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Executive Summary

Methylene chloride (dichloromethane, CHZClz) is a solvent with a variety of
ﬁses in industry and food processing. It is rapidly abserbed threﬁgh the
lungs and_is distributed throughout the body. It can cross the ﬁlood-brain
barrier and the placental barrier to the fetus. Aithough it is not highly
bioconcentrated, it reaches equilibrium in fat at concentrations six to

eight times greater than in other tissues.

Two pathways have been identified for CHZCI2 metabolism in rats ane mice. A
cytochrome P450 oxidative dehalogenation pathway yields primarilyacarbon
monoxide (CO), which has also been identified as a metabolite in humans. A
second - pathway involves glutathione and g}utathiope-s-transferaseq Each
pathway theoreticailyr involves the formation of metabolically: active
intermediates that may be capable of binding to cellular macromolecules

including DNAL The oxidative pathway appears to be saturated at CHZCI2

inhalation exposure concentrations above 500 ppm, while even at 4,000 Ppm

there is no evidence of saturation of the glutathione pathway.

Methylene chloride has a relatively low acute toxicity. Animal and human
studies indicate that the central nervous system (CNS) is the principal
target organ, resulting in CNS depression at inhalation concentrations
greater than 1000 ppm. Chronic and subchronic effects on lung and liver
(other than cancer) are observed in laboratory animals at concentrations of
100 ppm or greater. The most sensitive animal toxicity study suggests an

oral no-observed-adverse-effeqt level (NOAEL) of 5 mg/kg-day. Assuming
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equivalency of toxicity by the oral and> inhalation exposure routes, a
calculated NOAEL for humans is 5 ppm. Since these levels are at least three
to four orders of magnitude greater than ambient air concentrations
(approximately 2 ppb), adverse health effects other than _cancer are mot

expected from acute or chronic exposures to methylene chloride in ambient

air.

Inhalation of maternally toxic concentrations of methylene chloride (1250-
4500 ppm) by female rodents throughout pregnancy can result in fetotoxicity.
CH2012 has low teratogenic potential in rodents, but experimental data are

inadequate to make inferences about effects on human reproductiom.

The genotoxicity of CH2012 has been shown in several assay systems,
including bacteria (S. typhimurium and E. gcoli), yeast (Saccharomyces
cerevisiae), and fruit flies (Drosophila). Methylene chloride induced

sister chromatid exchange and chromosomal aberrations in cultured mammalian

cells. These responses, albeit positive, were weak.

The U.S. Environmental Protection Agency (EPA) concluded that CH2012 is
capable of inducing mutations in exposed human cells. The International
Agency for Research on Cancer (IARC) reviewed short-term tests of DNA damage

for CH2C12

CH2C12 as genetically active. IARC also concluded that CHZCl2 causes cell

transformation in mammalian cells cultured in yitro. Staff of the

and concluded that there was sufficient evidence to classify

California Department of Health Services (DHS) concur with TARC's and EPA’'=

evaluations but stress that the high concentrations of CHECI2 necessarv_to
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induce mutagenic and cellular transformations demonstrate that CH.Cl should

be_considered weakly genotoxic,

A series of epidemiological studies by Ott and co-workers compared the
mortality experience of workers exposed to CHZCI2 in ome fiber production
plant to nonexposed workers in another. No effects on mortality were
attributable to CI-12C12 exposure, but the studies had low statistical power

and confounding factors; thus increased health risks cannot be excluded.

The mortality experience of a male cohort of Eastman- Kodak employeesAexposed‘
to low levels of CH2012 was compared both to Kodak employees not exposed to :
CHZCI2 and to the general New York State male population. This study'f
. demonstrated an increase in pancreatic cancer compared to the nonexposed
Kodak cohort and compared to the state male. population. The authors-i
attributed the increase in pPancreatic ¢ancer to an artifact of multiple
.SCatistical testing. DHS staff conclude that the epidemiological data are -
inadequate either to establieh or to rule out carcinogenicity of methylene'

chloride in humans.

Several chronic rodent bioassays have shown that CH2C12 increases tumor

rates in some organs, Primarily the mouse liver and lung and the rat mammary
gland. A lifetime inhalation bioassay was conducted in 1986 by the National
Toxicology Program (NTP) in which both male and female rats and mice were

exposed to 1,000 to 4,000 ppm of CH.Cl. in air. The NTP concluded, "Under

2772

the conditions of these inhalation studies, there was some evidence of

carcinogenicity of dichloromethane for male F344/N rats...and clear evidence

2
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of carcinogenici .. for female F344/N rats (and) . fér male and female
BSC3Fimice."'

The EPA concluded that for CH2012 the evidence for-éarcinogenicity in
experimental animals is sufficient. and the human evidence is inadequate
Overall, the EPA assigned CHZCI2 to category ﬁ2, meaning that methylene
chloride should be considered a probable human carcino en., IARC recently

reviewed the carcinogenicity data and concluded that methylenme chloride is

carcinogenic in animals although there is inadequate evidence that it is a

human_carcinogen C assipned CH C a rating of 2B, a catego comprised

of possible human carcinogens. DHS staff concur with EPA’s and IARC'Ss
conclusions Since the sta found no evidence of a carcinogenic threshold

level and because there_are several short-term tests suggesting that CHECI2

is mutagenic, the staff recommends that CHzcl2 be considered as not having a
threshold for carcinogenicigz,

DHS staff used female mouse lung tumors (the most semsitive sex, sﬁecies and
tumor site of the 1986 NTP inhalation bioassay) to calculate the low-dose
risk from éxposure to CHZCIZ' The mean environmental concentration measured
by Air Resources Board staff is approximately 2 ppb (0.062 ppm), while the
animal experimental c;ncentracions were 2,000 to 4,600 ppm. The mice were
exposed to these experimental concentrations for six hours per day, five
days per week. Adjusting for lifetime daily exposure,.the experimental
concentrations correspond to environmental exposures of approximately 357

ppm to 714 ppm. The low-dose extrapolation for human exposure from tne

animal biocassays spans five to six orders of magnitude.
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As shown below, DHS staff fit several low-dose risk assessment models to the
mouse lung tumor data, including the multistage (Global 82 and Global 86),
time-dependent multistage (Weibull 82), probit, logit, .ﬁeibull, gamma
multihit, and two-stage models. DHS staff also applied a physiologically
based pharmacokinetic model to estimate the internal dose. This model
adjusts the expected exposure concentration and suggests lower human risks
than predictea by an unadjusted or applied dose approach. The NTP bioassay
results are consistent with gn applied dose as well as a pharmacokinetic
approach. The application of the pharmacokinetic approach to risk

assessment is based on information developed by the EPA and the U. §S.

Consumer Product Safety Commission. DHS staff recommend that the range of

risks for ambient exgosureé to CH2C12 be based on_the upper 95% confidence
limit predicted from fitting either the multistage (Global 82) model or the
time-degendept multistage (Weibull 82) model to the animai data. These
approaches suggest that the upper bound of excess carcinogenic risk from a

lifetime exposure to a range of CHZCIz concentrations from 1.1 to 2.4 ppb is -
1 to 24 cases per million persons exposed. The unit risk for a lifetime of
continuous exposure to 1 ppb of CHZCI2 is 1 to 10 x 10'6 (lifetime exposure

to 1 uz/m3 of CH20124;§,0.3 to 3 x 10'6). The most likely estimate of the

upper limit of risk, based on application of the PBPK high-to-low dose
adjustment, is 4 x 10'6 per ppb. These calculations are for the upper range
- of plausible excess cancer risks: the actual risk, which cannot be

calculated, may be insignificant.

The California Air Resources Board estimates s range of CH2C12

concentrations from 1.5 to 3.1 in the South Coast air basin. Assuming that
there are about 10.09 million residents of this area, this suggests that the
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upper _bound for the excess number of additional lifetime cases of cancer in
the South Coast air basin ranges from 20 to 300.

Based on the finding of methylene chloride-induced carcinogenicity and the

results of the risk assessment, DHS staff finds that at ambient

concentration methylene chloride is an a ollutant which may cause or

contribute to a pase morta or_an crease in serious illness, or

which may pose a present or potential hazard to human health,
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I.

METHYTL.ENE CHLORIDE EVALUATION HIGHLIGHTS
Sl YREUNIDE BVALUATION HIGHLIGHTS

‘National and International Evaluation (Other Agencies’ Evaluations),
A. U.S. Environmental Protection Agency (EPA)

1. Short-Term Tests: Sufficient evidence of genetic activity and

cell transformation.

2. Animal carcinogenicity assays: Sufficient evidence of animal
carcinogenicity by inhalation.

3. Human Evidence: Inadequate evidence of human carcinogenicity.
4. Conclusion: Methylene chloride is a probable human carcinogen,

ranked B2. .

B. Internmational Agency For Research on Cancer {TARC)

1. Short-Term Tests: Sufficient evidence of genetic activity and

cell transformation.

2. Animal carcinogenicity assays: Sufficient evidence of animal
carcinogenicity by inhalation.

3. Human Evidence: Inadequate evidence of human carcinogenicity.

4. Conclusion: Methylene chloride is a possible human _carcinogen

grouped under IARC category 2B,

. Conclusions:' Both EPA and IARC concluded that there is ample

evidence that methylene chloride is carcinogenic in’'animals (mice and
rats) by inhalation and that it is genotoxic. Other than a slight
increase in pancreatic cancer, there was no excess risk of death from

malignancies in three epidemiological studies; however, both EPA and

e
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IARC noted that the studies had a very limited power to detect excess

risk,

II. Carcinogenic Threshold.

A. Shape of the dose-response curve

1. Aniqal: The carcinogenié_dose-response curve for female mice lung
tumors (adenomas and carcinomas combined) is consistent with a
linear extrapolation. However, it should be noted that the dose-
response curve consisted of only three data points, a control and
two exposure concentrations.

2. Human: NA

B. Agimall gﬁarmacokinetic information: Moderate to good. No evidence
for the presence of a carcinogenic threshold at low doses; both
metabolic pathways appear to act at low doses.

C. Human__pharmacokinetic informagign; Very iimited. | At low doses
humans are likely to produce metabolic p?oducts by both pathways.

D. Conclusions: The positive short-term genetic activiﬁy tests, the
observed animal carcinogenic‘dose-response curve, and the activity of

metabolic actiﬁation at low doses lead the staff of DHS to conclude

that methylene chloride is genotoxic and should not be considered to
have a carcinogenic threshold, :

III. Exposure Sources

A. Air levels

1. Ambient levels measured in the Los Angeles basin area: 1 to 5 ppb



Sy
!F.""'

Iv.

2: Ambient levels measured in ”hog spots”: 17 to 28 ppb
3. Indoor air: Concentrations are variable depending on the size of
the room, ventilation, quantity released, and time since release.
Measured methylene chloride concentrétions for a 90-minute averagé
use {ﬁ controlled studies using commercially available paint
removers ranged from ‘50 to 2200 ppm. An Italian study reported
that the mean methylene chloride concentration in 15 hqmés was 193
"ppb with a high concentration of 1.5 bpm.
B. Reported levels in Water
1. Methylene chloride may result from water chlorination; thus,
finished water may have higher methylene chloride concentra;ion#
than raw Qater..
2. National Data
a. ambienﬁ _waters: range 0 to 120 ppb, detected in 60 of 118
samples. |
b. drinking}water: range 1 to 3 ppb.
3. California drinking water: In 11 wells sampled in Southern
California, methylené chloride concentrations ranged from 0.65 ppb

to 10 ppb.

C. Reported levels in food:. No information

Quantitative Risk Assessment

A. Range of Extrapolation: Animal to human exposures in air for
.calculated lifetime daily exposures

5

1. Experimental to ambient: approximately 10

2. Experimental to hot spots: approximately lO4

1i-3°



B. Range of Risks from MLE to 95% UCL;

Model MILE to 95% UCL
Multistage 1.3 fold
Time-dependent multistage | : 2.6 fold

C. siologically-Based Pharmacokinetic Adjustments

1. CPSC high-to-low dose adjustment reduced applied dose risk
estimate by approximately 2.2-fold.

2. EPA species-to-species AOSe adjustment reduced applied dose risk
estimate by approximately 8-fold.

D. Range of 95% Upper Bound Risk Estimate for Lifetime Excess Cancer

Cases

1. Per pg/m>: 3x 107 to 3 x 1078

2. Per ppm: 1 x 1073 & 10 x 1073

3. Per-ppb: 1 x 1078 to 10 x 10°6_

E. Comparison with other carcinogenic potencies: Methylene chloride is
in the lower fourth quartile of 53 carcinogens for which EPA has

calculated potencies.
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1.0 INTRODUCTION

Methylene chlpride (dichloromethane, CHZCIZ) is a wvolatile, synthetic,
halogenated hydrocarbon of low flammability. It has gained wide use in in-
dustry as a paint stripper, cleaning agent, process solvent, decaffeinating
agent for coffee, and as a component of aerosol propellants. In acute ex-
posures CH2C12 is toxic to hgmans and animals, with central nervous system
depression as the major grossly observable effect. Subchronic and chronic ex-
posures have been reported to cause behaviqral changes, hepatic dysfunction,
and, less fréquently, lung lesions. Based on available data, the reproductive
and teratogenic effects of CHZCIZ cannot be evaluated. CH2C12 is mutagenic in
bacteria test systems, but other mutagenicity tests are negative or equivocal;
several tests for clastogenié activity have been positive. An International
Agency for Research on Cancer (IARC) working group recently concluded that,
~although the evidence for c;rcinogenicicy in animals is sufficient, there is
inadequate evidence of its carcinogeﬁicity in humans. IARC considers sub-
stances such as this to be potential human carcinogens. Applying the criteria '
of the EPA (1984) for evaluating the overall weight of evidence of car-
cinogenicity to humans, CH2C12 is most appropriately classified in Group B2,

’meaning that it is a probable human carcinogen.

2Cl2 and

develops a risk estimate for its carcinogenis potency based on mathematical

This rzport reviews ang evaluates the literature on the toxicity of CH

models. A risk estimate is also pfésented based on exposure adjusted to ac-

count for metabolism of CHZC].2 to a proposed biologically active metabolite.

1-1



2.0 METABOLISM AND PHARMACOKINETICS

2.1 Absorption, Distribution, and Elimination

The route of eprsure has been found to have a significant effect on the
dlsp051t10n of CH2012 in rats and mice (Angelo et al. 1986a,b). Unlike the
oral administration pattern, there was a dramatic retention of unmetabolized
CH2C12 in tissues of mice following i.v. administration an@ the blood profile

did not resemble the tissue profile (Angelo et al. 1986a).

2.1.1 Oral Absorption Methflene chloride appears to be rapidly absorbed
from the gastrointestinal tract following ingestion (EPA 1985a). Rats given a
single oral dose of 1 or 50 mg/kg “CHZCIZ excreted 92% and 96%, respectively,
as the combined metabolized and nonmetabolized dose (McKenna and Zempel 1981),

Similarly, Angelo et al. (1986) found that 97% of an oral dose of 50 or 200

mg/kg was excreted within 24 hours. Peak blood levels of CH2012 were attained

in mice less than 10 minutes after oral administration of 50 mg/kg CHZCI2
(Pritchard and Angelo 1982),
2.1.2 Dermal Absorption The available information indicates that CH2C12 is

absorbed very slowly across the skin (Stewart and Dodd 1964) .

2.1.3  Pulmonary Uptake Inhaled CHZCI2 is rapidly absorbed in the lung.
Pulmonary uptake is facilitated by the water and 11p1d solubilities of CHZCl2
and by the large lung alveolar surface area (EPA 1985a). The actual rate of

CH2C12 absorption depends upon several factors: concentration in inspired air,

pulmonary ventilation, duration of exposure, diffusion rates into blood and
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tissues, 'and solubilities in blood and tissues. The concentration of CHZCI2
in alveolar air, which is in equilibrium with the concentration of CHZCI2 in
the pulmonary venous blood, asymptotically approaches the concentration in

inspired air, -at which point a steady-state condition is attained.

Data from Riley et al. (1966) can be used to iilustrate the complex absorption
of CHZCI2 in humans. During a 2-hour inhalation exposure to air containing
100 ppm 632612. the alveolar air concentration could be described by an
exponentially rising curve with three components. At the beginning of
exposure, an initial rapid rate of uptake occurred (0 to 50 Ppm alvqolariair),

followed by a second slower uptake (50 to 65 ppm alveolar air), and ﬁinally, a
very slow rate of uptake as equilibrium was approached, but not reached, at 70

Ppm alveolar air concentration (EPA 1985a). These observations can be

interpreteﬁ as a function of both the tissue partition coefficients and the
degree of - tissue blood perfusion an@ suggest that there are three Cypes‘of
tissues serving as body stores for absorbed C32012: a rapidly equilibrating
'group of tissues (termed the "vessel-rich group”) with high blood flows, an
intermediate group (primarily muscles), and the. slowly diffusing adipose

tissues. Obese human subjects absorbed 30% more CHZCI2 on a mg/kg basis than

lean subjec;s from one hour exposure of 750 ppm (EPA 1985a).

Human exposuré studies (Divincenzo and Kaplan, 1981b) indicate that exercise

increaséd the CHZCI2

exhaled level of CO. Based on ventilation capacity in exercising individuals

blood concentrations, the carbogyhemoglobin levels,

the percent CH2C12 absorbed decreased from 72 to 47%, but the net pulmonary
uptake of CHZCI2 actually increased up to 4-fold. Also reflective of the

increased uptake, the extent of CO production increased from 26% during

2-2



sedentary conditions up to 40% during exercise. In an attempted folfaw;up
study, Carlson and Kim (1986) examined whether a similaf phenomenon could be
demonstrated in rats. For rat§ exposed to 500 or 1000 ppm for 8 hours,
Cl

exercise did not elevate carboxyhemoglobin levels and the CH blood levels

2772
were lower in the exercised animals than in the sendentary animals. The
authors concluded that additional safety considerations are needed to include

the influence of exercise which exacerbates Cﬂzglz's effects in humans bﬁt not

in rats.

2.1.4  Iissue Distribution Methylene chloride is probably distributed
throughout the body fluid by virtue of its water solubility, and it§ lipid
solubility allows it to diffuse through lipid-containing membranes into
various .tissues. Methylene chloride readily crosses the blood-brain barrier
(Winneke and Fodor 1976, Winneke 1981)land the placental barrier (Schwetz et

al. 1975, Anders and Sunram 1982).

Concentrations of CH2012 in various tissues depend upon exposure
concentrations and durations and on tissue partition coefficients (EPA 1985a).
Savolainen et al. (1977) found similgr levels of CHZCIZin the brain, blood,
and 1liver of rats exposed to 200 PPl CH2C12 for 5 days for 6 hours per day,
but found a cumulative increase in CHZCl2 concentrations in perirenal fat
after the fifth day of exposure. At termination of the last 6-hour exposure,

the ratios of CHZCI2 concentrations in tissues versus blood were approximately

0.83 to 0.90 for brain and liver, and'6.6 for perirenal fat.

Studies of CHZCl_2 distribution in rats 48 hours after a 6-hour inhalation

exposure to 30, 500, or 1,500 ppm or after a Qingle oral dose of 1 or 50 mg/kg
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have been conducted by McKenna et al. (1982) and McKenna and Zempel (1981)

using 1‘C-labellgd CH Clz. Both routes of exposure resulted in the liver,

2
kidney, and 1lung having the highest levels of 14C-activity. Methylene
chloride was not detected in any of the tissues assayed; .it was assumed that

the radiocactivity found was due to the presence of nonvolatile metabolites.

2.1.5 Elimination Virtuall; all unchanged CHZCI2 is exhaled from the body
(EPA 1985a). Less than 2% of absorbed CH2C12 has been found unchanged in the
urine of human subjects exposed to 100 or 200 ppm for two hours (DiVincenzo et

al. 1972), or in the urine of dogs exposed to 5,000 ppm (MacEwen et al. 1972).

After termination of exposure, CHZCI2 is initially elim;naCed from the body
| via the lungs. Alveoiar air rapidly equilibrates with pulmonary venous blood
in .which the CHZCI2 concentré?ion is a function of the first-order diffusion
of CHZC].2 from tissues, the arterial blood flow/tissue mass, and the relative

solubility of CH2C12 in tissues (EPA 1985a).

Estimates of the half-cimes.of pulmonary elimination of CHZCI2 are given in
Table 2-1. The alveolar air concentration of CH2012 showed evidence of a
three-phase decline with an initial rapid fall in alveolar concentration, a
less rapid drop, and a longer-term slow decreése.- The apparent three-
component elimination for humans 1is felevant to the earlier discussion of
tissues with high vasculari:y' and blood flow (alpha), those with less flow

(beta), and those with high amounts of adipose ‘tissue (gamma). The values

reported for the  gamma components may not be indicative of actual diffusion
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TABLE 2-1

COMPARISON OF HALF-TIMES OF PULMONARY ELIMINATION
OF METHYLENE CHLORIDE FOR HUMANS AND RATS

. a
. t1/2 First-Order Qomponencs
(minutes)
Methylene '
Exposure Chloride
Subject‘ Method Concentration , Alphab Beta® Gamma.d
Human  Inhalation 50-500 ppm (1-7.5 hr) 8-23 40-80  360-390
Rat Inhalation 500 ppm (6 hr) 2.4 14.8 -
1,500 ppm(6 hr) . 1.06 15.5 --
Rat Gavage 1 mg/kg h -- 12.6 46.5
50 mg/kg . -- 12.6 46.6

SOURCE: After EPA, 1985a

a - *
Exponential elimination curve consistent with three distinct first-order rate

constants.
b

Attributed to elimination blood vessel-rich tissues with high blood flow,
e.g., brain, heart, liver.
c

Attributed to elimination from lean body mass, e.g., muscle and skin.
4 :

Attributed to elimination from adipose tissues.
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rates from fat tissues fdilowing repeated exposures since the gamma value
reported in Table 2-1 was from a single exposure, and it has been previously
shown that CHZCI2 levels in fat tissues do not equilibrate after a single
exposure. Fat biopsies of subcutaneous adipose tissue of obese subjects

contained about 10 mg and 8 mg of CHZCI2 at 1 and 4 hours repectively and

between 1 and 2 mg/kg at 22 hours after exposure (EPA 1985a).

2.2 Metabolism

Methylene chloride is a single-carbon halogenated hydrocarbon for which few
enzymatic pathways of ‘metabolism are available. The primary known pathways
Ccl

for metabolizing CH are the mixed function oxidase system (i.e.,

2772
microsomal oxidation) and a éyto$oiic batﬁway consisting of a glutathione
transferase system which dehaiogenates CHZCIZ. However, the specific

mechanisms of metabolism and the formation of potentially reactive

intermediates have not been directly demonstrated.

