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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;
the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the
Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the
relevant programs, staff, and resources from these Public Health Service agencies relating to basic and
applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. Selection per se is not an indicator of a
chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from the NTP Central
Data Management Office, NIEHS, P.O. Box 12233, MD-A0-01, Research Triangle Park, NC 27709
(919-541-1371).
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ABSTRACT

CH,=CH-CH=CH,

1,3-BUTADIENE

CAS No. 106-99-0

Chemical Formula: C/JH,

Molecular Weight: 54.09

Synonyms: a,y-Butadiene; bivinyl; divinyl; erythrene; vinylethylene; biethylene; pyrrolylene

1,3-Butadiene is produced in large volumes for use in
the manufacture of synthetic rubber and of thermo-
plastic resins. In previous inhalation studies
conducted by the NTP (NTP, 1984) there was clear
evidence of multiple organ carcinogenicity in male
and female mice exposed to 625 or 1,250 ppm
1,3-butadiene for 60 or 61 weeks. To better charac-
terize exposure-response relationships for neoplasms
and nonneoplastic lesions, toxicology and carcino-
genesis studies were conducted by exposing groups of
male and female B6C3F, mice to air containing
1,3-butadiene (greater than 99% pure) for up o
2 years. An additional study in male B6C3F; mice, in
which exposure to 1,3-butadiene was stopped after
limited exposure periods (13, 26, 40, or 52 weeks),
was performed to assess the effects of varying concen-
tration and duration of exposure on the incidences of
1,3-butadiene-induced neoplasms. In virro genetic
toxicology studies were conducted in Salmonella
typhimurium and mouse lymphoma cells. In vivo
genetic effects were assayed in germ cells of male
Drosophila melanogaster and in bone marrow and
peripheral blood cells of B6C3F, mice.

2-Year Studies: Groups of 70 male and 70 female
mice were exposed to air containing 0, 6.25, 20, 62.5,
or 200 ppm 1,3-butadiene for 6 hours per day, 5 days
per week for up to 2 years; groups of 90 male and
90 female mice were exposed to 625 ppm 1,3-buta-
diene on the same schedule. Up to 10 animals from

each group were examined after 9 and 15 months of
exposure.

Survival and Body Weight in the 2-Year Studies: Two-
year survival was decreased for males and females
exposed to concentrations of 20 ppm or above,
primarily due to the development of chemical-related
malignant neoplasms. No female mice exposed to
2060 or 625 ppm or males exposed to 625 ppm sur-
vived to the end of the studies (males: 35/50, 39/50,
24/50, 22/50, 4/50, 0/70; females: 37/50, 33/50, 24/50,
11/50, 0/50, 0/70). Mean body weights of exposed
male and female mice were similar to those of the
controls.

Hematologic Effects in the 2-Year Studies: Hemato-
logic parameters were evaluated after 9 and
15 months of exposure. At 9 months, decreases in
erythrocyte counts, hemoglobin concentration, and
packed red cell volume were observed in male mice
exposed to 62.5 ppm or above and in female mice
exposed to 200 or 625 ppm. Mean erythrocyte
volume was increased in male mice exposed to
625 ppm and in females exposed to 200 or 625 ppm.
At 15 months, decreases in erythrocyte counts,
hemoglobin concentration, and packed red cell
volume and increases in mean erythrocyte volume
were observed in male and female mice exposed to
625 ppm. '



Neoplasms and Nonneoplastic Lesions in the 2-Year
Studies: Exposure of mice to 1,3-butadiene induced
benign and malignant neoplasms at multiple sites.
Statistically significant increases in the incidences of
neoplasms at one or more sites were seen at concen-
trations of 20 ppm and higher in males and 6.25 ppm
and higher in females. There was no exposure level
in this study at which a significant carcinogenic
response was not observed. Statistically significant
increases occurred in the incidences of malignant
lymphoma; histiocytic sarcoma; cardiac hemangio-
sarcoma; harderian gland adenoma; hepatocellular
adenoma and carcinoma; alveolar/bronchiolar ade-
noma and carcinoma; mammary gland carcinoma,
adenoacanthoma, and malignant mixed tumor
(females only); benign and malignant ovarian
granulosa cell tumor; and forestomach squamous cell
papilloma and carcinoma.

Low incidences of uncommon neoplasms also
occurred in exposed male and female mice, including
intestinal carcinomas in males, renal tubule adenomas
in males and females, skin sarcomas (all types com-
bined) in females, and Zymbal’s gland adenomas and
carcinomas in females.

Lymphocytic lymphomas appeared as early as
week 23 and were the principal cause of death of

male and female mice exposed to 625 ppm
1,3-butadiene. The early and extensive development
of lethal lymphocytic lymphomas in mice exposed to
625 ppm resulted in a reduced number of mice at risk
for neoplasms developing later at other sites.
Exposure-response relationships for 1,3-butadiene-
induced neoplasms were more clearly characterized at
concentrations below 625 ppm and after adjustment
for intercurrent mortality.

Increased incidences of nonneoplastic lesions in
exposed mice included bone marrow atrophy; testic-
ular atrophy; ovarian atrophy, angiectasis, germinal
epithelial hyperplasia, and granulosa cell hyperplasia;
uterine atrophy; cardiac endothelial hyperplasia and
mineralization; alveolar epithelial hyperplasia; fore-
stomach epithelial hyperplasia; and harderian gland
hyperplasia.

Stop-Exposure Study: The stop-exposure study con-
sisted of groups of 50 male mice exposed to
1,3-butadiene at concentrations of 200 ppm for
40 weeks, 625 ppm for 13 weeks, 312 ppm for
52 weeks, or 625 ppm for 26 weeks. After the
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exposures were completed, these groups were placed
in control chambers for the remainder of the 2-year
study. The total exposure of 1,3-butadiene (concen-
tration times duration of exposure) of the 13- and
40-week stop-exposure groups was approximately
8,000 ppm - weeks, while that of the 26- and 52-week
stop-exposure groups was approximately
16,000 ppm - weeks.

