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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.
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CONCLUSIONS

The Department of Health Services, under Section 39660 of
the California éealth and Safety Code, is required to provide an
evaluation of the health effects of substancés that may be -
deterﬁined to be toxic air contaminants. Section 39660'requires
this evaluation to assess the availability and quality of data
on health effects, including potency, mode 6f action, and other
relevant biological factors, and to estimate levels of exposure
that may cause or contribute to adverse health effects. Part B
of the draft Report requires substantial revision in order to
provide an adequate assessment of available biological data on
methylene chloride and more realistic estimates of exposure that
may cause or contribute to adverse health effects. HSIA would be

pleased to assist in this process by providing additional

information or amplifying these comments.
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"APPENDIX A

Methylene chloride use has been declining at
approximately 10% per year since 1984. 1987
production estimates are approximately 500 million
pounds. In 1984 the market was over 600 million
pounds. Aerosols and certain formulated products-
have shown the biggest reduction in methylene
chloride use.

The potential for accounts receiving shipments of
methylene chloride in California and then-
reshipping outside the state is not restricted

to chemical distributors. Examples include
aerosol fillers and paint stripper formulators.
This volume could be more than a small fraction.

We question whether 7,500 tons of methylene
chloride were used in paint removers in
California.

The percentage of. methylene chloride in the total
aeroscl formulation depends on what the product
is. Aeroscl paint strippers contain 85% methylene
chloride.

Voluntary labeling will begin in 1988, not 1986.

-to last paragraph

Page III-20
last few
lines

Page III-S
last
paragraph

Air stripping would be adequate for this volatile
compound. Stream stripping would not be
necessary.

Some methylene chloride is typically retained in
the foam. Methylene chloride is alsoc used as a
flush for urethane foam nozzles and for cleanup
purposes in polyester molding operations.



Page III-1l0
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Page III-1l1
Photographic
Film
Processing

Page III-11
Pesticide Mfg.
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Page III-11l &
first
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Page III-12
Chemical
Processing

Few degreasers use methylene chloride. The
estimates given in this paragraph appear to be
for stripping and circuit board stripping.

To our knowledge, film gleaning is done instead
with 1,1,1-trichlorcethane.

800 tons seems high.

This section is confusing. Is there one facility .
that used 800 tons in 1983 as a soclvent for

- process use plus 90 more tons for extraction,

phase separation, purification, crystallization,
and as a general transport solvent? The first
page intimates there was only one facility.

Some of this methylene chloride could be part of
the final product, which may be used (emitted)
ocutside of California.
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'Introductipn

This document has‘been prepared in response to the preliminary draf:
of the Czlifornia Dep%rtment of Health Services (DHS) entitled, "Part B:
Hezlth Effects of Methylene Chloride'™, dateé Hovember 1987. It addressas

certain issues concerning the Eastman Kodzk Company epidemiologic studies,

including a comparison of znimal model predictions with human findings.

Epidemiological Studies (Section 7.2)
. The DHS report summarized the results of the Kodak mortality studies

of two populations of workers exposed to methylene chloride: (1) a 1S64

1 1980%, and 1984°,

cohort of about 750 men followed through 1976
and (2) a 1964-1970 cohort of approximatély 1,000 men (the 751 emplo}ees
-originally studied as well a2s 262 men hired between 1965 and 1970)
followed through 1984. There ware two raferences to the second study, a
presentation of éreliminaty findings,4 and a description of.the ﬁiﬁal
results,s which incorporzted detailed expcsure history data,
dose-~-cTesponse analyses, and comparison with animal model extrzpolations.
The infcrmation, as presented, is extremasly confusing. Rather than
describe eazch of the the studies in chronological sequence, selected data
(stétistical results,vexposure measurements, nower, etc.) from the five

-
-
-

nteomixed. cr example, expcsure estimates (p 7-5) fronm a-

B

articles were

preliminery znalysis were shown instead of updated information from the

—o

finzl published report. 7The statement that "tobacco smoking was not

considered in these zanalyses...” (p 7-1) mzy be misinterpreted as zpplying

to all studies when, in fact, cigarette smoking was considered in the 1287

earticle only. Also, the fcllow-up rate of ¢S% (p 7-2) was observed only

S

(2

for the most recent study. &s a final cormant, we note thzt it is often
unclezr as <o which study the observed-expectied values refer.

In presenting the epifemiologic results, it would have been more

ccztizte Lo emphosize the latest study findings,” which provided th

cecmplese follow-upz znd exposure informaiion for an expzadecd coher:z ¢f



~athylene chloride-exposed workers. (See tzpendix A for summzroyv.)

- —asees

Risk Assessztent (Section 8.5)

20 evaluzte the validity of ahimal—basgé Tisk estimates, the JES e=z37
used two analytic techniques: 1) a relative risk modal fit to thsz mome=
czta, and (2) a comparison of the obsecved czncer martz Ity with
oredictions derived from the linearized multistage model applied tc trs

animal data. From these analyses, they ccncluded . ..thzt the

Guantitative extrapolation from mice to hu=z

H
n
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e
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f
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u
'
'
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'
i
n

of cancer risk....™ (p 8-15)

1. Relsztive Risk Model

acnsignificant human panereatic finding was compared witz a unit =~izk

.

estimate derived from the female mouse lung cancer <zfa. Specifis
s=citeria included: (1) pancreatic gcancer, (2) =211 gze greups, (3) Kodax

fochester contsols, and (&) summnzry statisties foro expecizé cdeztis =zné

esiimated dose. From the relative (multiplicztive) mocel, the §3I% =pr:zT

.
A}

eT.

.bound on the estimated humaa lifetime ine ntal risk fc; 1l pzm of
continucus méthylene chloride exzosure was estimzted to e 7.50 x 1278
{sze Note below) compared with a unit risk of 3.25 x 10 ~ frem tie
mouse data.

The relztively simplistic m=odeling preocefuse uszd by =he TS,
which was'btased solely on summary data, allcwed only linmzzr chzngss wi:z:
€ose while forcing the line through the origin, znd thus it is n:=:
unexpected that the results would bé consistent with linsacized =:lziszzza

~ocdel bounds. It is likely thzt other models utiliziag r-a-e dsbzilzd

4 & o — 4 < - 2 e TS a e - el -
€2zzge information would give entirely £iffscent resulzs.

* - 3 * 9 & : < - -t - * - o - v - - -
~z calzulzted estimeztes of Lifetize incTersrsizl rlsh tzsg:i em vesioos
.
- * - - . - e s e e=tm - - - camm e wmod o ealw
Nzwe. Thics vaive tis noeTTest. 2 TEES gtzi’d T Iel -y Z8 ITT.TT=2 L=
e moal = P 3 ~=3
SuT gzloulzzzd value of 9.4 x 1C
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scenarios of data outcc:e (Table). &2s rzted by the DHS staff, the uppes
bounds for Scenarios i (linearized =uItistzge model gpplied to NTP femzle
mouse lung adenomas znd carecinezas) a=d 2 (—:ltiplicztive model applied tc
epideﬁiologic data for pancreatic czacer) wasre compacable. thé other

hand, the human lower boun ‘s negativa, indicat

fon

ng that the data are zlisc
consistent with no excess risk. Scen=zcris 3, in additionbto using the szme
fabtors 2s the DHS staff, assumed tx 3% tZere were half as many observed '
pancreatic maligpancy deaths in ezck cf zhe ithree career dose categories.
The results showed that the upper 9:% beounés were marginzlly chaznged cec=pasad
with the DHS parameters (4.2 vs. §.¢ x 1:-2), and still consisient with

. the animal unit crisk value (3.3 x 10-3). In Scenaric 4 it was assumed
thzt cnly one observed‘death occurred in.ezzh exposure group (a total ef
three d?aths). which resulted in an S¥5 2f S4. The upper S5% bouﬁd (Z.-Vx
10‘3) remzined about the same z2s &4z znmi=zl unit risk value, zlbeit the
maxizum likelihood estimzte was negziive. ’ha humzan lung cancer datz,

-

nzt even thzugh the observed-expected -ziic

mn

cplied in Scenario 5, showsd ¢

0,

ecrezsed with dose an& the overail SR wzs Dbelow 100, t=e results (1.7 x

- 3 . . : . . . =
10 ) were stiil comparzble to tne upzer oczunc€ risk derived from the

t is thus evident that the wppzr Tound cisk generated from this

1 both the numbers ¢f observad

mocel is highly insensitive o differencss
dezths and the dose-respecnse relaticnshiz within the cohsrs. Recducing the

nuzber of pancreatic cazncer deaths I-om sight to four to three (Scenz-is
r .

2-4) did not materially affest the uzzar zound. Additiomzlly, for theossz
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Entimated Lifeting luccemeontal Nlak of 'L ppw of
Conl tnuous Helhiylenn Chlorddn Fxpanura

"fP““"fﬂ Pacamal or Anymptolle ) Haxlmum
L Coonp Ho. of Obhnarved/ Falimaln flandnary Two-Talbod 5% Lowar Likotihood % Upper
Srenniln (ppm_Yenra) Expecled_Peathn ol b Freor_al b p Valup® found Eatimnle hound
“ermrlo 1:? .
HIP Vemale Noune Pala 0 2.5 % 107 3.3 x 10°°
Seenarle 2 .
thaman Panceenl e Canecny
CHHY - 24)
< 150 2/70.118 = 219
350-749 2/1.213 = 145
10 A71.25% = 21D .
Tolal 8/73.100 - 251 0.58) 0.358 . 0.10 -4,7 x 10~? 4.1 x 10-? 9.4 x 10°°
Trennrin )
we Hnlfl Pancrentie Cancer
ealhn
MR~ 124 .
< 350 170,118 « 119
350-7149 171,213 - 82
150 2/1.2%6 « 1359 -
Tatal A/V. 0T = 126 0.11) 0.240 0.65 -2.4 x 10°° 9.0 x 10°* A2 n 10°°?
Teopardn A
thiee Pancient be Cancor
weal i
- 94
< 350 10,718 ~ 1)
350-749 171,213 » Q2
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< 150 Al 3.255 = 12}
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rm 37 1.4i81 = 10 ,
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~ethylene chloride exﬁosure. (2) used a strictly linear model forzed through
the origin, and (3) iénored information contained in the lower bound
estimzie. Such a sirategy virtually insures compatibility with the animal
?icassgy extrapolation findings. Under these circumstances, it isldifficult
to imagine any-epideﬁiologic study which would provide sufficient evidence to
contradict conélusicns drawn from the animal studies. IA our judgment the

c2ft document should have evaluated data for all primary cancers rather than

Testrict the analysis to the only site for which there was a suggestive

e

ncrease, which may.have been due to chance.
2. Predicted Deaths from Linearized Multistage Model

. "For this analysis, the number of excess dezths predicted in the
Xoizk :ohor:t from %he zpplicztisn of the linearize& multistage modéel to the
fexnal mcuse lung tumor results were compared with the pancreatic éancgr
findings. Th; total of 12.5 deaths (9.3 excess plus 3.2 backgrcund) was
Teportzd to be “...quiie clcsg to the obsetved-(eighﬁ pancreatic cancer

dezths).” (p 8-14) 1In additicn, DES ﬁoted that the 36.3 lung/liver deaths

sTedicted (12.5 excess.plus 21.8 background) were "...wi£h§n g2 factor of 3 of
tne'cbserved 4 deaths...,” (p 8-15), and thus concluded that ". .the
animzl-based risk .assessment should be viewed 2s consistent with the humaq'
catz." (8-14)
Coentrary to the DHS statement that the numbers of observad and

expected pancreatic cancers were "quite close"”, it should be emphzsized that

>

‘the prctability of obse-ving eight or fewer deazths, given expectation of

)
N
(¥,
ye
n

rtelatively low (0.125). Similarly, althocugh the observed zand

e

exzected lung/liver cancer deaths were "within a factor of 3", it is highly

m

unlixely (prebability less than 0.0001) that 14 or fewer dezihs would have

Zserved if the animzl mcdel predictions were correct. we, therefore,



3io0leoeic Plausibility of Pznereatic Cancer

The DHS stzff's selecticn of the pznerezs for their gnizzl model vs.

[0
.J
o
4
o
o
fo 8
[

e exhi

$oe

tumzn compariscn was based on the observaiica that this

n

)—

...greatest relative risk among workers ccecurztienal xposed...”™ (p 8-14)

13

Y

e

&s further justification, they stated that "...there is no reasoz o assume

that.the most sensitive site in animals will be the.mast sensitive site in
hu:;ns." kp 8-13)

-.{ assessing the -risk associated with exposure Lo a cthemiczl, it is
essentizl that the issue of biologic plausibility be czrefully examined.

wWith respect {0 pancreatic cancer, numerous studies hzve been conducted that

learly demonstrate that such tumers are found in associztion with chemical

n

. . .6 s .
expgosures 1n the rat, e.g., bis(chloromethyl)ether , 4-Zydroxyzmino-

. . .. 7 . . . 8 .
guinoline-l-oxide , the diazoketone szaserine , the methylniiroscurea-

.. . g
ccntzining zmind acid N-(H-methyl-N-nitroso carbamcv1) L-otnithine , and

.S . .
=c-e rescently, uypol-pzdenlc drugs such as nzfsnopin  arnd clof;b:zte.g
11-13

Hzwever, chronie oral and inhalation - studies o =szthylenme chloricde

in rats heve not demonstrated the pznecrezs to de the size of toxic action.
.. .. . .- 11,12 12,13

Similarly, chronic inhalation studies in hzmsters™ ™’ znd mice™’ have

in

nct sheown this chemical to be a pancreatic carcincgen. (Hamsters, in
zac¢iiticn to rzis, have been extensively useé as 2 modal for exper-imental
. .. . 9
zancreztlc czancer induction. )
Since'pancreatic cancer has not been eobsarved in chrsnic studies with

T2tz znd wice dosed orally, or in rats, mice, and hamstess dosed by

tszessing these results within the contex:t c¢Z the Kedax zancrezitic {indings
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Conclusions

We disagree with the the DES staff's statemeng "...that human risk
estimates based on animal studies zre consistent with the results of this
(Koda?)'epidemiological study.” (p i-3) 1In arciving at this conciusion, the
D=ES stéff failed to adequately consider the overzll moftality results,
including total cancer and such hypothesized tumor sztes as lung and liver.
In;tead, they restricted their analysis to the only site wizh an elevated SR
(péncreas) for which current evidence of zn associztion with methylene

chloride is not supported by animzl model studies.

There are a2t least four reasons for rejecting this apprcach. First, it

$ie

s likely that the observed-expected difference was due to chznce. (This

PCcssibility has been strengthened by recent data which indicate that no new

¢

cases have occurred since the last reported follow-up in 1984.) Second, no

E

dose-relizted effect was observed in the mertality study. Taizd, the results

mzy hzve bteen confounded by personzl (smoring, alcohcl consumption, dizbetes,

etc.) and occupational (cther chemical extosures) risk-factscs. And lastly,

there is no apparent evidence of biologic plausitbility for sazncreatic cancer
. - -

wman.

With reference to the DHS modeling technique, the use of zn insensitive

usper bound from a linear model for zny czncer site with an increased

Telative risk is likely to demonsiczie consistency with extrapolztions from

animzl bloassay data. Finally, in interpreting the differences bezween
animzl model predictions ané aciuzl cohert mortaliiy, it is importazat to

- L33

recognize that the DHS staff's use of such terms as "quite close™ or "within
a2 factor of 3" is misleading since the precsa®ility of obsecsving the cohort

results (given that the pgredicticns are vzlid) is smzll. 3Bzsed on the

tctazlity of information zvzilatle, we therefcre conclude thzi the overzll
~zlght cf the evidence dcas not suzporit th: zllegztizn that meihylene
Rlewide iz z Twuman carcinczen.
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- Introduction

This summary report addresses the issus of the potential carcinogenic
isk associated with chronic occupational exposure to methylene chloricde as
evglu ted in a recently published epidemiclcziz mortality investigation of
astman Kodzk Company employees.l

Yethodology

The population at risk in this histecrizal cohort s:udy included a
cohort of 1,013 hourly men who were (1) e::’oynd in film coating operations
{methylene chloride area) at any time betwzen Jam uary 1964 and December
1970 and (2) had worked in this area at leas* one year during their Kodak
czreers. Employees, including retirees, warz followed for a maximum of 21
vears, from 1964 to 1984. Cause of dezth stztistics were compared with
mortality data for both the general populztion (upstzte Few York men,
1965-1980) and an employed population (Koézk Rochester hcurly men,
1964-1684).

llll

tandard methodological procedures were zpzlied to czlculzte person-

vears and the expected number of dezths by m=jor cause and czncer
ubcziegory. The Standardized Mortzliiy Eztioc (SHR) was used to summarize
the cohort's mortality experience. Based on the resulis of zn NTP animal’
bloassay,z the hypothesized outcomes of respirztory and liver malignancy
were assessed by 3 one-tailed test for significance at an alpha level of
S%.  In contrast, nonhypothesized cazuses wzrz evaluated Ls‘ng 2 two-tailed
test w*th an alpha of 1%.

Estimates of career methylene chloride expcsure were derived from
extensive workplace monitoring, including > 2,200 zrea sanples collected
during the past four decades (1945-1986) z-=¢ > $00 personal samples
”obta;ned since 1980. Analyses of the datz tx lifetime exposure (ppm-yezrs)
and latency were performed to assess dcse-:esp:ﬂse relationships. Finzlly,
to 'address the issue of the consistency of tzxicologic and epidemiologic
evidence, the nuwber of excess lung and lives caacer .eaths przdicted from
the NTIP? znimzl model were computed, and thz Tesults were compzred with the
gctuzl number observed in the cohort.

Results

1. Cchort Description and Follow-up
The 1,013 study subjects (mean tenuze: ~ 26 years) contributed
moTe than 19,000 person-years during the Zi-+ez- observation peciod. There
were 176 deaths (17%).

The follow—up *ate was 9%%. Kine g=rcons remzined untraced after
search of company zand social security re:zco-ds and ceompletion of a mail

n m

urvey among disabled znd retired employees.

2. Exposure and Lztency
The mean methylene chloride conceniszzion, zdiusted for seasonzl
sariztion, was 26 prm as an 8~-hour time-welgmtzi Fverzge EXTosures were
charactesized according to seven occup aticrnz. :tztegcories selected =on the
zzsics cf personzl dosimetry resulis. 7The -z:n S-hous TWA zvsrages ranged

.



1 pzo (pclyestér film worker and eleciroplater) o 114 rr2 (group

froz= <
leader}. Methyrlene chloride concentrations for other jebs were: film
coater, 48 ppm; coater's assistant, 40 ppm; and clezner, mechanie, chemical
wiTxer, 23 ppm. The maximum peak exposure estimates cznged from 500 pzm to
130,000 ppm. Cn zverage, the study population was emplovaed in filnm casting
czavztions 22 years since methylene chloride was iat-~oduced in
azoooximately 1944, '

In orcder to assess dose-response, the exposure data were.
classified into three categories of approximately the szme number of
employees: < 350 ppm-years, 350-749 ppm-years, and 750 or more

FFa-years. The mean exposure rates were, respectively, 16, 22, and 42 ppm
2s 8-hour TwhAs while median latencies were 17, 31, and 37 years (overall 30
fears). Therse was approximately an 8-fold difference in career exposure
evels between the highest and lowest groups (1,200 vs. 150 ppm-years).

