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ARCO Products Company

1990 West Crescent Avenue
Anaheim, Catifornia 92801

Mailing Address: Box 61004
Anaheim, California 92803-6104 ) . : ‘ '
Telephone 714 491 6800 ’

March 22, 19891

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant identification Branch
Stationary Source Divsion '

Air Resources Board

Attn: 1,3-Butadiene

P. 0. Box 2815

Sacramento, CA 95812

Dear Mé. Shiroma:

The preliminary draft proposing to identify 1,3-butadiene as a
california Toxic Air Contaminant (TAC) does not contain a "best
value® unit risk estimate. A similar draft report on Formaldehyde
dated February, 1981 does contain such a "best value" estimate
along with the range of risks typically provided in such reports.
The Department of Health (DHS) Services has been providing such
"hest values" for Proposition 65, and Hot Spot programs which fall
within the range of unit risk estimates for the TAC.

It is recommended that DHS determine a . "pest value" unit risk
estimate for 1,3-butadiene within the current TAC process. Such a
value will be needed, and, we believe, would be best set during
the process of establishing the range of risk under the TAC
progranm.

Please call me at the above phone number if you wish to discuss our
recommendation further.

Very truly yours,

Smith
MANAGER, EH&S SERVICES

cc: George Alexeef DHS
Kelly Hughes CARB
J. E. Richey ARCO
D. J. Townsend ARCO
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American Petroleum Institute
1220 L Street, Northwest
Washington, D.C. 20005

202-682-8080 1 )

Terry F. Yosie
Vice President

March 22, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Atin: 1,3,-Butadiene

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

The American Petroleum Institute is pieased to submit its views on the State of
California Air Resources Board (CARB) recently published document, Preliminary Draft
Technical Support Document for the Proposed Identification of 1,3-Butadiene as a Toxic Air
Contaminant (February 1991). At this time, our comments pertain solely to Part B, the .
"Draft Health Assessment Document”.

APl is a trade Association representing over 250 companies involved in all aspecis
of the oil and gas industry, including exploration, production, transportation, refining and
marketing.

APl has pérﬁcipated in the development of the extensive comments prepared by the
Chemical Manufacturers's Association (CMA). We subscribe to CMA's -analysis and
suggestions for needed revisions to the Dratt Document.

In particular, API finds that the heavy reliance on studies performed on the B6C3Ft
mouse leads to an overestimate of human risk. This conclusion is based on data which
demonstrate that substantial species differentiation exists among test animals. These data
provide evidence that mice retain larger doses of butadiene, metabolize butadiene more
rapidly, and detoxify the metabolites more slowly than other species, making the mouse
uniquely sensitive to carcinogenic effects of butadiene. Thus, it is appropriate to revise the
human risk estimation based upon an altemate species or to adjust the use of the mouse
data to account for this hypersensitivity.

Thank you for the opportunity to submit API's views. Should you have any
questions, please contact Louise Scott of my staff at (202) 682-8481.

Sincerely,
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CHEMICAL MANUFACTURERS ASSQCIATION

Geraldine V. Cox, Ph.D.
Vice President-Technical Director

March 21, 1991

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: 1,3 Butadiene

P.0. Box 2815

Sacramento, CA 95812

Re: California Air Resources Board Draft Technical Support
Document for 1,3-Butadiene :

Dear Ms. Shiroma:

The Butadiene Panel of the Chemical Manufacturers Association is
pleased to submit the enclosed comments on- CARB's Draft Technical
Support Document for 1,3-Butadiene. "The Panel consists of the major
U.S. producers and some users of butadiene.

The Panel suggests a number of improvements to the Health
Assessment portion of the Document, to enhance its completeness and
‘usefulness. In addition, the Panel believes that the Department of
Health Services' quantitative risk assessment for butadiene
overestimates the potential human risk by a substantial margin. The
Panel recommends adjustments to the potency factor and resulting risk
estimates so they reflect more realistically butadiene’'s potential risk
to humans.

Please direct any questions that you may have regarding these
comments to Dr. Elizabeth J. Moran, Manager of the Butadiene Panel, at
{202)887-1182.

Sincerely yours,

Lol Y/
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STATE OF CALIFORNIA
AIR RESOURCES BOARD
STATIONARY SOURCE DIVISION

COMMENTS OF THE :
CHEMICAL MANUFACTURERS ASSOCIATION
BUTADIENE PANEL
ON THE PRELIMINARY DRAFT TECHNICAL SUPPORT DOCUMENT
FOR THE PROPOSED IDENTIFICATION OF 1,3~-BUTADIENE
AS A TOXIC AIR CONTAMINANT

Geraldine V. Cox, Ph.D.
Vice President and
Technical Director

Elizabeth J. Moran, Ph.D.
Associate Director, CHEMSTAR
Division, and Manager
Butadiene Panel

March 21, 1991

David F. Zoll, Esq.
Vice President and
General Counsel

-Marilyn D. Browning, Esqg.

Assistant General Counsel

0Of Counsel:

Robert M. Sussman, Esdqd.
Carolyne R. Hathaway, Esqg.
Latham & Watkins
1001 Pennsylvania Ave., N.W.
Suite 1300
Washington, D.C. 20004
(202) 637-2200

CHEMICAIL MANUFACTURERS ASSOCIATION
2501 M Street, N.W.
Washington, D.C.

(202) 887-1100
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EXECUTIVE SUMMARY

The Butadiene Panel of the Chemical Manufacturers
Association has reviewed the Preliminary Draft Technical Support
Document on the Proposed Identification of 1,3-Butadiene as a
Toxic Air Contaminant, prepared for the Callfornla ‘Air Resources
Board ("CARB"). The Panel has focussed mainly on the draft
Health Assessment Document (Part B). The Panel believes that the
quantitative risk estimates included in this draft overstate the
potentlal human cancer risks presented by butadiene by a wide
margin and should be adjusted so that these risks are portrayed
more realistically. In particular, the Panel offers the
following recommendations:

- The Health Assessment Document should emphasize
that, while butadiene is a potent carcinogen in
the BGC3F1 mouse, it is only a weak oncogen in the
rat.

- Recent data on species differences in butadiene
metabolism and mechanism of action indicate that
the mouse is uniquely sensitive to the
carcinogenic effects of butadiene. Therefore, the
rat, not the mouse, is the more appropriate model
for human risk assessment.

- The Hazleton bioassay results for the rat should
be used to calculate the "best estimate" of human
cancer risk. This risk estimate should be
adjusted to reflect recent data on species
differences in butadiene metabolism. In
particular, adjustments should be made for
differences between the rat and primate in blood
levels of the reactive monoepoxide. This approach
woul% predict an upper bound lifetime risk of 9.0
X 10° at 1 ppm.

- If CARB continues to rely on the mouse bioassay
data for risk assessment purposes, it should
exclude the lymphomas from that assessment. These
malignancies are of questionable relevance to
humans. In addition, the risk estimate should be
adjusted to reflect species differences in the
blocod levels of the monoepoxide. These
adjustments would result in an upper bound risk
estimate of 7.8 x 10™* at 1 ppm.

- Shell 0il Company has prepared an alternative risk
analysis based on the rat study and on preliminary
unaudited data from the recent mouse study
conducted by the National Toxicology Program. The
risk assessment incorporates a simplified time to
tumor analysis for the mouse data and takes into
account species differences in butadiene
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metabolism for both the rat and mouse. It
illustrates how such biological data can be .
incorporated and demonstrates that the predicted
risk is much lower when all of the data are used.
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INTRODUCTTON

The State of California Air Resources Board ("CARB")
recently published a Preliminary.Draft of its Technical Support
Document for the Proposed Identification of 1,3-Butadiene as a
Toxic Air Contaminant (February 1991). This document cohsists of
two parts: Part A, the Exposure Assessment, which was prepared
by CARB, and Part B, the Health Assessment, which was prepared by
the California Department of Health Services ("DHS"). The
Eutadiene Panel (the "Panel") of the Chemical Manufacturers
Association ("CMA") is pleased to submit these Comments on both
portions of the Preliminary Draft.

The Panel includes the major United Stateé producers
and importers and some users of butadiene. The Panel member
companies are listed in Appendix A. The Panel is sponsoring
scientific research on butadiene, and has commented extensively
on previous evaluations of the scientific data base for butadiene
by the Occupational Safety and Health Administration ("OSHA"),
the Environmental Protection Agency ("EPA"), the Agency for Toxic
Substances and Disease Registry ("ATSDR"), and other government
agencies. Included as appendices to these Comments are five
witness statements and an alternative risk assessment by Shell
0il Company which were prepared recently in connection with the
ongoing OSHA rulemaking regarding occupational exposure to
butadiene.

The Butadiene Panel believes that DHS's qﬁantitative
risk assessment for butadiene ovérstates the potential human

cancer risk by a substantial margin. We strongly recommend that
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DHS méke adjustments in its risk estimates to reflect more
realistically butadiene's potential risks to the human
population.

DHS has identified a number of studies which
demonstrate substantial species differences in butadiene
metabolism and mechanism of action. However, the DHS
quantitative risk calculations do not fully recognize the limited
relevance of the mouse data for human risk assessment. Moreover,
DHS does not explore alternative risk modeling approaches which
would reflect interspecies differences in response to butadiene.
These Comments address the relevant data regarding species
differences in butadiene metabolism and mechanism of action and
propose modifications in DHS's risk assessment whiéh take these
data into account.

Part I of the Comments reviews the studies which form
the basis for the DHS butadiene hazard evaluation. The Comments
first discuss the major animal carcinogenicity studies on
butadiene. These studies demonstrate that, while butadiene is a
potent carcinogen in the B6C3F1 mouse, it is only a weak
carcinogen in the rat.

The Comments then review the relevant data on species
differences in butadiene metabolism and mechanism of action which
indicate that the B6C3Fl1 mouse is uniquely sensitive to the
carcinogenic effects of butadiene. These data include recent
primate data reported by Dahl et al. {1990) and Sun et al. (1989)

which were omitted from DHS's analysis. These studies

000011




demonstrate that, for equivalent.inhaled butadiene
concentrations, mice retain larger doses of butadiene, metabolize
butadiene to the :eactive, cércinogenic monoepoxide more rapidly,
detoxify the metabolites more slowly, and attain higher tissue
ievels of butadiene metabolites than the rat or primate. In
addition, cytogenetic and bone marrow effects are seen in the
mouse, but not the rat or primate, and the presence of the
endogenous murine leukemia virus ("MuLV") in the B6C3F1 mouse
(but not the rat or primaté) has been implicated in the
:expression of the malignant lymphoma in that species. These
species differences_indicate that the incidence of lymphoma in
the B6C3F1 mouse has limited relevance to human risk assessment.

 Part iI of the Comments addresses the implications of
the relevant daﬁa for human risk assessment and propbses
adjustments in DHS's quantitative risk estimates. These
recommended adjustments are summarized in Table I.

Based on—the available data, the Comments conclude that

the rat is the more appropriate model on which to base a
‘quantitative estimation of butadiene's human cancer risk. The
Comments also propose several adjustments to DHS's risk
assessment based on the rat bicassay results. _In particular, the
Comments recommend that the DHS quantitative risk estimates be
modified to reflect differences in butadiene metabolism between
rats and primates and that the mammary carcinomas be excluded

from the incidence of total significant tumors. With these
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adjustments, the "best esfimate" of upper bound cancer risk would
be 9.0 x 10 at 1 ppm and 3.3 x 10°® at 0.37 ppb.