The survival of all stop-exposure groups was
markedly lower than that of the controls. The
incidences of lymphocytic lymphoma, histiocytic
sarcoma, cardiac hemangiosarcoma, alveolar/
bronchiolar adenoma and carcinoma, forestomach
squamous cell papilloma and carcinoma, hepato-
cellular adenoma, harderian gland adenoma and
adenocarcinoma, and preputial gland carcinoma were
significantly increased. Neoplasms were induced at
most of these sites after only 13 weeks of exposure to
1,3-butadiene. Additionally, low numbers of malig-
nant gliomas and neuroblastomas of the brain and
Zymbal’s gland carcinomas occurred in one or more
stop-exposure groups.

At similar total exposures, the incidence of lympho-
cytic lymphoma was greater with exposure to a higher
concentration of 1,3-butadiene for a short time
compared with exposure to a lower concentration for
an extended period (34% at 625 ppm for 13 weeks
versus 12% at 200 ppm for 40 weeks; 60% at
625 ppm for 26 weeks versus 8% at 312 ppm for
52 weeks).

Genetic Toxicology: 1,3-Butadiene has been tested
both in virro and in vivo for mutagenic activity.
In vitro, positive results were obtained in the
Salmonella typhimurium gene mutation assay with
strain TA1535; mutagenic activity was not observed
in other S. typhimurium strains (TA100, TA97, and
TA98). 1,3-Butadiene was negative in the mouse
lymphoma assay for induction of trifluorothymidine
resistance in L5178Y cells with and without S9.

In vivo, 1,3-butadiene did not induce sex-linked
recessive lethal mutations in germ cells of male
Drosophila melanogaster; however, it did induce
significant increases in chromosomal aberrations and
sister chromatid exchanges in bone marrow cells of
mice exposed for 2 weeks by inhalation. In addition,
significant increases in micronucleated erythrocytes
were observed in peripheral blood samples obtained
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from male and female mice exposed to 1,3-butadiene
for 2 or 13 weeks or 15 months by inhalation.

Conclusions: The previous inhalation studies of
1,3-butadiene in male and female B6C3F, mice
provided clear evidence of carcinogenicity* at exposure
concentrations of 625 or 1,250 ppm. The present
inhalation studies — 2-year exposures of 6.25, 20,
62.5, 200, or 625 ppm or shorter duration exposures
of 200, 312, or 625 ppm — provide a better character-
ization of the concentration-dependent responses for
1,3-butadiene-induced neoplasms and nonneoplastic
lesions. The present studies confirmed the clear
evidence of carcinogenicity of 1,3-butadiene in male

B6C3F, mice based on increased incidences of neo-
plasms in the hematopoietic system, heart, lung,
forestomach, liver, harderian gland, preputial gland,
brain, and kidney. There was clear evidence of
carcinogenicity of 1,3-butadiene in female B6C3F,
mice based on increased incidences of neoplasms in
the hematopoietic system, heart, lung, forestomach,
liver, harderian gland, ovary, and mammary gland.

Low incidences of intestinal carcinomas in male mice,
Zymbal’s gland carcinomas in male and female mice,
and renal tubule adenomas and skin sarcomas in
female mice may also have been related to adminis-
tration of 1,3-butadiene.

* Explanation of Level of Evidence of Carcinogenic Activity is on page 11. A summary of peer review comments and the public

discussion on this Technical Report appears on page 13.
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Summary of the 2-Year Carcinogenicity and Genetic Toxicology Studies of 1,3-Butadiene

Male B6C3F, Mice

(2-Year Study)

(Stop-Exposure Study)

Female B6C3F, Mice

Body weights

2-Year survival rates

Nonneoplastic effects

(continued)

0, 6.25, 20, 62.5, 200, or

625 ppm by inhalation for

6 hours daily, 5 days per week,
for 103 weeks

Exposed groups similar to
controls

35/50, 39/50, 24/50, 22/50,
4/50, 0770

Bone marrow: atrophy (0/50,
0/50, 0/50, 0/48, 0/49, 23/73)

Heart: endothelial hyperplasia
(0/50, 1/49, 0/50, 2/48, 4/48,
5/73); mineralization (0/50,
0/49, 0/50, 1/48, 3/48, 20/73)

Alveolar epithelium:
hyperplasia (2/50, 9/50, 6/50,
13/49, 17/50, 12/73)

Forestomach epithelium:
hyperplasia (4/50, 3/50, 3/50,
6/48, 4/48, 40/72)

Harderian gland: hyperplasia
(1/50, 3/49, 4/50, 6/47, 8/47,
5/40)

Testicle: atrophy (1/50, 3/50,
4/50, 2/48, 6/49, 53/72)

200 ppm for 40 weeks,

312 ppm for 52 weeks,

625 ppm for 13 weeks, or
625 ppm for 26 weeks by
inhalation for 6 hours daily,
5 days per week

Exposed groups similar to
controls

9/50, 1/50, 5/50, 0/50

Heart: endothelial hyperplasia
(6/50, 3/50, 7/50, 7/50);
mineralization (0/50, 6/50,
9/50, 14/50)

Alveolar epithelium:
hyperplasia (18/50, 14/50,
10/50, 11/50)

Forestomach epithelium:
hyperplasia (10/48, 20/48, 8/50,
15/50)

Harderian gland: hyperplasia
(4/48, 6/48, 3/42, 7/36)

Testicle: atrophy (5/50, 3/50,
3/50, 5/50)

0, 6.25, 20, 62.5, 200, or

625 ppm by inhalation for

6 hours daily, 5 days per week,
for 103 weeks

Exposed groups similar to
controls

37/50, 33/50, 24/50, 11/50,
0/50, 0/70

Bone marrow: atrophy (0/50,
0/49, 0/48, 0/49, 0/50, 11/79)

Heart: endothelial hyperplasia
(0/50, 2/50, 1/50, 4/49, 5/50,
8/80); mineralization (0/50,
2/50, 0/50, 2/49, 2/50, 11/80)

Alveolar epithelium:
hyperplasia (5/50, 5/50, 3/50,
9/50, 11/50, 11/78)

Forestomach epithelium:
hyperplasia (4/50, 5/49, 4/47,
/48, 14/50, 47/19)

Liver: hepatocellular foci
(8/49, 14/49, 19/50, 12/50, 5/50,
4/80)

Harderian gland: hyperplasia
(1/50, 5/49, 9/48, 4/49, 4/49,
7/66)

