. 25 second-division bone marrow
cells were scored for SCE/animal. Increased SCE frequenc;
was observed in mice given 50 mg/kg or greater. Doses of
200 mg/kg produced an increase of 3 SCE/cell above
controls (p < 0.05, Student’s t test).

Cultured lymphocytes were incubated with 0, 2.5, 5.0
or 10 ul chloroform/ml (O, 30, 60 or 120 mM) in the
presence of rat liver S9 in trigiated thymidine (“HTdR) at
37°C in sextuplicate for 4 h. HTdR incorporation in the
absence and presence of 10 mM hydroxyurea (HU) was used ac
measure of SDS and UDS, respectively. Incorporation of
HTdR was not affected by chloroform treatment in absence
of HU (control dpm + se = 2661 + 57; 60 mM chloroform ~ 25
*+ 61; no statistical analysis reported) or in the presence
of HU (without S$9, control = 715 + 24, 30 mM - 795
+ 30, 60 mM =~ 659 + 38, 120 mM = 661 + 39; with s9,
control = 612 + 26, 30 mM - 568 + 13, 60 mM = 595
+ 26, 120 mM = 578 + 22, no statistical analysis
reported),

Methods as in Perocco and Prodi (1981). Viability of

lymphocytes determined by trypan blue staining. “HTdR
incorporation by treated cells and viability were not

different than control values.



TABLE 6-C, Continued

Reference Test Test Organism/Cell Results Comments
Reitz et al. SDS and UDS B6C3F1 mouse liver, - Mice were given vehicle or 240 mg chlorofqrm/kg orally,
(1982) in_vivo exposure . followed by hydroxyurea. After 4 hours, “H-thymidine
was injected ip. DNA from liver was isolated and
tritiated-thymidine incorporation was measured by scintil-
v lation counting. Hydroxyurea-resistant DNA repair was not
different in treated and control animals.
Martin and ubs HeLa cells +?7 Cultused HeLa .S3 cells were incubated with 10 mM HU 1 h,
McDermid (in then "HTdR (5 uCi/ml) and chloroform (0.1, 1.0, 10, or
de Serres and 100 ug/ml in DMSO) were added and incubation proceeded
Ashby (1981) in triplicate with rat liver S9 and in duplicate without
9 for 2.5 h at 37°C. DNA extracts were analyzed for
HTdR uptake by scintillatiomn counting. At least one dose
in the presence of 89 (but not without S9) stimulated UDS.
No dose-response curve was observed. Martin and
McDermid state that the Student’'s t test indicated
statistical significance; however, they believe the
result is a false positive.
1
1irsalis et al. ups Primary rat hepatocytes, - Male Fischer 344 rats were given 0, 40, or 400 mg

(1982)

in vivo exposure

chloroform/kg by corn oil gavage. 2 or 12 h after treat-
ment, hepatocytes were %solated3and monolayer cultures
incubated for 4 h at 37 °C with "HTdR. Incorporation of
HTdR, measured by autoradiography, was not different in
hepatocytes from control and treated rats. Corn oil
treated control results were -2.2 + 0.5 and -5.1 +

0.5 net gains/nucleus for 2 and 12 h isolates, respective-
ly. Chloroform treatment resulted in -4.1 and -4.4 for
40 and 400 mg/kg, respectively.
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Table'6-C, Continded

Reference Test Test Organism/Cell Results Comments

San Agustin and Micronucleus Mouse bone marrow, + Chloroform (100, 200, 400, 600, 700, 800 or 900 mg/kg) wa.
Lim-Sylianco in_vivo exposure . glven to albino mice (route not reported), and the micro-
(1978) nucleus test performed according to the method of Schmid

(1973). This implies that chloroform is given at 0 and
24 h and bone marrow slides prepared at 30h. Number of
mice/dose not reported. Nine or 27 slides (700
mg/kg group) were stained and examined for micronucleated
PCE. Marrow from control animals contained 4 micro- ‘
nucleated PCE per 1000 PCE. Doses < 600 mg/kg did not
increase frequency of micronucleated PCE. Treatment with
600, 700, 800, or 900 mg/kg resulted in incidences of
942,17 +4, 9+ 2, and 10 + 2 micronucleated
PCE/1000 PCE, respectively, which the authors considered
significant. However, no statistical analysis was
presented. Vitamin E (125 IU/kg) Elven 1 h prior to
or after 700 mg chloroform/kg reduced the frequency’
of micronucleated PCE/1000 from 17 to 8 + 3,
and 4 + 2, respectively. The authors considered the

- reduction significant when Vitamin E was given 1 h after

chloroform.
Gocke et al. Micronucleus Mouse bone marrow, - Chloroform (0, 238, 476, or 952 mg/kg) was given to male
(1981) in vivo exposure : and female NMRI mice, 2/sex/dose, ip in corn oil at 0 and

. 24 h. Bone marrow slides were prepared at 30 h. No
differences in incidence of micronucleated PCE/1000 cells
were noted (control = 1.2, 238 mg/kg group = 2.2,

~ _ 476 mg/kg group - 2.6, 952 mg/kg group = 2.2).
Tsuchimoto and Micronucleus Mouse bone marrow, . B6C3F1/BR mice received 15, 30, or 60 ul chloroform per
Matter (in in vivo exposure kg, ip in DMSO (doses equal to 1/8, 1/4, and 1/2 the
de Serres and LD50, respectively) at 0 and 24 h. Femoral bone
Ashby, 1981) marrow slides were prepared at 30 h and scored for

micronucleated PCE. Chloroform was negative (data
not shown).
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Table 6-C, Continued

Reference Test Test Orpganism/Cell Results Comments
Salamone et al. Micronucleus Mouse bone marrow, +7 B6C3F1 mice were give chloroform at a dose equal to 80%
(in de Seres in vivo exposure - of an LD50 for this strain at 0 and 24 h. Bone

and Ashby, 1981)

marrow was prepared from 5 mice at 48, 72, and 96 h,
and scored for micronucleated PCE. No increases in
micronucleated PCE were observed in chloroform
treated animals. A second test involved a single ip
injection of chloroform (80% of LD50) followed by
bone marrow sampling at 30, 48, 60, and 72 h., Two
mice sampled at 60 h contained significantly higher
numbers of micronucleated PCE than controls. This
result could not be repeated in subsequent tests.

.

Footnotes:
1. - -
2. SCE =
3. PHA =

BrdUr
4. SDS =

negative; + = positive; +? = equivocal

sister chromatid exchange

phytotemagglutinin

= bromodeoxyuridine .

Scheduled DNA synthesis; UDS = Unscheduled DNA Synthesis



No measures were taken to prevent loss of chloroform by volatilization from
the incubation mixtures. Neither dose range-finding nor toxicity of
chloroform to the cells were discussed. Use of higher concentrations of
chloroform and longer exposure durations may have produced a different
result,

Morimoto and Koizumi (1983) found that chloroform was capable of producing
cell cycle delays in cultured human lymphocytes, and increasing the rate of
sister chromatid exchange in cultured human lymphocytes and in mouse bone
marrow cells in wvivo (Table 6-C). Chromosome preparations from chloroform-
exposed lymphocytes were scored for SCE, and the number of cells which had
undergone 1, 2, or 3 or more divisions was recorded. Human lymphocytes
incubated with chloroform at levels 2 10 mM exhibited fewer cells in the 3rd
division and more cells in the 1lst division, indicating a cell cycle delay.
This effect is non-specific and common to many cytotoxic agents. The lowest
concentration of chloroform that caused a significant (p<0.05, Student’s t

test) increase in SCE relative to controls was 10 mM. In contrast, the
highest concentration used in the Kirkland et al. (1981) study was about
3.3 mM. Bromoform was about 100 times more potent than chloroform in the

induction of SCE. Although an exogenous metabolic activating system was not
added to the incubates, Morimoto and Koizumi note that lymphocytes cultured
in the presence of phytohemagglutinin have significant mixed function
oxidase activity, and metabolism of chloroform may have contributed to
increased SCE frequency in treated cells. For the in vivo studies, mice
were treated orally with chloroform at doses ranging from 25 to 200 mg/kg,
and bone marrow cells from the femur were pPrepared for scoring of SCE (Table

6-C). SCE  frequency exhibited a positive dose-response, and was
significantly greater than control (Student’'s t test, p<0.05) at 50 mg
chloroform/kg or higher doses. The four trihalomethanes tested did not

differ markedly in their ability to induce SCE jin vivo.

6.2.2.3. DNA Repair

Perocco and Prodi (1981) and Perocco et al. (1983) reported that chloroform
did not stimulate unscheduled DNaA synthesis (UDS) in cultured human
lymphocytes (Table 6-C). Although other volatile compounds, such as
dibromoethane and dichloroethane, were positive in this system, measures
taken to prevent volatilization of chloroform from the incubation wells were
not described. In Perocco et al. (1983), chloroform was used as the
negative control in a study evaluating the ability of 17 chemicals to
produce genotoxic effects measured as DNA repair in cultured human
lymphocytes. Chloroform (99.8% pure) at final concentrations up to 10 mM
did not gecrease the viability of the lymphocytes relative to controls, nor
was the [“H]-thymidine incorporation different from that of controls. Other
volatile compounds reduced cell viability. Only chloromethylmethyl ether in
the presence of $S9 mix stimulated UDS relative to controls. Measures to
prevent volatilization from the cultures were not described. :

Martin and McDermid (in de Serres and Ashby, 1981) reported that chloroform
may have been positive in an assay for unscheduled DNA synthesis in Hela
cells measured as tritiated thymidine incorporation. The investigators
noted that chloroform produced a statistically significant positive result,
but considered the result questionable particularly since a positive dose-
Tesponse was not observed. The raw data were not presented in the paper and
independent evaluation is not possible,
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Mirsalis et al. (1982) reported that chloroform did not increase UDS in
primary rat hepatocyte cultures obtained from male rats treated with 0, 40,
or 400 mg chloroform/kg by corn oil gavage. Results in chloroform-treated
rats were mnot different from corn oil controls. Several known genotoxic
agents and hepatocarcinogens were positive in this assay including 2-
acetylaminofluorene, and dimethylnitrosamine. However, benzo[a]pyrene and
7,12-dimethylbenz(a]anthracene were negative. The authors noted that these
two compounds are not hepatocarcinogens.

6.2.2.4, Micronucleus Test

San Agustin and Lim-Sylianco (1978) reported positive results for chloroform
in the mouse bone marrow micronucleus test. Details of the procedure were
not reported; the authors used the method of Schmid (1973). Chloroform was
given to mice at doses up to 900 mg/kg (route not specified). Doses of 600
mg chloroform/kg or greater resulted in greater numbers of micronucleated
polychromatic erythrocytes (PCE) than controls. No statistical analysis and
lack of detail make this paper difficult to evaluate. The sex or number of

mice used per dose were not reported. The investigators suggested that
chloroform had to be metabolized to produce this effect, based on the shape
of the dose-response curve. However, insufficient data are presented to

support this suggestion. While the authors reported that vitamin E given 1
hour before or after administration of chloroform (700 mg/kg) reduced the
number of micronucleated PCE, a statistical analysis of the data was not
presented.

Gocke et al. (1981) reported that chloroform was negative in the
micronucleus test. The data (Table 6-C) were analyzed for statistical
significance by the Kastenbaum-Bowman tables (Kastenbaum and Bowman, 1970),
and found to be insignificant. Tsuchimoto and Matter (in de Serres and
Ashby, 1981) reported that chloroform did not increase the frequency of
micronucleated PCE (MPCE) in femoral bone marrow of mice. A test substance
was judged positive when there were 2 or more mice/group with MPCE
frequencies above 0.4%, when one or more treated groups had mean MPCE above
0.3%, and when the results were statistically significant by Kastenbaum and
Bowman tables. Chloroform was negative by these criteria. Salamone et al.
(in de Serres and Ashby, 1981) reported a questionable positive result for
chloroform in the micronucleus assay (Table 6-C). Chloroform was positive
in one of three tests. The authors state that chloroform was not tested
further, and a final confirmation of the negative findings would be
necessary- to classify chloroform as negative in this assay.

Because of the lack of detail in the San Agustin and Lim-Sylianco paper, it
is not possible to critically compare these results with the other
micronucleus assays. Differences in the methodology employed in the
micronucleus test can be responsible for differences in results (Heddle et
al., 1983). More studies using updated methods for this test system (Heddle
et al., 1983) are needed to support or refute the findings. However, it is
prudent to assume that chloroform may have weak clastogenicity in light of
the findings published in San Agustin and Lim-Sylianco (1978) and Morimoto
and Koizumi (1983).
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6.2.3. Invertebrate Test Systems

Chloroform was negative in the Basc assay in Drosophila (Gocke et al. 1981).
Adult flies were fed chloroform in 5% saccharose at concentrations close to
the LD50 (Table 6-D). Subsequent broods were examined for sex-linked
recessive lethal mutations. Of 15 chemicals which were positive in the Ames
assay, 5 were mutagenic in the Basc assay. Chloroform did not induce
recessive lethal mutations on the X chromosome.

Vogel et al. (in de Serres and Ashby, 1981) tested chloroform for
mutagenicity based on production of sex-linked recessive lethal mutations in
Drosophila melanogaster. The Basc technique for the detection of recessive
lethals was wused to indicate mutagenic activity. Suspected recessive
lethals were examined in the F3 generation after crossing treated males with
untreated females. No increase in recessive lethals was observed in broods
from chloroform-treated males relative to controls. Five of ten carcinogens
and one of seven putative noncarcinogens were positive in this assay.

Liang et al. (1983) described a system for evaluating volatile mitotic
poisons which wuses intact grasshopper (Melanoplus sanguinipes) eggs.
Living embryos (7-9 days development) were exposed to chloroform vapor in
sealed jars for 16 hours. The mitotic index (MI) and anaphase to metaphase
ratios (A/M) were determined in squash preparations made from the embryos.
Results from embryos exposed to the lowest dose of chloroform (about 30,000
ppm) were not different from controls (Table 6-D). At higher exposure
levels, chloroform produced complete colchicine-like mitotic block (i.e.,
interference with spindle formation resulting in mitotic arrest) and the
average MI was up to 11 times greater than that in the control embryos
{p<0.005, Chi-square analysis). This indicates that chloroform did not
prevent interphase cells from entering mitosis. The A/M ratios in embryos
from the 2 middle dose groups were zero, indicating that chloroform-exposure
arrested the cells at metaphase. The exposure levels in the higher dose
jars were not quantified, and the chloroform concentration in the
grasshopper embryos was not determined. Of the four chemicals which tested
positive, including benzene, toluene, and halothane, chloroform was the most
pPotent mitotic poison followed closely by benzene, based on the volume added
to the jars. Amyl acetate, ethanol, water, and 10% camphor were negative in
this assay. Inhibition of mitosis by chloroform observed in this system may
be relevant to the production of cell cycle delays in cultured human
lymphocytes observed by Morimoto and Koizumi (1983). All four solvents
testing positive in this assay have consistently yielded negative results in
the Ames assay and other assays for mutagenicity. Mitotic poisons may lead
to mutations and cancer by inducing chromosome imbalance in daughter cells.
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TABLE 6-D. GENOTOXICITY TESTS OF CHLOROFORM IN INVERTEBRATE TEST SYSTEMS

References Test Test Organism/Cell Resultgl Comments

Gocke et al. Basc assay Drosophila melanogaster - " Adult flies were fed chloroform (25 mM = LD50) in sac-

(1981) Berlin K (wild-type) and charose and bred. 1200 X chromosomes were examined for
Basc strains sex-linked recessive lethal mutations in 3 successive

broods. The number of X-linked recessive lethals (RL)
per chromosome were not different in broods derived
from chloroform-treated or control flies. Percent

' of chromosomes with RL’s in brood 1, 2 and 3 from

. controls were 0.27, 0.14, and 0.39, respectively; and
from treated were 0.29 and 0.35, respectively.

Vogel et al. Basc assay D, melanogaster, - Adult male flies were given 0.1 or 0.23% chloroform in 5%
(in de Serres Berlin K (wild-type) . sucrose for 3 days and $rossed with untreated females,
and Ashby, The F, generation was examined for RL mutations on the
1981) X-chromosome (2200 were examined/dose). Chloroform

treatment did not increase the number of X-linked RIL
mutations relative to controls. Percent RL in broods

- 1-3 were 0,37 + 0.17 for controls and 0.09 # 0.06 for
0.1% chloroform and 0.05 for 0.2% chloroform (no
standard deviation presented for the latter value).
5/10 carcinogens tested positive.. .

Liang et al. Mitotic Melanoplus sanguinipes + Chloroform (0.01, 0.05, 0.1, or 0.2 ml) was added to 95
(19813) inhibition eggs \ ml capacity jars in which grasshopper eggs were suspended

Embryos were exposed to chloroform vapors for 16 h.
Squash preparations were examined for mitotic index (MI)
(percentage of mitoses, both anaphases and metaphases,
ifn 3000 cells), and anaphase to metaphase ratio (A/M).
MI for controls was 1.0 and A/M was 0.65 (average, N=12)
MI for 0.01, 0.05, 0.10 treatment groups were 1.2, 11.1,
and 6.4, respectively. The 0.05 and 0.1 group MI were
statistically significant, p < 0.005, Chi-square
analysis. The A/M ratios for these two groups

were both zero.

1. - = negative results; + = positive results



7.0 Carcinogenicity

7.1. Introduction

Chloroform is a carcinogen in rats and mice, producing kidney and liver
tumors following ingestion (NCI, 1976; Jorgenson et al. 1985: Roe et al.
1979). The mechanism of action of chloroform carcinogenesis is unknown.
Mixed results have been obtained in studies designed to assess initiation
and/or promotion by chloroform. While several epidemiological studies have
examined a possible association between chlorinated drinking water and human
cancer, there are no epidemiological studies which examine an association
between chloroform exposure and cancer in humans. Evidence for chloroform.
carcinogenicity in experimental animals is discussed in the following
sections. '

7.2. NCI Study, 1976

The' National Cancer Institute conducted carcinogenesis biocassays of
chloroform in both sexes of Osborne-Mendel rats and B6C3F1 mice (NCI, 1976).
Mice and rats were given either corn oil or chloroform (USP grade, 98.0%
chloroform, 2.0% ethanol) by gavage in corn oil, 5 d/w for 78 weeks.
Details of the protocol are provided in Table 7-A. Following a 6 week
Preliminary toxicity test, survival, weight gain, clinical measurements and
observations at necropsy were used to set dose levels for the chronic
bioassay. Details of the short-term toxicity study were not provided in the
NCI report. Doses for the female rats and both sexes of mice were changed
during the course of the chronic study (Table 7-4). Time-weighted average
doses for female rats were 100 and 200 mg/kg, and for male and female mice
were 138 and 277 mg/kg, and 238 and 477 mg/kg, respectively. 1In addition to
the matched vehicle-treated control group, two other control groups were
used: a colony control group of rats and mice of the same strain and source
as the test animals, and a positive control group which received carbon
tetrachloride by gavage in corn oil.

Animals were housed in humidity and temperature controlled rooms, under a
12:12 1light:dark cycle. Chloroform-treated and control animals were group-
housed in a room with test animals treated with other volatile chemicals,
some of which were also carcinogenic.

Animals were observed twice daily. Body weights and food consumption were
recorded weekly for the Ffirst 10 weeks and monthly thereafter. Moribund
animals were killed and immediately necropsied. At study termination,
samples of the following tissues were examined microscopically: brain,
pituitary, adrenal, thyroid, parathyroid, trachea, esophagus, thymus,
salivary gland, lymph node, heart, nasal passages, lung, spleen, liver, °
kidney, stomach, small intestine, large intestine, Pancreas, urinary
bladder, prostate or uterus, testis with epididymus, seminal vesicles,
ovary, skin with mammary gland, muscle, bone, nerve, bone marrow, and tissue
masses.

Survival probabilities were estimated by the Kaplan and Meier procedure.
Tumor incidence was evaluated for significance by the Armitage test for
linear trend. The Fisher Exact test was used to compare control data to
each dose level, when the departure from linear trend was significant.
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Species/Strain

rat, Osborne-Mendel

mouse,

TABLE 7-A

Experimental Design of the NCI (1976) Carcinogenesis Bioassay of Chloroform

Comments

B6C3F1

, Dose Dose1 Duration TWA2 ‘
Sex Group (mg/kg-d) (days) Dose N
F low 125 154 100 50

90 392
F high 250 154 200 50
180 392
M low 90 546 90 50
M high 180 546 180 50
F co’ 0 546 0 20
F CC6 0 546 0 98
M Cco 0 546 0 20
M cc 0 546 0 99
F low 200 126 238 50
250 420 :
F - high 400 126 477 50
450 420
M low 100 126 138 50
150 420
M high 200 126 277 50
300 420

The doses in female rats had to be lowered
presumably because of toxicity, although
this {s not stated outright. Rats were
started on treatment at 52 days of age
and survivors sacrificed at 111 weeks.

Controls were run concurrently.

The doses given to male and female mice
were increased because it was believed
that the high doses were below the maximum
tolerated dose. No reasons for this
assumption were provided in the report.
Mice were started on treatment at 35 days
of age and survivors sacrificed at 92-93
weeks,
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TABLE 7-A, Continued.

