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Dear ¥r. Barham:
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eniclosed ccmments on the preliminary draft Repert to the air
Rescurces Board on Methylene Chloride (Parts A & B).
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INTRODUCTION AND SUMMARY

The Air Resources Bocard is considering whether methylene
chloride. should be identified as a toxic air contaminant. Such
an identification requires a finding that methylene chloride "may
cause or contribute to an increase in mortality or an inérease in
serious illness, or may pose a present or potential hazard to
human health" under Section 39655 of California’s Health and

Safety Code.

TheiHalogenated Solvents Industry Ailianée (HSIA) is an
association of producers, distributors, and users of halogenated
solvents, including methylene chloride. The comments that followA
provide HSIA’s views on both parts of the prelimiﬁary draft
Report to the Air Resources Board on Methylene Chloride (The
"draft Report"), dated November 13987. Our members, as well as
other users of methylene chloride, have a vital interest in the

accuracy and scientific validity of the Report.

Biological data on methylene chloride are extensive.
When the bioassay results are interpreted in light of these
data, described in detail below, the weight of the evidence
strongly éuggests that levels of methylene chloride in the

California environment do not pose a human cancer risk.



First, well-conducted epidemioclogy studies show no evidence
of an increased overall cancer risk or risk at the primary sites
associated with lesions found in animal studies. »This situation
differs significantly from one in which only animal evidence is
available and a regulatory agency has little choice other than to

treat the substance as if it were a human carcinogen.

Second, methylene chloride does not appear to be
acting by a direct genotoxic mechanism. In light of the overall
negative results in genetic toxicity studies in higher order
animals, including several important DNA-binding studies,
genotoxicity would not appear to be a significant factor in -

inducing tumorigenic effects.

Third, the evidence for induction of lung and liver
fumors in mice was obtained at toxic doses. Studies suggest
that cytotoxic damage in thé lungs of the mice exposed at the
dose levels of the NTP study played a significant role in the
enhanced lung tumor response observed. Cytotoxic effects were
not observed in the rats. This difference is consiétent with
the known metabolic differences between lung tissue of mice,

rats, and humans.

Fourth, available metabolic data indicate that
substantial quantitative differences between species exist.
' Moreover, in vitro metabolism data are available to explain the

observed sensitivity of the mouse. These data, coupled With the



high spontaneocus lung and liver tumor incidence normally found
in B6C3F1 mice, suggest that the mouse is a less appropriate
model than the rat or hamster for predicting potential human

response to this chemical.

The final version of the Report should provide the
staff’s reasoning in its hazard identification. "It is not
adequate simply to state, és the draft Report does, that (IARC)
the International Agency for Research on Cancer and EPA have
found the animal evidence to be sufficient and consider methylene
chloride to be a probable human carcinogen. Indeed, it is
incorrect to state that IARC considers methylene chloride to be a
probable human carcinogen. At the same time that iARC decided to
place methylene chloride in its Group 2B, it changed the
terminology describing that category from "probably carcinogenic
to humans" to "possibly carcinogenic to humans." This change
reflects increasing awareness of the fact that classification
decisions (such as IARC’s) based strictly on.a scoring of the
bioassay evidence for carcinogenicity cannot adequately serve to
chéracterize the overall likelihood of a substance to cause -

cancer in humans.

In addition; EPA’s most recent assessment (the draft HAD
Update) is currently being reviewed by their Science Advisory
Board, which may take issue with EPA’s classification of
methylene chloride. Moreover, EPA is expected in the near future

to reassess its Guidelines for Carcinogen Risk Assessment, in



order to take into account developments since they were propose&
in 1984 and published in 1986. These include scientific
advances enabling toxicological'evidenée to be better taken into
account in the hazard identification stage and the changes in

the IARC terminology.

PART A

Part A of the draft Report concerns public exposure to, and
sources of, atmospheric methylene chloride in California. HSIA
does not have detailed information on current ambient exposures
to methylene chloride in California and cannot offer a thorough
review of Part A at this time. We note that the draft Report
states (page III-3) that methylene chloride use "is expected to
decline due to health concerns and the possibility of
governmental regulation." In summarizing methylene chloride use
in Table III-1, however, estimates of current U.S. use are based
on information provided by HSIA for calendar year 1983. A more
realistic estimate of current U.S. use would bé 497 million
pounds for 1987 from an estimate by Dow Chemical Company (USA)

based on current government data.

The Air Rescurces Board used emissions and meteorological
information to estimate the ambient concentration of methylene
chloride associated with operations at three different industrial

facilities. The Report states that the Industrial Source Complex



Short Term (ISCST) model was used to estimate the annual average
concentrations. The ISCST model is designed to estimate
short-term (6ne to twenty-four hour) averages, not annual
averages. Annual average concentrations should be estimated
using a statistical summary of recorded meteorélogical data
rather than sequential data and the long-term version of the

model (ISCLT).

Hourly meteorological data should be used when short term
maximum concentrations are being estimated. The hourly data
allow the user to estimate short term peaks in concentraticns
associated with specific meteorological phenomena. If an annual
average is being sought, use of a statistical summary of
meteorological data is preferred aé this format allows the model
to consider multiplebyears of data (summaries are usually made
from five or ten years of data) in determining the annual average

concentrations.

The ISC model series includes two separate models; one for
estimating short term concentrations (ISCST) and the other for
use in estimating annual averages (ISCLT). ISCLT differs from

ISCST on two very important points:

(1) estimated concentrations are averaged over
the sector in question and "smoothed" between

sectors to avoid discontinuity, and



(2) a maximuh of 16 wind direction sectors is
allowed rather than the 36 sectors used by
thg ISCST model.

The effect of both of these points is to reduce the
estimated concentration in most cases. The first point
recognizes the normalizing effect that the wind direction
variability throughout the year would have on the annual average
concentration. Secondly, since concentrations calculated by
ISCST using 36 sectors (10 degreeé each) can be no more than 5
degrees off the maximum centerline concentration, most calculated
concentrations would be greater than if the emissions were spre;d
over a 22.5 degree sector (the smallest allowed by ISCLT'’s
requirement that no more than 16 sectors be considered) following

the algorithm in the ISCLT model.

The Report also states that the emissions ffom the
automobile assembly plant were modeled as an area source even
though methylene chloride is actually emitted from a series of
stacks. Modeling the emissions as though they emanated from an
area source rather than stacks does not recognize the benefits of
enhanced dispersion due to the vélocity and temperature of the
exhaust as it exits the stack. The ISCST model does allow the
user to input an effective emissions height to account for the
"plume rise" due to the momentum and/or buoyancy of the exhaust
but the Report does not say if an effective emission height was

calculated and used in. this analysis.



The draft Report (pages II-4 and II-5) uses Gleit’s method
to estimate mean concentrations of methylene chloride below the
level of quantification of the monitoring stations.l Although
Gleit’s method has been shown to outperform the current EPA
policy of replacing monitored values below the detection limit
with tﬁe detection limit, the method was designed to determine a
mean for comparison with a specific value (e.g. a standard).. The
Air Resources Board has no specific value with which it can
compare the data; rather, the Air Resources Board conducted the
monitoring study to assess the pétential health hazard that may
be posed by existing levels of methylene chloride in the ambient
air. For this purpose, a summary of the data, including the
percent of data below the dection limit and a range of possible
average concentrations (assuming all missing data are equal to
zero for the lower limit of the range and all missing data are
equal to the detection limit for the upper limit of the average)

would be more informative.