Ovary: angiectasis (4/49, 6/49,
3/48, 13/50, 14/50, 17/79);
granulosa cell hyperplasia
(1/49, 0/49, 2/48, 3/50, 4/50,
2/79); germinal epithelial
hyperplasia (2/49, 3/49, 8/48,
15/50, 14/50, 18/19); atrophy
(4/49, 19/49, 32/48, 42/50,
43/50, 69/79)

Uterus: atrophy (1/50, 0/49,
1/50, 1/49, 8/50, 41/78)
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Summary of the 2-Year Carcinogenicity and Genetic Toxicology Studies of 1,3-Butadiene (continued)

Male B6C3F, Mice

(2-Year Study)

(Stop-Exposure Study)

Female B6C3F, Mice

Neoplastic effects

(continued)

Lymphoma (all lymphomas)
(4/50, 2/50, 4/50, 6/50, 2/50,
51/73)

Lymphocytic lymphoma (2/50,
0/50, 2/50, 4/50, 2/50, 49/73)

Histiocytic sarcoma (0/50,
0/50, 4/50, 5/50, 7/50, 4/13)

Heart: hemangiosarcoma
(0/50, 0/49, 1/50, 5/48, 20/48,
4/13)

Lung: alveolar/bronchiolar
adenoma, adenocarcinoma, or
carcinoma (21/50, 23/50, 19/50,
31/49, 35/50, 3/73)

Forestomach: squamous cell
papilloma or squamous cell
carcinoma (1/50, 0/50, 0/50,
1/50, 8/50, 4/713)

Liver: hepatocellular adenoma
or carcinoma (21/50, 23/50,
30/50 25/48, 33/48, 5/12)

Harderian gland: adenoma or
carcinoma (6/50, 7/50, 9/50,
20/50, 31/50, 6/73)

Preputial gland: carcinoma
(0/50, 0/50, 0/50, 0/50, 5/50,
0/73)

Kidney: renal tubule adenoma
(0/50, 1/50, 0/50, 3/48, 1/49,
0/73)

Lymphoma (all lymphomas)
(8/50, 8/50, 22/50, 33/50)

Lymphocytic lymphoma (6/50,
4/50, 17/50, 30/50)

Histiocytic sarcoma (5/50,
7/50, 2/50, 2/50)

Heart: hemangiosarcoma
(15/50, 33/50, 7/50, 13/50)

Lung: alveolar/bronchiolar
adenoma, adenocarcinoma, or
carcinoma (36/50, 32/50, 28/50,
17/50)

Forestomach: squamous cell
papilloma or squamous cell
carcinoma (3/50, 9/50, 7/50,
10/50)

Liver: hepatocellular adenoma
(27/49, 19/50, 19/49, 11/50)

Harderian gland: adenoma or
carcinoma (27/50, 30/50, 23/50,
13/50)

Preputial gland: carcinoma
(1/50, 4/50, 4/50, 3/50)

Kidney: renal tubule adenoma
(4/48, 3/49, 1/50, 1/50)

Brain: malignant glioma (0/50,
0/50, 2/50, 1/50);
neuroblastoma (0/50, 0/50,
2/50, 0/50)

Lymphoma (all lymphomas)
(6/50, 12/50, 11/50, 7/50, 9/50,
32/80)

Lymphocytic lymphoma (1/50,
3/50, 6/50, 3/50, 8/50, 31/80)

Histiocytic sarcoma (3/50,
2/50, 7/50, 4/50, 7/50, 4/80)

Heart: hemangiosarcoma
(0/50, 0/50, 0/50, 1/49, 21/50,
23/80)

Lung: alveolar/bronchiolar
adenoma, adenocarcinoma, or
carcinoma (4/50, 15/50, 19/50,
24/50, 25/50, 22/78)

Forestomach: squamous cell
papilloma or squamous cell
carcinoma (0/50, 0/50, 3/50,
2/50, 4/50, 22/80)

Liver: hepatocellular adenoma
or carcinoma (15/49, 14/49,
15/50, 19/50, 16/50, 2/80)

Harderian gland: adenoma or
carcinoma (8/50, 10/50, 7/50,
15/50, 20/50, 9/80)

Ovary: benign or malignant
granulosa cell tumor (1/49,
0/49, 1/48, 9/50, 8/50, 6/79);
adenoma or benign mixed
tumor (2/49, 4/49, 1/48, 4/50,
6/50, 2/19)

Mammary gland: adeno-
acanthoma, carcinoma, or
malignant mixed tumor (0/50,
2/50, 4/50, 12/50, 15/50, 16/80)
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Summary of the 2-Year Carcinogenicity and Genetic Toxicology Studies of 1,3-Butadiene (continued)

Male B6C3F, Mice

Female B6C3F, Mice

(2-Year Study) (Stop-Exposure Study)
Uncertain findings Small intestine: carcinoma Zymbal’s gland: carcinoma Kidney: renal tubule adenoma
(0/50, 1/50, 1/50, 1/50, 2/50, (1/50, 0/50, 2/50, 2/50) (0749, 0/49, 0/48, 0/50, 2/50,
0/73) 0/80)

Level of evidence of carcinogenic activity

Genetic toxicology
Salmonella typhimurium gene mutation:

Mouse lymphoma gene mutation:
Sex-linked recessive lethal mutations
Drosophila melanogaster:
Chromosomal aberrations
Mouse bone marrow in vivo:
Sister chromatid exchanges
Mouse bone marrow in vivo:
Micronuclei
Mouse peripheral blood erythrocytes in vivo:

Clear evidence

Positive in strain TA1535

Negative in strains TA100, TA97, and TA98

Negative with and without S9
Negative by inhalation
Positive

Positive

Positive

Skin, subcutaneous tissue:
neurofibrosarcoma or sarcoma
(1/50, 2/50, 3/50, 5/50, 3/50,
3/80)

Zymbal’s gland: adenoma or

carcinoma (0/50, 0/50, 0/50,
0/50, 0/50, 2/80)

Clear evidence
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under
the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other organizations,
such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an examination of all
available evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and estimates of exposure.
Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory animals requires a wider
analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain
findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be
evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983
and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of
evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to
potency or mechanism.

¢ Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to
malignancy. :

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than
that required for clear evidence.

* Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal
increase of neoplasms that may be chemical related.

¢ No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

¢ Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the
actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

* adequacy of the experimental design and conduct;

e occurrence of common versus uncommon neoplasia;

¢ progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

s some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is to assume that benign neoplasms of those types have the potential to become malignant;

¢ combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ
or tissue;

¢ latency in tumor induction;

* multiplicity in site-specific neoplasia;

* metastases;

¢ supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same

lesion in another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On November 21, 1991, the draft Technical Report
on the toxicology and carcinogenesis studies of
1,3-butadiene received public review by the National
Toxicology Program Board of Scientific Counselors
Technical Reports Review Subcommittee. The
review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle
Park, NC.

Dr. R.L. Melnick, NIEHS, introduced the toxicology
and carcinogenesis studies of 1,3-butadiene in B6C3F,
mice by discussing the uses of the chemical and
rationale for study, including the previous NTP study
in mice; describing the experimental design for both
standard and stop-exposure studies, which were
intended to assess the relationship of exposure
duration versus concentration on carcinogenicity;
reporting on survival and toxicity, especially to the
hematopoietic system and gonads in both sexes; and
presenting data on neoplasms and nonneoplastic
lesions caused by 1,3-butadiene at multiple sites in
both sexes. Dr. Melnick reported on the expression
of K-ras oncogenes in liver neoplasms and said that
the K-ras is the most commonly detected oncogene in
human cancers. Dr. C.C. Shackleford, NIEHS,
provided a morphologic description of hemangio-
sarcomas of the heart induced by 1,3-butadiene. The
proposed conclusions were that the present studies
provided a better characterization of the
concentration-dependent responses for 1,3-butadiene-
induced neoplasms and nonneoplastic lesions, and
confirmed the clear evidence of carcinogenicity of
1,3-butadiene in male and female B6C3F, mice.

Dr. Goodman, a principal reviewer, agreed with the
proposed overall conclusions in male and female
mice but disagreed with the inclusion of brain and
kidney neoplasms in males and liver neoplasms in
females as support for the level of evidence. He said
the last sentence should read "equivocal evidence of
carcinogenicity" instead of "low incidence of" and the
reference to Zymbal’s gland carcinomas in males
should be omitted. Dr. Melnick thought that for low
numbers of rare neoplasms "low incidence" was
meaningful; however, another wording would be
considered. Dr. Goodman thought that the conclu-
sions for the stop-exposure study should be presented
separately from those for the 2-year studies.
Dr. Melnick noted that the results are presented and

analyzed separately but, in evaluating the effect of
1,3-butadiene on an organ, the thinking was that all
of the evidence should be brought to bear in drawing
conclusions. Dr. Goodman asked that justification be
given for the use of sex-linked recessive lethal muta-
tions in Drosophila melanogaster and the micro-
nucleus test. Dr. E. Zeiger, NIEHS, explained that
the D. melanogaster assay is extremely predictive for
carcinogenicity as there are very few false positives
and that the micronucleus test is the only simple
measure of somatic mutations in vivo.

Dr. Zeise, the second principal reviewer, agreed with
the proposed conclusions. Because the study was
designed to look at the issue of dose response, she
thought a more extensive analysis of the dose-
response data should be included, especially pertain-
ing to the shape of the curve at lower doses.
Dr. Melnick said some discussion could be given
about the shape of the dose-response curve and the
Poly-3 test used to provide neoplasm rates adjusted
for intercurrent mortality. Dr. J.K. Haseman,
NIEHS, expressed concern that mathematical model-
ing of the data might lead to extrapolation and risk
assessment calculations, activities that are normally
the purview of the regulatory agencies. Dr. Zeise
noted that others are already using the NTP data for
these purposes. She suggested that NTP not extrapo-
late, but evaluate the shape of the dose-response
curve within the range of observations, because the
study was designed to explore the dose response and
NTP has the expertise to perform such statistical
evaluations.

Dr. van Zwieten, the third principal reviewer, agreed
with the proposed conclusions. He thought there
should be a statement in the conclusions to the effect
that a carcinogenic response was induced at all expo-
sure levels. Also, a comment about duration of
exposure necessary for a carcinogenic response in the
stop-exposure study would be appropriate.
Dr. Melnick said that statements would be brought
forward to the Abstract.

Mr. Beliczky reported that the data from these
studies had been recently used by NIOSH in con-
ducting a risk assessment and the results have been
provided to the Department of Labor for potential
regulatory action by OSHA on allowable exposure
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levels. Dr. Garman asked if separate classifications
of lymphomas reflect the current recommendation of
the NTP. Dr. S.L. Eustis, NIEHS, said accurate
distinctions between types were difficult to make and
of little value. Rather, identifying whether the
lymphomas originated in the thymus or elsewhere was
most useful.

Dr. Goodman moved that the Technical Report on
1,3-butadiene be accepted but with the conclusions
for the 2-year studies separated from those for the
stop-exposure study by inserting "chronic exposure to”
in front of "1,3-butadiene” in the statements for male
and female mice. "Brain" and "kidney" would be
deleted from the listing for male mice and "liver"
from the listing for female mice. Then a conclusion
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for the stop-exposure study would be added: "There
was clear evidence of carcinogenicity of 1,3-butadiene
in the start/stop study in B6C3F; mice based on
increased incidences of neoplasms in the
hematopoietic system, lung, forestomach, and
harderian gland." Finally in the last sentence, "low
incidences” would be replaced with "marginal
increases." The motion was tabled for lack of a
second. Dr. Zeise moved that the Technical Report
on 1,3-butadiene be accepted with the revisions
discussed and with the conclusions as written for
male and female B6C3F, mice, clear evidence of
carcinogenicity. Mr. Beliczky seconded the motion,
and it was accepted by eight yes votes to one
no vote (Dr. Goodman) with one abstention
(Dr. Bailey).
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INTRODUCTION

CH,=CH-CH=CH,

1,3-BUTADIENE

CAS No. 106-99-0

Chemical Formula: CH;

Molecular Weight: 54.09

Synonyms: a,y-Butadiene; bivinyl; divinyl; erythrene; vinylethylene; biethylene; pyrrolylene

PHYSICAL AND CHEMICAL
PROPERTIES, PRODUCTION,

USE, AND EXPOSURE

1,3-Butadiene is a colorless, noncorrosive gas with a
boiling point of -4.4° C and a vapor pressure of
1,900 mm Hg at 20° C (Kirshenbaum, 1978). The
conversion factor for 1,3-butadiene at 25° C and
760 mm Hg is 1 ppm = 2.21 mg/m>. 1,3-Butadiene is
a reactive material that can form the dimer 4-vinyl-
cyclohexene and is flammable at atmospheric concen-
trations of 2% or higher. 1,3-Butadiene can form
explosive peroxides in air, and therefore is shipped as
a liquified gas under pressure with a peroxide
inhibitor.