Dose Dose1 Duration TWA
Species/Strain Sex Group (mg/kg-d) (days) Dose. N Comments
F co 0 546 0 20 Controls were run concurrently,
F CC 0 546 0 80
M Co 0 546 0 20
M cc 0 546 0 17
rat, Osborne-Mendel M PCS, low 47, CT 546 47 50 The protocol for the posftive controls w
essentially the same as for chloroform.
M PC, high 94, CT 546 94 50 Animals were given single daily doses of
' ' carbon tetrachloride by corn oil gavage,
F PC, low 80, CT 546 80 50 5 times/week for 78 weeks.
F ~ PC, high 160, CT 546 160 50
mouse, B6C3F1 M PC, low 1250, CT 546 1250 50
M PC, high 2500, cT 546 2500 50
F PC, low 1250, CT 546 1250 50
F PC, high 2500, CT 546 2500 50
1. Dose of chloroform or carbon tetrachloride (positive controls only) in mg per kg body weight; administered by gavage

WP wWN

in corn oil 5 x per week.

TWA dose = time weighted average dose calculated as (dose x treatment
corn oil controls, gavaged 5 x per week with corn oil.

GO =
CC =
PC
CT =

colony controls.

positive controls treated with carbon tetrachloride.

carbon tetrachloride.

period) /number of days receiving each dose.



7.2.1. Results in Rats

For both sexes of rats, food consumption, body weight gain and survival
rates were depressed by chloroform treatment. Grossly observable
abnormalities in treated rats included a hunched appearance, urine stains on
the abdomen, redness of the eyelids, weight loss, and wheezing. Rough hair
coat, localized alopecia, and sores appeared in the second year of the
study, first in the chloroform treated animals, and later in the matched and
colony controls. The survival rate for chloroform-treated rats was less
than controls (Figure 7-1).  Survival appeared to be dose-related in the
male rats early in the experiment, and in females after 70 weeks.

A statistically significant increase (p<0.05) in epithelial tumors of renal
tubular origin was noted in the treated males (Table 7-B). Thirteen tumors
of renal tubular origin were found in 12 high dose male rats. These included
10 carcinomas, two of which had metastasized, and 3 adenomas. In the low
dose males, 2 carcinomas and 2 adenomas of tubular origin were observed in 4
out of 50 animals. The microscopic appearance of the tumors ranged from
circumscribed well-differentiated tubular cell adenomas to highly
Pleomorphic, poorly differentiated carcinomas which had invaded surrounding
tissues and metastasized. Among the 48 high dose female rats, one tubular
epithelial carcinoma and one squamous cell carcinoma arising from renal
pelvic transitional epithelium were observed. No epithelial tumors of the
renal pelvis or tubules were noted in matched or colony controls. The NCI
reported that while malignant mixed tumors and hamartomas are seen in low
incidence in Osborne-Mendel rats, purely epithelial tumors of the renal
tubules or renal pelvic transitional epithelium rarely occur
spontaneously in Osborne-Mendel rats.. No data on the historical incidence
of these tumor types were provided.

The incidence of thyroid tumors in female rats (Table 7-B) was statistically
higher than controls in both treated groups (p=0.05, Fisher Exact test).
The departure from linear trend was also significant. In contrast, the
incidence of thyroid tumors in male rats was higher in controls than in the
treated groups. The NCI concluded that thyroid tumors were not biologically
significant based on inconsistencies in the results by sex, and the
variability of observations on spontaneous incidence of thyroid tumors (data
not ©provided) in Osborme-Mendel rats in their laboratory. The incidence of
hepatocellular carcinoma or neoplastic nodules was not increased in the
chloroform-treated rats.

Although inflammatory pulmonary lesions occurred in all test groups, the
lesions were more severe and occurred more frequently in the chloroform-
treated rats. These 1lesions included peribronchial and perivascular
lymphoid aggregates and accumulation of alveolar macrophages in interstitium
and alveoli. Necrosis of the liver occurred in 3/50 low dose males, 4/50
high dose males, 3/49 low dose females, and 11/48 high dose females. The
report did not present the incidence of hepatic necrosis in control animals.

7.2.2. Results in Mice

Little difference was observed in food consumption and body weight gain
between control and treated mice. Survival was significantly lower in the
high dose female mice but not in other treatment groups relative to controls

(Figure 7-2). Both pulmonary inflammation, observed in 8/41 high dose
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Survival curves for rats in the NCI study.
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TABLE 7-B
Incidence of liver, kidney, thyroid, and total tumors in Osborne-Mendel rats
from the NCI Carcinogenesis Bioassay of Chloroform.

T

MALE i FEMALE
1 Controls Controls

TREATMENT COLONY MATCHED LOW HIGH ___COlLONY MATCHED L.OW HIGH
Total Tumor-bearing .. 9/19 24/50  20/50 .- 12/20 /49 24748
Animali/Animals -- 47% 48% 40% -- 60% 49% 50%
P Value 4 .- 23474 -“- - -- 27334 . .-
Time to Tumor (weeks) - 95 70 42 - - 108 13 49
Hepatocellular 1799 0/19 0/50 1/50 0/98 0/20 0/49 0/48
Cnrcingma/Animals 1% oy ' 0% 2% 0% 0% 11 0%

P Value 4 .3366 L1497 -- -- 1.000 1.000 -- .-
Time to Tumor (weeks) 97 -- .- 111 -- -- -- --
Kidney Egithelial Tumors/  0/99 0/19 4/50 12/50 0/98 0/20 0/49 2/48
Animal 11 0% 8% 24% 0% 6 0Os 6 03 Ly

P Value 4 .0000* .0016%* -- -- .0592 .1662 .- --
Time_to Tumoy (weeks) - -- 102 80 - -- - 102
Thyroid Iumors/ 8/99 4/19 3/49 4/48 1/98 1/19 8/49 10/46
Animal 8% 21% 6% 8% 1% 5% 16% 228
P Value 4 8744 11234 .- -- .0000* .0574 .- .-
Time to Tumor (weeks) 103 103 111 111 110 110 73 49
Survival at Terminal 268 174 48% 283 51% 75% 45% 294

Sacrifice (111 weeks)

1 - Oral dose.of chloroform in corn oil administered by gavage five times per week.

2 = Based on number of animals whose tissues were examined.

3 =~ One-tail P value from Armitage test for“linear trend in proportions, unless otherwvise stated.

4 = Time to detection of first tumor (at death).

5 « Data departure from linmear trend (for departure statistic; P < .05). Fisher Exact Test is used comparing controls
to a dose level. Bonferroni correction for simultaneous comparison of controls is included.

6 = P value computed using exact test (Cox, Analysis of Binary Data) as the number of tumors i{s too small for Armitage

method.
* - Statistically significant (P < .05).
# = P value given in direction of negative trend.

From: Report on Carcinogenesis Bloassny of Chloroform, National Cancer Institute, Bethesda, Maryland. March, 1976,
p. 15. .
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females, and cardiac thrombosis, observed in 9/41 high dose females, may
have contributed to early mortality. The latter lesion was not observed in
the low dose or control females.

The gross appearance and behavior of the control and treated mice were
initially comparable, up to the first 10 months. Abdominal distension was
noted in the high dose females at 42 weeks and at 78 weeks in the high dose
males. Necropsy of the animals confirmed the presence of liver lesioms
subsequently diagnosed as hepatocellular carcinomas.

The incidence of hepatocellular carcinomas (Table 7-C) was significantly
elevated in all treatment groups (p<0.001; Fisher Exact test with Bonferroni
correction). There was a significant departure from linear trend in the
data for Thepatocellular carcinoma in females. Microscopically, the
hepatocellular carcinomas ranged from tumors composed of well-differentiated
hepatocytes in wuniform arrangement to poorly differentiated anaplastic
cells.,  Metastasis to the lung occurred in 2 low dose males and 2 high dose
females. Metastasis to the kidney occurred in one high dose male. The NCI
reported that in their experience the spontaneous incidence of
hepatocellular carcinomas in B6C3Fl mice is about 5-10% in males and 1% in
females. The observed incidence in colony and matched controls agreed with
the expected incidence.

Positive controls treated with carbon tetrachloride showed poor survival and
high incidences of hepatocellular carcinomas. The time-to-tumor observed
with carbon tetrachloride treatment was extremely short (16 and 19 weeks in
low and high dose females, respectively; 48 and 26 weeks in low and high
dose males, respectively) relative to chloroform (54 and 80 weeks for low
and high dose males; 66 and 67 weeks for low and high dose females). The
morphology of tumors produced by carbon tetrachloride treatment was similar
to that of tumors produced by chloroform treatment.

Nonneoplastic hepatic lesions were observed in chloroform-treated mice, but
were not apparently dose related.

7.2.3. Analysis of Tumor Incidence by Reuber (19792‘

Reuber (1979) examined the histological sections from the NCI bioassay and
reported his opinion of tumor incidence in a separate publication. Reuber
concluded that there was an increased incidence of 1liver tumors in
chloroform treated rats (Table 7-C). The incidence of cholangiofibromas and
cholangiocarcinomas in high dose females was significantly greater than in
controls (p=0.00599, Fisher Exact test). Additionally, the incidence of
hyperplastic nodules and hepatocellular carcinomas in high dose females was
significantly greater than controls (p<0.05, Fisher Exact test) primarily
due to an increase in hyperplastic nodules in treated female rats. The
incidence of hyperplastic nodules and hepatocellular carcinomas in high dose
male rats was significantly greater than the incidence in controls (p =
0.045, test for positive trend). This was alsd due to an increase in the
incidence of hyperplastic nodules rather than a significant increase in
carcinomas (Table 7-C). In addition, Reuber stated that the incidence of
thyroid adenomas and carcinomas was much greater in the treated female rats
than reported in the NCI, and that the differerce in incidence between
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TABLE 7-C

Incidence of liver, kidney, thyroid, and total tumors in B6G3Fl mice from the NCI Carcinogenesis Bioassay of Chloroform.

MALE
1 Controls . Controls

TREATMENT COLONY MATCHED LOW HIGH __COLONY MATCHED 1.OW HIGH
Total Tumor-bearjing -- 4/18 26/50 Lh /45 -- 2/20 37/45 39/41
AnimalséAnimals -- 22% 52% 98% -- 10% 82% 95%

P Value 4 -- . 0000~ -- -- -- .0000* - .-
Time to Tumor (weeks) -- 72 66 54 - - 27 66 67
Hepatocellular ., 5/77 1/18 18/50 44 /45 1/80 0/20 36/45 39/41
Carcingma/Animals 6% 6% 36% 98% 1% 0% 80% 5 95% 5
P Value 4 .0000* .0000* - -- “- -- .0000* .0000*
Time to Tumor (weeks) 72 72 80 54 90 - - 66 67
Kidney Epitheligl 1/77 1/18 1/50 2/45 0/80 0/20 0/45 0/40
TumorséAnimals 1% 6% 2% 4% 0% 0% 0% 0%

P Value 4 1414 L4873 -- -- 1.000 1.000 - .-
Time to Tumor (weeks) 92 92 92 92 - - -- - -
Thyroid Eumors/ 0/717 0/17 0/48 0/43 0/80 0/20 0/41 0/36
Animal 0% 0% 0% 0% 0% 0% 03 0% -
P Value 4 1.000 1.000 .- .- 1.000 1.000 .- -
Time to Tumor (weeks) - -- - -- -- - - -- --
Survival at Terminal

Sacrifice (92 weeks). 48% 50% 65% 65% 81% 75% 75% 20%

..

= Oral dose of chloroform in corn oil administered by gavage five times per week.

1
2 ~ Based on number of animals whose tissues were examined.

3 = One-tail P value from Armitage test for linear trend in proportions, unless otherwise stated.
4

5

to a dose level.
*

Time to detection of first tumor (at death).

Data departure from linear trend (for departure statistic; P < .05).
Bonferroni correction for simultaneous comparison of controls is included.
Statistically significant (P < .05).

Fisher Exact Test is used comparing controls

From: Report on Carcinogenesis Bioassay of Chloroform. National Cancer Institute, Bethesda, Maryland.

March, 1976, p. 31.



treated and controls was significant (p<0.05, Fisher exact test). Reuber’s
analysis of thyroid tumor incidence in male rats agreed with that of the NCI
pathologists, but he described tumors in the treated rats as larger and more
invasive than those in the control rats.

Reuber (1979) contended that the incidence of hepatocellular carcinoma in
male and female mice is slightly higher than that reported by the NCI (see
Tables 7-C and 7-D). Reuber (1979) concluded that the incidences of
lymphomas in chloroform-treated male and female mice were increased relative
to controls in the NCI study (Table 7-C). Lymphomas were not found in
untreated and vehicle-treated mice. The incidences of lymphoma in low and
high dose males and low dose females were all significantly higher than that
in the controls (p <0.05; Fisher Exact test.) However, a clear positive
dose response is not evident, as the high dose mice had fewer lymphomas than
the low dose mice.

7.2.4. Conclusions

The NCI concluded that chloroform treatment was associated with increased
incidences of hepatocellular carcinomas in male and female mice and renal
epithelial tumors in male rats. The methodology used in this bioassay was
different in several respects from that currently recommended. The duration
of exposure for the subchronic tests was only 42 days rather than 90 days.
The number of matched controls currently recommended is at least 50, as
compared to 20 wused in this bioassay. The duration of exposure in the
chronic bioassay was 18 months rather than 2 years. The dosing regimen
changed during the study. And finally, mice treated with several different
volatile chemicals were housed in the same room. NCI concluded that these
factors did not negate the results of their assay. There was no evidence in
control groups that 1low level exposure to other chemicals in the room air
had an effect on carcinogenesis. However, the possibility of interaction of
these chemicals and chloroform in the production of the carcinogenic
response cannot be completely ruled out. The dose of chloroform given to
these animals which was associated with tumors was probably much greater
than any presumed exposure to other volatile chemicals in the air. Levels
of these other chemicals in room air were not evaluated.

In addition, Reuber (1979), based on his examination of the histological
sections from the NCI study, concluded that chloroform treatment was also
associated with cancer of the liver in rats and an increased incidence of
malignant lymphomas in mice. However, pathologists at the NCI did not agree
with his findings.

7.3. Jorgenson et al, (1985) Study

The carcinogenicity of chloroform given in drinking water was evaluated in
male Osborne-Mendel rats and female B6C3Fl mice (Jorgenson et al. 1985)
(Table 7-E). The chloroform used (technical grade redistilled before use),
was analyzed for contaminants by gas chromatography/mass spectrometry and
found to contain 100 ppb diethylcarbonate, and trace amounts of 1,1-
dichloroethane, dichloroethylene, carbon tetrachloride, and an unidentified
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TABLE 7-D
Incidence of tumors in NCI study according to reanalysis by Reuber (1979)

Tumor_Incidence?

Species/Sex Tumor Type . Control Low Dose High Dose

rat F cholangiofibromas and cholangiocarcinomas - 0/20 3/39 11/39

rat F hyperplastic nodules and hepatocellular 3/1;0b 9/39 14/39
carcinomas

rat F hepatocellular carcinomas 0/140b 2/39 2/39

rat | F thyrold adenomas and carcinomas 1/20 11/39 12/39

rat F thyroid carcinomas 1/20 3/39 5/39

rat M hyperplastic nodules and hepatocellular 1/39 5/50 10/49
carcinomas

rat M hepatocellular carcinomas 0/39b 0/50 2/49

mouse M lymphomas 0/54b 14/46 10/44

mouse F lymphomas - 0/_39b 9/45 4/40

mouse M hepatocellular carcinomas and hyperplastic 5/34b 31746 44/44

" nodules

mouse M ‘ hepatocellular carcinomas : 2/34b 20/46 Lh/b4

mouse F hepatocellular carcinomas and hyperplastic 0/39b 41/45 40/40
nodules '

mouse F hepatocellular carcinomas 0/39 40/45 40/40

a. Tumor Incidence = number of animals with tumor/number of animals examined {or that tumor. It is
not clear why, in some cases, Reuber's denominators ave not the same as in Lhe NCI report.

b. Pooled vehicle and untreated controls,



c Hl hydrocarbon. Chloroform concentrations in water remained at least 93%
o% garget concentration during the 4 days between new preparations. Time-
weighted average doses of chloroform (Table 7-E), calculated based on water
consumption rates and body weight, ranged up to 160 and 263 mg/kg-d for rats
and mice, respectively. Chloroform in room air was consistently below 6 ppb
and none was detected in feed. Two control groups were used, an untreated
control, and a control group of animals with restricted access to water such
that the water consumption was equivalent to that observed in the high dose
groups. Animals were observed daily. Body weights were recorded weekly for
the first 14 and 18 weeks of the study for mice and rats, respectively, and
monthly thereafter. A complete necropsy was performed at termination of the
study or when animals were found moribund.

Water consumption by rats decreased with increasing chloroform content.
Survival was inversely correlated to chloroform dose in the male rats. At
week 104, the survival rates were 12% for the contrel, and 25, 29, 60, and
66% for chloroform-treated groups (lowest to highest dose), respectively.
Untreated control rats on restricted water intake had a survival rate of 54%
at 104 weeks. Jorgenson et al. speculated that leaner body composition may
be related to survival in the male rats. The chloroform-treated female mice
also consumed 1less water than controls. However, the investigators noted
that the difference appeared to be primarily due to a subgroup of animals
which refused to drink water. After this subgroup died, water consumption
returned toward control values, although it was still significantly less.

Tumor incidence data (Table 7-F) were evaluated for significant differences
by the Peto trend test or the Cochran-Armitage test. A dose-related
significant increase in renal tubular cell adenomas and adenocarcinomas was
observed in the male rats (p<0.0001l, Peto trend test). Increased incidences
of neurofibromas, leukemias, lymphomas, and overall circulatory system
tumors were observed. However, these tumors were not clearly dose-related
(see Table 7-F), and may represent progression from one tumor type to
another because of the longer survival of treated rats. The incidence of
nephropathy was high (> 90%) in all groups including controls.

Jorgenson et al. found no treatment related increases in tumor incidence in
the female mice. The lack of liver tumors in female B6C3Fl mice is in sharp
contrast to the results of the NCI study, wherein the incidence was 80% for
the low dose group and 95% for the high dose group, compared to 1% and 0% in
the colony and matched controls, respectively. The low dose in the NCI
study, 238 mg/kg, is comparable to the high dose in the Jorgenmson study. A
major difference between the NCI study and the Jorgenson study is the mode
of administration. Withey et al. (1983) showed that administration of
chloroform to rats in a corn oil vehicle slowed the gastrointestinal
absorption of chloroform relative to the rate observed after administration
in water. The peak blood concentration of chloroform and the area under the
blood-concentration time curve were about 7-fold and 8.7-fold greater when
chloroform was administered as a bolus dose in water than when administered
in o0il. 1In the Jorgenson study, the rats received small doses each time
they drank water, whereas the NCI study used bolus administration in corn
oil. However, the corn oil vehicle effect (Withey et al. 1983) may have
diminished the differences in absorption kinetics expected with the 2
different methods of administration. Thus, differences in peak
concentrations in blood in the NCI and Jorgensen studies may not have been
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TABLE 7-L

Experimental Design ol Jovpenson et al. (1985)

DOSE
TUA"
Species/Strain Sex mg/} __mp/kp-d
rat, Oshorne-Mendel M n 0
o RN 0
200 19
4H00 Kh
\ll 900 a1
)
1800 1en
medse, BO6U3FL F o’ 0
0 (RW) 0
200 3n
400 69
200 130
1800 263

C
buration

|
T {weoks) Commonts
130 104 Rats were started on
. test at 7 wecks.
50 104
3130 104
150 104
50 104
S0 104
430 104 Mice were started on test
at. 8.5 wacks of age.
50 J04
430 104
150 104
50 - 104
50 104

TWA - cime-weighted average dose based on water intake and body weight.

N = number of animals/dose group.
buration of exposure.
BY ~ restricted water intake.



TABLE 7F

Kidney tumors and other tuwors in male Osborne-Mendel rats treated with chloroform in drinking water,
From Jorgenson et al. (1983).