2.2.1 Enzymatic Metabolism

2.2.1.1 Microsomal oxidation Kubic and Anders (1975) first described the

oxidative dehalogenation that appears to be a primary route of enzymatic

metabolism of CH2612 and other dihalomethanes. Working with an in vitro rat
liver microsomal System, it was determined that the reaction required
nicotinamide adenine dinucleotide phosphate (NADP), reduced NADP (NADPH), and
molecular oxygen for maximal activity. Under optimal conditions, carbon
monoxide (CO) was produced; in the absence of NADPH, CH2612 and other

dihalomethanes were dehalogenated without formation of carbon monoxide. When
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Figure 1. Proposed reaction mechanisms for the metabolism of dihalomethanes
to carbon monoxide, carbon dioxide, formaldehyde, formic acid,
and inorganic halide. (EPA 1985b: Gargas et al. 1986)

2-7



the reaction was carried out under anaerobic conditions, the yield of the
reaction was reduced by approximately 80% (20% of the maximal carbon monoxide
was préduced). Tissue aé:ivity studies showed that liver microsomes were
about 5 times more active than lung ﬁicrosomes and 30 times~ﬁ§re active than
‘ kidney microsomes. Hogan et al. (1976) confirmed that CH2012 was converted to
carbon monoxide by the rat 1liver microsomal system, and noted a high
correlation Setween carbon monoxide product%on in vitro and microsomal
cytochromg P450 activicy. ~ Further ;tudieé by Rubic and Anders (1978) with

18

0, and CD,Cl, led to the current suggested scheme for P450 metabolism of -

2 2772
CHZCI2 to CO as indicated in Figure 1. In a recent study, Takano and Miyazaki

(1988) wused a perfused rat liver system and reported that the CO produced by

P450 during metabolism could bind to the P450 cytochrome. - However, in another

2612_ did not inactivate the phenobarbital-

inducible isozyme of rat liver cytochrome P-450 in an in vitro assay system.

study (Halpert et al. 1986) CH

Studies by Anders and coworkers (Kubic and Anders 1978; Ahmed and Andefs 1978;
Stevens and Anders 1978, 1979) have shoﬁ; that molecular oxygen, not water, is
the source of the oxygen in carbon monoxide. They postulated that the
cytochrome P450 mixed-function oxidase‘system hydroxylates dihalomethanes to
yield an intermediate compound, a hyd;oxydihalomethane, which spontaneously
breaks down to a formylhalide with ithe loss of one halogen atom. The
formylhalide then decomposes to carbon monoxide by elimination of a halide

anion.

A recent study by Reitz et al. (1988) provided some in vitro data on the
kinetics of MFO enzymes in several species. The CH2C12 concentrations used

varied from 1 to 10 mM. Reaction rates from liver microsomes (nmoles/min/mg
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protein) were measured for hamster, mouse, rat and human tissue. The reaction
Tates were greatest in the hamster, followed by the mouse; and the rates of

the human and rat tissue  were equivalent and lower (per mg protein). The

smallest difference between the mouse and human reaction rates occurred at the

S mM level where the mean reaction rate for the mouse tissue (11.4) was 2.6
times the mean reaction rate for the human tissue (4.5). Although some mean
vﬁlues were - presented, standard deviations were not, so it is difficulc to
ascertain the closeness of the responses. Reaction rates from lung microsomes
were also measured in the mou;e, rat and hamster, but no activity was measured
in the single pooled human s;mple. At the 5 mM level, the reaction fate from
‘mouse liver microsomes (iifA) was 2.5 times the reaction rate for the mouse
lung microsomes (4.6). However, the lung data appears to represent
information from a single ;xperiment; means and- standard deviations were not
presented. Kinetic constant;iwere calculated for the male liver tissue in the
study- and tﬁe KM for the mouse data (1.8 mM) was within the human range of
data (0.9 - 2.6 mM). The vﬁkx for the mouse data (15.9 mmoles prodﬁct/min/mg
protein) was close to the upber.raﬁge reported for humans (1.53 - 13.0 mmoles
product/min/mg protein). How;ver, the four human samples exhibited a 8.5-fold

range indicating considerable human variability.

2.2.1.2 Carboxxhemoglobin Formation Blood COHb accﬁmulates when the

concentration of carbon monoxide exceeds that which can be eliminated through
the lungs (EPA 1985a). Since carbon monoxide is a metabolite of CHZCIZ, there
was conce?n for potential carbon monoxide poisoning from occupational
exposures to CHZCI2 (Stewart et al. 1972a,b).» Pulmonary elimination of carbon

monoxide from carboxyhemoglobin is a first-order process that involves the

exchange of hemoglobin-bound carbon monoxide with oxygen and the diffusion of
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carbon monoxide into the alveolar spaces. The half-time for elimination of
carbon monoxide is 4 to 5 hours in humans (NIOSH 1972, Lambertsen 1974) and ié
1.8 to 2.5 hours in rats (McKenna et al. 1982, McKenna and Zempel 1981). The
rate of pulmonary elimination is independent of the concentration of
carboxyhemoglobin in the blood, but is shortened by increased alveolar
ventilation or the inspired péftial pressure of oxygen (Lambertsen 1974).

EPA (1985a) concluded that the kinetics of CHZCi2 metabolism to carbon
monoxide and carboxyhemoglobin are strikingly similar for humans and rats.
Both species demonstrate Michaelis-Menten dose-dependent kinetics with similar
estimates for VMAX (15 and 12.5% carboxyhemoglobin per time unit,
respectively) and KM (200 and 170 ppm CHZCIZ, respectively). Comparison of
the kine:i; parameters estimated for the carbon monoxide pathway in the rat
with those estimated by McKenna et al. (1982) for the total metabolism of
" CcH Cl2 by both pathways suggests that the overall KM is approximately equal to

2
400 ppm and is ‘approximately twice that of the carbon monoxide pathway aione.

Methylene chloride-in&uced carboxyhemoglobin depends on the CH2C12 dose ;nd on
the duration of exposure, but usually does not exceed 10% to 12% in either
humans or animals (EPA 1985a). This limit may be determined by the resultant
first-order pulmonary elimination of carbon monoxide and zero-order hepatic
CH2C12 metabolism to carbon monoxide. This limit may also be the result of
direct effects by CH2C12 on hemoglobin. An early study indicated that CH2012
can deform binding sites of myoglobin (Nunes and Schoenborn 1973). Settle
(1975) observed that carbon monoxide binding was affected by the presence of
. CH,C1 Spectrophotometric studies have shown that CH2C12 decreases the

2772
affinity of heme for CO and oxygen, and the cooperativity of oxygen binding of
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hemoglobin in solution (Harkey et al. 1979). Consequently, the kinetics of
CH2C12 metabolism and direct effects by CHZCI2 on hemoglobin may be
responsible for the 1levels of carboxyhemoglobin attained in experimental

studies.

2.2.1.3 Cytosolic pathway Methylene chloride is also metabolized to
formaldehyde, formic acid, inorganic halide, and carbon dioxide (See Figuré
1). The cytosolic enzyme system is a glutathione-S-transferase (GST) system
that requires no cofactors other than glutathione. Ahmed and Anders (1976)
propesed that the rate-limiting step of the reactions of CHZCI2 with
glutathione 1is displacement of the halogen to form a S-halomethylglutathione
conjugéte. - This conjugate is postulated to undergo rapid nonenzymatic
hydrolysis to S-hydroxymethylglutathione, which may ;ubsequently break down to
yield formaldghyde and regenerate .glutatbione. Alternatively, the §-
hydroxymethylglutathione intermediate ca; be metabolized by formaldehyde
dehydrogenase, a cytosolic liver enzyme, to S-formylglutathione, which.can

then be converted to formic acid and glutathione by the action of S-

formylglutathione hydrolase.

Reitz et al. (1988) provided some in vitro data on the kinetics of GST in

‘eytosol prepared from livers of several species. The CH2C12 concentrations

usei for all species varied from 12.5 to lOO.mM, that is they were much higher
than the .concenfrations used in the MFO studies (1 to 10 mM, see Section
2.2.1.1). Reaction rates from liver cytosol (nmoles/min/mg protein) were
measured for hamster, mouse, rat and human tissue. The reaction rates were
greatest in the mouse and least in the hamster. The relative rates of the

human and rat tissue were dependant on the concentration chosen. The smallest
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difference between the mouse and human reaction rates occurred at the lowest
concentration tested, .12.5 oM, where the reaction rate for the mouse tisstie
(9.9) was 6.5 times the mean reaction rate for the human tissue (1.5).
Reaction rates from lung cytosol were also measured in the mouse, rat,
hamster, and humén ét the 40 mM CH,.Cl exposur; concentration. Although the

2772

data are extremely limited (apparently representing single experiments), the

reaction rate _from the mouse lung microsomes (7.3) was 20 times the reaction
rate for the human lung microsomes (0.4); means and standard deviations were
not presented. However, the report that human lung data exhibited GST
activity while not exhibiting ‘any P450 activity may be important in
interpreting toxic effects that may result from GST metabolites, since this
pathway may substantially predominate in human lung tissue. The GST pathway
may predominate in the lung of mice as well. Kinetic constants were
calculated for the male liver tissue of only mice and humans. The KM for the
mouse data (137 mM).w;s 3-fold greater chan.the human' value reported (44 mM).

The VMAX for the mouse data (118 mmoles product/min/mg protein) was 17-fold"

greater than the value reported for humans (7 mmoles product/min/mg protein).

2.2.1.4 C(Carbon dioxide formation Oxidation of CHZCI2 to CO2 in vivo has been
shown by several investigators (Angelo et al 1986a,b, Rodkey and Collison
1977a, DiVincenzo and Hamilton 1975, McKenna and Zemple 1981, McKenna et al
i982, and Yesair et al. 1977). Rodkey and Collison (1977a) studied the
oxidation of CHzclz'to CO2 in the rat. When exposed to 0.2 mmol “CHZCIZ/kg
animal (approximately 610 ppm for the 8§ liter chamber), the evolution of 1‘CO2
was measur;d to be 29% of the administered dose. Since the metabolic CO2
produced in respiration greatly diluted (near 1000-fold) the CO2 produced from
CH,Cl,, proper measurement of CO2 requires !4C labeling.

272
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There are two likely mechanisms of carbon dioxide formation from the
metabolism of CH2C12. Studies in rats have shown fhat formaldehyde and formic
acid' produced by the cytosolic glutathione transferase system can be a source
of carbon dioxide (McKenna et al. 19822. Gargas et al. (1986) hypothesize the
possible production of CO2 by the P450 pathway, but the study did not measure
the metabolism of CH2012 to CO2 and data ére not presented to substantiate the
claim. An»unpublished study (Green et al. 1987¢) submitted to the Department
implies that for mice exposed to low concentrations of CHZCIZ, CO2 may be
produced predominantly via the P450 pathway and not theAGST pathway. Their
conclusion is based on the -assumption that GST "metabolism involves the
breaking of ¢-Cl bond.in the initial reaction with glutathione and hence the
use of CD2C012 will not affect the rate of formation of carbon dioxide from
this pathway.” This is contrary to the results reported by Ahmed and Anders
(1978) indicating that the use of a deuterated compound would decrease 602
production via the GST pathway. Specifically, Ahmed and Anders (1978)
Teported a primary isotope effect in the formation of fofmic acid that was
dependant on .NAD. As seen in Figure 1, the primary isotope effect would be
expected .to occur due to the oxidation of a C-H.bond of S-hydroxymethyl
glutathione by formaldehyde dehydrogenase t§ S-formyl glutathione. The
results and conclusions of the Green et al. (1987c) study are discussed
further in Section 2.2:2. Carbon monoxide may be metabolized to carbon
dioxide by wvarious animal tissues (Fenn 1970) by combining with the reduced
form of tissue. cytochrome oxidase at low oxygen levels (Coburn 1970. See
Figure 1). Although the direct metaﬁolism of carbon monoxide to carbon

dioxide is thought to be a minor pathway, the metabolic conversion of CO to

002 appears to be a function of the body burden of €O in dogs (Luomanmaki and
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Cobun, 1969), and thus the activicy of the system may be inducible by

increased body levels of carbon monoxide.

2.2.2 Dose-Dependent Metabolism: Saturation

There 1is evidence to Suggesc that the metabolism of CH2C12 is saturable under
certain conditions. This evidence is based on increased expiration of
unchanged CHZCIZ_gt high dose levels, decreased expiration rates of CO and CO2

at high dose levels, and the plateauing of carboxyhemoglobin production,

An early study on the extent of CH;CI2 metabolism in the rat was qonducted by
DiVincenzo and Hamilton (1975). After injecting rats intraperitoneally with
1‘Cﬂzclz in corn 611. they det;rmined’ the fate ~and  disposition of
radioactivity in exhaled air, urine, feces, and carcasées at 1, 8, and 24
hours after single doses (412 to 930 mg/kg):' Approximately 90% of the
administered CH_ZCI2 was eliminated unchanged in .the exhaled air, and 85%
within two hours of administration. Two percent of the adginistered dose was
metabolized to carbon monoxide, and approximately 3%-w§s metabélized to a
volatile compound that was not identified. Overall, less than 7% of the
administered dose was metabolized. When rats were intravenously given a lower
dose, 200 mg/kg CH2C12. they metabolized 6% of the dose to CO and 9% of the

dose to CO (Angelo et al. 1986b). At even lower doses of 50 and 10 mg/kg,

2
slightly higher rates of €O and CO2 production were reported (Angelo et al.
1986b). Rodkey and Collison (1977a) administered approximately 17 mg/kg
"CHZCIZI by inhalation in an enclosed chamber. Approximately 47% of the
administered 1‘& was recovered as !4CO and about 29% as “COZ. Thus, in this
inhalation experiment a greater precentage of CH2C12 was metabolized. Only 2%

of the 1!¢cH.Cl remained unmetabolized in the chamber after 90 minutes.

2772
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TABLE 2-2
COMPARISON OF SATURATION DATA BASED ON THE PRODUCTION OF

CARBON MONOXIDE AND CARBON DIOXIDE

Exposure Dose or Expired Expired
Species ﬁethod Concentration CO lLevel QQZ>Lgxgl Study
Mouse gavage " 1 mg/kg 45% > 50% Yesair et al 1977
Mouse i.v.2 * 10 mg/kg 15% 20% Angelo et al 1986a
Mouse i.v. " 50 mg/kg 8% l4s Angelo et al 1986a
Mouse gavage . 30 mg/kg 11s 18% Angelo et al 1986a
Mouse gavage . 100 mg/kg 208 .25% Yesair et al 1977
Mouse gavage 500 mg/kg 9% 18% Angelo et al 1986a
Mouse gavage 1000 mg/kg . 7% 19 Angelo et al 1986a
Rat i.p.b 4125881 mg/kg 2% . 3% DiVincenzo et al 1975
Rat gavage , ﬁ; 1 mg/kg 31% © 35% McKenna et al 1981
Rat  i.v. 10 mg/kg 123 153 Angelo et al 1986b
Rat inhalation ~17 mg/kg 47% 29% Rodkey et al 1977a
Rat i.v. " 50 mg/kg 9% 10% Angelo et al 1986b
Rat gavage 50 mg/kg 6% 11% . McKenna et al 1981
Rat gavage jSO mg/kg 16% - 17% Angelo et al 1986b
Rat gavage 200 mg/kg 6% 9% Angelo et al 1986b
Rat inhalation . 50 ppm 27% 26% . McKenna et al 1982
Rat inhalation 500 ppm 18% 233 McKenna et al 1982
Rat inhalation 610 ppm 47% 29% Rodkey et al 1977a
Rat inhalation 1500 ppm 13% 10% McKenna et al 1982

aThe abbreviation i.v. refers to intravenous administration.

The abbreviation i.p. refers to intraperitoneal administration.
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McKenna and Zempel' (1981) reported that rats dosed at 1 mg/kg metabolized 88%
of the administered dose, whereas those given 50 mg/kg only metabolized 28%.
In the same study, rats given 50 mg/kg CH2C12 exhibited a substantial
decrease in the rate of CO And 002 production compared to the 1 mg/kg dose.'
The kinetics of pulmonary elimination of unmetabolized CHZCI2 and of the
metabolites .carbon monoxide and carbon dioxide were reportedly first-order
(essentially unaffected by the dose) despite large differences in the amounts
of CHZCI2 and iés metabolites excreted. As summarized in Table 2-2, doses of
30 mg/kg or greater, administered to the rat, appear to be metabolized to a
lesser extent than lower doses based on the decreased relacive“percentage of
CO and CO2 eliminated. This decreaseg e;imination of CO and 002 implies
saturation. Some indication of saturation of the P450 pathway was provided in
studies of carboxyhemoglobin formation inA rats following intraperitoneal
injection (Kubic et al. 1974). Administration of 125, 250 and 506 mg/kg
CHZCl2 produced peak carboxyhgmoglobin levels of 5, 8 and 9%, respectively.
At the higher doses the peak levels came later, and the area under the dose-
response curve indicates a greater response at the 250 and 500 mg/kg levels

than the simple peak percent carboxyhemoglobin. .Based on this study

saturation would be expected at levels near 250 mg/kg for the rat.

As indiéated in Table»2-2, the data for the mouse is similar to that produced
for the rat, and similar trends are seen across routes. There is considerable
variability from experiments on the concentration or dose saturating CO
production. Furthermore, P450 saturation estimates based soley on CO'
production, instead. of .direct measureﬁents of P450 activity, ignore the
possibility of P450 inactivation by increasing production of reactive

metabolites as the concentration increases. In a preliminary report, Yesair

2-16



et al. (1977) stated that the 100 mg/kg dose was metabolized by mice at 20
umole/hr/kg, but the information in the abstract was hever published as a

complete tépot;.

Evidence suggests that the CH2C12 metabolisq may become saturated at
inhalation exposure concentrations of 500 ppm and above (some have suggested
levels as low as 200 ppm). When rats were exposed for 6 hours to 50, 500, and.
1500 ppm ‘CHZCIZ there was a substantial decrease in CO and CO2 production at
the 1500 ppm level (McKenna et al. 1982). When rats were exposed for 6 hours
to 500 or 1500 ppm CHZCI2 the carboxyhemqglobin 1evgls,did not increase beyond
the 500 ppm exposure level (McKenna et al. 1982). Rabbits do noé exhibit
signs of metabolic saturation of P450 at CH2C12 exposure levels up 11,000 ppm.
A linear relationship between the change in 3% carboxyhemoglobin in blood
resulting from increased CHZCI2 inhalation was shown to occur in rabbits éver
the range tested of 1,270 to 11,520 Ppm (Roth et al. 1975). Inhalation data

“for the mouse indicating percent €O and CO2 production for the mouse has not

been reported. However, an unpublished study by Green et al. (1987¢),

submitted to DHS, sSuggests saturation may occur near 500 ppm for the mouse.

Rodkey and Collison (1977b) investigated the relationship between administered
dose and the extent of metabolism by the rat. Animals were exposed by
inhalation to doses ranging from 80 to 800 pmol /kg (approximately 244 to 2440
Ppe for the 8 liter chamber) . They reported that the rate of CO production
was jirtually independent of CHZCI2 dose, and that it suggested the metabolism

of CHZCI2 to carbon monoxide in rats was rate-limited by enzyme saturation The

rate was approximated at the highest dose level to be 23 pmol/hour/kg bocy

.weight.
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In another study, rats were exposed for 4 hours to concentrations up to 2000

ppm CH,Cl, and some of the animals were pretreated with 2,3-EP, an heﬁatic

2772
glutathione depleting agent (Gargas et al. 1986). When naive animals were
exposed to CHZCIZ, the carboxyhemoglobin 1level peaked wiéﬁ the 500 ppm
exposure level. For raﬁs pretreated with 2,3-EP, the carboxyhemoglobin levels
did not peak until the 1000 ppm Cﬂzclz.exposute level and the carbon monoxide
yield attained was 43% greater than the level attained in the naive animals.
That 1is, when the P450 pathway was suﬁposedly saturated, addition of a
cytosolic pathway inhibitor (2,3-EP), increased metabolism by the P450

pathway. One possible explanation for this result is that complete saturation

of the MFO pathway had ﬁbt occurred, but had simply reached some steady state.

Thus, although saturation of the P450 pathway is likely to occur at high
doses, the precise exposure. concentration has not been adequately defined.
Information of this saturation concentration only exists for rats, and the
saturation response based on carboxyhemoglobin formation ma& not be reliable
based on the complicated mechanisms involved in carboxyhemoglobin formation
and on the conflicting results produced in induction and inhibition studies

discussed in Section 2.2.5. . *

DiVincenzo and Kaplan (198la) evaluated the conversion of CHZC].2 to
carboxyhemoglobin (COHb) and €O in man for single exposure levels of 50, 100,
150, and 200 ppm for 7.5 hours and of 100, 150, and 200 ppm for 7.5 hours
daily for 5 coﬁsgcucive days. Exposure -to 50, 100, 150, or 200 ppm of CHZCI2
produced peak blodd carboxyhemoglobin saturations of 1.9, 3.4, 5.3, and 6.8%,
respectively, and produced net excretion levels of CO of 1.32, 2.66, 4.95, and

6.12 (mmol), respectively. The study concluded that CO concentrations were
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directly Proportional to the magnitude of CH2012 eéxposure. Thus, the uptake

of CHZCIZ, the exhalation of CO, the carboxyhemoglobin levels all increased

'proportionally with the dose, and saturation of the P450 pathway~did not occur

in concentrations up to 200 ppm in humans.

In an ealier human study volunteers were exposed to 213 or 514 ppm CHZC].2 for
1.0 hour (Stewart et al., 1972b). The carboxjhemoglobin leééls‘peaked at 2.4
in the one volunteer exposed to 213 ppm, while the levels ranged from 1.8 to
4.6 in the eight subjects exposed to 514 ppm. Based on this study it is
difficult to determine whether saturation of the P&SQ metabolism occurred at
514 ppm, particularly since the carboxyhemoglobin levels are below those
achieved by DiVincenzo and Kaplan (1981a) and humans exhibit considerable

variability in this response.

2Cl2 at

eéxposures of 200 and 350 PPm during two.6-hour periods were compared (McKenna

In  another study of healthy human male volunteers the kinetics of CH

et al. 1980). No data were pfesented in the abstract but, the authors
concluded that the metabolism of Cl;lZCI2 was dose-dependent, and that the data
were consistent with metabolism by a Michaelis-Menten mechanism, Since the
data were never reported in an abstract or in a subsequent publication, staff

believe the conclusions made by the authors should not be considered in the

evaluation of CH2612 kinetics.