1,3-Butadiene is a coproduct in steam cracking of
petroleum fractions for the manufacture of ethylene.
The annual production volume of 1,3-butadiene is
approximately 12 billion pounds worldwide and
3 billion pounds in the United States (Morrow, 1990;
USITC, 1990). The major uses of 1,3-butadiene are
in the manufacture of synthetic rubber (such as
styrene-butadiene rubber or polybutadiene rubber)
and of thermoplastic resins. Butadiene elastomers
are used in the manufacture of rubber tires, footwear,
sponges, hoses and piping, luggage, packaging, and a
variety of other molded products.

According to a 1984 survey by the United States
Environmental Protection Agency, atmospheric

emissions of 1,3-butadiene from facilities that
produce or process 1,3-butadiene were approximately
10 million pounds per year; 70% of these emissions
were attributed to equipment leaks and 30% to
process venting (Mullins, 1990). 1,3-Butadiene has
also been identified in automobile exhaust, cigarette
smoke, and gasoline formulations; small amounts are
released by the burning of plastics or rubber (Miller,
1978). Low levels of 1,3-butadiene (0.5 to 10 ppb)
have been detected in ambient air in urban locations
in the United States; however, levels of 1,3-butadiene
in community air in Port Neches, Texas, a town with
a butadiene production facility and two styrene-
butadiene production plants, were measured by the
Texas Air Control Board to be as high as 2 to 3 ppm
(Durchin, 1990). Approximately 52,000 workers are
potentially exposed to 1,3-butadiene annually, as
estimated from data compiled from the National
Occupational Exposure Survey (NIOSH, 1990). In-
depth industrial hygiene surveys were conducted by
the National Institute for Occupational Safety and
Health at four monomer and five polymer manu-
facturing plants (Fajen et al, 1990). Occupational
exposures to 1,3-butadiene in most process areas
were less than 10 ppm; however, maximum 8-hour
time-weighted average exposures were frequently
between 10 and 150 ppm, and in one case the average
exposure was as high as 374 ppm. These exposures
occurred in operations involving decontaminating and
maintaining process equipment, sampling and
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analyzing quality control samples, and loading or un-
loading tank trucks or rail cars. The odor threshold
or recognition concentration for 1,3-butadiene in air
is approximately 1 to 2 ppm (Amoore and Hautula,
1983).

The 8-hour, time-weighted, average workroom
permissible exposure limit for 1,3-butadienc estab-
lished by the United States Occupational Safety and
Health Administration (OSHA) is 1,000 ppm (U.S.
Department of Labor, 1981). Results of carcino-
genicity studies of 1,3-butadiene in rats and mice
prompted the American Conference of Governmental
Industrial Hygienists to lower their recommended
threshold limit value for 1,3-butadiene in the work
environment from 1,000 ppm to 10 ppm (ACGIH,
1986). OSHA has proposed to lower the occupa-
tional exposure standard to a permissible exposure
limit of 2 ppm with a 15-minute short-term exposure
limit of 10 ppm (OSHA, 1990). A final decision on
the proposed change is pending. An international
symposium on the "Toxicology, Carcinogenesis, and
Human Health Aspects of 1,3-Butadiene” was held at
the National Institute of Environmental Health
Sciences in 1988. The proceedings of that symposium
were published in Environmental Health Perspectives
(Melnick et al., 1990a).

TOXICITY IN ANIMALS

1,3-Butadiene has long been considered to have a
low, noncumulative toxicity in animals and humans.
For rats, the median lethal concentration (LC,,) for
a 4-hour exposure was 285 mg/L, equivalent to
129,000 ppm or 12.9%; for mice, the LC, for a
2-hour exposure was 270 mg/l, equivalent to
123,000 ppm or 12.3% (Shugaev, 1969). Carpenter
-et al. (1944) exposed groups of 24 rats, 12 guinea
pigs, 4 rabbits, and 1 dog to atmospheres containing
600, 2,300, or 6,700 ppm 1,3-butadiene for 7.5 hours
a day, 6 days a week, for 8 months. The highest
exposure concentration caused slight growth retarda-
tion and, in some animals, a mild reversible degener-
ation in the liver. This degeneration was reported as
light cloudy swelling. There were no reported
treatment-related effects in hematologic parameters
or blood or urine chemistries, nor were there patho-
logic changes in the eye, adrenal gland, heart, kidney,
skeletal muscle, pancreas, spleen, testis, or ovary.
Exposure of rabbits to 250,000 ppm (25%)
1,3-butadiene for 2 minutes induced light anesthesia,
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while exposure for 8 to 10 minutes induced deep
anesthesia. Death due to respiratory paralysis oc-
curred after a 25- to 35-minute exposure to this
concentration of 1,3-butadiene (Carpenter et al,
1944).

No treatment-related gross or microscopic changes or
effects on growth, survival, hematologic or blood
biochemical parameters, urinary measurements, or
neuromuscular functions were observed in male or
female Sprague-Dawley rats exposed to 1,000, 2,000,
4,000, or 8,000 ppm 1,3-butadiene for 6 hours a day,
5 days a week, for 13 weeks (Crouch et al, 1979).

Nonneoplastic lesions associated with exposure of
B6C3F, mice to 625 or 1,250 ppm 1,3-butadiene for
up to 61 weeks included epithelial hyperplasia of the
forestomach, endothelial hyperplasia of the heart,
alveolar epithelial hyperplasia, hepatocellular
necrosis, testicular atrophy, ovarian atrophy, and
lesions in nasal tissues including chronic inflam-
mation, fibrosis, osseous and cartilaginous metaplasia,
and atrophy of the olfactory epithelium (NTP, 1984;
Melnick ez al, 1988). The proliferative lesions in the
forestomach, heart, and lung may represent early
preneoplastic changes in the development of neo-
plasms induced by 1,3-butadiene. The nasal lesions
were seen only in male mice exposed to 1,250 ppm
1,3-butadiene.