If DHS continues to rely on the mouse data from the
1984 study performed by the National Toxicology Program ("NTP")
for its best estimate of cancer risk, the Comments recommend that
the risk estimates be adjusted to reflect specieé differences in
the blood levels of the monoépoxide or, at a minimum, species
differences in butadiene absorption. In addition, since
malignant lymphomas in the B6C3F1 mouse are of questionable
relevance for human cancer risk, the Comments reccmmend that
incidence of lymphoma be excluded from the risk estimation based
on the mouse data from the 1984 NTP study. These adjustments
would result in a potency factor ranging from 7.8 x 107 to
2.0 x 102 at 1 ppm and an upper bound lifetime risk at 0.37 ppb
of from 2.9 x 107 to 7.4 x 10°°.

As another approach, the Comments also describe a risk
assessment prepared by Shell 0il Company using the rat study and
preliminary, unaudited data from the second NTP study in the
B6C3F1l mouse. A copy of Shell's Alternative Risk Assessment is
provided in Appendix G. The Shell risk assessment was prepared
in response to the OSHA proposed 2 ppm workplace standard. The
Shell-estimated risk is not linear with exposure and, thus,
direct .comparisons to the DHS risk estimates are not possible for
ambienf exposure scenarios. The Shell assessment incorporates

available data regarding species differences in butadiene
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response and demonstrates that the predicted risks are much lower
when all of the data are used. |

. Part III of the Comments discusses DHS's evaluation of
butadiene's potential reproductive and deveiopmental risks. This
portion of the Comments takes issue with DHS's conclusion that
6.25 ppm is a LOAEL for reproductive effects in the mouse (based
on the second NTP mouse study). Correctly interpreted, this
study establishes a NOEL for reproductive effects in the mouse of
20 ppm. DHS should also recognize that, in the Hazleton rat
biocassay, no reproductive effects were observed in the rat after
lifetime exposure. to butadiene at levels as high as 8000 ppm. In
light of the unique sensitivity of the mouse to the reproductivé
effects of butadiene.exposure, the absence of reproductive
effects in the fat should take precedence in determining
butadiene's reproductive risk to humans.

Finally, Part iV of the Comments raises several
concerns relating to CARB's procedures for measuring butadiene in
ambient air. In particular, the Comments note that it is not
clear from the descriptioh of CARB's methodology that the
analysis adequately separates butadiene from other four carbon
hydrocarbons which may also be present in ambient air. In
addition, additional information is necessary to evaluate the
validity of the sample collection procedures that were used.
These-issues should be addfessed before CARB's measurements of

ambient air levels of butadiene are adopted.
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I. HAZARD EVAILUATION

A. Animal Carcinogenicity Data Indicate
That Butadiene is a Potent Carcinogen
in the B6C3F1 Mouse But Only a Weak
Carcinogen in the Sprague—-Dawley Rat

DHS's Draft Health Assessment Document describes three
major cancer studies in rodents -- two studies in the B6C3F1
moﬁse sponsored by the National Toxicology Program ("NTP") and
one study in the Sprague-Dawley rat, performed at Hazleton
Laboratories. See Draft Health Assessment Document at 3-28 -
3-32. These studies are discussed in detail in the statement of
Dr. Hinderer of B.F. Goodrich Company (included in Appendix B).

The two NTP mouse bioassays demonstrate that butadiene
is a potent carcinogen in the B6C3F1 mbuse. In the first stﬁdy
("NTP I"), groups of 50 male and 50 female B6C3Fl1l mice were
exposed to 0, 625, and 1250 ppm butadiene six hours per day, five
days per week. NTP (1984). The most prominent finding was the
high mortality from the malignant (thymic) lymphomas, which
resulted in early termination of the study after only 60-61 weeks
of exposure. Significant increases in neoplasms were also
observed at several other sites, including the heart, lung, and
forestomach (all in both sexes) and the mammary gland, ovary, and
liver {females only).

The second NTP study ("NTP II") has not been fully
audite& and reported, but summaries of the unaudited resulfs have
been published in several articles. See Melnick-gg al. (1989%a,

1989b, 1990), Melnick (1989). In this study, B6C3Fl mice were
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exposed to 0, 6.25, 20, 62.5, 200, and 625 ppm butadiene for six
hours per day, five days per week, for periods of up to two
years. Results of this second study confirm that butadiene is a
potent carcinogen in the B6C3F1 mouse. The effects reported at
the two highest doses were similar to those observed in the first
study (high incidence of malignant (thymic) lymphomas causing
early mortality of the animals). At concentrations below 625
ppm, survival was good and lymphocytic lymphoma no longer played
a role as the major cause of early death. However, higher
incidences of heart, lung, Harderian glnnd; liver, preputial
Vgland, and ovafian tumors were noted at these lower
concentrations, where animals had better survival. An excess of
lung tumors was observed in female mice at the low dose of 6.25
ppm.

. In contrast, the results of the Hazleton rat bioassay
sponsored by the Internaticnal Institute of Synthetic Rubber
Producers, Inc. ("IISRP") (see Owen et gl. 1987, 1990),
demonstrate that butadiene is only a weak carcinogen in the rat.
Groups of 110 male and female Sprague-Dawley rats were exposed to
0, 1000, and 8000 ppm butadiene for six hours per day, five days
per week, for more than two years (105 weeks for females dnd 111
weeks for males). Statistically increased incidencés of tumors
were seen at only two sites in each sex: pancreatic exocrine
adenomns and testis Leydig-cell tumors in malés, and mammary
tumors (primarily benign fibroadenomas) and thyroid follicular

cell tumors in females. In the low dose group (1000 ppm), the
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only significantly elevated tumor response was the benign mammary .

tumors. Mammary carcinomas were not significantly elevated even
at the high dose of 8000 ppm (the incidence of malignant mammary
tumors was as follows: O ppm-18; 1000 ppm-15; 8000 ppm-26).
Several factors have been identified that tend to diminish or
challenge the significance of even these limited fiﬁdings of the
rat study. See Hinderer Statement at pp. 3-4.

B. Species Differences in Butadiene Metabelism

and Mechanism of Action Demonstrate that the

Primate and Rat are Considerably lLess Sensitive
to Butadiene than the Mouse

1. Species bifferences in Butadiene Metabolism
The genotoxicity data discussed in the Draft
Health Assessment Document indicate that the reactive mono- and

di-epoxide metabolites of butadiene (1,3-epoxy-3-butene and

1,2:3,4~-diepoxybutane), and not butadiene itself, are the
ultimate genotoxic agents responsible for the carcinogenic
effects of butadiene exposure. See Draft Health Assessment
Document, Section 3.4. Since butadiene is genotoxic only when
metabolically activated, species differences inrbutadiene uptake
and metabolism must be considered in evaluating the results of
the rat and mouse bioassays and in éssessing their relevance to
human risk assessment.

DHS has not evaluated all the relevant data on
butadiéne pharmacokinetics and metabolism. Most notably, DHS has
not included recent metabolism studies in the rat, mouse, and

primate by Dahl et al. (1990). The relevant studies are
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addressed in detail in the written statements of Drs. Hinderer,
Bird, and Bolt (copies included in Appendices B, C, and D,
respectively). These data demonstrate that, at equivalent
inhaled butadiene concentrations, mice retain larger doses of
butadiene, metabolize butadiene toc the monoepoxide more rapidly,
detoxify the metabolites more slowly, and attain higher blood and
tissue levels of butadiene metabolites than rats or primates.

These findings are summarized below.

a. Mice retain a larger dose of inhaled

butadiene when adiusted for body weight and exposure time than

rats or primates. Studies conducted under NTP sponsorship by
Dahl et al. (1990) show that thé rate of uptake of butadiene at
10 ppm in the B6C3Fl1 mouse is approximately 7.2-fold greater than
for the Sprague-Dawley rat, and approximately 6.3-fcld greater
than for the monkey, when normalized to body weight. Bird
Statement at 4.

b. Mice metabolize butadiene to the monoepoxide
at about twice the rate seen in rats. The metabolic elimination
rates of butadiene in rats and mice have been compared by placing
B6C3F1 mice and Sprague-Dawley rats in separate closed chambers
with fixed concentrations of butadiene in the air, and then
measuring the decline in butadiene concentration over time.
Kreiling et al. (1986). The decline in concentration indicates
that there has been uptake and metabolism of butadiene by the
test animals. The results of these studies show that mice

metabolize butadiene to the reactive metabolite epoxybutene at
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about twice the rate seen in rats. Bird Statement at 6; BRolt

Statement at 5-6.

c. Detoxification of the epoxide 1,2-epoxy-3-

butene is saturable in mice but not rats. Epoxybutene metabolism

has been examined by measuring the exhalation of epoxybutene in a
closed chamber using the B6C3F1 mouse and the Sprague-Dawley rat.
Kreiling et al. (1987). These studies show that metabolic
elimination rates of epoxybutene for rats and mice depend on the
atmospheric concentration of the compound. In mice, saturation
éf epoxybutene metabolism occurs at about 500 ppm. Epoxybutene
metabolism in rats is linearly dependent on the atmospheric
concentration of the compound up to exposure concentrations of

about 5000 ppm. Thus, with increasing exposure concentration,

the metabolic capacity for epoxybutene becomes rate limiting in
mice at significantly lower exposure levels than in rats. Bird

Statement at 7-8; Bolt Statement at 6.

d. Mice attain a higher concentration of epoxide
metabolites in the blood than rats or primates when exposed at

similar concentrations. In recent studies sponsored by NTP,

B6C3F1l mice were exposed to 7.8 and 78 ppm butadiene; Sprague-
Déwley rats were exposed to 78 ppm butadiene; and monkeys were
exposed to 10 ppm butadiene. Dahl et al. (1990). At 78 ppm
butadiene, mice attained approximately 5-fold higher 1,2-
epoxyb#tene-3 levels in their blood than did rats. At 7.8 ppm,
mice attained 590-fold higher blood levels of 1,2-epoxybutene-3

than did monkeys exposed to 10 ppm. Rats exposed to 78 ppm

10
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attained 40-fold higher blood epoxide 1eyels than did monkeys
exposed to 10 ppm. [Rats were not exposed to 7.8 ppn, preventing
direct comparisons between rat and mouse and rat and monkey at
this exposure concentration. However, as the airborne
concentration of butadiene decreases, the percentage of butadiene
retained increases. For example, as the exposure concentration

for the mouse was decreased from 78 to 7.8 ppm, the blood level

of the monoepoxide (expressed as per ppm butadiene) went up by a

factor of approximately 3. Thus, it is reasonable to assume that
rats exposedlto 7.8 ppm would attain at leaét a 40-fold greater
monoepoxide blood level than monkeys exﬁosed'to 10 ppm.] Bird
Statement at 8 and 34.

e. Limited human data provide further evidence of
species differences in butadiene metabolism. Research conducted
by Schmidt and Loeser (1985) provide a comparison of the human,
primate, and rodent response to butadiene. Butadiene was

incubated with liver and lung in in vitro preparations from mice

(two strains), rats (two strains), monkey, and human {one
surgical sample). The-formation of 1,2-epoxy-3-butene in the
liver of these species was as follows: mouse > rat > human >
monkey. The ratio between mouse and monkey was about 7:1. The
mouse lung tissue produced levels of 1,2-epoxy-3-butene
equivalent to that of the mouse liver; however, monkey and human
lung fissue did not produce any measurable 1,2-epoxy-3-butene.

Bird Statement at 8-9.