14
Some measurements of expired CO2 have implied saturation of the cytosolic
pathway at high doses in rats (McKenna and Zempel 1981, McKenna et al. 1982,
Angeloc et ga]. 1986b) and in mice (Angelo et al. 1986a, Yesair et al. 1977)

following inhalation, oral and intravenous dosing. Evidence for the potential
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saturation of CO, pathways is presented in Table 2-2. The expired level of

2
CO2 generally follows that of CO. Thus, based on production of COZ'
saturation of metabolic pathways producing C02,appears to-follow the same
trend as CO. Gargas et al. (1986), using male Fisher-344 rats in closed
atmosphere gas uptake studies, measured formation of carboxyhemoglobin in the
presence and absence of pyrazole to inhibit the microsomal pathway. Using the
brominated methanes CHZBr2 and CHZBrCI, they observed that the glutathione S-
transferase pathway showed no indication of saturation at inhaled
concentrations of up to 2,000 ppm based on plasma bromide concentrationms.
Since somé carboxyhemoglobin was produced in the pyrazole-inhibited rats,
anocher implication of the study is that CO may be produced to a small extent
by the cytosolic or other non P450 pathway, since the study reported that
after pyrazole was used, bromide ion was qnly released from the GSH-dependent

Vpathway: However, since halide measurements were not‘madg for CH2012 and CO2
was not measured in_ the study, conclusion§ regarding CO2 production and
cytosolic ‘pathway activity are only hypothetical at this time. Furthermore,
pyrazole. not only inhibits MFO, but it also inhibits a variety of other
metabolic systems including-thyroid function and alcohol dehydrogenase (Szabo
et al. 1978, Cornell et al. 1983). Thus, the decrease in production may ﬁave
resulted from inhibition of numerous metabolic processes and not strictly MFO.
‘An unﬁhblished study (Green et al. 1987c) submitted to DHS implies that for
mice .expoged to low concentrations of CHZCIZ, CO2 may be produced
Predominantly via the P450 pathway and not the GST pathway. Deuterium isotope
studies using CD2C12 reportedly produced CO2 at a §lower rate than CHZCIZ-at

100 and 500 ppm exposure concentrations. Green et al. assume that this slower

rate 1is completely due to CO2 metabolism via the P450 pathway, but literature
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citations are not provided to substantiate this assumption. Since the rate of
002 production was not slowed as greatly as CO production, Green et al.
calculated that 62% of the CO2 prodﬁction was via the P450 path;ay at 109 ppm,
363 at 500 ppm and 10% at 4000 ppm. These calculations’require that
metabolism wvia the GST pathway woﬁi; not be affected in any way by the use of
CDZCIZ' This unpublished work is the only study that suggests the P450
pathway produced‘ substantial quantities of C02 as well as CO. The results
would be Amore convincing if glutathione depletion studies had been conducted
which showed a substantial decregse in CO2 production. The Green et al.
(1987c) study disagrees with the published studies b& Kubic and Anders (1978)
which concluded that 602 production by P450 was minor, near 1%, when compared
‘to the CO production. Furthermore, the basic assumption that the GST pathway
would be unaffected by the use of a deuterated compound ignores the results
reported by Ahmed and Anders (1978) which showed a primary isotope effect in
the formation of formic acid that was dependagc on NAD. This isotope efffect
~would be expected from the éxidation.'ofi a C-H bond of S-hydroxymethyl
glutathione by formaldeﬁyde_dehydrogenase to S-formyl glutathione. Green et
al. (1987c) conclude that the GST pathway is becoming saturated for rats in
the 500 to 4000 ppm range because the 8-fold increase in concentration is only
accompanied by a 2-fold increase in CO2 proéuction'rate. However, the authors
reject the possibility of GST pathway becoming saturated for mice even though
an 8-fold -increase in exposure concentration (506 to 4000 ppm) resulted in
less than a 3-fold increase in CO2 production rate. According to the authors,
the less than 3-fold increase for mice shows "little or no evidencé of
saturation” while the 2-fold increase for rats indicates "it is becoming
saturated." Tﬁis distinction appears unwarranted. Althéugh the studies are
of great interest with regard o the wunderlying mechanism of CH.Cl

272
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carcinogenicity, their preliminary nature, their disagreement with‘ocher
published results and the absence of impartial review of the methods, results

and discussion make it difficult to piace great weight on the study.

In summary, the metabolism of CHZCI2 appears to be dose-dependent in the rat
and mouse (EPA 1985a). In these species, saturation of metabolic capacity
with =zero-order kinetics appears to occur above 50 mg/kg orally and above 500

ppm  from prolénged inhalation of CHZCI At doses of 1 mg/kg orally (Yesair

9
et al. 1977) or 50 ppm by inhalation (McKenna et al. 1982), 95% was
metabolized. For humans, exposure to concentrations up to 200 ppm have not

produced saturation, and at 200 ppm up to 95% of the absorbed dose may be

metabolized (DiVincenzo and Kaplan 198la).

2.2.3 Induétion and Inhibition of Metabolism

Methylene chloride was shown to induce its own metabolism (based on the
formation of carboxyhemoglobin) following repeated administration in rats
(Kubic et al. 1974, Anders et al. 1977). An earlier study showed that

repeated exposure of rats to CH,BrCl had increased the rate of dehalogenation

2
(Heppel and Porterfield 1948). Angelo et al. (1986a, b) noted an apparent

2Cl2 content in various tissues of rats and

mice following repeated oral dosing. The authors concluded that neither

increase from day 1 to day 14 in CH

pharmacokinetic nor metabolic induction occurred but a statistical analysis of
the excretion data was not reported (Apgelo et al. 1986a, b). Examination of
the data by DHS staff indicate that for both rats and mice CO and CO2

excretion rates were elevated at the doses up to 500 mg/kg. At the 1000 mg/kg
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level for mice the CO and 002 excretion rates appeared to be substantially

decreased, which may be indicative of metabolic inactivation.

The hature of the induction is unclear ;ince short-term exposure of exposed
rats to CHZCI2 at 500 and 1,000 pm for 6 hours per day did not produce any
"consistent changes" in P450 content of liver microsomes at day 5 and 10 of
exposure (Kurppa and Vainio .1981). However{ at day 5 the P450 content was
elevated for the three exposure groups and the elevation of the 500 ppm group
was statiscally significant compared to the control group. At day 10 the P450
content was elevated in all groups compared to the 5-day control group, but
éxposure groups were not different from the 10-day control group. The P450

content of kidney microsomes was elevated at day 5 and 10 of exposure and in

two groups the elevation was. statistically significanc. In the same study,

glutathione levels at day 5 or 10 of exposure were elevated in renal tissue

but not in hepatic- tissue.

Daily exposure to CHZCI2 for short periods may influence other enzfme systems

(EPA 1985a). When Kurppa and Vainio (1981) exposed rats to CH Cl2 at 500 and

2
1,000 ppm for 6 hours per day for 5 and 10 days, they reported a 35% drop in
NADPH-cytochrome C and a two-fold increase in UDP-glucuronosyltransferase.
Heppel and Porterfield (1948) exposed adult male rats to an atmosphere of 1000
PPm CHZBrCI for 6 to 7 hours per day, 5 days per week for 4 to 6 weeks. They
reported an approximaﬁe 1.6-fold increase in the rate of enzym#;ic hydrolysis
of the bromide ion from CHZBrCl in a crude liver homogenate of exposed rats as
compared to unexposed control £ats. However, under their assay conditions? it
is not possible to determine if enzymes of the MFO, glutathione, or both
pathways were induced. Pritchard et al. (1982) administered CH2C1 to male

2
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mice. for 3 days by gavage (doses of 5, 50, 100, 250, 500, and 1,000 mg/kg in
corn o0il) and found no significant changes in hepatic weight, microsomal
protein, P450, cytochrome bs content, or activities of aminopyrene N-

demethylase or biphenyl &4-hydroxylase.

Pretreatment with 3-methyicholanthrene or phenobarbital, did not increase the

formation of carboxyhemoglobin following CH,Cl, dosing (Miller et al. 1973,

Kubic et al. 1974, Hogan et al. 1976, Anders et al. 1977). Although Hogan et

al. (1976) state that phenobarbital pretreatment induced CO production, and -

colbaltous chloride reduced CO production, the data were not provided in the
abstract and a complete treport has not been published. Roth et al. (1975)
examined the metabolism of CH2C12 to carboxzhemoglobin in rabbits.
Pretreatment with phenobarbital inhibited the formation of carboxyhemoglobin
from C1-12C12 exposure (1400 to 1500 éﬁﬁ for 20 minutes); hqwevef; PFSO activity
itself was shown to be induced by the pretreatment. A study by Miller et al.

(1973) also reported (as'an abstract) no effect on carbon monoxide production

from CH2C12 following phenobarbital pretreatment (Miller et al. 1973).

The admini;tration of a known inhibitor of P450 metabolism, SKF 525-A, did not
decrease carboxyhemoglobin formation significantly (Miller et al. 1973, Kubic
et al. 1974). As noted above, phenobarbital inhibited carboxyhemoglobin
formation in rabbits (Roth et al. 1975). "One study, using a pyrazole
pretreatment decreased carboxyhemoglobin formation in rats exposed to CH2612
(Gargas et al. 1986). Pyrazole has been shown to inhibit thyroid function and
aléohol dehydrogenase (Szabo et al. 1978, Cornell et al. 1983). Numerous
experiments have shown that administration of ethanol bloéks the formation of

carboxyhemoglobin from CHZCI2 exposure in guiﬁea pigs, monkeys, and rats
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(Balmer et al. 1376, Ciuchta et al. 1979, Glatzel et ai. 1987, Pankow et al.
1985), but the currently suggested scheme for CH2612 metabolism does not
account for this interaction. However, blockage of the P450 pathway is likely
to result in increased metabolism by the conjugation pathway. "Thus, persons

-

consuming alcohol may _be at greater risk to the chronic effects of CH2C12

induced by metabolites of the conjugation pathway.

Human exposure studies (Divincenzo and Kaplan, 1981b) indicate that exercise
increased carboxyhemoglobin 1levels and the amount of co exhaledT In the one
volunteer where CO and carboxyhemoglobin levels were reported, the extent of
CO production increased from moderate to heavy exercise but the
carboxyhemoglobin 1levels did not increase. This result indicates. that
altﬁough CH2012 PQSO' metabolism increased carboxyhemoglobin levels did not
reflect the increase in metabolism and therefore ﬁay not be a sensitive
indicator of either CHZCI2 metabolism or CO production in vhum#ns.
Consequently, although CO production is consistent witﬁ P450 metabolism
experiments, measuring only the formation of cérboxyhemoglobin may not
accurately reflect' P450 metabolism. The results are consistent with CHZCI2
acting directly on hemoglobin at high concentrations. Possibly at high
concentrations CHZCI2 decreases the affinity of heme for CO, and reduces the
cooperativity of binding of hemoglobin subunits (Nunes and Schoenborn 1973,

Settle 1975, Harkey et al. 1979);: thus Preventing greater formation of

‘carboxyhemoglobin. Such a situation would explain the inability of inducers

to. increase carboxyhemoglobin 1levels in experimental animals exposed to

CH,C1,.

2772
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In contrast, for the related compound CH the formation of microsomal

28%2:
cytochrome P450, and the in vitro production of tarbon monoxide was found to
be increased by in vivo pretreatment with pentobarbital or 3-
methylcholanthrene (Kubic and Anders 1§75). Aﬁother set of eiﬁeriments where
CH,Br, was injected indicated that pretreatment of animals with phenobarbital
or 3-methylcholanthrene resulted in sighificant increases in carboxyhemoglobin
levels (Stevens et al. 1980). Pretreatment with SKF 525-A resulted in a
significant decrease in carﬁoxyhemogiobin levels (Stevens et al. 1980). And

pretreatment with diethyl maleate decreased blood CO 1levels from CHZBr2

exposure. Using an isolated rat hepatocyte syspem, diethyl maleate, SKF 525-A
and ethanol inhibited the production of CO froé CHZBr2 (Stevens et al. 1980).
Stevens et al. (1980) pointed out that their results with CH,Cl, were in
contrast to those obtained for CHZCI2 in the iiteraCure. Cobaltous chloride
-has also been found to reduce microsomal carbon monoxlde production from

CHZBr2 exposure (Kubic and Anders 1975).

The cytosolic enzyme system is a glutatﬁione transferase system that requires

no cofactors other than glutathione. Metabollsm of CHZCIZ by this pathway was

not induced by phenobarbital or by a 4-day repeated exposure to CH Cl2 (Ahmed

2

and Anders 1976). In contrast, for a related eompound CH,BrCl the cytosolic

2

system appears to have been induced following a 4 to 6-week inhalation

exposure (Heppel and Porterfield 1948).

In conclusion, the metabolic induction and lnhlbltlon studies of CHZCI2 to CO

by P450 do not fit the simplistic scheme presented in Figure 1. Standard

inhibitors and inducers of P450 do not affect the production of CO from CH2C12

CH,Br does

as one would expect. Metabolism of a compound similar to CHZCIZ, BT,
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respond to metabolic inhibitors and inducers as one would expect, that is, in

4 manner different from CH2012 Thus, results for studies with CHzBr2 or

other dihalomethanes may not reflect CHZCI2 metabolism. The inability to

* account for the metabolic results reported for CH Cl2 makes it difficult to

2
conclude that the metabolic scheme has been completely elucidated.

2.3 Ehxsiclogicallx based pharmacokinetic model

Andersen et al. (1987) have Proposed a physiologically-based pharmacokinetic .
model (PBPK) to describe .the metabolism of- methylene chloride. Using the
information on the relative metabolic contrzbutlons of the two metabolic
pathways, the PBPK model is supposed to offer an estimate of the potential
target tissue dose in comparison to the conventional risk assessment methods
based on total dose to the subject. Since conventional risk assessments often
involve 1linear extrapolations of external doses (comblned with inter-species
factors based on body surface areas), Andersen et al. (1987) proposed that
their PBPK model might permit the calculation of realistic internal doses for
various chemicals through in;eg:acion of known information on the administered
doses, the physiological structure of the mammalian species, and the

biochemical properties of the specific chemicals.

Andersen et al. (1987) recommend that their model be wused to estimate

"internal doses" of CH2C12 before calculatlng the possible risks of CH2C12 to
humans. The general approach appears reasonable, although DHS staff express
concern over the increasxng use of extremely complex mathematlcal models in

risk assessment. Such models are often surrounded by a sophisticated

mathematical or computerized approach that may tend to hide key assumptions
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made in the model. Fdrthermore{ since data to satisfy all the needs of the
model are wusually lécking, numerous assumptions need to be made about the
data, data representing a single experimental result are often incorported in
the models, and unpublished result§ are often used without ext;rnal laboratory
validation: And finally, data is concinually being sought to "update®” and
"improve" such models. As a result, extensive review and reevaluations are
required to assess the usefulness of the most current model. An intensive
analysis of the model has been conducted by the U. S. Interagency Hazard/Risk
Assessment Committee (HRAC) of the Integrated Chlorinated Solvents Project and
a review draft report has been circulated by EPA (1987a). In addition to the
cbmmgpts made in the DHS health assessment the HRAC report could be consulted
for further analysis. The Andersen et al. (1987) physiblogiﬁally based-
pharmacokinetic model - is more fully described and discussed in Section 8 and

Appendix E.

2.4 Covalent Binding to Cellular Macromolecules

The ability of a chemical to bind covalently to cellular macromolecules
pfovides an indication of its potential genotoxicity*and carcinogenicity. The
likelihood of significant covalent binding of reactive metabolites of CHZCI2
to cellular macromolecules depends on the postulated reactive interﬁédigteg
(EPA 1985a): formyl chloride from microsomal oxidative metabolism and S~.
chloromethyl glutathione from cytosolic metabolisﬁ. These compounds would be
expected to be capable of acylating cellular nucleophiles, and S-chloromethyl
glutathione is structurally similar to the very reactive bis-halomethyl

ethers, which are known carcinogens.
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The extent and pattern of binding to microsomal lipid and protein after
aerobic incubation of rat hepatic microsomes with 1‘CH2C12 were studied by

Anders et al. (1977). They found that metabolites of CH2C12 bound covalently
to microsomal protein and lipids under conditions optimized for metabolism of
CH2C12 to carbon monoxide. Pretreatment of rats with phenobarbital to induce
the mixed-function oxidase system resulted in increased binding by microsomes,

suggesting that the formyl chloride intermediate may acylate macromolecules.

- Cunningham et al. (1981) studied the comparative covalent binding of
~ metabolites of CHzclz, éarbon tetrachloride, gnd trichloroethylene to lipids
and proteins in rat hepatoqytes. They found that binding of CH2C12 metabolites
was enhanced in the presence of oxygen, which is consisten; with formation of
formyl chloride, and that 'glutachione-depleted hepatocytes ;howed a marked
drop in binding of 1labelled CHzcl2 metabolites to both lipids and protein,
suggesting inhibition of cytosoiic glutathione conjugation with decreased
production of S-chloromethyl glutathione and formaldehyde. ‘Although they
observed that ;ﬁ vitro administration of “CHZCIZ did ﬁot result in alkylation

of RNA and DNA under the conditions of the experiment, they did not know the

" limits of detection of this assay system (Sipes 1987).

This work demonstrates that highly reactive intermediates are formed in the
metabolism of CHZCIZ' from both the microsomal and cystolic pathways and is

consistent with the proposed reaction pathways. -
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2.5 Summagx and Conclusions

2Cl2 in

humans, but there is extensive kinetic information in rats.‘.Absorption from

Limited data are available on the metabolism and pharmacokinetics of CH

the gastroinfestinal tract 1is rapid and complete, and occurs by first-order
processes in the rat. Dermal absorption is very slow for CH,Cl,. Pulmonary
absorption also occurs by first-order processes in humans and rats. QHZCI2 is
distributed th;oughout the body by virtue of its water solubility; it readily
gains access to cells and accumulates in adipose tissues by virtue of its
lipid solubility; and it is known to cross the blood-brain barrier and the
placenta. The ‘major processes of elimination of CH2C12 from the body are
pulmonary exhalation of unchanged CH2C12, and puimonary exhglacion of
metabolized CHZCIZ.' Pulmonary elimination follows first-order kinetics, which

suggests that there are at least three body-storage compartments..

Hépatic metabolism of CHZCI2 occcurs via two major enzymatic pathways. One is
a cytochrome P450-mediated micrﬁsomal pathw&y where CH2C12 undergoes oxidative
dehalogenation to carbon monoxide which can produce carboxyhemoglobin. Some
evidence suggests possible production of CO2 by this pathway as well. The
other 1is = a glutathione-S-transferase mediated dehalogenation cytosolic
pathway, yielding formaldehyde and formic acid. These regction products may
be further metabolized to carbon dioxide. The relative utilization of the two
pathways at low body burdens of CHZCI2 is unclear, although some evidence
indicates the P450-mediated pathway may be favored at low doses. Evidepce
indicates that CH,Cl, metabolism is saturable at high concentrations. Both

2772
pathways appear saturable based on CO and CO2 levels produced.
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Carboxyhemoglobin 1levels in the blood of humans and animals increase as a -
consequence of metabolism of CHZCI2 to carbon monoxide. The 1level of

carboxyhemoglobin in the blood may be affected dose of CH2C12, first-order
kinetics of pulmonary elimination of carbon monoxide, and direct effects of
CHZCIZ‘ on hemoglobin. 'Eiperiméntal results iﬁdicate that the carbon monoxide
pathway saturates above 500 PPm in rats and possibly in humans; comparable
evidence in mice is not available. The glutathlone pathway shows comparable
evidence of saturation in rats based on -COZ production. Some indirect
evidence indicates an absence of saturation of the pathway.

Some studies indicate the CHZC].2 may induce its own metabolism. However,
traditional inducers such as phenobarbital and 3-methylcholanthrene do not
induce any CH2C12 metabolism. Glutathione depleters 'decrease> cytosolic
metabolism, but tradition P450 inhlbltors, suéﬁ as SKF 525-A, do not inhibit
PASO metabolism of CH2C12 Ethanol inhibits. formation of carboxyhemoglébin
from CHZC].2 Consequently, the ?asic metabolic pathways have been'

established, but complex interactions within the pathways of metabolism of

CH2012 remain unclear due to unexpected (yet consistent) results obtained in

‘induction and inhibition experiments.
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3.0 ACUTE TOXICITY

3.1 Human Health Effects

- Limited human data are available on the effects of acute exposures to CH.C1l

SHa%ha

vapors. A nupber of case reports have implicated exposures to exceedingly
high levels of CH2C12 as one factor in human fatalities (Moskowitz and Sh;piro
1952, Stewart and Hake 1976). The concentrations and durations of éuch
exposures are not known and thus one cannot derive a dose-response
relationship. Miller et al. (1985) reported a case of acute tubular necrosis

in a 19-year-old male exposed to methylene chloride for two days in poorly

ventilated rooms. Exposure estimates were not made. Acute renal failure,
myoglobinuria, hypocomplementemia and elevations of 1liver enzymes were
observed, The patient reportedly Tecovered after two weeks of

hospitalization. Buie et al. (1986) described a case of diffuse.pulmonary
edema and pleural effusions in a 34-year-old male using furniture stripper
containing methylene chloride. Horowitz  (1986) reported a case of

.

carboxyhemoglobinemia in a 35-year-old male who was a recurrent paint sniffer.

Experimental studies on human exposure to high concentrations of CH2612
suggest that it depresses the central nervous system and alters behavior,
Stewart et al. (1972b)  reported that humans developed symptoms of
"lightheadedness" and had difficulty with speech articulation following
exposure to CHZCI2 concencrations greatgr than 868 ppm for more than 1 hour.

Subsequent experiments measured a decreased ability of human subjects exposed

to concentrations greater than 300 ppm to perform a series of tasks, including
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hand-eye coordination and auditg:y signal detection (Winneke 1974, Winneké and
Fodor 1976, Fodor and Winneke 1971, Putz et al. 1976). Experimental and
occupational exposure studies' do not provide evidence that CH2012 affects
other organ ;ystems following inhalation ﬂStewart et al. 1972 ;,b, Gamberale
et al. 1975, Ott et al. 1983 a,c,d). In comparison to other species, humans
appear to be at least as sensitive, if not more sensitive, to the acutely
toxic effects of CH2012; _

3.2 Animal Studies

Median lethal concentrations (LC50 values) for rats and guinea pigs exposed

for 6 hours to CHZCI2

Fodor 1968) and 11,500 ppm (Balmer et al. 1976), respectively. The LCSO

vapors are approximately 16,000-18,000 ppm (Berger and .

values for mice exposed for 6 and 7 hours were 14,100 ppm (Gradiski et al.
1974) and 16,100 bpm (Svirbely et al. 1974), respectively. An LC50 value of
17,703 ppm was estimated for male B6C3Fl mice exposed for 4 hours (NTP 1986),

A 30-minute LC for rats was reported to be approximately 25,400 ppm

50
(Bakhishiev 1975).

Studies involving short-term exposures of experimental animals to GH2012
vapors indicate that the central nervous system is the primary target organ.

The nervous system appears to be affected at dose levels as low as 500 ppm.

Fodor and Winneke (1971) investigated the effects of CHZCl2 inhalation on
rapid eye movement (REM) sleep, sleeping time, and EEG patterns in rats during
continuous sleep period exposure (approximately 13 hours). A concentration-

dependent continuum of effects was observed. The duration of REM sleep was
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reduced beginning at approximately 500 ppm. At 3,000 and 9,000 ppm, sleeping
time increased, with a further decrease in REM sleep (Berger and Fodor 1968).