Exposure of male B6C3F,; mice or NIH Swiss mice to
1,250 ppm 1,3-butadiene for 6 weeks caused decreases
in erythrocyte counts, hemoglobin concentrations,
and hematocrit, and an increase in mean erythrocyte
volume (Irons er al, 1986a,b). Anemia due to
exposure to 1,3-butadiene was not accompanied by
increases in reticulocyte counts or in the frequency of
nucleated erythrocytes in peripheral blood. These
changes were considered to represent a macrocytic-
megaloblastic anemia, because they were accompa-
nied by mild megaloblastic changes in bone marrow
cells. In related studies, Tice ez al. (1987) reported
that exposure of male B6C3F; mice to 1,3-butadiene
for 10 days caused decreases in the number and rate
of dividing cells in the bone marrow. These findings
established the bone marrow as a site of toxicity for
1,3-butadiene in mice. Exposure of male B6C3F,
mice to 1,250 ppm 1,3-butadiene for 6 hours a day,
5 days a week, for 6 or 12 weeks did not produce any
persistent defects in humoral or cell-mediated

-~ immunity (Thurmond et al., 1986).
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METABOLISM AND DISPOSITION
Malvoisin et al. (1979) identified 1,2-epoxy-3-butene
as the first metabolite in 1,3-butadiene metabolism;
this intermediate is formed by an inducible rat liver
microsomal cytochrome P-450 monooxygenase
(Figure 1; Bolt et al., 1983). 1,2-Epoxy-3-butene was
also detected in the expired air of Sprague-Dawley
rats (Bolt er al, 1983; Filser and Bolt, 1984) and of
B6C3F,; mice (Kreiling et al, 1987) exposed to
1,3-butadiene, indicating that this epoxide inter-
mediate is systemically available in exposed animals.
Further metabolic transformation of 1,2-epoxy-
3-butene involves conjugation with glutathione by
glutathione-S-transferase, oxidation to
1,2:3,4-diepoxybutane, or hydrolysis by epoxide
hydrolase and further oxidation to 3,4-epoxy-
1,2-butanediol (Malvoisin and Roberfroid, 1982).

In studies by Laib er al. (1990), the metabolic elimi-
nation of 1,3-butadiene or 1,2-epoxy-3-butene was
evaluated by measuring the decline in concentration
of these chemicals in the gas phase of desiccator jars
containing Sprague-Dawley rats or B6C3F, mice.
Saturation of 1,3-butadiene metabolism in each
species was reported at atmospheric concentrations
between 1,000 and 2,000 ppm. At concentrations
below 1,000 ppm, where first-order Kinetics apply, the
metabolic clearance was 1.6 times higher in mice
(7,300 mL/kg per hour) than in rats (4,500 mL/kg per
hour) (Bolt er al., 1984; Kreiling et al., 1986). The
slightly higher metabolic elimination rate in mice is
probably due to the higher respiratory frequency by
this strain and species. This conclusion is based on
the fact that the metabolic elimination rate constants
of 7.6 hour® for mice (Kreiling er al, 1986) and
8.8 hour™ for rats (Bolt et al., 1984) are nearly equiv-
alent, and the exhalation rate constants are also
similar for these species (Kreiling et al, 1986),
whereas the rate constant for the uptake of
1,3-butadiene (Kreiling er al., 1986) and the minute
air volume per body weight (Bond et al, 1986) are
about 2 to 2.5 times higher in mice than in rats.

Bond er al. (1986) exposed Sprague-Dawley rats and
B6C3F, mice to various airborne concentrations of
1-[*“C]-1,3-butadiene and determined the uptake,
distribution,” and elimination of “C after specific
periods of exposure. Respiratory measurements were
also made to determine the uptake of inhaled 1,3-bu-
tadiene. However, because 1,3-butadiene and its
metabolites eliminated during the exposure were not
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collected, it was not possible to determine the actual
percentage of 1,3-butadiene absorbed. Instead, only
the percentage of inhaled [“C]-butadiene equivalents
that was retained at the end of the exposure was
reported. After 6 hours of exposure, the percentage
of ™C retained ranged from 1.5% to 17% in rats and
4% to 20% in mice; for each species, the percentage
retained decreased as the exposure concentration of
1,3-butadiene increased, yet the total amount of
1,3-butadiene inhaled and retained was increased.

In a follow-up study (Dahl et al, 1991), the respira-
tory data of Bond er al. (1986) were combined with
the metabolic elimination rate data of Laib er al
{1990) to obtain values for the percentage of inhaled
1,3-butadiene that was climinated as metabolites.
The calculated values were 15% for rats and 12% for
mice exposed to either 10 or 300 ppm 1,3-butadiene.
The latter data reflect the constancy of uptake as the
exposure concentration of 1,3-butadiene is increased
in the range of first-order kinetics and also reflect the
striking similarity between rats and mice after adjust-
ment for species differences in breathing patterns.

In rats and mice exposed to [“C]-1,3-butadiene,
measurements of tissue concentrations of **C did not
reveal any apparent species differences (Bond et al.,
1987). ™C was distributed to all tissues examined
without any noticeably higher accumulations in the
target organs for carcinogenicity of either species.
These studies did not identify the metabolites in the
tissues of exposed rats and mice.

Species  differences in the metabolism of
1,3-butadiene have also been examined in in virro
studies. Rates of metabolism of 1,3-butadiene were
slightly lower in microsomal fractions isolated from
the liver or lung of Sprague-Dawley rats than from
similar preparations obtained from B6C3F, mice
(Bond et al., 1988). Exposure of rats or mice to
1,3-butadiene for 6 hours a day for 5 days neither
induced nor inhibited the microsomal metabolism of
this chemical in either species. The rate of formation
of 1,2-epoxy-3-butene from 1,3-butadiene was about
seven times higher in lung postmitochondrial frac-
tions obtained from mice than in similar fractions
obtained from Sprague-Dawley rats (Schmidt and
Loeser, 1985). No activity was detected in a human
lung sample. In liver postmitochondrial fractions, the
rate of formation of 1,2-epoxy-3-butene was only
about 50% greater for mice than for rats or for a
single human liver sample. Although this study
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does not provide data on the variability of this
activity in the human population, it does indicate that
pathways for 1,3-butadiene metabolism in the liver
may be qualitatively similar across species.