11
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f. Species differences in enzyme activities

relevant to the formation ané elimination of butadiene

monoepoxide have been demonstrated. The species differences in

the formation of 1,2-epoxy-3-butene described in the previous
paragraph are consistent with species differences in relative
ratios of specific enzyme activities. Lorenz et al. (1984). The
mouse has been shown to have higher levels of monooxygenase
(enzyme which forms the monoepoxide) and lower levels of epoxide-
hydrolase (enzyme which removes the monoepoxide) compared to the
rat and humans. For the lung, the ratio of monocoxygenase
activity in mouse compared to human is 1220 to 1. Bird Statement
at 9-10; Hinderer Statement at 19.

g. Species differences have been demonstrated in

butadiene~induced depletion of non-protein sulfhydryl (NPSH)

content in different tissues. Reactive epoxides, such as
epoxybutene, react with intracellular glutathione, the major
constituent of NPSH compounds. Interspecies differences in NPSH
depletion could therefore be an indication of interspecies
differences in the amoﬁnt of systemically available butadiene
epoxide intermediates.

When B6C3Fl mice and Sprague-Dawley rats were exposed
to 0, 10, 50, 100, 250, 500, 1000, and 2000 ppm butadiene for
seven hours, significant differences in NPSH depletion were
observed. Deutschmann and Laib (1989). In rats, minor reduction
in liver NPSH content (about 20%) was observed at exposure

concentrations of about 250 ppm. There was also a minor

12

GG0021




reduction in lung NPSH cohtent in rats between 1000 and 2000 ppm
butadiene; NPSH content in the heart was not affected. In mice,
reduction of liver NPSH content started at exposure
concentrations between 100 and 250 ppm butadiene; at 2006 Ppn
butadiene, the reduction reached 80 percent. Hence, in the
mouse, reserveé of NPSH are drastically depleted in the liver
(50-70%) and lung (70-90%) and heart (25-40%). The rat, by
contrast,.shows only some decline and maintains this
détoxification pathway throughout butadiene exposure. Bolt
Statement at 8-9; Bird Statement at 10-11.

In a study by Kreiling et al. (1988), exposure of mice
to concentrations of greatef than 2000 ppm 1,3-butadiene resulted
in a progressive depletion of hepatic NPSH to about 20 percent
after seven hours and almost total depletion‘after fifteen hours.
In rats, the hepatic NPSH content was depleted to between 65
percent (Wistar) and 80 percent (Sprague-Dawley) after seven
hours, with little.additional change at fifteen hours. At the
end of the fifteen-hour exposure, mice showed signs of acute
toxicity but rats (of both strains) did not.

h. Species differences have been ogbserved in
studies of alkxlatién of nuclear Qroteins and DNA by reactive
butadiene metabolites. Comparative studies of alkylation of
nuclear proteihs and of DNA after exposure to radioactive
butadiéne'have been conducted in mice (B6C3F1l) and rats (Wistar).
Kreiling et al. (1986). Butadiene derived radioactivity was

covalently bound to liver nucleoprotein fractions and to total
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liver DNA of both species. However, covalent binding. of reactive .
butadiene metabolites to liver nucleop;oteins of mice was about

twice as high as in rats. Bolt Statement at 10; Bird Statement

at 10.

i. Species differences have been demonstrated in

the formation of DNA-DNA and DNA-protein crosslinks. When male

Sprague-Dawley rats and male B6C3F1 mice were exposed for seven
hours to 250, 500, and 1000 ppm butadiene, protein-DNA and DNA-
DNA crosslinks were seen in the mouse liver at exposure levels
above 250 ppm. Jelitto et al. (1989). No crosslinking activity
of butadiene was seen in the rat. Bolt Statement at 11.

2. Species Differences in the Mechanism of
Action of Butadiene ' :

The available data also demonstrate significant species

differences in the mechanism of action of butadiene. These
pertain to (1) cytogenetic and bone marrow changes which have
been seen in the mouse, but not the rat or primate; and (2) the
presence of the endogenous MulLV retrovirus in the B6C3F1 mouse,
which has been shown to play a critical role in the expression of
malignant (thymic) lymphoma in this species.

These issues are addressed in detail in the statements
of Drs. Bird and Hinderer. A summary of the most relevant data

is presented below.

a. Cytogenetic and bone marrow changes have been

found in mice exposed to butadiene but not in rats or primates.

Tice, et al. (1987) exposed male mice to 6.25, 62.5, and 625 ppm
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5utadiene for ten exposure days. Five endpoints were evaluated:
average generation time (AGT), mitotic index (MI), chromosomal
aberrations (CA), sister chromatid exchange (SCE), and
micronuclei (MN). Butadiene exposure induced a dose dependent
response in all these endpoints. This dose-related response in
these multiple cytogenetic endpoints indicates a strong genotoxic
and cytotoxic action in the mousé.

Cunningham, et al. (1986) exposed B6C3F1 mice and
Sprague-Dawiey rats for six hours per day for two days, at
butadiene concentrations up to 10,000 ppm, and examined the bone
marrow cells for the induction of micronuclei and sister

chromatid exchanges. Significant dose dependent increases in

micronuclei induction and frequency of SCE were observed in mice

at exposures of 100 ppm and greater. In contrast, rat bone

-marrow cells did not show any significant increases in

micronucleated polychromatic erythrocytes nor in the frequency of
SCE, even at the highest dose of 10,000'ppm. The lack of
response in the rat is consistent with the lack of changes in the
bone marrow of rats exposed in the two year cancer biocassay,
which involved butadiene exposure as high as 8000 ppm.

‘Exxon has conducted micronucleus assays on B6C3F1 mice
and Syrian hamsters at butadiene exposures of 0 and 1000 ppm for
six hoprs per day for two days. Exxon (1999). Butadiene produced
an 11.2-fold increase in micronuclei formation in the exposed
mice, and only a 1l.4-fold increase in the number of micronuclei

in the exposed hamsters.
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In primate studies sponsored by NTP, monkeys were

exposed to 10, 300, and 8000 ppm butadiene in air for two hours.
Sun et al. (1989). At no exposure level was micronuclei
induction found to occur nor was there an increase in frequency
of SCE.

The above studies indicate that the bone marrow clearly
is a target organ of butadiene exposure for the B6C3F1 mouse, may
be a térget organ in the hamster, but is not a target organ in
the Sprague-Dawley rat or primate. These data should be
considered when evaluating the relevance of the rat and mouse
bicassays for human risk assessment, and, in particular, when
evaluating the relevance of the mouse lymphomas to human risk

assessment. The bone marrow is known to have an essential role

in radiation induced murine T-cell leukemia/lymphomas and also
accompanies many instances of chemically induced T-cell lymphoma.
The evidence of bone marrow toxicity in the mouse at low exposure
levels, the marginal (at most) response in the hamster at 1000
ppr, and the absence of such evidence in the rat and primate at
8000 ppm, indicate that the mouse lymphoma response is of limited
relevance to huﬁan cancer risk assessment. See Bird Statement

at 13-20; Hinderer Statement at 15-18.

b. The presence of the MulV retrovirus in the

B6C3F]1 -mouse plays a critical role in the expression of thvmic
lymphoma in this species. Studies by Irons et al. (1986, 1989)
show that the presence of the murine leukemia virus (MulV)

affects the incidence of malignant (thymic) lymphomas in the
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B6C3F1 mouse. The MuLV retrovirus is endogenous to the B6C3F1l
mouse, but is not found in rats 6r humans. |
Irons et al. have demonstrated that exposure to
butadiene (1250 ppm) six hours per day, five days per ﬁeek for 3
to 21 weeks markedly increased the quantity of the esotropic
(capable of infecting mouse cells) MulLV retrovirus recoverable
from the bone marrow, thymus, and spleen of the B6C3Fl mouse.
Irons et al. subsequently conducted a comparative study in the
B6C3F1 mouse and the NIH Swiss mouse. The 1$tter strain was
- chosen because it does not possess intact endogenous proviral
.sequences and only rarely expresses any type of endogenous
retrovirus. B6C3F1l mice and NIH Swiss mice were chronically
exposed to 1250 ppm butadiene six hours per day, five days per
week for one year. The incidence of thymic lymphoma/leukemia in
the B6C3F1 Mouse was 57% at the end of one year. These were all
of T-cell origin and exhibited elevated expression of the .
'endogenous esotropic retrovirus (eMulV). In contrast, NIH Swiss
mice similarly exposed to 1250 ppm butadiene had a 14% incidence
of thymic lymphoma/leukemia, with no increase in eMulV, although
the same hematologic and cytogenetic abnormalities were cbserved
in the NIH Swiss mouse. The difference in leukemogenic response
between the two mouse strains clearly demonstrates that the, eMuLV
backgreund influences species susceptibility to butadiene-induced
1eukeﬁ§genesis. See Bird Statement at 13-20:; ﬁinderer Statement

at 15-18.
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II. QUANTITATIVE RISK ASSESSMENT

DHS based its "best estimate" of human cancer risk on
the NTP I bioassay results for the male B6C3F1 mouse. The DHS
risk assessment relies on internal dose estimates based on data
by Bond et al. (1986). These dose estimates reflect intraspecies
high to low dose retention differences, but DHS made no
adjustments for interspecies differences in butadiene uptake,
retention, and metabolism. DHS predicted a cancer potency factor
of 0.32 per 1 ppm. The Panel believes that this is an
unrealistic estimate that substantially overstates the potential
human risk associated with butadiene. We therefore recommend
alternative approaches for assessing potential risks and deriving

a potency factor for butadiene. The adjusted risk estimates

based on these approaches are summarized in Table I.

The following sections propose three risk assessment
pathways for consideration by DHS. First, we describe an
approach to butadiene risk assessment which relies on the rat
bioassay data supplemented by adjustments to DHS's rat risk
assessment. It is the Panel's judgment that the rat, and not the
mouse, provides the better model for human risk assessment and
should be used by DHS to derive its "best estimate™ of human
risk. Second, we propose a number of adjustments to DHS's mouse
risk assessment. If DHS continues to use the mouse data for
Quantiéative risk modelling, it should adopt tﬁe recommended
adjustments to reflect species differences in butadiene

metabolism and mechanism of action. Third, we describe a
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quantitative risk estimate prepared by Shell 0il Company which

- placed primary reliance on the Hazleton rat study, but which also

analyzed the NTP II data. Shell's risk assessment demonstrates
how data on species differences in butadiene response can be used
to derive more meaningful estimates of risk. |
A. The Rat, and Not the Mouse, is the More
Appropriate Model for Human Risk Assessment '

and the Rat Should Be Used by DHS for its
Best Estimate of Human Cancer Risk

In performing its quantitative.risk assessment, DHS
acknpwledged that "it is still an open question as to which
experimental animal [the rat or the mouse] is a better indicator
of humah risk." Draft Health Assessment Dccument.at 4-33, DHS,
however, then stated, without further explanation, that its
"staff conclude[d] that the guality of the mouse bioassay data is
superior to that of the rat data." .Ihﬁs, DHS determined that
"the mouse provides the best estimate for the upper bound for
plausible excess cancer risk to humans." Id.

We believe there is no support for this conclusion. As
discussed in detail in the written statement of Dr. Hindefer and
the attachments prepared by the authors of the Hazleton study,
there are no differences between the quality or reliability of
the NTP mouse study and the Hazleton rat bioassay which would
warrant assighing,greater weight to the mouse than the rat data.