Higher concentrations (27,000 ppm  for 1.5 hours or 17,000 ppm for 6 hours)

‘resulted in coma and subsequent brain death (Berger and Fodof 1968). Other

[
investigators have teported that high airborne concentratlons of CH Cl2 (>1000

2
ppm) depress the nervous system and alter the behavior of laboratory animals

{NTP 1986, Heppel and Neal 1944, Thomés et al. 1971, Weinstein et al. 1972).

Exposﬁres to high levels of CHZCI2 vapor also pt;dude adverse effects on the
liver, eyes, respiratory system, and cardiovaécular system. Changes in
cardiovascular function in rabbits and dogs (e.g., cardiac output and stroke
volume) have been reported following short-term.exposures (2 5 minutes) to
concentrations of CHZCI2 exceeding 5,000 ppm (Téylor et al. 1976, Aviado.et
al. 1977). Short-term exposure (for S minutes or Iess) of anlmals to more than

5,000 ppm CH2C12 caused cardiac arrhythmxas (Aviado 1975, Aviado et al. 1977,
Zakhari 1977).

Hepatic effects (e.g., increased liver triglycerides, changes in liver weight,
fatty infiltration) have been reporfed in guinea pigs and mice foilowing
continuous inhalation exposure to approxlmately 5, 000 ppm for 24 hours (Morris

et al. 1979, Welnsteln et al. 1972).

The reaction pro#uct of methylene chloride with GSH seems to be implicated as
the causative factor for acute toxicity in mice. Chellman et al. (1986)
showed that depletion of glutathione - with GSH inhibitors diminished acute
liver toxicity a§ well as kidney and central nervous system toxicity that

would have been expected from a single 6-hour exposure to 1500 Ppm methylene
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chloride. Pretreatment with GSH inhibitors also increased the LG, from 2200
to 3200 ppm in male mice. Berger and Sozeri (1987) examined the effects of
methylene chloride and other haloggnated hydrocarbons on isolated rat
héﬁatocytes. Methylene chloride (20.mM 1-hour incubation‘ ca&s;d only a very
modest increase in the release of an asparate aminotransferase from the
hepatocytes, and a reversible depression in cellular oxygen utilization. The
effects . caused by methylene chloride were much less than those of the more
hepatotoxic solvents such as chloroform and carbon tetrachloride (Berger and

Sozeri 1987).

Aranyi et al. (1986) examined the effects of inhaled methylene chloride or
murine lung host susceptibility to laboratory-induced respiratory infectioms.
A singie three-hour exposure to 100 ppm CH2612 significantly (p<0.001) redﬁced
pulmonary bacteriﬁcidal éctivity. It was hypothesized that inhaled methylene

~

chloride can prolong bacterial viability in the lung and enhance severeness of

disease, in part because of reduced macrophage function (Aranyi et al., 1986).

3.3 Summa;i and Conclusions

Methylene chloride has a relatively low acute toxicity. The LC 0 for mice,

5
rats, and guinea pigs is greater than 10,000 ppm for 7-hour exposures. Animal
and human studies suggest that the CNS is the principal target organ resulting
in CNS depression.

Human studies have shown a decrease in hind-eye coordination from exposures to

300 ppm for up to 3 hours, while animal studies show a decrease in sleep as

measured by EEG and rapid eye movement from a continuous 500 ppm exposure of



. these effects, ne adverse effects are expected from ambient CH

CH2612 beginning .at approximately 50 to 100 minutes in the sleep cycle.
Because of these diverse endpoincs,'it~is not possible to precisely define a

toxicological threshold. However, based on the observed concentrations for

Cl

2772

concentrations.
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4.0 SUBCHRONIC AND CHRONIC TOXICITY

4.1 Effects_on Humans

There have been relatively few reports of subchronic or chronic toxic effects
resulting from exposure to CHZCIZ. It is often unclear whether the reported
toxicities were due to the direct action of CHZCIZ' to the action of one or

more of its major metabolites OT to a combination of these.

In a series of studies designed to evalﬁate"the effects of inhaling CHZ'CI2 on
carboxyheﬁoglobin levels in the blood éf normal volunteers, Stewart and
colleagues (Hake et al. 1974, Forster et al. 1974) and Peterson (1978) found

carboxyhemoglobin levels ranging from contrél levels-of’0.9% (males) and 1.4%
(females) to 9.6% (males) and 10.1%-(femaléé) in subjects exposed to 250 ppm
(869 mg/ﬁ’) for 5 successive days. No other adverse effects were noted in a

summary of the studies (EPA 1985a).

Sevéral case reports of toxicity resulting from occupational exposure to
CHZCI2 existe. However, concurrent exposure to other chemicals make
interpretation difficule. Reported effects includedl encephalopathy,
eclampsia, and bilateral temporal lobe degeneration (Weiss 1967, Collier 1936,

Barrowcliff 1978, Barrowcliff and KneLl 1979).

Oott et al. (1983a,c) studied the mortality experience and did clinical
laboratory evaluations of employees occupationally exposed to CH2C12. No
mortality effects were atctributed to time-ﬁeighted exposures of 60-475 ppm
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(208-1650 mg/m3®). However, these studies had a low statistical power and
suffered from several significant confounding factors. The mortality data are

discussed in Section 8.2.2.

Oct et al. (1983a,c) studied six serum constituents that had the potential to
detect possible liver injury in relation to CH2C12 exposures. The exposed
group had 313 individuals; the reference group had 321. A dose-related rise
in serum bilirubin was observed for both men and women. A consistent positive
association between total bilirubin and CHZCI2 exposure was found in three of .
four subgroups by exposure; however, the relationship of this endpoint to
liver damage is unclear. Women in the subgroup exposed to 475 ppm (1650
mg/m3) CHZCI2 showéd an increase in red cell counts, hemoglobin, and
hematocrit, but men did not. These findings are suggestive of a hematopoietic
effect. The catboxyhemogiobin concentration showedian increase and a possible
association with CHZCIZ exposure for all four subgroup exposures. Two

standard liver function tests were not performed (SGOT, SGPT), and these might

have proved to be more sensitive indicators of liver function.

4.2 Effects on Experimental Animals

Subchronic and chroﬁic toxicity reported in animals have primarily involved
weight loss and effe;cs on the central nervous system, lungs, liver and
kidneys. Many reports are only briefly summarized in this section because of
the poor quality of the studies in general; more complete descriptions of
chronic toxic effects reported in well-controlled, long-term studies are
included in Section 8.3 and Appendix B, which report the results of rodent

carcinogenicity studies.
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4.2.1 Subchronic Exposures

Most of the data are qualitative and deal with neurobehavioral responses of
various specles to CH2C12 Based upon .the observations reported, it is
reasonable to essume that CH2012 behaves similarly .to other anesthetics
(causing an initial excitatory phase followed by a Progressive depression)
(EPA 19éSa, Heppel et al. 1944, Heppel and Neal 1944, Wexnsteln et al. 1972,

Thomas et al. 1972, Ssavolainen et al. 1977). The 1lower threshold for
excitatory central nervous systenm responses for subchronlc exposures may be

around 1,000 ppm (3,474 mg/m3)

Kim and Carlson (1986) exposed both rats and mice to 200, 500 or 1000 ppm
CHZCIZ for either eight hours/day for five days or ten hours per day for four
days. Carboxyhemoglobin levels were not significantly hlgher for the animals
exposed for ten hours daily than for those exposed eight hours daily, alchough
for both groups the levels vere significantly greater than those of controls.

The peak blood levels of CH2C12 were dependent on the duration of exposure,

but the half life was 1ndependent of both exposure duration and concentration.

In extrapolating their findings to the human work place, the authors concluded
“that the exposure limit for a chemical w1th a short biological half- life and
readily reversible toxic effect may not need to be adjusted for a longer

workshift" (Kim and Carlson 1986).

A three-month continuocus eéxposure to 210 ppm CH2C12 was found to reduce DNA
concentrations in the hippocampus of gerbil brains (Karlsson et al. 1987). No
changes in Protein concentrations in different brain regions were noted. The

significance of these effects are not known. An earlier study had shown an.
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increase in concentrations of the astroglial proteins S$-100 and GFA in the
frontal and sensory motor cerebral cortex of gerbils following a ten-week

continuous exposure to 350 ppm of CH2012 (Rosengren et al. 1986).

The NTP (1986) 1l3-week study exposed groups of 10 rats and 10 mice of each sex
to five concenﬁrations of CHZCI2 (525, 1050, 2100, 4200.and 8400 ppm) for 6
hours per day, 5 days per week. This study found that rats developed foreign
body pneumonia (foci of mononuclear and multinucleated giant cells), although
lung 1lesions wefe not reported in mice. Mortality of 10% in male and female
rats (1/10) and depresgion of final mean body weight were also noted at the
highest exposure 1ev;1 (8,400 ppm); mice exéosed to the same concentration had
_40%‘ (4/10) mortality in males and 20% (2/10) in females. Final mean body
weight of female mice at this exposure level was depressed compared to

controls.

4.2.2 Chronic Exposures

The 1liver is a primary target organ of animals chronically exposed to high
leﬁelé of CH2C12. Histopathological chang;s have §een reported in the liver
of animals éhronically exposed to high levels of CH2012. These changes ha? be
related to deaths observed in various studies. For example, Heppel et al.
(1944) reported moderate centrilobular congestion and fatty degeneration of
the liver in dogs and guinea pigs exposed to 10,000 ppm (34,740 mg/m3®) for &4
hours per &ay, 5 days per week, for 8 weeks. Identical findings were reported
by Weinstein et al. (1972) after mice were exposed to 5,000 ppm (17,370 mg/m3)

continuously for 7 days. At lower exposure levels, Weinstein and Diamond

(1972) found elevated triglycerides, centrilobular fat accumulation, and
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decreased liver glycogen in ICR mice exposed continuously from 3 days to 10

Cl

weeks to 100 ppm (347 mg/m3) CH2 2

Haun et al. (1972) continuously exposed mice, rats, dogs, and monkeys to 25 or
100 ppm (87 or 347 mg/m3) CHZCl2 for up to 100 days. Exposure to 100 ppm
resulted in fatty change in the llver and, in rats, nonspec1f1c tubular
degeneration in the kidney with evidence of regeneratlon No adverse effects
were observed at 25 ppm. Other hepatic effects were noted in exposed rats and

mice by Norpoth et al. (1974) and the NTP (198s6).

Serota et al. (1986a) exposed male and female Fisher 344 rats for 104 weeks to
CHZCI2 in their drinking water at concentrations oé 3, 50, ‘and 125 mg/kg/day.
They observed a positive dose-related trend in both sexes for 1liver
hxstomorphological liver alceratlons (foci and area cellular alterations) and
farey changes in both sexes at levels of CH2C12 as low as 50 ‘mg/kg/day. The

authors suggested a no-observable-effect level (NOEL) for these effects at an

oral dose level of § mg/kg/day.

4.2.3 Summary and Conclusions

Chronic.and subchronic effects observed in humans and animals occurred at very
high exposure levels. On the basis of the Ott .et al. (1983a-e)
epidemiological - data, the EPA (1983) estimated that chronic inhalation
exposures ef up to -about 100 ppm (347 mg/m3) may represent a no-observed-
effect level (NOEL) for humans. However, this estimate was made in the

absence of a frank-effect adverse-effect 1level for mbrtality. The most

4-5



sensitive animal studies (Serota et al. 1986a) suggest an oral NOEL of 5
mg/kg/day. Assuming that the toxic effect is independent of exposure route, a

NOEL for humans is 5 ppm. Since these concentrations are 3 to 4 orders of
magnitude greater than thosé present in ambient air, the adverse health
effects .dispussed in this chapter are not expected from current exposure

levels.
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5.0 REPRODUCTIVE EFFECTS
The potential reproductive toxicity of CH2012 has not been extensively
evaluatéd. In this section, developmental toxicity will be considered along
with adverse effects on embryo development as a result of exposure before
conception,. Reproductive toxicity has not been reported for adult males or

females.

Schwetz et al. (19755 exposed pregnant Swiss-Webster mice and Sprague-Dawley
rats to 1,250 ppm CHZCI2 (97.9% pure) by inﬁalation for 7 hﬁurs pér day on
days 6 through 15 of gestation. In both species there was a significant
incrgase in 1liver weight and in carboxyhemoglobin content in exposed danms. -
éxposed mice exhibited a significant increase in body weight. The only
statistically significant adverse effect on the mouse fetuses was on the
number of litters in which fetuses exhibited an extra center of ossification
in the sternum. This common anomaly may reflect the degfee of embryonic
development. Rat fetuses had significantly indreased.incidenqgs of delayed
ossification of lumbar ribs or spurs.lof delayed ossification of sternebra,
and of dilated renal pelvis, which may represent a slight, reversible delay in
development. Due to the presence of maternal toxicity and the use of only one
dose level of CHZCIZ, firm conclusions regarding the adverse effects of CH.Cl

2772

on fetal development cannot be made.

2¢1,

(97% pure) by inhalation for 6 hours per day, 7 days per week, both before and

Hardin and Manson (1980) exposed female Long-Evans rats to 4,500 ppm CH
during gestation. Increased liver weights and carboxyhemoglobin levels were
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observed 'in_ the mothers, while fetuses exhibited lower bodf weights relative
to controls. No other significant effects were observed. One or two
individual animals from 10 of the 20 litters used in this study were evaluated
for' behavio?al effects (Bormschein et al. 1980). Treatmené-;elated effects
‘ wefe reported for the general activity tests. Howevér, because of the small
number of animals used, the presence of maternal toxicity, and the developing

nature of the behavioral toxicology field, these results are inconclusive.

Nitschke et al. (1985) exposed malg and female Fischer 344 rats to 0, 100,
500;- or 1500 ppm CHZCI2 for 6 hours/day, 5 days/week for 14 weeks. Male and
female rats (Fof from the same exposure group were mated, and they produced Fl

offspring. Selected F, rats were exposed to the same concentrations of CH.CL

1 2772
for 17 weeks, at which point they were méted, and they gave birth to the F2

offspring. No adverse effects on reproductive parameters, neonatal_survival,

or qéonatal growth were noted in animals exposed to CH2C12 in eicher the Fo or

F1 generations. Similarly, there were no treatment-related gross pathologic

observations in Fo

Hisidpathologic examination of tissues from Fl aﬁd Fz weanlings did not reveal

and Fl adults or in Fl and Fz weanlings at necropsy.

any lesions attributed to methylene chloride. These findings are consistent
witﬁi those .of Bornmann and Loesgr (1967), who reported that ingestion of
CHZCiZ in the drinking w;ter did not affect the reproductive performance of
female rats. Thirty female Wistar rats were given 125 ppm_CHZCl2 in their
drinking water for 3 months. An equal number of control rats were given
drinking water alone. The estrous cycles of the females, evaluated by vaginal

smear tests, were unaffected by treatment.
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Fertilicy, -littgr size, neonatal growth and survival were evaluated in a two-
generacionﬁl study of F344 rats exposed to methylene chloride during the
gestation period (Nitschke et al. 1988b). Maternal and paterngl exposure to
0, 100, 500, or 1500 ppm CHZCI2 (six hours/day, five days/week for fourteén
weeks) caused no adverse reproductive or neonata; effects in eithe; the Fl or
Fz generation; histopathologic examination did not reveal any lesions
attributable to CH2C12. The exposure to levels as high as 1500 pPpm did not
appear to significantly effect reproductive parameters in mice (Nitschke

et al. 1988b).

Based on the available information, inhalation of high, maternally toxic
concentrations (1250-4500 Ppm) by pregnant ro&ents throughout Pregnancy can
result in fetotoxicity as evidenced B& reduced fetal body weight and changes
in ossification of the fetal skeleton. The results to date indicate that
CH2012 is of ;ow teratogenic potential in rodents, but no firm conclusions as

to the potential human health impact of CH Cl2 exposure can be drawn.

2
 Experiments performed to date have been limited in that, except for rat
studies, either they employed only one dose level, -utilized relatively few

numbers of test animals, or demonstrated signs of maternal toxicity possibly

as a result of carboxyhemoglobin formation.

An epidemiological study conducted among women in the pharmaceutical industry
found that with increasing frequency of exposure to CHZCIZ, the odds of having
2 spontaneous abortion were increased, although the statistical significance

was borderline (Taskinen et al. 1987). No estimation of the range of exposure

concentrations was given.
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6.0 GENETIC TOXICITY

6.1 Introduction

CHZCI2 has been tested in a variety of in vitro and in vivo systems designed

to detect gene mutations, chromosomal aberrations, and other DNA binding or
damage (see Table 6-1). This section summarizes the existing data and
discusses what .

conclusions may be drawn. Individual studies, with references, are summarizgd

in Appendix A.

6.2 Mutagenicity

CH2612 has been tested in bacteria, yeast, Drosoghila,'Panagrellus, and

.

cultured mammalian cells. CH2C12 showed a positive, dose-related response iﬁ
Salmonella strains TA1535, TA98, and TA100, bo;ﬁ in the presence énd absence
of a metabolic activating system, when tested as a vapor in a sealed chamber
in seQeral laboratories (see Table A-1 for references). Cytotoxicity data
(survival of bacteria) and the.purity of the CH2C12 were not given in most of
the published reports. (However, the most common contaminants in the ppm range

are phosgene and cyclohexene, neither of which is genotokic in the Ames test.)

The additionm . of rat liver cytosol to the assay system slightly increased the

mutagenicity of CH Clz in Salmonella, which is consistent with formation of
the electrophilic .intermediate S-chloromethylglutathione following enzyme-
mediated conjugation by the glutathione-S-transferases (see Section 3) (Green

1983, Jongen et al. 1982). The EPA (1985a) stated that on the basis of data

obtained from Dr. . Eugene Barber of the Eastman Kodak Company as a personal
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communication, the mutagenic responses at the highest dose (115 umoles/plate)
for strains» TA1535, TA98, and TAlO00 weré 0.0006, 0.005, and 0.003
.revertants/umole, respectively. These determinations were made on the basis
of GC/MS measurements of CH2C12 concentrations in the bacteria-containing
aqueous phase of the petri dish and the vapor-phase head space of the closed
incubation ;hamber, and as such, reflect the actual concentrations to which
the bacteria were exposed (Barber et al. 1980). These results indicate that
éHZCIZ is a much weaker mutagen in Salmonella than benzo(a)pyrene or 3-(2-
chloroethoxy)-1,2-dichloropropene. Benzo(a)pyrene induces 121,000
revertants/umole in Salmonella (McCann and Ames 1977), and 3-(2-chloroethoxy)-
1,2-dichloropropene, a volatile chloroallyl ether, induces 74,400

revertants/pmole, based on the amount incorporated into the assay and not

accounting for volatilization (Distlerath et al. 1984).

Methylene chloride has exhibited mutagenic activity in two strains of E. coli,

Wu361089 (tyr’) (tested for mutation to tyrosine prototrophy) and K49, a lamda
lysogenic strain (tested for prophage induction). (However, as indicated by
the authors, difference in solubility and volality made it difficult to
estimate the doses and thus to compare these results to the mutagenicity of
other substances [Osterman-Golkar et alj 1983]). CH2612 was not ﬁutagenic in
the B. subtilis rec assay, with or without the addition of a microsomal

enzyme-activating system ‘(Kanada and Uyeta 1978).
CH2C12 was tested for gene conversion, mitotic recombination, and reverse

mutation in two strains of the yeast Saccharomvces cerevisiae without the

addition of exogenous enzymes (Callen et al. 1980, Simmon et al. 1977).
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TABLE 6-1

SUMMARY OF TESTS OF THE GENETIC TOXICITY OF METHYLENE CHLORIDE

System

Results

Positive Negative

Equivocal

Salmonelfa typhimurium

(vapor exposure)

E. coli
tyrosine prototrophy
(in desiccator)

B. subrilis rec assay

- Saccharomyces cerevisige

Drosophila sex-linked

recessive lethal test

Mammalian cell mutation
(V79, cHO, L5178Y
cells)

Mammalian cell transformation
(C3H-10T-1/2,
BALB/C-3T3, F1706 cells)
Syrian hamster embryo
(adenovirus-transformed
foci (vapor exposure))

Unscheduled DNA synthesis

Mammalian cell cytogenetics
Chinese hamster ovary cell
(chromatid gaps, chromatid
breaks) —_—
Sister chromatid exchange
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CH2012 had weak effects on mutation and recombination in one strain and no
effects in the other. Callen et al. (1980) observed a greater than tw§-fold
dose-related response in S;ccha;omxces cerevisise for each of three endpoints,
gene conversion, mitotic recombination, and reverse mutation. :Thése yeast
strains contain endogenous cytochrome P450 and hence are capable of metabolic
activation. The differences in response between the two strains may be
attributable to differént levels of P450 or different experimental conditionms.
Extending the incubation period £from 1 to 4 hours eliminated tbe genotoxic
activity of CHZCI2 in the one positive strain. Since an extended incubation
time usually increases mutagenicity as a result of increasea metabolic

activation, the positive result may have been artifactual. Alternatively, the

longer incubation time may have permitted detoxication and DNA repair.

Two feeding studies and an injection study were conducted with CH Cl2 to

detect sex-linked recessive lethal mutations in Drosophila (Abféhamson and

Valencia 1980, Gocke et al. 1981). CH2012 was negative in the injection study

and in one of the feeding studies, but it was weakly mutagenic at very high
doses in one of the three broods tested in the other feeding study. Several
mammalian cell culture systems have been used to test the mutagenic potential

2772

cells to both 1liquid- and vapor-phase CHZCI2 in a sealed container and

obtained negative results for the induction of 6-thioguanine resistance over

of CH,C1,. Jongen et al. (1981) exposed V79 and Chinese hamster ovary (CHO)

the dose range tested. Thilagar et al. (1984a) reported that CHZCI2 was
negative as a mutagen at the thymidine kinase locus of mouse lymphoma L5178Y

cells.



T
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6.3 Chromosomal Aberrations

Several studies to evaluate the ability of CH2012 to cause chromosomal

aberrations have been performed. Sprague-Dawley rats were exposed to CHZCI2
via - inhalation (Burek et al. 1984) and NMRI mice were exposed
intraperitoneally (Gocke et al. 1981). Chromosomal preparations of bone

marrow cells from the fats showed no increase in specific aberrations or in
the frequency of abnormal cells. Bone marrow smears from the mice were
examined for micronuclei,. and at the two highest dose levels an increaseAin
polychromatic erythrocytes was observed. Since the tesponse was not dose-

related’ and did not double the control value, the results are inconclusive

although suggestive of a positive response.

Sheldon et al. (1987) also evaluated the ability  of CHZCIZ' to induce

micronuclei in mice. Bone marrow samples were taken 24, 36, 48 and 72 hoﬁrs

after oral dbsing with 1250, 2500 or 4000 mg/kg of CHZCI2‘ No significant

increase in the incidence of micronuclei over control values were observed for

any of the test groups (Sheldon et al. 1987).