R

3. Cancer Xortality

. - The total number of malignancy deaths (41) did not differ
ally from the number predicted based on New York State (59.3) and
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arved and expected deaths for the hypothesized target orgzns (lung and
).* Whereas no primary hepatic neoplasms were reported, the 14

rztory cancer dezths observed compared with expectation of 21.0 (NY

e, SMX 67) and 16.6 (¥odak Rochester, SHR 84). Amcng non-hypothesized
es there was a suggestive excess vs. state data for pznereatic

guancy (8 cbserved vs. 3.2 expected) as well zs comparzble deficits for
lasns of the genito-urinary organs (3 vs. 8.0) znd colen-rectum (2 vs.
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Dose-Response

.3

There was no evidence of a dose-response relaticnship with respect

=
=a2thylene chloride concentration in the highest doszge cztegory was

roximziely eight times greater than that in the lowest. The chi square
tests for both homogenity and trend were not statisticzlly significant.
S¥2s (state rates) for lung carcinoma were, respectively, €8, 64, and 54
for the three caceer exposure classes. Similar results were reported for
latency: < 20 years (SR 163), 20-29 years (SMR 26, and 30 years or more
(S¥= 78).

5. Toxicologic vs. Epidemiologic Results
4 comgariscn of the number of combined lung-liver ;anceb deaths
erved in the cohor:t (l4) with the number predicted frcm the a2nimal model
7 demcnstrated a2 highly significznt difference (p < 0.0001).
fhermore, thnis discregzney was appzrent at even the highest career
ctservad vs. 1%.6 predicted (p < 0.001). <Zhus, the
the znimzl bicassay were clearly inconsistent wiih human



1. Strengths of study
3. Methylene Chloride Exposure

Accurate and complete characterization of exposure is an
essential element for an assessment of dose-response. In the current
investigation, carszer methylene chloride exposure estimates were derived
from well-documented job history records and environmental sampling
tesulis. Factors contributing to the quality of data were:

. (1) The company's industrial hygiene database included a
substantial amount of both historical and current information concerning
‘'solvent levels in this department. Included were 1,220 area samples
collected during the past 40 years from a wide spectrum of operatin
conditions, job functions, znd work sites. 1In addition, 944 full-shift
personal samples, specifically chosen to guantify exposures according to
job function, were analyzed from 1580 to 1986.

(2) The personal dosimetry data, collected during usual
working conditions, were considered to be representative of historical
solvent levels. Although operational changes have been made during %he
past four decades, the technology used to manufacture film bzse as well the
tasks associzted with specific producticn processes have ramzined
Telatively constan<.

tes of career exposure were based cn analysis of
histesy information, including review of ‘me-e than
signrants from 194¢ to 1984. The quality of the
was further enhaznced Dy the fact that the depariment has traéitionally
nered to a.rigid organizationzl and job progression structure.

(3) Tstirma
extensive occupaticnzl
4,800 individuzl jobv as
cata
ad

=

(4) The validity of the exposure estimates was supported by
(a) mass spectromeiry and/or gas chromatography analyses, (b) biologice
monitoring findings, and (e¢) historical engineering data collected from the
continuous process mecnitoring of solvent concentrations withia the film
casting machines. - '

b. Control Groups

The study design was strengthened by the selection of beth
generzl populaticn and oceupztionzl referents. - The primary adévantages of
using the New York Stzte conirols were rate stability (larze population
base) and geograghic similarity. The choice of an indusirial cemparison
group mitigated the Tlzs azssscizted with the "healthy worksr effec:” znd
assured comparzbility for sucth socio-econcmic and perscnzl charzctaristics
&s pay class, educztion, cigarette smoking, health insurznce coverzge, znd
gzzess Lo medical care.




d. Cohort Size and Follow-up

The study pspulation of mcre than 1,000 man was relatively
e, the observaticn period (21 years) of reascnable length. 1In
tion, the median follow-up frem first exposure was 30 years.

e. Durztion of Exposure

On average, cohort members worked in the methylene chloride
envirenment 22 years; for 'those with the highest career exposure, the mean
was 29 years.

£. Dose-Response

The relationship between methylene chloride dose and cancer
mortality was assessed in terms of career exposure (ppm-years), latency
{(number of years elapsing batween first documented exposure and last
follow-up), and both indices. There was no evidence of 2 dose-response
relationship. ‘ -

g. Latency

The median latency period of 30 years was sufficient to allow
expression of the postulated lung and liver cancer effects. An analysis of
observed-expected differznczs demonstrated no consistent pattern.

- h. Statistical Sower

The power of z study, the protability of detecting 2 given
increased risk if it actuzlly exists, is important in interpreting ’
epidemiologic findings. 2Power may be used £o (1) detsct z fixed relative
risk (RR), or (2) determine the RR for a given power.

In this investigation, there was adequate power (63%, 98%,
znd > 99%) to detect an increased risk of respirztory carcinema of 1.5,
2.0, and 2.5, respectively. Conversely, FRs of 1.6, 1.7, and 1.8 would be
identified with 80%, 85%, znd S0% power. N

i. Cigarette Smecking

The principal confounding variable for lung cancer was
‘cigarette smoking. The rasults of a mail guestionnaire survey showed that
tobacco usage patterns among surviving cohort members, including retirees,
were similar to those reporied for other groups of emplcyed persons and the
population a%t .large. In ad2ition, a review of decedents' medical records
indicated that 84% were "evar smokers”. . .

2. Limitzations of Study

2. Power for Race Torms of Cancer

With fewer zhzz= 20,000 perscn-vears, thare was clearly
inadequste power to detec: zn excess cf liver cancer. 1In this czse, 3 RR
cf 5.7 or greater would tz neeced in orcer to achieve 8C% pcocwer; hcowever,
zs indiczteé, no liver ma.irmancies werse chsarved.



b. Other Exposures

Although methylene chloride has been the primary solvsn: ia
film casting operations at Kodzk since approximately 1944, :
1,2-dichloropropane (DCP) and 1,2-dichlorcethane (DCE), both suspecied
animal czrcinogens, were slso present at similar cencentrziions during
certain manufacturing processes from 1930 to 1966. Other potential
exposures included acetone (prior to 15950), and methanol, ethanol,
isopropanol, and butanol (in lesser amounts). 1In addition, some

maintenance employees may have worked with asbestos and chromium., Sirce
historical air sampling measurements for these materials, including the
identification of potentially-exposed workers, are unavailable, it Zas not

been possible to measure the impact of such exposures on cancer moriality.
¢. Cancer Incidence Not Evaluated

Because the cohort's illness-zbsence experience was nct
studied, some malignancy sites with favorable survival rates may no: kave
been completely zssessed. On the other hand, it is likely that all lumg
and liver cancers were identified due to their extremely high case-fatality
raies. :

Conclusions

Although the study demonsirated no stztistically significant
observed-expected differences for total or site-specific cancers, fucther
assessment of the pancreatic findings appears warranted.

It is important that the results of this study be incorporzted ia ths
risk-assessment process since the toxicologic findings differed froz zhe
epidemiologic experience. A possible explanation for this inconsiszan:
may relate to the metabolic variation between the mouse znd man as
demonstrated in recent pnarmacokinetic studies. Finally, it should =e
noted that one other epidemiologic investigation, an update of mortzli
2 South Carolina fiber manufacturing facility, mey provide importan:
evidence concerning the potential carcinogenic effects of this chemiczl.

H
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APPENDIX C

HSIA submitted extensive referencss ts AR3 concerning
methylene chloride on March 27, 1986. Enclcsed are the following
additional references:

T:apscvlpk of EPA’s Science advisory EBoaxd (SA3) August 13, 1987
review of methyléne chloride.

Undate to the Health Assessment Document and 2ddendum for
Dichlorcomethane (Methviene Chloride) : ‘FPazrrmacokinetics,
Mechanism of Action, and Fpidemioclogv. =»=ernal Review Draft,
Pr/600 18-87/030A; July, 1987.

R RS

=FIC Statement on Research into Species Lifferences. -

2]

cw Chemical Statement cn Research into Spacies Differences.

Hearne, F. T., Grose, F., Plfer, J. W., Triedlander, B. R., and
Raleigh, R. L., Methylene Chloride Mortzali= Yy Study: Dose
fespconse Characterization and Animal Modail Co:pa*lson, J. Occup.
Hed. 28: 217-228 (1987). -

&nderson, M. E., Clewell :H. J., III, Zazczs, M. L., STiuh, F.
&., &nd Reitz, R. H., P&y51clog1call Zesei Fharrmacokinetics and
the Risk Assessment Process for Methvlsrs Zhloride, Tox.

A2=2l. Pharm. 87: 185-205 (1987).

Grzen, T., rFrovan, W. M., zand Gowans, ., Y¥ethvlesne Chlcrisse: 1In
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stzble isotoves) and F344 rats. CEFIT Rei sr< No. CTL/R/931
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NATIONAL ASSOCIATION OF PHOTOGRAPHIC MANUFACTURERS, INC.

8§00 Mamaroneck Avenue. Harrison. New York 10528
T Telephone 914 + 598-7603

January 7, 1988

Mr. Robert Barham, Chief

Toxic Air Contaminant Identification Branch
Air Resources Board

Attention: Methylene Chloride

P. 0. Box 2815

Sacramento, CA 95812

Re: Preliminary Draft - Report to the Air Resources
Board on Methylene Chloride -- Noveaxber 1987

Dear Mr. Barham:

The National Association of Photographic Manufacturers, Imc. (NAPM) is a volun—
tary trade association composed of companies involved in tkie manufacture of
photographic equipment and supplies. On the supply side cur merbers manufac-
ture photographic film and photographic paper.

Our comments on the éaptioned report are directed specifically to Chapter III,
Production, U;gs and Emissions; Part A - Public Exposure to, and Sources of,
Atmospheric Methylene Chloride in California. :

In this chapter, the staff of the California Air Resources Board estimated
uses of methylene chloride by the photographic industry in Califormia, citing
several sources. Included were (1) "Methylene Chloride: Imitiat:on of
Regulatory Investigation,” 50 FR 42037; and (2) "Survey of Met*ylene Chloride
Emission Sources,” EPA-450/3-85-015. These EPA documents cont:.in significant
errors of fact concerning the use of methylenme chloride in the photographic
industry. In comments to the Envirommental Protection Agency : December 16,
1985) and the Occupational Safety and Health Administration (Fe:bruary 19, 1987),
Eastman Kodak Company, a member of NAPM, provided information to correct these
factual errors. Copies of these letters (without attachsments) z-e enclosed
for your informatiom. ’ ‘

Methylene chloride is used in the manufacture of photographic film. It is
the principal solvent in the manufacture of cellulose triacetate photographic
film base. It is also used as a solvent in the manufacture of specialized
chemicals for “incorporation in photographic film emulsioas znd for coating
operations. None of these manufacturing operations are located in Califormia.

The Association for Manuiacturers of image Technology Procucts
L
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January 7, 1988

We are not aware of any use of methylenme chloride in the chemical formulations
used. in the processing of exposed photographic film. Photographic film is
spliced into larger units for processing by most photoprocessing laboratories.
All splices used in the processing of exposed photographic film, however, ars
mechanical tape splices. Therefore, the Draft Report is imcorrect in identi-
fying “photographic film processing™ as a use category in Califormia.

Splicing cement is used when processed film is edited during the production

of motion pictures. Methylene chloride has a minor use as an ingredient in

the splicing cement. Kodak informed OSHA that it processed less than 2 metric
tons of methylene chloride for use in film cements for both domestic and export
sale and estimated the total iadustry usage as less than 5 metric toms in 1984
(see enclosed letter). Using the methodology of Appendix II (11Z of US popula-—-
tion) and even assuming all domestic sales, the usage in Califormia would be
about 0.5 metric toms; therefore, the amount of methylene chloride involved in
motion picture filam splicing annually in Califormia is small in relatiom to
other emissions. It should be included as another example under ‘Miscellaneous
Uses” (p. III-15). :

The following corrections should be made in Chapter III:

Page III-2, Figure III-2 - Remove the category and data for "photb film proces—
sing™ from the chart.

Page III-3, Section B - Remove "photographic film processimg™ from the 1list
of uses.

Page III-5, Table III~1 - Change “Photographic Film Proceséing" to "Photographic
Film Manufacturing” and change the.estimated California use to zero (0).

Page III-7, Table III-2 - Remove "Photographic Film Proc.” and associated data
from this table.

Page III-1l - Remove section on "Photographic Film Processing™ entirely.

Page III-15 - Under "Miscellaneous Uses,” insert another example as follows:
"“a constitueant in photographic film cement.”

Appendix II, Page 1 - Remove "photographic film processing”™ from entry "Paint
removers, aerosols, photographic film processing and miscellaneows.”

Appendix II, Page IV - Add section om photographic film manufacturing as follows:
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Photographic Film Manufacturing

Methylene chloride is used as a solvent in the manufacture of
cellulose triacetate photographic film base. It is also used in
the manufacture of specialized chemicals for photographic emulsions

and for certain coating operationms. Methylene chloride is not used
in the above manner in California.

We appreciate the opportunity to comment and feel confident that our remarks
and suggestions will be given due consideration. If there are any questions,
Please feel free to get in touch with me.

Sincerel},
,,/\ /Lnsxa—:} \_/ //C(
Thomas J. Euffxcy 6/

Executive Vice President

TJD/jb
ENclosures



December 16, 1985

Document Control Officer (TS-793)
Environmental Protection Agency
Cffice of Toxic Substances

401 M Street, SW; Room E-209
Washington, DC 20460

Dear Sir:

Subject: Methylene Chloride: 1Initiation of Regulatory Invest;gatlon-
S0 PR 42037; October 17, 1985; Docket No. Oz¥TS-862045

Yastman Kodak Company is a manufacturer of imaging preoducts, chemicals,
fibers, and plastics, with major manufacturing facilities in nine
.states. Kodak uses methylene chloride in the manufactnre of certain -
photographic products and has made significant capital investments in
process and recyling equipment. Although Rodak does r=ot manufacture
- methylene chloride, we are concerned about the potential impact on Kodak
of any requlatory action on methylene chloride.

I. Introduction -

Kodak is submitting these comments on the above referemced ANPR to call
EPA's attention to three areas that merit consideraticm in EPA's
evaluation of the potential risks of human exposure to methylene chloride
and of regulatory measures that may be taken to amelzorate any such
identified risks. . :

A. FKodak is concerned, based on EPA and CPSC criticisms of Kodak's
epidemiologic study of methylene chloride, that EPA will discount
these data, and rely exclusively on the animal toxicologic data
for developing estimates of risks to humans exposed to methylene
chloride. Kodak is submitting, with these corments, a detailed
discussion that responds to each of the specific EPA or C2sC
criticisms of the epidemiologic study. This discussion also
provides additional support for Recdak's contention that the data
from the epidemiologiec study and follew-up reports should be
incorporated into EPA's assessment of the potential risks to
humans from exposure to methylene chloride.

EASTMAN KODAK COMPANY + 343 STATE STREET + ROCHESTER, NEW YORK 14650
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B. [Kodak is providing data to clarify, add toc or correct some
aspects of the information presented by EPA in the ANPR and
support documents relating to the use of methylene chloride by
the photograghic industry and to the emissions and exposures
associated with these uses.

C. KRodak is concerned that EPA is continuing to evaluate chemicals
as potential substitutes for methylene chloride that may have
known or relatively uncharacterized hazards of a greater
magnitude than those that have been demonstrated to be associated
with the use of methylene chloride. KRodak urges that EPA
carefully evaluate both the identified adverse effects of the
substitutes, and the significance of any data gaps relating to
potential hazards of the substitutes.

IXI. Epidemiologic Studv of Workers Exposed to'Hethvlene Chloride

Kodak has conducted an epidemiology study on a cohort of Kodak workers
who have been or are currently involved in the manufacture of cellulose
triacetate film base using a solvent which incorporates methylene
chloride. The initial report and first update on this stady were
critized by EPA as lacking sufficient latency period, cohort size,
exposure data or statistical power.

Kodak recently completed a second update of this study, extending the
follow-up by four years and thereby increasing the latenc: period and
statistical power of the study. The results of this upda: 2 were
furnished to EPA on June 28, 1985. We are concerned that _.he Agency's
comments in the ANPR and support documents countinue to dic :ount the use
of this study and do not address the scientifiéally valid -=onclusions
contained in the study. Dr. Symons, of EPA's Science Advi:.ory Board's
Environmental Eealth Committee,. urged EPA to consider altermnate
conclusions that can be based on the epidemiology work. Ee characterized
the study as "...an important piece of information that we often don't

have."*

In the enclosed paper, Kodak Resvense to EPA and CPSC Comments Concerning
Kodak's Epidemiclogic Study of Methvlene Chloride Emplovee s, Kodak
responds in detail to each of EPA's and CPSC's specific cx iticisms of the
Rodak epidemiologic study. Kodak concludes that the size 2£ the study
cohort was adeguate; the latency period in the study was sufficient to
allow the hypothesized effects to be expressed; the exposure levels were
sufficiently well charzacterized for epidemioleogic risk assessment
purposes; and the statistical power of the study was adegquate to detect
‘excess deaths from certain hypothesized causes at low to moderate levels
of relative risk. Rodak is alsc presenting in the enclosed paper a brief
discussion of an analysis comparing the results actually observed in the
epidemiologic study with the results ptedzc-ed from models extrapclating .

fzrom the animal biocassay data.
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significant ccnclusions from the epidemiologic study (and updates)
incluge:

l. There is "no evidence of an incteased'mortality risk for lung
cancer® resulting from worker exposures to methylene chloride; and

—2.. The study cohort showed an approximate 30% deficit in both total
mortality and total cancer deaths compared to the deneral
population, and showed no significant differences in total
mortality or total cancer deaths when compared to an industrial
control group. .

Rodak urges EPA to reconsider its evaluation of the Rodak epidemiologic
study, and to incorporate the significant data and conclusions from this
study into its risk assessment of methylene chloride.

III. Uses of Methylene Chloride in the Photographic Industry

A. Photographic Manufacturing

The ANPR contains several factual errors relating to the nse of methylene
chloride in the photographic industry. The major use By Kodak of
methylene chloride is in the manufacture of certain pbotographic products.

HMethylene chloride is used by Kodak in the manufacture of clear plastic
sheet and some photographic products, not in the processing of .
photographic films and papers. The principal use for methylene chloride
by Kodazk it as a solvent in the manufacture of cellulese triacetate
pPlastic £ilm base. We believe that certain non-U.S. manufacturers of
photographic products also use metnylene chloride in the production of
film base. Other uses in the manufacture of photographiic products
include use as a solvent for applying surface coatings to photographic
film base and lithographic plates. It is also used as a solvent in the
production of certain chemicals used in the manufacture of photographic
films and papers.