Chloroform Treatment Groups (mg/1)

Matched
Tumor_ Type Gontrol Control 200 400 900 1800
All kidney tumors® 5/301 1/50 6/313 7/148  3/48 7/50°°¢
Tubular cell adenoma 4/301 1/50 2/313 3/148 2/48 5/50b,c
Tubular cell adenoma and 4/301 1/50 4/313 4/148 3/48 7/50b,c
adenocarcinoma '
Neurof ibroma 27303 1/50 2/316 1/148 0/48 3/50
lymphomas and leukemias 5/303 1/50 19/316b 5/148 2/48 3/50b

a. Includes nephroblastomas occurring in the 200 and 400 mg/1 groups.
b. Individual treatment group statistically different from control group, p<0.01 (test not specified).
c. Overall p value calculated by Peto trend test, p<0.0001.



sufficient  to account for the differences in results. Bull et al. (1986)
showed that chloroform administered to male and female B6C3F1 mice in corn
0il caused a greater degree of hepatotoxicity than the same dose given in an
aqueous solution of Emulphor (2%). Other investigators have shown that corn
0il may increase the yield of tumors when administered after aflatoxin B

{Newberne et al. 1979), and that nitrosamines and acetylaminofluorens
induced tumors earlier or with a higher incidence in rats fed a high fat
diet relative to controls (Rogers and Newberne, 1975). Some physiologic or
metabolic changes produced by corn oil consumption might interact with
chemical carcinogens altering the production of liver tumors. The incidence
of renal tumors produced by chloroform in the Jorgensen study was in good
agreement with the NCI tumor incidence data. The differences in method of
administration had no apparent effect on renal carcinogenesis in rats. '

7.4, Huntingdon Research Center Studies

A series of experiments was conducted by the Huntingdon Research Center to
determine the effects of chronic ingestion of chloroform in a toothpaste
base in mice, rats, and beagle dogs. In the first set of experiments (Roe
et al. 1979), doses of 17 and 60 mg chloroform/kg were administered by
gavage in toothpaste to male and female ICI mice, 6 d/w for 80 weeks
followed by a 16 week observation period (Experiment I). Controls (N=104)
were treated with 1 ml toothpaste/kg-d. Aside from increased nonneoplastic
liver lesions (moderate fatty degeneration), the only significant difference
in pathology reported was an increase in the incidence of kidney tumors in
high dose male mice (Table 7-G). Of the 8 kidney tumors in the high dose
group of ICI males, three were classified as hypernephromas (tubular
adenocarcinoma, personal communication from Dr. F.J.C. Roe to Dr. John
Christopher, California Dept. of Health Services), and the remainder were
adenomas. Reuber (1979) reported that the incidence of renal tumors in
high-dose male ICI mice, 8/37 (the original paper reported 8/38, but was in
‘error, see Table 7-G), was significantly greater than control mice (p =
0.00012, Fisher Exact test). In experiment I of Roe et al. (1979), many of
the animals’ tissues were not examined histologically and, therefore, the
true incidence of tumors is unknown. None of the female ICI mice examined
developed renal tumors (Roe et al. 1979). The incidence of liver tumors in
treated ICI mice was not different than in the controls.

Roe et al. (1979) also investigated other components of the toothpaste base
for carcinogenicity using male ICI mice (Experiment II). Groups of male ICI
mice (N = 260 controls, 52/dose) were given one of the following: toothpaste
base (without peppermint oil, eucalyptol, or chloroform), 8 or 32 mg
eucalyptol/kg, 4 or 16 mg peppermint oil/kg, or 60 mg chloroform/kg in
toothpaste base by gavage 6 d/w for 80 weeks. Roe and colleagues stated
that no lesion in this part of the study could be correlated with treatment.
However, a Chi-square test on the kidney tumor data (Table 7-G) indicates
that chloroform treatment was associated with an increase in kidney tumor
incidence relative to controls (p<<0.001). Two of the kidney tumors in the
chloroform-treated mice and one in a eucalyptol-treated mouse were regarded
as malignant and classified as hypernephromas (tubular adenocarcinoma, see
above). All other kidney tumors were classified as benign adenomas
(tubular adenomas) .
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TABLE 7G

Incidence of kidney tumors in ICI mice given 0, 17, or 60 mg chloroform/kg-d
in toothpaste base (no peppermint oil or eucalyptol).
From: Roe et al. (1979)

EXPERIMENT 1
Qg§g? (mg/kg-4d) Males Females
0 (vehicle only) 0/72 0/59
17 chl 0/37 0/35
60 chl 8/37° 0/38

Dosea(mz/kz-d) Males Females

0 (no vehicle) 1/45 0/49

0 (vehicle only) 6/237 --

60 chl 9/49° -

8 euc - 1/52 .-

32 euc 0/46 --

4 pep 1/50 .-

16 pep 0/49 --

a. chl = chloroform; euc = eucalyptol; pep = peppermint oil

b. The original paper reported 8/38 for kidney tumors in this group. The
correct figure is 8/37 (personal communication from Dr. A. K. Palmer
to Dr. J. Christopher, California Department of Hedlth Services).
Significantly greater than controls, p<0.001, Fisher Exact Test.

c. Significantly greater than vehicle treated controls, Chi-square test,
p <<0.001.
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In a third mouse experiment (Experiment III), Roe et al. (1979) compared the
effects of toothpaste containing 3.5% chloroform on male mice of 4 different
strains (C57BL, CBRA, CF/l, and ICI). Roe and colleagues estimated that a 55
kg woman would receive about 0.15 mg chloroform/kg-d by brushing the teeth
twice daily with a toothpaste containing 3.5% chloroform. Groups of mice (N
= 352/dose) received either 1 mg/kg-d of toothpaste base which contained both
eucalyptol and peppermint oil, 1 ml arachis oil/kg-d, or 60 mg
chloroform/kg-d (400 times “human" dose from toothpaste) in toothpaste or
arachis oil by gavage 6 d/w for 80 weeks, followed by a 16-24 week
observational period.

Treatment with chloroform was not associated with any increase in liver or
lung neoplasms relative to vehicle-treated controls in any of the 4 strains
tested. Treatment with chloroform in toothpaste was associated with
significantly higher incidences of moderate to severe kidney pathology in
CBA and CF/1 mice relative to the controls (p<0.0001, Chi-square test). In
addition, chloroform administered in arachis oil significantly increased the
incidence of moderate to severe kidney disease (p<0.05, Chi-square test) and
kidney tumors in ICI male mice compared with arachis oil vehicle controls.
Kidney tumors were malignant in 9 treated mice (Table 7-H). No kidney
tumors were found in the 83 untreated controls. When chloroform was given
to male ICI mice in a toothpaste base, 5/47 animals developed kidney tumors.
In three of these mice, the tumors were malignant. Both groups of vehicle
(toothpaste base or arachis 0il) controls each had one mouse with a benign
kidney tumor. Roe et al. did not Present a statistical analysis of the
kidney tumor data. Analysis by the Chi-square test shows that the incidence
of kidney tumors in the ICI male mice given chloroform in arachis oil is
significantly higher than vehicle treated controls (p<0.005). Reuber (1979)
reported that the incidence of kidney tumors in male ICI mice treated with
chloroform in arachis oil was significant relative to the combined (vehicle
Plus untreated) controls’ (p = 0.00156) by the Fisher Exact test.

Survival was poor in the ICI and CF/1 mice, and relatively few CF/1 mice
survived beyond the 80th week when renal neoplasia would most likely be seen
(time-to-tumor = 88 weeks in ICI mice).

Palmer et al. (1979) gave groups of 50 Sprague-Dawley rats (both sexes) O or
60 mg chloroform/kg-d, 6 d/w by gavage in a toothpaste base for 80 weeks,
followed by a 15 week observation period. There were no differences in the
incidences of tumors of any site examined, including brain, lung, liver,
kidney, and mammary gland, between treated and control animals. .
Heywood et al. (1979) investigated the carcinogenicity of chloroform in a
toothpaste base in beagle dogs. Groups of male and female dogs received
toothpaste base with 0, 15 or 30 mg chloroform/kg-d, 6 d/w for 7.5 years (N
= 8-16 per sex), followed by a 20-24 week recovery period. Untreated
controls consisted of 8 dogs/sex. Treatment with chloroform at the high
dose was associated with significant elevations in SGPT levels starting 6
weeks into the treatment phase, which rose steadily during the first 5 Yyears
and plateaued or declined slightly thereafter. Treatment with the lower
dose of chloroform also produced slight but significant increases in SGPT
levels after 130 weeks of treatment. No treatment related tumors were
observed.

7-17



Incidence of kidney tumors in male mice g

TABLE 7-1

fven 0 or 60 mg chloroform/kg-d in toothpaste

a or arachis oil

(Experiment III, Roe et al, 1979)

Number of mice wltg tumors: % Survivors at
Strain Dose . Benign Malignant Total Terminal Kill (Week)
C57B1 0 0/46 0/46 0/46 52 104
c57B1 60 0/51 0/51 0.51 69 104
CBA 0 0/51 0/51. 0.51 69 104

" cBA 60 0/51 0/51 0/51 79 104
CF/1 0 0/45 2/45 2/45 21 93
CF/1 60 0/48 1/48 1/48 | 12 93
1Cc1 0 1/49 0/49 1/49 27 97-99
1c1 60 2/47 3/57 5/47 31 97-99
1Cc1 untreated 0/83 0/83 0/83 19 97-99.
ICI 0 (arachis) 1/50 0/50 1/50 21 97-99
() 60 (arachis) 3/48 9/48 12/48 17 . 97-99

a. Toothpaste base cont
oil; 6.50% eucalypto

b. In toothpaste, unless noted otherwise; ar

ained 39.35% glycerol; 48.53% calcium carbonate;
1; 0.45% carragheen gum; 1.1% sodium lauryl sulphate; 0.03% sodium

saccharin; 1.10% white mineral oil; 5.12% water.

achis = arachis oil vehicle.

0.25% peppermint



7.5. Tumasonis et al. (1985) Study

Chloroform treatment of rats via drinking water was associated with hepatic
neoplastic nodules and hepatic adenofibrosis (Tumasonis et al. 1985).
Chloroform was administered to male and female Wistar rats (derived from a
closed colony maintained by the New York Department of Health) in the
drinking water initially at a concentration of 24 mM; at 72 weeks, the
concentration was halved because of an observed increase in water
consumption. The resulting daily doses were about 220 mg/kg/d and 160
mg/kg/d for the female and male rats, respectively. Chloroform was the
positive control in this study which was designed to examine the effects of
chronic consumption of dibromochloromethane, another trihalomethane commonly
found in drinking water. Control groups received city water. Treatment was
continued for the lifetime (>90 to 180 weeks) of the rats which were killed
when moribund or when a large tumor was noted. Sections of liver and of
tissues with grossly observable lesions were examined histologically.
Treated animals weighed less than controls at all ages. Survival curves
presented in the paper indicated a slightly lower survival rate in treated
rats than in controls between about 80 and 120 weeks. However, more treated
rats than controls lived longer than 160 weeks.

The. incidence of hepatic neoplastic nodules was significantly elevated in
treated females compared to controls (p<0.03, Fisher Exact test) (Table
7-1). In males, the incidence of hepatic neoplastic nodules did not differ
in control and chloroform-treated groups. Increased incidences of hepatic
adenofibrosis were observed in chloroform-treated males and females relative
to controls. Tumasonis et al. used the term adenofibrosis for lesions which
resemble cholangiocarcinoma, based on the classification of hepatic tumors
proposed by the National Academy of Sciences (NAS, 1980 as cited in

Tumasonis et al. 1985). As noted in the report, adenofibrosis was used
because the NAS report expressed doubt that bile duct cells in the rat can
give rise to adenomatous tumors, i.e., cholangiocarcinomas. However,

several hepatocarcinogens can produce proliferative lesions of bile ducts
(Terao and Nakano, 1974). Schauer and Kunze (1976), in the International
Agency for Research on Cancer publication on tumors of the rat (IARC, 1976),
described cholangiocarcinomas in the rat, and Tumasonis and colleagues state
that lesions observed in their study were similar to those described in the
IARC publication as chloangiocarcinomas. The reanalysis of the NCI data by
Reuber (1979) indicated that he believed the female rats in the NCI study
had chaloangiofibromas and cholangiocarcinomas. This is consistent with the
observations made by Tumasonis et al. (1985). The time-to-tumor is not
discussed by Tumasonis; however, survival curves are presented for animals
with and without adenofibrosis or neoplastic nodules. From these curves, it
appears that hepatic adenofibrosis was found in animals which died around
week 80, at the earliest, and that this lesion was found in animals dying
out to week 180.

The incidence of lymphosarcoma was lower in chloroform-treated males than in
controls. Lower incidences of pituitary and mammary tumors were observed in
chloroform-treated females relative to controls (p<0.05, Fisher exact test).
In contrast to the NCI and the Jorgenson et al. studies, renal tumors were

not associated with chloroform treatment. However, Tumasonis et al.
indicated that kidneys were only examined when grossly observable lesions
were evident. Hence, kidney tumors may have been missed by this protocol.
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TABLE 7-1

Liver tumors found in Wistar rats treated with chloroform in drinking water.
- From: Tumasonis et al., 1985,

. Males . Females
Tumors Control Treated Control Treated
‘Hepatic neoplastic nodules  5/22 5/28 0/18 10/40°
Hepatic adenofibroslsb 0/22 17/28n o/18 3’0/40a
Lymphosarcoma 14/22 . 6,28 2/18 4 /40
Pituitary Tumor 0/22 2/28 6/18 1/40°
Mammary Tumor 0/22 0/28 8/18 0/40°

a. Sipnificantly greater than control, p<0.001, Fisher exact test.
b. Tumasonis et al. use this term, rather than cholangiocarcinoma, based on a
classification proposed by the Institute of Laboratory Animal Resources of the

National Academy of Sciences.

c. Significantly less than control, p<0.05, Fisher cxact test,



Tumasonis et al. concluded that chloroform is a hepatocarcinogen in these
closed-colony Wistar strain rats.

7.6. Qther Studies

Eschenbrenner and Miller (1945a) gave 30 doses of chloroform in olive oil by
gavage at 4 day intervals to strain A mice (5/sex/dose) at doses of 0, 150,
300, 600, 1200, and 2400 mg/kg. One month after the last dose, the animals
were examined for the presence of hepatomas. A single dose of chloroform,
administered 24 h pPrior to sacrifice, produced extensive necrosis of the
liver in male and female mice at the 3 highest doses, and renal necrosis in
male (but not female) mice. Cirrhosis of the liver was present in the
chronically treated mice at the 3 highest dose levels, but was absent in the
2 1lower, dose groups. No hepatomas were observed in males or females in the
low dose groups. However, these groups were too small, and the duration of
eéxposure too limited to conclude that chloroform does not cause hepatomas at
the lower doses employed. All the males in the higher dose groups died
during the course of treatment. It was,“therefore, not possible to evaluate
the carcinogenicity of chloroform in the male mice. All surviving females
(3/5 at 600 mg/kg and 4/5 at 1200 mg/kg) had hepatomas, which the
investigators described as similar to those produced by carbon
tetrachloride.

Chloroform was negative in the pulmonary adenoma assay in strain A mice
(Theiss et al. 1977). Doses of 80, and 200 mg/kg were injected
intraperitoneally thrice weekly. One group received 2 doses of 400 mg/kg.
Twenty-four weeks after the first injection, mice were sacrificed and the
lungs were examined for tumors. The frequency of lung tumors in treated
mice was not greater than controls. .

7.7. Tumor Promoter Activity

Results of experiments designed to test for tumor promoting activity of
chloroform have been mixed. Evidence from experiments is discussed in the
following sectionms.

7.7.1. Tumor Promotion Bioassays

Klaunig et al. (1986) wused a two-stage initiation/promotion treatment
pProtocol to evaluate the tumor promoting activity of chloroform in
diethylnitrosamine (DENA) treated B6C3F1 mice. Groups of 35 male mice
received drinking water containing 0 or 10 mg DENA/1 for & weeks. After the
4 week initiation period, mice were given drinking water containing either
deionized water or chloroform at levels of 600 or 1800 mg/l. These levels
were believed to be the maximum tolerated dose (MID) and 1/3 MTD, based on
mortality in a 4 week study. Ten mice per group were sacrificed after 24
weeks of promotion; the remainder were sacrificed at 52 weeks. At necropsy,
all tissues’ were examined for gross lesions and samples of liver, lung, and
kidney were prepared for quantitating tumors.

Mice receiving chloroform gained less weight, had lower water consumption
rates, and decreased rates of survival relative to controls (p<0.05,
statistical test not reported). Focal areas of necrosis in liver and kidney
were observed in chloroform-treated mice. Liver and lung tumor data from

7-21



chloroform treated mice that died before termination of the study were
included in the final tallies. Klaunig et al. (1986) reported that
chloroform treatment had no affect on the incidence of lung tumors in
jnitiated or noninitiated mice. No statistical analysis of this result is
presented. However, Chi-square analysis of 1lung tumor data (Table 7-J)
reveals that lung tumor incidence in initiated mice treated with 1800 mg
chloroform/1 was less than that in initiated controls (p<0.005). 1In
addition, the number of tumors per mouse was significantly lower in
chloroform treated initiated animals than in initiated controls (p<0.001,
Student’s t test, 1800 mg/l group compared to control).

Treatment of noninitiated mice with chloroform did not affect the incidence
of liver tumors with respect to controls. However, chloroform treatment of
DENA-initiated mice at both the low and high doses produced a significant
decrease in the mean number of liver tumors per mouse relative to the DENA
initiated group given deionized water during the promotional period. No
statistical analysis of this data was presented by Klaunig. Analysis by
Student’s t test shows statistical significance at p<0.02. The lack of an
association between chloroform treatment and liver tumors in the uninitiated
mice is in contrast to the findings reported by the NCI (1976), but is in
agreement with the Jorgenson study, which also used drinking water as the
route of administration. Doses used in mice in the NCI and Klaunig studies
approximated 1.8 and 1.5 mg chloroform/g body weight per week, respectively
(Klaunig et al. 1986). However, the duration of exposure was less in the
Klaunig study than in both the NCI and Jorgenson studies. Direct comparison
is, therefore, difficult.

Habs et al. (1983) reported that subcutaneous injection of 300 mg
chloroform/mouse had no effect on the occurrence of tumors in C57Bl6 mice 9
weeks following a_  single whole-body dose of 170 or 330 rad of fast
neutrons. Whole body irradiation increased the incidence of malignant
tumors, especially in the liver.

Pereira et al. (1985) injected groups of 15 day old CD-1 Swiss mice of both
sexes (N = 25 to 45) with either 0, 5, or 20 mg ethylnitrosourea (ENU)/kg.
After weaning, the mice received 1800 ppm chloroform or 500 ppm sodium
phenobarbital in the drinking water, until 51 weeks of age. At 52 weeks the
animals were examined for grossly observable lesions and sections of kidney,
liver, adrenals, lung, esophagus, forestomach, and all gross lesions were
prepared for histological examination. ENU treatment caused a dose-related
increase in the incidence of altered foci, adenomas, and carcinomas in the
liver (Table 7-K). Treatment with chloroform in the drinking water
decreased the incidence of ENU-initiated liver tumors (adenomas and
carcinomas) significantly in male mice (p<0.05, Student’'s t test). In
contrast, phenobarbital treatment caused a significant (p<0.05, Student’s t
test) increase in the incidence of liver tumors, especially carcinomas, in
ENU treated animals. There were no liver tumors in the ENU-treated female
mice. ENU caused a dose-related increase in the incidence of lung tumors in
male and female mice, which was not altered by subsequent chloroform or
phenobarbital  treatment. Chloroform treatment itself, without prior
initiation by ENU, did not increase the incidence of liver or lung tumors
relative to drinking water controls.
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TABLE 7-J
Liver and lung tumor incidence at 52 weeks in an initiation-promotion bioassay
with B6C3Fl male mice.
From: Klaunig et al., 1986

TREATMENT LIVER TUMORS LUNG TUMORS

Initiation® Ptgmotionb Incidence Tumoxs/Mouse Incidence Tumors/Mouse
_ _ 5/25 0.08 + 0.28 2/25 0.10 + 0.30
+ . 25/25 29.3 + 15.4 18/25 1.40 4+ 1.40
. 600 mg/1 3/25 0.1 +0.3 0/25 0
+. 600 mg/1 25/25 19.4 + 14.1 13/25 0.80 & 0.90
. 1800 mg/1 4/25 0.3 +£0.9 0/25 0.04 + 0.20
+ 1800 mg/1 20/25 18.4 + 14.7 6/25 1 0.30 + 0.60

a. Mice were initiated by drinking water which contained 10 mg diethylnitrosamine/1 for

4 weeks.

b. Following initiation, mice were given water containing 600 or 1800 mg chloroform/1

for 52 weeks,



TABLE 7-K

Effect of chloroform treatment on the incidence of liver tumors

at 52 weeks in ethylnitrosourea-initiated male mice.
Adapted from: Pereira et al., 1985

Tumor Incidence

(# animals with tumor/# animals examined)

reatment Adenoma and Carcinoma Adenoma Carcinoma
ENU?
) 2/37 2/37 2/37
5 8/39 . 8/39 » 2/39
20 22/30 22/30 10/30
ENU + CHLb
0o - 0/23d 0/23d 0/23
5 1/25d 1/25d 0/25
20 12/29 12/29 5/29
ENU + PBS .
0 11/30 6/30 0/30e
5 17/36 14/36 10/36e
20 24/25 22/25 17/25
a. Mice were initiated with ethlynitrosourea, 5 or 20 mg/kg,

administered intraperitoneally at 15 days of age.

CHL = 1800 ppm chloroform in the drinking water from weaning
through 51 weeks.

PB = 500 ppm phenobarbitol in the drinking water from weaning
through 51 weeks.

Significantly less than ENU treatment alone, Fisher exact test,
p<0.05.

Significantly greater than ENU treatment alone, Fisher exact
test, p<0.05. '
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Hirose et al. (1981) reported that the induction of tubular hyperplasia and
renal cell tumors were markedly enhanced in rats by combined treatment with
a single dose of 20 mg dimethylnitrosamine/kg (DMN), unilateral nephrectomy,
formic acid 2-[&-(5-nitro-2-furyl)-2-thiazolyl]hydrazide (FNT) in the diet,
and 400 mg chloroform/kg given as a single oral dose either before or after

DMN.  Epithelial regeneration following chloroform-induced tubular necrosis
seemed to be as effective a promoter as proliferation produced by
nephrectomy. However, the investigators did not examine the effects of

chloroform and unilateral nephrectomy on the incidence of FNT-initiated
tumors separately, It is, therefore, difficult to elucidate the role of
chloroform in the observed increase in tumor incidence.