. More importantly, when evaluating the relative value of
the rat and mouse studies for gualitative and guantitative

assessments of human cancer risk, the critical issue is which
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species -=- B6C3Fl1 mouse or Sprague-Dawley rat —-- provides a
better model for human risk assessment. The species differences
in butadiene metabolism and mechanism of action described above
demonstrate that the B6C3F1 mouse is uniguely sensitive to the
carcinogenic effects of butadiene. There are a number of reasons
to- discount the applicability to humans of the mouse-based risk
estimates. When B6C3Fl mice, Sprague-Dawley rats, and primates
are similarly exposed to butadiene, the mice achieve higher
levels of reactive butadiene metabolites in the blood and tissues
than the rats or primates. Additionally, cytogenetic changes and
bone marrow effects have been seen in the mouse but not the rat
or primate, and the MulV virus has been detected in‘the B6C3F1
mouse but not the rat or primate. As primates are more
representative of humans than mice, the B6C3F1 mouse should be
viewed as an inappropriate model for human risk assessment. The
Sprague-Dawley rat provides a more relevant model for human risk
assessment. Thus, DHS should use the data from the Hazleton fat
bicassay to derive its best estimate of the human cancer risk
associated with exposure to low levels of butadiene. Recommended
adjustments to the rat risk assessment are discussed in the

following section.
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B. DHS Should Make a Number of Adjustments
to Its Quantitative Risk Assessment Based
on the Hazleton Rat Data

1. ‘The Rat Quantitative Risk Estimation
Should Exclude Mammary Carcinomas
From the Total Tumor Incidence

DHS based its risk estimates in the rat on total
significant tumors less mammary fiboadenonas and uterine tumors
in the female rat. We support DHS's exclusion of the mammary
fibroadenomas from its risk calculation based on the Hazleton rat
data. See Draft Health Assessment Document at 4-31. These
mammary fibroadenomas are not known to progress to malignancy and
were very common among unexposed female rats. See Environ
Statement at 4. | : ' °

The mammary carcinomas should also be excluded from the
risk calculation since their incidence in the 1000 and 8000 ppm
dose groups is not significantly elevated. Also, the incidence
of mammary carcinomas in the low dosé group is actually lower
than in the control group. Calculating the risk based on the
mammary carcinoma response yields an upper bound risk of 6.7 x
107 for 0.37 ppb, but fhe maximum iikelihood estimate is 1 x 10°
2 or five orders of magnitude lower, at 0.37 ppb.
Additionally, the lower bound is negative, which further
demonstrates the high degree of uncertainty in using the mamnary
gland carcinoma response to extrapolate risk from the rat to
human.‘ |

Based on the data in Table 4-15, it appears that the

risk attributable to the mammary carcinomas (1.7 x 105‘per ppm)
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accounts for approximately fifty percent of the "summed total
estimated" risk in female rats of 3.6 x 10 per ppm.
Considering the uncertainty about the relevance and significance
of the mammary tumor response, the risk estimate including the
mammary carcinomas appears to overstate risk by a factor of two.
By -excluding the risk associated with the mammary carcinomas, the
human cancer potency estimate based on the rat data would be
reduced by fifty percent, from 3.5 x 10> to 1.8 x 10 at 1 ppm,
and the estimate of upper bound risk at 0.37 ppb would be reduced
to 6.7 x 107. (The fifty percent contribution to the "total
significant tumor risk" is an approximation that could be refined
by re-estimating the risk using as input total significant tumors
without mammary gland carcinomas.)
2. The Rat Quantitative Risk Estimation

Should be Adjusted to Reflect Species

Differences in the Blood Levels of

Reactive Metabolites of Butadiene

For its quantitative risk estimates based on the

Hazleton rat data, DHS used the internal concentration of
butadiene és the measure of dose. See Draft Health Assessment
Document at 4~4 - 4-6. This approach is certainly more
appropriate than using the external concentration of butadiene in
inhaled air. However, since DNA-reactive and mutagenic
metabolites of butadiene are the probable ultimate carcinogens,
it wouid be more meaningful to use blood levels of 1,2-
epoxybutene~3 for the measure of dose. ee Environ Statement at

2; Shell Alternative Risk Assessment at 10-12 (copies included in
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Appendices E and G, respectively). Although this approach
considers only the monoepoxide, and not the diepoxide or other
butadiene metabolites, the monoepoxide is the primary metabolite
of butadiene and thus provides a more realistic measure of
internal or delivered dose than the internal concentration of
butadiene. |

DHS rejected the use of a risk estimate based on
pharmacokinetics modeling for several reasons. The primary
reason cited by DHS is that the model employed by Hattis and
Wasson (1987) considered only the concentration of the
monoepoxide_and not levels of diepoxide butadiene ("DEB") or
other butadieﬁe metabolites. See Draft Health Assessment
Document at 4-9. Crosslinking studies demonstrate that the mouse
would have even higher levels of DEB, resulting in further
overestimation of human risk. Thué, use of the monoepoxide
levels as the measure of'dose would not underpredict the actual
risk.

While the data currently available may be considered
less than optimal for performing a risk assessment based on
pharmacokinetics modeling, this does not mean that the available
data showing species differences should be ignored completely.
These data clearly indicate that the mouse is uniquely sensitive
to butadiene and thus provide a basis for reaéonable adjustments
to theirisk estimation derived by DHS. Disregarding species

differences in butadiene metabolism and the uniqueness of the
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mouse response to butadiene would result in a misleading estimate .

of risk.

Studies by Dahl et al. (1990) sponsored by NTP
demonstrate that, at the low levels of exposure of interest to
DHS, rats attain approximately a 40-fold higher blood level of

monoepoxide than the primate. Based on the very reasonable

assumption (supported by in vitro relative enzyme activity data)

that humans metabolize butadiene in the same manner as monkeys,
humans should be approximately 40-fold less sensitive to the
carcinogenicity of butadiene than are rats. See Environ
Statement at 11; Shell Alternative Risk Assessment at 10-12 and
Appendix 1.

Thus, the DHS risk assessment based on the internal
concentration of 1,3-epoxybutene-3 as the measure of dose in the .
‘rat should be adjusted downward to reflect species differences in
monoepoxide levels. To évoid underestimating risk, DHS might use
only fifty percent of this 40-fold species difference and adjust
the risk estimate by a factor of 20. Under this approach, the
potency factor based on the rat is further reduced from 1.8 x

-3 (in female rats, excluding mammary tumors) to 9.0 x 10° at 1

io0
ppm. The upper bound lifetime risk at 0.37 ppb would be reduced
to 3.3 x 10%. We believe that this risk level should be
presented by DHS as its "best estimate" of upper bound cancer

risk to man.
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3. Alternatively, The Rat Quantitative Risk
Estimation Should, at a Minimum, be Adijusted
to Reflect the Underestimation of the Internal
Dose

In performing its risk assessment, DHS relied on the
data by Bond et al. (1986) to estimate the internal dose
cqrresponding to a given concentration of inhaled butadiene.
Thése data measure the internal concentration of butadiene which
is retained following six hours of exposure to butadiene. See
Draft Health Assessment Document at 4-4 - 4-5. By focusing only
on the amount of butadiene retained at the end‘of this exposure
interval, this measure ignores both the metabolism and excretion
of butédiene during the exposure period, as weil as the potehtial
for further metabolism after the six hour period.

Based on pharmacokinetics modeling, Hattis and Wasson
(1987) demonstrated that the Bond data ﬁnderestimate the actual
internal dose in rats by a factor of approximately 4.5. See
Shell Alternative Risk Assessment at 8-9 and Appendix 1 p. 2.
Thus, if DHS bases its estimate of risk on the internal
con¢entration of butadiene which is retained; it shquld, at a
minimum, adjust its risk assessment to reflect this
underestimation of dose. This would reduce the estimation of
risk based on the rat data from-l.s ¥ 1073 (in female rats
excluding mammary tumors) to 4.0 x 10% at 1 ppm, or 1.5 x.loq at

0.37 ppb.
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c. If DHS Continues to Rely on the 1984 NTP Mouse

Study for Its Best Estimate of Human Cancer

Risk, the Risk Estimation Should be Adjusted

to Reflect Significant Species Differences

in Butadiene Metabolism and Mechanism of Action

While we believe that the rat, and not the mouse,
provides the best model for human risk assessment, if DHS
continues to rely on the mouse data to estimate risk, several
adjustments in that estimate are necessary. These proposed
adjustments are discussed below.

1. The Risk Estimation Based on the

NTP I Mouse Data Should Exclude
the Mouse Lymphomas from the

Total Significant Tumor Incidence

DHS should follow the approach taken by OSHA in
connection with its recent rulemaking regarding occupational
exposure to butadiene and exclude incidences of malignant
lymphoma from its risk estimations based upon the B6C3F1 mouse
data from NTP I. See Occupational Exposure to 1,3-Butadiene,
Proposed Rule 55 Fed. Reg. 32736 (August 10, 1990). Due to the
species differences in the mechanism of action of butadiene
discussed in Section I.B.2 above, this tumor endpoint is of
questionable relevance to potential human cancer risk.

The studies by Irons et al. (1986, 1589) clearly
demonstrate that the presence of the MulV retrovirus, which is
endogenous to the B6C3F1 mouse {but not to the NIH Swiss mouse,
the ra;, or the human), plays a critical role in the expression

of malignant lymphoma in that species. In addition, a number of

studies have demonstrated cytogenetic and bone marrow
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abnormalities in the mouse but not in the rat or the primate.
These data indicate that the bone marrow (which plays an
essential role in the development of T-cell leukemia and
lymphomas) is a target organ of butadiene toxicity for the B6C3F1
mouse, but not the rat or primate. The pfesence of the MuLV
virus and the unique sensitivity of the mouse bone marrow cast
doubt on the relevance of the lymphoma response séen inrthe
B6C3F1 mouse for human cancer risk assessment. The fact th&t, in
the NTP II study, 1eukeﬁias/lymphomas were not seen at the low
dose further suggests that the mouse lymphomas are of.limited
relevance'for low dose risk assessment. See Hinderer Statement
at 15-18, Bird Statement at 13-24.

Based on the mouse data in Table 4-13 of the Draft
Health Assessment Document, DHS estimated the risk for male mice
(using intefnal dose and (ppm)'1 scaling) for hematopoietic.
system malignant lymphoma to be 0.089 (ppm) '. The total risk
for male mice, based on the "sum of individual sites," was 0.245
(ppm)4. This suggests that the lymphomas account for
approximately 35% or one-third of the total risk (0.089/0.245 x
100). (The total risk for male mice based on "all significant
tumors" (the procgram input) was 0.32 (ppm)q, of which
approximately 28% is attributable to the lymphomas (0.089/0.32 X
100). --(The 28% contribution to the "total significant tumor
risk" is an approximation that could be refined by re-estimating
the risk using as input total significant tumors without

lymphomas.) The effect of eliminating the mouse lymphomas from
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the calculation of total significant tumors can be estimated for

the NTP I mouse data by reducing the potency factor by 28%, from
0.32 to 0.23 at 1 ppm.
2. The Mouse Quantitative Risk Estimation
Should be Adjusted to Reflect Species
Differences in the Blood Levels of
Reactive Metabolites of Butadiene
As discussed in Section II.B.2 above, blood levels of
the reactive metabolite 1,3-epoxybutene-3, provide a much more
meaningful dose estimate than the internal concentration of
‘butadiene as used by DHS. 1In studies by Dahl et al. (1990), mice
developed more than 590-fold higher blood concentrations of the
monoepoxide than did monkeys. Thus, humans (assuming that they

metabolize butadiene in a manner similar to monkeys) should be

590~-fold less sensitive to butadiene's carcinogenicity than are

mice. See Environ Statement at 11; Shell Alternative Risk
Assessment at 10-12 and Appendix 1.