The statement in the draft Report that’water chlorination is
a source of environmental methylene.chloride seems in error. The
kinetics of reactibn between chlorine and organic material in
water is such that only chloroform is released to any appreciable

extent.2



The draft Report should integrate the pharmacckinetic
information addressed in Part B with the exposure information in
Part A. Health effects information suggests that the effects of
methylene chloride at high exposure levels are unlike the effects
after chronic low expésure. An analysis of the pharmacokinetics

of methylene chloride proQides an explanation for this

difference.

Appendix A contains scme detailed technical comments on Part

A of the draft Report.

PART B

Part B of the draft Report concerns the health effects
of méthylene chloride. The Executive Summary concludes that
environmental levels of methylene chloride in California are well
below any known acute and noncarcinogenic chronic levels that may
" cause adverse health effects. This conclusion is adéquately
supported by the available data and by reviews by other

scientific panels, including EPA‘s Science Advisory Board.

Because methylene chloride exposures are widespread, albeit
very low, it is appropriate for the draft Report to assess the

possibility of human carcincgenic effects. However, because it



concludes that methylene chloride may pose a cancer risk to
~humans at ambient concentrations, and presents estimates of human
cancer risk derived by applying an essentially linear
(multistage)'model to the.positive results from a single animal
bioassay, the draft Report is seriously flawed. The draft Report
wrongly interprets available human data, incorrectly assumes that
methylene chloride is genetically active with mammalian éells,
and fails to make use of available data on mefabolism,
pharmacokinetics, and mechanism. Most significantly, it fails to
address the overall weight of the evidence as to carcinogenicity,
and fails to use more biologically motivated extrapolation
models. These points are addressed in turn below. If all the
available data were taken into account, the draft Report would
not conclude that methylene chloride is a probable human
carcinogen at ambient environmental (or workplace)

concentrations.

Epidemiology

The best scientific evidence addressing the potential
carcinogenicity of a substance in humans is provided by studies
of human populations actually exposed to the substance (i.e.,
epidemiology studies). Two well-conducted epidemiology studies
have been completed on worker populations exposed to methylene
chloride. They show no evidence of an increased overall cancer

risk. The draft Report is seriously deficient in failing to



recégnize that these studies provide no indication that methylene
chloride has had a carcinogenic effect in workers exposed for
many years on a daily basis to concentrations from 3,000 to
100,000 times higher than the three parts per billion cited in

the draft Report (page i-2) as the average ambient concentration

in California.

The first of these studies, of employees at an Eastman
Kodak Company plant in Rochester, New York, coﬁpares mortality
rates of over 1000 employees with identified methylene chloride
exposure to mortality rates for an unexposed worker population,
as well as to the overall mortality of upstate New York.
males.3 This study indicates that workers exposed to methylene
chloride for an average of 22 years actually had a decreased
incidence of cancer mortality when compared to either of the
ccomparison groups. The study demonstrates no unusual mortality
patterns for such hypothesized causes as lung and liver
malignancy, and concludes that there is no evidence of an
increased mortality risk for lung cancer. As to mammary gland
and liver tumors, the authors acknowledged that there are power
limitations. With respect to lung tumors, however, they
concluded that the study is sufficiently powerful that it would
detect relative risks of increased lung cancer mortality of at
least 1.6. Thus, the Eastman Kodak study would adequately detect
any statistically.meaningful increase in realtive risk caused by
a carcinogen, although power limitations 6bviously would prevent

detection of a very weak carcinogen.
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Significantly, the authors compared the number of excess
lung.and liver cancer deaths obser§ed in their study with the
number predicted from the results of the NTP inhalation study
using a mathematical extrapoclation model very simiiar to that

used in -the draft Report.4 They found that:

[ajlthough 36.3 deaths were predicted, only

14 were observed, a highly significant
difference . . . . Thus, the projections
‘based on animal data were clearly inconsistent

with human experience.

Rather than acknowledging that the Kodak study is most
plausibly interpreted as indicating that exposure to methylene
ch}oride at workplace levels does not pose an inéreased risk of
lung cancer; the dfaf£ Reporﬁ interpréts it as a'pdsitive study.
The draft Report states (page 7—3)bthat the Kodak study suggests
a relationship between exposure to methylene chloride and
pancreatic cancer mortality. Accordingly, it concludes (page
7-5) that risk estimates based on positive results in the animal
studies are consistent with the human data. This analysis is
flatly inconsistent with that of the study authors and, indeeq,
that of EPA, which concluded in a recent draft Update to the
Health Assessment Report and Addendum for Dichloromethane (the

"draft HAD Update")5 (page 94) that



the increase in pancreatic tumors may

merely reflect the fact that a few

apparent increases, even statistically
significant increases, can be expected

(even when no excess existé), due to chance
alone. The increase in pancreatic tumors
cannot be considered an unequivocal positive
fesponse and should not be interpreted as
evidence that methylene chloride is a human

carcinogen.

The araft Report uses the pancreatic tumor findings in a
scientifically inappropriate way. An epidemiolegic study that
examines a large number of end points can be expected to produce
false positives. 1In the Kodak study, the pancreas was the only
site for which there was an increase in mortality above
projected walues. At sites where increases were hypothesized,
such as lung and liver, mortality was below that expected.
Moreover, deficits comparable in magnitude to the increase of
pancreatic lesions were reported for two sites, colon-rectum and
genito-urinary organs. It should alsoc be noted that of the 34
deaths that have occurred in the cohort during the past two

years (1985-1986), none has been due to pancreatic cancer.

A detailed discussion of this epidemiology study prepared by

Eastman Kodak is contained in Appendix B.
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The other epidemiology study of methylene chloride
examined the health and mortality of over 1200 employees exposed
to a mixture of methylene chloride, ethanol, and acetone in a
.fiber production plant.6 The study showed no excess
mortality from cancer in the workers exposed to methylene
chloride, even though exposures had ranged up to 475 parts per
million and ovér 300 of the workers had been followed at least
17-1/2 years after exposure. Some of the workers were exposed

for over 30 years.

This sﬁudy is currently being uvpdated by Epidemioclogy
Resources, Inc. (the New England Epidemiology Institute) to
address certain weaknesses: analysis of exposure categories,
reference population, number of employees lost to follow-up and

length of the follow-up périod.

Completion of the updated study will address the
deficiencies outlined in the draft Report and will provide
additional information that should be taken into account in

assessing whether methylene chloride poses a cancer risk.

Genotoxicity

The draft Report correctly states that methylene chloride is
‘weakly mutagenic in bacteria. It further states that methylene
chloride has been shown to damage chromosomes in mammalian cells,

and that methylene chloride should be classified as genotoxic.



Recently completed studieé, however, have shown no DNA alkylation
in lung and liver tissues from mice and rats exposed to high
concentrations of methylene chloride. These results suggest that
methylene chloride does not act directly on mammalian DNA. The
genetic potential of methylene chloride is addressed extensively

below.

The only consistent unequivocal positive responses across
laboratories for methylene chloride genotoxicity are in

genetically altered Salmonella bacteria used in the Ames assay.