Pereira et al. (1982) examined DNA binding, and the initiation and promotion
activities of bromoform and chloroform using female B6C3Fl mice or male
Sprague-Dawley .rats. In rat liver and kidney, a peak of radioactivity
derived from C-chloroform was found associated with the Pyrimidine bases
or phosphates of DNA. Purification of 1labeled DNA revealed that
dinucleotide bridges may have formed. The amount of label bound was about
0.05 to 0.15% of the binding index obtained with dimethylnitrosamine. No
such association was found using mouse liver. Chloroform given as a single
oral dose of 179 mg/kg was not active as an initiater in a two-step
initiation-promotion assay using phenobarbital as the promoter, and gamma-
glutamyl transpeptidase (GGTase) positive foci in the liver as an indicator
of carcinogenesis. The incidence of GGTase positive foci in livers of DENA-
initiated rats treated with chloroform in a promoting regimen (179 ng/kg,
twice weekly for 8 weeks) was significantly higher relative to vehicle
treated animals, but was not statistically higher than in groups given DENA -
alone or chloroform alone. Pereira et al. concluded that chloroform has
little or no initiating activity, and that tumor promoting activity needs
further study. Despite the work of Pereira and colleagues, DHS staff
believe that chloroform may also act as a genotoxic agent,

Capel et al. (1979a) reported that growth of Ehrlich ascites tumor cells in
the peritoneal cavity of mice, measured as DNA content of peritoneal cavity
washes, was increased in mice treated with 15 mg chloroform/kg-d in the
drinking water for 2 weeks either before and/or after inmoculation with
tumor cells (p<0.00l, test not reported). The invasion of spleen,
mesenteric lymph nodes, and lung by B16 melanoma cells injected sc into the
tail of C57B1 mice was more extensive in chloroform treated mice.
Statistical analysis of this result was not presented. Capel et al. also
reported that the lungs of mice treated with 15 mg chloroform/kg-d had a
greater number of metastases than controls following inoculation of the
animals with Lewis lung tumor cells (p<0.05, test not reported). Ingestion
of a smaller dose of chloroform (0.15 mg/kg-d) did not affect the growth of
any of these murine tumors. Capel et al. concluded that chloroform
ingestion can enhance the growth and spread of experimental tumors.

7.7.2. Biochemical Evidence of Tumor Promoter Activity

Deml and Oesterle (1987) reported that chloroform treatment following
diethylnitrosamine initiation increased the number of preneoplastic foci in
the 1liver, defined as areas of increased GGTase activity and glycogen
storage, and decreased ATPase activity. Administration of 100, 200, and 400
mg/kg twice a week for 11 weeks produced a 2, 2.5, and 5 fold increase in
number of ATPase deficient islands. Total area of these islands was alseo
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increased. Areas of increased GGTase activity and glycogen storage were
also increased . by doses of > 100 and > 200 mg chloroform /kg,
respectively. This study provides some evidence that chloroform may have
promoting effects.

Capel et al. (1979b) theorized that chloroform may exert some of its
carcinogenic activity by influencing the bioactivation and detoxification of
other carcinogens. Ingestion of chloroform-containing drinking water, at
doses equivalent to 0.15 or 15 mg chloroform/kg-d, for 14 days did not
affect the liver weight or protein content of microsomes in male rats (N=3).
Chloroform treatment was associated with decreased cytochrome P-450 content
in the 1liver, no changes in aryl hydrocarbon hydroxylase or glutathione
transferase activity, and depressed uridine diphosphoglucuronic acid (UDPGA)
transferase activity. relative to controls (p<0.05, test not reported).
There were no differences observed in DNA binding of “H-benzo[a]pyrene
between control and chloroform treated rats. Other investigators have
demonstrated that chloroform treatment can destroy cyt P-450 in the liver
(Enosawa and Nakazawa, 1986). The relationship between changes in cyt P-450
and tumor promotion are ill-defined.

A number of tumor promoters, including the phorbol esters are activators of
calcium dependent, phospholipid dependent protein kinase (protein kinase C)
(Roghani et al. 1987). Roghani et al. (1987) found that chloroform (2% v/v)
could activate protein kinase C in vitro using washed rabbit platelets.
Carbon tetrachloride and methylene chloride were also able to activate this
enzyme. The investigators suggested, based on assays for protein kinase C
in a reconstituted membrane system, that chloroform increases the number of
binding sites for the protein substrate, and that a likely mechanism is
alteration of the chemical structure of the lipid surrounding the enzyme.
Ulmer and Braun (1987) reported that chloroform (2% v/v) enhanced the
phosphorylation of myelin basic proteins 17 fold over control conditionms,
probably due to the stimulation of protein kinase C activity. The
relationship between activation of protein kinase C and the process of tumor
promotion is undefined. Furthermore, the relevance of these in vitro assays
using 2% chloroform to what occurs in vivo at much lower concentrations is
unclear.

Ornithine decarboxylase (ODC) induction may be a biochemical marker for
tumor promoters (Savage et al. 1982; Pereiera et al. 1984b). This enzyme is
the rate-limiting enzyme in polyamine synthesis, and is induced during tumor
promotion in skin and liver and during the hyperplastic response of liver to
drugs, hormones, and partial hepatectomy (Savage et al. 1982). The increase
in ODC activity is rapid and is followed by an increase in polyamine
' synthesis, which, in turn, is followed by increased DNA, RNA, and protein
biosynthesis (Pereira et al. 1984b). Injection of rats with chloroform (ip)
at a dose of 750 mg/kg resulted in a 44 fold increase in liver ODC activity
compared to saline treatment (Savage et al. 1982). An apparent threshold
for chloroform induction of ODC activity was indicated below 100 mg/kg.
Chloroform also induced hepatic nuclear RNA polymerase I, another enzyme
associated with hepatic hyperplastic response. However, in the kidney,
which had 300 fold higher levels of ODC activity than the liver, chloroform
treatment resulted in a 35% reduction in ODC activity. Pereira et al.
(1984b) reported that i.p. administration of chloroform to male mice and
rats resulted in a dose-dependent increase in hepatic and remal ODC activity
in both species, which was maximal at 375 mg/kg in the mouse and 750 mg/kg
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in the rat. However, ODC induction did not parallel DNA synthesis. Based
on the decrease in DNA synthesis following chloroform administration,
Pereira et al. (1984b) stated that the induction of hepatic and renal ODC
activity does not appear to be associated with a regenerative response.
Much work remains to elucidate the association, if any, between ODC
induction and the mechanism of tumor promotion, and to relate biochemical
changes induced by chloroform to the carcinogenicity of chloroform.

7.8. Cell Transformation Assays
7.8.1. BHK Cells

Daniel and Dehnel (in de Serres and Ashby, 1981) reported that chloroform
was positive in a cell transformation test with baby hamster kidney cells
incubated in suspension with or without rat liver §-9 mix and chloroform.
Five concentrations were used up to the LC50 derived from toxicity tests on
the cells (Table 7-L). Transformed colonies (those of more than 500 um
diameter) were counted and the transformation frequency calculated (number
transformed colonies/million survivors). A transformation frequency of 5
times the negative control was taken to be a positive response. Chloroform
was positive in the presence and in the absence of $-9 mix. The S$-9 mix
increased the toxicity of chloroform to this cell line, and also increased
the spontaneous transformation rate, i.e., that occurring in the absence of
chloroform. Sixteen of 23 known animal carcinogens and 11 of 14 putative
noncarcinogens were positive in this assay. Daniel and Dehnel noted several
problems with the assay, including inconsistent responses with the positive
controls 2-acetylaminofluorene and N-methyl-N’-nitro-N-nitrosoguanidine and
other knowm carcinogens, as well as with the negative control
dimethylformamide used as a vehicle for some of the test substances. Daniel
and Dehnel noted that the low specificity of this test system considerably
reduces its value. =

Styles (in de Serres and Ashby, 1981) reported that chloroform was negative
in an assay for -cell transformation using BHK cells. The criterion for
significance was a fivefold greater transformation frequency in treated
cells compared to controls. Twenty-two of 25 carcinogens and 5 of 17
noncarcinogens were positive in this assay. Chloroform did not induce an
increase in transformation rate at doses up to and greater than the LC50 for
this cell line (Table 7-L). These results contrast with those of Daniel and
Dehnel. Methodological differences including temperature, source of serum
in the medium, type of agar and viscosity, and a variety of other procedural
details may account for the different results obtained in the two
investigations (Styles, in de Serres and Ashby 1981).

7.8.2. Enhancement of Viral Transformation

Hatch et al. (1983) described a system designed to test the ability of
volatile or gaseous chemicals to enhance the transformation of Syrian
hamster embryo (SHE) cells. Exposure to chloroform vapors for 3 hours
significantly enhanced the viral transformation frequency of cultured SHE
cells in a dose-dependent manner (Table 7-L). Enhancement, expressed as the
ratio of the transformation frequency of chloroform-treated survivors to
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TABLE 7-L

Cell Transformation Assays of Chloroform

Reference Test Test Organism/Cell nggltgl
Daniel and Cell Baby hamster kidney +
Dehnel (in Trans- (BHK 21 C13/HRC 1)

de Serres formation cells

and Ashby,

1981)

Styles (in Cell BHK cells -

de Serres Trans-

and Ashby, formation

1981)

Comments

Duplicate cell cultures were incubated in
suspension, with or without liver 59 fraction
from Arochlor treated rats, in the presence

of chloroform (5 concentrations up to the

LC50, 6,380 ug/ml) for &4 h at 37 °C. Washed
cells were cultured for 21 days at 37°C and the
number of transformed colonies (those of more
than 500 um diameter) counted. Transformation
frequency of 5 times the control value was
taken as a positive response. The spontaneous
TF = 1. Chloroform treatment at the LC50 in the
absence of S9 resulted in a TF =~ 15, and a
maximum observed TF = 40. The positive control
N-methyl-N’-nitro-N-nitrosoguanidine produced a
TF = 19. 1In the presence of $9, chloroform at
the LCS0 produced TF = 72, a Tmax

observed = 800. The spontaneous TF and positive
control (2-acetylaminofluorene) TF in presence
of S9 were 14 and 140, respectively. See text
for discussion of problem with assay.

Cells were incubated for 4 h at 37°C with 0,
0.025, 0.25, 2.5, 25, or 250 ug chloroform per
ml in the presence of rat liver 59. No
increase in TF in cells cultured for 21 days
was observed at doses up to the LC50 in this
cell line ( 250 ug/ml). A compound was judged
to be positive if the TF was five fold greater
than spontaneous TF.
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Table 7-L continued

Reference Test Test Organism/Cell Regults1 Comments

Hatch Viral Syrian Hamster + Chloroform (0.12 to 2.0 ml) was added to

et al. Trans- Embryo Cells petri dishes in sealedichambers containing
(1983) formation monolayer cultures of SHE cells, and volatilized.

Cells were exposed to the vapor for 3 hours,
before addition of Simian adenovirus SA7. Virus
was adsorbed for 3 hours, and cells then
transferred for determination of viability and
enhancement of transformation. Enhancement
ratios (ER) were determined by dividing the
transformation frequency (SA7 foci x 1/surviving
fraction) of treated cells by that of controls.
ER were 1.0, 0.7, 1.7, and 4.6 for O, 0.12, 0.25,
and 0.50 ml chloroform, respectively. The latter
2 ER's were significant at p <.01 and p <.05,
respectively. '

1. - = negative; + = positive



that of controls, was 1.7 and 4.6 for the 2 mid-dose groups. The vapors
from the 2 highest exposures were 100% lethal. The survival fraction (the
ratio of colonies derived from chemically treated virus-inoculated cells to
that from control virus-inoculated cells) at the higher dose was 0.2, while
at the lower dose, the survival fraction was 0.49. Hatch et al. (1983)
stated that this bioassay correlated well with the results of in wvivo
biocassays for carcinogenicity.

7.9 Epidemiological Studies

There is no information currently available in the open literature which
examines the potential relationship between exposure to chloroform in an
occupational setting and human cancer. However, several studies are
available which examine the relationship between drinking water and human
cancer, some of which emphasize exposure to trihalomethanes, especially

chloroform. Present epidemiological evidence suggests an association
between = chlorinated drinking water consumption and human cancer,
particularly ©bladder and gastrointestinal cancers. However, these

relationships cannot be directly correlated to chloroform exposure because
many other carcinogens are found in drinking water including other
chlorinated halomethanes, brominated halomethanes, industrial pollutants,
and nonvolatile halogenated compounds. Epidemiological studies were not
useful for the risk assessment. Some of the larger studies are discussed at
length in Appendix A. ‘
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8.0. Quantitative Estimate of Cancer Risk

8.1. Introduction

Chloroform is carcinogenic to rats and mice (NCI, 1976; Roe et al. 1979;
Jorgenson et al. 1985). The International Agency for Research on Cancer
(IARC) has classified chloroform as a possible human carcinogen (Group 2B).
Similarly, the U.S. EPA has placed chloroform in Group B2 . in their
classification scheme, based on sufficient evidence of carcinogenicity in
animals, but inadequate epidemiologic evidence. The carcinogenicity of
chloroform was reviewed in Section 7. The estimation of cancer risk to
humans from exposure to chloroform based on animal studies is discussed in
this sectionm.

8.2. Possible Mechanisms of Chloroform Carcinogenesis

The mechanism by which chloroform induces tumors in experimental animals has
not been fully elucidated. It is commonly accepted that carcinogens may
induce cancer by damaging DNA. This damage may result from direct
interaction of a chemical or agent (e.g., virus, radiation) with the DNA.
producing a mutation, which, if left unrepaired, is later expressed upon
cellular replication. Chloroform is metabolized in mammalian species by the
cytochrome P-450 dependent monooxygenases to phosgene. Phosgene may undergo
spontaneous hydrolysis to form 002 and HCl, or react with cellular

macromolecules. Several studies have demonstrated that radiolabeled
chloroform metabolites covalently bind to cellular proteins and lipids, and
that the extent of binding is related to nephro- and hepatotoxicity
(Reynolds and Yee, 1967; Ilett et al. 1973; Smith and Hook, 1984; Uehleke
and Werner, 1975), DiRenzo et al. (1982) reported that radiolabeled
chloroform metabolites could bind to calf thymus DNA in vitro. Reitz et al.
(1982) also reported that radiolabel was bound to DNA following exposure to

14C-chloroform, but the binding index was weak (see section 2.3.4. on
covalent binding). However, chloroform has been largely negative in
bacterial and fungal mutagenicity assays. A few important exceptions
include omne positive result in a host-mediated assay (San Agustin and Lim-
Sylianco, 1978), questionable positives in the Bacillus subtilis rec assay
(Kada and Ichinotsuba, both in de Serres and Ashby, 1981), and positive
results in Saccharomyces cerevisiae strain D7 (Callen et al. 1980).
Similarly, chloroform has been tested in a number of mammalian systems and
the results were largely negative. However, a few positive results were
reported in tests for sister chromatid exchange in cultured human
lymphocytes and mouse bone marrow cells in vitro (Morimoto and Koizumi,
1983), and in the mouse bone marrow micronucleus test (San Agustin and Lim-
Sylianco, 1978). In addition, chloroform was a mitotic poison in an
invertebrate test system (Liang et al. 1983).

Despite clearly positive results in a few genotoxicity assays, and because
chloroform was more frequently negative than positive in genotoxicity tests, -
chloroform is considered a nongenotoxic or epigenetic carcinogen by some
scientists (Reitz et al., 1982; Reitz, 1987). Postulated mechanisms of
action for nongenotoxic carcinogens include, but are not limited to,
stimulation of cell division leading to expression of background DNA damage,
and stimulation of growth of neoplastic cells into tumors. The argument has
been made that only doses which cause necrosis in the liver are associated
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with increased incidences of tumors, and, therefore, chloroform is probably
an epigenetic carcinogen (Reitz et al., 1980). However, doses which caused
kidney tumors in male rats did not greatly stimulate cellular regeneration
(Reitz et al. 1982). The metabolism of chloroform in liver and kidney,
target organs for carcinogenicity, leads to highly reactive phosgene, a
plausible alkylating agent that binds to cellular protein and lipid. This
observation coupled with the weak genotoxic activity of chloroform provides
some evidence for classifying chloroform as a genotoxic agent. However,
current evidence and understanding of the carcinogenic process is
insufficient to classify chloroform as either a genotoxic or epigenetic
carcinogen, and it is possible that both types of effects are involved..

8.3. Choice of Risk Model

Since there is no adequate information regarding the carcinogenicity of
chloroform to humans from epidemiological studies, data from animal
bioassays must be extrapolated to estimate cancer risk for humans. This
requires extrapolation across routes (from oral to inhalation), and across
species, and extrapolation from high experimental doses to low environmental
exposure experienced by humans. The latter two of these extrapolations are
problematic. There are several models available for high dose to low dose
extrapolation within species. No model is universally accepted as the best,
 Since, given current understanding of the carcinogenic process, there is
little scientific basis for choosing one model over another. Evidence from
mutagenicity studies with ionizing radiation and some chemicals indicates
that the quantal type of biological response observed in mutagenesis and
possibly in carcinogenesis may exhibit linear non-threshold dose-response
characteristics (Upton, 1988). This model may be more relevant to
carcinogens which are initiators than to those that may be working by an
epigenetic mechanism. . However, there is not enough evidence to classify
chloroform as either an epigenetic or genotoxic carcinogen, and chloroform
may induce both types of effects. Cancer is a multistage process, and
chloroform or its metabolites may affect one or more stages in the
carcinogenic process. Assuming that chloroform is acting at least partially
through a genotoxic mechanism to produce cancer, a non-threshold linear
model was chosen for this risk estimate.

The linearized multistage model of Howe and colleagues (1986), GLOBAL86, was
used to estimate the cancer potency of chloroform. This model uses bioassay
data to compute maximum likelihood estimates and upper 95% confidence limits
of risk associated with a particular dose. The 95% upper bound is regarded
as the wupper 1limit of the true risk. The true risk is not likely to be
higher than the upper limit, may be lower than the upper limit or could be
zero. The linearized multistage model yields upper bound estimates of risk
which are generally regarded as protective of public health.

The linearized multistage model is based on several assumptions about the
process of carcinogenesis. It is assumed that cancer is an irreversible
process which originates in a single cell, and involves a number of
biological events or stages. The rate of occurrence of each stage varies
linearly with dose. In addition, it is assumed that the incidences of
background and chemically-induced cancer are additive.
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The mathematical expression of the linearized multistage model is:

k
P(d) = 1 - exp -(qo + qld + q2d2 + ... + qkd ) [Eq. 1]

where P(d) is the lifetime probability of tumor developing at dose d,
k is the number of stages, and qiz 0, i = 0, 1, 2,..., k, are

coefficients calculated to give the best fit to the experimental data
(maximum likelihood estimates) subject to the constraint that all qi
are > 0.

In order to determine the extra risk over background rate at dose d, or
Pe(d) - P(d) - P(0) [Eq. 2] -

1 - P0)
the equation takes the form:

2 k
Pe(d) =1 - exp -(qld + q2d + ...+ qkd ) [Eq. 3]

At low doses, the extra risk function is approximated by:
P,(d) = qd  [Eq. 4]

The model calculates point estimates and 95% upper confidence limits of the
coefficients 9 i=0,1,2,...,k, and the extra risk at a given dose d, by

maximizing the 1likelihood function of the data. The 95% upper confidence
limit of the coefficient ql,,ql* , 1s an estimate of the cancer potency of

the carcinogen in question, and is expressed in units of inverse dose. The
ql* is wused to obtain an upper bound on the risk associated with a given

dose and the lower bound on dose producing a given risk. The model computes
directly the largest value of risk (upper bounds) consistent with the data
and the smallest dose corresponding to a fixed risk which is consistent with
the data. The selection of the number of stages, k, used in the multistage
is done .within the program according to an algorithm described in Howe et
al. (1986). The asymptotic Chi-square distribution of the log-likelihood
ratio is the basis for judging goodness-of-fit of the model to data in the
observed range. In addition, GLOBAL86 incorporates a second technique for
assessing goodness of fit based on a Monte Carlo simulation (Howe et al.
1986). Both techniques were used in the calculations of ql*.

8.4. Bioassay Data Used in the Risk Estimation

Data from animal carcinogenesis bioassays used in the risk estimation were
chosen based primarily on statistical significance of the results. Liver
tumor data in male and female B6C3F1 mice, and renal tubular cell tumors in
male Osborne-Mendel rats from the NCI (1976) study were chosen because
statistically significant increases in these tumor types were observed in
chloroform treated animals relative to controls. In addition, remal tubular
cell tumor data in male Osborne-Mendel rats from the Jorgenson et al. (1985)
study and in male ICI mice in the Roe et al. (1979) study were used for risk
estimation based on a statistically significant increase in kidney tumors in
chloroform treated animals relative to controls. In addition, 1liver
cholangiocarcinoma ("adenofibrosis"™, see Section 7.5) data in female rats
from Tumasonis et al. (1985), and from Reuber’s reanalysis of the NCI (1976)
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slides (Reuber, 1979) were also analyzed with the linearized multistage
model. Data input is summarized in Table 8-A. Administered doses were
transformed to lifetime doses by adjusting for the number of days exposed
per week and the ratio of the 1length of exposure to the length of the
experiment (exposure plus observation period) as indicated in Table 8-4,
footnote a.