The major Kodak manufacturing processes are designed to recycle
substantially all of the methylene chloride used in the processes.
Typically, the recovery rate for methylene chloride exceeds 90%.
Projecting total industry use and emissions based on the use experience
with methylene chloride by Eastman Kodak Company, we estimate that total
ambient emissicns of methylene chloride from use in manufacture of
photographic products would be about 5,000 metric tons per year.

Methylene chloride ambient emissions and exposures in the photographic
manufacturing industry occur at two Rodak sites, and, perhaps, at a
limited number of additional sites in the industry. ©Potential population
exposure, therefore, is not nationwide and must be substantially less
than 227 million people. Potential exposure during use of methylene

chloride by Rodak invelves less than 1,500 workers.



Document Control Officer —4
December 16, 1985

We suggest EPA add a second job category of *production worker® under
*photographic applications® in Table 1 to reflect the workers involved in
the manufacture of £ilm base and other photographic products. We also
suggest Table 2 be changed by adding a source category of "photographic
manufacturing® with two known sites and.annual emissions of 5000 metric
tons.

8. Other Uses of Methvlene Chloride in the Photocravhic Industry

"Section II of the ANPR contains the statement that ®*cther major uses of
methylene chloride include use in ... photographic film processing ... "
(50 FR 42038). Table 2 lists ®photo processing” as a socurce category,
with emissions of 8,100 metric tons (MT/yr) and general population

. exposure of 227 million people. (50 PR 42045) The ANS= is based on the
support document, which lists use of methylene chlorida in film splicing
cements and assumes total consumption and emission of 8,100 metric tons
(Mg) in 19831. The ANPR and the support document é> mot contain any
explanation of the derivation of the general populaticn exposure estimate
of 227 million people. As discussed in the following sections, methylene
chloride is not used in photo processing operations amd the quantity of

methylene chloride used in and emitted during film spXicing is less than

5 metric tons, which is considerably lower than the esiimates given by
EPA in the ANPR.

1. Photo processing

Kodak does not include methylene chloride as an ingredient in any
photochemicals used in the processing of photog:zrphic Films Or paperse.
Moreover, we are not aware of any photoprocessing chemicals of other
companies that utilize methylene chloride. The statement in the ANPR
that photographic f£ilm processing is a major use of methylene chloride is
wrong and should be deleted. Table 2 in the ANPR should be amended to
delete "photo processing” as a major scurce category £or methylene
chloride. -

AsS indicated in Table 1 (50 PR 42045), liquid film cement comtaining
methylene chloride is used in splicing certain photographic £ilms. EZA
states this use involves less than 1400 workers who are expo:ssed at a .
maximum 8-hour TWA exposure-level of 3 milligrams per cubic meter. It
should be noted that this is the lowest exposure level for any entry
indicated in Table 1. However, the data in Table 2, "Methylene Chloride
Ambient Releases and Exposures® relating to potential emissions from the
use of methylene chloride in photographic processing are not correct. (50
FR 42045).
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In 1984, Rodak processed less than 2 metric tons of methylene chloride
for incorporation in film cement products for both domestic and export
sale in containers of one gallon or less. These Kodak products are used
only for splicing motion picture films, which is done in about 500 U. S.
motion picture laboratories.2 While other companies also sell motion
Picture film cements, we estimate the total quantity €inclusive of
Kodak's use) will be less than S5 metric tons of methylene chloride.

Only an extremely small amount of this total of methylene chloride is
used in the cement involved in any one splice, resulting in an exposure
level that EPA estimated to be 3 milligrams per cubic meter. Moreover,
no methylene chloride is used in the processing of pboctographic films or
pPapers. The emissions from this source, therefore, cannot conceivably
result in the exposure 'of the entire national population (227 million) to
methylene chloride as indicated in this Table.

Table 2 in the ANPR should be corrected as follows:

a. The identity of the source category should be amended &o
"photographic £ilm splicing;"

b. The quantity of emissions f£rom this source showld be amended from
8,100 metric tons per year to 5 metric tons;

€. The population estimate should be revised to reflect the limited
number of sites and the small quantity of methylene chloride used
in £ilm splicing operations. '

In summary, Tables 1 and 2 shéuld be revised as follows to reflect
accurate data on the use of methylene chloride by Rod=k in the :
photographic industry: ) !

Table 1
Estimated No.
Industry Category Job Category of Workers
Photographic applications Splicer 1376
Production Worker 1500
Table 2
Emissions
Source Category . No. of Sites . (MT/vT)
Photographic. Film Splicing 500 ' 5
Photographic Manufacture 3 5,000 .

Photoprocessing (deléte) {delete) (delete)
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IV. Comments on Potential Substitutes for Methvlene Chloride

A. DPotential Suhstitutes for Methvlene Chloride in Photograrhic
Manufacture

Each photographic f£ilm product is designed to provide a corcbination of
photographic and physical properties required for proper customer use af
the photographic films and for customer satisfaction with product
quality. Selection of the appropriate film base material is important in
- order to achieve the desired product properties. There are no suitable
substitutes for the cellulose triacetate f£ilm base which is manufactured
by Kodak using methylene chloride. Moreover, photographic products
available from non U.S. manufacturers alsc utilize cellulose triacetate
£ilm base manufactured, we believe, with methylene chloride,

Kodak has explored the use of alternate solvents in manufacturing

cellulose triacetate film base. No adequate substitmtes bave been found
because of the solubility characteristics of cellulose triacetate or the
known or potential toxicity and physical hazards of other solvents, such

as flammability.

B. Comments on Potential Substitutes Suggested i the ANPR

The use of several of the materials suggested in the ANPR (50 FR 42042)
as possible substitutes for methylene chloride has been reduced or
discontinued because of known or potential toxicity and physical
hazards. . Por example, the Recommended Maximum Contaminant Level (RMCL)
established by EPA under the Safe Drinking Water Act for
trich.orocethylene and carbon tetrachloride is zero (50 FR 4¢380). This
RMCL was established on the basis of suspected carcinogenicity. We are
not aware of any report that demonstrates the proposed substitutes have
been as carefully evaluated by human epidemiological studies during
industrial use as has been methylene chloride. EPA should not continue
consideration of use of these substances as alternatives for methylene

chloride.
V. Conclusion

Kodak urges EPA to give careful consideration to the epidemiological data
that have been developed on methylene chloride, and strongly suggests
that EPA incorporate these data into its assessment cf the risks of
methylene chloride exposures to humans. Kodak requesis that EPA correct
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its data on the uses of, and exposures to, methylene chloride i{n the
photographic industry, as described in these comments, and that EPA
incorporate the new information on exposures associated with photographic
manufacturing into its data base. Purthermore, Kodak suggests that EPA
give particular consideration to the known or potential hazards
associated with the suggested substitutes for methylene chloride.

Rodak is continuing to study the use of methylene chloride, the data on
occupational exposure, and the epidemiological studies of Kodak workers
exposed to methylene chloride. Kodak expects to share any farther
conclusions or new information developed during these studies with EPA.
RKodak is available to discuss these comments with the Agency at any time.

Very truly yours,

VAP

Robert P. Brothers

Director, Regulatory Affairs
RFB:nls )

190%e
Enclosure

cc: Dr. P. A. Cammer,
Halogenated Solvents Industry Alliance

Mr. T. J. Dufficy _
National Association o€ Photographic Manufacturers
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February 19, 1987

Docket O0ffice

Occupational Safety and Health Administration
Docket No. E-71; Room N-3670

U.S. Department Of Laber

200 Constitution Ave. R.W.

Washington, D.C. 20201

Dear Sirs:

Subject: Occupational Exposure to Methylenme Chloride: S1 FR 42257
Rovember 24, 1986

Eastnan Kodak Company (Rodak) is a manufacturer of phetographic -
products with major manufacturing facilities in nine states. As a
multi-state employer, we share the interest of the puhlic, Congress
and OSHA in a safe workplace.

Rodak uses methylene chloride in the manufacture of cextain -
photographic products and has made significant capital Investments
in process and recyciing equipment. In addition, Kodak has
conducted epidemiology studies on employees with job assigrnments in
areas where this solvent is used. We have reviewed ths referenced
Advanced Notice of Propcsed Rulemaking and submit the fnllowing
comments and information on Sections A, B, D, F, I, and M.

A. Health Effects:

. 13
Kodak has conducted an epidemioclogic mortality study om a cohwort of
Kodak workers who have been or are currently involved in the
manufacture of cellulose triacetate film base using a2 solvent
containing methylene chloride. Specifically the study addresses the
petential health risks, including the risk of carcinegenicity,
associated with chronic occupational exposure to this chemical.

EASTMAN KODAK COMPANY - 343 STATE STREET - ROCHESTER, NEW YCRK 14850
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The initial study report based on a 1964 cohort, was published in
1978 followed by an update in 1881. (0SEA Exs. 4-027 & 4-030) A
* second update was conducted through 1984, extending the follow-up
periocd by four years, thereby increasing the latency period and
statistical power of the study. The update was submitted to 0SHA
and other government agencies in 1985. (OSHA Ex. 7-044)

Kodak continued work on the epidemiology study and presented
preliminary findings at the Winter Toxicology Forum in February
1986. The study cohort was expanded to include workers employed in
fllm coating operations during 1964-70. A dose respcmse assessment
using an index of career exposure was also performed. An Initial
analysis of these findings was provided to OSHA, EPA, FDA and CPSC
in meetings with representatives of these agencies duxring 1986.
(0S3A Ex. 7-040) N

A report of the expanded epidemiology study has been completed and
is attached as Appendix 1. This report is scheduled £or publicatien
in 1987, although minor editorial changes may be made prior to
publication. Appendix 2 is a summary of the report, prepared by its
authors, and a discussion of its relevance to assessmemt of
potential human health risks.

Significant conclusions from the epidemiclogy report Xnclude:

This epidemiologic investigation of more than 1002 emplayess
chronically exposed to methylene chloride demonstrated mo
unusual mortality patterns for such hypothesized causes: as lung
and liver malignancy and ischemic heart disease. Therer was, in
addition, no evidence of a dose-response relatioaship with
respect to career exposure and latency. (Appendix 1, p. 35)

0SEA has cited an evaluation conducted by CAG/EPA in 1985 of the
Kodak reports published in 1978 and 81. After reviewing that
evaluation, OSHA stated "based on current published data, tiue
essentially negative Friedlander studies do not appear to h=ve the
power to rule out an overall cancer risk or the lung cancer risk
that is predicted from the KIP mice study.” ((51 FR 42262)

The CAG/EPA assessment was based on the study report publisked in
1678 of a cohort of 252 long-term vorkers. The most recent Xodak
study reports on an expanded cohort of 1,013 workers, as well as
covering a longer latency period and including more extensive
exposure data (see Appendix 1). Appendix 2 includes a discuzssion of
risk assessment and power calculatiomns b‘asegi cn the most recent data
and states: : . :

r
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We therefore conclude from the 1986 study results that the power
to identify total cancer and respiratory malignancy, predicted
from the animal bioassay, was substantially greater (0.48 —
0.63) than the lower estimate reported by CAG (0.07 and 0.09,
respectively, for total malignancy and lung.cancer deaths).

Kodak urges OSHA to evaluate the most récent epidemiology
information, submitted with these comments, and to incorporate the
significant data and conclusions from this human epidemiology study

as OSHA develops its own assessment of occupational exposures and
risks.

B. Permissible Exposure Levels

The Kodak Bealth and Environment Laboratcries review available
health effects data on chemicals of interest to Kodak. The
Laboratories reviewed the American Conference of Governmear and
Industrial Hygienists (ACGIH) decision to reduce its recommended
threshold limit value (TLV) from 500 ppm to 100 ppm. The _
laboratories concurred and established an exposure guideline of 100
ppm for Rodak operatioms.

In 1986, the ACGIH proposed to further lower the TLV for methylene
chloride from 100 ppm to 50 ppm. However, the most recenz update
and expansion of the Rodak epidemioclogy study of workers Znvolved in
manufacturing operatlons using methylene chloride demonstrated no
~unusual mortality patterns for hypothesized causes of death and no
evidence of a dose-response r2lationship with respect to career
exposure and latency. (see Appendices 1 and 2) New informatiom, -
including the latest epidemiologic findings, confirms Kodak's
conclusion that continued use of this solvent at current
occupational exposure levels in Kodak's operations does not present
a significant risk of serious human health effects.

D. - Substitution Availability:

The major use by Kodak of methylene chloride is in the manufacture
of certain photographic products. Principally this involves use as
a solvent in the manufacture of cellulose triacetate plastic f£ilm
base. Each photographic £ilm product is designed to provide a
combination of photographic and physical properties required for
proper customer use of the film and for customer satisfaction with
product quality. For certain products, cellulose triacetate
exhibits a unique combination of the necessary characteristics,
which are described in Appendix 3. For the reasons discussed in
Appendix 3, we are mot aware of any satisfactory replacemeat f£film
base material, for those products now using cellulose triacetate,
that can achieve the desired product properties and meet customer
needs.
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Kodak has reviewed potential substitutes for methylene chloride as a
solvent in the manufacture of cellulose triacetate film base.
Appendix 3 also contains a discussion of the necessary solubilicy
characteriszics of any potential solveant and dezcunstrates that most
potential solvents do not posséss the necessary characteristics to
be effective substitutes. Appendix 4 contains a review of the
physical and health hazards of four-possible altermative solvents.
In addition to the undesirable characteristics cited in Appendix 4,
these chemicals have not been as carefully evaluated for possible
human health effects, particularly by epidemiological studlies during
tpdustrial use in Kodak's operations, as has becn methylene
chloride. Based on this information, Rodak has concluded methylene
chloride 1s necessary as a solveat for cellulose triacetate film
support production because no other potential coating solvent is
known to be as safe as methyleme chloride.

In addition to the poteantial physical and health hazards assoclated
with substitutes, replacement of methylene chloride would be a major
change in the manufacturing process for production of cellulose -
triacetate film base. Each photographic product must pass a battery
of quality assurance tests designed to measure the photograzphic
quality and stability of the product. These tests are rigorous,
costly and time-consuming and must be satisfactorily comple ted
before a product is introduced into the marketplace. Changing from
methylene chloride as the base-making solvent would require
photographic revalidation of all of the products that would be
coated on the base material made by the new process. This would
require at a minimpum several years to coaplete and would imvolve
significant expenses in addition to any capital inveszsents required
by substitutior.

Based on our review of the solvent characteristics, physiczl t
properties and health hazards of possible substitutes, Rodz=k has
concluded that there are mo solvents currently available that would
be acceptable as alternatives to the continued use of methylene
chloride in the manufacture of cellulose triacetate film base.

F. Workers exposure and monitoring:

OSHA has cited the report prepared for EPA by Pedco Eavirommental,

Inc. as its "primary source of occupational exposure data.” (51 FR
42260) This report contains factual erTors relatiag to the use of

methylene chloride in the photographic industry. These errors wers
pointed out to EPA in our comments dated December 16, 1985. (OSEA

Reference 4-(096)

The Pedco report contained no information om the major use by Kodak
in the manufacture of certain photographic products. Principally,
this involves use as a solvent in the manufacture of cellnrlose
triacetate plastic film base. Extensive data on job categories,
exposurs and monitoring methods associzced with this use can be
found ia the actached epidemiology report. (see Appendix 1)
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Other uses in the manufacture of photographic products include use
as a solvent for applying surface coatings to photographic fiim baée
and lithographiec plates. The chemical is also used as a solvent in
the production of certain chemicals used in the manufacture of
photegraphic films and papers. :

The only Job category cited in the Pedeo report for photographic
applications is splicer. Liquid film cement containing methyleme
chloride is used in splicing certain photographic films. In 1984,
Kodak processed less than 2 metric tons of methylene exlcride for
incorporaticn in film cement products for both domestiz and export
sale in containers of one gallon or less. These prodncts are used
only for splicing motioca picture films, which is done #n about 500
motion picture laboratories. Only an extremely small =mowumt of .
methylene chloride is used in the cement involved in ==y one séliEe,
resulting in an exposure level that EPA estimated to be 3 milligrams

per cubic meter, _ -

I. Control measures and benefitg:

Kodak has reviswed its manufacturing operaticns and cemsidered the
costs of implementing engineering controls to reduce cmrrent
occupational expesure levels. A capital investment program of as
nuch as $100 million would probably be required to meeat the ACGIH
proposed reduction. Achievement of significantly lower exposure
levels would require a substantially larger financial Investment,
including development of new manufacturing technology =nd tke design
and construction of new manufacturing facilities.‘ No 3dentifiable
benefit would result in an occcupational setting for which the latest
epidemiology study "demonstrated no wnusual mortality patterns™ and
"no evidence of a dose-response relationship with resperct to caresr
exposure and latency.” (see Appendix 1, p. 35)

M. Financial and Economic Profile:

Cellulose triacstate film base is a photographic suppert mataerial
manufactured by Kodak and used for many Kodak motion picture,
graphic arts, and amateur roll and movie film products. Kodak is
currently the only domestic manufacturer of cellulose triacetate
film base. This base material is macufactured by other companies at
sites ocutside the U. S. and is used as the support material for
competitive photographic products. Unreascnable regulatory
requirements that apply only to domestic manufacture of this film
base may adversely affect the U. S. trade balance in view of the
availability of competitive film products on the same base material

provided by non-domestic manufacturers.
R

’
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Conclusion

Rodak urges OSHA to give careful consideration to the new data
included in the attached epidemiology report .and to incorporate it
inato its assessment of occupationmal exposures and the risk of human
health effects. Furthermore, OSHA should give particular
consideration to the known physical and health hazards associated
with any potential substitutes for methylene chloride as well as to
. the infeasibility of substitution for technical reasons. Finally,
OSHA must carefully review the potential economic impact of imposing
excessive resgulatory requirements cn the domestic photographic.
industry in view of the new epidemiologic findings based on this
industry. o )

We appreciate the opportumity to provide this information to OSEA.
We will submi~ a cnpy of the paper on the epidemiolagy study when it
bhas been published. .

Very truly yours,

(AR >

Bobert F. Brothers

Director, Regulatory Affairs
RFB:nls .
Enclosures



C. Comments from the Allled Corporation



- E'E'EEE) Allied Corporation .
; . Department of Toxicology
P.0. Box 1021R
Morristown, New Jersey 07550

December 16, 1987

Mr. Robert Barham, Chief

Toxic Air Contaminant Identification Branch
Air Resources Board -

Attn.: Methylene Chloride

P.0. Box 2815 .

Sacramento, CA 95812

Dear Mr. Barham:

On November 23, 1987, Peter D. Venturini, Chief of the Stationary
Source Division of the State of California Air Resources Board announced
that the preliminary draft report on methylene chloride was available for
review and comment. »

We appreciate the opportunity to comment on the preliminary draft
report which includes: Part A - Public Exposure to, amd Sources, of
Atmospheric Methylene Chloride in California, and, Part B - Health
Effects of Methylene Chloride.