-Thilagar and Kumaroo (1983) exposed CHO cells in vitro to CH,.Cl. and found a

2772

replicable, dose-related positive response for specific aberrations, number of
aberrations per cell, and total cells with chromdsomal aberrations. A
positive response was also reported for human peripheral lymphocytes and mouse

lymphoma L5178Y cells in culture (Thilagar et al. 1984b).
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6.3.1 Sister Chromatid Exchange

CHZCI2

and without §9 for its ability to induce sister chromatid exchange in vitro,

has been tested at concentrations of 0.5%, 1.0%, 2.0%, 3.0% and 4% with

and it exhibited a weak posi;ivé response in Chinese hamster V79 cells (Jongen
et al. 198l) and CHO cells (McCarroll et al. 1983). At lower doses in CHO
cells (up to approximately 1.5%), the response was not significant (Thilagar

and Kumaroo 1983).

6.3.2 Unscheduled DNA Synthesis

CH2012 has been -reported to be negative as an inducer of unscheduled DNA
synthesis for V79 cells and primary human fibroblasts or lymphocytes with and
without metabolic activation (Jongen et al. 1981, Perocco aﬁd Prodi 1981); it
indiced a 'margisal positivé response” in primary rat hepatocytes (Thilagar et
al. 1984a3). Oral exposure of rats or inhalational exposure of mice and rats
to methylene chloride did not cauﬁe. any unscheduied DNA synthesis in
hepatocytes 1isolated from exposed animals (Trueman and Ashby 1987).

Additional unpublished studies on unscheduled DNA synthesis have been reviewed

in the recent draft EPA documents (EPA 1987a,b).

6.3.3 DNA Alkylation

The potential of CHZCI2 to alkylate DNA in vivo has also been evaluated. DNA

was 1isolated from the liver and salivary tissue of rats and hamsters that had

been exposed to !4CH via inhalation (Schumann et al. 1983). Some labeling

)

of DNA was detected, but it appeared to be associated only with normal bases
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and - nucleosides; no alkylated bases or nucleosides were detected above a
detection _level' of <12 and 1 aikylation per 10® nucleotides for nucleosides
and .bases, respectively. 1Incorporation of lA‘C may have occurred through
normal biogynthetic pathways (one-carbon pool) or by unstaBle adduct
form;tibn. Another study examined the labéling of DNA in mouse and rat liver
and lung tissue and allowed for a distinction between alkylation and labeling
via the one-carbon pool; no evidence for DNA adduct formation was found (Green
et al. 1988). The sensitivity of the assay was reported in éerms of a
covalent binding index (CBI), which is used as a measure of DNA alkylation in
relaéion to dose (Lutz 1979). The minimum detectable CBI was 0.002 for the
liver and 0.01 for the lung for mice. By comparison, the strong aklylating
ageng dimethylnitrosamine has CBIs of 5500 and 500 for mouse liver and lung
DNA,zlrespec;ively (Lutz 1979). CHZCI2 was reported not to bind covalently to

DNA.ffollowing incubation w1th isolated rat hepatocytes (Cunnlngham et al.

1981); however, the limit of detectzon was not known (Slpes 1987).

Green et al, (1986a, 1988) studied the 4in vivo interaction of methylene

chloride and its metabolites with F344 rats and B6C3Fl mouse lung and liver
DNA followlng a three-hour exposure to 4000 ppm !¢C-methylene chloride. The
DNA was isolated from the exposed animals either 6, 12 or 24 hours after the
start of exposure, and was found td contain radicactivity at all time points.

ngher radioactivity levels were obtained in the lung than in the liver, and
levels in the mouse were higher than levels in the rat. The radioactivity
associated with DNA in lung ~and liver tissue following methylene chloride
exﬁosure was compared to that produced by an intravenous dose of I‘C[formafe].
Chromatographic comparison of hydrolyzed DNA indicated that the major

nucleotide peaks were likely to be the result of radioactive incorporation via



the C-1 pool instead of direct alkylation. However, chromatographic analysis
of hydrolyzed DNA from lungs and livers of mice exposed to CH2012 exhibited a
different radioactivity fingerprint and considerably moré radicactive "noise”
than that in animals given !4C[formate]. This study is consistent with other -
genotoxicity studies indicating the mutagenic potential of _CHZCI2 is

relatively weak.

6.4 vNeoglastic Transformation

Purified, food-grade CHZCI2 did not induce neoplastic transformation in
BALB/c-3T3 or C3H-10T-1/2 cells (Siyak 1978, Thilagar et al. 1984a). Reagen?-
grade CHZCIZ, without further purification, was reported to elicit a positive
response for transformation using an F1706 cell line (Price et al. 1978). Thg
authors asserted ;hat, the ﬁositive response for reagent-grade CH2C12 was
presumably due to a contaminant because no'posicive response was elicited whgg
_ the purified sample tﬁat had been negative in the BALB/c-3T3 system was tested
in the F1706 cell 1line. To be respomsible for'transformation of the Fl766
cells, a contaminant of CH2C12 would have to be present in large quantities 6#
be a very potent mutagen (i.e., similar to benzo(i)pyrene). DHS staff members
have been told in telephone convefsﬁtions with chemical supply companies :haé
reagent-grade methylene chloride is 99% to 99.9% pure; the two primary
contaminants .are phosgene and cyclohexene neither of which is a potent
mutagen. It should be noted that since reagent grade CH2C12 is as pure or
~purer than the high volume chemical used primarily in industrial operations,

human exposures are likely to include exposure to any contaminants as well as

CHZC12'



Roghani et al. (1987) demonstrated thac CH2C12 as well as chloroform and
carbon tetrachloride are potent activators ”of protein kinase C. This
phospholipid-dependent kinase has' a pivotal role in the transduction of
various effectors triggering cell activation by polyphosphoinositide turnover

and has been implicated in the tumor-promoting activity of phorbol esters

(Sukla and Albra 1987, Castagna et al. 1982),

6.5 Conclusions

CH2C12 is weakly mutagenic in Salmonella, Saccharomyces, and E. coli using a
variety of endpoints. In contrast, mutagenic activity has not been

definitively demonstrated in mammalian systems. There is evidence that

exposure of mammalian cells to CH2612 in vitro can result in chromosomal

abérrations‘and DNA damage. However, the evidence for DNA adduct formation in

mammalian tissues is scant. 1In summary, methylene chloride is-a mutagen in’

prokaryotes (Salmonella; E._coli) and lower eukaryotes (yeast). 1In mammalian

cells, CH2C12 exhibits clastogenic (chromosome damaging) activity. Thus,

methylene chloride should be classified as genotoxic.
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7.0 CARCINOGENICITY
7.1 Introduction

This chapter reviews the epidemiological and experimental evaluations of the
carcinogenicity of CHZCIZ' Two cohorts of workers exposed to CH2C12 have been
Studied, and several studies of rodents exposed orally or via inhalation have

been reported. The animal studies are summarized in this section and

discussed in greater detail in Appendices B and C.

7.2 Egidemiological Studies

7.2.1 Kodak_ Employees Friedlander and colleagues . studied male workers.
employed by the Eastman Kodak Company at its filﬁ-making opefation in
Rochester, Ney York, where CH2012 was used as the ﬁrimary solvent (Friedlander
et al. 1978; Hearne and Friedlander 1981, Friedlander et al..1985 [a report
issued by the Eastman Kodak Company] , Friedlandef et al. 1986 [a presentation
at a .to¥icology forum], Heafne .et al. 1987). In#ustrial hygiene surveys
conducted there. had found airborne 1levels of methylene chloriae in the
workroom ranging, in general, from 30 to 100 ppm. As control groups, fhe
researchers considered (1) males in New York State not including New York Cicy
(this area was called "upstate New York" although it includes "downstate"
areas such as Nassau and Suffolk Counties on Long Island) and (2) other males
employed by Kodak in Rochester. - Questionnaire data indicated that the
Prevalence tobacco use in the exposed cohort was about as extensive as in the

control groups; however, the investigators did not note whether other relevant



variables, such as average duration of cigarette smoking and the number of

cigarettes smoked per day, were similar (Hearne et al. 1987).

The major findings are contained in the papers of Friedlander et al.-(1985)
-and Hearne et al. (1987), both of which are described below. In both reports,
the investigators employed two tests to determine whether observed-expected
differences were statistically significant: (1) a one-tailed test of
significance;_at p<0.05 for outcomes that the investigators hypothesized might
be associated with methylene chloride (such as lung and liver cancer and
ischemic heart disease) and (2) a two-tailed test of significance at p=<0.01

for nonhypothesized outcomes (including pancreatic cancer).

The 1985 report from Friedlander and colleagues noted that overall,
signifigantly fewer deaths occurred during the follow-up period.(January 1964
thru Decembgr 1984) than expected based on the New York State data (165 Qs.
231.1) (Friedlander et al. 1985). However, the numbef of deaths among exposed
workers was similar to that of the other Kodak employees (165 vs. 167.0).
Thirty-nine deaths £from maligﬁant neoplasms were observed in the exposed
cohort compared to 54.7 expected based on the New York State data or 43.2
expected on the basis of the data from other Kodak employees. The follow-up
rate for this ‘report was 94% for the exposed cohort (N=751). The above
findings are consistent with the "healthy worker effect,” in which working

populations tend to experience lower mortality tham the general population.

Using the statistical tests employed by the investigators, no czncer site
'displayed a significantly elevated death rate. Nevertheless, eight deaths

from pancreatic cancer were observed compared to 3.0 expected based on the New
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York data or 2.6 based on the other employees’ data. Although this finding
Was not considered significant based on the two-tailed test described above,

4n exact one-sided Poisson test using the other Kodak employees as the COntrol
group yields a p- value of 0.0053 and suggests a possible relatlonshlp between
exposure to CH2C12 andtpancreatlc cancer mortality. Somewhat smaller-than-
expected death rates were observed for certain tumor sites, including the

colon, and the- genital and urinary organs; these observations did not reach

statistical significance.

In the subset of the cohort which had been exposed for a minimum of 26 years
by 1964 (N=252), fewer cancer deaths were observed than expected when eompared
to the New York State data (23 wvs. 33.8) or to the data from other Kodak
employees (23 vs. 27.0). a slight excess of deaths from pancreatic neoplasms

was , observed here (4 compared to 1.9 or 1.6 expected). Nope o# these

differences were statistically significant.

“This report noted that the study had insufficient power to address mortallty

from rare disorders such as liver or male breast cancer. Assuming comparable
smoking characteristics, the study had 97% power to detect a relative rlsk of
2.0 for lung cancer in the entire exposed cohort and 85% power in the 252 -man
subset with the upstate New York controls. With the Kodak employee concrols,
the corresponding power figures were 91% and 74%. To detect a relative risk

of 1.5, the power figures were 62% or 41% with the upstate New York controls

and 50% or 33% with the Kodak employee controls).

In the most recent report (Hearne et al. 1987), the investigators presented

estimates of exposure and expanded the exposed cohort teo 1,013 men who had at
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.least one year of experience in the methylene chloride operation between
January 1964 and December 1970. The 1985 report analysed,approximafely 14,000
person-years of follow-up in the exposed cohort; this 1987 report presented
data from 19,465 person-yeafs, with a follow-up rate of 99%- for the exposed
cohort. Again, compared to either ;%ncrol group, no statistigally significant
difference was found between observed and expected deaths for respiratory or
hepatic cancer mortality, based on a one-sided test, p<0.05. Among the
nonhypothesized outcomes, workers exposed to CH2C12 still experienced more
than a two-fold greéter rate of mortality from pancreatic éancer (8 observed .
vs. 3.2 or 3.1 expected [New York State or Kodak controls]). The SMR for this
site was 2.5 with 95% confidence limits of 1.1 to 4.9. DHS staff calculations
indicate an exact one-sided Poisson test using the New York State data as a
control yields a p-value of 0.017. Thus, the results still suggest a possible
rglationship between exposure to CH2C12 énd pancre;cic caﬁcer mortality. The
nﬁmber of deaths remained somewhat smaller than expected for certain
malignancies; including those of the large intestine (2 observed vs. 8.0 or
6.9 expected) and the genitourinary organs (3 observed vs. 8.0 or 7.6
expected). Overall cancer mortality in the exposed cohort was still low (41
observed vs. 59.3 or 52.7 expected). None of these differences was

statistically significant at the 1% level (p>0.01) based on a two-tailed test.

Exposure estimates were based on over 1200 area and task-specific air samples
collected between 1945 and 1985 and more than 900 full-shift personal samples
collected between 1980 and 1986. Longstanding job progression patterns
facilitated estimation of career methylene chloride exposure. The bulk of the
cohort was exposed to eight-hour time-weighted average (TWA) CHZCl2

concentrations averaging 10-100 ppm. Over 150 members of the cohort were
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eéxposed to peak concentrations of 10,000 ppm an average of three times per
day, 190 days per year. The majority of the cohort was exposed to peak
concentrations of 500 PpPm, an average of three times per day, 10 or 40 days
Per year (depending on occupational classiflcatlon) Other solvents,
including 1,2- -dichloropropane and '1,2-dichloroethane. were present at lower
levels in the workroom The sampling results, in combination with information
on the amount of tzme each employee spent in each™ job, were used to develop a
career exposure index in pPpm-years. For the analysis, nine subgroups were
created corresponding to three categories each of exposure (<350 350-749 and
>750 ppm-years) and latency, the time between initial eéxposure and the end of
follow-up (<20, 20-29 and >30 years) ‘Each person-year of qbservatlon for
each worker was assigned to one of the nine cells - (subgroups) The
researchers found no evidence of a dose- response relatlonshlp according to
career exposure, latency or both indexes for any of the hypotheslzed outcomes

©T total cancer mortality.

Hearne and colleagues also compared their observations of lung and liver
cancer wmortality with risk estimates based on the NTP (1986) animal bioassay.

They estimated excess risk for the three career exposure categorles using a
unit risk estimate (O 014 for lifetime exposure to 1 ppm CHZCIZ) derived from
the EPA (1985b) risk assessment. They then presented an animal-based

prediction of cancer mortality for lung and liver (36.3, an excess of 14.5

- over the New York State control rate) and noted that the observed 14 cases

(all lung cancer) were 51gn1ficant1y lower than the animal- based predictions.

The investigators concluded that the projections based on animal data were

"clearly inconsistent® with their observations (Hearne et al. '1987). Using

data provided by Friedlander (personal communication), DHS staff members
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concur with other researchers in finding such a conclusion is not warranted

{Mirer et al., 1988, Tollefson et Ql., 1988). (See Appendix D).

Dr. Hearne has reported (November 1988) to ﬁHS staff that pr;iiminary findings
of an update of mortality results in the Kodak cohort for an additional three
years (through 1987) are consistent with the earlier data indicating fewer
total cancer deaths than eipected among exposed workers. Furthermore, there

was no increase in pancreatic cancer deaths in the update, however, in these

three years, 0.6 pancreatic cancer deaths were expected.

7.2.2 ggglgxggg;ggf;_Eigg;_gggggggign_glégg. In a series of reports, Ott and
colleagues (Ott et #1. 1983a-e) evaluated the health of employees working at a
fiber production plant in Rock Hill, South Carolina, where CH2012 was used as
part of a solvent system. Workers in this plant were exposed to a mixture of
methylene chloride and methanol from one process and to acetone from a second
process. Median 8-hr TWA CHZCI2 concentrations in the plant’s two main work
areas were 140 ana 475 ppm. Health evalﬁations of these employees were
compared to those of employees at a similar fiber production plané in Narrows,
Virginia, wﬁere only acetone was used. One of the reports (Ott et al. 1983b)

2772

Smoking habits were not considered in the analyses, although age was

evaluated whether exposure to CH,Cl, was associated with cancer deaths.

controlled. for.

The target population was production and service employees who had worked for
at least three months in the preparation or extrusion areas of either plant
between January 1, 1954, and December 31, 1976. Mortality experience within

the two cohorts was followed through June 1977. Few nonwhites wer: in either
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cohort, so many of the analyses were restricted to the whites. The cohorts

were characterized as follows:

COHORT | YEAR OF FIRST EXPOSURE! | YEARS OF EXPOSURE!

. | 1954-59 1960-69 1970-76 | <1 1-4 . 5-9° 310
Exposed (N=1271) | 45% 31s 2% | 17% 398 g6 28%
Unexposed (N=948) | 36% 382 26% | 15% 323 l4s 39%

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

Compared with United States death rates, no excess mortalicy from any cause in
either cohort was evident. a slight deficit in the observed deaths from
cancer was noted among exposed white workers (7 observed vs. 12 A expected).

The cancer mortality experience of the methylene chloride-exposed workers was
not significantly different from that of the reference cohort. One death from
pancreatlc cancer was reported in the exposed cohort. Of the seven cancer

deaths in the reference cohort, one was from pancreatic cancer (Bond 1988).

ScEtistically significant risk ratios (RRs) for mortality from all causes
(RR=2.2), circulatory diseases (RR=2.2), and external causes (including
accidents and suicides, RR=2.5) were found among white men when comparing the

two cohorts.

This study. is of somewhat limited usefulness for evaluating the association
between exposure to methyleneschloride and cancer mortality. It had limited
power to detect increases in malignancy rates in the exposed cohort. In that
cohort, only 54 deaths, of which 7 were from cancer, were reported. There
were no deaths observed among the 108 nonwhite women in the study. 1In
addition, the follow- -up period was probably insufficient for any carcinogenic

effects from CH2C12 éxposures to be manifested.
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7.2.3 Conclusions Based on Epidemiological Studies

International Agency for Research on Cancer (1986) has concluded that no
excess rtisk of death from malignancies was observed in these-epidemiologicqi
studies, but noted that the studies had a limited power to detect excess risk.
To date, epidemiological studies on methylene chloride do not provide

sufficient evidence either to prove or disprove human carcinogencity.

7.3 Summary of Chronic Toxicity/Oncogenicity Studies in Rodents

The effects of long-term (2-year) exposure to methylene chloride by inhalation
have been studie& in rats, mice, and Syrian hamsters, and by ingestion of
drinking water in rats and mice. These ;tudies are evaluated in detail in
Appendix B, and the results are summarized in this'section. In Appendix C,

the biological relevance of the exposure-related neoplasms is discussed.

There have been five long-term rodent bioassays examining the effects of
inhaling CHZCIZ: two using an outbred stock of Spartan/Sprague-Dawley (SD)
rats (Burek et al. 1984, EPA 1985a, Nitschke et al. 1988a), ome with inbred
Fischer 344 (F344) fats (NTP 1986), one using hybrid B6C3Fl mice (NTP 1986),
and one with Ela:Eng (Syr) Syrian hamsters (Burek et al. 1984). The NTP
(1986) scudie# ha;e also been pﬁblisbed by Mennea; et al. 1988. Bioassays
exposing animals orally to 'CH2612 in drinking water were conducted in F344
rats and B6C3Fl mice (Serota et al. 1986a; 1986b). Tﬂe ?xperimental designs
of these bioassays and the results obtained are summarized in Tébie 7-1. The
NTP also conducted a bioassay in which CH,Cl, was administered by gavage in

2772

7-8



6=L

("

R R R R R

' A
' ' o

iy

TABLE 7-1

SUMMARY OF CHRONIC TOXICITY/ONCOGERICITY STUDIES OF HETHYLENE CHLORIDE IN RODENTS

MRS ELA RS LR LR R D RN R e N LR

No. in Route of Duration of Exposure
Species/Strain Sex Group Exposure  Exposure Levels Results | Reference
Rat/Sparten M. F 129 (95 Inhala- & hr/day, 0, 500, Neoplasms: Sarcomes of the salivary gland Burek et sl.
Sprague Douley chronic; tion 5 day/wk, 1,500, region in males. Increase in benign 1984, EPA
34 interim for 2 yr 3,500 ppm mamnary tumors per tumor-bearing rat 1985a (Dow
sac, & (both sexes). 1980)
ancillary onneoplastic (e $: MHepatocellutar vacuo-
studies) lization in males and femates,
Multinucleated hepatocytes in females;
increased nurber of foci and areas of hepa-
tocellular alteration in high dose females.
Hamster/ M,F 107-109 Inhala- & hr/day, 0, 500, No exposure-relsted neoplasms or Burek et o,
Ela:Eng (Syr) (95 chron- tion 5 day/wk, 1,500, nonneoplastic teslons, 1984, EPA
‘ - ic; rest for 2yr 3,500 ppm 19858 (Dow
for inte- : o 1980) *
rim sac. &
ancillary
studies)
Rat/Spartan M, F 90 (70 Inhals- 6 hr/day, 0, 50, Neoplasms: Some incresse in benign EPA 1985a
Sprague Dawley chron‘i:c) tion 5 day/uk, l’(ll)é 500 mammiry tumors in tumor-bearing females_. (Dow 1982)
500/0 :25F for 20 ppm Nonneoplastic tesions: Hepatocelluler vacuo-  (Nitschke et
O/SOGC:ZSF (males) lization end multinucleated hepatocytes in al. 1988a)
or 24 females.
(females)
months
liat/ﬂ“ MF 85 c1° and Oral/ 7 day/wk, 0, Sy, 50, Meoplasms: The EPA's Carcinogen Assessment Serota
' treated; drinking for 2 yr; !256 250  Group reported borderline increase in liver (et al,
S0 (:2a end water recovery mkd tunors (combined neoplastic nodule and hepato- 19848)
25 high group- - cellular carcinomas) in females. Serota
dose reco- 78-wk et al. considered this response not signifi-
very group treatment cant because incidence was within the
& 2- Wk 'laboratory's historical controt range.
recovery Honneoplastic lesions: Hepatocellular fatty

change and foci of cellular alteration in males

and females.
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TABLE 7-1 (continued)

No. in Route of Duration of Exposure
Species/Strain Sex Group Exposure Exposure Levels Results Reference
Mouse/B4C3F1 M Cl1:60 Oral/ 7 day/wk 0,60,125, Heoplasmg: Increased incidence of liver Serota
" €2:65 drinking for 2 yr 185,250 tumors (combined hepatocetiular adenoma end et of.
60 mkd :200 water wkd carcinoma) in males at 125 and 185 mkd and (1986b)
125 » ;100 . borderline increase at 250 mkd compared to
185 » :100 conbined control groups.
250 » 3125 . Honneoplpstic tesions: Hepatocellular fatty
F 50/group ) changa in high dose males and females.
Rat/F344 N,F 50 inhala- 6 hr/day, 0, 1,000, Mecoplasms: Treatment-related increase in NIP 1986
tion 's day/wk, 2,000, benign manmary tumors (fibrosdenoma, adenoma, (Mennear
' for 102 wk 4,000 ppm or fibroma in males; fibroadenoma or adenoms et al,
in females). ) 1988)
Yonneoptastic lesions: Treatment - but not
dose - related increase In hepatocytomegaly,
cytoplasmic vacuolization, hemosiderosis,and
bile duct fibrosis in both sexes.
Mouse/B6CIF1 H,F 50 Inhala- & hr/day, 0, 2,000, MNeoplasms: ODose-related increase in inci- NIP 1986
tion S day/wk, 4,000 ppm dence and multiplicity of alveolar- (Mennear
for 102 wk bronchiolar lung tumors (adenoma and carci- et ol.

noma) in both sexes. Elevated Incidence and 1988) -
sultiplicity of liver tumors Chepatocellular
carcinoma or combined hepatocellular adenoma
and carcinoma) in high dose males. Dose-
related increase in incidence of hepatocellular
adenoma and carcinoma and in multiplicity of
liver tumors in females.