Using the approach pf allowing only fifty percent of
this 590-fold difference, the risk estimate would be adjusted
downward by a factor of 295. This results in a reduction of the
potency factor from 0.23 at 1 ppm (in male mice, excluding
lymphomas) to 7.8 x 10 at 1 ppm. This corresponds to an upper
bound risk of 2.9 x 16J at 0.37 ppb.

3. Alternatively, The Mouse Quantitative Risk

-~ Estimation Should be Adjusted to Reflect
- the Underestimation of the Animal Dose and

Interspecies Differences in Butadiene Absorption

Even if DHS decides to rely on the internal

concentration of butadiene rather than the blood levels of the
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monoepoxide for its measure of dose, its risk calculation should
be adjusted to reflect underestimatidn of the retained dose and
species differences in butadiene absorption and retention. Thus,
‘reductions in the DHS risk estimates are still needed even if it
decides not to use blood levels of the monoepoxide as the best
measure of dose.

a. Adjustment for Underestimation of Dose. As
discussed in Section 1I.B.3 above, the pharmacokinetics modeling
performed by Hattis and Wasson (1987) demonstrates that the
measure of dose based on butadiene retained at the end of six
hours, relied on by DHS, underestimates the actual internal dose
in mice by a factor of 2. See Shell Alternative Riék Assessment
at 8-9 and Appendix 1 p. 2. The estimation of risk based on the
internal concentration of butadiene shoﬁld therefore be reduced
by 50%. This results'in a reduction of the estimatioﬁ of risk
based on the NTP I mouse study from 0.23 (in male mice, excluding
lymphomas) to 0.12 at 1 ppm. | |

b. Adijustment for Species Differences in Butadiene
Absorption. DHS has assumed that the absorbed fraction of
butadiene is the same for mice and humans. See Draft Risk
Assessment Document at 4-24. This conclusion does not take into
account studies in primates by Dahl et al. (1990). As discussed
\above,»Dahl et al. have demonstrated that at 10 ppm the mouse
_retain; approximately 6.3-fold more butadiene than is retained by
the monkey. Because the human species is moré/closely related,

both anatomically and physiologically, to the monkey than the
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mouse, the primate retention data should be used to estimate

butadiene retention by humans. See Environ Statement at 8-9.

On this basis, the DHS risk assessment based on the NTP
I mouse data should be further adjusted downward by a factor of
approximately six. In conjunction with the prior adjustment for
the underestimation of animal dose described above, this would
result in a reduction of the potency factor from 0.12 to 0.02 at
1 ppr. This corresponds to an upper bound risk of 7.4 x 107 at
0.37 ppb.

D. Alternative Risk Assessment in the Mouse
Based on Data from the Second NTP Studvy

The DHS Health Assessment Document describes the
preliminary, unaudited data from the second NTP study reported by

Melnick et al. See Draft Health Assessment Document at 3-30.

However, DHS does not use these data as a basis for estimating
human cancer risk. Shell 0il Company has developed an
alternative risk assessment using the preliminary NTP II data.
Although this risk assessment cannot be considered definitive
because the individual time to tumor data are not yet available,
we are providing the Shell analysis to CARB for its consideration
as another approach for determining butadiene's potential risk.

| Shell's risk assessment placed primary reliance on the
rat data because Shell believed the rat to be a considerably more
relev&;t model for man than the mouse. Shell also performed a

risk assessment on the NTP II mouse data based on the incidence

of pooled malignant tumors and hemangiosarcoma (to correspond to
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the OSHA risk analysis). .Shell's assessment was conducted using
the multistage tiﬁe-to—tumor model and quantal multistage and
one-hit models. Shell also made adjustments to reflect the
butadiene retention data of Bond et al. (1986) and metabolism
data of Dahl et al. {(1990). Shell made additional adjustments to
reflect blood levels of the epoxide metabolites in primates as
the measure of dose, since the data by Dahl'ggAg;. {1990) were
developed in the exposure range used in NTP II.

Shell's risk assessment prepared in response tp OSHA's

proposed workplace standard for butadiene illustrates the

‘reduction in risk estimates based on the NTP IT mouse data and

the incorporation of appropriate adjustments for interspecies

differences, time to tumor considerations, and blood epoxide

levels. See Shell Alternative Risk Assessment at 12-18 and

Appendix 3. The Shell assessment predicted risks from 10 to

100,600 or more times smaller for the mouse (Shell, Figure 3) and

for the rat (Shell; Figure 4) than the comparable OSHA estimates.
%* * *

There is a considerable body of data which demonstrate
that, as a result of species differences in butadiene metabolism
and mechanism of action, the mouse is uniquely susceptible to the
carcinogenic effects of butadiene. We therefore believe that the
rat, and not the moﬁse, is the better model for human risk
assesgéent and should be used by DHS to derive its "best
estimate" of risk. Moreover, it is misleading to assign no

weight to relevant data on species differences in butadiene
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netabolism which demonstréte that rodents attain significantly
higher blood levels of the reactive butadiene metabolites than
primates. When adjustments are made to the DHS risk assessment
to reflect these species differences, it becomes apparent that
the risk assessment based on the mouse very likely overpredicts
the risk to man by 1 to 4 orders of magnitude. The impact of
these adjustments is summarized ip Table 1.
III. REPRODUCTIVE EFFECTS

The Draft Health Assessment Document states that, in
the NTP II mouse study, ovarian atrophy was repdrted in female
mice exposed to 6.25 ppm of butadiene six hours a day, five days
a week for two years. DHS therefore concluded that "a NOAEL was
not established in these studies, but a LOAEL of 6.25 ppm was
observed." Draft Health Assessment Document at 3-6 - 3-7. The
data reported for NTP II are preliminary and unaudited, and the
histopathology narratives are limited. Therefore, care must be
used in interpretiﬁg and assessing the significance of the
findings. The butadiene reproductive and developmental effects
data are discussed in detail in the Statement of Dr. Mildred
Christian (copy included in Appendix F). Dr. Christian notes
that, in the NTP II mouse study, ovarian atrophy in the 6.25 and
20 ppm groups occurred at the end of the animals' reproductive
life and should not be regarded as "reproductive" effects. 1In
additi;n, the mouse is uniquely sensitive to the effects of
butadiene exposure and exhibits effects which are not observed in

the rat. Thus, Dr. Christian concludes that 20 ppm should be
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B

considered to be a NOEL for ovarian atrophy in the B3C6F1 mouse.
See Christian Statement‘at 7-13.

The Health Assessment Document should also highlight
the absence of reproductive effects in the Hazleton rat bioassay
by Owen et al. (1987, 1990). In this study,. an absence of
ovarian and testicular atrophy was observed in rats following
lifetime expoéures to butadiene at levels as high as 8000 ppm.
See Christian Statement at 4. Given the greater biological
relevance of the rat to man, this study should take precedence in
determining butadiene's reproductive risks.

IV. EXPOSURE ASSESSMENT

The Panel has reviewed CARB's Sténdard Operating
Procedure for the Determination of 1,3-Butadiene in Ambient Air.
See Technical Support Document Part A, Draft Exposure Assessment
at Appendix B. We have identified several issues regarding
CARB's methodology, which are summarized below.

First, it is common for ofher four carbon hydrocarbons,
in addition to butadiene, to be present in ambient air. The
description of CARB's analytidal methodology does not demonstrate
that adequate steps were taken to separate butadiene from other
four carbon components such as butene-l1 or isobutane. The
failure to differentiate butadiene from these components may
result-in an overstatement of butadiene levels in ambient air.
The presence of butadiene in the samples analyzed by CARB may be

confirmed in several ways; the most direct method would be

routine GC/MS analysis.
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In addition, the CARB protocol does not provide
sufficient information to evaluate the validity of the sample
collection methodologies which were used. Depending on the
details of how the samples were collected and transported, it is
possible that the CARB analysis may have either overstated or
understated actual butadiene levels.

CONCILUSION

The Butadiene Panel appreciates this opportunity to
submit comments on CARB's Draft Technical Support Documents for
1,3-butadiene. We hope these comments will be helpful to the
Agency and that the Agency will incorporate them into its

Technical Support Documents when they are released in final form.
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TABLE I :
RECOMMENDED ADJUSTMENTS TO DHS RISK ESTIMATES

Upper Bound

Cancer Potency Risk Estimate
(ppm) ! at 0.37 ppb
Rat (Hazleton 1981) 3 %
DHS Risk Estimate 3.5 ¥ 10 1.3 x 10
Exclude Mammary Carcinomas 1.8 x 1073 ‘ 6.7 x 107
Adjustment for Epoxide 8
Dose® 9.0 x 107 3.3 x 10
or
Adjustment for Dose : : 7
Underestimation? 4.0 x 107 1.5 x 10
Mouse (NTP, 1984) : _ -
DHS Risk Estimation¥ 0.32 1.2 x 10
Exclude Lymphomas 0.23 8.5 x 10
Adjustment for Epoxide -7
Dose . 7.8 x 10 2.9 x 10
or -

Adjustment for Dose 5
Underestimation? and 0.12 4.4 x 10
Adjustment for Species

Differences in Butadiene , 5
Absorption? ’ 0.02 7.4 x 10

The Butadiene Panel believes that this calculation
represents the "best estimate" of human cancer risk. °

If no adjustment is made to reflect species differences in
blood levels of the monoepoxide, the risk estimation should,
at a minimum, be adjusted to reflect the underestimation of
inhaled dose. This estimate also excludes the mammary
carcinomas.

This calculation was reported by DHS to be its "best
estimate" of upper bound cancer risk.

If no adjustment is made to reflect species differences in

blood levels of the monoepoxide, then adjustments are needed

for both underestimation of inhaled dose and species

.differences in butadiene absorption. These estimates also
exclude the mouse lymphomas. 000044
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INTRODUCTION AND SUMMARY

My name is Dr. Robert K. Hinderer. I am Manager of Health and
Toxicology at the BFGoodrich Company and have 15 years of
experience in the field of toxicology. This includes the
development, monitoring and conduct of toxicology studies,
serving as a toxicology consultant to expert groups such as
the National Academy of Sciences, and providing expert

testimony before Federal and State bodies. Furthermore, I
have numerous publications in the field of toxicology.

Over the last 13 years, I have been involved with toxicology
research on 1,3-butadiene (BD) primarily through my
participation in the International Institute of Synthetic
Rubber Producers, Inc. (IISRP). This has included
participation in environmental and research steering committee
activities. I also have participated in a number of

International symposiums and conferences on the health effects.

of BD.
In my testimony, I will address the foilowing issues:

1) Adequacy, quality, and relevance of the animal biocassays
. with BD, and; ‘

2) Implications of species differences in metabolism,
pharmacokinetics and mechanisms of toxicity in assessing
BD cancer risk in man.

Presently, three cancer bioassays in two species indicate that
BD is carcinogenic in animals. A long-term inhalation study
completed by Hazleton UK in the early 1980's shows that BD is

a weak carcinogen in the Sprague-Dawley rat. In contrast, NTP

cancer bioassays which were initiated in the early and late
1980's indicate that BD is a potent carcinogen in the BgCiF;
mouse. These studies are the culmination of a close technical
dialogue between the National Cancer Institute (now NTP) and
the IISRP which began in the mid-1970°'s.

Both the HLE and the first NTP bioassay (NTP-1) have used
well-accepted approaches to chronic toxicity and/or
carcinogenicity evaluation and have provided quality data.

The NTP data has been confirmed by a detailed audit resulting
from concerns raised by a preliminary audit and by the second
NTP bioassay (NTP-2). Three partial audits of the HLE data
also have shown that it is a quality study. Although OSHA has
noted a number of issues pertaining to gquality and accuracy of
the study, HLE has shown that the statements are unfounded or
misleading.
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II.