The positive response appears.to be due to (1) the ability of

the bacteria to metabolize methylene chloride to a transient
reactive intermediate(s), (2) the close proximity of the
unprotected DNA to the transient intermediate(s) (lack of a
nuclear membrane), (3) the lack of effeétive DNA repair
processes, and (4) the enhanced permeability of fhe Salmonella
bacterial cell wall. These factors combine to provide an
indicator of biologically reactiQe intermediate formation that is
not predictive of effects in higher anihals. The propcsed
reactive intermediates would not be likely to affect the

protected mammalian genome due to their transient nature.’

As one moves up the phylogenetic tree to mammalian cells or
whole animals, consistent positive responses disappear and,
overall, methylene chloride appears to have little if any
toxicologically relevant genotoxic activity. In yeast, methylene

chloride was found to be negative in Saccharomyces cerevisiae
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strain D3 and positive in strain D7.8/2 The positive response
was only observed after oné hour of incubation at a test
concentratioﬁ (157 mM) which was lethal to 58 percent of the
yeast cells. A 34 percent re&uction in dose to 104 mM was devoid
of significant genetic activity in this assay, thus stressing the
steepness of the apparent dose-responsive curve. Interestingly,
four hours of incubation with strain D7 (rather than one hour)
resulted in only marginal effects. éonsidering all of these
uncertainties (high dose, toxicity, narrow window of apparent
activity, apparent lack of activity in othervyeast strains),

methylene chloride is not likely to be mutagenic for yeast.

Progressing to insects, two studies have been reported
in Drosophila melanogaster fruit flies. Abrahamson and Valencia
evaluated methylene chloride in a sex-linked recessive lethal
assay either by feeding or by injection.lO In the feeding
study the flies may not have been adequately challenged because
of the volatility of methylene chloride. However, injection of
‘methylene chlcride resulted ih a dose-related increased mortality
(up to 30 percent) indicating that this element of the study did
prévide an adequate challenge. Methylene chloride did not

produce a mutagenic response.

In a second study, Gocke et al. exposed Drosophila to
either 125 or 620 mM methylene chloride by feeding in 2 percent
DMSO and 5 percent saccharose.ll The highest dose reported was

near the LDggy. A statistiéally significant increase in the
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requency of sex-linked recessive lethal mutations was reported
in this study in one of three broods, after combining the two
treatment groups. Neither individual dose group differed

statistically from the control value.

Several factors impinge on the interpretation of the
Gocke study. It is not clear whether the experiment
was adegquately controlled. The control value to which the
treatment va;ues were compared represented accumulated values
from all of the experiments conducted (on many different
compounds) .. At least four different solvents (vehicles) were
used from which the control values were tabulated. There is no
way to tell from the data, as presentad, what contribution these
different solvents made to the final control values. Thus, the
overall control value may have underestimated the true value
which might have arisen for a particular solvent and therefore
overestimated the test chemical response. Furthermore; the
cumulative control values for broeds 1, 2 and 3 showed enough
variation (0.14-0.39 percent)-thét the biological significance of
the brood 1 response, which was the only significant response,
becomes questionable. Only by combining both treatment groups in
brood 1 (125 and 620 mM) was a significant response attainable;
that is, neither'individual group differed statistically from the
cumulative controcl value. Thus, this study provides only

suggestive evidence for genotoxic activity of methylene chloride,

R
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and coupled with the negative study by Abrahamson and Valencia,
suggests the true bioclogical relevance of the reported positive

result to be low.

With respect to mammalian cells, methylene chlecride did not
induce a genotoxic response in several assay systems, including
neoplastic transformation in studies in BALB/C-3T3 and
C3H-10T1/2 ceils, respectively.12 'While reagent grade
methylene chloride gave peositive transformation results in a
F1076 cell line, this effect was not repeatable with purified
food grade methylene chloride.13 Methylene chloride did not
induce unscheduled DNA synthesis (UDS) based on the results of
Jongen et al., Andrae and Wolff, and Trueman et al.l4 The
study by Trueman et al. is particularly significant since UDS was
not induced either in vitro, in rat hepatocytes or in an in
vivo/in vitro assay in hepatocytes from mice and rats exposed to
high concentrations of methylene chloride. The "marginal
positive" response reported by Thilagar et al. reflects a low but
statistically significant increase in unscheduled DNA synthesis.
The biological significance of such a low response is debatable.
Methylene chloride has been found to be negative in CHO V79 and
mouse lymphoma mammalian cell gene-mutation assays.15 Most
recently; methylene chloride was evaluated and found to be

negative in the mouse micronucleus test.16

One other system with seemingly consistent positivé



responses to methylene chloride is in vitro cytogenetics.l7 At
an Environmental Mutagen Society meeting in the spring of 1985, a
symposium was conducted which indicated that acid, salts, énd
sugar can give positive in vitro chromosomal aberration results
by affecting the osmolality and pH of the media (even when
neutralized). In addition, cell toxicity or pharmacologic
effects may be significant for the inductign of chromoscmal
aberrations in vitro via peroxide or free radical formation. A
study by Dutton and Bowden &escribes the concept of releasing

"clastogenic factors" within the cell.l®

The implicaﬁion of these observations is that induction of
chromosomal aberrations in vitro may in some cases be caused by a
secondary effect on DNA through the r=lease of intracellular
factors rather than a direct chemical-DNA interaction. Thus,
lowering the dose, which would preclude the events leading to the
secondary effect should preclude effects on the genome. It is
likely that such secondary events occurred with methylene
chloride in some of the in vitro chromosomal aberration systems.
Importantly, the results‘of Burek et al. and Gocke et al. show no
induction of chromosomal effects when methylene chloride is
evaluated in whole animals (in vivo cytogenetics and a

micronucleus assay, respectively).ll' 19

Finally, the potential for methylene chloride labelled with
radicactive carbon to alkylaﬁe target tissue DNA has been

evaluated by Schumann and coworkers.2? Rats and hamsters were
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exposed to 3,500 ppm of methylene chloride labelled with
radiocactive carbon for 1.5 to 3 hours and the DNA from liver and
salivary tissue was isolated and purified. While radiocactive
carbon activity was associated with DNA in these tissues (more in
the hamster, which was negative in a chronic toxicity biocassay),
lit\appeared associated only with normal bases and nucleosides;
indicating radicactive carbon incorporation by normal
biosynthetic pathways (one carbon pathway pool labeling).
Importantly, no alkylated bases or nﬁcleosides were identified at
low levels of detection (12 and 1 alkylation(s) per 10-6
nucleotides per fraction for nucleosides and bases,
respectively). Similar in vivo experiments have now been
conducted by Green and coworkers, using mouse and rat lung and
liver tissue.?l This study allowed for distinction between
incorporation derived from alkylation of DNA by methylene
chleoride or its metabolites as opposed to incorporation via the
normal C-1 metabolic pool. Again, there was no evidence for the
formation of DNA adducts in either species, but the incorpofation
of the radiocactive carbon activity via the single carbon pool was

evident.

These results suggest that neither methylene chloride nor
any oﬁ its metabolites act directly on mammalian DNA. This is
consistent with the absence of a clear carcinogenic effect in
the lungs and livers of the rats and hamsters that have been
tested, and with the hypothesis, supported by experimental data,

that the positive results in the mice are related to the
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peculiar mechanism and metabolism of methylene chloride in that

animal species.

etabolism and Pharmacokinetics

Metabolism and PharmacoXinetlcs

Wwhile it is encouraging that the state re;ognizes the
potential of physiological-pharmacokinetic (PB-PK) models for
improviné the accuracy of risk assessments, it is obvious that
the department does not yet have a goocd understanding of this

technique.