Nonncoplastic lesfons: Liver cytologic
degeneration in both sexcs. Atrophic and
degenerative lesions in reproductive organs
considered secondary to severe lung and liver
cancer.

aCl = control 1 group; €2 = control 2 group.

_mkd = mg/kg/day.

“agditivnal groups: 50070 = 500 ppe for 12 months, air for 32 months; 0/500 = no exposure to meibylenc chioride for 12 months,
then 500 pran for 12 months, it



c¢orn oil to F344 rats and B6C3F1 mice. On July 23, 1983, the NTP announced
that the results of these bioassays would not be published in final form. The
NTP’'s decision was "based on some recently discoverqd significant
discrepancies in experimental data that comprémise a clear interpretation®
(Fed. Reg. 1983). The NTP did notyéiﬁe this study in its technicalAfepsrt
(NTP 1986) when summarizing the"results of two-year studies on CH2C12,
however, “it is expected that NTP will release the final results without a

statistical evaluation.

7.3.1 Rats 1In the Dow (1980) study, male and female Sprague-Dawley rats were
exposed to CHZCIZ by inhalation for two years (EPA 1985a, Burek et al- 1984)
(For concentrations of CH2C12 used exposure durations, and other details of

this and the other studies dlscussed, see Table 7-1.) The most notable

increase in tumor incidence was in sarcomas in the salivary gland reglon of

male rats, These tumors d1d not appear to arise from the salivary gland

itself but were thought to involve the salivary gland.

Control and exposed female rats all had a high incidence (above 80%) of benign
mammary tumors. However, female rats exhlblced a dose-related increase in the
number of benign mammary tumers per tumor- -bearing anlmal The proportion of
male rats with Jdammary <umors increased somewhat at the highest exposure
level, but the increase was not statistically significant. (For a more
detailed description of the numbers and types of tumors found at various doses

for this and the other studies discussed, see Appendix B).

~ In another 2-year inhalation study of CH2C12 (Dow 1982, Nitschke et al. 1988a)

using male and female Sprague-Dawley rats, a slight increase in the number of
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tumor-bearing female rats was observed (EPA 1985a). No other significant
effect on tumor incidence was noted. However, the doses were con§iderably

lower than in the first study.

In an NTP inhalation study (NTP 1986, Mennear et al. 1988), Fischér 344 rats
of both sexes were exposed to CH2012 for 2 years and exhibited a dose-related
increase in the number of animals with benign mammary tumors (5oth sexes),
which was statistically significant by life ta?le tests (p<0.001) and azso by

-

incidental tumor tests in females (p<0.001).

A study in which CH2012 was administered to F344 rats in drinking water for 2
years was conducted by the Natiomal Coffee Asso;iation (Serota et al. 1986a).
Male rats showed no treatmenﬁ-related tumor response. .There was an increase
in 1liver tgmors' in female rats éompared to concurrent controls (p<0.05),

particularly for the 50 and 250 mg/kg groups. However, the increase was not

significant when compared to historical controls. .

7.3.2 Mice Male and female B6C3Fl mice were exposed to CH2C12 by inhalation
for 2 years (NTP 1986, Mennear et al. 1988). Both sexe§ of mice had
statistically significant, doSe-;elated increases 1in the 1incidence and
multiplicity of adenomas (p<0.00l) and carcinomas (p<0.00i) of the lung.
However, concurrent controls had 1lower incidences of such tumors than
historical controls. Male mice had an elevated incidence of hepatocellular
adenomas (p<0705) and carcinomas of the liver at the high dose (p=0.02), while
females had dose-related increases of both hépatocellular’adenomas (p<0.001)

and carcinomas (p<0.001) of the liver.
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B6C3Fl mice were also exposed to CH2012 in their dfinking water for 2 y;ars in
the National Coffee Associatlon study (Serota et al. 1986b). No treatment-
related effect on tumor incidence was seen in female mice. Male mice had a’
slight increase in hepatig tumors of borderline statistical significance.
However, the incidences fell within the range of historical controls.
Compared to the rats exposed in a similar study (Serota et. al. 1986a), mice

appear to be as sensitive or less sensitive to the effects of CH, C1

2 "2

7.3.3 Hamsters An inhalation study in which Syrian golden hamsters were

exposed to CH2C12 for 2 years was conducted by Dow (EPA 1985a, Burek et al.

1984). - No exposure-related tumors were reported.

7.3.4 Conclusions The: strongest evidence for the carcinogenicity of CH,Cl

2772
to rodents was provided by the NTP inhalation bioassays. Under the conditions

of the study, benign mammary tumors were 1nduced in F34A .rats, and the female

rats exhibited a2 dose-related response (p<0.001). Further evidence of
exposure-related Qammary tﬁmorigenesis in female rats was provided by a dosef
relatéd increase in the number of benign mammary tumors per‘tumor-bearing.rat
in the Dow (1980) inhalation study, although the High spontaneous incidence of
mammary tumors in éontrol SD females obscured any dose-related response in the

incidence, i.e., in the number of tumor-bearing animals.

Subcutaneous sarcomas of the ventral cervical-salivary gland region occurred
in male SD rats exposed by 1nhalat10n to 1,500 and 3,500 ppm of CHZCl2 but not
in F344 rats exposed to 1,000, 2,000, and 4,000 ppm. In the Dow and the NTP
studies, there was evidence that the rats had been infected by

sialodacryoadenitis virus and rat-coronavirus based on clinical signs in SD
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rats (Burek et al. 1984) and serological results in F344 rats (NTP 1986,
Mennear et al. 1988). Burek et al. (1984) suggested that the combination of
this wviral infection and exposure to high concentrations of CH2012 may have
been associated with thé»cumor.response in SD rats in the Dow‘étudy. However,
F344 rats equse& to-higher CH2C12 concentrations and the same viral agent
did not develop similar fumors in the salivary gland region.

In B6C3Fl1 mice, exposure to CH,Cl, by inhalation (NTP 1986, Mennear et al.

. 2772
1988) was associated with an increased incidence and multiplicity of alveolar
and bronchiolar tumors: (adenoma and carcinoma) in the lungs pf both sexes.
The 1incidence and muitiplicity of liver tumors were also increased in both
sexes. Male mice had aﬁ increased incidence of hepatocellular carcinomas and
of adenomas or carcinomgs (combined) at the high exposure level, while female
mice had dose-related increases in hepatocellular adenoma.and hepatocellular

carcinoma. The survival in both male and. female high dose groups was

significantly (p<0.001, trend test) decreased as compared to controls.

Treatment-related increases. in the combined incidence of liver tumors,
hepatocellular adenomas, and carcinomas occurred in B6C3Fl mice exposed orally
(via drinking water) to lower doses (125 and 185 mg/kg/day) of CHZCI2 but were

not significant in the highest (250 mg/kg/day) exposure group.



8.0 RISK ASSESSMENT

8.1 Introduction

Qualitative evaluation of the carcinogenicity of an agent is an essential part
of the assessment of the hazard posed by that agent. However, to quantify
human risk, the observed animal cancer response mﬁst be extrépolated from high
to low doses and, in some cases, from rodents to huméns.' Such egtrapolatiéns

commonly involve the use of mathematical dose-response models.

Several different cancer dose-response models are discussed in this section.
To demonstrate how different extrapolation models will affect low-dose risk,
the risks from ambient exposures are calculated using both mechanistic and
distribution models. Additionally, the Andersen et al. (1987) physiologically‘
based pharmacokinetic (PBPK) model is used to estimate the delivered dose of
CH2C12 to the mouse lung. The cancer risk is then estimated for humans using

this calculated delivered dosage.

8.2 Mathematical Models

This section will briefly discuss some of the dose-response models used for
low-dose extrapolation. A more detailed mathematical description of the

different forms of the multistage models can be found in Appendix C.

8.2.1 Multistage Models Most mathematical models of multistage

carcinogenesis are simplifications of the original time-dependent model.
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developed by Armitage and Doll (1954; See Appendix C). More rgcently,
Moolgavkar and Venzon (1979) suggested a generalized two-stage form of this
model, which Thorslund et al. (1987) subsequently simplified to a time-
independent form and modified to a dose-dependent form by incorporating the
effect of environmental agents on cell transition rates and first-stage
proliferation rates. These two-stage models are discussed in Appendix C.

8.2.1.1 Linearized multistage model (Global 82)

Guess and Crump (1977) generalized the multistage model as a time-independent
form with a less restrictive polynomial form. This form of the multistage

model is described in Appendix C.

8.2.1.2 Time-to-tumor model (WEIBULL 82) This model was originally intended

to estimate the cancer risk when.thé death raté due to the agent is dependent
on the exposure level and independent of the tumor of concern. Under this
model the estimation of the tumor incidence requires the specification of
whether the tumor caused death or was only found incidentally at necropsy.
Few veterinary pathologists have reported this distinction. However, the
model can be used for a modified lifetable analysis of the tumor rate when the
agent of concern does mot induce lethal tumors with very short latency
periods. The Weibull 82 model‘is used to correct for mortality which does not
have as its underlying cause the tumor(s) of concern. A mathematical

description of the model is provided in Appendix C.

8.2.2 Other Mathematical Models A number of alternatives to the multistage

model have been suggested as being potentially useful for estimating low-dose
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cancer risk. Among them are the probit, logit, Weibull, and .gamma multihit
models. The computer program RISK 81 was used to estimate the parameters in
these models (Kovar and Krewski 1981). Whittemore (1978) and Whittemore and
Keller (1978) note that the un&erlying biological basis of each of these
models is inconsistent with our present understanding of carcinogenesis. Even
so, these models are useful in representing the potential range of estimates
that mighe resulﬁ Aue to the.selection of a particular parametric form. It
has been shown (Crump et al. 1976) that if background tumor rates are caused -
by factors that are dose-additive with the cafcinogenic agent, low-level‘
linearicy is rapidly achieved as exposures are decreased from the high levels
used 1in animal bioassays. 1In this case, the farametfic form of the model has

only a limited effect on low-dose risk estimates.

8.3 Estimates of Cancer_Risk Based Upon Animal Bioassay Data

The. tumor types used t§ obtain risk éstimates were judged to be both
biologically relevant and sigﬁ;ficaﬁtly different statistically from controls.
Biological relevance was defined as a malignant tumor or a benign tumor with a
reasonable chance of progressing to a malignant form. Statistical
significance was measured by a Cochran-Armitage trend test that had a "p"
value of 1less than 0.05 associated with it. The following tumor types met

both of these criteria:

o Sarcomas of the cervical-salivary gland region in Sprague-Dawley male
rats (Table B-1, Dow, 1980 inhalation study, reported by Burek et‘al.

1984),
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o Alveolar and/or bronchiolar neoplasms of the lung in B6C3Fl male and
female mice (Table B-9, NTP, 1986 inhalation study; Mennear et al.

1988), and

o Hepatocellular adenomas or carcinomas in female B6C3Fl mice (Table B-
10, NTP, 1986 inhalation study, Mennear et al. 1988).
The tumor dose-response data that are used to estimate risk are shown in

" Tables B-1, B-9, B-10, and B-12 and are summarized in Table 8-1.

8.3.1 Linearized-Multistage (L-M), 95% Upper-Bound Estimates for All

Significant Data Sets

* -
Standard unit .risk estimates (ql in units ppb 1) were obtained for these
endpdints using the (L-M) 95% upper-bound approach as discussed in Appen&ix C.

These results are shown in Table 8-1.

The lung tumors in mice are used as a basis for a more detailed, quantitative,

risk-modeling effort. The rationale for this is:
o The lung is the organ of direct contact for inhalation exposures.
o The tumor data indicate a strong increasing response with dose (p =

0.001 by Cochran-Armitage trend test) and are consistent with the

multistage models.



TABLE 8-1

TUMOR DOSE-RESPONSE DATA USED TO ESTIMATE RISK TO RODENTS

Alveolar and/or Bronchiolar Adenomas Hepatocellular

Sarcomas of the or Carcinomas in B6C3Fl Mice Adenomas or
Cervical/Salivary  --eececcccccccmaaaananaaaaa.. Carcinomas in
Exposure Level Gland Region ip SD B6C3F1 Female
(ppm CHZCIZ) Male Rats Male Female Mice®
0 1/93 5/50d 3/50 3/50
-500 0/94 : .- - -
1,500 5/91 -- -- --
2,000 -- 27/50 30/48 ' 16/48
3,500 11/88 -- -- .-
4,000 -- 40/50 41/48 . 40/48
95% upper bound® :
linear term
qy in ppb’’ 2 x 107/ 3 x 1076 3x10°¢ 9 x 1077

i
S Animals w

A 0O

L]

ere exposed 6 hours per day, 5 days per week.

Dow 1980 inhalation study. '

NTP 1986 inhalation study, Mennear et al. 1988

No exposure group included at this level.

Lifetime excess risk for continous exposure. Adjusted for experimental conditions.

NOTE: All Cochran-Armitage trend tests are significant at p<0.00l level. All
Fisher exact tests are significant at p<0.001 level except control versus
500 and 1,500 ppm in Dow study, which were not significant, i.e., p>0.05.
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o The response is consistent between sexes.
o The largest 95% upper-bound linear coefficient (ql) for the four data

sets considered is associated with the lung tumor response in female

mice.

8.3.2 Risk Estimates Based on Lung Tumors and Various Forms of the Multistage

Model .
A statistically significant, monotonically increasing dose-response

relationship was obtained for both sexes of B6C3Fl mice in the NTP (1986)
study (see Tables B-Q.and B-10). The lung tumor response to be used in this
analysis is alveolar and/or bronchiolar adenomas and carcinomas, since these
stages of lung tumors are thought to bg part of the same etiologic entity.

Stimulation of cell proliferation is believed to be a possible mechanism of
tumor induction. However, a model based on this mechanism was rejected for
both sexes in this case since the observed data did not exhibit sufficient
curvature to be consistent with the hypothesis of preneoplastic cell

proliferation.

Other two-stage models based on mechanistic descriptions of tumorigenesié
adequately fit the data for both sexes. An exact fit is always obtained under
certain conditions described in Appendix C. An exact fit was obtained for
“the 1lung tumor data sets from both male and female mice. As a result, the
two-stage, different transition rate model (Equation 3, Appendix C) and the

standard multistage model (Equation 7, Appendix C) give identical results.
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However, a goodness-of-fié test is meaningless since the number of parameters
estimated is equal to the number of exposure groups. The more rest;icted
model, with identical transition rates, is also consistent with the observed
data based on the chi-square goodness-of-fit test (p>0.1). The risks obtained
from the Garious forms of the models are summarized in Tablé 8-2. The
‘estimates obtained from the two-stage models are relatively consistent. The
largest risk is associated with female mice .using the upper-bound time-
dependent multistage model with all tumors regarded as "incidental."™ This
analysis uses the term "incidental" tumors for all tumors found at necropsy,
including those discovered at terminal sacrifice. This terminology is used to
distinguish between the "fatal” tumor analysis which excludes tumors found at
terminal sacrifice. Using the female mice tumor data, the maximum likelihood
estimates of risk and tﬁe 95% upper bounds are compared f&r the various models

in the next section.

8.3.3 Cdmgarison of Various Risk Models Using Female Mouse Lung Tumors.

-

The muitistage time-dependent and time-independent models can be compared to a
number of alternative models that have 5een used in risk assessment (Table §-
3. The risk values in Table 8-3 assume that human and animals exposed to
equal doses of a carcinogen on a mg per surface area basis, for an equivalent
proportion of a lifetime will encounter the same degree of risk. This is the
surface area conversion for virtually completely absorbed gases. The basis
for this conversion and methodology are shown in Appendix F. Since the
observed background rates are not equal to zero, the various models give very

comparable results as shown in Table 8-3. This is indicated by the ratio of
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TABLE 8-2

MAXTMUM LIKELTHOOD ESTIMATES OF RISK FOR MICE BASED ON VARIOUS FORMS
OF THE MULTISTAGE MODEL AND LUNG ALVEOLAR AND/OR BRONCHIOLAR
ADENOMAS OR CARCINOMAS IN B6C3F1 MICE

Mathematical Model

Biological Hypothesis

Lifetime Excess Risk from
Exposure Under Experimental

Conditions to 1 ppb CH2012a

Male Female

Two-stage, dose-dependent,
preneoplastic cell pro-
liferation

Two-stage, dose-dependent,
different transition
rates

Two-stage, dose-dependent,
identical transition
rates

(L-M) GLOBAL 82

Multistage time-to-tumor
WEIBULLS2
(incidental tumors)

Mitogenic stimulation
of preneoplastic
cells

Genotoxic at two
different loci

Genotoxic at same
locus on homologous
chromosomes

Exposure additive with
other factors causing
background rates

Multiple linear
unspecified events

Model rejected based on chi-
square goodness-of-fit

_ test, p<.01
2 x 1078 3 x 1076
9 x 107/ 9 x 107’
2 x 1078 3 x 1078
2 x 1073 1x 108

qLinear term multiplied by age function evaluated at 104 weeks and the values were
aijusted for continuous exposure.



—~ TABLE 8-3

COMPARISON OF HUMAN RISKS OBTAINED USING DIFFERENT MODELS
ASSUMING CONSTANT LIFETIME INHALATION EXPOSURE

. a,b
*TO 1 ppb CHZCI2

(Risk from CHZCI2 Minus Background Tumor Rate)

" Excess Risk from Continuous Exposure to 1 ppb

in Air
' Maximum Likelihood 95% Upper

Model Used . Estimate Confidence Limit
Multistage (Global 82) i} 7 x 10°° 9 x 1075
Time-dependent multistage - ‘

I assuming all tumors are

g incidental (Weibull 82) 4 x 1078 10 x 1075
Probit ' 4 x 1078 8 x 1078
Logit 3 x 1078 7 x 1078
Weibull 7x 1077 2 x 1077
Gamma multihit 4 x 1078 7% 1078

aCrump multistage Global 82, Weibull 82, and Risk 81 (with additive

background), surface area corrected for conversion from animals to humans.

1-’Based on female B6C3FL mice with alveolar and/or bronchiolar adenomas or
carcinomas of the lung observed in the NTP (NTP 1986, Mennear et al. 1988)

- inhalation bioassay.
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the highest to the lowest value is only about a factor of two for the 95%

upper-bound estimates.

Dose-additive forms for logit, probit, Weibull and gamma multihit models were
used for the comparison. If a iajor portion of the béckground tumor rates
were 1induced by a mecﬁanism different from that of CHZClz, the dose-additive
assumption would not be valid. ©Under the alternative assumption of

independence, much greater variability in risk estimates would be expected.

8.4 Postulated Mechanisms of Action for Observed Tumor Responses Induced

by Methylene Chloride

Several of the carcinogenicity studies of CH2C12 using both rats and mice
yielded 'significantly increased incidences of tumors in organs of species and
strains that have been reported;:to have relatively high.spontﬁnecus tumor
incidences (Tarone et al. 1981). afhese included mammary tumors in 334@ and
Sprague-Dawley rats following inhalation exposure, liver tumors in B6C3Flvmale
mice exposed via ingestion and inhalation, and liver tumors in B6C3Fl female

mice exposed via inhalation (see Table 7-1 in Chapter 7).

The mechanism of formation for ﬁumors wity high spontaneous inéidence is
controversial. Some authors have associated the increased incidence rates for
these tumors with exposure to chemicals that have nongenotoxic mechanisms,
i.e., do not interact directly withbDNA. However, this does not imply that
these tumors cannot aiso be caused by known genotoxic substances. Several

potential nongenotoxic and genotoxic mechanisms might account for an increased

rate of tumor formation specifically for the B6C3Fl mouse liver tumor.
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The role of cell proliferation in tumofigénesis is not fully understood. It
has been suggested that since the total number bf spontaneous mutatioﬁs in a
tissue is proportional to the total number of mitotic divisions (Knudson
1985), cell proliferation results in mére Qutatioﬁs, and in turn may yield

more tumors.

The NTP (NTP 1986, Menn;ar et al. 1988)'stﬁdy in which B6C3Fl mice were
exposed chronically to CH2C12 | via inhalation revealed that hepatic
"cytological degeneration" occurred as a result of treatment in both male and
female mice. This lesion was not déscribed further in the report and the NTP
provided no dose-response information. Hepatocellular toxicity can be
followed by regenerative hyperplasia, a common response when a tigsue attempts

to replace damaged cells by increasing the cell proliferation rates of the

' ﬁndamaged cells. Thus, CH2C12 could induce mouse liver tumor formation simpiy

by  stimulating cell proliferation in that organ in response to cytotoxicity.
However, there are no experimental studies using CHZCI2 that can be used to

specifically document regenefative hyperplasia resulting in tumor formation.

Chemicals that are cytotoxic, i.e., that cause cell death and stimulate
cellular regeneration, may damage ' DNA by virtue of cell lysis (Sina et al.
1983), perhaps through the release of lysosomal contents containing DNA
hydrolases (Bradley 1985). Indirect cytotoxicity and genotoxicity may resu}t
from the stimulation of peroxisomal proliferation and concomitant
overabundance of reactive oxygen species (Reddy et al. 1980). There is no
direét evidence, however, that the carcinogenic effects of CH C12 are-due to

2

any of these mechanisms.
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CHZCIZ may produce tumors via direct genotoxic action. The mutagenic activity

of CH2012 has been demonstrated in the Salmonella mutagenicity assay.' DNA
adducts have not been observed, alﬁhough alkylation of DNA may have océurred
below the detection limit in the experiments designed ~;o detect adduct
formation. The possibility of DNA binding is also suggested by covalent
binding of CH2C12 metaboiites to microsomal 1lipids and proteins, which
demonstrates the formation of highly reactive intermediates. DNA alkylation
may be significant for carcinogenesis at levels below the limit of detection

for an experimental assay. Such alkylation might lead to mutation, so the

possibility that CH2C12 interacts with DNA directly cannot be ruled out.