Numerous mutagenic, pharmacokinetic, metabolic and mechanistic
studies support the results of these bioassays. They show
that there are considerable differences in species response to
BD and that these differences have a major impact on the
assessment of human cancer risk. As a whole, the data do
indicate that the risks are different and lower in the rat,
the monkey and man than in mice. Ultimately, they indicate
that the mouse is not a good model of BD toxicity in man.

Because of species differences in response to BD, there are a
nunber of rodent responses which are not relevant to man.
Studies indicate that the thymlc leukemia/lymphoma (TL/L) that
occurs in the BgC4Fy mouse is dependent on bone marrow
toxicity and the marlne leukemia virus (MuLV) endogenous in
this species. Furthermore, the results of pharmacokinetic and
epidemiology studies indicate that neither the lung nor kidney
are target organs in humans.

HLE AND NTP-]1 BIOASSAYS
Overview O H o joas Wit

In 1978, an inhalation study of the potential chronic toxicity
and carcinogenicity of 1,3-butadiene (BD) was initiated, using
CD (Sprague-Dawley) rats. Groups of 110 male and 110 female
rats were exposed to 0, 1000, or 8000 ppm BD for 6 hrs/day,

5 days/wk. (Owen et al. 1987, Owen and Glaister, 1990). These
dose levels were selected based on the results of a three-
month study and a determination of the highest non-explosive
concentration.

Prior to exposure, the animals were quarantined for 11 days
and observed daily for signs of ill health. A sampling of the
rats in each batch was examined for pathogenic microorganisms.
Furthermore, a number of animals were selected for necropsy
and histological examination. Routine laboratory and
neuromuscular evaluations were also conducted on 20 pre-
selected animals per sex.

During the course of the study, numerous observations and
measurements were made to evaluate the vital status of the
animals and to assess potential toxic effects. A detailed
animal observation and palpation was performed weekly. Body
weights were recorded weekly for the first 12 weeks, every 2
weeks up to 52 weeks and thereafter at 4 week intervals.
Hematology, clinical chemistry and urine analyses were
conducted at various points throughout the study.
Neuromuscular function also was evaluated periodically using a
rotating conical spiral. Ten rats/sex from each group were
killed at week-52 for interim pathological evaluation and
selected organs were weighed.

2 .
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The study was terminated when survival reached 20 to 25%

(105 weeks for females and 111 weeks for males). A post-
mortem examination was conducted on all animals. Tissues from
all animals were examined closely for abnormalities.

A common and well~accepted method was used for the selection
of tissues for pathological evaluation. A complete set of
tissues from the high dose animals first were examined. Based
on the findings in the high dose animals, potential target
tissues were identified for examination in the low dose
animals. : : :

General Findings In t} .

Evidence of the toxicity of BD during the in-life phase of
this study was quite limited. Clinical signs and body weight
changes were transient. Survival in this study was generally
good allowing the animals to be exposed beyond two years.
However, the mortality that was observed in this study was the
resulted from the humane sacrifice of females with
subcutaneocus masses and from the occurrence of renal lesions
in males. Liver weights were increased in both sexes at both
doses without any corresponding pathological changes. Kidney
weights were increased and were accompanied by an increase in
severity of nephrosis. No compound-related effects on
hematology, clinical chemistry, urine analysis, or
neuromuscular function was found.

The most significant finding was a weak carcinogenic response
to BD (Figure 1). There was an increase in the incidence of
pancreatic exocrine adenoma, and testis Leydig-cell tumors in
high dose males and of mammary tumors (primarily benign
fibroadenomas), and thyroid follicular cell tumors in females.
Treatment-related trends were noted for uterine sarcoma and
Zymbal gland carcinomas. This overall carcinogenic response
was weak in the sense that there were no unusual tumors and
that the number of tumors were not markedly increased. 1In
fact, the thyroid and testis tumors at the highest dose were
close to the historical control range (0-6%) at HLE.
Furthermore, there were a number of factors which tended to
diminish or challenge the significance of a number of these
findings. _ :

For the pancreatic adenomas, the appropriate diagnosis was not
clear. By convention, the tissue changes were classified as
tumors. However, the pathologist stated that the small
lesions equally could be classified as hyperplasia which would
exclude them from any analysis of tumor incidence. :
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The numbers of uterine sarcomas were close to those expected
from the background in untreated rats of the strain used and
did not suggest, in isolation, a treatment-related effect.

The number of Zymbal gland tumors also was close to that
expected as part of the background. Most of the tumors of
this type were present in animals killed in a short period
(76-90 weeks); none were found at the end of the study. If
this early cluster of tumors was due to a direct chemical
interaction, others would have been expected to be found later

‘in the experiment.

Although the early appearance of mammary gland tumors in the
treated females suggested a relation to treatment, there was
some question concerning the interpretation of the numbers.
First, mammary carcinomas were not elevated. Secondly, while
the incidence of benign fibroadenomas was significantly higher
in both treatment groups than in the controls, there was no
dose-related increase. Finally, a review of the historical
control range for this strain at HLE showed that mammary
tumors occurred with a high and variable frequency (14.6-
58.1%).

Overview Of the NTP Mouse Bjoassay (J) With BD

The National Toxicology Program (NTP, 1984) has conducted two
mouse bioassays with BD. In the first study, groups of 50
male and 50 female B,C,F, mice were exposed to 0, 625, or 1250
ppm BD 6 hrs/day, 5 days/wk. This study was intended to last
104 weeks, but was terminated after 60/61 weeks (males/
females), because of high mortality. The results of earlier
studies of shorter duration were used to set these dose
ievels.

When the animals were received, they were quarantined for 3
weeks. Selected animals were given a complete pathological
examination.

During the study, all animals were observed twice daily for
signs of moribundity or mortality. Clinical signs were
recorded weekly. Body weights were recorded weekly for the
first 12 weeks, monthly thereafter. Palpation of mice for
masses began 6 months after the study started and continued
monthly thereafter. Gross necropsies and pathological
evaluations of selected tissues were performed on all animals,
except for those excessively autolyzed or cannibalized.

Serological analyses for selected viruses were monitored in
the control animals at the end of the study. No analyses for
the known endogenous murine leukemia virus (MulV) were .
undertaken. )
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In the B,C,F, mouse, BD caused a potent carcinogenic response
(Figure 1). ' The most prominent finding in this regard was the
high mortality from the malignant lymphomas (TL/L), which
resulted in early termination after only 60-61 weeks of
exposure. While these lymphomas occurred in both sexes, they
were more highly elevated in the males. Significant increases
in neoplasms were observed at many different sites.
Furthermore, the incidence of these tumors were generally
high. Malignant lymphomas and heart, lung and forestomach
tumors were observed in both sexes. In addition, mammary
gland, ovary and liver tumors were elevated in the females.

Numerous non-neoplastic 'lesions were also found in mice
exposed to BD. Significant increases in chronic changes in
the liver and forestomach in both sexes was observed following
BD exposure. Testicular atrophy and nasal lesions also were
increased in males and the occurrence of ovarian atrophy and
uterine changes were elevated in females. However, not all of
the increases were dose-related. In contrast to the
neoplastic findings, the chronic changes generally were found
to occur at a lower incidence. ’ '

Both the HLE and NTP studies incorporated state-of-the-
art methodologies. They used large numbers of animals;
the test animals were species commonly used; and they
maximized the potential for seeing an effect by using the
highest exposures feasible and by exposing the animals
for nearly their complete lifespan.

It is important to note, however, that the primary focus
of these two studies is different. The NTP mouse study
is basically a cancer bioassay, while the HLE rat study
is designed for evaluating carcinogenic potential, but
also incorporates elements necessary for a fuller
assessment of chronic toxicity. Because of these
differences in emphasis and other practical

-~ considerations there are, not surprisingly, a number of
differences in various aspects of the methodologies used.
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2.

Chemicals Tested and I it

In both HLE and NTP-1 studies, standards and procedures
were established to limit the level of 4-vinyl-1-
cyclohexene (VCH) and general impurities in the 1,3~
butadiene. In the NTP mouse study, a standard of 100 ppm
VCH (v/v) of BD in the cylinders was set as the maximum
acceptable for use and was exceeded on three occasions
when replacement cylinders were not available. Each
cylinder was analyzed upon receipt. Generally, the
cylinders were used for no longer than 6 weeks in an
effort to minimize the amount of dimer formed and
delivered. However, no analyses of the actual delivered
dose of VCH were conducted, nor were there any standards
or procedures to detect and control unacceptable levels
actually delivered. Because dimer formation continues
with time, there is no way of knowing what levels of VCH
were actually delivered to the chamber, nor what the
chamber concentration might have been.

In the HLE study, the control process for VCH focused on
the VCH levels at the time of delivery of BD to the
chamber. HLE measured VCH (v/v) at a minimum of once a
week allowing more frequent, sometimes daily,
measurements at the discretion of the investigators.

A series of action levels were established above the

500 ppm VCH (v/v) acceptance guidelines to trigger
activities such as the notification of project monitor
and additional analyses by HLE. If a mean value of

>800 ppm (v/v) continued for the day, a trap for removal
of dimer was incorporated. Although 1000 ppm (V/v) was
established as a criteria for terminating exposure, no
such excedences were observed because of the trapping
procedures that were used.

HLE found that the average weekly measurements of VCH
(v/v) was 413 ppm. Based on their calculation that
100 ppm of the dimer (v/v) in the BD supplied to the
8000 ppm chamber would result in a concentration of
0.8 ppm VCH in the chamber (Owen, 1981), the average
concentrations of VCH in the chamber would have been
around 3 ppm throughout the course of the study.

" While VCH raises some similar health concerns as BD, we

know that its toxicology profile is somewhat different.

~ VCH, as with BD, is mutagenic in in vitro assays and is

metabolized to mono- and di-epoxide forms (Simmons and
Baden, 1980; Turche et al. 1981; Smith et al., 19%0a;
Smith et al., 1990b). Likewise, the mouse has a greater
*capacity to metabolize VCH that the rat. Although two
year cancer bioassays in rats and mice were compromised
by poor survival, VCH clearly did not produce the potent

é
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response observed in mice with BD (NTP, 1986). This less
potent response indicates that low VCH levels in the
chambers would not be expected to have any significant
impact on the outcome of the long-term studies with BD.

Randomization

Randomization procedures were used in both studies,
although they are not described in the NTP-1 report.
Randomization was conducted to provide as nearly as
possible equal group mean body weight and standard
deviations. Issues dealing with randomization are
discussed later in Section F.

~linical Chemistry. Hematol 3 Urinalysi

.No clinical chemistry, hematology, or urinalysis tests

were conducted in the NTP-1 study.

In the HLE study, blood was withdrawn under light ether
anesthesia from the orbital sinus of 20 pre-selected
anipals of each sex from each group after 3, 6, 12 and 18
months exposure. Before blood tests, the animals were
fasted for 24 hrs, but water was available during the
last 18 hrs. of the fast. The blood was used to measure
mean cell volume and hemoglobin concentration and for
counts of erythrocytes, leukocytes (total and

differential), platelets and reticulocytes. Packed cell

volume, mean cell hemoglobin and mean corpuscular
hemoglobin concentration were calculated. In addition,
measurements were made of plasma concentrations of
glucose (sample taken from caudal vein), blood urea
nitrogen, total protein and protein electrophoresis, as
well as activities of alkaline phosphatase, glutamic-
oxaloacetic transaminase and glutamate-pyruvate
transaminase after 3, 6 and 12 months exposure. At 12
months, leucocyte counts (total and differential) were

‘'made in an additional ten animals of each sex from each

group in order to confirm a possible treatment-related
effect noted at the 6-month sampling in the high dose
females.