Many of the objections raised by DHS (which-were cited by
EPA in their 1985 document) as limiting the use of PB-PK have
been addressed in recent studies sponsored by Dow Chemical and
CEFIC and are no longer pertinent. EPA has summarized and
intepreted these data in their recent draft HAD update.5
Furthermore, significant misunderstandings of the PB-PK model are
evident in DHS’s statements about the role of metabolism of
methylene chloridé. It is not true that both pathways are
equally utilized at low concentrations as stated in section 2
(page 19), and the fact that tumors increase with dose at high

concentrations is completely consistent with a protective effect

of the saturable MFO pathway at low doses. It is noteworthy that
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the USEPA, the Canadian government, and several European
governments have recently incorporated the technique into their

own hazard evaluations for methylene chloride.

The draft Report fails to make use of available information
on animal and human metabolism, particularly in hazard
identification. A casual reader of the draft Report would not
suspect that methylene chloride has been more widely studied in
terms of metabolism and pharmacokinetics than virtually any other
industrial chemical. The draft Report also indicates a
misunderstanding of mepabolism and pha:macokinetics at several
points. Although the Executive Summary (page ii-2) indicates
that the glutathione4é-transferase pathway is responsible for the
carcinogenic response in mice, the supporting text rejects this
concept. Using new studies from Dow Chemical and Ihperial
Chemical Industries P.L.C., the available PB-PK models show a
correlation between glutathione-S-transferase activity in various
animal species and tumorigenesis. Further, human
glutathione-S-transferase enzyme activity now has been measured
with methylene chloride as a substrate in these same
laboratories. Since this is cited as one of the reasons that
California did not choose the PB-PK model, these data need to be
integrated and utilized in determining whether methylene chloride
poses a cancer risk to humans at low concentrations. EPA has
recognized in the draft HAD Update (page 29) that a PB-PK model
should be used as part of any quantitative risk assessment for

methylene chloride.>



One reason for the draft Report’s inadeguacy is its failure
to make use of the results of current reséarch efforts sponsored
by the European Council of Chemical Manufacturer’s Federaﬁicn
(CEFIC) and Dow Chemical Company (USA). These research programs
began in late 1985, and draft and final reports have been
provided ta the Air Resources Board staff as they have become
available.22 The CEFIC work provided much of the data
evaluated in EPA’s draft HAD Update and was recently cited by
members of EPA’s Science Advisory Board as "indicat[ing] that
methylene chloride is probably not a human'carcinogeh.“z3 Yet
these studies are not used or cited in the draft Report.

The results of the latest research strongly support
earlier indications that the National Toxicology Program (NTP)
mouse biocassay (discussed bélow) is not appropriate for
evaluating the human health effects of methylene chloride, due to
the peculiar metabolism of the mouse. Because of important
species differences in metabeolism, the mouse does not accurately

predict toxic responses in rats, hamsters, or humans.

Methylene chloride is metabolized via two pathwayé: (1) an
oxidative pathway (MFO0) involving cytochrome P-450 that appears
to yield carbon monoxide (CO) as well as considerable amounts of
carbon dioxide (CO,), and (2) a glutathione dependent pathway
(GSH) that produces CO, but not CO. In vitro metabolism

. studies conducted to date utilizing human, mouse, rat, and
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hamster liver fractions have indicated that the metabolic rate of
the GSH pathway is significantly higher in the mouse than in the
rat and that metabolism by this pathway was lower still in either

the hamster or man. 24

Further in vitro metabolism studies across species have been
conducted using radiotracer techniques in an attempt to lower theA
detection limits of the earlier work. These studies detected
measurable levels of glutathione-S-transferase enzyme activity
(GST) that utilizes methylene chloride as a substate in mouse,
rat, hamster, and human tissues. Measurements indicate that the
highest level of enzyme activity is foundfin mouse tissue, a
significantly lower le&el is found in rat tissue, and very low
levels of activity are found in hamster and human tissue. This
is consistent with the earlier findings of significant species
differences in the metabolism of methylene chloride. The levels
of GST found in human tissues are in substantial agreement with
those estimated from allometric scaling by Anderson and

coworkers.25

CEFIC studies compieted in late 1986 determined the in vivo
pharmacokinetics of methylene chloride and its major metabolites,
co an& CO,, in rats and mice both during and immediately after
inhalation expecsure to 500, 1,000, 2,000 and 4,000 ppm methylene
~chloride, the dose levels in the NTP study.26 Saturation of
the MFO pathway occurred at 500 ppm exposure. There was evidence

for significant metabolism of methylene chloride in the mouse at



higher dose levels (exceeding 500 ppm) by the GSH pathway, which
produces CO,. Measurements after 4,000 ppm exposure for six
hours showed almost an order of magnitude more CO, produced per
kg body weight in the mouse than the rat, even allowing for
increased MFO contribution. Overall, eaturation of the MFO
pathway occurred at similar levels in both species, but
significantly>mofe methylene chloride was metabolized by the GSH
pathway in the mouse when assessed either from the blood levels
of methylene chloride or by CO, formation at high dose levels.
These data edd to the weight of evidence indicating that, in view
of its metabolic differences, the mouse is not a good model for
predicting methylene chloride’s effect on humans. -

The extent of species differences is apparent upon
application of a PB-PK model, which, by taking into account known -
physiological and biochemical factors, allows accurate estimation
of the "internal" target tissue dose of methylene chloride or
metabolic products.25 Such models allow comparison of the
minternal dose" across species (e.g., mice, rats, hamsters, man)
as well as across routes of exposure (drinking water versus
inhalation) and therefore allow a more informed comparative
evaluation as to the relative hazard posed by exposure to

methylene chloride.
A significant aspect of PB-PK modeling, in terms of

hazard evaluation for humans, is its indication that the MFO

pathway does not correlate with tumorigenicity. In mice,
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approximately equal amounts of MFO metabolites are pipducéd in
the lung and livér at the nontumorigenic dose of 250 mg/kg and at
2,000 ppm. Vefy émall amounts of GSH metabolites are produced at
250 mg/kg of methylene chloride in the drinking water, but
significant (100-fold) lower amounts are produced at 2;000 ppm.
As long as~the MFO pathway is not saturated, so that there is
relatively little metabolism of methylene chloride via the GSH
pathway, the tumor incidence in mice does not appear to increase:

above background levels.

A PB~-PK model also has been used to compare internal
dose estimatés of methylene chloride metabolites in the lung and
liver of mice and humans over an exposure concentration range of
4,000 to 1 ppm methylene chloride for six hours. There is
significantly less MFO metabolism in humans. Moreover, the
target tissue concentration of metabolites via the biologically
relevant GSH pathway was found to be significantly lower in
humans at non-saturating exposure concentrations. This is in
contrast to the body surface area procedure used by the . |
Department of Health Services, which would predict that humans
are most sensitive to a given concentration of methylene chloride

than mice.

Thus, there are important, known differences between mice
and humans with respect to the biocactivation of methylene

chloride. These differences indicate that the tumorigenic
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effects observed in the NTP study in B6C3F1l mice would not occur

in humans exposed to ambient environmental or workplace levels of

methylene chloride.