8.5 Estimation of Risk Adjusted for Pharmacokinetic Information

In ad&ition to ?s;imates derived under.;he standard "applied dose" approach,
risk estimates for CH2C12 have been derived using variations of the
- physiologically-based pharmacokinetic model [PBPK] descfibed by Andersen.et
al. (1987). The purposé of such modeling is to identify the dose of actual
carcinogenic agént that will be present at the target tissue as accurately as
possible. This type of approach requires the extensive use of data om the
phy;iology of the species under study and on the pharmacokinetics of the
substance being considered. The apprééch.uses data available on the chemical
in a quantitative manner whereas previously such data was only considered
qualitatively. TAus, by using more information, it is the intention of the
modelers to develop a more accurate picture of the potential for the-chemical.
'to induce cancer in humans. The limitations of the method basicly reflect the

limitations of our knowledge of the chemical. Although DHS staff have not

independehtly derived PBPK values for this risk assessment, staff of the EPA

8-12



(1987a,b) " and the U.S. Consumer Product Safety Commission (Cohn 1987) have
done so through the U.S. Interagency Hazard/Risk Assessment Committee of the
Integrated Chlorinated Solvents Project (HRAC). The purpose of this
subsection is to discuss application of .the PBPK model to risk assessment and
to indicate which values should be uée@ in reporting the range of risks from

CHZCIZ_exposure.

8.5.1 Identification of Carcinogenically Active Metabolites

Use of the PBPK model fequires‘determination of the active species involved in
CHZC12 carcinogénesis. Several hypotheses have been generated concefning the
biologically active form of CH2012 responsible for tumor induction in mice.
One hypothesis 1is that the observed effects are related to the parent
chemical. Due. to the low reactivity.of CHZC].2 and evidence suggesting that it
behaves like a weak alkylating agent, it is unlikely that CH2C12 functions as
a direct-acting carcinogen. However, none of the available evidence pfeéludes
the possibility th;t the parenﬁ compound is carcinogenically active (EPA
1987a). As indicated in Section 6 (p;ge 6-1) positive dose-related résponses

in Salmonella strains TA1535, TA98 and TAl00 have been reported both in the

presence and in the absence of a metabolic activating system.

As indicated in Section 2, metabolism of CHZC].2 has been demonstrated to occur
by two péthways (Ahmed and Anders 1978). One is catalyzed by mixed-function
oxidase (MFO) cytochrdme P450, while the other is catalyzed by glutathione S-

transferase (GST)-. Each metabolic pathway involves formation of an active

intermediate that is theoretically capable of irreversibly binding to cellular
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macromolecules such as DNA (Ahmed and Anders 1976, Ahmed et al. 1980, Kubic

and Anders 1978, EPA 1985b).

A second hypothesis. is that the tumorigenicity of CH2012 i§~related to the
formation of metabolites derived from oxidative metabolism via the MFO
pathway. Several 1lines of evidence suggest the production of genotoxic
intermediates by this pathway. Jongen et al. (1982) reported that the
addition o% either microsomes (i.e., MFO) or cytosol (i.e., GST) increased the
mutagenic response of CH2012 in TA100 using a 6-hour incubation period. Snow
et al. (1979) reported that with the addition of S9 (an MFO-containing
fraction) from Syrian Golden Hamsters there was an increase in mutagenic
response at all dose levels. These results are in contrast to Green T. (1983)
who reported that the additionvof cytosol increaséd the mutagenic response of
CH2C12 in TA100, but the a@ditign of an SS9 fraction or of microsomes did not.
However, Green T. (1983) incubated the assay for 3 days which is much longer

than most other investigators. Consequently, the MFO pathway appears to

exhibit mutagenic activity.

Compounds closely related to CH2612 exhibit the production of mutagenic
metabolites via the MFO pathway. The mutagenicity of chloroflucromethane was
increased in TA100 by the addition of S9 (Green T. 1983). There was a marked
increase in mutagenicity of dibromoethane and diiodomethane when microsomes or
cyéosol were added to the medium and incubated 15 minutes (Van Bladeren et al.

1980). Thus,. for three closely related compounds the MFO metabolism produced

mutagenic metabolite(s).
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As demonstrated in unpublished data of Green et al. (1987b) submitted to DHS,
the nonciliated Clara cell of the bronchiolar epithelium of the mouse lung
exhibited toxic effects and MFO daﬁage'fgllowing CH2C12 exposure. It appears
that in this cell type the oxidative route. produced metabpliteé which
destroyed the enzymes from which they were formed, and caused cytotoxicity;
fhat is, the MFO pathway produced reactive intermediates, which ;eacted with
proteins and consequently may react‘with and damage DNA. Therefore there is a
direct and indirect evidence that the metabolic inter&ediate(s) produced by

the MFO pathway are mutagenic and possibly genotoxic.

'dther data suggests that the MFO pathway is not important with regard.td the
formation carcinogenic metabolites. Cytochrome P450 appeared to be sat;raced
at 500 ppm in rats (McKenna et al. 1982), while a dose-related increase in
tumor incidence is observed in mice at higher concentrations. Indirect
evidence has been presented (Andersen et al. 1987) which indicapés that the-
MFO patﬁway may not be the primary .carcinogeﬁic-pathway. This evidence
consists of comparing the results of the NTP (1986) inhalation study, where
fumors were clearly observed, with those of the National Coffee Association
(NCA) drinking water study (Serota et al. 1986a,b) where therg was a
borderline‘ increase in tumors (see Appendix B, page B-11). The PBPK target
dose by the MFO pathway was higher in the NCA study, but the GST target dose
was lower. Cohn (1987) of the CPSC concluded that the MFO pathway was
saturated in both studies, and indicated that if the MFO pathway were of
primary importance, similar carcinogenic responses would have occurred in the
two studies. However, ;he basis for the conclusion is limited. First, the
difference 'in carcinogenic response in the two studies can also be explained

in terms of the applied dose since the dose in the NIP study was, on a mg/kg
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basis, more than 10 times greater than the dose in the Serota et al. study.
The EPA (1985b) stated that the response in the Serota et al. study was
consistent with the calculated carcinogenic risk based on the potency
estimated wusing data from the NTP study, without adjustments for
pharmacokinetics. Second, this comparison does not imply that the MFO pathway
is unimportant in terms of the .carcinogengc response since it may still
produce a significant amount of carcinogenic intermediates. Third, comparison
‘of the two studies would be consistent with production of caréinogenic
intermediates via botﬁ metabolic pathways. Fourth, Cohn’s conclusion assumes
that the calculation of the MFO target dose by the PBPK method is correct.
This target dose has not been directly measured experimentélly.

Cohn (1987) indicated that the "dose-response relafionship for lung and liver
would not be expected to be as pronounced as in the NTP bioassay if the MFO
pathway was of primary-‘importance," since this ﬁathway is expected to be
saturated based on the PBPK model. However, he states further that "this
argument does not eliminate the MFO pathway from consideration with regard to
a roie in the carcinogenic response of methylene chloride, but it does
indicate that some other pathway or chemical species is likely to be of
greater importance.” Although saturation of the total MFO pathway, as
measured by CO production, and the PBPK analysis indicate overall MFO and GST
activity they do not indicate the n;mber of reactive iﬁcarmediates produced by
each pathway. Thus it is the opinion of DHS staff that the carcinogenicity
data - in animals do not indicate which pathway(s) produce carcinogenic
metabolites. However, PBPK models have focused on the GST pathway as the
primary producer of the carcinogenic metabolite, and have placed less weight

on the metabolites produced via the MFO pathway, as is discussed below.
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A third hypothesis suggests that CH,Cl, metabolites formed by the GST system

2772
are responsible  for tumoripenicity. This hypothesis is supported by several
lines of evidence: One is that the increased production of GST pathway

. metabolites is consistent with the treatment-related tumor incidence, since

the GST pathway was assumed to be not saturated at the exposure concentrations
used in the inhalation bioassay. Second, -the addition of a cytosolic fraction
increased the yield of bacterial mutagéns in a Salmonella assay system (Jongen
et al. 1982, Green - 1983). The latter observation also finds support from
studies of the activaéion-of two ocﬁer halogenated hydrocarbons by glutathione
(GSH) , 1,2-dich16roethane (Guengericﬁ et al. 1980) and 1,2-dibromoethane
(Rannug et al. 1978). The third type of evidence implying that the GST
pathway 1is important‘in carcinogenesis is the indication that the MFO pathway

is unlikely to be fully responsible for the carcinogenic activity of CH2012

The obscrved tumorigénicity of CH2C12 appeérs to be related to the formation
of GSH >conjugates via the GST pathway. Howéver, it is unclear as to how
significant a role ﬁhe GST pathway plays and whether the contribution of the
MFO pathway 1is significant. That is, there is considerable uncertainty with
regard to the ident;fication of the methylene chloride-glutathione (CH2012-
GSH) conjugate as the sole metabolite responsible for carcinogenicity in -
laboratory animals and with regard to the exclusion MFO activity from the
production of carcinogenic métabolités. The HRAC (EPA 1987a) indicated that
"the mechanism of carcinogenic action of [methylene chloride] remains
problematical..." and:"...there remains some uncertainty as to whether or not
the GST pathway .is the sole path to carcinogenicity.” The CPSC document

(Cohn 1987) stated "again, of course, some or all of the intermediates of the

various pathways, or the parent compound, may contribute to the carcinogenic
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process.” Although there 1is uncertainty in positively identifying the
cafcinogenic species, EPA and CPSC staff concluded that the MFO pathway only
plays a minor role in the carcihogenic process in animals, and risk estimates
were made using the PBPK model asssumiﬂg'that the carcinogenic .activity of CHZCIZ

1s not dependant on the MFO pathway.

An exte?sive analysis of the PBPK model was presented in the federal
interagency :health/risk assessment committee (HRAC) draft report (EPA 1987a).
The HRAC suggested that pharmacokinetic model adjustments consisted of two
separate analyses (EPA  1987a). The first analysis adjusts for saturated
metabolic pathways during the experimental exposure (referred‘to as a high-to-
low-dose adjustment). The second adjusts for interspecies differences in the
handling of the substance (referred to as the species-to-species adjustment). -
The HRAC analysis concluded that the PB?K model could bé used to adjust for
saturation of the MFO pathway in.calculating the risk estimate for CHZCIZ.
The EPA analysis (EPA 1987b)v§ent further and suggested that an adjustment for
interspecies differences could also be ' made using the PBPK model. The
analyses discussed below will be based on the HRAC report (EPA 1987a), the
CPSC report (Cohn 1987), and the EPA report'(EPA 1987b); The PBPK model is

itself described in Appendix E.

8.5.2 Adjustment for MFO Saturation: High-to-Low Dose Adjustment

The CPSC analysis (Cohn 1987) concluded that "based on the weight of evidence,
some adjustmentvﬁtilizing pharmacokinetic data would appear to be appropriate
when extrapolating from high to low dose in the case of [methylene chloride]."

Based on data discussed in Section 2.2.2 and the PBPK model, the MFO pathway
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is expected to> be saturated at all dose levels ip mice in the NTP (1986)
inhalation bioassay. CPSC viewed the PBPK model as geqeraliy able to estimate
levels of CH2C12 in bloqdé lung and liver. The HRAC'report (EPA 1987a)
indicated that the PBPK.model appeared sensitive to changéQ in-the metabolic
constants KF (the first 'orderv rate constant for the GST pathway), KM (the
Michaelis-Menten constant for the MFO pathway), and VMAX (the maximum velocity
of metabolism by MFO). Based upon data the CPSC obtained frpﬁ the authors of
the PBPK model for estimates of the three constants in humans (KF=0.53; KM=
0.58; VMAX-=118.9), the CPSC reported that consideration of the pharmacokinetic

data required an adjustment of 2.2 for the lung tumor data (Cohn 1987). A

sensitivity analysis' to determine how large changes in the -above three

. variables (KF, KM, and VMAX) would influenée‘ the _adjustment factor was

conducted. The adjustment was shown to be relatively insensitive (varying

from 1.6 to 2.4) even if the three metabolic variables were in errorAby an

order of magnitude. Consequently, consideration of the pharmacokinetic

adjustments from high-to-low dose would reduce the estimated lung cancer

potency by approximately 2.2-fold.

It is not possible to validate the appropriateness of this adjustment. As
indicated in Table 8-1 the wupper bound estimate of risk was baséd on the
incidenée of alveolar and/or bronchiolar adenoma§ or carcinomas in mice in the
NTP (1986) inhalation study. The dose-response data are presented in Table B-
10 in Appendix B. If the cancer dose-response model using an adjusted dose
f£it the data better, that .would . support the'high-toalow dose adjustment.
However, Awhen' the several carciﬁoma and adénoma endpoints in Table B-10 of
Appendix B are examined, there is considerable variability in fit with the

applied doses. For alveolar/broncheolar adenomas the doubling of applied dose
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does not correlate well with the increase in tumor response (56 to 75%), and
may indicate a séturacing metabolism. However, for élveolar/bronchiolar
carcinomas, the doubling of the applied dose correlates very well with the
tumor response (27 to 60%). As indicated abové, the carcinogenic response
would not be expected to increase with dose if the MFO pathway was the only
pathway producing carcinogenic iﬂtermediates and if the MFO pathwﬁy was
saturated in the NTP (1986) study. However, the response would be expected to
increase with dose if ége MFO and GST pathways both contributed appreciably to
the production of carcinogenic intermediates. Thus, considering the wide
variability in dose-response, support for or against the high-to-low dose
adjustment does not appear to be available based on an iﬁproved modcl fit of

the tumor data.

8.5.3 Species-to-Specics Adjustment

Extrapolation between species involves numerous factors, including metabolism
and pharmacokinetics. As Cohn (1987) indicated "the ability to elucidate one
component of a species difference does necessarily indicate what, if any,
adjustments should be made; it does not provide more ceftainty than the
empirical process currently used; in fact, making the necessary assumptions
may introduceqeveﬁ more uncertainty than the present empirical procedure.” As
a result, the CPSC did not make a species-to-species adjustment for CH2C12..
However, in addition to the high-to-low dose adjustment, the EPA did calculate
an adjustmeﬁt.factor for species-to-species extrapolation (EPA 1987b), and the

results are described below.
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Two PBPK models were studied by HRAC (EPA 1987a). One was the model developed

by Andersen et al. (Andersen et al. 1984, Andersen et al. 1987) which is based

" on inhalation of CH2C12. The other model was developed by Angelo et al.

(Angelo et al. 1984, Angelo and Pritchard 1984, Angelb et ai. 19863,b) which

is based on intravenous and oral exposure to CHZCIZ.. The two models differ

significantly iﬁ structure. EPA (1987b) chose to develop risk estimates

based on the Andersen et al. (1987) apprdach and to use the Angelo et al.

(1986a,b) model to obtain greater insight into the Andersen et al. model.

The Anderson et al. model is briefly deséribed in Appendix E and references -
to the "PBPK" model refer to the Anderson et al. model unless otherwise

stated.

The Andersen et al. model estimates tissue-level doses for_CH Cl, and its

2772

metabolites.. Andersen et al. (1987) concluded that the estimate of risk from
CH2C12 cxpoéure to the human lung was 144-fold lower using the PBPK approach
compared to the applied-dose approach. EPA (1987b) indicated that this

difference was composed of an 11.3-fold difference based on the estimated dose

adjustment, and a 12.7-fold factor used for surface area correction for dose

when extrapolating across species. EPA further indicated that the difference

between the two approaches was overstated for several reasons. Andersen et
al. (1987) used a lower human breathing rate that represented a resting state

(12.5 m3/day) instead of a 24-hour average (20 m3/day). Andersen et al.

(1987) used a higher mouse breathing rate (0.084 m3/day) than the standard EPA

estimate (0.043 m3/day). Furthermore, Andersen et al. compared their
estimates using their breathing rates to the EPA estimates using EPA
breathing rates. When the same breathing estimates are used in the applied;

dose and PBPK approaches, the estimated PBPK dose is not 11.3-fold lower but
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only 3.6-fold (using Andersen et al. rates) to 9.4-fold (using EPA rates)

lower.

Using the PBPK model developed by Andersen et &l. (1987), tgé average daily
concentration of CHZCI2 metabolites in the lung via the GST pathway was
calculated for mice expoged to 2,000 or 4,000 ppm. The HRAC calculated the
internal mouse and human dose levels as indicated in Table 8-4 based on the
female mouse lung tumor data of the NTP (1986) bioassay. The internal dose
calculated for humans in the lung from a 1 ppm exposure was 0.008386 mg/L/day.
The unit risk reported by HRAC (EPA 1987a) was 1 x 10'6(ppb)'l (or 3 x 10”7
(yg/m3)-1). The risks from CH2012 calculated from the female mouse.lung tumor
data using Qarious assumptions are shown in Table 8-5. Approximately a 9-foid
reduction in estimated risk is achievéd by the combined high-to-low dose and
species-to-species adjustments. This reduction is mostly due .to the
. assumptions concerning the species-to-species adjustment. As indicated in
VSection' 8.5.2, accounting for saturation of CH C12 metabolism (high;to-low

2

dose adjustment) would account for about 28% of the total adjustment.
8.5.3.1 Use of a Surface Area Corection Factor.

The HRAC (EPA 1987a) analysis differed with the approach suggested by Anders;n
et al. (1987) regarding the surface area correction on applied dose. Andersen
et al. (1987) assumed that the.gdjustment for metabolic differences across
species in the PBPK model should-replace the surface area adjustment (EPA
1987a) . However, in this case the HRAC concluded that the surface area
conversion factor (12.7) is still needed to account for interspecies

differences in sensitivity of the tissues to the internal dose. Currently,
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TABLE 8-4

HUMAN AND MOUSE CHZCI2 INTERNAL DOSE LEVELS BASED UPON THE RESULTS
OF A PHYSIOLOGICALLY BASED PHARMACOKINETIC MODEL?

_ Exposure Level - Internal Lung Dose of CHZClZ:’
(ppm) (mg/liter blood)
Mice Humans
4,000 | 240
2,000 ’ A" 110
1 o : 0.008

4pased on the model of Andersen et al. (1987) as reported by EPA (1987a,ﬁ).
The values were adjusted for—icontihdous ex?dsure. That is, the mouse
exposure in ppm was multiplied by (6 hours/day)/(ZA‘ hours/daij(S
days/week) /(7 dayS/week)..‘The concentrations are calculated from the female
mouse lung tumor data (NTP 1986). ‘
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TABLE 8-5

COMPARISON OF HUMAN CANCER RISK ESTIMATES FROM A 1 ppb CHZCl2
EXPOSURE, BASED ON LUNG TUMORS IN FEMALE MICE,
WITH AND WITHOUT ADJUSTING FOR METABOLISMa
Approach Lifetime Risk
-1 3,.-1
—Dbpb Lpg/m™) —
Applied Dose 9 x 10-6 3 x 10-6
High-to-Low Dose Ad.justment:b 4 x 10.6 1x 10-6
Total PBPK Adjustment® 1x 10°6 3 x 10.7
Total PBPK Adjustment without
Surface Area Correétiond 9 x 10.8 3 X 10'8
2a11 values were adjusted fof continuous exposure. That 1is, the mouse

exposure in ppm was multiplied by (6 hours/day) /(24 hours/day) x (5
days/week)/(7 days/week). The concentrations are calculated from the female
mouse lung tumor data (NTP 1986). The extrapolation was also corrected for
surface area (a factor of 12.7) unless indicated otherwise. The risks are
based on the linearized multistage model.

bHigh-to-low adjustment for saturation of MFO pathway based on the HRAC report
(EPA 1987a). '

cHigh-t:o-low adjustment for saturation of MFO pathway and the species-to-
species adjustment based on the HRAC report which includes a 12.7 surface
area correction (EPA 1987a). ’

¢High-to-1ow adjustment for saturation of MFO pathway and the species

adjustment based on the HRAC report (EPA 1987a), except without use of a
surface area correction.

8-24-



the PBPK model itself does not inéqrpor&te a'susceptibiiity factor. .The CPSC
analysis (Cohn 1987) indicated that ﬁhe surface area adjustment has been used
to account for the many differences between species (e.g., metabolic
activation rates, ciearance, distribution, ceil sensitivity, numbef of cells
in exposed tissue, immunosurveillance, DNA lo;gevity,. efficiency of DNA
repair, and cell proliferation rates). Knowledge of a single iﬁterspecies
difference, such as the pharmacokinetics, does not shed light on the total
interspecies correction since other factors may be -compensating for the

effect, such as the pharmacodynamics (i.e., the effect the chemical has on a

living system).

There is 1likely to be 'difference in tissue suscgptibility within species.
Réi:z et al. (1988) recently réported the PBPK inté;ngl dose estimates for
lung and liver for the NTP (1986) mouse bioassay. The internal doses (in mg
equivaleﬁt CHZC].2 /1i§er volume of tiséue) are reportgd in Table 8-6. As
shown in the table, despite a higher PBPK dose ‘delivered to ﬁhe liver“than to -
the 1lung, the tumor response is slightly lower in the liver chaﬁ the lung.
The potency of the PBPK dose was calculated for each tissue and the lung was
found to be approximately 9-fold‘ more sensitive to the PBPK dose than the

liver. Thus, for this very homogeneous species, there was a substantial
difference 1in tissue susceptibility t§ the PBPK dose. Consequenély. the PBPK
dose should not be considered the sole factor affecting intraspecies or

interspecies differences.

There may be differences in susceptibility across species to the PBPK dose.At
present an estimate of the difference cannot be made'using published PBPK

doses. One possible comparison would be production of lung tumors in female
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mice to production of mammary tumors in female rats. This would compare the
most sensitive sites of two species. However, the PBPK model is currently not
able to calculate an internal dose for mammary tumors. A second possible
comparison, would be of combined liver tumors in rats to that_éf mice based on
the Serota et al. (1986a,b) studies. PBPK doées for all dose levels for these
studies have} not been published .although they could be calculated. The
difficulty in interpreting this comparison would be the borderline significant

tumor response obtained in the studies.

In summary, the PBPK model assumes that seﬁsivitity to the same target dose is
identical in different species. However, based on the 9—f$1d difference
between two tissues in the mouse NTP (1986) study, there is likely to be
differences 1in susceptibility across speéies. Conséquently, staff at DHS
agree that the application of the sutfaée area correction to account for
sensitivity differences is justified, partiéularlyvin light of the numerous
unceftainties involved in the PBPK procedure{és discussed in Section 8.5.3.2,
and questions regarding whether the.carcinogenic pathway has beén identified
in humans. Furthermore, an uncertainty factor (such as the surface area
correction) is needed to account for the potential variability in huﬁan
response to CH2C12 exposure. Thus, DHS staff choose to use the uncertainty

factor, (referred to as the surface area correction), adopted by EPA in the

HRAC (EPA 1987a) document.
8.5.3.2 Concerns Regarding the Species-to-Species .djustment.

There 1is a large number of variables and equations used in the PBPK models.

As indicated above, a sensitivity analysis has been conducted on a few of the
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paramQCers ‘(Cohn 1987). A complete analysis of all the parameters would
assist in 1identifying which parameters have thé gfehtest impact on the final
numerical outcome of the model. Onée the most influqntial parameters have
been identified, reporting that information would be verf helpful in

evaluating how such complex models operate.