In Part B - Health effects of Methylene Chloride, we are in basic
agreement with your conclusion that "the environmental concentrations in
California of ‘3 ppb are well below any known acute and mon-carcinogenic
chronic levels that may cause adverse health effects". However, we would
extend this further to include the contention that no carcinegenic
effects or cancer-related mortality would be expected to occur at current
ambient levels. At the present time, compelling scientific evidence to
refute this latter contention simply does not exist. Liver tumors
associated with oral exposure of laboratory animals to methylene chloride
or other agents (e.g., carbon tetrachloride) are always preceded by
clinically observable hepatic damage which is considered to be a
preprequisite to tumor formation. In the preliminary draft of the
technical support document Part B - Health Effects of Methylene Chloride,
a calculated no observable adverse effect level (NOAEL)} for adverse _
health effects, other than cancer, for humans is suggested to be 5 ppm,
based on the assumption of equivalency of toxicity by the oral and
inhalation exposure routes for methylene chloride. We would agree this
is a reasonable and scientifically-sound assumption.

In the 1982 National Coffee Association drinking water study in
rats, in which the lowest oral dose used was 5 mg/kg/day (equivalent to
the suggested human NOAEL of 5 ppm), zero hepatocellular carcinomas were
observed. This result is clearly indicative of a NOAEL for a
carcinogenic effect. At the high dose of 250 mg/kg/day, only one male
and two female rats were observed with hepatocellular carcinomas. .
Furthermore, rats exposed to 250 mg/kg/day for 78 weeks and then allowed
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to recover, did not develop hepatocellular carcinomas. This implies some
type of repair mechanism being operative during the recovery phase
following Tiver insult from methylene chloride exposure. This same
repair mechanism appears to be overwhelmed during high-dase exposure in
the absence of a recovery period. At Tow dose where there is no observ-
able hepatotoxicity, there should be no cause for concern for
carcinogenicity. If one accepts the validity of this statement and the
supporting animal data, then the concept of mathematical modeling used
for low-dose extrapolation of human carcinogenic risk clearly does not
apply in the case of methylene chloride. Other carcinogenicity studies,
outlined in Part B, also-suffer from either exceedingly high dose expo-
sures which lose relevance when viewed in the context of current ambient
Jevels and cancer incidence, or tend to lose statistical significance
when data are compared to concurrent or historical contreal data. In
addition to liver tumows, other types of tumors observed from animal
experimentation were not seen in human epidemiological studies. More-
over, from the epidemiological study [Friedlander, et ai. (1986) and
Hearne et al. (1987)] of Eastman Kodak employees, no statistically
significant differences were found between observed and expected deaths
for respiratory and hepatic cancers which were hypothesized by the
authors based upon results from animal studies. The passibility of
causation of pancreatic cancer in humans by exposure to methylene chlo-
ride (8 observed versus 3.2 expected) is at best only smggestive.
Apparent disagreement exists cn the statistical signific=nce of this
finding which is definitely not consistent with tumor profiles obtained
through laboratory aaimal studies. One would not expect adve.'s2
non-carcinogenic or carcinogenic health effects to occur at current
California ambient air levels of methylene chloride whic®k are 3 to 4
orders of magnitude Tess than the 5 ppm NOAEL suggested Tor humans.

Allied-Signal Inc. endorses the Halogenated Solvents Industry
Alliance (HSIA) belief that methylene chloride does not cause adverse
health effects when used according to current industrial hygiene guide-
1ines or labeled instructions and firmly believes that methylene chioride
should not be identified as a toxic air contaminant.

We thank you for the opportunity to provide comment on the prelimi-
nary draft report on methylene chloride.

Sincerely yours,
~ . ¢
W

RWR:rb | Rogeh W. Reinhold, PR.D., D.A.B.T.
Manager, Department of Toxicology



3 ‘Ergrgsg | ‘ : Allied Corporation

Department of Toxicology

P.0O. Box 1021R
LMorristown, New Jersey 07960

December 17, 1987

Dr. Paul A. Cammer

Executive Director .

Halogenated Solvents Industry Alliance
2315 M Street, N.W., Third Floor
Washington, D.C. 20037

Dear Paul,

It was nice talking with you last week relative to methylene chlo-
ride. Thank you for your time and thoughts.

Per your request, enclosed is a copy of a rather hastily prepared
(though hopefu]]y well-thought out) response to the California Air Re-
sources Board’s request for review and comment on the preliminary draft
report on methylene chloride.

Thank you, once again, for allowing us to emphasize HSIA’s belief
that methylene chloride does not merit 1dent1f1cat1on as a toxic air

contaminant.
Sincerely your;
v Ao
RWR:rb : Roger W. Reinhold, Ph.D., D.A.B.T.
Enc. Manager, Department of Toxicology

cc: G. Loewengart
G.M. Rusch
File
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30 November 1987

Robert Barham, Chief ,
Toxic Air Contaminant Identification Branch
Air Resources Board

ATTN: methylene chloride
P.0. Box 2815

Sacramento, CA 95812

RE: Preliminary Draft Report to the Air
Resources Board on Methylene Chloride,
Part A

- Dear Mr. Barham:

I would like to call your attention to a growing use of
methylene chloride to degrease sampling tubes used for soil and
sediment samples .at contaminated or potentially contaminated
sites. Although undoubtedly a small use in the spectrum of total’
use of methylene chloride, I am concerned that this methodology
is being recommended by the Environmental Protection Agency. I
feel trat, in viay of the questions about the safety of methylene
chloride, it is unwise to encourage new uses for this substance.
Geotechnical field personnel are nct commonly trained in the
handling of carcinogens and there is a potential for substantial
exposure to geotechnical personnel and of improper disposal of
the used methylene chloride. I believe that regulatory agencies
should encourage the use of safer solvents in procedures designed
to evaluate and abate existing environmental problems.

Sincerel

: L
Selina Bendix, Ph.D.
President

SIVISANIIENTAL CONSIHITANTS AND SI2F SRATECTION ENGINEERS




E. Comments from Roger Atklinson and Arthur Winer,
University of California, Riverslde



UNIVERSITY OF CALIFORNIA, RIVERSIDE

EERKZLEY » DAVIS » [RVINE * LOSANGELES » RIVERSIDE « SAN DIEGO SANTALARZ4FA =  SANTACRUZ
STATZWSDE AIR POLLUTION RESEARCE CENTER-S  RIVERSIDE. CALIFORNIA 92:23-072

December 22, 1987

Dr. Robert Barham

Toxic Air Contaminant Identification Branch
Air Resources Board

1102 Q Street

P.0O. Box 2815

Sacramento, CA 95812

Dear. Dr. Barham:

Thank you for your letter of November 22, 1987, enclesing ths
preliminary draft metlylene chloride Identification report for ou-
comments. As you requested, our comments deal only with the s2cfiom
corncerning the atmospherie fate of methylene chloride. ‘

Since it is clear that CH2012 reacts relatively slowly wizh ths
radical, it will uncergo long range transport and -dispersion. He-ce
use of 2 regionally or giobally averaged OH radical conecentration is
Tejulred to calculate the atmospheric lifetime of CHyCly due to tois

-—e

reaction. Despite the Wiecerczinities in the ambient atmospreric X

C=

o
[k~

1

radical concentratiens, She annuall and diurnally averaged OX raiical -

concentration is, based upon the measured lifet%mes of varicus trzaz-

-computer modeling studies, approximately 5 x 10° molecule cz™>. Iam

s arnd

Tropospheric temperatures of 265-238 X this leads to a calculated lifezime

of CH2C12 of 150-250 days.

As stated on page IV-5, the initial reaction with the CH ~adizzl does
form the CHC12 radical (reaction 2). The subsequent reacticas of s=-s
radical are as follows. The CHCIZ radical will rapidly react wit> Co =

form a peroxy radical.

This peroxy radical will then react with NO (if present), HC; racd:r2z’s or

cther peroxy (RO5) radical

"

OOCHCIZ + HO, HOOCHCIZ + Oy {forming dichlor methylhydroparzxizs’

OOCFClz +'ROZ4 OCHCIE <+ other procucts

actions have not heen gzperimentally studied; rather

ere
€xpectec to occur bases on our knowledge of the atmospne
r simple alkyl perzuv znc nNaloalkyl peroxy radiecal

n 0




DeMore et 21., 10985, anc D. L. Baulch, R. A. Cox, R. F. Hampson, J=., I.
A. Kerr, J. Troe and R. T. Watsen, J. Phys. Chnw. ref. Data, 13, 1239+
1380, 1984). The CdClZO radical is knmown (H. Niki, P. D. Maker, C. M.
Scwage and L. P. Breitenbach, Int. J. Chem. K'net., 12, 1001-1012, 19€l)
to eliminate a chlorine atom to form formyl chloride

OCHCl, = HC(O)Cl + C1

The Cl ztom will react with whichever organics are present (in the zleme-
:ropospbere this will be m=2inly with methane) to yield HCl.

Tne above paragraph should replace the last 4 lines of page IT-3 =<
all of page IV-6.

The feollowing additionzl points may be helpful in revising the
oresent draft:
e It would be helpful to the reader to reference the five groups citec 2
the bottom of page IV-2, in which case the sentence suatlng the yez—s =
wnich they published thelr dzta could be eliminated.
e In the first paragraph on page IV-3, it is not clear what the prm=rass
"included to illustrate the variation among the different studies" =af=zs
tc. Also in this paragraph it should be "authors'" and not "author's".
@ At the bottom of page IV-3 you may want to state explicitly for <he
uninitiated reader that OH radicals are only present during dayligk=.
¢ In the last sentence of the first paragraph on page IV-5, it Is =ot
clezr which OH radiczl concentration "this" refers to.

We hope that this will be of help to you; if you have any furtzer
guestions regarding this draft report, please feel free to contact =s.

Ysurs sincerely,

Ly V7V Ok 1

Rogar Atkinson Arthur M. Winer
Research Chemist - Research Chemist



I1. Alr Resources Board Responses to
Part A - Related Comments



AlR REédURCES BOARD STAFF RESPONSES TO PUBLIC COMMENTS

ON THE DRAFT PART A REPORT ON METHYLENE CHLORI!IDE

1) The Halogenated Solvents Industry- Alliance, January 14, 1988.

a) Commegnt: In summarizing methyliene chloride use In Table
I11-1, 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 be 497 million pounds
(248,500 -tons) for 1987 from an estimate by Dow Chemical (USA)
based on current governmental data.

Response: As stated in Tabie t1i-1, the U.S. use estimate for
methylene chloride Is 241,000 tons for 1983. Staff
acknowledge that thls estimate does not represent current U.S.
methylene chloride use. Data for 1983 were used because 1983
was the most recent year where methy:z2ne chiorlde consumption
by use category was avalilable. However, In response to your
comment, the U.S. use estimate listed In Table II1-1 has been
footnoted to Indicate the U.S. use estimate for 1987 as
estimated by Dow Chemical.

b) .Comment: The report states that the !ndustrial Source
Complex Short Term (ISCST) model was used to estimate annual
average concentrations. The ISCST model Is designed to
estimate short-term (one to 24 hour) averages, not annual
averages. Annual average concentrations should be estimated
using a statistical summary of recorded meteorological data
rather than sequential data and the long-term version of the
model (ISCLT).



Responge: This comment concerns the bellief that ISCLT Is more
appropriate than ISCST for estimating annual average
concentrations. However, we believe this to be untrue. iSCLT
uses sector averaging which can lead to under-predictions of
peak concentrations. Also, [SCLT uses average mlxing heights
and ambient temperatures. Again, the use of average values
leads to under-prediction of peak concentrations. For these
reasons, we do not recommend the use of ISCLT.

The South Coast Alr Quailty Management District has
selected the 1SCST model for use in new source review for
carcinogenic alr contaminants (see SCAQMD proposed Rules 223
and 1401). In addition, the "Alr Toxlics Assessment Manual"
(1987) prepared by the Interagency Workling Group has omitted
the [ISCLT model from the list of models recommended for use in
toxic modeling studies. in this document, the [ISCST model Is
recommended for all averaging times. The Agencies
particlipating In the review and release of this document
include the Environmental Protection Agency, California Alr
Resourc¢es Board, South Coast AQMD, San Dlego APCD, Bay Area
AQMD, and Englineering-Sclence, Inc. '

¢) Comment: Hourly meteorologlical data should be used when
short-term maximums are being estimated.

Besponse: See raesponse to comment (b).

d) Ccomment: . For estimating an annual average, use of a
statistical summary of meteorologlical data Is preferraed to
hourly meteorological data as thls format allows the model to
consider multiplie years of data (summaries are usually made
from flve to ten years of data) In determining the annual
average concentrations. *

ggsggnig: See response to comment (b).
e) Comment: ISCLT differs from ISCST on two very Important
points:

1) estimated concentrations are averaged over the
sector In questlon and "smoothed"” between sectors
to avold discontinulity.

2) a maximum of 16 wind direction sectors is

allowed rather than the 36 sectors used by the
{SCST model.

-2-



The effect of both of these points is to reduce the
estimated concentration In most cases.

Response: See response to comment (b).
f) Comment: The report states that the emissions from an

automoblile assembly plant were modelied as an area source even
though methylene chioride was emitted from a serlies of stacks.
Modeling the emissions as though they emanated from an area
source rather than stacks does not recognize enhanced
dispersion due to the velocity and temperature of the exhaust
as It exlts the stack. '

Besponse: The stacks at the Automobile assembly plant were
modelied as an area source wlith an effective release height of
approximately 289 feet, which accounts for both the buoyancy .
and momentum of the exhaust under neutral atmospherice
conditions.

g) Comment: The report does not say If an effectlve emisslion
height was calculated and used iIn the analysis. :

Response: The report has been revised to state that the
effective emission release helght Is approximately 289 feet.

h) Commentf: The draft report (pages 11-4 and 11=-5) uses
Gleit’'s method to estimate mean concentrations of methylene
chlioride below the level of quantitation of the monitoring
stations. The method was designed to determine a mean for
comparison with a speciflic value (e.g. a standard). The Air
Resources Board has no specific value with which to compare
the data. - . :

Responsge: The use of Gleit's statistical method for
estimating the "expected value" for data below the detection
fimit does not Involve comparison with any specific value. The
statistical method used In our estimates has been compared
with other commonly used estimators and was found to
outperform all avallable technigues.

I) Comment: A summary of the data including the percent of
data below detectlion and a possible range of average
concentrations (assuming all missing data are equa! to zero
for the lower lImit of the range and all missing data are



equal to the detectlon limit for the upper {imit of the
average) would be more I(nformative.

Response: Tab!gkll-1 currently reports the number of
samples for each station and percent of values beiow
detectlion. )

The use of zero and the detection 1imit do not give an
actua! lower and upper limit of annual mean concentrations.
The l|imited sample size and uncertainties encountered In
sample collectlion and analysis outweligh the uncertainty caused
by the use of Gleit's statistical methods for estimating
values for censored data. The estimates reported by ARB use
both a 20% uncertainty in sampling and analysls and two
standard errors to estimate the expected range of the mean
concentrations.

J) Comment: The statement In the draft report that water
chlorination is a source of environmental methylene chioride
seems In error. The Kkinetics of reactlion between chlorine and
organic material Iin water Is such that only chloroform is
released to any appreciable extent.

Besponse: We agree that the klnetics of reaction between
chiorine and organic materlial In water Is not likely to favor
the formation of apprecliable amounts of methylene chloride.
However, limited data suggests that a minor source of
methylene chloride emisslions may result from the chlorination
of water. '

k) Comment: The draft report should integrate the
pharmacokinetic information addressed in Part B with the
exposure information in Part A.

BResponse: The Qverview, which wilil be released with the
final draft of the methylene chloride report, integrates the
information In the risk assessment (Part B report) with the
information presented in the exposure assessment (Part A
Report).

1) Comment: Health effects Information suggests that the
effects of methylene chloride at high exposure leveis are
unlike the effects after chronic low exposure.



Response: All comments concerning the health-effects of

methylene chlioride will be responded to by the Department of
Health Services. ,

m) Comment: Page 111-5 -~ Methylene chloride use has been
declining at approximately 10 percent per Year since 1984,
1987 production estimates are approximately 500 million
pounds. In 1984 the market was over 600 milllion pounds.
Aerosols and certalin formulated products have shown the
bilggest reduction In methylene chloride use.

Response: Refer to our response to comment (a).
n) Comment: Page.lll1-6, line 2 - We question whether 7,500

tons of methylene chloride were used In paint removers in
California.

Response: The baslis for estimating emissions of methylene
chioride from palnt removers In Callifornia Is provided In the
report. If you have Information which Indlicates that this

estimate is not accurate, we would be interested in reviewing
it. -

0) Comment: Page 111-8, 2nd and 3:= lines - The percentage of
methylene chioride In the total aeroso! formulation depends on
what the product is. Aerosol paint strippers contaln 85%
methylene chloride.

Response: The report was revised to clarify that the amount

of methylene chloride In. product formulations depends upon
what the product Is.

pf ngmgnfz Page 11i-19, last line of second paragraph -
Voluntary labeling will begln in 1988, not 1986.
Response: In 1986, some manufacturers of consumer products

containing methylene chlioride voluntarily tabeled their
products with additional health warnings and use
recommendations. However, enforcement of these labeling
requirements becomes effective for products whose labels are
printed after March 14, 1988 and after September 14, 1988 for
products that are packaged.



q) GComment: Page 111-20, last few lines - Air stripping would
be adequate for this volatile compound. Steam stripping would
not be necessary.

Besponse: Should methyliene chlorlde be identifled as a

toxic alr contaminant, appropriate levels of control for
methylene chloride emissions sources will be evaluated in the

subsequent risk management phase.

ry comment: Page 1i11-9, last paragraph - Some methylene
chloride is typically retained in the foam. Methylene
chloride Iis also used as a flush for urethane foam nozzles and
for cleanup purposes In poliyester molding operations.

"Raesponse: We acknowiliedge that a small fractiton of the
methyliene chloride used in the manufacture of urethane foam
may be retatned in the foam after curing. Staff alseo
acknowledge that there may be other uses for methylene
chloride in the foam manufacturing Industry that are not

discussed in the report. However, I|If methylene chloride is
identifled as a toxic air contaminant, Its uses by the foam
manufacturing Industry will be evaluated in greater detall

during the subseguent risk management phase.

s) -Comment: Page 111-10 - Few degreasers use methyiene
chlioride. The estimates given in this paragraph appear to
be for stripping and clircult board stripping. )

BResponse: The EPA estimated methylene chloride emissions
from degreasing operations In a varilety of Industries,
primarily within flve distinct Standard Industrial
Classifications (SICs). Based on [nformation provided by
HSIA, the EPA estimated U.S. emissions of methylene chloride
from degreasing operations at 23,700 tons in 1883 (U.S. EPA,
18885). In addition, ARB’'s emissions data system identifies a
number of sources In California that use substantial amounts
of methylene chloride for degreasing.

t) Comment: Page I1iI-11 - to our knowledge, fiim cleaning is
done instead with 1,1,1-trichlorcethane.