Individual urine'samples were obtained after 3, 6 and 12
months exposure. Wherever possible, the same 20 males

-and 20 females were sampled as were used for the blood

sampling. The urine samples were obtained during a 4-hr.

- period of food and water deprivation beginning

approximately 2 hrs. after exposure. During the 2-hr.
post exposure period, all animals were given access to
water. The volume and specific gravity of the urine were
measured and a semi-quantitative assessment of glucose,
urobilinogen, ketones, bile pigments, blood, protein and

7
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pH made. The insoluble constituents of the urine were
examined microscopically after centrifugation.

N toxici

No special neurotoxicity evaluations were conducted in
the NTP-1 study.

In the HLE study, neuromuscular function was evaluated in
40 animals of each sex from each dose group before and at
Weeks 1, 4, 15, 26, 52 and 78 of treatment. The time
before falling from a rotating cone was recorded as an
index of neuromuscular function.

Interim Sacrifi

No interim sacrifice group was established in the NTP-1
study.

The study design for the HLE study included 10 rats per

sex per dose from each dose group for interim evaluation
at 52 weeks.

" Pathology

Both studies used commonly accepted procedures for
pathology evaluations. All animals were subjected to a
postmortem examination. Selected tissues and all grossly
observable lesions were preserved and processed for
histopathological evaluations. In the HLE study, all
selected tissues from the high dose and control were
examined first. Once the target organs were identified,
HLE then examined the corresponding low dose tissues as
provided in the protocol. HLE also conducted electron
microscopic examination of liver tissue samples from

10 males and 11 females from all dose groups at necropsy-
NTP-1 on the other hand, simply chose to evaluate all
selected tissues for each animal in each dose group.

Quality Assurance

Specific attention was paid to quality assurance in both
the HLE and NTP-1 studies. Some of these activities were

" predetermined, while others were influenced by events

subsequent to the termination of the studies.

Throughout the course of the HLE rat study, diverse peer
review and quality assurance were maintained. The study
design and daily conduct were reviewed, not only by
industry scientists, but by scientists from government
also. A close liaison was kept with scientists from NCI
(NTP). Information, as well as ideas, were exchanged

GC0060




through meetings, written documents and verbal
communications. Additional peer review was obtained from
the British Industrial Biological Research Association
(BIBRA), through the journal publication process, and by
the International Agency for Research on Cancer (IARC).

When the International Institute of Rubber Producers,
Inc. (IISRP) decided to sponsor this research project, it
recognized the importance of assuring the quality of this
work. As a result, the Institute retained BIBRA to
oversee the quality and management of this study, as well
as to provide additional technical support. BIBRA
conducted frequent site visits and data checks. They
worked closely with the Hazleton (UK) staff and the

.Institute to expedite decision-making.

To-date, the Hazleton (UK) rat bicassay data has been
reviewed by three organizations - BIBRA, the United

Kingdom Health and Safety Executive (UK H&SE) and the
Hazleton Quality Assurance Unit. This has included a

partial audit of the data.

The NTP-1 Mouse Bioassay has received both peer and
quality reviews by Agency, contract and independent
personnel. The NTP Board of Scientific Counselors
Technical Reports Review Subcommittee and associated
Panel of Experts has reviewed the technical report prior
to its final publication. Quality assurance audits have
been conducted by the NTP using internal and external
staff and by the Chemical Manufacturers Association.
These assessments identified numerous concerns regarding
the methodology, procedures, and accuracy of the data.

While errors in the study have been noted, they do not
detract from the basic finding that BD is a potent
carcinogen in the mouse. Results from NTP-2 further
support this conclusion.

I agree with OSHA "---that both the NTP mouse bioassay
and the HLE rat biocassay demonstrate the carcinogenicity

_of BD and that both provide adequate data on which to

base a quantitative risk assessment despite their
problems. Both of these studies have qualities which

- make their data suitable for quantifying risk from

occupational exposure. Exposure levels were docunented,
the routes of exposure were the same as is found in most
occupational settings (i.e., inhalationm); concurrent
controls were used; animals were exposed to two different
levels of the test substance and statistically
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significant excesses of malignant neoplasms were observed
in the exposed groups."”

The Agency's decision, howevexr, to base its "best"
estimate of risk on the mouse biocassay (52 FR p. 32762)
is not based on good science. The factors used and
concerns that were raised by OSHA are not convincing.

In the following paragraphs, the principle concerns
raised by OSHA are addressed. I also refer the Agency to
documents prepared by HLE on these subjects (Owen and
Brightwell, 1987 and Glaister, J. R. 1990). See
Appendix I -and II.

What OSHA fails to note is that the lower tumor incidence
in the low dose group (70%) compared with the control is
neither alarming, nor surprising. In fact, as OSHA
points out, this is likely the result of only selected
tissues being examined in this group.

Although OSHA is concerned that the low dose was
healthier than the controls, there is no evidence that
that is the case. For both males and females, survival
was comparable through day 420. During the period of day
420 to 480, survival began to deviate from that of the
control group. A dose-related decrease in survival was
noted in the low and high dose groups through the 2-year
mark (730 days). The only point where survival in the
low dose was better than the controls, was in the males
beyond the two-year point (>730 days), specifically at
780 days. Furthermore, comparisons of overall trends in
body weight, general observations, clinical chemistry,
hematology or urinalysis do not support OSHA's contention

- that the low dose was healthier.

~ The absence of a dose response for nephropathy, where the

low dose shows a lower response than the control (75 and
87% nephropathy), is neither alarming nor unusual. In

the NTP-1 study there also are selected instances where
the response in the test group is lower than that in the
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control (i.e., controls vs. low dose, respectively, in
males: lymph node hyperplasia 20% vs. 2%; salivary '
inflammation 30% vs. 9%; kidney inflammation 84% vs. 17%;
in females: lung perivascular cuffing 73% vs. 8%; lymph

node hyperplasia 61% vs. 7%; salivary gland inflammation
63% vs. 13%).

OSHA is also incorrect that the low dose animals differed
from the other groups in the number of animals with '
abnormal teeth. Hazleton points out in their comments-
Glaister, 1990) that in OSHA's own statistics there is no
significant difference (p = 0.125) between the low dose
and control males. The maximum occurrence at any time in
surviving animals was 6, 10, 11% for control, low dose,
and high dose animals, respectively. '

In any event, these data do not indicate that the low
dose males were healthier than the controls because of
the effect of competing causes of disease and random
variations in response. One cannot look at single or a
few individual site responses to evaluate the health
status or overall effect of the chemical. Again, these
data fails to indicate that the low dose group is
healthier than the control or is in any way abnormal.

Interestingly, although OSHA is concerned about the
failure of the randomization process in the HLE study, it
fails to note that the randomization process failed in
the NTP study.” In the BD report, NTP-1 states that "due
to an apparent inadequate randomization, initial weights
in dosed males and females were 9-11% higher than those
of the controls". Using similar logic, it is possible
that OSHA could draw the conclusion that the NTP-1 test
group animals were healthier than the controls.

accuracy of the data.

Like the NTP-1 biocassay, the HLE rat study has undergone
two independent audits, one conducted by BIBRA and the
other by the UK H&SE. In addition, HLE conducted its own
internal audit. These audits have demonstrated
comprehensive data trails and have evidenced that the

" study is sound.

_Hazleton has addressed quality issues raised by OSHA

through its comments on the ICF/Clements risk assessment
of BD (Owen and Brightwell, 1987) and its recent comments
on the proposed standard (Glaister, 1990) (see
attachments). They have noted many cases where
statements were inaccurate and misleading. These
investigators also have identified instances where OSHA's
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comments have created false impressions about error rate
and have suggested far greater implications for
quantitative risk assessment than are real. In general,
these responses have shown that OSHA's concerns are not
justified and are not supported by fact. For these
reasons, HLE has provided additional clarification to
assist OSHA.

In Appendix II HLE points out:

1) that the rat study has received three independenﬁ
audits;

2) that the audits did not reveal any problems, as
noted in the NTP-1 study, which would necessitate a
100% review; :

3) that the tissue accountability was excellent even by
present standards;

4) that the internal QA review showed the final report
to be an accurate reflection of the data:

5) that the absence of an "NTP-type™ review does not
make this a flawed study, and;

6) that OSHA continues to utilize a statistical
procedure which is known to introduce bias.

While some of the issues raised about the conduct of
these studies are important, none are of sufficient
weight or validity to negate the distinct difference in
species response in BD or its utility for risk
assessment. These findings strongly indicate that the
response observed in the Hazleton (UK) study is the
result of the biological response of the rat under
specified exposure conditions and is not an artifact of
the treatment, reporting, or quality of the data. This
conclusion is supported by the species differences
observed in in vitro mutagenic, metabolism and
pharmacokinetic studies.

In general, we do not believe that the criticisms are
-- justified, or that they provide a basis for choosing the
mouse over the rat for guantitative risk assessment.

The use of consistency with other agencies or agency
contractors as a basis for selecting data for risk
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assessment is inappropriate and irrelevant. Since the
CAG and ICF Clements documents were prepared, a
considerable amount of information has been developed on
species differences in pharmacokinetics, metabolism and
mechanism of action. These data do indicate that the
mouse is not a good model of human response to BD. This
clearly emphasizes that the "best" animal model, not
consistency, is the relevant factor.

III. NTP-2 MOUSE BIOASSAY WITH BD

AI

Overview -

A second house bioassay with BD has beén conducted by the NTP
to study the effects of lower concentrations. Although a
final NTP report is not available and the data is unaudited,
information on this work has been provided by Melnick et al.

(1989a), Melnick et al. (1989b), Melnick (1989) and Melnick et

In this study, B,C;F, mice (70 to 90/sex/group) were exposed to
0, 6.25, 20, 62.5, 200, or 625 ppm 6 hrs/day, 5 days/wk for
periods up to 2 years. Interim sacrifices were conducted at
40 and 65 weeks on as many as 10 mice/group. While it is not
clear what was evaluated during the interim sacrifices,
hematological parameters were measured at least at week 40.
In an effort to look at the effects of exposure duration,
additional groups of 50 male mice were exposed to 625 ppm for
13 or 26 weeks, 312 ppm for 52 weeks or 200 ppm for 40 weeks.
All animals in this stop-exposure study were held until the
scheduled sacrifice at 104 weeks.

General Findings of the NTP-2 Mouse Bioassay

Only a few changes were reported prior to the scheduled
termination of the study. At the 40 week sacrifice,
hematological changes were found in groups exposed to
concentrations of 62.5 and higher. Red blood cell count,
hemoglobin concentration and packed red cell volume was
decreased, while mean corpuscular volume was increased.
Similar hematological changes were noted for females, although
no data were reported. No data were reported from the 65 week
sacrifice. For those groups where 104 weeks was the intended
exposure period, survival was reduced for both sexes exposed
to 20 ppm and higher. '

The results of this study had many similarities with the first
one (Tables 1 and 2). As noted in the first study, fatal
tumors were the cause of the decreased survival. Again, the
occurrence of malignant lymphomas was the major cause of early

13

000065



deaths. Also, a similar potent carcinogenic response was
cbserved.

Effects in the lung and lymphopoietic system were the most
interesting findings. An analysis of the data revealed an
excess of lung tumors in females at the lowest dose, 6.25 ppm.
At concentrations below 625 ppm, lymphocytic lymphoma no
longer played a role as the major cause of early death. This
was evidenced by the low incidence of TL/L and improved
survival at lower doses. A higher incidence of heart, lung,
Harderian gland, liver, preputial gland and ovarian tumors
were noted at these lower concentrations which had a better
survival. This indicated that the lymphocytic lymphoma was a
competing cause of death at high concentrations (625 and

1250 ppm), precluding full expression of tumors at other
sites.