8.5. Results of Linearized Multistage Model Analysis

The maximum likelihood estimates (ql) and 95% upper confidence limits (ql*)

of the cancer potency slopes are presented in Table 8-B. Calculated ql*

values ranged from 8.1 X 10'4 to 1.9 X 10.2 (mg/kg-d)-l. These represent
cancer potency estimates for rats. and mice and must be converted to
theoretical equivalent potency values for humans. This conversion can be
based on assuming either equivalency of dose per body weight or per unmit

surface area. In the former case, it is assumed that a dose, expressed as
amount of chemical per unit body weight, 1is equally effective across
species. In the latter ' case, it is assumed that the best method of dose

scaling is on a surface area basis, such that an equally efficacious dose is
expressed as amount per unit of body surface area. There is very little
information supporting one scaling assumption over the other. However,
evidence for scaling on a surface area basis has been reported for
alkylating agents (Freiereich et al. 1966). 1In addition, the U.S. EPA in
their Health Assessment Document for Chloroform (1985a) concluded that dose
scaling on a surface area basis may be warranted for chloroform, based on
metabolic rates reported in Brown et al. (1974a), Taylor et al. (1974), and
Fry et al. (1972) in rodents, primates and humans. The amount of chloroform
metabolized by rats, mice, monkeys, and humans was estimated by EPA staff
for a common dose of 60 mg/kg given orally, using data from the above
studies. When plotted as the logarithm of the amount metabolized versus the.
logarithm of the species body weight in accordance with the allometric

relationship Y = an or, In Y=1n a + n In W, it appears that the amount
metabolized is closely related to surface area (Figure 8-1, U.S. EPA,
1985a). The slope of the 1line is 0.65, providing some evidence that

chloroform metabolism is proportional to surface area (Wz/s). While the
EPA’'s analysis does provide some support for dose scaling on a surface area
basis, it must be noted that data on metabolism in humans is limited to

amount of unchanged 13C-chloroform and 13CO2 excreted via the lungs (Fry et

al. 1972). These data are based on a small number of human volunteers (N =
1 at the high dose), and is highly variable (amount excreted unchanged
ranged from 18 to 67% after a single dose of 0.5 g chloroform). In
addition, the assumption inherent in surface area scaling - based on
metabolism is that metabolites of chloroform are solely responsible for the
carcinogenic effect. Despite these limitations, a surface area dose scaling
was used in DHS' risk assessment. Therefore, the animal cancer potency
estimates are corrected for surface area differences according to Anderson
et al. (1983). Animal cancer potency is multiplied by the cube root of the
ratio of a reference human body weight, in this case 70 kg, and a reference
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TABLE 8-A
Tumor Incidence Data Used to Estimate Cancer Potency

TUMOR INCIDENGE

Expt. III (ao0)

STUDY STRAIN/SPECIES SEX  LIFETIME pose® TUMOR_TYPE 1 2 3 4 k)
NCI (1976) B6C3F1 Mouse M 1. Control hepatocellular carcinoma 1/18 18/50 44745  -- --
. 2., 83 (138)
3. 167 (277)
NCI (1976) - B6C3F1 Mouse F 1. Control hepatocellular carcinoma 0/20  36/45 39/41  -- --
. 2. 143 (238)
3. 287 (477)
NCI (1976)b Osborne-Mendel M 1. Control renal tubular adenoma o/19 4738 12/27 -- .-
Rat 2. 45 (90) or adenocarcinoma
3. 90 (180)
Jorgensonc Osborne-Mendel M 1. Control renal tubular adenoma 4/301 47313 4/148 3/48 7/50
et al. Rat 2. 18 or adenocarcinoma
(1985) 3. 38
4, 1719
5. 155
Roe et al. ICI Mouse M. 1. Control renal tubular adeaoma os/72 0737 8/317 - --
(1979) 2. 12 (17) or adenocarcinoma .
Expt. 1 3. 43 (60)
Roe et al. ICI Mouse ﬁ 1. Control renal tubular adeaoma 6/237 9/49 -e .- .-
(1979) Expt. I1I 2, 40 (60) or adenocarcinoma '
Roe et al. I1CI Mouse M 1. Control renal tubular adeaoma 1/49 5/47 -- - --
. (1979) e 2. 42 (60) or adenocarcinoma
Expt. IIT (t)
Roe et al. IC1 Mouse M 1. Control renal tubular adeaoma 1/50 12/48 -- - -
(1979) 2, 42 (60) or adenocarcinoma



TABLE 8-A, Continued

STUDY STRAIN/SPECIES__SFX _LIFETIME pose® TUMOR_TYPE - 1 2 3 4 5
Tumasonis Wistar Rat F 1. Control cholangiocarcinomaf 0/18 34/40 -- -- “-
et al, 2. 220 4

(1985) .

Tumasonig Wister Rat M 1. Control cholangiocarcinomaf 0/22 17/28 -- .- --

et al. 2. 160

(1985)

Reuberg Osborne-Mendel F 1. Control cholangiocarcinoma and 0/20 3/39 11/39 .- --

(1979) Rat 2. 50 (100) cholangiofibroma

using NCI 3. 100 (200)

(1976)

a. Lifetime dose, expressed as mg/kg-d, is calculated as in Anderson et al. (1983), adjusting from administered
dose (in parentheses) to lifetime daily exposure as follows:

Lifetime dose = D x d/7 x le/Le
where D = administered dose (in mg/kg-d).
d «~ number of days dosed per week.
1e = length of exposure (weeks).
Le = length of experiment (weeks) (dosing period plus observation period). .
In Jorgensen et al. and Tumasonis et al., the dose given is the applied dose; no correction to lifetime dose
was needed.

b. The tumor incidence used to estimate cancer potency is corrected to exclude from the denominator animals which
died before the occurrence of the first tumor of this type.

c. The doses presented here are slightly different than those reported by Jorgenson et al. (1985). The authors
collected data on body weight and water consumption every week for the first 18 weeks, and every &4th week
thereafter. In calculating the mean dose in mg/kg-d, the investigators weighted each data point equally.
Recalculation by Dr. John Christopher, CDHS, resulted in the doses presented here.

d. The original paper reported these tumors as benign (adenomas) or malignant (adenocarcinomas). However, in a

Dr. F.J.C. Roe has

conversation with Dr. John Christopher of the California Department of Health Services,
confirmed that these tumors were adenomas and adenocarcinomas.
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Table 8-A, Continued

e. t = toothpaste base was the vehicle; ao = arachis oll was the vehicle.

f. These tumors were identified as hepatic
National Academy of Sciences. However,

those described by others as cholangiocarcinomas.

adenofibrosis by Tumasonis et al
the paper qualifies this by stat

Rueber (1979) examined tissue slides from the NCI (1976) bioassay of chlo
incidence of cholanglocarcinoma and cholangiofibroma in female rats.

. (1985), based on a report by the
ing that the lesions are similar to

See text for discussion.

roform and reported on increased



TABLE 8-B

Upper 95% Confidence Limits for Cancer Potency Estimate from Linearized Multistage Model (GLOBAL 86)

ANIMAL q*°  HUMAN q *° unir?
DATA BASE : MLE® 9y (mg/kg-d)'1 (mg/kg-d)'1 RISK (ppb)'1
NCI (1976), male mouse, hep.e carc. 0 3.4 x 10'3 4.3 x 10’2 3.0 x 10'5
NCI (1976), female mouse, hep. carc. 1.1 x 1072 1.9 x 1072 2.6 x 107} 1.8 x 1074
NCI (1976), male rat, ren. tub. aden. or adenocarc. 6.6 X 0%  sex10?  26x102% 18x107
Jorgenson et al. (1985), male rat, ren. tub. aden. 1.1 x 107 8.1 x 107" 6.2 x 1070 2.9x 1076
or adenocarc. 3 2 5
Roe et al. (1979), Expt. I, male mouse, ren. tub, 0 3.9 » 10 4.3 x 10 3.0x 10
. aden. or adenocarc.
Roe et al. (1979), Expt. 1I, male mouse, ren. tub. 2.2 X 03 78x10%  87x102 s.9x10°
aden. or adenocarc.
Roe et al. (1979), Expt. III(t), male mouse, ren. 1.1 x 10’3' 4.7 x 10'3 5.3 x 10'2 3.7 x 10'5
tub. aden. or adenocarc.
Roe et al. (1979), Expt. III (#0), male mouse, ren. 3.2 X 10? 12x10? 1ax10! 9sx107’
tub. aden. or adenocarc.
Tumasonis et al. (1985), female rat, cholangtocarc.® 4.3 x 103 12x102  87x10? s59x107
Tumasonis et al., (1985), male rat, cholangiqcarc.f 2.9 x 1073 8.6 x 1073 5.3 x 1072 3.4 x 107°
Reuber (1979), using NCI (1976), female rat, 6.3x10% 3.6x100  1.8x10% 1.3x107

cholangiocarc. and cholangiofib.

a. MLE = maximum likelihood estimate of the coefficient, q-

b. Animal q,* is the 95% upper confidence limit of the coefficient q, adjusted for less-than-lifetime
exposure, where applicable, by the factor (L/L )"y where L = leng%h of experiment, and L = normal
lifespan of animal, equal to 104 weeks or Le, whichever is greater.

[



TABLE 8-B, continued

c.

Human q,* is the equivalent human cancer potency calculated based on a surface area extrapolation of dose

such that: : 1/3
Human ql* = Animal ql* (70 kg/BWa) /

vhere BWa = body weight of the animal (kg) at midstudy..
Risk of cancer = (Human ql*) (dose).

Unit risk = Risk associated with continuous lifetime exposure to a chloroform conce tration of 1 ppb in alr.
See text for discussion. Calculation based on 70 kg reference human breathing 20 m”/day and absorbing 50%

of inhaled chloroform at ambient levels (ppb range).

Other abbreviations: hep. carc. = hepatocellular carcinoma
‘ ren. tub. aden. = renal tubular adenoma

adenocarc. = adenocarcinoma
cholangiocarc. = cholangiocarcinoma
cholangiofib. = cholangiofibroma

These tumors were identified as hepatic adenofibrosis by Tumasonis et al. (1985), based on a report by the
National Academy of Sciences. However, the paper qualifies this by stating that the lesions are similar
to those described by others as’ chloangiocarcinomas. See text for discussion.



£n amount GHClg metabolized
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Zn Body Welght

Allometric relationship (Y = aWn) between species body weight {in order:
mouse, rat, squirrel monkey, snd man) and the amount metabolized of 8 common oral
dose of chioroform es calculated from the data of Fry etal. (1972) and Brown et al.
(1974]. The species body weights assarned ware: mouss, 30 g; rat, 300 g; squirrel
monkey, 850 g; and man, 70 kg. The slope of the regression line is 0.65, indicating
that metabolism of chloroform in thess species is proportional to their surface area.

Figure 8-1. Relationship between body weight and mtabolism of
chloroform by different species., From: U.S. EPA (1985a).



animal body weight (taken from the study as body weight mid-study). For
example, adjusting the animal potency derived from female mouse liver tumor
data in NCI (1976) to a human potency estimate would proceed as follows:

Human ql* = Animal ql* (70 kg/0.028 kg)l/3
- (1.9%10°%) (13.57) = 2.6 x 10"}

These "human” cancer potencies (Table 8-B), adjusted by applying a surface

area correction factor, range from 4.2 X 10.3 to 2.6 X ].O.1 (mg/kg=day)-1.
Scaling factors ranged from 5.19 to 13.57.

Potency slopes were derived from many sets of data, some of which are more
appropriate for wuse than others. In particular, the NCI (1976) and
Jorgenson et al. (1985) studies were the most thorough studies in terms of
the number of doses tested, sample size, histological examination of the
animals, and other procedural and statistical methods presented. As such,
DHS places more confidence in the potency slopes from these studies than in
the other studies. The potency slopes derived from Roe et al. (1979) and
Tumasonis et al. (1985) fall within the range of those from the NCI and
Jorgenson studies. :

8.6. Other Estimates of Cancer Potency Slope for Chloroform

DHS contracted with the Lawrence Livermore National Laboratories
Environmental Health group to assess the risk associated with chloroform in
drinking water (Bogen et al., 1989). LINL scientists used a physiologically
based pharmacokinetic (PBPK) model to estimate metabolized dose for
chloroform to wuse in the analysis of cancer potency with the linearized
multistage model. LLNL employed the Ramsey-Andersen PBPK model (Ramsey and
Andersen, 1984), which consists of a series of differential equations
defining the rates of change of the amount of absorbed chloroform in four
physiological compartments. In the application of the model, the liver was
considered to metabolize chloroform through a .saturable enzyme system
following Michaelis-Menten kinetics. The model predictions of metabolism
Trates are compared with published empirical data for rats, mice, and humans.
Values for Vmax used in the model are adjusted so that the model predicts

chloroform metabolism observed in selected studies. The PBPK model then is
used to estimate the metabolized doses from administered doses in rodent
carcinogenicity bioassays to use in estimating cancer potency. This
approach is consistent with the evidence that chloroform metabolites are
responsible for toxicity and probably for the carcinogenicity of chloroform.
A linearized multistage model was applied to carcinogenicity bioassay data
from NCI (1976), Jorgenson et al. (1985), Roe et al. (1979), and Tumasonis
et al. (1985). The potency estimates made from these studies (excluding

Reuber’s (1979) reanalysis of NCI data) ranged from 4.8 x 10°> to 5.0 x 10"t
(mg M/kg-dsla These correspond to unit risks of 4.5 x 10.6 to 4.7 x 10'“

(ppb)°1. The 1lower estimate was derived from data on renal adenomas and
carcinomas in male Osborne-Mendel rats reported in Jorgenson et al. (1985).
The upper end of the range was derived from the data on hepatocellular
carcinoma in female B6C3Fl mice reported in NCI (1976). The potency
estimates derived using a PBPK model to estimate metabolized dose are higher
than those calculated by DHS staff based on administered dose. These
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potency estimates are incorporated into DHS staff’'s best estimate of cancer
potency for chloroform described is section §.7.

The U.S. EPA Carcinogen Assessment Group (CAG) used data from the NCI
(1976), Roe et al. (1979), and from Jorgenson et al. (1985) to estimate
cancer potency with several models (U.S. EPA, 1985a). Emphasis was placed
on the linearized multistage model (EPA used GLOBAL83), which was presented
as a reasonably conservative model useful for estimating cancer risk to
humans from the available animal data. The major difference between DHS'
estimate of cancer potency and that of the U.S.EPA CAG is the assessment of
a 1lifetime average daily exposure. The EPA decreased the administered dose
by 6% for mice and 20% for rats on the Premise that mice and rats
metabolized 94% and 80% of the administered dose, respectively, and that the
remainder was excreted wunchanged and therefore did not affect
carcinogenesis. No adjustment was used for the amount metabolized by humans
other than use of a surface area dose scaling factor.

The EPA's estimates of cancer risk for a dose of 1 mg/kg/day (equivalent to
the ql* in units of (mg/kg-day)'l) calculated from animal data using the

linearized multistage model are shown in Table 8-C, together with estimates
based on other models. The ql* values derived by the EPA are quite similar

to those derived by DHS using Global 86 (Table 8-B), despite the different
assumptions regarding dose. The risk for a dose of 1 mg/kg/d derived by the
EPA from both the Weibull and one-hit models are within one order of
magnitude of those derived by the linearized multistage model for all the
data sets. The U.S. EPA used a geometric mean of the 95% upper bounds on
ql* calculated with the linearized multistage model from liver tumor data in

male and female mice in the NCI study as an estimate of the cancer potency
slope for chloroform. The cancer potency slope presented in U.S. EPA

(1985a) is 8.1 X 10-2 (mg/kg-day)-l. In addition, the U.S. EPA published a
revised risk estimation for chloroform in the Integrated Risk Information
System (U.S. EPA, 1987). In this publication, the cancer potency slope
previously derived (U.S.EPA, 1985a) was retained for use with inhalation
exposures. Another cancer potency slope was suggested for use with oral

exposures. The oral exposure number, 6.1 X 10.3 (mg/kg-day)-l, was derived
using the linearized multistage model with data on kidney tumors in male
rats following exposure to chloroform in drinking water from Jorgenson et
al. (1985). It 1is not clear why this number differs slightly from the
number reported for the same data set in U.S. EPA (1985a) (Table 8-C).

8.7. Estimate of Risk Associated with Exposure to Chloroform in Ambient Air

There are no studies on the carcinogenicity of chloroform by the inhalation
route. Therefore, estimation of the cancer risk from exposure to chloroform
in the ambient air requires extrapolation from the oral route. 1In so doing,
it is assumed that chloroform is also carcinogenic by the inhalation route,
and that the risk posed by an absorbed inhaled dose of chloroform is
equivalent to that posed by the same dose absorbed after oral
administration. These assumptions are not necessarily health-protective and
introduce further uncertainty in the risk estimation process.
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TABLE 8-C

95% Upper COnfidencea Limits of Lifetime Cancer Risk for Humans from a
Dose of 1 mg/kg/day Calculated from Animal Data by the
U.S. Environmental Protection Agency.
From: U.S5. EPA (1985a)

DATA BASE MULTISTAGE PROBIT WEIBULL ONE-HIT

Liver tumors in : b

female mice 1.8 x 10.1
(NCI, 1976) )

1 1

2.1 x 107 4.8 x 10° 1.8 x 10

3 .1‘

Liver tumors in 2
1.6 x 10

male mice 3.3 x 10°
(NCI, 1976)

11

6.7 x 10° 3.2 x 107

Kidney tumors in -9
male rats 2.4 x 10
(NCI, 1976)

3.9 x 107% 3.0x1070 2.5 x 10

Kidney tumors in : .
male mice 1.0 x 10
(Roe et al., 1979)

1 NA NA 1.0 x 107}

Kidney tumors in -3 i
male rats 4.4 x 10 9.0 x 10

(Jorgenson et al.,
1985)

4.8 x 10° 5.4 x 10~

a = Upper-bound estimates are calculated by the one-csided 95% confidence limit.
b = At 1 mg/kg/day, the dose-response curve diyerges from a straight line. For lower

doses the dose-response slope is 2.0 x 10 ~ per mg/kg/day.
NA = Not applicable. Models are mnot applicable because there is only one dosed group.



Staff relied on tumor sites that did not appear to be vehicle=dependent.
Thus, the 1liver tumors were not included in the range of risks or the best
estimate of risk.

8.7.1. Best Estimate of Unit Risk

DHS staff believe that a best estimate of potency lies somewhere between the
lowest and highest estimates of potency presented in this document. 1In
deriving a best estimate, DHS staff evaluated the quality of the data sets
used to derive potency estimates with the linearized multistage model.

The study by Jorgenson et al. (1985) was well-conducted and well controlled.
Large numbers of animals were used in the control and lower dose groups to
increase the probability of detecting an effect. The study used 5 doses
including controls. In addition, water-restricted controls were used
because drinking water consumption decreased proportionally to the dose of
chloroform. Survival, which was inversely related to dose, did not
adversely impact the assessment of, carcinogenicity. The mode of
administration, drinking water, may be more relevant to human exposure and
is not likely to be a major factor in addressing potency as is the case with
corn oil administration.

The NCI (1976) study has some limitations with respect to assessment of the
carcinogenic potency of chloroform. In particular, the use of corn oil as a
vehicle 1limits the usefulness of this study. As described in Section 7.3,
published reports indicate that corn oil exacerbates hepatotoxicity of
chloroform. Corn oil or fatty diets may increase tumor yield in rodents fed
other carcinogens. The drinking water study of Jorgenson et al. (1985)
provided no evidence for induction of hepatocellular carcinomas in female
B6C3Fl mice at doses comparable to those in NCI (1976). Thus, the
production of liver tumors may have been vehicle-dependent. Other problems
with the applicability of the NCI (1976) study to assessment of chloroform
cancer potency include a relatively small control group (20 animals/sex),
poor survival in the treated rats, and change of dosing regimen during the
study. DHS staff believe that the potencies derived using data sets on
renal tumors from NCI (1976) should be included in the range of risks and
best estimate. However, the hepatocellular carcinoma data in B6C3Fl mice
should not be included in the range of risks or in the best estimate of
potency or in the reported range of potencies because these tumors may be
vehicle-dependent. The renal tumor data in male rats from NCI is included
in the range and best estimate of risk. Renal tumors were produced
regardless of the vehicle (eg, drinking water or corn oil gavage).