Besponse: Based on comments from the National Association

of Photographic Manufacturers, Inc.s, thé discussion on
photographic flim processing has been deleted from the text.
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u) Comment: Page Ill-11, 3rd line - 800 tons seems to h(gh:

BResponse: This use estimate |s based on informatlion
provided by the EPA for one pesticide manufacturing facility
in California for 1983 (see Table I111=1). This estimate is

only for process use and does not Incliude any methyliene
chloride consumed as an Ingredlent In pesticide formutations.

v) Comment: Page 1i1l-11 and 1st paragraph of 11l=-12 - This
section is confusing. Is there one facliity that used 800
tons in 1983 as a solvent for process use plus 90 more tons
for extraction, phase separation, purification,

crystallization, and as a general transport solvent? The
first paragraph indicates that there Is one facility.
Response: The text has been revised to clarify that the

source which used 800 tons of methylene chloride Is the same -
source that Is estimated to have emitted 90 tons.

2) The National Association of Photographic Manufacturers, Inc
January 7, 1988 ’

L 2

The NAPM states that the draft report Is Incorrect In
identifying "photographic film processing"” as a use category.
The NAPM's comments were accompanied with well documented letters
describling the uses and emlissions of methylene chloride by the
photographic Industry. The NAPM concliuded their comments by
recommending the followlng changes to the report.

a) Comment: Page I11-2, Figure (l!=-2 - Remove the category
and data for “photo fiim processing"” from the chart.

Response: The category photographic fiim processing has
been removed from Figure 111-2 and replaced with photographic
film manufacturing.

b) Comment: Page 11{-3, Section B - Remove "photographic film
processing" from the list of uses. '

Besponse:The category photographic flim processing has been
removed from the |lIst,

-7~



¢c) Comment: Page l1i-5, Table Ill=-1 = Change'“photographic
film processing” to “photographic fllm manufacturing" and
change the estimated Callifornia use to zero (0).

Response: The report has been revised to reflect your
comments. -

d) Comment: Page 111-7, Table 111-2 - Remove "photographic
film processing". and associated data from this table.
Response: The report has been revised to reflect your
comments.

e) Comment: Page fli1-11 - Remove sectlon on "photographic
film processing®” entirely. :

Response: The report has been revised to reflect your
comment. :

f-) Comment: Page 111-15 ~ Under “Miscellaneous Uses," insert

another examplie as follows: "a constlituent in photographic
fiilm cement." '

Respgnse: The use of methylene chlioride as a constituent in
film cement Is now listed under miscelianecus uses.

g) Comment: Appendix 11, Page 1 - Remove "photographic film
processing" from entry "palint removers, aerosols, photographic
film processing and miscellaneous.”

Resnonsge: The report was revised to reflect your comment.
h) Comment: Appendlix (1, Page IV = Add sectlon on
photographlic film manufacturing as follows:

Ph r i il

Methylene chloride Iis used as a solvent in the manufacture
of cellulose triacetate photographlec flim base. It Is also

used in the manufacture of speciallzed chemicals for )
photographic emulsions and for certaln coating operations.
Methylene chloride Is not used in the above manner I[n
California.



Response: The purpose of Appendix !l is to describe the
methods used to estimate Californlia methylene chloride use.
Since methylene chloride Is not used for this category iIn
California, Appendix 11 was not revised to reflect your
comment.

3) Bendix Environmental iesearch, inc., November 30, 1987

The comments concerned the use of methylene chloride to
degrease sampling tubes used for soll and sediment samplies at
contaminated or potentlially contaminated sites.

a) Comment: “| belleve that regulatory agencles should
encourage the use of safer solvents In procedures designed to
evaluate and abate existing environmental! problems."”

Response: If methylene chloride Is identified as a toxlic
alr contaminant, the subsequent risk management phase will
evaluate "Its uses In more detail. Part of the evaluation will

be to consider strategies Intended to reduce exposure, one of
which is to encourage the use substitute compounds.

4) University of Californta, Riverside, December 22, 1987

a) Comment: Desplite the uncertainties In the amblent
atmospheric OH concentratlions, the annually and diurnally
averaged OH radical concentration Is, based upon the measured
lifetimes of varlious_.tracers and cggputer model ing studles,
approximately § x 10~ molecules cm .

Response: The report rellesson a range,.of average OH__3
radical concentrations (5 x 10~ to 1 x 10  molecules cm )
which includes the concentration that you recommend.

b) Comment: As stated on Page 1V-5, the Initial reaction with
OH radical does form the CHCI radical (reaction 2). The
subsequent reactlons of this Fadical are as follows. The

CHC radica! will rapidly react with O2 to form a peroxy
‘radicat.

CHC!2 + 02 = OOCHCI2



This peroxy radlical will then react with NO (if present),
HQ2 radicals or other peroxy (ROZ) radicals.

OOCHCI2 + NO = OCHCI2 + NO2

OOCHCI2 + Ho2 = HOOCHC!, + O
(forming dlcglorcmethylhydroperoxide)

OOCHCI2 + RO2 - OCHCI2 + other products
These reactions have not been experimentally studied;
rather they are expected to occur based on our knowledge of
the atmospherlc reactions of other simple alkyl peroxy and
halocalky! percxy radials. The CHC! _,0 radical Is known to
eliminate a chlorine atom to form formy! chloride:

OCHCI2 = HC(O)CI + CI
The C! atom will react wlth whlchever organics are present
(in the cleaner troposphere this will be mainly with methane)

to yield HCI.
The above paragraph should replace the last four lines of

page IV=5 and al!l of page IV-6.

Response: The report was revised to reflect your comments
with your letter cited as the source.

¢) Comment: It would be helpful to the reader to reference
the five groups cited at the bottom of page |v-=2, In which
case the sentence stating the years in which they published
their data could be eliiminated.

Response: The report was revised to reflect vyour comment.
d) Comment: In the first paragraph on page V-3, It Is not
clear what the phrase "lIncluded to illustrate the variation

among the different studies” refers to. Also, In this
paragraph It should be ®"authors‘’” not "author‘s".
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Response: The sentence has been deleted and the
typographical error corrected.

e) Comment: At the bottom of page IV-3, you may want to state

expllcltly for the uninitliated reader the OH radlcals are only
present during daylight.

Response: The report has been revised to state this fact.
f) Comment: In the last sentence of the first paragraph on
page lv-5, It Is not clear which OH radical! concentration
“"this" refers to.
- Response: The range of OH radical cpncentratlon being
discussed in the paragraph was used to estimate a range of
atmospheric [ifetime estimates. Therefore, the word "this"

was replaced with "these*
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111 - Department of Health Services Responses to
Part B - Related Comments



DEPARTMENT OF HEALTH SERVICES
STAFF_RESPONSES TO PUBLIC COMMENTS
ON THE PRELIMINARY DRAFT REPORT TO THE AIR RESOURCES BOARD
ON METHYIL.ENE CHLORIDE:

"PART B -- HEALTH EFFECTS OF METHYLENE CHLORIDE

TOPIC: Genotoxicity -

Comment: Methylene chloride does not appear to act 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

iﬁducing tumorigenic effects. (Halogenated Solvents Industry -Alliance
[HSIA]).
Response: Methylene chloride is consistently positive, in a dose-related

manner, in Salmonella strains TA1535, TA98, and TA100, in both the presence
and absence of metabolic activation systems. In the case of methylene
chloride, the chemical'tests positive in the Ames assay and has been shown
to produce tumors in two species. As indicated on page 6-2 of the health
effects document, methylene chloride has also exhibited mutaéenic activity
in E. coli. Three of the arguments listed by HSIA (page 14) against
applying the Ames test results to higﬁer animals are generic for testing any
chemical in a bacterial system. However, since tests in Salmonella and E.
gg;; have been shown to be useful in evaluating mutagenicity of chemicals
’and in indicating possible mechanisms of carcinogenicity, the generic
criticisms of bacterial test systems (e.g., bacterial cglls are different

from mammalian cells) will not be addressed in this response. The one

HSIA comment on bacterial test systems specific to methylene chloride is



that the bacteria may "metaboiize methylene chloride to a transient reactive
intermediate(s).” Howev;r, HSIA comments also indicate that methylene
chloride’'s metabolism to an active intermediate in animals may be a
determining factor of its tumorigenicity and HSIA's pharmacokinetic model is
based "on this assumption. Thus, the fact that bacteria may metabolize
methylene chloride to a reactive intermediate is a reason to regard the
bacterial mutagenicity data as relevant. There is no con?incing evidence
that bacteria produce a reactive intermediate that is not produced in
animals. Furthermore, a reactive intermediate, solely responsible for the

positive response in Salmonella and E. goli., has not been identified.

The results in yeast and Drosophilla, as discussed in the DHS report (page
6-3), are listed as equivocal. However, the most recent review by IARC
(IARC Monographs, 1987, Supplement'7:19&-195) states: "...It induced sex-
linked recessive lethal mutations in Drosophila. It was mutagenic to plants
and induced mutation, mi:o;ic recombination and gene conversion in
Saccha;bmvces cerevisiae under cgnditions in which endogenous levels of
cytochrome P450 were enhanced...” Thus, although the genotoxic results in
yeast and Drosophilla are not strong, they do not support the HSIA argument

that positive genetic toxicity test results were confined to bacteria.

As indicated in the DHS report, methylene chloride has induced
transformation‘ of virus-infected Fischer rat cells and has produced
equivocal indications of cell transformation in Syrian hamster embryo cells.
The compound has induced chromosomal aberrations in rodent cells in vitro
and has induced positive results of sister chromatid exchange in Chinese

. hamster ovary cells. Thué, as concluded in the DHS report, methylene



chloride appears to exhibit clastogenic activity. These results refute theb
assertion that genétic~t§xicity studies in higher order animals are negative
overall,
N

Reactive intermediates, which may be genotoxic, appear to be formed in
mammalian cells during methylene chloride metabolism. Mechanism studies of
Clara cell toxicity indicate that metabolism of methylene chloride in the
mouse lung by P450 results in P450 damage (supplemental info;mation
submitted by HSIA, Green et al., Report No. CTL/R/935). This implies that
the Clara cell P450 is metabolizing methylene chloride to a reactive
intermediate. Also, in support of its physiologically-based pharmacokinetic
models, HSIA explicitly accept§ the assumption that methylene chloride may
produce tumors by production of a reactive intermediate via the glutathione-
S-transferase route. Consequently, mammalian cells may metabolize methylene
chloride to a reactive intermediate via both the P450 route and the
glutathione-S-transferase route. Since reactive intermediates are fqrméd in

mammalian cells, methylene chloride is potentially genotoxic to mammalian

cells.

In conclusion, the comment hypothesizes that methylene chloride is not
genotoxic and that the positive results in bacteria do not reflect the
negative genetic toxicity results in higher order animals. However, the

consistent positive results in Salmonella, along with the positive and

borderline results in higher order test systems, cannot be ignored. A
negative or equivocal response in another genotoxic test system may simply
reflect the test’s evaluation of a different mechanism of genotoxic action.

Two potential genotoxic mechanisms of carcinogenesis, that is, mutagenesis



and clastogenesis, have been discussed in the DHS health effects document
(page 8-8 to 8-12). Furthermore, reactive intermediates may se formed via
two metabolic routes in mammalian cells. Currently, there is no direct
evidence to provide support for only one of ;he hypothesized mechanisms of
methylene chloride carcinogenicitys Because the data indicate that
methylene chloride is weakly genmotoxic, and because reactive intermediates

have been identified, DHS staff do not agree that methylene chloride

produces its tumorigenic effects by a nongenotoxic mechanism.

TOPIC: Teratogenicity
Comment; 'The draft report incorrectly concludes that experimental data are
inadequate to make inferences about the teratogenic potential of methylene
chloride in man. No medical reports suggest a need for mbre exhaustive
testing. The available data merit a more straightforward conclusion than
that human reproductive and developmental effects are not expected at

ambient concentrations of methylene chloride in California (HSIA).

Response: As indicated in the conclusion of Section 5 of the DHS report:
"Experiments performed to date have been limited in that either they
employed only one dose level, utilized relatively few test animals, or
demonstrated signs of maternal toxicity possibly as a result of
carboxyhemoglobin formation." Additionally, rats wére used in all studies
except one, which tested mice at one dose level ;ﬁat was maternallj toxic.
For. these reasons, DHS staff conclude that methylene chloride has not been

sufficiently tested for de#elopmental toxicicy. Positive human medical

reports linking methyleme chloride to reproductive or birth defects in



humans are not necessary to indicate a need for further testing.
Considering the large volume of methylene chloride used in industry and by
consumers, more information is needed on the poténtial developmental
toxicity of methylene chloride. However, the assessment by DHS staff is
that no birth defects or other reproductive effects are expected at ambient

levels of methylene chloride.
TOPIC: Carcinogenicity

Comment: The Intermational Agency for Research on Cancer (IARC) considers
methylene chloride to be "possibly carcinogenic to humans," rather than a
probable human carcinogen. Classifications based strictly on scoring
bicassay evidence of carcinogenicity cannot adequateiy characterize the
overall 1likelihood of a substance to cause cancer in humans. fhe draft
report AOes .not adequately elucidate the staff reasoning regarding hazard

identification (HSIA).

Response: Generally; DHS follows the procedures for carcinogen .
identification that are utilized by IARC and have been described in numerous
IARC monographs. A specific discussion on DHS's reasoning regarding hazard
identification is presented in the report "Guidelines for Chemical
Carcinogen Risk Assessments and their Scientific Rationale,” published by
the Health and Welfare Agency in 1985. SiALe methylene chloride exhibits
sufficientyevidence of carcinogenicity in animals (Group 2), IARC could have
classified it as a probable (24) or possible (2B) human carcinogen. The
distinction reflects the quantity and quality of human epidemiologic data

available for consideration. There is no clear reason to regard the line



between these two groups as signaling action/no action or concern/no
concerm. Methylene chloride was classified by IARC as a "possible” human
carcinogen as a result of inadequate epidemiologic data indicating
carcinogenicity. As described in the DHS report, two epidemiologic studies
are available. Although the results reported were negative, the studies had
limited power to detect excess risk.

Comment: | The weight of eviaence suggests that levels of methylene chloride
in the California enviromment do not pose a human cancer riék (HSIA). No
carcinogenic effects would be expected to occur at current ambient levels
and there 1is no compelling scientific evidénce to refute this conclusion

(Allied Corporation [Allied]).

Resgonge: DHS staff do not agree that the weight of evidence indicates that
émbient levels of methylene chloride do not pose a human cancer risk.
Methylene chloride exhibits genotoxic potential and has been shown to be an
animal carcinogen in two species. There is mo *proof" that it is
carcinogenic at ambient levels because an experiment to test this hypothesis
cannot be conducted. High doses ‘are used in animal studies to ensure a
sensitive test, given a reiatively— small number of animals. DHS staff
conducted a quantitative risk assessment using the best available data and.
standard methods of extrapolation to estimate the risk at ambient levels.
After reviewing the health effects literature for .met:hylene chloride,
including the evidence referred to by HSIA and Allied, DHS staff conciude

that methylene chloride is a potential human carcinogen and that a threshold

for its carcinogenicity has not been established. Thus, DHS staff conclude

G-



that methylene chloride poses a carcinogenic risk to humans at ambient

levels.

Comment: Lung and liver tumors in mice were observed only at toxic doses.
Cytotoxic damage in mouse lung may have played a significant role in the
enhanced lung tumor response obServed.in the National Tyxicology Program
(NTP) st;dy. Cytotoxic effects were not observed in rats, a finding
consistent with known metabolic differences between lung tissue of mice,
rats, and humans. This may indicate that levels of methylene chloride in
the California environment do not pose a human cancer risk (HSIA).
Clinically observable .hepatic damage is considered to be a prerequisite to
liver tumor formation (Allied). The 1982 National Coffee Association
drinking water sﬁudy in rats indicated that 5 ppm is a no observable adverse
effect level for a carcinogenic effect (Allied). Even at higher doses, a
repair mechanism may operate to prevent liver tumors following insult from

methylene chloride (Allied).

Response: The relationship between cytotoxic damage and enhanced lung or
hepatic tumor production is unclear. The NTP inhalation study in mice did
not report any increase in nonneoplastic changes in the lungs. There was no
increase in. epithelial hyperplasia; inflammation, or edema. However, the
NTP  study did report that "alveolar/bronchiolar adenomas, alveolar
bfonchidlar carcinomas, and alveolar/bronchiolar adenomas or carcinomas
(combined) in male and female mice occurred with significant positive
trends..." Thus, an association between cytologic damage in the lung and
tumor production is not evident in the NTP study. However, HSIA states

(page 30) that an unpublished 10-day inhalation study (Reference 28 in HSIA



comments) showed histopathologic damage to Clara cells. While this report
might suggest cytotoxicity in mice at the NTP exposure le?el, it is by no
means conclusive. Note that while there is some evidence that the Clara
cell 1is ché origin of some chemically induced bronchial tumors (e.g.,
Kaufmann et al., 1979. Lab Invest 40:708), there is also immunocytochemical
evidenée suggesting chaﬁ the wvast majority of naturally occurring and
experimentally induced pulmonary neoplasms of mice are alveolar Type Ii cell
adenomas  and carcinomas Eﬁard et al., 1985. Am J Pathol 118:493).

Furthermore, cell proliferation could be occurring simultaneously with

genotoxicity, and still exhibit a linear response at low concentrations.

HSIA also indicates that in the 10-day mouse inhalacion study mentioned
above there were statistically significant changes in 1liver weight.
Increased liver size does not invariably lead to toxicity, as stated on page
30 of the HSIA comments. Thus, the 10-day study described by HSIA is not
considered 'conclgsive evidence that hepatic cytotoxicity preceded tumor
formation in the mouse NTP inhalation study; The NTP inhalation study with
mice does indicatg "cytologic degeneration"” was observed in three of the
. four dose groups. However, an inérease in hepatic tumors was observed in
all four groups (male and female, low and high doses). Other hepatic tissue
changes such as congeétion, inflammation, or necrosis were not observed in
any of the dose groups. Clinical signs of hepatoxicity (such as SGOT or
SGPT changes) were not reported in the NTP study. Thus, clinieally

observable hepatic damage was not observed in the treated animals.

Thus, the preliminary information presented by HSIA may suggest the

possibility of hepatic cytotoxicity at the doses used in the NIP mouse



study, but the relationship of cytotoxicity to tumorigenicity has not been
established in this case. The NTP mouse inhalation study does not in itself
lend strong support to the hypothesis that methylene chloride cytotoxicity
results in tumorigenicity. Furthermore, cytotoxicity was not observed in
the NTP rat inhalation study even though rats exhibited a dose-related
increase in mammary gland tumors in both sexes. Methylene chloride may
cause tumors by mechanismé other than cytotoxicity, even atvﬁigh doses.
Thus, the available data do not indicate that any single mechanism is

operating exclusive of other hypothesized mechanisms.