CARCINOGENICITY IN ANIMALS

The carcinogenicity of 1,3-butadiene was studied by
exposing groups of 100 Sprague-Dawley rats of each
sex to 0, 1,000, or 8,000 ppm by inhalation for
6 hours a day, 5 days a week, for 2 years (IISRP,
1981a; Owen et al., 1987). 1,3-Butadiene was carcino-
genic at multiple organ sites in rats, as evidenced by
increased incidences and dose-response trends for
several organ-specific cancers: pancreatic exocrine
neoplasms and Leydig cell tumors of the testis in
males and uterine stromal sarcomas, Zymbal’s gland
carcinomas, mammary gland fibroadenomas and
carcinomas, and thyroid follicular cell neoplasms in
females. Further, the average number of mammary
gland fibroadenomas per rat was increased in both
exposure groups. The occurrence of nine glial cell
neoplasms of the brain in exposed male rats (con-
irols, 1/100; 1,600 ppm, 4/100; 8,000 ppm, 5/100) may
also have been related to exposure to 1,3-butadiene
because neuroglial neoplasms are uncommon in

TABLE 1
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laboratory rats, occurring at a rate of about 0.2% to
1.0% in untreated male Sprague-Dawley rats (Krinke
et al., 1985, Gopinath, 1986).

In long-term inhalation studies of 1,3-butadiene in
B6C3F, mice (NTP, 1984; Huff et al, 1985), groups
of 50 male and 50 female mice were exposed for
6 hours a day, 5 days a week, to air containing 0, 625,
or 1,250 ppm 1,3-butadiene. These studies, designed
to last for 103 weeks, were terminated after 60 to
61 weeks because survival was decreased at both
exposure concentrations due to malignant neoplasms
occurring in multiple organs of males and females.

Malignant Iymphomas, hemangiosarcomas of the
heart, and lung neoplasms occurred with positive
trends in male and female mice, and the incidences of
these neoplasms at both exposure concentrations
were higher than those of controls (Table 1). The
high incidences of hemangiosarcomas of the heart
were particularly unusual findings, because these
endothelial cell neoplasms are uncommon in B6C3F,
mice, occurring in none of 573 untreated males and
558 untreated females in recent NTP studies, and
they have rarely been induced in long-term studies.

Incidences of Primary Neoplasms in Mice Exposed to 1,3-Butadiene for 61 Weeks?

Males Females

Neoplasm 0 ppm 625 ppm 1,250 ppm 0 ppm 625 ppm 1,250 ppm
Malignani Lymphoma 0/50 23/50 29/50 1/50 10/49 10/49
Heart

Hemangiosarcoma 0/50 16/49 7/49 0/50 11/48 18/49
Lung

Alveolar/oronchiolar neoplasm 2/50 14/49 15/49 3/49 12/48 23/49
Forestomach

Squamous cell neoplasm 0/49 7/40 1/44 0/49 5/42 10/49
Mammary Gland

Acinar cell neoplasm 0/50 0/50 0/50 0/50 2/49 6/49
Ovary

Granulosa cell tumor - - - 0/49 6/45 12/48
Liver

Hepatocellular neoplasm 8/50 6/49 2/49 0/50 2/47 5/49

2 Incidences are expressed as number of neoplasm-bearing animals/number of animals examined microscopically.
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Irons and coworkers confirmed by cytofluorometric
analysis of cell surface markers that the type of
lymphoma caused by 1,3-butadiene in B6C3F, mice is
a T-cell lymphoma (Irons ez al, 1989; Irons, 1990).
Early induction and increased incidences of fore-
stomach neoplasms were also observed in females and
low-dose males, and increased incidences of neo-
plasms of the mammary gland, ovary, and liver were
observed in females. The rate of malignant
lymphomas was lower in females than in males and
the dose-responses for other neoplasms were better
characterized in females. These studies demonstrated
that 1,3-butadiene is a potent multiple-organ car-
cinogen in mice.

Irons and coworkers compared the induction of
thymic lymphomas and the expression of murine
leukemia retrovirus in B6C3F; mice and NIH Swiss
mice exposed to 1,250 ppm 1,3-butadiene for
52 weeks (Irons et al, 1987, 1989, Irons, 1990). The
NIH Swiss mouse was used because it does not
express the ecotropic murine leukemia viruses
expressed in B6C3F; mice and it has a background
rate of nearly zero for thymic lymphoma. The finding
that exposure to 1,3-butadiene caused a 14% inci-
dence of thymic lymphomas in NIH Swiss mice
clearly shows that 1,3-butadiene induces this neo-
plasm independently of these activated retroviruses.
Irons et al. (1989) suggested that ecotropic viruses
were involved in the induction of lymphomas by
1,3-butadiene based on the higher incidence of thymic
lymphoma in exposed B6C3F; mice than in exposed
NIH Swiss mice.

REPRODUCTIVE AND DEVELOPMENTAL
TOXICITY

Testicular and ovarian atrophy occurred in B6C3F,
mice exposed to 625 or 1,250 ppm 1,3-butadiene for
up to 61 weeks (NTP, 1984). Also, a concentration-
related increase in sperm head abnormalities was
observed in B6C3F, mice exposed to 200, 1,000, or
5,000 ppm 1,3-butadiene for 6 hours a day for 5 days
(Morrissey et al, 1990). Exposure of male Swiss
CD-1 mice to 200, 1,000, or 5,000 ppm 1,3-butadiene
for 6 hours a day for 5 days followed by cohabitation
with untreated female mice for 1 week did not affect
male fertility but did cause an increase in the per-
centage of female mice with two or more dead
implantations. Because intrauterine deaths were not
increased at 3-weeks or more after exposure, it was
concluded that the more mature spermatozoa and
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spermatids were adversely altered by exposure to
1,3-butadiene (Morrissey et al., 1990).