L §
In addition to the value of the metabolic and

pharmacckinetic data in predicting whether environmental or
wcrkplace concentraéions of methylene chloride would pose a
cancer risk toc humans, a PB-PK model provides a way to
incorporate these data into quantitative risk assessment. Use of
a PB-PK model allows for a more realistic estimate of upper-béund
risk, where such a calculation is desirable to assess the
potential risk from methylene chloride if it were carcinogenic to
humans. Any use of such estimates should make clear that the )
weight of the evidence does not support a conclusion that
environmental concentrations of methylene chloride in California
pose a carcinogenic risk, and that the risk, 1if any; could be
anywhere between zero and the calculated upper-bound value. The

use of upper-bound estimates is inconclusive, precisely because

the risk could be 2zero. .

It is generally agréed that, where metabolic and
pharmacokinetic information is available, a low-dose
extrapolation model that takes these data into account is more
‘appropriate biologically than the linearized multistage
procedure. While the draft Report (page E-4¢) acknowledges that
use of the PB-PK model "may substantially improve the basis of

risk assessment," it rejects use of the model for several
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reasons, the most significant being absence of validation.

None of the mathematical models used to generate risk

estimates in Table 8-8 have been biologically validated, and
those models incorporate a greater range of assumptions

than the PB-PK model. The PB-PK model of Anderson and coworkers
was validated with four sets of data from B6C3F1l mice, F344 rats
and human volunteers.2?5 None of these data sets were used in
the derivation of model parameters, as erroneously stated in the
draft Report. Conseéuently, rejection of the PB-PK mcdei on
these grounds seems totally unwarranted. Moreover, data from the
CEFIC research program, including three reports issued in
October 1987, are providing additional experimentél validation
in severdl critical areas. As indicated above, preliminéry and
final reports of this research are being provided to the Air

Resources Board as they become available.

The draft Report indicates (page i-~1 and elsewhere) that
both MFO and GST pathways "theoretically" produce metabolites
that may interact with DNA. There is no experimental evidence
for this view. As described above, neither pathway led to
observable DNA alkylation in intact animals. The draft Report
also states page ii-2 that a PB-PK model is not needed because
there is no evidence fbr "saturation" in the tumor incidence
data. This statement misses the point of the need for a PB-PK
model to account for the higher affinity, lower capacity MFO
pathway which protects animals until it becomes saturated. In

addition, this statement misinterprets the tumor incidence



rececrd. For examplé, for combined adencmas or carcinomas among
female mice in the NTP biocassay, 22-23 mice with tumors would be
expected at the intermediate dose, based on an assumption of
strict linearity, whereas 27 were found. In effect, the
dose-response data - form an asymptotic curve which is.ccnsistent
with saturation. However, the differences are small and a better
explanation for a lack of strict linearity is random statistical
fluctuation. Biochemical data suggest that these levels are not
saturating. Conclusions based on tumor incidence do not seem

appropriate.

In its draft HAD Update, EPA used the PB-PK model to
extrapolate risk across species ahd from high to low doses,
based on the amount of metabolism of methylene chloride by the
GSH pathway. In making use of the PB-PK model, EPA stated (page

29) :3

[I]t is clear that the model used by
Andersen and Reitz may be improved by
additional data and validation.
Nevertheless, EPA believes that the
structure of the model is sufficiently

well developed at present to provide a
means of considering the available
knowledge of methylene chloride metabolism
and pharmacokinetics, as it relates to risk

assessment, in a way that is not possible.
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through the applied-dose method. While
confidence in the results of the model
are expected to increaselupon further model
validation, the developgent of preliminary
estimates using the results of the model as

. currently developed provides insight into -
the effect on risk estimates of metabolism

and pharmacokinetic information.

Use of the‘PB-PK model in the draft EPA HAD Update
resulted (page 84) in a unit risk estimate of 4.7 x 10-7, as
opposed to the applied-dose extrapolation in the draft Report
(page i-5) of 2.6 - 3.4 x 10-6. EPA indicated (p. 85). that use
of body weight rather than surface area as a scaling factor would

further reduce the unit risk estimate to 3.7 x 10-8.

In its August 13, 1987 review of the draft HAD Update,
EPA’s Science Advisory Board indicated that it approved of EPA’s
use of the PB-PK model. Hence, the risk estimate contained in
the draft Report maybe 10 to 100-fold higher than the estimate
that EPA will be using as an upper bound on the carcinogenic
potency of methylene chloride. The draft Report should be

revised to incorporate the more recent scientific data.

Mechanism Data



The draft Report briefly descfibes postulated ﬁechanisms of
action for chemicals that are not genotoxic. It acknowlédges
(page 8-11) that treatment-related cytclogical degeneration
occurred in both the male and female mice én the NTP study. It
concludes (page 8-11) that methylene chloride "could induce mouse
liver tumor formation simply by stimulating cell proliferation in
that organ in response to cytotoxicity," but states that "there
are no experimental studies using [methylene chloride] that can
be used to specifically report regenerative hyperplasia resulting
in tumor formation." The draft Report goes on to dismiss this
plausible mechanism, based on speculation that DNA alkylation may
have occurred. However, methylene chloride has not been shown to
bind DNA in mammalian cells, whereas data on stimulation of

S-phase in liver cells are available.29: 21, 27

The tumor formation observed in the NTP study is consistent
with a mechanism by which methylene chloride accelerates the
appearance of tumors that normally occur spontaneocusly later in
the life of the mouse, due to toxic effects on cells in the two
target organs (lung and liver) and accompanied by an accelerated
cellular turnover. A 10-day inhalation toxicity study from CEFIC
shows toxic effects of methylene chloridé on Clara cells in the
mouse lung and on the mouse liver.28 These effects
(histopathologic damage to Clara cells and statistically
significant changes in liver weight) were noted at the same
concentrations used in the NTP study. While it is true that

increased liver size does not invariably lead to toxicity, these
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observations form part of a pattern in the two target organs of
the mouse. Methylene chloride caused a change in liver
homeostasis, not degeneration, in a tissue prone to high

spontaneous tumor incidence.

The study indicates that the appearance of lung tumors
correlates with the doses at which cytotoxic effects occur in
the mouse; but not other species. Studies have shown substantial
acute pulmonary injury in B6C3Fl1 mice after only a single
exposure to methylene chloride.?® The mice suffered extensive
injury to Clara cells aftef six-hour exposure to 4,000 or 2,000
ppm, the doses used in the NTP biocassay. Twenty-four hours after
exposure, Clara cells were vacuolated and swollen, and numérous
necrotic cells were present. Although some apparent accom-
modation was evident after two to three weeks of ekposure, it
seems likely that the homeostasis of the mouse lung would remain
altered with continued high exposure. It seems likely that the
apparent histopathological accommodation conceals an increased
turnover of Clara célls in the lung and/or an increased turnover
of metabolic enzymes in the Clara cell. Effects on Clara cells

did not occur in Fischer 344 rats tested at the same doses.

Mouse lung differs significantly from the lung of man or
other animals in the number, distribution and ultrastructural
morphology of Clara cells. For example, mice have cla;a cells
throughout the trachecbronchial tree, whereas most human Clara

cells occur in bronchioles. Clara cells in the mouse primarily



have smooth endoplasmic reticulum with associated mixed function
- oxidase activity. In‘contrast, human Clara cells have primarily
rough endoplasmic reticulum, which is associated with protein
'synthesis. Also, the mitochondria in Clara cells of the mouse
are large. These location#l, ultrastructual, and metabolic’

differences help to explain the unusual sensitivity of the mouse.