Comment: The final report might include estimates from a Moolgavkar-Knudson

model for methylene chloride, which would offer many advantages (HSIA).

Response: As indicated in ﬁhe repoét, DHS staff fit several low-dose risk
assessment models to the datg, including the multistage, time-dependenﬁ
multistage, probit, logit, Weibull, gamma multihit, and two-stage models.
DHS also applied a physiclogically-based pharmacokinetic model to the data.
The Mqolgavkar-Knudsqn model allows utilization of mechanistic information
of carcinogenesis. Risk estimates from this type of modél are provided on

pages 8-9 and 8-23 of the DHS report.

Comment: The draft report fails to make use of available data on
metabolism, pharmacokinetics and mechanism, including those discussed in a
recent wupdate to the U.S. Environmental Protection Agency (US EPA) hazard

assessment document (HSIA).



Response: Estimates of risk using pharmacokinetic models were calculated by

DHS staff and are presented in the DHS report, particularly in Appehdix E.

DHS scaff conducted an extensive examination of data on metabolism,

pharmacokinecics and mechanism, which included discussions with US EPAstaff

and fepresencacives from industry. The DHS report doee not mention the US’
EPA document specifically because the US EPA document is a review draft

labeled "Do nmnot vcite or quote.” In the DHS report, Section 2 considers

metabolism and pharmacokinetics. Sectioms 6 and 8.4 discuss the mechanism
of carcinogenic action. DHS staff applied a physiologically-based
pharmacokinetic model to estimate low-dose risks. The model suggested lower
human risks than predicted by the other methods. However,.as indicated in
the Executive Summary "...DHS staff concluded that the relatiﬁe absence of
detailed information on human metabolism of ([methylene chloride], the
failure of the NIP bioassay to demonstrate saturation of the carcinogenic
effect, and other facﬁofs indicate that application of a pharmacokinetic
approach to risk assessment is premature.” This physiologically-based
pharmacokinetic model has not been validated by independent experimental
data. The model has not been shown to predict any toxicologic effect with
greater precision than direct use of the exposure concentration. Current
validation of the physiologically-based pharmacokinetic model rests on
theoretical considerations. DHS staff is willing to use this model approach
when: 1) additional human and animal parameters have been measured, 2) when
it 1is independently validated experimentally, and 3) when the approach, for
the compound under consideration, is shown to exhibit a better correlation
with response than the applied dose. Consequently, DHS staff considered the

factors indicated by the comment.
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Comment: Interspecies differences in metabolism may be substantial.
Available data explain the observed sensitivity of the mouse. ABSC3F1 mice
normél@y exhibit high spontanecus lung and liver tumor rates. This suggests
that the mouse is a 1es§ appropriate model than the rat or hamster for
predicting human response to methylene chloride, and may indicate that
levels of methylene chloride in the California environment do not pose a

human cancer risk (HSIA).

Response: This argument does not distinguish between published results,
unpublished results and inference. DHS staff agrees that interspecies

differences in enzymatic rates exist. Nevertheless, the connection ﬁetween
a specific metabolic intermediatevand carcinogenicity has not been shown.
The available data mentioned in the comment are unpublished results
submitted by HSIA. Several key problems with these data are: 1) the human’
metabolism of methylene chloride by glutathione-S-transferase was reported
' to be zero in one of the reports. Another unpublished report indic;tes that
the human metabolism is in the range of the rat and hamster. Knowledge of
the interindividual variabiliﬁy among humans of this enzyme activity is very
incomplete. The current pool of subjects tested is very small. 2) the
available data do not have the power to associate only the glutathione (GSH)
pathway with tumors. ‘Other pathways ‘may h;ve a greater effect:
proportionately at low doses. As indicated above, the Clara cell has been
shown in mice to produce reactive intermediates in the lung via the P450
pathway. Since these reactive intermediates have the ability to alkylate
protein they may also alkylate DNA. This assumption would be consistent

with tumor production exhibited in the mouse lung.
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Comment: The draft report’'s presentation of epidemiological studies is
confusing. This is due in part to intermixing data from five articles,
rather than presenting them in chronological order (Eastman Kodak Company

(Kodak]).

Response: The final draft to the Scientific Review Panel will be revised to
make the presentation less confusing and to clarify statements that may be .

misinterpreted by those unfamiliar with the studies.

Comment: The findings from the latest epidemiological studies should have
been emphasized, because these studies provided the most complete follow-up

and exposure information (Kodak).

Resgohge: DHS' staff felt that the latest findings were emphasized in the
document, but it is hoped that in the revised version this will be more

readily apparent.

Comment: Epidemiological studies show no evidence of an increased cancer
risk for all sites or for the primary sites associated with lesions‘found in
animal studies. The finding among Eastman Kodak employees of 8 observed
‘cases of pancreatic cancer versus 3.2 expected does ﬁoc imbly a causal
association with methylene chloride; it may have been due to chance (Allied,
Kodak) . No dose-related effect was observed in the mortality study; the
results may have been confounded by smoking, alcohol consumption, diabetes,
other chemical exposures, and other risk factors (Kodak). This may indicate

* that levels of methylene chloride in the California environment do not pose
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a human cancer risk. The report should give greater weight to the negative

findings at the high exposure levels in the studies of workers (HSIA).

Response: DHS staff does not believe that the epidemiological studies are
definitivg, due to their limited power. As indicated on pages 7-2, 7-3, 7-
4, and 7-7 of the draft report, the available epidemiological data do not
indicate a significantly increased éanéer rate from methylene chloride
exposu;e,- wﬁere the test was done with an a-level (two-sided) of 0.0l1. The
actual p-value associated with the observed pancreatic cancer deaths is
0.017 wusing New York State Controls, and 0.0l4 using Kodak controls. To
conclude that a compound is likely to be carcinogenic in humans does not
require positive human e#idenee; strong animal evidence may be sufficient.
To rule out carcinogenicity on the basis of human data, for any compound,
would vrequire multiple, negative; well-designed studies. Such negative
. studies would need to have historical exposure information (i.e., industrial
hygiene samples) for all relevant job sites, and individual employee records
relating work periods to job sités. These studies would also need to have
sufficient power, a long follow-up period, and substantial data.'on
confdunding. In light of the clear carcinogenicity of methylene chloride in
two animal species, additional negative epidemiologic data would be required
to separate the animal and human responses. For these reasons, DHS staff do
not give great weight to the negative findings in the epidemiological

studies as is suggested by the comment.
Comment: There is no apparent evidence of biologic plausibility for
pancreatic cancer in man (Kodak). Pancreatiec cancer has been found in

association with certain chemical exposures in the rat and hamster, (e.g.,
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bis(chloromethyl)ether, &4-hydroxyamino-quinoline-l-oxide, the diazoketone
azaserine, the methylnitrosourea-containing amino acid N-(N-methyl-N-nitroso
carbamoyl)-L-ornithine, nafenopin and clofibr;te) but following exposure to
methylene chioride it was not observed in rats dosed orally or in rats or

hamsters dosed by inhalation (Kodak). It is unlikely that methylene

chloride is a human pancreatic éarcinogen {Kodak) .

Response: A substantial amount of information on the potential

carcinogenicity of these six compounds in animals is not available, but the
IARC monographs contained the following information. Methylnitrosourea
produced tumors in the pancreas of rats under certain protocols, but it
produced pancreatic tumors consistently in guinea pigs. In contrast, -
methylnitrosourea did not prodpce pancreatic tumors in mice, hamsters, pigs,
dogs, rabbits, or gerbils; in these species other tumors were produced
following methylnitrosourea exposure. These other tumors include those in
the central and peripheral nervoﬁs tissue, stomach, esophagus, respiratory
tract, intestine, lymphoreticular tissues, skin and kidney. The tumor
site(s) for methylnitrosourea depends on the species tested and the route of
exposure. The production of pancreatic tumors in rats or guinea pigs
following exposure to 'ﬁethylnitrosourea did not predict the presence of
pancreatic tumors in the other species tested. Nafenoﬁin produced
pancreatic and hepatocellular carcinomas in the rat but produced only
hepatocellular carcinomas in mice. Thus, the production of pancreatic
tumors in rats was not predictive of pancreatic tumors in mice. Clofibrate
has b;en tested only in rats and produced pancreatic carcinomas (3/36),
hepatocellular carcinomas (14/36), and numerous types of tumors in wvarious

other tissues. Thus, these studies indicate that the production of a
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specific tumor type cannot necessarily be extrapolated across species. ' This
lack of concordance for specific tumor sites is not restricted to pancreatic
tumors, but is characteristic of many chemically induced tumor types. In
addition, although pancreatic tumors have been produced by some chemicals in
some studies with rats and hamsters, these two species have not been shown
to be specifically sensitive to the development of pancreatic cancer. A
negative result in ch; pancreas from any specific chemical would therefore
not provide assurance that the chemical would not produce pancreatic éancer

in humans.

With this information, one can focus on whether pancreatic tumors in man are
inconsistent with tumors produced by ﬁethylene chlo;ide in animals.
Methylene chloride produces tumors at different sites across species. As a
result of methylene chloride ihhalation, rats have developed salivary gland
tumors, mammary tumors and liver tumors, while mice have experienced
increased incidences of liver tumors and ‘lung tumors. Thus, although
Pancreatic tumors were not produced' in rats or mice by.inhalation, the
specific tumor types that might occur in man following methylene chloride
exposure cannot be accurately predicted. Thg Kodak comment states.that
pancreatic cancer in rats has not been asociated with oral or inhalation
exposure to methylene chloride. The studies cited were‘the NTP inhalation
studies and several industry-sponsored studies. However, a draft NTP gavage
study reports that 19 of 50 male rats given 500 mg/kg-day methylene chloride
developed pancreatic adenomas (Draft NTP Technical Report on the
Carciﬁogenesis Bioassay of Dichloromethane in F344/N Rats and B6C3Fl mice,

1982). For male rats given 1000 mg/kg-day, 15 of 47 developed pancreétic

tumors. In contrast, 2 of 96 control male animals developed pancreatic
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tumors. Thus, methylene chloride produces tumors in several tissues and
there is some suggestive evidence that methylene chloride can induce

pancreatic tumors in rats.

In- summary, strong concordance does not exist between tumor sites in
animals and in man. Compounds that produce tumors in the liver, lung or
other sites in one species may produce pancreatic tumors in another species.
Some limited evidence indicates that methylene chloride may produce
pancreatic tumors in the rat. Evidence for the biological plausibility for
mechylene chloride’s production of pancreatic tumors in man is available in
the literature. Consequently, although methylene chloride has not been
causally associated with pancreatic cancer in humans, the suggestiQe human

evidence is not incomsistent with the location of tumors produced by

methylene chloride in experimental animals.

Comment: To evaluate the validity of the risk estimates from animal data,
the staff of DHS derived risk estimates from epidemiological data. To do
. so, the staff used a modeling procedure that allowed only linear changes
with dose and forced the (linear) response function t?rough the origin. The
upper bound risk estimate generated from the model used in-che draft report
is highly insensitive to différences in the number of observed deaths and
the dose-response relationship within the cohort. It should therefore have
been expected that the resulting estimates would be consistent with those
‘derived from animal data and the linearized multistagé model (Kodak). Using
mortality findings from a tumor site of qgestionable significance and
ignoring information contained in the lower bound estimates contributed to

the 1lack of contradiction between the estimates derived from the animal and
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epidemiological studies. Thus, the human and animal data are not consistent

with one another (Kodak).

Response: DHS staff did not ignore the information in the human lower bound
estimates; the human lower bound estimates are consistent with no excess

cancer risk. The purpose of examining the upper bound estimates was to

determine if the human finding was consistent with the carcinogenic potency
of methylene chloride estimated in animals. The iack of sensitivity of the
multiplicative model doés not diminish the consistency between animal apd
human data. .It may simply indicate the lack of power of the epidemiological
study to clearly distinguish a negative human result from risks predicted by

a positive animal result.

A second approach taken by DHS staff to assess the consistency of the
animal-based risk assessment with the results of epidemiologic studies was
not mentioned in the comment. This approach has been used to evalu&te other
compounds, and iIn two cases, ethylene dibromide and cadmium, detected a
discrepancy of over ten-fold. This approach is sensitive enough to detect
major discrepancies between the observed epidemiologic data and prediétions
based on extrapolation from animal bioassay. As stated in the draft
document (pages 8-14), this approach showed predictioné to fall within a
factorb of two of the observed. Thus, two approaches indicated that the

human epidemiologic data was consistent with that predicted from the animal

bioassays.

Comment: The probability of observing eight or fewer pancreatic cancer

deaths, given an animal-based expectation of 12.5, 1is relatively low

-17-



(0.125). Similarly, although the obsefved-versus-éxpected lung and liver
cancer deaths were within a factor of 3, the human findings at these sites
are highly unlikely, given the animal model predictions (probability less

than 0.0001) (Kodak).

Response: A probability of 0.125 associated with the observed data, under a
null hypothesis of 12.53 or greater, is’noc'particularly low and does not
seem to be a basis to reject'che hypothesis. Although'the animal-based
model predicts higher lung and liver cancer rates than observed in humans,

DHS staff |©believes that considering the enormous uncertainties in

extrapolating from high to low doses and from animals to man, a factor of °

three should be viewed as consistent.
Comment : The draft report should have evaluated data for all primary
cancers rather than only those from the site (pancreas) for which there was

a suggestive increase (Kodak).

Response: In the DHS staff analysis, the most sensitive animal site was
compared to the human site. exhibiting the greatest response in the
epidemiologic study. The suggestion by Kodak that the analysis should now
be redone looking at all cancers in humans and all cancers in animals would
not resolve the issue. Use of all primary cancer sites is a poor way to
evaluate a specific carcinogen, since individual chemical compounds tend to
affect certain sites more than others. In light of the high background
cancer rates in humans and other animals, combining chemically-induced and

background sites would substantially dilute the sensitivity of the analysis.
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iV. Alr Resources Board
Letters to Comment Originators



" STATE OF CALIFORNIA - GEZCRGE DEUKMENAN, Governor

AIR RESOURCES BOARD
1162 @ STREET
».0. BOX 2815

CRAMENTO, CA 95812

April 11, 1988

Pau!l A. Cammer, Presldent

Halogenated Solvents Industry Alllance
1225 19th Street, N.W., Sulte 300
Washington, D.C. 20036

Dear Mr. Cammer:

Thank you for your comments on Parts A and B of ‘the
Prelliminary Draft Report on Methylene Cxloride. My staff has
prepared responses concerning comments ¢n the Part A report while
the Callifornla Department. of Health Services Is responcding to
comments on Part B. Both sets of responses will be Incorporated
into Part C of the final draft report, which Is expected to be
raleased to the public withlin a month.

If you have any questlons conzerning the report, please
contact Rlchard Corey of my staff at (€:8) 323-8511.,

Slncerely,

/

Joap Denten, Ph.D., Manager
‘Sub’stance Evaluztion Section
Stationary Source Division

cc: George Alexeeff
Department of Health Services T .



STATE OF CALFORNIA GZO?GE L W EAN, Governor

AIR RESQURCES BOARD
1152 Q sTResT

P.O. 80X 2515

SACRAMENTS, CA 95812

-

April 11, 1988

Thomas J. Dufficy .
National Assoclation of Photographl!c Manufacturers, Inec.
600 Mamaroneck Ave.

Harrison, New York 10528

Dear Mr. Dufficy: -
Thank you for your comments on Part A of the
Prelimlnary Draft Report on Methylene Chliorlde. My staff h:zs
rrepared responses to your comments which will be Incorpecrazac
Into Part € of the final draft report, which Is expected *¢o be
"released to the publlec within a moenth.-

‘1f you have any questlions concerning tﬁe report, ctigase
contact Rizhard Corey of my staff at (916) 323-8511.

Sincerely, _
%zwu . Az

Joan Denton, Ph.D., Mzna:er
Substance Evaluation Saciicn
Statlonary Source Divislzn



STATE OF CAUFORNIA : . GEORGE DEUKMEJIAN, Gowernor

AIR RESOURCES BOARD
1162 ¢ STREST

F FTX 2818

S~ AAMENTO, CA 95812

April!l 11, 1988

Roger W. Relnhoid, Manager
Capartment of Toxlcology
Allled Corporatlion

P.0O. Box 1021 R

Morristown, New Jersey 07960

Dezar Mr. Relnhold:

Thank you for your comments on Part B of the
Prelimlnary Draft Report on Methylene Chioride. Your comments
have been forwarded to the Callfornia Department of Health
Services. Thelir staff |s preparing responses whlch will be
incorpecrated Into Part C of the Filnal Draft Report, whlch Is
expected tc be released to the public within a month.

) If you have any questlions concerning the report, please
contact Richard Corey of my staff at (916) 323-8511.

Sincerely,

‘ | G €. Lo

Joan Denton, Ph.D., Manager
Substance Evaluation Sectlon
Statlonary Source Divislion

¢ cc: George Alexeeff ' :
Department of Health Services



STATE OF CAUFORNIA

AIR RESOURCES BOARD
1102 Q STREET

?.0. 80X 2818

SACRAMENTO, CA 95812

GECRGE DEUKMEIAN, Governor

April 11, 12888

Sellna Bendix, Preslident
8endix Environmental Research, Inec.
Fox Plaza, Sulte 802
. 1380 Market St.
San Franciscoe, CA 84102

Dear Ms. Beﬁdlx:

Thank you for your comments on Part A of the
Prelliminary Draft Report on Methylene Chloride. My staff has
prepared responses to your comments which will be Incorporated
fnto Part C of the flnal draft report, which Is expected to be
released to the public within a month.

1f you have any questlons concerning the. report, please
contact Richard Corey of my staff at (913) 232-8511. )

Sincerely,

, Eﬁf/m:

an Denton, Ph.D., Mznager
Substance Evaluatlon Sectlion
Statlonary Source Division



STATE OF CALIFORNIA

AlR RESOURCES BOARD
1162 Q sTReST

P.O. 80X 2815

S WMINTO, CA 93812

GEORGE DEUKMEIAN, Govimar

Apriil 11, 1988

Dr. Roger Atkinson
Unlverslity of Caillfornta, Riverside

Statewlde Alr Pollution Research Center
Rliverslide, CA 82521

Dear Dr. Atkinson:

: Thank you for your comments on Part A of the
Prellmlnary Draft Report on Methylene Chloride. My staff has .
Prepared responses to your comments which wil! ba Incorporated
'Nto Part C of the flnal! draft report, which is expected to be
released to the pubile within a month.