Other data sets which support the estimate of potency were included in the
best estimate. The studies of Roe et al. (1979) and Tumasonis et al. (1985)
have some 1limitations in usefulness. Most of the data is obtained after
using only a control and one dose group. Roe et al. (1979) used toothpaste
base or arachis oil as the vehicle. Nonetheless, potencies derived from
these studies fell in the range of risks presented. In addition, data from
Tumasonis et al. (1985) includes some female animals while the Jorgenson et
al. (1985) study does not. A geometric mean was taken of the potencies
generated from Roe et al. (1979) and Tumasonis et al. (1985) using the
linearized multistage model based on the administered dose (CDHS, column
D, Table 8-D) and the metabolized dose (Bogen et al., 1989 Table 8-D. column
B for inhalation potency or column C for ingestion potency). Consequently,
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Toble 8-D Potencies used in the best estimate of unft risk and oral potency slcpe.

pata Set® g1 (W) (g H/kg-dy~ 1P qur(mg/kg-d)"c ‘ q1'(A|(:r.gll<9-d)'H ous q1"
NCI (197¢) 0.035 0.0232 0.0345 0.021
MR, RA or RC

Jorgenson (1985) 0.0048 0.0032 0.0047 0.0043
MR, RA of RC

Roe (19793 0.072 . 0.048 0.071 0.043
MM, RA or R

Roe 11 a.11 ¢.073 0.108 0,087
floe 111 (e0) 0.17 v.113 0.167 0.4
Roe 111 (tp) - .- - 0.053
Tumasonis (1535)¢ _ 0.012 0.008 0.0118 . 0.053
¥R, AP

R, HAF 0.019 0.0126 0.0187 0.087

Bnata Sets from Indicated roferences; MR = male rat, M4 = male mouse, FR = female rot, RA = renal sdenoma, RC »
renal corcinoms, RH = rcnal hyperancphrems, HAF = hepstic sdenofibrosis, o = arachis oit vehicle, tp © toothpaste

vehicte, Roe 1, 11, 111 os described in Table 8-A.
brpese potencies ore those of Bogen at ol. (1969 enpressed as (mg mtnbollte/kg-d)"

Crhese potencics ore equivatent to 0.6482 qi*(M) snd represent the potency of en adninistered dose of chloroform by
j=haletion. TYha correction factor is derived by Bogen et ol. €1989).

dinese potencies are equivalent to 0.986 qt*(*) end represent the potency of en orally adninisterad dose of
chlcroforn. The correction factor i3 derived by Bogen et al. (1969).

epis cotled the hepatic adenofibrosis tumors cholengiocarcinomos tased on qualifying statements in the publishcd
article and pere comunication with cnc of the guthors (S8rion Bush, NY State Health Department).



information from these eleven potency estimates were incorporated into the
best estimate, but only following geometric averaging of the values to
mininize the influence of the extremes. This composite value represented
one of five values utilized in calculating the best estimates. This number
was then weighted equally with potencies derived by CDHS (Table 8-D,
column D) and by Bogen et al. (Table 8-D, column B for inhalation potency or
column C for ingestion potency) from data on renal tumors in male rats from
Jorgenson et al. (1985) and NCI (1976).

In order to include the potency slopes generated by Bogen et al. (1989) in
the derivation of the best estimate for a unit risk, the upper 95%
confidence limit for potency based on metabolized dose must be corrected to
the potency based on administered inhaled dose. This is done with a
correction factor of 0.662, as derived by Bogen et al. (1989) (see column B,
Table 8-D). The correction factor incorporates Pharmacokinetic information
regarding the percent of inhaled chloroform absorbed at low levels of
exposure as well as the percent of inspired volume reaching the alveoli.
Unit risks were then calculated based on the assumptions that 70 kg humans

breathe 20 m3/day and that 1 ppb chloroform is equivalent to 4.88 pg/m3.

In summary, the best estimate of unit risk is the arithmetic average of unit
risks generated by CDHS and Bogen et al. (1989) for renal tumors in
Jorgenson et al. (1985) and NCI (1976) and of the geometric mean for
supporting data sets (from Roe et al., 1979 and Tumasonis et al., 1985)

indicated in Table 8-D. This unit risk, 2.6 x 10.5 per ppb (equivalent to

an 1inhalation potency slope of 2.6 x 10-2(mg/kg-day)-1) (Table 8-E),
represents the best estimate using a nonthreshold linear model and most of
the data on the carcinogenicity of chloroform. It includes analysis by PBPK
modeling of metabolized dose, as well as analysis of potency based on
applied dose. The best estimate of an oral potency slope is also presented
(Table 8-E). This oral potency slope is different than the inhalation
potency in that the upper . bound for potency based on metabolized dose in
Bogen et al. (1989) is corrected by the factor 0.986 (derived by Bogen et
al.) to derive an oral potency based on administered dose. This correction
factor applies pharmacokinetic information on absorption and metabolism of
chloroform at low doses.

The risk associated with a given quantity of chloroform in air can be

calculated by assuming a 70 kg person breathes 20 m3 of air/day (NRC, 1986),
and that a certain fraction of inhaled chloroform is absorbed across the
lung. Raabe (1988) showed that about 50% of an inhaled dose of chloroform
is absorbed across the human lung at low levels of exposure under steady-
state conditions in mouth-breathing individuals, with slightly 1lesser
amounts (46%) absorbed in nose-breathing individuals. This study is
discussed in section l.a. For the purposes of this risk assessment, it is
assumed that 50% of inhaled chloroform at low environmental levels of
exposure 1is absorbed across the human lung. A dose by inhalation for a
given cconcentration of chloroform in air is calculated as follows:
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Table 8-E Best Estimate of Unit Risk and Potency Slope for Chloroform

Unit Risk 2.6 x 1073 per ppb
Oral Potency Slope 3.1 x 1072 per mg/kg-d
Inhalation Potency Slope 2.6 x 1072 per mg/kg-d
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d = (X ppb) (4.88 wg/m>/ppb) (10 mg/ug) (20 m3/day) (0.5) [Eq. 6]

70 kg
= (X) (0.5) (1.39 X 10) mg/kg-d = (X) 7.0 X 10™* ng/kg-d

Thus, the dose to a 70 kg reference human for a concentration X = 1 ppb in

air is 7.0 X 10-4 mg/kg-d. The lifetime _fisk associated with this
concentration in air, calculated as (human ql*) (dose) (Eq. 4), ranges from

2.9 X 10-6 to 9.8 X 10-5 based on applied dose, and up to 1.6 x 10-4 based
on PBPK modeling in Bogen et al. (1989). This range represents the
plausible upper bounds of risk associated with a concentration of 1 ppb in
air, based on the extrapolation of experimental animal data to humans. The
best estimate of risk of cancer from lifetime inhalation of 1 ppb in air is

2.6 x 10-5, and includes estimates of cancer potency based on both
administered and metabolized dose. The actual risk cannot be calculated but
is not likely to be higher than the upper bounds and may be insignificant.

Chloroform 1is emitted into ambient air from a number of sources. The three
largest sources are pulp and pPaper production, drinking water treatment, and
production of pharmaceuticals (U.S. EPA, 1985b). Taken together, these
three sources emit about 6900 metric toms per year of chloroform into
ambient air in the United States. Concentrations of chloroform in ambient
air were measured at various locations throughout California by the
California Air Resources Board (CARB, 1987). Mean concentrations of
chloroform measured in the years 1985 through 1987 ranged from 0.0257 ppb

(0.125 ug/m3) to 0.3604 ppb (1.759 pg/m3). The population-weighted exposure
for the state of California is 0.03 ppb for 20.3 million people. The risk
of cancer by inhalation exposure to chloroform can be calculated using the
unit risks as follows:

Risk = (Risk/ppb) (ppb) [Eq. 7]
The risk, calculated according to Eq. 7 using the lowest and highest
estimate of unit risk ranges from:

. Risk = (2.9 x 10"%/ppb)(0.03 ppb) = 8.7 x 10°%,

to Risk = (1.6 X 10™%/ppb)(0.03 ppb) = 4.8 X 10°°

for the population-weighted exposure. The top of the range of upper bounds
on risk can be calculated using the highest average concentration of
chloroform in air encountered in California and the highest unit risk
obtained from the linearized multistage model (from female mouse liver tumor
data in NCI, 1976, adjusted to a human potency) as in Eq.7. The highest
estimate of risk from chloroform inhalation to people living in the area
with the highest measured average chloroform concentration would be:

Risk = (1.6 x 10'“/ppb)(o.3504 ppb) = 5.8 x 1074
Thus, if one million persons were exposed continuously for a lifetime to

0.36 ppb chloroform in air, there could be as many as 170 excess cancer
cases. Using the population-weighted exposure for chloroform in ambient air

in California (0.03 ppb), and the best estimate of unit risk (2.6 x 10-5 per
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ppb), in the above equation the estimate of excess cancer cases drops to 0.8
per million persons exposed.

The California Department of Health Services (CDHS) has calculated potencies
for a number of other chemicals classified as "toxic air contaminants". The
unit risk estimates for these chemicals, reported as a range and expressed

in units of (pg/m3)-1, are presented in Table 8-F. The range of chloroform

potencies, i.e. 6.0 X 10.7 to 2.0 X 10-5/(pg/m3), would fall in the lower
half of potencies for those chemicals previously evaluated by DHS, based on
mass (not corrected for molecular weight).

Exposure to chloroform occurs by other routes as well as through inhalation
of ambient air. Most importantly, chloroform exposure- occurs by ingestion
of chlorinated drinking water. Most Californians live in urban areas where
the water is chlorinated. Based on a hypothetical drinking water chloroform
concentration of 40 ug/l (the average of measurements made at 6 sites in
California in the NORS survey, Symons et al. 1975), and a reference water
consumption of 2 1/day, the 70 kg human would consume 1.14 BE
chloroform/kg/d from the drinking water.

The risk to this hypothetical individual from drinking water can be
calculated as in Eq. 4, using the total dose to the individual, and a human
cancer potency estimate adjusted from the ql* calculated from animal data.

For example, using the best estimate of human potency for ingestion
exposure, the individual 1lifetime risk from ingestion of chloroform in
drinking water would be:

[1.14 pg/kg-d] [10‘3 mg/pg] [3.1 x 10'2/mg/kg~d] -3.5%10°

If a million persons were thus exposed for a lifetime, the excess cancer
cases may approach 35 from drinking water contaminated with chloroform.

These estimates of risk do not consider exposure to chloroform in indoor
air, which may be substantial in homes as a result of volatilization from
water during household activities (showering, clothes and dish washing,
cooking) (Wallace, 1988). As stated previously, it is unlikely that the
actual risk is higher. It may be much lower and may be insignificant.

These calculations assume 100% absorption across the gastrointestinal tract
after ingestion in the drinking water, and 50% absorption across the lung.
It is also assumed that an absorbed inhaled dose is equally effective in
Producing cancer as an absorbed oral dose. The latter assumption is not
necessarily conservative, and both assumptions add further uncertainty to
the risk calculation. Most of the average chloroform levels measured in
ambient air are about an order of magnitude or so lower than the highest
average value used in this example (CARB, 1987). The population-weighted
average 1is 0.03 ppb. Therefore, the cancer risk to the average Californian
from exposure to chloroform through water is probably greater than that from
exposure to chloroform in ambient air, exclusive of potential occupational
exposure. However, there are important public health benefits to
chlorinating drinking water (e.g., reduction of water-borne diseases).
There is no health benefit derived from exposure to chloroform in ambient
air.
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TABLE 8-F

Unit Risk Numbers* and Réported Range for
Identified Toxic Air Contaminants

Reported Range of Unit Risks

Toxic Air Contaminant (gglms)-l
1. Benzene (0.75 to 5.3) x 10-5
2. Ethylene dibromide (1.3 to 7.1) x 107>

3. Ethylenme dichloride (1.3 to 2.2) x 10™>

4. Chromium (+6) (1.2 to 14.6) x 1072
5. Dioxin (TCDD) ' 24 to 38
-63

6. Asbestos (38 to 190) x 10
7. Cadmium (+2) (0.2 to 18) x 102
8. Carbon tetrachloride (1 to 15) x 1073
9. Ethylene oxide (0.6 to 8.8) x 10°°
* 95% Upper Confidence Limits

1

2 Units are expressed as (100 fibres/m3)-
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The estimate of risk presented here is only an approximation of the true
risk, which cannot be calculated. Differences between experimental animals
and humans may influence actual risk. Such factors as target site
susceptibility, diet, immunological responses, toxicokinetic variables, and
genetics play a role in the carcinogenic process. The human population is
much more heterogenous both genetically and culturally (diet, lifestyle)
than experimental animal populations. The intraspecies wvariability in
humans may be greater than in experimental animals because of such
heterogeneity. The risk extrapolation process cannot account for these
differences between humans and experimental animals. In addition, the
assumption is made that the risk is linear with dose for chloroform. This
assumption may or may not be valid. Nonetheless, risk estimates do provide
‘a rough indication of the relative potency of carcinogens.,
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A.l. Drinking Water and Cancer - Ecological Studies

Page et al. (1976) performed unweighted multivariate regression analysis of
age-adjusted 20-year mortality rates (obtained from Mason and McKay, 1974)
(dependent wvariable) from cancers of the gastrointestinal and urinary tract
versus the percent of county populations drinking Mississippi River water in
Louisiana. Other independent variables included occupation, percentage of
population 1living in a rural or urban area (rurality), and income. The
least squares estimate of the coefficient for the source of drinking water
in the regression analysis for gastrointestinal cancer was significant
(p<0.01) for white and nonwhite males and females. Regression coefficients
for source of drinking water were significant for urinary cancer in white
males and nonwhite Tfemales, and for total cancer in white males, nonwhite
males, and nonwhite females. Rurality was mnegative in sign and also
significant in many cases. Confounders such as tobacco wuse, alcohol
consumption, and air pollution were not considered in the analysis by Page
et al., and may have compromised the findings.

DeRouen and Diem (1977) reanalyzed the data of Page et al. (1976) to examine
other potentially causative factors, in particular ethnic (regional)
differences between northern and southern Louisiana. They found that while
mortality rates associated with kidney, liver, and bladder cancer were
higher in southern Louisiana than in the northern parishes, the sex-, race-,
and  site-specific mortality rates for these cancers within southern
Louisiana parishes did not correlate with source of drinking water.
However, within the southern parishes, higher rates of mortality from
gastrointestinal cancer (stomach, large intestine, and rectum) were observed
in parishes drinking water from the Mississippi river than in nonriver
parishes. Page et al. showed that there was no association between drinking
water source and cancer of the prostate and breast, presumed to be
biologically implausible sites. DeRouen and Diem, in their reanalysis of
the data, however, showed that there was a significant association between
lung cancer, also presumed to be a biologically implausible site, and
drinking water from the Mississippi river. Based on this finding, DeRouen
and Diem suggested that the effect observed by Page et al. may be
nonspecific. However, they concluded that their findings do not disprove a
causal role of drinking water in cancer.

Kuzma et al. (1977) compared average age-adjusted cancer mortality rates for
the period from 1950-1969 (Mason and McKay, 1974) in 88 Ohio counties
classified according to whether surface water or ground water served as the
pPrimary drinking water source. Analysis of covariance was used to test the
hypothesis that cancer mortality rates were no different in the counties
with ground water sources than in counties with surface water sources. The
alternative hypothesis, that there was a difference in cancer rates in
populations served by ground water than those served by surface water, is
based on the findings by U.S.EPA (National Organics Reconnaisance Survey
(NORS), Symons et al. (1975), and Region V survey, 1975) that surface water
tends to have more organic contaminants than ground water. Covariables
included per cent urbanization, median income, population, and occupational
indices for white males (manufacturing and agriculture-forestry-fishery).
Mortality rates for stomach, bladder, and all neoplasms were higher for
white males in counties which used surface water than in counties which used
ground water sources for drinking water. After adjustment for covariables,
the mortality rate for stomach cancer was significantly (p = 0.038) higher
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for white females living in surface water counties than for those living in
ground water counties. These results tend to implicate drinking water as a
contributing factor in the etiology of cancer in this population. However,
the relevance of these findings to chloroform content or chlorination of the
drinking water is unclear.

Other studies have concentrated on chlorination of water and concomitant
production of halogenated carcinogens as a causative factor in human
cancers. Cantor et al. (1978) compared age-adjusted cancer mortality rates
by site and sex for whites in the years 1968-71 to measures of
trihalomethanes (THM) in the drinking water. A weighted (by square-root of
the person-year's at risk) linear regression model was used to predict
cancer rates in 923 U.S. counties which were over 50% urban in 1970.
Variables included in the regression model were per cent urban (1970),
median school years completed by persons over age 25, population size, ratio
of 1970 population to 1950 population, per cent workforce in manufacturing,
and per cent in each of 10 ethnic groups, as well as a regional variable for
county location within the U.S. The residual mortality rate (difference
between observed and predicted) was compared to measures of THM (from
U.S.EPA NORS and Region V survey) wusing the bivariate correlation
coefficient as a measure of association.. Only 76 counties could be used in
this portion of the analysis. In these counties, more than half the
population was served by a water supply which had been analyzed for THM
content at one point in time. Reasonably strong associations between
bladder cancer and THM levels in drinking water were found after controlling
for confounding by wurbanization, ethnicity, social class, and county
industrialization (Table A-1). The association was not changed by
controlling for occupation in certain high-risk (for bladder cancer)
industries nor by lung cancer rates used as a surrogate measure for
cigarette smoking. The measure of THM most associated with bladder cancer
in Dboth white males and females was that of bromine-containing
trihalomethanes (BTHM). Chloroform and total trihalomethanes (TTHM) were
not as well associated (Table A-1). The primary inconsistency in the
association of THM with bladder cancer was that for males, the association
only existed in the Northern U.S. counties. However, due to the large
sample size in that portion of the country, that particular association was
most statistically stable. When the counties were stratified by the
percentage of the population served by a measured supply (50-64%, 65-84%,
85-100%), a positive dose-response relationship was suggested for bladder
cancer for both sexes. As the percentage of the population served
increased, the statistical association strengthened (Table A-1). The
investigators also believe that an association of residual brain cancer
mortality rates with BTHM levels is present for both sexes and deserves
further study. There were inconsistent associations between other cancer
sites and THM levels. However, there was some evidence of an association of
chloroform in drinking water with kidney cancer in males, which Cantor et
al. believed warrants further study. Lung cancer rates in females and non-
Hodgkin’s lymphoma in males were also weakly associated with THM levels in
drinking water. Cantor et al. pointed out that many confounding variables
could not be controlled, while others (e.g., ethnicity) were controlled in a
crude manner. In addition, aggregate rather than individual data were used
for this study. Thus some associations may have been missed or lessened due
to confounding from diet and smoking, mobility of individuals (e.g., unknown



TABLE A-1

Correlation coeffictents between residual cancer mortality rates in white males and females and trihalomethane (THM)
levels in drinking water by percent of the county population served by the sampled supply. From: Cantor et al. (1978)

Correlation Coefficients® for counties in which percent population
served was:

Site of Cancex THM Indicgggrb Sex 50-64 65-84 85-100 50-100
Bladderxr CHCI3 M- .- .- 0.23 --
(0.26)
TTHM M - -~ 0.30 -~
(0.14)
BTHM M -0.22 0.29 0.38 0.19
(0.29) (0.15) (0.06) (0.10)
CHCI3 F - -- 0.25 --
(0.24)
TTHM F .- .- A 0.38 - -
(0.06) ‘
BTHM F -0.01 0.21 0.45 0.21
(0.97) (0.30) (0.02) (0.06)
Kidney * CHCl3 M ' -0.16 -0.11 0.42 0.07
(0.44) (0.60) (0.04) (0.55)
CHCI3 F -0.33 0.19 -0.04 -0.01
(0.11) - (0.37) , (0.83) (0.96)
Brain BTHM M 0.10 0.18 0.24 0.17
(0.65) (0.37) (0.25) (0.14)
BTHM F -0.07 -0.03 _ 0.19 0.04

(0.73) (0.90) (0.35) (0.72)




‘TABLE A-1 continued

Correlation Coefficients”® for counties in which percent population
served was:

Site of Cancer THM Indiqatorb Sex 50-64 65-84 85-100 50-100
Lung TTHM M -0.02 0.02 0.15 0.07
(0.94). (0.90) (0.46) (0.56) *
TTHM F 0.25 0.28 0.15 0.22
(0.23) (0.17) (0.46) (0.05)
Non-Hodgkin's BTHM M -0.33 -0.19 0.36 -0.03
Lymphoma (0.11) (0.36) (0.08) (0.81)
BTHM F ' -0.36 0.26 -0.04 0.01

(0.08) (0.20) (0.83) (0.97)

a. P value for two-tailed t is shown in parentheses.

b. CHCl3 = chloroform; TTHM = total trihalomethanes; BTHM - brominated trihalomethanes



‘length of residence at the home listed on the death certificate), and other
lifestyle factors. And finally, it is unknown how well the information on
THM levels from the surveys reflected contamination in the past. Only a few
grab samples were obtained from each water source at one point in time.
Trihalomethanes were measured in 1975, while cancer mortality rates for
1968-71 were the basis for the study. Since cancer is characterized by a
long 1latency between exposure and disease, it is important to consider past
exposure as well as current exposure. Cantor et al. found that the levels
of chloroform used for their study were consistent with measurements made
one year later. All but a few of the supplies analyzed in the study had
been disinfecting with chlorine since 1949.

Hogan et al. (1979) examined the potential association between chloroform
levels in finished drinking water supplies and various site-specific cancer
mortality rates, with emphasis on the statistical and biological problems
associated with an ecological approach. The cancer mortality rates used
were for the period 1950-1969 (Mason and McKay, 1974). Chloroform exposure
data were taken from the NORS and Region V surveys conducted by the EPA.
Besides chloroform 1levels, other explanatory variables included population
density, wurbanization, per cent mnonwhite, percent foreign born, income,
education, occupation in manufacturing, and regional wvariables. Both
unweighted and weighted linear regression analyses were conducted. When the
NORS data were used, the weighting factor was the size of the race-sex
stratum of the 1960 county population. When Region V data were used, the
weighting factor was the total county population, since initially the
available data did not contain a sex-race breakdown for county population.
For many of the associations made, the level of significance and sometimes
the sign of the coefficient changed depending on whether or not a weighted
procedure was used (Table A-2). 1In addition, when a different weighting
scheme was used (Weighted 2 in Table A-2), some cancer mortality rates that
were significant in earlier analyses dropped out. In general, the most
consistent associations were between chloroform "exposure" and cancers of
the bladder, rectum and large intestine. Hogan et al. stated that the
results of ecological studies must be interpreted with caution, but are
useful to generate hypotheses. Therefore, the association between
chloroform levels in drinking water and certain types of cancer (e.g.,
. bladder, large intestine and rectum) warrant further study.