Results from several bicassays show that the association
between methylene chloride exposure and increased lung tumors is
unique to mice. The Fischer 344 rats used in the NTP and Serota
biocassays (discussed below) did not have a tumorigenic response
in the lungs. (Indeed, the B6C3F1l mice tested in the Serota
study did not show an increased incidence of luné tumors.)
Similarly, hamsters in one bioassay and Sprague-Dawley rats in
two biocassays did not have a statistical increase in the
incidence of lung tumors. Rats and hamsters have a very low
incidence of spontaneous lung tumors. There is an obvious
association between the high spontaneous background incidence of
lung tumors in the mouse and the observation of an increase in

tumors upon exposure to high levels of methylene chloride.

There are multiple reasons to regard the doses used in the
available chronic bioassays of methylene chloride as excessive.
This inierpretation of concurrent toxicity is consistent with a
mechanism by which methylene chloride accelerates the appearance

of tumors that normally occur spentaneously later in the life of
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the mouse, due to toxic effects on cells in the two target organs
(lung and liver) and accompanied by an accelerated cellular

turnover.

NTP noted toxic effects in its chronic study as follows:

MORTALITY (NON-ACCIDENTAL DEATH)

Control 2,000 ppm 4,000 ppm
Male 11/50 24/50 38/50
Female 24/50 22/50 ’ 40/50

CYTOLOGIC DEGENERATION OF LIVER

Contrel 2,000 ppm 4,000 ppm
Male 0/50 0/50 22/50
Female 0/50 23/48 21/48

GLANDUILAR STOMACH DITATION



Control 2,000 ppm 4,000 ppm
Male 3/49 7/47 9/49
Female 1/49 2/47 10/48

KIDNEY TUBULE CASTS

Control 2,000 ppm 4,000 ppm
Male 6/50 11/49 20/50
Female 8/49 23/48 23/47

Further, the Technical Report of the NTP biocassay (page 62)
states that methylene chloride produced liver degeneration ‘in
both male and female mice.? Final mean body weiéhts of
high-dose male mice and high and lo&-dose female mice were 10 -
17% lower than chamber controls. These effects occurred late

during the treatment period.

One interpretation of these cbservations is that tumors
arose and shorteQed the lifetime of the tumor-bearing animals.
The NTP study does nct attempt direct biological observations of
the cause of mortality ("attribution of death"). Mice in the

treated groups could have died from either tumors (fatal tumors)

or effects of methylene chloride unrelated tc the occurrence of
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tumors (incidental tumors). However, there afe two sources of
information on which an inference éan be based. The first is to
see if there are reasons to expect that toxicity to the whbie
animal that occurs independently of tumor formation is the cause
of tumor formation. Alternatively, treatment with methylene
chloride could be "nontoxic" except for the induction of tumors.
The information in the appendix to the Technical Report supports
the former interpretation. Observations independent from the
lbioassay suggest strongly that mortality will arise from toxicity
causes unrelated to tumor formation. (Indeed, the prime
candidate for a mechanism of tumor formation is recurrent organ
toxicity in lung and liver, leading to selection.cf a previously
initiated cell or earlier appearance of normally occurring

tumors.)

The second source of information is statistical observations
on the bioassay results. EPA carried out such an analysis in the
final version of The Addendum to the Health Assessment Document
for Methylene Chloride (September, 1985) and concluded that "a
simple comparison demonstrateé that the observed tumors may
reasonably have.produced this mortélity." To reach this
conclusion, two types of evidence were provided: (a) a table of
mortality (and tumors) within time intervals in the mouse study,
and (b) a comparison of risk estimates using a time-to-tumor
model. In fact, neither observation is helpful, since they both
assume independence of treatmént-induced mortality from

treatment-induced tumors, whereas the best hypothesis for



tumerigenesis in the mouse is that treatment-induced organ
toxicity éccelerates cell turnover, leading to earlier appearance
of spontaneous tumors. Therefore, a more useful interpretation
may be gained from observation of the mice that died earliest,
since these treatment-related deaths would occur before
sufficient time has elapsed for toxicity to induce tumors. For
the male mice, the first five deaths occurred earlier in the

treated groups.

'AVERAGE WEEKS OF AGE AT DEATH

CONTROL 79
2,000 ppm 45
4,000 ppm " 53

There were only small differences between tbe average age of
death for female mice, consistent with the lower overall
mortality seen with the female mice.

- In the Serota study, liver histopathology was noted at the
highest dose (250 mg/kg/day). A no-effect level of 185 mg/kg/day
was determined. MacEwen and coworkers observed toxic effects in
mice continuously exposed to 1000 ppm for 14 weeks.2? The
~ exposure differed somewhat from that in the NTP.study, bu# the
dose was similar to the 2,000 or 4,000 ppm used by NTP.

Weinstein and Diamond observed increases in triglyceride levels,

centrolobular fat accumulation, and decreased liver glycogen
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levels in ICR mice exposed to 100 ppm of methylene chloride.30
While these effects are not toxic per se, they support the
observation of MacEwen and coworkers at the higher
"environmental" exposure level. Haun and coworkers confirmed
liver fat accumulation, noted the appearance of hepatocyte
~.vacuoles, and found a decrease-in the liver cytochrome P450
content of mice exposed to 100 ppm.31 While these are not
permanently toxic changes, they support thé conclusion of

toxicity at the higher levels.

Half-maximal saturation of the mouse’s metabolic capacity
for methylene chloride occurs at about 125 ppm. Bioassays
conducted at levels above 125 ppm will be difficult to use in
interpreting risks (and therefore weight of the evidence) for
environmental exposures. At higher levelé, such as the 2000 and
4000 ppm used by NTP, metabolism of methylene chloride does not
resemble that occurring at low doses. Low capacity pathways
become saturated, low affinity metabolicvsystems may produce
metabolites not seen at environmental exposure levels and

co-factors become depleted.

Methylene chloride induced S-phase in hepatocytes of
mice in vivo after one or two inhalation exposures to 4000 ppn
for two hours.?’ The incidence of S—-phase hepatocytes
increased variably, and the increases were statistically

significant as compared to concurrent (air) controls. These



findings suggest rapid liver cell turnover of a small fraction of
cells, while the bulk of liver cells increase in size but not

number.

In sum, cell pfoiiferation resulting from cytctéxiqity is a
plausible explanation for the mouse lung and liver tumors
cbserve& in the NTP study. The draft Report states (page 8-6)
that "a model based on this meghanism was rejected for both sexes
in this case since the observed datﬁ did not éxhibit sufficient
curvature to be consistent with the hypothesis of preneoplastic
cell proliferation." The meaning of this statement is unclear.
The curve of a data set is not necessarily inconsistent with, and
cannot negate, experimental data that warrant a  different
approach to low-dose extrapolation. Further, as demonstrated in
the metabolism section above, the number of observations in a
chronic bioassay are sufficiently small that they are not

amenable to precise interpretations of this kind.

overall Weight of Evidence

While the available biocassay evidence is discussed in
the draft Report (page 7-8 to 7-14, Appendix B), the draft Report
fails to provide a weighing of negative and positive results,
along with analysis of the other available toxicological evidence
and human data, in an effort to characterize the likelihood that

methylene chloride concentrations in the California environment
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would pose a cancer risk to humans. As recognized by the
National Academy of Sciences and the Office of Science and
Technology Policy, this is an essential first step in any

assessment of carcinogenic risk.32

The. overall weight of the eyidence overwhelmingly
indicates that levels of methylene chloride found in the
California environment are not'iikely to cause cancer. The
bicassay results are discussed beleow, along with a summary of
other relevant information that should be used in a

weight-of-evidence evaluation.