If you have any questlions concerning the report, please
contact Rlichard Corey of my staff at (218) 323—8511. '

Sincerety,

P
LA E? éééﬁZQ%L

an Denton, Ph.D., Manager
Substance Evaluzatlon Section
Statlonary Socurcse Division



STATT OF TAUFCRNIA - GECRGE DEUXMENAN, Governor

AIR RESQURCES BOARD
11€2 O STREET

?.0. BCX 2815
SACTAMENTQ, Ca 95812 ) ’

April!l 11, 1888

Or. Arthur Winer

University of California, Rlversids
Statswlde Air Pollutlion Research Center
Riverside, CA 92521 ’ :

Dear DOr. Winer:

B Thank you for your comments on Part A of the
Prellminary Draft Report on Methyliene Chliarlide., My staff has .
praepared responses to your comments which wilil be incorporated
into Part C of the final draft report, which Is expected to be
relezsed to the publlic within a month. ' .

1¥ you have anyiquestlons corncerning the repert, please
contact Richard Corey of my staff at (216) 323-8511.

Sincerasly,

Cron & Lot

éLan Csanton, Ph.D., Manager
Substance Evaluation Sectlion
Statlcaary Source Divislen



PART C ADDENDUM

PUBLIC COMMENTS AND RESPONSES TO THE
FINAL DRAFT METHYLENE CHLORIDE REPORT

Prepared by the staff of the Air Resources Board
March 1989
(Part C Addendum reflects the comments recefved from the public
during May 3, 1988 to may 24, 1988 public review period for the

Final Draft Report. The responses of the air Resources Board
staff to those comments are contained in Part € Addendum)
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A. The Halogenated. Solvents Industry Alllance



Heron, Burchette, Ruckert & Rothwell
Suite 700 . Suite 1600 -
1025 Thomas Jefferson Street, N.W., 2600 North Avemue
Washington, D.C. 20007 fompoiyetraat
FAX (602) 248-3214
(202) 337-7700 ' .
TWX 710-822-9270 37”0 m 1150

FAX (202) 898-7723 Sacramemto, CA 95814
(916) 446-1428
FAX (916) 446-6003

| 1400 MBask Tower
. . 22] Wen Sixdy Strees
Austin, TX 78701
- May 24, 1988 (S12) 499-0606
. : FAX (S12) 455-5729

EI_QQQBIEB

Mr. Robert Barham

Chief S

Toxic Zir Contaminant Identification Branch
Stationary Source Division

P.0O. Box 281% ,

Sacramento, California 95812

Re: Mefhyvlene Chloride
Dear Mr. Barham:

Enclosed are the comments of the Halogenated Solvents
Industry Alliance (HSIA) on the final draft report on methylene
chloride. 1In light of the significant scientific and science
policy questions raised by the recommendations and the health
effects assessment in the draft report, HSIA requests an
oppertunity to appear before the Scientific Review Panel when
it addresses methylene chloride. HSIA representatives will be
in touch with you concerning this request.

Sincerely,

Loty Ny

W. Caffey Norman, III

"Enclosure
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£ % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
g F WASHINGTCN D C. 20460
. %
March 9, 1588 SAB-EHC-88-013
Bon. lee M. Thames c ) orrice or
e e N THC ADMINISTRATON
Acministrator o
U.S. Envirommental Protection
2gency

401 M Street SW
Washington, D.C. 20460

Dpar Mr. Thaas:

On August 13-14 1987 the Ralogenated Crganics Subccmittee of the
Science ;dv:.eory Beard's Envirommental Eealth Camittee met in Washingten,
D.C. to review two documents prepared by EPA's Office of Research and
Cevelopment that assess health effects asscciated with dichloramethane
(methylene chloricde). These documents included:

© a June 1987 [raft Technical 2Analysis of New Methcds and [eta
Regarding [Cichlorumethane Hazard Assessments, and

© a July 1987 Draft Addendum. to the Bealth Assessment [ocument for
Dichlorcmethane: Pharmacokinetics, Mechanism of Action and Epi-
demiolcgy.

The Subcommittee's evaluatmn of these documents is presented in
two parts: 1) a discussion of scientific issues related to pharmaco-
kinetics and metabolism, and 2) review of specific issues pertinent
to the addendum. The Subcammittee focused less attention con the former
document because much of its scientific content overlapped with the Addendum.

The Subcamittee concludes that the Addendum was one of the best docu—
ments it has reviewed in tems of i:s clarity, coverage of the data and
analysis of scientific issues. This document clearly demonstrates the
potential utility of pharmacckinetic data in risk assessment. EPA should

continue to use this approach in future risk assessments, whenever scien~
tifically possible.

For reasons discussed in the attached repcrt, the Subcommittee concludes
that the level of uncertainty is greater and the hazard pesed by dichlore-
methane may be less than that expressed by the categories of EPA's cancer
risk assessment guidelines.



.

The Subcommittee appreciates the cpportunity to conduct this scieatific
review. In behalf of the Subcormittee we reguest that the Agency formally
rescend to the scientific advice provided in its attached repcrt.

W o

% ~on Nelscn, Chair
Executive Cormittee

Sincerel y,
\

~

ekl fenn LS
Richard A. gasener. Q‘xair

E:m?irorraen;a’_ Bealth




Halogenated Organics Subcammittee
Review of the June 1987 raft Technical Analysis of New Methods and
Data Regarding Dichlorcmethane Hazard Assessments: and July 1987 Drafc
Acdendum to the Bealth Assessment Doeiment for Dichlorcmethane: Pharmaco~
kinetics, Mechanism of Action and Epidemiology

Pharmacokinetics and Metaholisn

The application of a physiolcgically based pharmacckinetics (PBEK) mcdel
presented in the document is generally well conceptualized and organized.
This application represents a novel approach that can sharpen EPA's ability
to refine hunan risk estimates in the future. The Subcommittee camends
EPA for incorporating such infomation into the weight of evidence deter-

ination of the carcincgenic potential of dichloramethane. 2doption of the
Reitz-Anderson mcdel, with certain mcdifications, is a positive step for-
ward for the 2gency's risk assessment process.  The critical analysis of
the constraints of the model are thoroughly discussed and scientifically
balanced. EPA, for example, is justified in adjusting the estimates of
Reitz-Anderson for breathing rates traditionally used in EPA models. The
ratiocnale for using surface area factor adjustment, and contrary arguments,
are clearly described. '

The P8PX model has appeared in the published peer reviewed literature.
The novel applications of the latest data concernirg the model that were
~ Presented at the meeting are new and received enthusiastic support fram the
Subcormittee, which also recamends publication of this approach. The Sub-
cammittee reccgnizes that validation will be required for this and other .
canpourds befcre using this approach generally for human risk calculations.

Cne possible problem is that the metabolic conversion of dichloramethane
by different animal species by either the cytcchrame P-~450 oxidase system (mixed
function oxidase or MFO) or the glutathione-S-transferase system (GST) was
not supported by data indicating that measurements in each species were
conducted at cenditions optimal for pH, ionic strength or temperature for
that substrate in that tissue for each specific species. OUnless such
conditions ars utilized, interspecies quantitative data may be meaningless,
ard the basis for the use of this approach in human risk estimation could
be flawed. .

Camparative in vitro studies with rat, mouse, hamster and human cytesol
showed that the dichlcramethane—GST conjugation rates in humans were at least
30 times lower than in mice. The Subcammittee points ocut that: 1) mice
have the highest activity and liver tumor induction that correlates with
GSt-metabolite production above saturation of the MFO system; 2) hamsters
have much lower activity and no liver tumors; and 3) humans have even lower
activity indicating very low, if any, liver tumor inducing potential for
dichloramethane. There was a gocd correlation between the relative rates
-of dichloramethane~GSH conjugation and susceptibility of liver tumors. The
conclusion that, at low exposure levels, the carcincgenic hazard to humans
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from dichlecromethane appears very low needs to be clearly stated in the
docement. ’

The document could be simplified by eliminating the Chapter 7 discussion
of a "raticnale” for surface area scaling ard replacing it with the statement
on pace 107 that, "The fact that there is no clear basis for cheesing the use
cf suriace area correction or not...is a weakness of the current state-of-the-
art of quantitative risk assessment.®

Ciscussicn of Specific Scientific Issues Related to the Addendum

1. In considering an overall weight of evidence approach to risk
assessment, other factors, such as the nature of the animal tumor respense,
mecianistic data (such as binding of the chemical to D@), genotoxic activ-
ity ard epideniclogical data should also be discussed.

2. In evaluating the tumor data, the Subccmmit=-ee urges caution in ex-
trapolating the existing animal bicassay to humans. Although dichloramethane
induced both lung and liver tumors in the mouse models, these observations
occurred only at high deses which likely influenced the camcourd's overall
metabolisa. COther bicassays in other species, or at lower deses in mice,
induced negative results. The fact that the Reitz-Arderson medel is able
Lo predict these responses suggests that an interspecies correction factor
based on surface area may mot be necessary for extrapolating the tumcr .
data to hunans. This is particularly true when hamster and rat data (GSH .-
transferase) are considered using the PBPR analysis. The observation of
benign marmary tumors and salivary gland tumors in rats should not be used
as strong evidence for human carcimcgenic potential given the uncertain
significance of these lesions. The Penign mammary tumers have very low
potential for predicting malignancy even in the rat, and salivary gland
tunors were reported in only one of the studies.

3. EPA should discuss the findings of several investigators (Shumann
et. al., Dow Chemical; Green et. al., ICI, U.X.) that indicate that dichlore-
methane or its metabclites do not exhibit any potential to alkylate liver or
lung DA followirg in vive exposure. Such findirgs raise the clear pessibil-
ity that dichlcranethane may have produced its carcincgenic responses in
mice by non-genotoxic mechanisms, and may include an important contribution
of cytotoxicity in the cverall tumorigenic process. Such data beccre par-
ticularly relevant as carcincgenicity was observed only at extramely high
exposures and was absent at lower, potentially noncytotoxic deses.

4. Critical uncertainties remain regarding the relationship between
dcse to target tissues and tumor incidence, since little information on the
mechanisa of action is available for dichloromethane. The Subcammittee
accepts £PA's use of a surface area scaling tactor for delivered dose as
apgropriate for calculating an upper bound estimate, but it views this
usage as nore conservative than the usual *default" assurction fram the
#gency cancer guidelines, scaling administered dese hy surface area from
animals to humans. - Further research mav indicate that, at least for scme
SuSstances, scaling delivered decse on the basis of bedy weignt is more
approprizte than scaling by surface area.

-



~3-

5. The degree of nonlinearity in the dese reponse relationship for deliver-
ed dose is an important source of uncertainty. As roted on page 110 of the
Addendum, EPA uses the linearized multi-stage medel to calculate an upper

I estimate. The true dose response curve may fall off more rapidly than
a linear relationship at low deses. Biolcgical information supporting a non-
linear or threshold type of deose response relations ip is potentially impor-
tant for risk management decisicn making because it becames less likely that
the default plausible upper bound linear estimate will be an accurate estimate
of human risk, especially at low exposure levels in the ambient enviromment,

6. The Subcomittee was presented with a brief report on the current
status of the Kedak epidemiolcgical study of dichloromethane. A slight
excess of pancreatic cancer deaths has Desn separately reported. Fowever, the

legic review of bicpsies or surgical specimens from such patients. The incidence
of pancreatic cancers tended to cluster, and only with further surveillance
of the population can a more definitive statement be made on himan health risk.

confused with other abdaminal malignancies. Thus, without patholegic confirm—-
ation, the Subcamittee cannot necessarily conclude that an excess of pancreat-
ic cancer deaths has occurred. Bowever, neither can it be concluded that
dichloramethane is safe for humans at the occcupational exposure levels seen

in the study. The Agency should detemine the criteria of the Kodak epidemic—
logical study neécessary to substituting the animal derived risk estimate with a
Ruman derived risk estimate. Finally, the Subccmittee reccrmends the continua- |
tion of this important study. '

7. Although there is an impressive weight of evidence implicating metab-
©lites of dichloramethane in tuncrs, the pessibility should not be discounted
that the actual tumor inducing agent is the parent campound(s). In order to
Present a more balanced document, this pcssibility should be discussed at
Greater length, perhaps in Chapter 8. '

8. Both the scaling factor and the shape of the decse response relationship
are important areas for further work in order to aid develomment of risk assess-
ment metheds that incorporate available scientific data and judgement on bic—
logical mechanisms. As better informaticn is developed con pharmacokinetics,

pharmacodynamics and mechanisms for chemical carvincgenesis, it should be
pcssible to further reduce uncer: inties in human risk estimates.

8. For all of the above reasons. therefore, the Subcamnittee conclucdes -
that the level of uncertainty is greater and that the hazard for dichlore~-
methane may be less. than that expressed by the 2cency's classification system
in its cancer risk assessment guidelines. '

More detailed discustsion of these ad other issues by individual Subccm-
mittee members has been forwarded to the Cffice of Research and Develogment.
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Of Counsel:
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PROPOSED IDENTIFICATION OF METHYLENE
IR N N
By letter dated 2April 28, 1938, the final draft

Report to the Air Resources Board on Methyiene Chloride (the
draft Report), prepared by the staffs of the Air Resources
Board (the Board) and the Départméht of Health Services (DHS),
was made available for review and comment before submission to
the Scientific Review Panel (the Panél). The draft Report
consists of Parts A (use and exposure), B (health effects), and
C (public comments on Parts A and B and the DHS staff
response), and also contains an overview and recommendation
that methylene chloride be identified as a toxic air
contaminant under Cal. Health and Safety Coﬁb § 39660.

| The Halogenated Solvents Industry Ailiance_(HSIA)
commented extensively in January 1988 on the preliminary draft -
- report on methylene chloride, released in late November 1987.
HSIA’s 60-page comment focused primarily on Part B (health
effects) . Accordingly, we wereAvery surprised and disappointea
to find that Part B has not been revised at all by DHS staff, |
and is the same document }November 1987 draft} that was sent
out during the first comment period. ESIA expended
éignificant effortvand resources to respond within 45 days to
the DHS staff assessment. No purpcse would be served by
repeating the earlier HSIA comments, waich are reprinted in

Part C of the draft Report.



The letter soliciting ccmmeht on the £final draft
Report states that any revisions to the DES staff health
effects assessment (Part B) will be incorporated into the
Report after the comment period and before review by the
Panel. This highly unusual procedu;e for peer reviewing a
health effects assessment would seem to be inconsistent with
Health and Safety Cocde § 39660, which requires thaé "the
report, together wi&h the scientific data on which the report
is based, shall . . . be made available to the public and shall
be formally reviewed by the scientific review panel” (emphasis
added). The law does not provide for one draft'ﬁf the report
to be-made available for public review and a later, different
.version to be reviewed by the Panel. We submit that the Board
could not sustain a decision to identify methylene chloride as
a toxic air contaminant based on a2 health effects assessment
that the public was not allowed to review prior to Panel
consideration.

BESIA’s expression of concern is not an effort to rely
on a technicality to delay or subvert the statutory process for
identifying toxzic air contaminants. The staff recommendation
to the Board is premised on a risk assessment that rejects the
use of sciehtifie informétidn that has been acknowledged by
academic and government scientists alike as a milestone in

efforts to predict more accuratél; the health risk, if any,



from’atmosphericAconcentrations'of'pollutants.1 Indeed, the
DHS staff asséssment will not Ee helpful to the Board in
addressing a critical regulatory issue -- whether there is a
threshold exposure level below which no significant adverse
health effects can realisticaily be anticipated. See Health
and Safety Code § 39662 (c).

None of the key points in the January 1988 HSIA

comments has been adequately addressed by DHS staff. The DHS

response is confusing in several respects, €.9., its use of the

International Agency for Research on Carcinogens (IARC)

-

classification of methylene chloride as a "possible," but not a

"probable," human carcinogen to support identification of
methylene chloride as a toxic air contaminant. The DHS
response fails to note as well that EPA’s Sciépce Advisory
Board, an independent peer review panel established by federal
statute, has formally staﬁed that "the level of uncertainty is

greater and the hazard posed by dichloromethane [methylene

chloride] may be less than that expressed by the categories of

EPA’s cancer risk assessment guidelines."?

1 pus staff is required by law to consider all available
scientific data on health effects, including potency, mode of
action, and other relevant biological factors. Health and
Safety Code § 33%660(b), (c).

2 Letter to Lee M. Thomas, EPA Administrator, from Drs.
Nelson, Griesemer, and Doull, EPA Science Advisory Board (Mar.
8, 1988) (attached).



Rather than repeating our iaguary 1988 comments, two
key issues will be discussed below to show the impcrtance of a
thorough review by the Panel.® On both points, the DHS staff
health effects assessment-is inconsistent with (i) EPA’s
evaluation of methyléne chloride, culminating an 8-year effort
involving independent scientific peer review on a number of
separate occasions; (ii) the recommendations made by EPA’s
Science Advisory Board; and/or (1ii) the overwhelming weight of
current scientific consensus.

-

A. Available Human Evidence Indicates No
Increased Cancer Risk from Methvlene Chloride

The DHS heélth effects assessment transforms a
state—-of-the—art epidemiology study, showing.no indication of
increased overall cancer risk, into evidence for the sﬁaff's
position that methylene chloride causes cancer in humans.
Since the study has been reported in the scientific literature

4

as showing no evidence of increased overall cancer risk,~ and

3 The DHS staff response, contained in Part C of the draft
Report, rejects virtually every public comment on its health
effects assessment. HSIA disagrees with DHS staff on each of
these peints and reserves the right to raise before the Panel
each of the points that warrant a determination by the Panel
that the DHS health effects assessment is seriously deficient.

4 gearne, et al., Methvlene Chlozide Mortality Study:
Dose-Rasponse Characterization apnd Apimal Modal Comparison, J.
Occ. Med. 29:217-228 (1987).




accepted as a negative study by EPA, aﬁ unusual interpretation
of the results was necessary in order for DHS staff to consider
the study to be conSisteht.with "human risk estimates based on
animal studies." The only way the results could be so
interpreted woula be ﬁo ignore the overall mortality results
(;;gi, total canceg_and‘hypothesized tumor sites such as Lung
and liver), and to restrict the analysis to the only site
(pancreas) showing an increased number of cancer deathé (8
observed vs. 3.2 expected). This is the approach taken in the
DHS health effects assessment. | ‘

Without repeating the criticisms of the DHS étaff
interpretation that have been submitted by Eastman_Kodak
Company, we note that there were several sites (colon-rectum,
genito;urinafy) where.a result of the same magnitude was seen,
but in the opposite directicn (2 observed vs. 7 expected, 3
observed vs. 8 expected, réspectively}. Observed—expectéd
differences of this type are likely, due to chance alone.
Perhaps in recognition of the weakness of its'interpreﬁation,
the DHS staff response (p. 15-16) dredges up animél biocassay
results and relies on these results as "[(e]lvidence for the
bioclogical plausibility for methylene chloride’s production of
éancréatic tuﬁors in man." The source fbr this purported
evidence is a draft NTP technical repcrt.6 Based on

"significant discrepancies in experimental data, " however, NTP

® Draft NTP Technical Report'on the Carcinogenesis Bioassay of
Dichloromethane (Methylene Chloride) (T.R. No. 254) (Sept. 22,
13982). ' .



announced the cancellation of this report in 1983.5 wWe submit
that a strange interpretation cof human evidence, supported by
admittedly flawed animal data, has no place in a scientific

risk assessment.