The "stop-exposure" experiments with BD in mice were conducted
to study concentration/duration interactions. cConditions were
established to compare similar total dose exposures derived
under different conditions. Approximately equivalent total
doses of 8,000 and 8,125 ppm-weeks were obtained through
exposures of 200 ppm for 40 weeks and 625 ppm for 13 weeks
while similar total doses of 16,224 and 16,250 ppm-weeks were

achieved through exposures of 312 ppm for 52 weeks and 625 ppm
for 26 weeks.

OSHA concludes that short-term exposure to BD induces a
stronger carcinogenic response than does long-term exposure at
a lower equivalent dose (p. 32788), which is apparent for some
tumor responses. While OSHA believes that these data support
a STEL of 10 ppm, they do not. These studies neither support
the concept of a STEL, nor demonstrate a need to establish a
STEL for BD at 10 ppm.

The results of these stop-exposure studies are quite variable.
The tumor responses in the forestomach (8,000 and 16,000 ppm-
weeks), the Harderian gland (8,000 ppm-weeks) and the
preputial gland (16,000 ppm-weeks) appear to be dependent on
total dose. The incidence of tumors within these total dose
groupings for these tissues is similar. F¥For the heart and
lung tumors response appears to be more dependent on duration
of exposure.

The leukemogenic response of the mouse in these studies is
even more complex. At 625 ppm the highest total dose

(16,250 ppm-weeks, or 625 ppm for 26 weeks) produce a greater
tumor response than the shorter 13 week exposure. However, at
lover concentrations (200 and 312 ppm), tumor response does
not appear to correlate with either exposure duration,
concentration or total dose. Generally, the data do indicate
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IV.

that at concentrations at dr above 625 ppm, concentration is
the major determinant of leukemogenic response. '

‘The probable explanation for the apparent absence of a dose

response for TL/L at some dose/regimens is the unique
invelvement of the bone marrow and the MuLV in the BgC,F
mouse. Table 1, 3 and 4 shows that the incidence of Ti/ﬁ
drops off dramatically below 625 ppm rapidly approaching
background. These data suggest that there are two mechanisms
of carcinogenicity operating in the BgC,F; mouse. At
concentrations below 625 ppm, the incidence of TL/L is similar
to background levels. The only potential outlier is the

200 ppm X 40 week group. '

It appears that once BD concentrations reach 625 ppm,
concentration, not total dose, is the most important factor.
This suggests that some non-pharmacokinetic/metabolic factor
is involved which is likely a threshold phenomena involving
the bone marrow and the MulV.

One could argue that the breakpoint for leukemogenic response
is 62.5 ppm BD, because this is the lowest concentration that
caused hemopoietic effects. While most of the responses
between 62.5 and 625 ppm are probably not significantly
different from the control, they are numerically elevated with
the exception of the 200 ppm X 104 week group. Still, it is
clear that the most demonstrable increased incidence in TL/L
occurs at 625 ppm and that this appears to be the results of
the unique bone marrow/MuLV mechanism of action that exists in
the B4C4F, mouse.

HIQEB!I!!_QI_BD_IQ!IQII!.IH.IE:.E!Q&ZI;HQEEE

A number of studies provide direct evidence that the mechanism
of toxicity of BD in the B4C;F, mouse is different than the
rat or primate. Research gy Liederman et al. (1986) and Irons
et al. (1986), shows that BD affects bone marrow stem cell
development and induces macrocytic megaloblastic anemia in the
mouse. These results are a striking contrast to the absence
of hematopoietic toxicity in the rat or primate (Owen et al.
1987; Owen and Glaister, 1990; Sun et al. 1989).

The fact that the bone marrow is a target organ of BD exposure
in the mouse is particularly important, since the TL/L in the
BgC4F, mouse provides additional evidence of bone marrow
involvement. The role of the bone marrow in radiation induced
murine T cell leukemia/lymphomas is well known as it is with
instances of chemically induced T cell leukemia/lymphomas.
Because bone marrow stem cell depletion frequently occurs
prior to radiation or chemically induced thymic neoplasms
(Kaplan, 1967 and 1977; Seidel and Bischof, 1983), BD stem
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cell depletion in the mouse as evidenced by the work of
Leiderman et al. (1986) suggest that this may play a major
role in the induction of TL/L by BD in this species. These
observations are clearly consistent with the cytogenetic
changes observed in the mouse and absent in the rat and
primate.

Another factor which makes the mechanism of toxicity unique in
the B¢gC4F) mouse is the presence and action of the endogenous
Murine ieukemia virus (MuLV). This virus is present in the.
BgC,F, mouse and most other strains of laboratory mice and is
only %ransferred vertically, from generation to generation.

It is of importance because it is known to play a role in the
expression of radiation induced leukemia (Gross, 1959). Also,
there is evidence that chemicals can interact with mouse

‘leukemogenic viruses (Raikow et al., 1983; Raikow et al,
1985).

In order to examine the role of the virus in BD carcinocgen-
icity, Irons et al. (1986), compared the incidence of TL/L in
the BgC4Fy and NIH Swiss mice exposed to 1250 ppm BD for one
year. %he NIH Swiss mouse was chosen because, unlike the
BgC,F, mouse, the MuLV proviral sequences are incomplete such
that no active viruses can be produced. They found that BD
caused a 4-6 times higher incidence of TL/L in the BgCaF
mouse {(with the virus) than in the NIH Swiss mouse. Ti/i in
both stains, was morphologically similar and was confirmed to
be of T cell origin. However, only TL/L from the BgC,F, mouse
contained the MulV "env" surface antigen.

These results provide strong evidence that the MuLV plays a
role in BD carcinogenicity in the mouse. They alsc indicate
that the occurrence of TL/L in the mouse is dependent on bone
marrow toxicity and the mouse virus. This mechanism appears
to be unique to the B4C,F, mouse, since no similar mechanism
is apparent in rats or primates.

ASSESSMENT OF THE FINDINGS

The results of the Hazleton (UK) and NTP bioassays provides
clear evidence that BD can cause chronic and carcinogenic
effects in rodents. However, these studies also show that
there are considerable qualitative and guantitative
differences in species response to BD. In the Sprague-Dawley
rat, BD is weakly carcinogenic. Lifetime exposure to levels
as high as 8000 ppm, causes a relatively low incidence of
tumors from organs/tissues of similar type. In contrast,
studies with the B,C,F, mouse indicate that BD is a potent
carcinogen in this species. This dramatic response is evident
from the high early mortality due to the occurrence of
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malignant lymphomas and the high incidence of tumors at a
variety of different sites. '

In the B4C,F, mouse significantly elevated tumor incidences
were seen gor TL/L, the heart, lung, forestomach in both sexes
and mammary gland, ovary and liver in females, while in rats
significant elevations were limited to the pancreas and testis
in males and the mammary gland and thyroid in females.
Furthermore, the benign mammary fibroadenoma was the only
tumor in rats which exhibited a significant increase at 1,000
ppm and only when benign tumors were included. This response
was in stark contrast to the mouse in NTP-2 where the tumor
incidences were significantly elevated at numerous sites and
occurred at dose levels 2 to 3 orders of magnitude lower than
in the rat (Figure 1 and Tables 1 and 2).

Although OSHA points out in the proposed rule that many
experts believe that mammary fibroadenomas represent a
carcinogenic response, the real issue is the implications of
this observation on human cancer risk assessment.

We know that mammary tumors occur at a high rate and variable
frequency (14.6-58.1%) in untreated rats of this strain. Such
high background variability suggests that non-genotoxic
mechanism may be involved in the occurrence of these benign
tumors. The fact that fibroadenomas are estrogen-induced
(Lorenz, J., Glatt, H. R., Fleischmann, R., Ferlintz, R., and
Oesch, F., 1984), indicates that other factors may effect not
only the occurrence, but the risk.

Another important point is that mammary fibroadenomas are of a
different histological type and do not progress to a malignant
form (IRLG, 1979). For this reason, it is not appropriate to
combine mammary fibroadenomas and carcinomas for risk
assessment purposes. In fact, because of the likelihood of
the involvement of a non~genotoxic mechanism, the HLE mammary
fibroadenomas should not be used in traditional risk
assessment modeling. : o

This difference in species response in the animal biocassays is
consistent with other data, which both confirm and explain the
basis for these results. Mutagenicity studies show that.
although BD is active in jn vitro tests, the response is quite
different in vivo (de Meester et al. 1980; Poncelet et al.
1980) . Cunningham et al. (1986) and Arce et al. (1990) report
that BD is mutagenic to mice in bone marrow microneuclic and
sister chromated exchange (SCE) assays, but not mutagenic with
rats. Similarly, studies by Sun et al. (1989) indicates that
BD does not cause an increase in SCE in primates. These
differences are supportive evidence of a divergent species
response.
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The existing data on BD appears to indicate that there is more
than one mechanism involved in BD carcinogenicity in the B,G,F,
mouse. Studies by Leiderman, et al. (1986) and Irons, et al.
(1986a, 1986b, 1987a, 1987b and 1989), show that the
occurrence of the TL/L in the B,C,F, mouse is dependent on the
occurrence of bone marrow toxicity and the presence of the
murine leukemia virus, endogenous to this species.

These studies provide evidence that BD alters stem cell
development and induces macrocytic anemia in the mouse. Stem
cell depletion therefore is likely to play a critical role in
BD induced TL/L in the mouse because such depletion in the
bone marrow is often a precursor of radiation induced thymic
neoplasms (Kaplan, 1967, 1977; Seidel and Bischof, 1983).
Mechanism studies of leukemogenic action in the B.C,F, mouse
with MuLV and in the NIH Swiss mouse without the complete
virus show that both species exhibit the same hematological
and bone marrow cytogenetic abnormalities (Irons et al. 1986
and 1987). However, there is a four times higher incidence of
TL/L in the B¢C,F, mouse which is associated with an increase
in the amount oi ﬁuLV recoverable from the bone marrow. These
observations indicate that MuLV background influences the
susceptibility of the mouse to BD induced leukemogenesis and
that bone marrow damage is a prerequisite for leukemogenesis
with the MuLV influencing the degree of susceptibility of the
mouse (Irons et al. 1989).

The NTP-2 Bioassay shows that malignant lymphomas cease to be
a factor at lower levels. This indicates that at lower levels
the prime determinant of the carcinogenic potential of BD in
the mouse is its ability to absorb and metabolize BD.

Numerous studies (Malvoisin et al. 1979; Bond et al. 1986,
1987 and 1988; Malvoisin and Roberfroid, 1982; Bolt et al.
1983 and 1984; Kreiling et al. 1986a and 1986b; Bond et al.
1986; Sun et al. 1989; Laib et al. 1990) have shown that BD is
metabolized to mono- and diepoxides, the presumed ultimate
carcinogen and that there are wide species differences in the
metabolism and pharmacokinetics of BD.

These studies show that the amount of BD absorbed and
metabolized (activated) is greater in the mouse than rats or
primates. Higher metabolic capabilities in some tissues, like
the lung, combined with relatively less ability to deactivate
and eliminate the epoxides, help explain the occurrence of
lung cancer in the mouse and its absence in the rat or man.
Variability in incidence rates in the "stop-exposure™ are
probably the result of the effect of competing causes of death
at high levels and differences in body distribution, in the
specific pharmacokinetics and metabolism of each tissue, and
mechanisms of toxicity.
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