Carlo and Mettlin (1980) analyzed 4255 cases of cancer reported in Erie
County, N.Y., between 1973 and 1976 for any relationship between cancer and
type of water source, THM levels in the drinking water as measured in 1978,
and a variety of socioeconomic variables. Regression analyses were
conducted on age-adjusted incidence rates for esophageal, stomach, colon,
rectal, bladder, and pancreatic cancer versus water quality and control

variables. Pearson correlations were also calculated. Pearson correlation
coefficients indicated a relationship between surface water supply and
esophageal and pancreatic cancers. However, the levels of THM were not

correlated with any of the cancers studied. Ne significant association
between THM and cancers were noted in the regressiun analyses for the total
population. When regression analyses were conducted for population
stratified by race-sex, a significant association was found between THM
levels in drinking water and pancreatic cancer in white males (p<0.05). The
investigators caution that the lack of association between THM and
pancreatic cancer in other sex-race groups and absence of association
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TABLE A-2

Estimated chloroform regression coefficients and associated p-valuesa from regression analyses
of cancer mortality rates versus chloroform levels in drinking water using NORS and
Region V surveys. From: Hogan et al. (1979)

Site Chloroform Data White Males o A White Females
Unveighted  Weighted 1”  Weighted 2°  Unweighted Weighted 1° Weighted 2°
Bladder NORS .0033 .0034 .0030 .0027 .0017 .0016
(0.20) (0.10) (0.16) (0.02) (0.04) (0.05)
Pladder Region V .0017 .0031 -e-e .0009 .0023 “.--
(0.55) (0.63) (0.50) (0.07)
Rectum NORS .0069 .0032 .0031 .0033 .0031 .0029
(0.01) (0.22) (0.23) (0.02) (.004) (0.05)
Rectum Region V .0036 .0062 -.-- -.0020 .0007 ...
(0.15) (0.03) (0.29) (0.75)
Large Intestine NORS 0011 0114 .0102 .0028 - .0102 .0084
(0.80) (0.01) (0.01) (0.49) (0.01) (0.03)
Large Intestine Region V .0018 .0115 “mes .0022 -.0019 ----
(0.62) (0.01) (0.54) (0.60)
Stomach NORS .0024 -.0096 “--- ~.0007 -.0069 -e--
: (0.65) (0.04) (0.82) (0.01)
Stomach Region V : -.0050 -.0023 cen- , .0039 .0016 ----
(0.27) (0.65) (0.32) (0.63)

a. Two-sided p value shown in parentheses, based on a standard t test or partial F test for individual regression
coefficients.

b. For NORS data, weighting factor was the size of the race-sex stratum of the 1960 county population. For Region V,
the weighting factor was the total county population.
!

c. A compromise weighting scheme was used with some of the data wherein the weighting factor = (10’6 + ni-l)-l.



between THM and other cancers raises doubts as to the validity of this
finding. Carlo and Mettlin discussed other statistical problems with an
ecological study of this nature, such as population mobility, variability in
site-specific  age-adjusted incidence rates by census tract, and
extrapolating THM measurements backwards in time.

A.2. Case-control studies

Brenniman et al. (1980) conducted a case-control study in Illinois to
determine whether an association exists between chlorination of drinking
water and gastrointestinal and wurinary tract cancers. Cases (3208) and
controls (43,666) were classified according to residence in chlorinated and
unchlorinated groundwater communities, Communities receiving chlorinated
water were matched with those receiving unchlorinated water based on rural
Vvs. urban characteristics. Mantel-Haenszel stratified contingency table
analyses were used to analyze the data. Control variables included age,
sex, and residence (urban vs. rural, Standard Metropolitan Statistical Area

(SMSA) vs. non-SMSA). Elevated risk was found for cancers of the
gallbladder, large intestine, total gastrointestinal, and urinary tract for
women. However, the investigators considered the results tenuous because,
when the data were subclassified according to several control variables, the
associations were not strengthened. In addition rural (nonSMSA)
nonchlorinating communities had a higher incidence of some cancers than did
the matched chlorinating communities. Many confounding factors were not

controlled including smoking, diet, ethnicity, and occupation. Brenniman
and colleagues concluded that chlorination of groundwater does not appear.to
contribute to the etiology of gastrointestinal and urinary tract cancers "in
a major way".

Alavanja et al. (1980) conducted a case control study on all
gastrointestinal and urinary tract cancer deaths occurring from January 1,
1968 through December 31, 1970 in 7 counties in New York. Several
independent variables were examined including urban or rural residence,
chlorination of water, and surface vs. ground water supply to individual

residences. In addition, occupation of the decedent was ranked as either
high risk (steel, metal processing, mining, printing, chemical, furniture
manufacturing, automobile fabrication, rubber and electrical cable

manufacture) or low risk. The usual pPlace of residence listed on the death
certificate was used to classify water source for cases and controls,
Controls were picked from noncancer deaths occurring in the same year, and
were matched for age, sex, race, foreign vs. U.S. born, and county of usual
residence. The data were analyzed by the Chi-square test. There was a
statistically significant excess in urinary tract (UT) and gastrointestinal
(GI) cancers among women in chlorinated water areas of Erie (0dds Ratio (OR)
= 3.09) and Schenectady (OR = 3.25) counties, and among men in Erie (OR =
3.20), Rensselaer (OR = 2.13) and Schenectady (OR = 5.45) counties. These
odds ratios were greater than those associated with urban residence in these
counties. Upon comparison of urban chlorinated vs. nonchlorinated and rural
chlorinated vs. rural nonchlorinated water areas, the excess of UT and GI
cancer mortalities persisted in chlorinated water areas (urban chlorinated
OR = 2.88; rural chlorinated OR = 1.77). Analysis by primary anatomic site
revealed a significant excess risk of stomach cancer in females, and of
stomach, esophagus, large intestine, rectum, liver and kidney, pancreas, and
urinary bladder in males residing in chlorinated water areas in the 7
counties studied. Alavanja et al. found no association between cancer and
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concentrations of arsenic, beryllium, cadmium, lead, nickel, and nitrate in
the drinking water of the study areas. The investigators concluded that the
excess risk was associated with 1living in chlorinated areas of certain
counties and was not due to a disparity in the age, race, or ethnic
distribution, or to urban/rural classification, hazardous occupation, or a
surface vs. ground water difference. Several confounding factors were not
controlled including cigarette smoking and diet.

The association between site-specific cancer mortality and trihalomethane
exposure, as estimated by chlorine dose, was investigated for Wiscomsin
white females by use of a death-certificateé based case-control study design
(Young et al. 1981). Cases were obtained from death certificates provided
by the Wisconsin Bureau of Health Statistics and consisted of all white
female deaths that occurred 1972-77 within 28 counties due to malignant
neoplasms of esophagus, stomach, colon, rectum, liver, bile ducts, pancreas,
urinary bladder, kidney, lung, breast, and brain. Controls consisted of
white female noncancer deaths matched to each case by sex, race, year of
death, county of residence, and nearest birthdate. Water treatment and
other characteristics were obtained for 202 waterworks and linked to the
decedent based on which waterworks serviced the usual place of residence
(city, wvillage, or town) listed on the death certificate. It was assumed
that residents not served by private or municipal waterworks had private
wells, Confounding variables considered in the analysis included
yrbanization, occupation, and marital status. Exposure was broken into 3
categories based on the chlorine "dose" (amount of chlorine added); low
(0.01 to 0.99 ppm), medium (1:00 to 1.70 ppm), and high (1.71 to 7.00 ppm).
Multinomial logistic regression was used to compute maximum likelihood
estimates and 95% confidence limits of the regression coefficients. Only
death from colon cancer was associated with chlorine dose (p<0.05). The
risk of colon cancer, calculated as odds ratios, was over twice as great
when the water source was affected by rural runoff. Young et al. tested
this wvariable because of the assumption that rural runoff increased the
organic precursors to trihalomethanes. For colon cancer, odds ratios of
1.51 (95% Confidence Intervals (CI) = 1.06-2.14), 1.53 (95% CI = 1.08-2.00),
and 1.53 (95% CI = 1.11-2.11) were calculated for high, medium, and low
chlorine dose, respectively (p<0.02). For colon cancer cases and controls
whose water source was affected by rural runoff, odds ratos of 3.30 (95% CI
= 1.45-7.48),-3.60 (95% CI = 1.57-8.26), and 2.74 (95% CI = 1.10-6.88) were
calculated for high, medium, and low chlorine dosages (p<0.025). Young et
al. discussed several possible confounders in this study and stated that
while the association of colon cancer with chlorination and rural runoff
factors is provocative, the findings of this study must be considered
inconclusive due to the possible underestimation of risk associated with
misclassification error and spurious contribution from unknown colon cancer
risk factors.

Wilkins and Comstock (1981) conducted a nonconcurrent prospective study to
investigate possible relationships between products of water chlorination
and human cancer. Site and sex-specific incidence rates for malignant
neoplasm of 1liver, biliary passages, kidney, and bladder were constructed
from hospital records, a cancer registry, and death certificates in
Washington County, Maryland for the period July 16, 1963 through July 15,
1975. Variables compared to cancer incidences were age, marital status,
education, smoking history, frequency of church attendance (as a measure of
disability), adequacy of housing, persons per room, year of residence in the
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1963 household, and source of home drinking water. The exposed population
was stratified into high exposure consisting of Hagerstown residents
drinking chlorinated surface water (average chloroform concentration was 107
ug/l), low exposure consisting of users of deep wells (not chlorinated, low
organic concentration and presumably low chloroform concentration), and
indeterminate exposure consisting of small town residents whose drinking
water came from chlorinated surface and ground water sources. Binary
variable multiple regression was used to calculate adjusted rates for each
risk factor at each exposure level. Relative risks were then calculated.
Incidence rates for cancer of the bladder among men and cancer of the liver
among women were highest among persons using water from the chlorinated
surface supply. However, the increase was not significant relative to the
other exposure groups after adjustment for the effects of other variables.
Relative risks for these cancers ranged from 1.5  to 1.8, but the 95%
confidence 1limits for all risk ratios contained 1.0. When the length of
residence was considered to estimate exposure duration, males living in .
Hagerstown greater than 12 years had a significantly higher incidence of
bladder cancer (RR = 6.46, 958 CI = 1.00->100) than their deep-well
counterparts. While the results were only weakly suggestive, Wilkins and
Comstock noted that bladder cancer has been suggestively 1linked with .
chloroform and other indices of trihalomethane in drinking water in other
studies.

Gottlieb and Carr (1982) took a case-control approach to study the potential
relationship between chlorination of drinking water and cancer in south
Louisiana parishes. Twenty parishes were grouped according to similarities
in industrial characteristics. Each group contained parishes which used-
either ground or surface water as primary drinking water sources. Cases
were cancer deaths which occurred between 1960 and 1975. Controls were
randomly selected from noncancer deaths in the parish grouping in which the
case death occurred, and matched to cases by age, sex, race, and year of
death. Location of the residence at the time of death was used to identify
the water source. However, the length of time which each case or control
lived at that residence was unknown. The total study population was 22,698,
half cases and half controls. A multiway contingency table analysis was
conducted, based on a log-linear model and using maximum 1likelihood
estimations of effects and interactions. Chlorinated surface water was
associated with a significant risk for rectal cancer (p = 0.012). The odds
ratio for rectal cancer in groups receiving high chlorination level (>1.09
Ppm  chlorine) to groups with no chlorination is 1.53 (95% CI = 1.15 - 2.04)
in surface water supplied areas, and less in areas supplied with ground
water. It was methodologically impossible to separate the effects of heavy
chlorination from surface water. However, both appeared necessary for
increasing the risk of rectal cancer in these parishes (Gottlieb and Carr,
1982). Although an effect of chlorine on breast cancer was observed,
Gottlieb and Carr attributed this to possible confounding by small family
size and urbanization. Brain cancer was also associated with chlorination,
but doubts are raised because the association was only significant in white
males 1living in the Baton Rouge area where there are many chemical and
petroleum industries. Association between chlorination and other sites of
cancer were heavily dependent on matching variables of race, age, sex, and
year of death and were not indicative of a true drinking water effect. Of
interest was the 1lack of association of chlorination or water source with
bladder cancer. Gottlieb and Carr concluded that there appears to be some
cancer risk associated with water chlorination, but definitive studies are
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needed with respect to the role of industrial confounders and the importance
of co-contaminants.

Lawrence et al. (1984) used a case-control approach to study the association
of chloroform exposure via drinking water to colorectal cancer in white
women teachers in upstate New York. Sources of exposure were ascertained
through exhaustive tracing of each individual’s places of residence and work
for the 20 years prior to death. Chloroform exposure and cumulative
chloroform dose were estimated by a statistical model based on water
treatment parameters. Analysis was based on 395 cases of colon and rectal
cancer and 395 control noncancer deaths matched with respect to age and year
of death. McNemar's matched-pair analysis and the one-sided Wilcoxon signed
rank statistic were used to assess the association between chloroform
exposure and colorectal cancer. Both matched and unmatched linear logistic
regression was used to examine the role of other variables, including
population density, marital status, age, and year of death, in cancer risk.
The probability of exposure to a surface water source containing chloroform
was no greater for cases than for controls, and  the distribution of
chloroform exposure was not different among cases and controls. No effect
of cumulative chloroform exposure on incidence of colorectal cancer deaths
was observed in the logistic analysis controlling for the wvariables
mentioned above. This study was well controlled with respect to occupation,
socioeconomic factors, and health care because only data from white women
teachers in the central corridor of upstate New York were analyzed.
Misclassification of cancer site was minimized by using histologically
confirmed cases of colorectal cancer. Extensive review of records for past
places of employment and residence minimized misclassification in terms of
water source.

Cantor et al. (1987) examined the association between use of chlorinated
drinking water and bladder cancer by a case-control study design. The
investigators interviewed 2,982 cases and 5,782 controls in 10 geographic
areas of the U.S. All cases consisted of persons 21 to 84 years of age with
newly diagnosed histologically confirmed bladder cancer in a l-year period
beginning in December 1977. Controls, randomly selected from the general
population, were matched to cases with respect to sex, 5 year age group, and
geographic area, with a 2:1 matching ratio in most areas. Trained
interviewers asked questions about demographic background, use of tobacco
and artificial sweeteners, coffee consumption, use of hairdyes, lifetime
occupational history, relevant medical history, and levels of tap water and
other beverage consumption. Data on water treatment was collected for
sources serving the cases and controls since 1900. Lifetime exposure
scenarios to different water sources were developed for each case and
control. Logistic regression for unmatched data was used to obtain the
unconditional maximum likelihood point estimate and confidence intervals of
the odds ratios and to adjust for potential confounding by selected
variables (e.g., sex, age, study area, cigarette use, high risk occupation,
urbanization, population density). Risk of bladder cancer was primarily
associated with use of tap water rather than nontap beverages. Among white
males, the coefficients for tap and nontap beverages were 0.176 (p<0.001)
and 0.037 (p=0.42), and among white females, the coefficients were 0.123
(p=0.09) and 0.089 (p~0.39), respectively. It was suggested that
nonvolatile components of tap water may be associated with risk of bladder
cancer since both heated and nonheated tap water beverages were
significantly associated with bladder cancer risk among males. The
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regression coefficients for the heated portioms (0.227, X2-15.3) was higher

than that for the nonheated portion (0.139, Xzf8.14). However, among women,

the contribution from the nonheated tapwater was larger than that from
heated tapwater. The relative risk increased with increasing tap water
intake. The odds ratios for the highest vs. the lowest intake quintiles
were 1.47 among men and 1.29 among women. The Chi-square for trend was
highly significant for both sexes combined and for men alone (p<0.0001), but

not for women alone. Bladder cancer risk among women increased with
duration of surface water use, with a significant trend (Chi-square = 4.1, P
- 0.04). This increase in risk was not seen among men alone or when both

sexes were combined. Those with intake of chlorinated surface water of 40-
59 and >60 years duration had odds ratios of 1.7 and 2.0, respectively, for
the highest vs. lowest consumption quintiles (test for trend, Chi-square =
7.51 and 6.09, respectively; p = 0.006 and 0.14, respectively). Overall,
odds ratios increased with duration of chlorinated surface water use among
nonsmoking subjects who reported tap water consumption above the median
(Chi-square trend = 6.32, p = 0.01). The 1lack of concordance of the
findings for men and women was partially explained by the difference in
smoking habits. If undetected bias or effects of another risk factor cannot
explain the findings of this study, the proportion of bladder cancers in the
cases attributable to ingestion of tap water from chlorinated surface
sources was 12%. Among nonsmokers, the attributable risk was 27%. Cantor
et al. stated that while this investigation was quite thorough in many
respects, there is a need for confirmation of these findings. The
relationship between these findings and the concentration of chloroform and
other carcinogens in the drinking water remains untested. Moreover, heated
beverages were more strongly associated with bladder cancer among men than
nonheated beverages. This may suggest that the contribution of chloroform
in the etiology of human bladder cancer in men, may be overshadowed by other
nonvolatile chemicals present in the drinking water. On the other hand,
this association was reversed in women where the nonheated portion of
tapwater consumption contributed more heavily to bladder cancer risk.
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Appendix B
Results of GLOBALS6

Computer printouts from GLOBAL86 and dose adjustment
of the cancer potency slope.
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DATE: 09/29/1988 , TIME: 12:45:01

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, LA 71270
(318) 255-4800

9/29/88 ,NCI male mouse, hepatocellular carcinoma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=O)
MONTE CARLO TEST USED IN ‘SELECTION

#RESPONSES #RESPONSES

GROUP DOSE OBSERVED/#ANIMALS PREDICTED
1 .000000 1/ 18 .66
2 83.0000 18/ 50 23.72
3 167.000 44/ 45 41.27

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 4.9834

P-VALUE FOR THE MONTE CARLO TEST IS .5000000000E-02

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL *# D - Q2 * D"2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

............................................................

Q( 0) = 3.762379779299E-02
Q(1l) = 000000000000
Q( 2) = 8.792100922775E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -44.2444150722

CALCULATIONS ARE BASED UPON EXTRA RISK

GLDhAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
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RISK MLE DOSE
1.00000E-06 10665
1.00000E-06 .10665
1.00000E-0Q7 3.37251E-02
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4,11782E-04

4.11782E-04
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LIMIT SIZE

§5.0%

95.0%
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Q( 2) = 6.
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GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
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DOSE MLE RISK
1.00000E-03 8.79210E-11
1.00000E-02 8.79210E-09

.10000

8.79210E-07

NORMAL COMPLETION!

UPPER BOUND
ON RISK

...........

2.42851E-06

2.42910E-05

2.43501E-04

CONFIDENCE
LIMIT SIZE
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95.0%

B3

LIMIT

51078E-02
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87044E-05 -
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.42844E-03
.87055E-05

.51028E-02
.42B44E-03
.87156E-05



/20788 female wouse ,NCI  hepatocellulir carcinoma
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DATE: 09/22/1988 TIME: 13:26:42

GLOBAL 86 (MAY 1986)

BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM

CLEMENT ASSOCIATES
1201 GAINES STREET
RUSTON, LA 71270
(318) 255-4800

9/29/88 ,female mouse,NCI,hepatocellular carcinoma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=Q)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES #RESPONSES
GROUP DOSE  OBSERVED/#ANIMALS " PREDICTED
1 .000000 0/ 20 .00
2 143.000 36/ 45 35.61
3 287.000 39/ 41 39.23

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 5.29483E-02
P-VALUE FOR THE MONTE CARLO TEST IS .5550000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D*2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

Q(0) = .000000000000
Q( 1) = 1.095872392443E-02
Q( 2) = . 000000000000

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -30.5352996346

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
Fedrdrkrdedete e de A A de ke R Rk el oA o S e ke A A A ek AR okt sk e e ek

LOWER BOUND CONFIDENCE COEFFICIENTS FOR

B-5



RISK

1.00000E-05

1.00000E-06

1.00000E-07

DOSE

1.00000E-03

1.00000E-02

.10000

MLE DOSE

9.12520E-04
9.12515E-05

9.12515E-06

- MLE RISK

1.09587E-05

1.09581E-04

1.09527E-03

NORMAL COMPLETION!

ON DOSE

7.20256E-04

7.20253E-05

7.20252E-06

UPPER BOUND
ON RISK

1.38839E-05

1.38831E-04

1.38744E-03

LIMIT SIZE

95.0%

95.0%

CONFIDENCE
LIMIT SIZE

95.0%

95.0%

QC 2)
Q( 0) =

CONFIDENCE

Q( 0) =

QC1l) - 1.

Q( 2) =
Q( 0) =

Q( 1) - 1.

Q( 2) -
Q( 0) =

Q( 1) - 1.