B. Failure to Use Available Pharmacokinetic Data Is
Inconsistent with Currept Scientific Practice

The DHS staff health effects assessment recognizes
that extensive scientific data on the metabolism, pharmaco-
kinetics, and mechanism of methylene chloride are currently
available, but declines to make use of this_information either
in its assessment.of whether atmospheric concentrations of
methylene chloride are likely to pose ; cancer risk to humans
or in its estimate of the magnitude of the thedretical cancer

risk. The failure to incorporate this information, after a

request from a Panel member that "future documents include a

~ .

5 48 Fed. Reg. 35508 (Aug. 4, 1383). The deficiencies in the
study on which the DHS staff response relies triggered a
Congressional investigation of the NTP biocassay program and its
quality-assurance procedures, and the termination of the
contractor that had performed the defective study and some
fifty others. S2e Hearings before the Subcommittee on
Oversight and Investigations of the House Committee on Energy
and Commerce, 98th Cong., 1lst Sess. (Nov. 7, 1983), Serial No.
98-97; General Accounting Office, Report to the Chairman,
Subcommittee on Oversight and Investigations, House Committee
on Energy and Commerce, i 1 ! Prog : !
to Improve Oversight of Contractors Testing Chemicals (June 25,

1283).




section on pharmacokinetics,“6 has not been adequately
explained.

| >In its response to puplic comments, Das staff asserts
that its refusal to make use éf these relevant data is
appropriate because the data are ﬁnpublished and EPA’s risk
assessment, which does make use of these data, is in draft
form. Extensive reSea:ch on thelmetabolism and
pharmacokinetics of methylene chloride has, however, been
published in the dpen scientific literature and prqvided to

DHS.7 Published articles include Andersen et al.,

Erocess for Methylene Chloride, Tox. Appl. Pharm. 87:185-205
(1987) ; Reitz et al., DRevelopment of Multispecies, Multiroute

1 j - -

chloroethape (Methyl Chloroform), in Pharmacokinetics and Risk

Assessment 391-409 (National Academy Press 1987); and Green et

al., Macromolecular Interactions of Inhaled Methvlene Chloride

in Rats and Mice, Tox. Appl. Pharm. 93:1:10 (1888). Numerous

other articles are mentioned in our January 1988 comments.

The Addendum to the EPA Héalth Assessment Document on

Methylene Chloride is, as the DHS response correctly states, a

6 Meeting Summary, Scientific Review Panel on Toxic Air
Contaminants (July 7, 1987), at 3.

7 HsIA sponsored a seminar on this research for the benefit of
DHS staff on June 4, 1986, at the DHS offices in Berkeley.



review draft. It has, however, now been formally approved by
EPA’s Science Adviscory Board, which stated:

The Subcommittee [Halogenated Organics]
concludes that the Addendum was ane of the
best documents it has reviewed in terms of
its clarity, coverage of the data and
analysis of scientific issues. This
document clearly demonstrates the potential
utility of pharmacokinetic ddta in risk
assessment. EPA should ccontinue to use
this approach in future risk assegsments,
whenever scientifically possible.

Moreover, as indicated in the January 1988 HSIA comments, it
has been clear since well before release of the DHS draft
Report in November 1987 that there is strong scientific support

for the use of metabolic and pharmacokinetic information on

methylene chloride in risk assessment.9

In reviewing an earlier draft Addendum to the EPA
Health Assessment Document on Methylene Chloride, Dr. John

Doull had stated:

[Wle criticize modeling because we say that
it ignores the relevant bioclogy. Here we
have, if anyplace, we have relevant
biology, and gee whiz, if we can’t make it
work with methylene chloride, we’re in deep
trouble.

8 Letter to Lee M. Thomas, EPA Administrator, from Drs.
Nelson, Griesemer, and Doull, EPA Science Adviscory Board (March

19, 1988).

9 see, e.g., W
Carcinogenic., Some SAB Members Say, Chem. Reg. Rep. (BNA)

11:862 (Aug. 14, 1987).

10 Transcript, Science Advisory Board Review of Draft Addendum
to the Health Assessment Document for Methylene Chloride (May
23, 1985), at 86.



In response to similar statements from scientists and
regulators, a major research program was undertaken in late
1985 by the European Council of Chemical Manufécturer's
Federation (CEFIC) and by Dow Chemical U.S.A. in an attempt to
investigate the strikingly different‘responses seen in various
long-term bioaséays of methylene chloride. This research
program has cost several million dollars and taken over two
years of effort. The results have been published as rapidly as
possible, and use of the information in risk assessment has
been recommended sy a National Academy of Sciences Workshop,
praised by the FDA official respdnsibie for.methylene chloride
risk asseésment as an "interesting and useful . . . approach,"
and recognized by a broad scientific consensus as an important
step forward.1l 1p light of the widespread réview of this
scientific research, the willingness of EPA to make use of the
data, and the fact that HSIA and CEFIC have made every effort
to ensure that DHS staff receive all relevant information as
éoon as it is available, the failure to make use of the data iﬁ_

the DHé health effects assessment seems inexplicable.12

11 See, e.g., Pharmacokinetics Seen Reducing Risk Assessment
Uncertainties, Food Chemical News at 8-10 (Mar. 14, 1988)
(report of Toxicology Forum meeting); Physiologically-Based
Pharmacokinetic Risk Assessment Model Hailed, Food Chemical
News at 28-31 (Feb. 24, 1986) (same). .

12 We note also that DHS staff apparently had no reservations
about using data in a draft NTP report to support its position
on pancreatic tumors, discussed above, even though the report
was formally withdrawn after peer review. 1In light of this, it
is difficult to understand an unwillingness to use the analysis
in a draft EPA report that has been approved after peer review
and will shortly be published.



Conclusion

The foregoing discussion addresses only two of the
most serious shortcomings in the DHS health effects .
assessment. In addition, the .Board and the Fanel should give
careful consideration to the regulatory and science policy
consequences of approving a health effects evaluation that.
disregards available data and calculates risk estimates at
significant variance from estimates that havé been
scientifically peer reviewed and will form the basis for
federal regulatory evaluaﬁions of methylene chloride.
Continued reliance on an archaic approach to fisk aésessment
will set DHS staff apart from the scientific community and
could hinder the Board’s ability to make rational regulatory
decisions. The Panel should conclude that tke draft health

effects assessment is "seriously deficient"™ for purposes of

Health and Safety Code § 39661l (c).

Attachment
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1i. Alr Resources Board Responses to Comments



1) The Ha]ogenated Solvents industry Alllance

a) Comment: The letter soliciting comment on the final draft
report states that any revisions to the DHS staff health effects
assessment (Part B8) will be Incorporated Into the report after
the comment period and before review by the Panel. This highly
unusual procedure for peer reviewing a health effects assessment
would seem to be Inconsistent with Health and Safety Code Section
39660, which requires that “the report, together with the

sclentific data on which the report is based, shall ... be made
avallable to the public and shall be formally reviewed by the
Scientiflc Review Panel” (emphasis added). The law does not

provide for one draft of the report to be made avallable for
public review and a later, different version to be reviewed by
the Panel. We submit that the Board could not sustain a declision
to identify methylene chioride as a toxlc ailr contaminant based
on a health effects assessment that the public was not allowed to
review prlior to Panel consideration.

Response: See section IV for ARB’'s July 1, 1988 letter to HSIA
regarding their comments.



l11. Department of Health Services Responses to Comments



DEPARTMENT OF HEALTH SERVICES

STAFF RESPONSES TO PUBLIC COMMENTS

ON THE DRAFT REPORT TO THE AIR RESOURCES BOARD
ON _METHYLENE CHILORIDE: k

SECOND COMMENT PERIOD

' General Comment

Comment: Several comments were made by the Halogenated Solvents Industry
Alliance (HSIA) with regard to the procedures in submitting the draft report
for public comment. These procedural questions are under the jurisdiction
of the Air Resources Board. However, one of HSTA's comments expressed
concerns that Part B had not been revised after the first public review,
which requires a response from Department of Health Services'’ (DHS) staff.

Resvonse: As indicated in the previous DHS staff responses to comments, the
presentation of the epidemiologic studies would be revised to provide better
clarity as requested by Kodak. Only minor changes (such as the numerical
error’ noted in the Kodak comment) were to be made in response to the first
comment period. Since no substantial changes were to be made in response to
the first public review period, a revised draft was not submitted.

TOPIC: Risk Assessment

Comment: The DHS response during the first comment period reported that a
draft National Toxicology Program (NTP, 1982) study found pancreatic tumdrs
in rats and chat this was evidence for the biological plausibility of
pancreatic tumor induction in humans by methylene chloride. The report in
which these findings were published was subsequently canceled by its
sponsoring agency (the National Toxicology Program), based on discrepancies
in experimental data. 1In light of this, it is difficult to understand the
unwillingness of DHS to use information in draft U.S. Environmental
Protection Agency (EPA) reports (the June 1987 Draft Technical Analysis of
New Methods and Data Regarding Dichloromethane Hazard Assessments, and the
July 1987 Draft Addendum to <the Health Assessment Document for
Dichloromethane: Pharmacockinetics, Mechanism of Action and Epidemiology).
The NTP report was withdrawn after it was peer reviewed, and the EPA reports
have been approved by peer reviewers. (HSIA) ‘

Response: The draft results of the NTP gavage study are not central to DHS'
conclusions regarding biological plausibility. Methylene chloride has been
shown to be carcinogenic in two animal species at several sites. These
tumors include salivary gland sarcomas in rats (Burek et al. 1984), mammary
gland tumors in rats (Burek et al. 1984, NTP 1986), combined liver tumors in
rats. (Serota et al. 1986a), hepatocellular adenomas and carcinomas in mice
(Serota et al. 1986b, NTP 1986), and alveolar/bronchiolar adenomas and
carcinomas in mice (NTP 1986). DHS staff concluded that the induction of
pancreatic tumors by methylene chloride in humans is biologically plausible
based on the lack site specificity in rodents. The Kodak comment (page 13)
in the first public response period indicated that since rodents tumors had
never been found in the pancreas resulting from methylene chloride exposure,
there was no biological plausibility for pancreatic tumor induction. The

-1- -



\

DHS scaff comment merely pointed out that such a position is very weak due
to the lack of site concordance and since a draft NIP study had indicated
the pancreas as a potential tumor site. However, the fact that the NTP
report has been withdrawn underscores the weakness in using any draft report
(including the 1987 EPA reports, "Draft Technical Analysis of New Methods
and Data Regarding Dichloromethane Hazard Assessments,” and "Draft Addendum
to the Health Assessment Document f..- Dichloromethane: Pharmacokinetics,
Mechanism of Action and Epidemiology”) to support a scientific argument.

This would appear to be particularly ixportant when the document has the
words "Do not cite or quote® imprinted on it, as do the above-mentioned EPA
documents; furthermore EPA staff had specifically asked DHS staff not to
cice the reports since they were nc= final. However, subsequent to the
first comment period EPA staff indicated that since much of the information
in the document had been presented at scientific meetings and is present in
a Consumer Product Safety Commission report (Cohn 1987), the document could
be cited as a drafz. DHS staff have evaluated the information in the EPA
draft reports on its own merits. As a result, DHS staff have incorporated
much of the EPA draft analysis into the current document. Consequently, a
risk estimate based on the EPA draft report is included in the DHS document
and reference is made to the EPA documents to acknowledge their source.

Comment: The DHS health effects assessment transformed an epidemiology
study showing no indication of increased overall cancer risk "into evidence
for the staff’'s position that methylene chloride causes cancer in humans."
The DHS analysis is based on an observed excess of pancreatic cancer. Note,
however, that there were several sites (colon-rectum, genito-urinary) where
a result of the same magnitude was seen, but in the opposite directionm.
Observed-expected differences of this cype can occur by chance alomne. “On
this point, the DHS staff health effects assessment is inconsistefit with
EPA's evaluation of methylene chloride and the overwhelming current
scientific consensus. (HSIA)

Response: The DHS health effects assessment document concurs with the EPA
in concluding that human data for carc1nogen1c1ty are inadequate. The
Hearne et al. (1987) study reported an excess in pancreatic malignancy
deaths and this result is reported in the DHS health effects assessment
document. As discussed in the health efffects document, and in the
following comment, DHS staff used the reported excess of pancreatic cancer
in its comparison of risk estimates from animal and human exposure. Such
comparisons can be made even when there is no excess cancer risk observed by
taking into account the statistical powver of the epidemiological study.

Comment: The DHS  thealth effects assessment employs' an unusual
interpretation of an epidemiological study in order to find it to be
consistent with Thuman ©risk estimates based on animal data. The

interpretation is unusual in that it ignores the overall mortality results
and restricts the analysis to the only site (pancreas) showing an increased
number of cancer deaths. (HSIA) ,

Response: Hearne et al. (1987) and BHS staff both conducted comparisons of

human and animal risk estimates. The differences in the procedures for
comparing human and animal risks are spelled out in the DHS health effects
document on methylene chloride. In the DHS staff analysis, the most

sensitive animal site was compared to the human site exhibiting the greatest

-2-



response in the epidemiologic study. Use of all primary cancer sites to
evaluate a specific carcinogen will dilute any effect that might observed,
since individual chemical compounds affect certain sites more than others.
Furthermore, in light of the high background rates of some cancers in humans
and other animals, combining chemically induced and background sites would
substantially decrease the sensitivity of the analysis. A similar type of
analysis was conducted by EPA and Consumer Products Safety Commission
(EPA 1987a) where they concluded (page 102): "Even if the pancreatic cancer
deaths are discounted, the 95% upper-limit estimates based on lung tumors
from the epidemiologic analysis ... are comparable to the upper-limit
estimates derived from the mouse metabolized dose data."

Comment: The DHS staff declines to make use of extensive data on the
metabolism, pharmacokinetics, and mechanism of methylene chloride that are
currently available and has been provided to DHS staff. As a result, the
DHS staff health effects assessment is inconsistent with EPA’s draft
evaluation of methylene chloride which makes use of the published and
unpublished data provided to them. HSIA sponsored a seminar on this
research for the benefit of DHS staff. The European Council of Chemical
Manufacturers Federation (CEFIC) has wundertaken an intense, costly
investigation of the striking differences among the results of various long-
term bioassays of methylene chloride. Use of information from this
investigation has been recommended by a National Academy of Sciences

. Workshop and recognized by a broad scientific consensus as an important step
forward. This scientific research has been widely reviewed, the EPA is
willing to make use of the data, and HSIA and CEFIC have made every effort
to ensure that DHS 'staff receive all relevant information as soon as ic is
available. In 1light of the above, the failure to make use of the data in
the DHS health effects assessment seems inexplicable. Furtherfore, a
Scientific Review Panel member has requested that future documents include a
section on pharmacokinetics. (HSIA) o

Response: As indicated in the health effects document and in the responmse
to a similar question in the first comment period (page 9), risk estimates
based on pharmacokinetic data were calculated in the document. However, the
DHS staff did not incorporate the information into .the final risk assessment
due to the numerous assumptions required and the extensive use of
unpublished data in the model. Since the first comment period, much of the
data has been published or extensively reviewed by independent scientific
groups and DHS staff have reassessed the use of the model. After critical
review of the pharmacokinetic information submitted by HSIA, DHS staff
concluded that application of . pharmacokinetics to calculate the internal
dose of the sustance represented a plausible scientific approach for
evaluating the cancer risks of methylene chloride. As discussed extensively
in the document, DHS staff still have many reservations regarding the use of
the Andersen et al. (1987) model, particularly since the pharmacokinetic
adjustment may add uncertainty to the £final potency values due to the
additional assumptions necessary to estimate the dose. These assumptions
include the following: the identification of the methylene chloride-
glutathione conjugate as the sole metabolite responsible for carcinogenicity
in laboratory animals and humans; the relative tissue distribution of
glutathione and metabolic activities in laboratory animals versus humans;
the relative tissue susceptibility to carcinogenic methylene chloride
metabolites; the use of in vitro constants and acute metabolic values for
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the prediction of chronic responses; and the use of estimates of physiologic
parameters, partition coefficients, and metabolic comstants that may not
accurately reflect the actual human values. Substantial additional research
is needed to externmally validate the pharmacokinetic model and to determine
the extent of human variabilicty in the pharmacokinetics and pharmacodynamics
of methylene chloride and its metabolites. However, DHS staff believe that
pharmacokinetic modeling represents a scientifically plausible approach to
evaluating the internal dose. Cousequently, pharmacokinetic information
submitted by HSIA was used in the final risk assessment range presented by
DHS staff in Part B.

ba
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V. Alr Resources Board Letters to Comment Originators



TE OF CALFORNIA ] . GECRGE DEUKMEIIAN, Govermor

R RESOURCES BOARD ' I
2 @ SWRET %Ef@?
. BOX 2818 A‘ : A ’ ﬁ

2 C1ENTO, CA 935812

July 1, 1988

W. Caffey Norman, 111

Heron, Burchette, Ruckert & Rothwell -
Sufite 700 v

1025 Thomas Jefferson Street, N.W.
¥ashlngton, D.C. 20007

Deir Mr. Norman:

Thank you for providing HSIA's comments on the flnal
draft report -on methylene chloride. HSIA’s comments on Part B
have been forwarded to the Department of Health Services (DHS).
DHS staff are preparing responses which will be Incorporated as
2n addendum to Part C of the report submitted tc the Sclentifle
Review Pane! (SRP).

In addition to commenting on Part B, HS!A requested the.
ocpportunity to appear before the SRP when It revliews Parts A and’
B of the methylene chloride report. We have discussed your
request wlith Dr. James Kendrick, Chalr of the Sclentiflic Review
Panel. Or. Kendrlck supports the SRP‘s long-standing policy of
not accepting wrlitten or oral test (mony at SRP meetings. The SRP
declided that by requirling publlic comment and agency respcnses In
advance of the submission of the report te the. SRP, the SRP°‘s
review would be both comprehensive and timely. The ARB Legal
Offlce has advised the SRP that Its process meets the statutory
requirements set forth In Health and Safety Code Section 39681.
The SRP recelves the Information submltted by the publle,.as all
comments recelved regarding the substance under review and the
report are included In Part C. Addlitionally, the report which Is
reviewed by the SRP [s avallable to the public.

Before making a recommendation as to whether methylene
chlioride should be ldentifled as a TAC, the SRP will carefully
consider al! comments that have been recelved. They will also
evaluate the adeguacy of ARB and DHS responses to comments as
well as revislons to 'the report. The Panel! may request further
cfarification If |t belleves thls Is necessary. There will also
be an opportunity to testlify before the Board when [t considers
the Panel’s findings. ’



W. Caffey Norman, 111 -2- July 1, 1988
If you have_any questlons regarding thls letter, please
call me at (916) 322-7072.

Slncerely,

L SR

Robert D. Barham, Chlef
Toxlie Alir Contaminant
ldentiflicatlon Branch

cc: Dr. Kendrlick, Chalrman
Sclentiflic Review Panel
David Nawl
Bill Lockett
Pater Venturinli
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