1. The NTP Bioassay

Male and female mice in the NTP study showed amr
increase in lung and liver cancer which was, for ﬁhe most part,
statistically significant and dose-related.* This indicates
that methylene chloride has the potential to increase the
incidence of certain naturally-occurring tumors in mice.
However, these tumorS'occurred'at doses above a reasonable
metabolic dose (saturated metabolism) and were accompanied by
signs of overt tdxicity in the lung. In addition, as discussed
below, there is considerable gquestion as to the significance of
theée tumors in the mouse for the assessment of cancer potential

in humans.

The results of the NTP rat-bioassay were quite



différent from the mouse results; no increase in malignant
tumors was observed. There was a statistically signifidant
increase over the concurrent control group in benign mammary
gland tumors in female rats at the two highest dose levels and in
males at the highesé dqse level, representing an enhancement in
spontaneously-occurring tumors. However, the statistical
comparison disregards historical rates of-benign mammary tumors
in Fischer 344 rats, whichlaverage approximately 28 percent and
range up to above 40 percent.33 ‘The response at the lower dose
levels in the NTP rat study was within the mid-range of
historical control data. The response at the top dose level was
barely elevated above the highest incidences observed in the
historical controls. The past presidents of the Society of
Tbxicology have determined that where incidence rates in treated
groups are within historical control ranges, differences between
treated and concurrent control groups may not be biclogically
significant.34

Moreover, the benign mammary gland tumors observed did not
- progress to malignant tumors.3> While the technical report of
the NTP biocassay indicates that there was "clear evidence of
carcinoéenicity"'in rats as that category is defined by NTP, it
emphasizes that this is based on an increased incidence of
.benign tumors. In April 1986, NTP changed the definition of
"clear evidence of carcinogenic activity“ to include an increase
of benign neoplasms (assuming they are not combined with

malignant neoplasms) only if "there is an indication from this
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or other studies of the ability of such tumors to progress to
malignancy".38 During the review of the NTP study, it was
accepted that the benign tumors observed did not progress to
malignancy, and there are no other studies showing such
progression.

2. Burek Study

Inhalation studies performed at Dow Chemical Company
on Sprague-Dawley rats resulted in an increase in benign mammary
‘tumors per tumor bearing rat in female (all doses) and male (high
dose onlY) rats. Exposures were 0, 500, 1,500, and 3,500
ppm. 37 .A low but statistically significant increase in
sarcomas in the ventral neck region and in and around the
salivary glands in male rats was observed at the high exposure
and a slight elevation was observed at the 1,500 ppm dose. These
results were pfeviously reviewed by EPA’s Science Advisory Boa;d,
which concluded that it would be inappropriate to use them as a
8

basis for estimating cancer risk from methylene chloride.3

This conclusion was based on:

o the biology of the tumors, which some
Board members thought were surprising
(that ié, they appeared to be of
connective tissue origin rather
than parenchrymal cell origin) and

which might be manifestations of virus
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infections,

o appearance in one sex of rat only,

o - lack of appearance in similarly-exposed
hamsters,

o an apparent lack of reproducibility in

subsequent studies in rats,

o the metabolic properties of methylene chloride,
and
'O mechanistic considerations.

The overall lack of appearance of the ventral neck
region tumors in the NTP biocassay would appear to support this
conclusion as to the irreproducibility and lack of significance

of these results.

Burek, et al. also studied the effects of methylene
chloride on Syrian Golden hamsters at exposures of 0, 500,

1,500, and 3,500 ppm. There was no increase in tumors, even at

the highest exposure level.

3. Nitschke Study
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A second inhalation study on Sprague-Dawley rats was
conducted at Dow to explore the toxicity of methylene chloride
at concentrétions below those that cause saturation of the
metabolic processes.3? Exposures were 0, 50, 200, and 500 ppm
for two years. No increased incidence of tumors was observed,
except an increase in the spontaneocus incidence of benign mammary
-tumors in the female rats at 500 ppm. A no-observed-effect level
for the rat following lifetime exposure was established at 200

ppm in this study.4°

4. Serota Study

Other important studies of methylene chloride, sponsored by
the National Coffee Association, alsoc showed no carcinogenic
response.%l Reviewers at a Workshop sponsored by the Nutrition
Foundation concluded that methylene chloride in

drinking water at doses up to 250 mg/kg/day did not cause a
tumorigenic response in either rats (Fischer 344) or mice
(B6C3F1).42 These studies are considered state-of-the-art, and
their results must be given careful consideration in any
assessment of the potential carcinogenicity df methylene
chloride. The negative results cast considerable doubt on
lineaf extrapolation from the NTP mouse data even within the

same species.

5. Significance of Mouse Results



Results from several.bioassays show that the association
between methylene chloride exposure and increased lung tumors is
unique to mice. Rats and hamsters do not exhibit a tumorigenic
response in the lung. Rats and hamsters have a very low
incidence of spontaneous lung tumors. There is-an obvious
association between the high spontaneous backgfound incidence of
lung tuPcrs in the mouse and the observation of an increase in

tumors upon exposure to high levels of methylene chloride.

The spontaneocus nature of the mouse tumors and the
likelihoed that they signal a promotional event should be taken
into account. Lung and liver tumors in B6C3Fl mice are widely
recognized as having limited relevance to cancer potential in
man. The risk assessment principles adopted by the CIfice of
Science and Technology Policy recpgnize that evaluatizn of data
from experimental animals that ordinarily have high iscidences
of certain tumors poses a number of special problems. OSTP
Principle 9 states that "the interpretation of cancer incidence
in some strains of rats with testicular or mammary tumors, or in
some strains of mice with lung or liver ﬁumors, must be
approached carefully in the light of other biclogical evidence
bearing on potential carcinogenicity."43 The EPA Guidelines for
Carcinogen Risk Assessment-also provide for classification of
mouse liver tumors as limited'evidence, where certain conditions

are met. 44

EPA’s Science Advisory Board has indicated that data
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showing an increased incidence of mouse liver tumors algne do
not meet the criterion of suffiéient evidence.45 This
determination is supported by a substantial body of scientific
literature.46 a panel of distinguished scientists has urged
that NTP give serious consideration to "replacement of the B6C3F1
mouse with a strain having an established lower and less
variable spontaneous incidence of important tumoré that are
induced by chemicalsf"47 The recent identification of an
oncogene in B6C3Fl mouse liver tumors casts further doubt on the
value of mouse liver tumors as an end-point in assessing human
risk.48 as for lung tumors, &hey occur spontaneocusly in B6C3F1

mice at an average rate of approximately 14 percent.49

Quantitative Evaluation

The draft Report should acknowledge, as EPA has recognized,

that

the linearized multistage procedure tends

to a plausible upper limit to the risk that

is consistent with some proposed mechanisms

of carcinogenesis. Such an estimate, however,
does not hecessarily give a realistic prediction
of the risk. The true value of the risk is
unknown, and may be as low as zero. The range of
risks, defined by the upper limit given by the

chosen model and the lower limit which may be as



low as zero, should be explicitly stated. >0

EPA’s statement recognizes that linear estimates would give
accurate projections for a few carcinogens but are not likely to
give realistic estimates for most substances, which will have much

lower low-dose risk.