The roles of either the CHZCIZ-GSH conjugates or MFO reactive metabolites have

not been elucidated in human carcinogenesis. There is limited information

onthe in vitro GST activity with CHZCI2 in human and rodent liver (Rietz et

al. 1988). Based on a per mg protein basis, mice produce 6- to 10-fold more

reactive metabolite in vitro. However, the human liver (2198g) is more than

1000-fold larger than the mouse liver (1.84g) and would still be expected to
pfoduce 100-fold more of the putative metabolite pér liver. The information
for GST activity in the.lung is more.-limited. Comparison of a single in vitro
mouse tissue experiment to a single in vitro human tissue experiment (Riétz
et al. 1988) indicated a 20-fold differeﬁce in GST activity on a per mg
protein basis. The human lung (1065g) is more than 5000-fold larger phan the
mouse lung (0.2g) (Crosfili _and Widdicombe 1961), and would be exﬁected to
produce 250-fold more of the putative metaboliﬁe per lung. The importance of
this information to risk assessment ‘probably depends on the relative

contribution of other differences between species as discussed in Section

8.5.3.1.

‘Currently the PBPK modél is restricted to considerating only the liver and the
lung metabolism of CHZCIZ. Tumors at several sites have been associated with
CH2C12 exposure in rodents. These tumors include salivary gland sarcomas in

rats (quek et al. 1984), mammary gland tumors in raﬁs (Burek et al. 1984, NTP
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1986), combined liver tumérs in rats (Serota et al. 1986a), hepatocellular
adenomas and carcinomas in miée (Serota et al. 1986b, NTP 1986), and
alveolar/bronchiolar adenomas and carcinomas in mice (NTP 1986). Increases in
tumors in a variety of organs indicates that the carcinogenic activity of
CH2C12 is not tissue-specific. Humans may respond to an extent similar to
other animals though at a different site. The relative distributions of GSH
and GST throughout the body in laboratory animals versus humans have not been
identified; thus, some human tissues may exhibit greater (or lesser)
production of the CH2C12~GSH conjugate than their counterparts in rodents.

Furthermore, more information needs to be developed regarding the relative

activicies of the MFO and GST pathways in various tissues across species.

-

PBPK models have to rely on information from the test species. Human

estimates of enzymatic activity in vivo have been limited to methods relying
on exhalation of CO or carboxyhemoglobin (COHb) levels. Measurements of
enzyme activities and rates of formation of products in vitro are not
available for ‘all animal tissues and are only available for a few human liver
and lung samples. Using 1,2-dibromoethane as a substrate to measure GST
activity 1in the rat indicated that the highest act}vity occurred in the liver
and kidneys and significant GST activity was reported in the lung, ctestis, .
spleen, and heart (Hill et al. 1978). Thus, based on GST activity levels,
other tissues are pos;ible sites of carcinogenicity for CH2C12. Studies by
Black and Howerton (1984) and Mukhtar et al. (1981) suggest that both anigal
and human pancreatic tissue exhibit significant GST activity; as discussed in
Sections 7.2.1 and 8.5, there is some suggestive evidence of increased
pancreatic cancer in humans resulting from CH2C12 exposure (Hearne et al.,

1987). However, it is not possible to estimate a PBPK dose for the pancreas
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based on the data currently available. Although the primary site of GST and
MFO activity is the liver, carcinogenicity is not restricted to that tissue.
In extrahepatic organs, GST activity may predominate o§er MFO activity. Based
on the limited data of Rietz et al. (1988), CST actiyity'is>more'impoftant in

the human than the mouse relative to ‘MFO_ﬁctivity (the ratio of GST/MFO

activity is greater for humans). Another possibility is that simple formation

of a toxic metabolite may not be the overriding factor in carcinogenesis.

Instead, the relative toxifying and detoxifying activities in the specific

organ may be more important.

In addition to the above general comments regarding the PSPK approach, DHS
staff have some specific concerns regarding use of the Andersen et #1{'(1987)
model in risk assessment. Several métabolié_constants'incorporated into the
PBPK model (eig., VMAX for MFO in the>liver, KM for MFO, and KF for GST in the
liver) Qere developed by an optimization procedure to obtain the best fit of
the model to the data on the disappeargncé of the compound ftoﬁ the epr#ﬁfe
chamber (Andersen et al. 1987). The model does not account for sequestering
into 1lipid-rich compartments of some organs. In contrast to the sensiti§ity
analysis for the high-to-low dose adjustment, the results for a species-to-
specieé extrapolation is reportedly very sensitive to the value of KF (Cohn

1987, EPA 1987a). The human variébility in KF has not been established.

There is wuncertainty in the human variability of other physiological
parameters, partition coefficients, and metabolic’ constants used in
pharmacokinetic models. The catalytic affinity (KM) and maximum metabolic
capability (VMAX) for a particular substrate may vary widely due to different

MFO and GST isoenzymes predominénting in different individuals and tissues.
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These 1isoenzymes may also differ in the responses of the genetic systems
controlling their induction or repression to chrdnic exposure. GST is known
to have at least 7 isoenzymes which differ in catalytic activity, in substrate
specificity, and in both subcellular and tissue distribution. The specific
activity of GSTs may vary by orders of hagnitude for the same substrate Qhen
tested with different isoenzymes (Jakoby and Habig 1980). The isoéymes of GST
responsible for CHZCI2 metabolism have not been identified. It is not clear
if one or more isozymes is involved. The stability or variability of the
isozymes in the human liver assay have not been verified. Up to 50% of the
human population lack a specific GST isozyme present in the rest of the
population (Seidergard and Pero 1985, Seidegard et al. 1985, 1986). Thus, if
one or more of the pooled human livers lacked a potential CH2C12-specific
isozyme, there would be a decreased GST activity in the sample. Since very
few human livers have been assayed for GST acti?ity, the inter-individual
variagbility is not known. Furthermore, sinée.the livers used may hgve been
affected byvthe use of drugs or anesthetics in heroic measures to save trauma

victims, it is unclear how representative the these measurements are of the

general populacion.

The human internal dose estimates depend upon the parameter values selected
for use in the PBPK model. Key parameters used in the PBPK model are the
metabolic constants for the two biotransformation pathways proposed for the-
formation of specific metabolites in the liver’ and the lung. Due to the lack
of quantitative data on the metabolism of CH2C12 itself, surrogate substrates
were used to apportion the activity of the MFO and GST pathways éf each tgssuc
(Andersen et al. 1987, Gargas et al. 1986, Reitz et al. 1986) based on the

study of Lorenz et al. (1984). To partition activities between the liver and
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the 1lung, 2,4-dinitrochlorobenzene was used for the GST estimate, and 7-

ethoxycoumarin was used for MFO estimate.

Partition coefficients incorpor#ted. iﬁto the model were ogtained using
homogenized tissues an& a vial.equilibration technique (Andersen et al. 1987).
Homogenization alters the normal architecture of the tissue, destroys proteins
that may interact with the coﬁ;ound,;disrup;s normal membranes, deteriorates
the normal binding components and decreases the ability of the tissue to
metabolize the compound. Applying such metabolic constants measured in acute
experiments to chronic exposure may not take into account responses such as
enzyme induction, tolerance, or other long-term adaptive or pathological
tissue changes. Furthermore, due to the absence of available data, the PBPK
model assumed that the tissue/air partition coefficieﬁts for livg:; huscle and
fat in humans was identical to that measured in the rat (Andersen et al;

1987).

As indicated in Andersen et al. (1987), there is no data to allow direct

calculation of the first order rate constant KF for the GST pathway in humans.

R :
"Based on an apparent allometric relationship of intrinsic clearance (range of

36 to 59 ml/hr/kg) between rodent species, the human,value for the kinetic
constant KF was derived by scaling from the rodent values based on body weight
to the 0.7 power. However, Reitz et al. (1988) indicate that in witro KF

values are roughly equivalent to the scaled values.

Due to the use of test results from a variety of studies and procedures, there
may be considerable variability in the parameters due to experimental error,

systematic differences in assay methods, and tissue preparation which have not
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been taken into account. For example, the KM values for the metabolism of
CH2C12 to CO via the oxiditive pathway reportedly vary by a factor of 58
(ECETOC, 1987: 0.86 mM; Ahmed and Anders 1976: 50.1 mM), and the VMAX values
vary by a factor of 27 (ECETOC, 1987: 0.58 nmoles/min/mg piétein; Ahmed and
Anders, 1576: 15.5 nmoles/min/mg protein). The values for 2,4-
nitrochlorobenzene metabolism (used to partition lung and liver activities) in
rat liver cytosolic fractions for GST activity range over 8000-fold (Green et
al. 1986c: 0.16 nmol/min/mg; Moron et al. (1979): 567 nmol/min/mg; Lorenz et
al. (1984): 1380 nmol/min/mg). The values for 2,4-nitrochlorobenzene
metabolism in 'rat lung cytosolic fractions for GST activity had over a 6000-
fold range V(Green éc al. 1986c: 0.015 nmol/min/mg; Lorenz et al. (1984): 77
mmol/min/mg; Moron et al. (1979): 100 nmoi/min/mg); Andersen et al. (1987)
presented four estimates of the human VMAX for the MFO pathway that varied by
a factor of 2 (82 to 159 mg/hr). Thus, there is considerable variation in the
_-estimat; of many of the parameters used in the PBPK model. Variation in the

individual parameters may combine to inérease the uncertainty of the overall

outcome of the model.

References have been made to unpublished studies and draft reports throughout
this section. Generally, DHS staff do not rely heavily on such information
‘since unpublished data may be very preliminary in nature. Information that is
unpublished or peer-reviewed may be u#eful for clarification of the issues
discussed or to acknowledge those who have evaluated and analyzed the complex
issues involved in using the PBPK model. In several instances in this
document DHS staff have extensively evaluated the unpublished data. In some
caseé, the preliminary information has been found to be incorrect. For

example, the initial unpublished report submitted by the Halogenated Solvents
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~Industry Alliance (HSIA) to DHS indicated that ‘the activity of the human liver

GST was zero (ECETOC 1987). This result, obtained from a small sample size,
and an inadequate assay method, was reported to regulatory agencies and widely
to the scientific community. However,.the more recent submis;ions indicate
some activity (Green ‘et al. 1987a; Reitz et al. 1987, submission by DOW
Chemical Co. to EPA; ECETOC 1988). A recent publication (Rietz et al. 1988)

also reports GST activity in the liver.

In other instances, unpublished data may indicated results contrary to
information already published. For example, Green et al. (1986b, 1987¢c)
reported that mice exhaled more CO2 than rats and that there was a resulting

species difference. However the work of McKenna et al. (1982) and Angelo et

‘al. (1986a,b) indicate the absence of a species difference. In such

instances, the published information would be relied upon‘to draw conclusions.
Another example is that Ahmed_and Anderé (1976) reported that the metabolism .
of CHZCI2 to formaldehyde by rat liver cytosol was significantly gréatér than
that reportéd in Green et al. (1986c). In another example, the values of 2,4~

nitrochlorobenzene metabolism in liver and lung cytosolic fractions for GST

- activity were’ significantly lower in Green et al. (1986¢) than in eithér

Lorenz et al. (1984) or Moron et al (1979).

Other data in unpublished reports that appear contradictory often cannot be
explainedi For example, Green et al. (1986) describes exposure of mice for §
hours to CHZCIZ. In this study blood levels of CH2C12 for the 2000 ppm
exXposure were lower ag 6 hours (20 #g/ml) than at 1.5 hours (40 pg/ml). Such

information may simply reflect the prelimary nature of the experiment and of

scientific knowledge in this area.
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However, the use of unpubiished human data from studies conducted at DOW
Chemical Co. (VMAX and KM for the MFO pathway in humans) in the PBPK models is
of particular concern to DHS staff. Similar human data from other sources is
not available for comparison; In Andersen et al. (1987) the source of the
data is atctributed to unpublished data by Nolan and McKenna at Dow Chemical
Co. However, in a recent publication by Rietz et al. (1988) of Dow Chemical
Co. the human data is cited by referencing Andersen et al. (1987) without
mention of their anubl}shed nature. This circular referencing may lead to
the misunderstanding that the data and study have been peer-reviewed and
published.

In summary, while the general approach and structuré of the PBPK model is
attractive and seems reasonable, several issues regarding the ultimate
~accuracy of the PBPK model over the concentration;_ of interest remain
unresolved. . More information is needed with regafﬁ to validation of the
predicted results of the PBPK model. The effects of some variations in model
design on tﬂe final results needs to be quantified: Further research is
needed to elucidate the relative importance of the methjlene chloride-
-glutathione conjugates and the MFO pathway in humaﬁ~carcinogenesis. The
accuracy of éstimates of the individual parameters isnhighly variable. The
sensitivity of the model to changes in parameter vaiues should be further
evaluated with regard to the uncertainty in the parameter values. In
addition, sites other than the lung and liver should be assessed in terms of
their contribution to metabolism and their susceptibility to carcinogenicity.
On the other hand, the PBPK approach does allow for consideration of pertinent
data that cannot be taken into account in the applied. dose approach. Thus,

despite the concerns enumerated above, cautious application of the PBPK model

8-34



< ©

(>

to methylene chloride risk assessment is appropriate in conjunction with other

more traditional approaches.
8.6 Conclusions

A variety of approaches were used to develop models to obtain estimates of
cancer risk associated with exposure to CH2C123 The results obtained from
those models, which DHS “staff conclude are .most reievant to the risk
assessment of airborne CHZCIZ. are summarized in.Table 8-7. The values shown
represent the potential increase in cancer ri#k associated with continuous
lifet;me exposure to 1 ppm of CH2012 in ambient air. The risks estimated for

a 1 ppb lifetime exposure to CHZCIZ, based on induction of lung tumors, range

from 1 x 1078

to 10 x 10°° (0.3 to 3 x 1078 for 1 pg/m3 for exposure). The
State of New York reportedvA unit risk of 2.7 x'?.10.6 for a lifetime expésure
to 1 yg/m3 (Riano and Rest.1986). The PBfK-adjusééd values'required parameter
estimates from a model as reported by HRAC (EP& 1987a), EPA (1987b) and the
CPSC (Cohn 1987). The lower estiﬁate'(l X 10'6/§pb) incorporates a complete
pha:macokinetic adjustment as calculated by EPA'(1987b). DHS staff believe

that the complete pharmacokinetic adjustment retains considerable uncertainty.

In contrast, the applied dose wvalue (10 x 10'6/ppb) does not incorporate any

of the available pharhacokinetic information, and thus ignores information -

regarding saturation of the MFO pathway in the NTP study; the likely result is
that the applied dose value overestimates the risk. The high-to-low dose
adjustment used by CPSC to generate a risk of 4 x 10'6/ppb incorporates

information regarding saturation of the MFO pathway in the NTP study.

However, the high-to-low dose adjustment assumes a negligible contribution by .

the MFO pathway to the cancer risk of CH2012, and thus may underestimate the
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risk. EPA staff have indicated that incorporation of the MFO pathway would
increase the value only slightly. DHS staff conclude that the full range of
values presented above is scientificall& plausible, however, after evaluation
of the HRAC data (EPA 1987:) and other available evidence preséhted Sections 2
and 8, the CPSC adjusted value (Cohn 1987) of 4 x 10-6/ppb appears to be the

most likely estimate of the risk of CH Cl2 exposure.

2

Air monitoring in several areas in California indicates that approximately
20.3 million .people are exposed to a range of CH2C12 concentrations from 1.1
to 2.4 ppb weighted by population. This range of exposure would be associated
with an upper 95% confidence interval of risk ranging from 1 x 10'6 (1.1 ppb x
1 x 10'6/ppb) to 26 x 10-6 (2.4 ppb x 10 x 10'6/ppb). With an estimated
exposed population of 20.3 x 10§, the 95% upper confidence limit range of
estimates of e#cess cancer cases over a lifetime exposure to CH2012 would be
20 to 500. Thi; is the range of plausible upper bound estimates, and due to

the wuncertainties in the risk extrapolation process (over five orders of

magnitude), the actual number of excess cancer cases may be as low as zero,

Air monitoring of CHZCI2 in the South Coast basin has yielded an estimated
range of ambient concentrations of 1.5 to 3.1 ppb weighted by population.
This exposure would _be. associated with an upper 95% confidence interwval of
risk ranging from 2 x 10°6 (L.5 ppb x 1.2 x 10.6/ppb) to 3.0x ].0.5 (3.1 ppb
x 10 x 10-6/ppb). With an estimated population of-10.09 X 106, the 95% upper
confidence limit range of estimates of excess cancer cases over a lifetime due

to exposure to CHiCl2 would not 1likely exceed 20 to 300. Due to the

uncertainties in the extrapolation process (five orders of magnitude) the

actual number of cancer cases may be as low as zero.
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-~ Table 8-6

DIFFERENCES IN TISSUE SUSCEPTIBILITY TO THE PBPK DOSE

LUNG
a
Exposure _ b
(ppm) ' PBPK Dose. Tumors
0 0 3/50
2000 321 30/48
4000 482 41/48
Potency of PBPK dose® 3.9:{10.3

(per PBPK unit)

LIVER
PBPX Dose ' Tumors
0 3/50
785 16/48
1670 40/48
4.5%10"%

aExposure of B6C3Fl mice for 6 hours/day,:S days/week.

bInternal dose calculated by Rietz et al. (1988) in éverage mg equivalents of

CH2C12 metabolized by GST pathw;y per day per liter volume of tissue. The values

were corrected for fraction of a lifetime exposed.

pathway per day per liter volume of tissue.
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TABLE 8-7

SUMMARY OF HUMAN CANCER RISKS ASSOCIATED WITH CONTINUOUS

LIFETIME EXPOSURE TO 1 ppb CH,Cl, BASED ON

LUNG TUMORS IN FEMALE MICE USING VARIOUS MODELS AND ASSUMPTIONS?

Increased Lifetime
Cancer Risk Due. to
Continuous Lifetime
Exposure to 1 ppb

Exposure Model Mathematical Model Endpoint CHZCI in Ambient Air
Applied Dose Linearized Multistage Lung Tumors 9 x ].O'6
Applied Dose Time-Dependent Multistage Lung Tumors 10 x ].O°6
High-to-Low Doseb Linearized Multistage Lung Tumors 4 x 10‘6
High-to-Low Dose Time-Dependent Multistage Luhg_Tumors ; 5% 10-6
Total PBPK® Linearized Multistage Lung Tumors 1x 10'6

a . . : . -
~Surface area conversion for rodent to human risks. Risk estimates are reported
at 95% upper bound values.

bHigh-to-Low dose adjustment for saturation of MFO pathway based on the HRAC report
(EPA 1987a). ’

cHigh-to-Low dose adjustment for saturation of MFO pathway and species-to-species
adjustment based on the HRAC report (EPA 1987a).
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9.0 CONCLUSIONS

The Aevidence characterizing acute, subchronic, and chronic health effects of -
exposure to CH2C12 may be summarized as follows. Acute toxicity studies
conducted in 1laboratory animals indicate that the central nervous system is
the primary target organ, with nervous system deﬁression.appearing at dose
levels as 1low as 500 ppm. The available experimental studies of acute hum;n
exposure to CH2C12 suggest that it caused central nervous system depression
and altered behavior at similar concentrations. The levels of CH2C12 required

to elicit such effects are well above those which can be expected to be

encountered in ambient air.

Subchronic or chronic‘exposure of experimental animals to 500 to 1,000 ppm or
more of CH2C12 has been reported to cause behavioral changes, hepatic
dysfunction, and, less frequently, luné.lesions. There hgve Seen relaﬁively '
few reports of subchronic or chronic toxic effects resﬁlting from exposure of
humans to CHZCIZ' Subchronic and chronic effects reported include alterations
in carboxyhemoglobin levels, enéephalosis, toxeﬁia, and bilateral temporél
lobe degeneration. In many cases, it is unclear whether the reported
toxicities were caused by the direct action of CH2C12 or by the indirect
action of carbon ’ﬁpnoxide, a major metabolite of CHZCIZ. These effects are

unlikely to occur at ambient concentrations.

The reproductive and teratogenic potential of CH2C12 cannot be adequately
characterized because the data to evaluate toxicity to germ cells and

potential teratogenicity are limited. The minor effects that have been
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observed may have resulted - from maternal toxicity due to

carboxyhemoglobinemia.

Methylene chloride is a weak mutagen as indicated by positivé'respenses in the
Salmonella and E. coli bacteria test systems and in the yeast Saccharomyces.
Methylene chloride induces cell transformation and chromosomal aberrations in

vivo. Other  in yvitro and jin vivo test systems designed to detect gene

mutations and DNA binding have resulted in negative or equivocal results,

although tests of clastogenic potential were positive.

There is sufficient evidence to regard CH2012 as a probable human carcinogen
based on responses in the B6C3Fl mouse liver and lung and the F344 rat mammary
gland.  Although a positive response was not obtained in the B6C3F1 micé
exposed to CH2C12 in drinking w;ter, the dose levels pef unit bodyweight were
lower than the levels resulting in positive effects in B6C3Fl mice exposed via
inhalation. The available evidence from human epidemiology.studies should be
regardea as 1inadequate. Applying the EPA’'s criteria for evaluating the
overall weight of evidence of carcinogenicity to humans places CH2C12 in Group
B2. The EPA suggests that agents classified in Group B2 are "probable” human
carcinogens. This category includes agents for which there is inadequate
evidence from human epidemiologic studies and sufficient evidence from animal
studies. An International Agency for Research on Cancer working group has
recently evaluated the potential carcinogenicity of CH2C12 and also found
sufficient evidence for carcinogenicity in animals, inadequate evidence in
humans, and thus it recommended that CH2C12 be classified as a Group 2B agent

(IARC 1986). International Agency for Research on Cancer suggests that agents

classified in Group 2B are "possibly carcinogenic to humans.”
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There 1is no evidence from the known metabolic pathways for CH to suggest

2%,
that there may be a biochemical threshold for carcinogenic action.
Additionally, because the metabolism of CH2012 results in mutagenic

metabolites, a carcinogenic threshold dose cannot be estimated.

Mathematical models for the prediction of cancer risk associated with CH2C12
consistent with géﬁotoxic and cell proliferation mechénisms of tumor induction
were discussed. Cancer risks were estimated using models based on standard
assumptions regarding biological mechanisms of carcinogenesis that fit the
experimental data. Low-dose linear terms for the models were estimated and
used as measures of cancer potency. The -Andersen et al. (1987) PBPK model was
also used and adjusted to account fdr exposure to a delivered dose of the

putative biologically active CH2C12 metabolite. Estimation of delivered dose

‘was based on several additional assumptions, so the potency developed in this

. manner should be viewed with caution: The DHS staff have presented the

potency estimates developed by the:EPA_and'the U. S. Consumer Product Safety

Commission using a PBPK model. Thus, the range of risks presented include

standard applied dose calculations and internal dose calculations.

Assumiﬁg that the airborne concentratjons of CHZCI2 to which anima}s were

exposed can be extrapolated between specigs, potency estimates for CH2C12 were

calculated using dose-response models that are linear AC low doses. The 95%
6

upper bound for unit risk estimates span the range 1 x 10'6 to 10 x 10~ per

ppb (or 3 x 10”77 to 3 x 107 per (ug/m )).
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