Q( 2) -

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
ook sk sk sk ok ok S Aok S o ek ek e sk s e oSk s ok sk ok A sk kb

LIMIT

.00000
38840E-02
.00000

.00000
38840E-02 .
.00000

.00000
38840E-02
.00000

COEFFICIENTS FOR

CONFIDENCE

Q( 0)
Q( 1)
Q( 2)

Q( 0)
Q( 1)

1

1

Q( 1) 1

Q( 2) -

LIMIT

------

.00000
.38840E-02
.00000

.00000
.38840E-02
.00000

.00000
.38840E-02
.00000
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1/24/89, Jorgenson, male rat renal adeno/carcinoma, Christopher’'s doses
500233110
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DATE: 01/24/1989 TIME: 15:17:44

GLOBAL 86 (MAY 1986)

BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM

CLEMFNT ASSOCIATES
1201 GAINES STREET
RUSTON, LA 71270
(318) 255-4800

1/24/89, Jorgenson, male rat renal adeno/carcinoma, Chriscopher’s doses

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0Q)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES #RESPONSES
GROUP DOSE OBSERVED/#ANIMALS PREDICTED
1 .000000 4/301 3.62
2 18.0000 4/313 4.90
3 38.0000 4/148 3.51
4 79.0000 3/ 48 2.55
5 155.000 7/ 50 7.39

CHI-SQUARE GOODNESS OF FIT STATISTIC IS .38499

P-VALUE FOR THE MONTE CARLO TEST 1S .8650000000

fORM OF PROBABILITY FUNCTION: :
P(DOSE) = 1 - exp( -Q0 - Q1 * D - Q2 * D2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

Q( 0) = 1.211224035657E-02
Q( 1) = 1.053984007007E-04
Q( 2) = 5.474884445119E-06

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -92.7238876023
CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
Ferree e bt de e s oA s Stttk ek ok sk de s do e de s de dedk ek ko



RISK MLE DOSE

1.00000E-05  9.44155E-02
1.00000E-06 9.48314E-03
1.00000E-07  9.48734E-04

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
- SeSedededededededk deve sk AR Aok kA Yo de Rk ok sk sk sk s sk sk ok ok sk S bk ob st ok seok

DOSE

- --

MLE RISK

1.00000E-03  1.05404E-07

1.05453E-06

1.00000E-02

. 10000 1.05945E-05

NORMAL COMPLETION!

LOWER BOUND
ON DOSE

1.23819E-02

1.23818E-03

1.23818E-04

UPPER BOUND
ON RISK

8.07636E-07

8.07633E-06

8.07606E-05

CONFIDENCE
LIMIT SIZE

----------

95.0%

95.0%

CONFIDENCE
LIMIT SIZE

..........

95.0%

95.0%

COEFFICIENTS FOR
CONFIDENCE LIMIT

L RS

?

N 0 0o N o O

N O 00

.36327E-03
.07636E-04
.49074E-08

.36332E-03
.07636E-04
.476446E-08

.36332E-03
.07636E-04
.47283E-08

COEFFICIENTS FOR
CONFIDENCE LIMIT

Q(
Q(
Q(

Q(
Q(
Q(

Q(

- Q(

Q(

co 0o

N 00 00

8.36332E-03
8.
2.47411E-08

07636E-04

.36328E-02
.07636E-04
.48726E-08

.36291E-03
_07636E-04
.61898E-0¢8



9/30/88, Roe, male mouse renal adenoma/adenocarcinoma, Expt. 1
300233110
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DATE: 10/27/1988

TIME: 13:02:20

GEOBAL 86 (MAY 1986)

BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM

CLEMENT ASSOCIATES
1201 GAINES STREET
RUSTON, La 71270
(318) 255-4800

9/30/88, Roe, male mouse renal adenoma/adenocarcinoma, Expt. I

POLYNOMIAL DEGREE SELECTED BY PROGPAM, {POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTICN

GROUP DOSE
1 .000000
2 12.0000
3 43.0000

#RESPONSES
OBSERVED/#ANIMALS

0/ 72
0/ 37
8/ 37

=#RESPONSES
PREDICTED

.00
.00
8.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 4.25814E-03

P-VALUE FOR THE MONTE CARLO TEST IS

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D*2 - .

.3300000000

.. Q6 *D" 6 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

............................................................

Q(
Q(
Q(

- Q(

Q(
Q(
Q(

0)
1)
2)
3)
4)
5)
6)

.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
3.851888326604E-11

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -19.3211081232

CALCULATIONS ARE BASED UPON EXTRA RISK

B-11



GIL.OBAL &6 LUWLR CONFIDENCE LIMITS ON Dubh FOR FIXED RISK

WA K W NS e R R R K 5 " T uD 02 ST R L IS AR NERATX TR TS hwnd%d

RISK HLE DOSE

1.00000E-05 7.9871

1.0CU00E-06 5.4415

1.00000E-07 3.7073

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
+ Rk ok s etk stk doiaat st st drb b st st skl b e s e s s ok

DOSE MLE RISK

1.00000E-03  3.85189E-29

1.00000E-02 3.85189E-23

LOWER BOUND
-GN DOSE

3.27662E-03

(@)

.27660E-04

3.27660E-05

UPPER BOUND

ON RISK

3.05194E-06

3.05190E-05

CONFIDENCE
LIMIT SI1ZE

CONFIDENCE
LIMIT SIZE

95.0%

----------

R-12

95.0%

COEFFICIENTS FOR
CONFIDENCE LIMIT

.00000

3.05195E-03
.00000
.00000
.00000
.00000

1.77585E-11

.00000

3.05195E-03

.00000
.00000
.00000
.00000

1.77585E-11

.00000

3.05195E-03

.00000
.00000
.00000
.00000
1.77585E-11

COEFFICIENTS FOR
CONFIDENCE LIMIT

Q(
Q(
Q(
Q
Q(
Q
Q(

Q(
Q(
Q(
Q(
Q(
Q(

.00000
3.05195E-03
.00000
.00000
.00000
.00000
1.77585E-11

.00000
3.05195E-03
.00000
.00000
.00000
.00000
1.77585E-11



10000 3.B51RQF-17

~ORMAL COMPLETION!

3.05148E-04

B13

25 .0%

O«
Q(
Qo
Q(

Q(
Q(

)
L)
2)
3)
4)
5)
6)

.00000
3.05195E-03
.00000
.00000
.00000
.00000
1.77585E-11



/8B, Roe,male mouse,expt.ll, renal adenoma/adenocarcinoma
206233110
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DATE: 09/30/1988 TIME: 09:13:21

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, 1A 71270
(318) 255-4800

9/30/88. Roe,male mouse,expt.lI, renal adenoma/adenocarcinoma

.POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES | #RESPONSES

GROUP DOSE | OBSERVED/#ANIMALS PREDICTED
1 .000000 6/237 6.00
2 40.0000 9/ 49 9.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 3.09081E-20
P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - Q1 * D - Q2 * D*2 )

MAXTMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

Q( 0) = 2.564243061287E-02
Q( 1) = 2.216230167442E-03
Q( 2) = 5.540575418604E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -51.3502007500

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
e ook ol ok ok Sl sk sk sk sleolr sk s st s et s sk d okt o kel sk sk s e e vkt s b o

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
RISK MLE DOSE ON DOSE LIMIT SIZE CONFIDENCE LIMIT

B-15



1.00000E-05 4 .31168E-03

1.00000E-06 4.51212E-04

1.00000E-07 4.51216E-05

'GLOBAL €5 UPPER CONFIDENCE LIMITS ON RISK FCR FIXED DOSE

***'c’t**'."**a‘r;’r*******************wir*******************’k*****

DOSE MLE RISK
1.0C000E-02 2.21628E-06
1.0C000E-02 2.21676E-05

.10000 .

2.22152E-04

NORMAL COMPLETION!

...........

1.28596E-03

1.28596E-04

1.28596E-05

UPPER BOUND

ON RISK

7.77629E-06

7.77602E-05

7.77330E-04

95.0%

95.0%

CONFIDENCE
LIMIT SIZE

95.0%

95.0%

B-16

0)
1)
2)

0)
1)
2)

9)
1)
2)

NN

.38696F-07
.77632E-03
.00000

.38696E-02
.77632E-03
.00000

.38696E-02
.77632E-03
.00000

COEFFICIENTS FOR
CONFIDENCE LIMIT

~NN

.38696E-02
.77632E-03
.00000

.38696E-02
.77632E-03
.00000

.38696E-02
.77632E-03
.00000



3/30/88, Roe,male mouse,expt.Ill,ao, renal adenoma/adenocarcinoma
200233110
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DATE: 09,/30/1988 TIME: 09:19:20

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, LA 71270
(318) 255-4800

9/30/88, Roe,male mouse,expt.Ill,ao, renal adenoma/adenocarcinoma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES #RESPONSES
GROUP QOSE OBSERVED/#ANIMALS PREDICTED
1 .000000 1/ 50 1.00 .
2 42.0000 12/ 48 12.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 4.S53015E-25
P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - Q1 * D - Q2 * D*2 )

MAXIMUM LIKELIHQOOD ESTIMATES OF DOSE COEFFICIENTS
Q( 0) = 2.020270731751E-02

Q( 1) = 3.184278156361E-03
Q( 2) = 7.581614658002E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -31.8940426057

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
*

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
RISK MLE DOSE ON DOSE LIMIT SIZE CONFIDENCE LIMIT



1.00000E-05 3.14021E-03

1.00000E-06

3.14041E-04

1.00000E-07 3.14043E-05

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
L £k L S S S O N

DOSE

MLE RISK

........

1.00000E-03 - 3.18435E-06
1.00000E-02

3.18499E-05

.10000 3.19135E-04

NORMAL COMPLETION!

9.77052E-04

9.77048E-05

9.77047E-06

UPPER BOUND
ON RISK

...........

1.02349E-05

1.02344E-04

1.02297E-03

B-19

Sty

95.0% Q( 0) =
Q1) -
Q( 2) =
95.0% Q(C 0) =
Q( 1) -
Q( 2) =
95.0% Q( 0) =
Q( 1) =
Q( 2) -
websrve et ekt s o s e a ot
CONFIDENCE

LIMIT SIZE

95.0%

95.0%

.55966FE-02
.02349E-02
.00000

.35966E-02
.02349E-02
.00000

.33966E-02
.02349E-02
.00000 '

COEFFICIENTS FOR
CONFIDENCE LIMIT

................

Q(
Q(
Q(

Q(
Q(
Q(

Q(
Q(
Q(

-

-

.35966E-02
.02349E-02
.00000

.55966E-02
.02349E-02
.00000

.55966E-02
.02349E-02
.00000



9/30/88, Roe, male mouse renal adenoma/adenocarcinoma, Expt. IIT, ¢
200233110
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DATE: 10/27/1988 TIME: 13:09:28

"GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, LA 71270
(318) 255-4800

9/30/88, Roe, male mouse renal adenoma/adenocarcinoma, Expt. III, ¢t

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

%RESPONSES ‘ #RESPONSES
GROUP DOSE OBSERVED/=ANIMALS PREDICTED
1 .000000 1/ 49 1.00
2 42.0000 5/ 47 5.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 1.33779E-27

P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D*2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS
Q( 0) = 2.061928720274E-02

Q( 1) = 1.093555907428E-03
Q( 2) = 2.603704541495E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -20.8091698341

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
IR Ak A A A Aok bt A e o o o A At sk sk et s e

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
RISK MLE DOSE ON DOSE LIMIT SIZE CONFIDENCE LIMIT

B-21



1.00000E-05 9.14254E-03

1.00000E-06

9.14429E-04

1.00000E-07 9.14446E-05

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE

2.10389F-03
2.10388E-04

2.10388E-05

95.0%

95.0%

Q( 1) =

Q( 2) -

o

***********-k*****************‘k*****************ﬂ‘*****’k***

DOSE MLE RISK
1.00000E-03 1.09358E-06
1.00000E-02 1.09381E-05

. 10000 1.09610E-04

NORMAL COMPLETION!

UPPER BOUND
ON RISK

e ac s asme -

4.75312E-06

4.75302E-05

4.75200E-04

B2

CONFIDENCE
LIMIT SIZE

95.0%

95.0%

.43789E-02
.75313E-03
.00000

.43789E-02
.75313E-02
.00000

.43789E-02
.75313E-03
.00000

COEFFICIENTS FOR
CONFIDENCE LIMIT

.43789E-02
.75313E-03
.00000

.43789E-02
.75313E-03
.00000

.43789E-02
.75313E-03
.00000



9/30/88,Tumasonis, female rat cholangiocarcinoma
200233110
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DATE: 09/30/1988 TIME: 14:35:57

_ GLOBAL 86 (MAY 1986)

BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM

CLEMENT ASSOCIATES
1201 GAINES STREET
RUSTON, LA 71270
(318) 255:4800

?

9/30/88 ,Tumasonis, female rat cholangiocarcinoma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES #RESPONSES

GROUP DOSE OBSERVED/#ANIMALS PREDICTED
1 .000000 0/ 18 .00
2 220.000 34/ 40 34.00

CHI-SQUARE GOODNESS OF FIT STATISTIC 1S 5.58390QE-29
P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D*2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

QC 0) = .000000000000
Q( 1) = 4.311636329286E-03
Q( 2) = 1.959834695130E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -16.9083635122

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK

TR WAk kR A Rk de R e Ak ke Rk dededrkb kb bk kR kb ke ke Rk ke ko ke

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
RISK MLE DOSE ON DOSE LIMIT SIZE CONFIDENCE LIMIT

nns.



1.00000E-06 2.31930E-04
1.00000E-06  2.31930E-0%4
1.00000E-07  2.31931E-05

'GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE

8.42496E-05

8.42496E-05

8.42495E-06

95.0%

95.0%

0)
L
2)

0
by
2)

0)
)
2)

3k ok 3k vk v e e vl Sl vk sk o vhe ok o ok ok o 3k vk o 3 ok vl g 3k sk 3k v vk sk vk v s v e v sk sk v ok ook sk ek vk sk sk

MLE RISK

DOSE
1.00000E-03 4.31165E-06
1.000Q0E-02 4.31174E-05
.10000 4.31267E-04

NORMAL COMPLETION!

UPPER BOUND

ON RISK

1.18694E-05

1.18688E-04

1.18625E-03

B-25

CONFIDENCE
LIMIT SIZE

95.0%

.00000
.18695E-02
.00000

.00000 _
.18695E-02
.00000

. 00000
.18695E-02
.00000

COEFFICIENTS FOR
CONFIDENCE LIMIT

D I R

Q(
Q(
Q(
Q(
Q(
Q(

Q(
Q(

.00000
.18695E-02
.22744E-22

.00000
.18695E-02
.00000

.00000
.18695E-02
.00000



st

[P S DY T

9/30/88 ,Reuber,female rat cholangiocarcinoma and cholangiofibroma

300233110

20 39 39

0 50 100

0311

1E-6 2 1E-6 2 1E-7 2
.001 2 .012 .12

P ~
N ’
/"} L’,-/ "‘ - /
r . : K ;
P vl ' 2 /
7 sl /
P - -
o ISR
/.
S
_—~ -
L? : o -
l / fed L 4

B2



DATE: 09/30/1988 TIME: 15:00:48

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
.CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, LA 71270
(318) 255-4800 -

9/30/88,Reuber,female rat cholangiocarcinoma and cholangiofibroma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES  4RESPONSES

GROUP DOSE OBSERVED/#ANIMALS - PREDICTED
1 .000000 0/ 20 .00
2 50.0000 3/ 39 3.00
3 100.000 11/ 39 11.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 2.53215E-29
P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000 -

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - Q1 * D - Q2 * D"2 - Q3 * D"3 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

Q( 0) = .000000000000

Q( 1) = 6.301488251860E-04
Q( 2) = 1.199398778781E-05
Q( 3) = 1.484023755578E-07

MAXTMUM VALUE OF THE LOG-LIKELIHOOD IS -33.7767154620

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
Ferkrskd sk ke skt etttk e ki ke ke ok k bk ok ke dedokek ook
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RISK MLE DOSE

1.00000E-06 1.58688E-03

1.00000E-06 1.58688E-03

1.00000E-07 1.58692E-04

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE

dededrdededededrde e e dedo ek ek dededededededrdedededededede i dek dedodedodededcdedededodede e kb ke Sk dodok

DOSE" MLE RISK

1.00000E-03 6.30161E-07

1.00000E-02 6.30267E-06

.10000 © 6.31330E-05

NORMAL COMPLETION!

LOWER BOUND
ON DOSE

2.77759E-04

2.77759E-04

2.77759E-05

UPPER BOUND
ON RISK

3.60023E-06

3.60017E-05

3.59959E-04

CONFIDENCE
LIMIT SIZE

95.0%

'95.0%

CONFIDENCE
LIMIT SIZE

95.0%

95.0%

B28

COEFFICIENTS FOR
CONFIDENCE LIMIT

0)
1)
2)
3)

0
1)
2)
3)

0)
1

2).

3

.00000
.60024E-03
.00000
.00000

.00000
.60024E-03
.00000
.00000

.00000
.60024E-03
.00000
.00000

COEFFICIENTS FOR
CONFIDENCE LIMIT

Q(
Q(
Q(
Q(

Q(

QC

Q(
Q(

Q(
Q(
Q(
Q(

0)
1)
2)
3)

0)
L
2)
3)

0)

2)
3)

.00000
.60024E-03
.00000
.00000

.00000
.60024E-03
.00000
.00000

.00000
.60024E-03
.00000
.00000



9/30/88,Tumasonis,male rat cholangiocarcinoma
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DATE: 09/30/1688 TIME: 14:57:11

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES
1201 GAINES STREET

RUSTON, LA 71270
(318) 255-4800

9/30/88,Tumasonis,male rat cholangiocarcinoma

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES #RESPONSES

GROUP DOSE OBSERVED/#ANIMALS PREDICTED
1 .000000 0/ 22 .00
2 160.000 17/ 28 17.00

CHI-SQUARE GOODNESS OF FIT STATISTIC IS 4.72473E-31
P-VALUE FOR THE MONTE CARLO TEST IS 1.000000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D"2 )

MAXIMUM LIKELTIHOOD ESTIMATES OF DOSE COEFFICIENTS

- Q( 0)-=  .000000000000
Q( 1) = 2.919716366803E-03
Q( 2) = 1.824822729252E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -18.7602514352

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK
Bt T T T T e L T o e S s

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
RISK MLE DOSE ON DOSE LIMIT SIZE CONFIDENCE LIMIT

B-30



- - - oo - o e e mem.o cresreorese @ ceomceomoeneee=a=

1.00000E-06 = 3.42498E-04 1.15837E-04 95.0% Q( 0) = .00000
Q( 1) = B8.63281E-03
Q( 2) = .00000

i.OOOOOE-OG 3.42498E-04 1.15837E-04 95.0% Q( 0) = .00000
- Q( 1) = 8.63281E-03
Q( 2) = . 00000

'1.00000E-07  3.42499E-05 1.15837E-05 95.0% Q( 0) =~ .00000
Q( 1) = 8.63281E-03
Q( 2) - .00000

GLOBAL 86 UPPER CONFIDENCE LIMITS ON RISK FOR FIXED DOSE
Fedededrkedededededededededededededededededededodedodrdededededok dodededededed dedrdedededededededodededodedokek

: ’ UPPER BOUND CONFIDENCE COEFFICIENTS FOR
DOSE MLE RISK ON RISK LIMIT SIZE CONFIDENCE LIMIT

mwwm | ocwsswsmen 2|09 2casemeseweden 2020 SosoocoB@Sea® 020 B850 6®U®edsesso

1.00000E-03 2.91973E-06 8.63277E-06 95.0% Q( 0) = .00000
Q(C 1) = 8.63281E-03
Q( 2) = .00000

1.00000E-02 2.91986E-05 8.63243E-05 95.0% Q( 0) = .00000
Q( 1) = 8.63281E-03
Q( 2) = .00000 -

.10000 2.92111E-04 8.62908E-064 95.0% Q( 0) = .00000

Q( 1) = 8.63281E-03
Q( 2) = .00000

NORMAL COMPLETION!
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DATE: 07/11/1990 TIME: 13:55:29

GLOBAL 86 (MAY 1986)
BY RICHARD B. HOWE AND CYNTHIA VAN LANDINGHAM
CLEMENT ASSOCIATES -
1201 GAINES STREET

RUSTON, 1A 71270
(318) 255-4800

7/11/90 NCI male rat renal

POLYNOMIAL DEGREE SELECTED BY PROGRAM, (POLY-DEGREE=0)
MONTE CARLO TEST USED IN SELECTION

#RESPONSES ' #RESPONSES

GROUP - DOSE OBSERVED,/#ANIMALS PREDICTED
1 .000000 o/ 19 - " .00
2 45.0000 4/ 38 4.83
3 90.0000 12/ 27 11.32

CHI-SQUARE GOODNESS OF FIT STATISTIC IS .23283
P-VALUE FOR THE MONTE CARLO TEST IS .3700000000

FORM OF PROBABILITY FUNCTION:
P(DOSE) = 1 - exp( -Q0 - QL * D - Q2 * D*2 )

MAXIMUM LIKELIHOOD ESTIMATES OF DOSE COEFFICIENTS

Q( 0) = .000000000000
U1l = 000000000000
Q( 2) = 6.707783515062E-05

MAXIMUM VALUE OF THE LOG-LIKELIHOOD IS -31.4553750584

CALCULATIONS ARE BASED UPON EXTRA RISK

GLOBAL 86 LOWER CONFIDENCE LIMITS ON DOSE FOR FIXED RISK

LOWER BOUND CONFIDENCE COEFFICIENTS FOR
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RISK

1.00000E-05

© 1.00000E-06

r 1.00000E-07

--------

.12210

3.86110E-02

ON DOSE

...........

2.16875E-03

2.