Current methodology for quantitative risk assessment is
dominated by two policy assumptions: (1) that carcinogens do not
have practical thresholdé: and (2) that carcinogenic risk is a
linear function of dose at low doses.®l Given these policy
choices, California has chosen a mathematical model that performs
well in estimating a maximum linear slope that is not inconsistent
with bicassay data. The model, referred to in the draft Report as
the "linearized multistage," takes incidence data obtained at all
doses into account, whereas "straight-line" or "single-hit"
(Poisson) models may not fit the data when more than one response
point is present.sz The linearized multistage model operates

with the data from a bioassay as follows:

o A version of the multistage model is developed that
mathematically resembles a true multistage model,
with the number of stages constrained by the number

of non-zero doses used in the biocassay.

o A maximum likelihood fit of this specific model to
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the biocassay data is developed with the exponential
values for each stage constrained to give only

positive and increasing risks.

o All exponential values higher than the single-hit
(linear) component are held fixed and the magnitude
of the single-hit exponent is enlarged in thé
direction of increasing risk to obtain a maximum
value compatible with the data in a 95% confidence
limit sense. The value of tﬁe linear exponent

("ql*") is used for risk estimation purposes.

There are serious problems assoclated with use of the
linearized multistage model, which has changed sufficiently from
the original model of Armitage and Doll in that it no longer
retains a biological rationale.®3 The stages in the linearized
multistage model do not relate to discrete modifications of a
cell line in the pathway to an observable tumor, and the number
of stages is not related to the number of stages in the .
‘carcinogenic process. The exponents do not relate to the times
between these discrete cell variants, and the overall set of
exponent values do not relate to the time-to-tumor. The
constraint on non-negative exponents rules out use of models in
which a substance lengthens the time of one stage. However, this
bioclogical effect has been observed experimentally. In short, a

linearized multistage model for a substance is not derived from



an underlying biological theory of carcinogenesis or from
knowledge of relevant biological effects of the substance in

question. Instead, it is a curve fitting mechanism.

Such curve-fitting exercises entail computer capabilities.
Point values are produced which tend to be insensitive to changes
in the shape-of the dose-response curve. The confidence ‘
limit-driven slope is more sensitive to the number of animals the
investigator may chocse for the bioassay, which is an irrelevant
variable for a model of the ;arcinogenic effect of a substance.
This can best be visualized by applying the model to the NTP
study data assuming that no effect occurred at all. If the
control‘incidence is substituted for the actuai 2,000 and
4,000 ppm values, a ql*’valué will result that ddes not
differ drastically from the current estimate. A linearized
multistage model does not readily accept pharmacokinetic or
timé—to-tumor data. Information on age-specific cancer
incidence, background rates; including cell-turnover or cell

population kinetics, and lack of mutagenicity cannot be used at

all unless the model maker arbitrarily alters the parameters.

The final Report should use GST pathway target tissue dose
estimates derived from the PB-PK model which then can be utilized
in any risk model, including the linearized multistage model.
Doses derived .from the PB-PK analysis and utilized in a linear
model retain the desired policylﬁésitions of linearity and no

threshold, but gives a more realistic estimate for hypothetical
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"what-if" risk. In addition, the PB~PK dose adjustment should be
coupled with other models. The final Report might also include
estimates derived from a MoolgavkarQKnudson model. >4
Moolgavkar-Knudson models describe cancer induction as a filtered
Poisson process with deterministic and stochastic elements that
account for the dynamics of a cell population that is
intermédiéte between two stages, transition from normal cells and
transition to malignant cells. Biologically, these two
transitions are characterized as rare and irreversible in
practice. Use of a Moolgavkar-Knudson model for methylene
chloride offers many advantages.55 A Moolgavkar-Knudson model
can describe some of the pharmacodynamic factors involved in dose
adjustment of methylene chloride between species, interrelating
background rates and age-specific incidence. Many of the
advantages of the Moolgavkar-Knudson model over the linearized
multistage model are directly relevant to the specific properties
- of methylene chloride, such as (1) high background tumor rates in
the rodent species used as biocassay subjecté, (2) strong
suggestions of action by a non-genotoxic mechanism, and (3)
pharmacokinetics data that have nonlinearities. Data on liver
weight changes, cell number and cells in S-phase are available
for mice at tumorigenic methylene chicride doses. While use of
the linearized mulfistage model is questionable with
non-genotoxic materials, Moclgavkar-Knudson models are
appropriate with either genotoxic materials or a substance like
methylene chloride that éppears to induce tumors at high doses

through subtle, organ-~specific cytotoxicity.
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A Moolgavkar-Knudson model is not, however, necessarily an
optimal description of methylené chloride effects. Neither |
absence of a threshold nor low-dose linearity necessarily applies
to methylene chloride, although both assumptions are built into

currently available Moolgavkar-Knudson models.

The linearized multistage model used in the draft Report
incorporates dose adjustment ﬁn the basis of body surface area.
Dose conversion by bbdy weight provides a better basis for dose
adjustment between species. EPA recently co-sponsored a
comparison of carcinogenic potency of various substances in
humans and rodénts. Body weight proved far supefior to body
surface area for prediction of the potency value.%® 1In
addition, two groups of investigators have tested the ability of
mice to predict results in rats, and vice-versa. Both Wilson and
crouch3? and Gaylor and,Chen_s8 have found body weight

superior to body surface area in predicting interspecies dose

adjustment.

Reproductive and Developmental Toxicology

In addition to its shortcomings in assessing the potential
carcinogenicity of methylene chloride’ the draft Report does not
adequately describe available data on reproductive effects. While
acknowledging that methylene chloride has low teratogenic

potential in rodents, the draft Report states (page i-2) that
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"experimental data are inadequate'to make inferences about
effects on human reproduction." This is inconsistent with a
determination made by EPA in 1984 to withdraw a proposed
reproductive e%{ects test rule for methylene chloride because a
two-generation reproductive study in rats undertaken by HSIA "is
expected to provide sufficient data to reasocnably determine or
predict the effects [of methylene chloride] on human
reproduction”. (49 Fed. Reg. 25009, June 19, 1984) A
two-generation reproduction study by Niéschke and coworkers,
which was submitted to EPA, showed no treatment-related

reproductive effects.>?

The conclusion that no information exists about reproductive
and developmental effects is in error. First, several chronic
bioassays of rodents at very high methylene chloride levels have
failed to demonstrate-changes in reproductive organ weights.
These results have been confirmed by Bornmann and Loeser for
female rats in a study of methylene chloride administered in
drinkinngatér.so Second, several developmental studies are
available. Schwetz and coworkers directly observed development
in mice and rats exposed to high methylene chloride
concentrations and found no conclusive effects. 6l .In the case
of mice, maternal toxicity was noted at the same dose tested.
Third, Nitschke and coworkers performed a two-generation
" inhalation reproduction study in rats exposed to methylene
chloride and found no significant effects.>? Hardin and Manson

showed similar results in a one-generation design study.62



The.draft Report concludes (page 5-3) from some of these
data that methylene chloride has low teratogenic potential, but
that experimental data are inadequate to make inferences about
man. In fact, the data‘are quite extensive. It is always
appropriate to question whether animal tests will be predictive
~ of human effects. However, HSIA is aware of no medical reports
suggesting a need for more exhauétive_testing. The doses used in
the animal studies, in relation to the approximately 10,000-fold
lower ambient concentrations in California, appear to merit a

more straightforward scientific conclusion that human

reproductive and developmental effects are not expected.