Exposure of pregnant female Sprague-Dawley rats to
200, 1,000, or 8,000 ppm of 1,3-butadiene for 6 hours
a day, from day 6 through day 15 of gestation, caused
a dose-related increase in the incidence of major
skeletal defects of pups (IISRP, 1981b). "Wavy" ribs
was the most common major skeletal defect in the
1,000 ppm and 8,000 ppm exposure groups. Other
major skeletal defects, particularly in the high-dose
group, included abnormalities of the skull, spine,
sternum, ribs, and ilium. An exposure-related retar-
dation of maternal body weight gain was not accom-
panied by any observable effects on pregnancy inci-
dence, implantation loss, or gravid uterine weight.
Mean fetal weights and crown-to-rump lengths were
lower in the high-dose group than in the controls;
embryonic growth retardation may have been a
consequence of reduced maternal weight gain at the
8,000 ppm exposure level.

In another teratogenicity study, pregnant Sprague-
Dawley rats and Swiss CD-1 mice were exposed to 40,
200, or 1,000 ppm of 1,3-butadiene for 6 hours a day
on gestation days 6 through 15 (Morrissey et al.,
1990). There was no evidence of developmental
toxicity in rats, although maternal body weight gain
was decreased in the 1,000 ppm group. In mice,
maternal body weight gain was decreased at the
200 ppm and 1,000 ppm exposure levels, whereas
body weights of male fetuses were reduced at concen-
trations of 40 ppm and above. Thus, the male fetus
is more susceptible than the dam to inhaled
1,3-butadiene. Malformations were not increased in
rats or mice.

GENETIC TOXICITY

1,3-Butadiene, a potent in vivo clastogen, is muta-
genic in vitro when tested in the presence of induced
liver S9 activation systems. An overview of the
mutagenicity of 1,3-butadiene and its oxidative
intermediates is presented below.

1,3-Butadiene was mutagenic in Salmonella
typhimurium TA1530 and TA1535, strains that are
sensitive to base-pair substitutions, in the presence of
induced liver S9 fractions (de Meester et al., 1980;
Arce et al, 1990). Butadiene monoxide (1,2-epoxy-
3-butene), dI-1,2:3,4-diepoxybutane, and
1,2:3,4-diepoxybutane, oxidative intermediates of
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1,3-butadiene biotransformation, were also mutagenic
to base-pair substitution strains of S. typhimurium,
but without S9 (de Meester et al, 1978; Simmon,
1979; Wade et al, 1979; Dunkel et al., 1984; Canter
et al., 1986; Zeiger and Pagano, 1989).
1,2:3,4-Diepoxybutane has been reported to induce
sex-linked recessive lethal mutations and chromo-
somal translocations in Drosophila melanogaster
(Watson, 1972; Shukla and Auerbach, 1980; Olsen
and Green, 1982; Sankaranarayanan et al., 1983).

In one study, 1,3-butadiene was negative for induction
of sister chromatid exchanges in human lymphocyte
cultures in the presence of rat, mouse, or noninduced
human S9 (Arce et al., 1990); however, in another
study, 1,3-butadiene was positive for the induction of
sister chromatid exchanges, with or without 89, in
human lymphocytes (Sasiadek ez al., 1991). Increases
in sister chromatid exchanges were reported in
Chinese hamster ovary cells (Perry and Evans, 1975;
Nishi et al., 1984) and human lymphocytes and fibro-
blasts (Friedman eral, 1982; Obe et al, 1982;
Porfirio et al, 1983; Sasiadek et al, 1991) treated
with the metabolite 1,2:3,4-diepoxybutane. In addi-
tion, 1,2:3,4-diepoxybutane induced chromosomal
aberrations in human lymphocytes and fibroblasts
obtained from patients with chromosome breakage
disorders (Auerbach and Wolman, 1979; Auerbach
et al, 1982; Marx et al, 1983; Porfirio et al, 1983).

1,3-Butadiene is a potent in vivo genotoxic agent to
mouse bone marrow cells. Exposure of male B6C3F,
mice to 6.25, 62.5, or 625 ppm 1,3-butadiene for
6 hours a day for 10 exposure days produced
increases in chromosomal aberrations and sister chro-
matid exchanges in bone marrow cells and micro-
nuclei in erythrocytes obtained from peripheral blood
samples (Tice et al, 1987). The lowest effective
doses for each of these endpoints were 625 ppm for
sister chromatid exchanges, 6.25 ppm for chromo-
somal aberrations, and 62.5 ppm for micronuclei.
Exposure to 6.25 to 625 ppm 1,3-butadiene for 5 days
a week for 13 weeks resulted in significant increases
in micronucleated normochromatic erythrocytes
isolated from peripheral blood of male and female
B6C3F,; mice (Shelby, 1990). The metabolite
butadiene monoxide was also shown to be a strong
inducer of sister chromatid exchanges and
chromosomal aberrations in bone marrow cells of
male C57Bl/6 mice given a single intraperitoneal
injection of this chemical (Sharief et al., 1986).
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Comparative genotoxicity studies were performed
with male B6C3F, mice and male Sprague-Dawley
rats (Cunningham et al, 1986). In these studies,
bone marrow cells of mice exposed to 100 to
10,000 ppm 1,3-butadiene for 6 hours a day for 2 days
showed significant increases in micronuclei and sister
chromatid exchanges; no increase in either endpoint
was seen in similarly exposed rats. No induction of
unscheduled DNA synthesis was noted in hepatocytes
isolated from mice and rats exposed to 10,000 ppm
1,3-butadiene for 2 days (Arce ef al., 1990).

In conclusion, 1,3-butadiene is mutagenic in vitro,
inducing gene mutations in S. typhimurium, and
in vivo, inducing sister chromatid exchanges, chromo-
somal aberrations, and micronuclei in mice.

HUMAN EFFECTS

Early toxicology studies on 1,3-butadiene indicated
that this chemical only caused irritation to mucous
membranes, skin, and eyes or caused narcosis at high
concentrations (Carpenter et al, 1944). Human
volunteers exposed to 2,000, 4,000, or 8,000 ppm
1,3-butadiene for 6 to 8 hours experienced minor
irritation to the eyes and difficulty in visual focusing,

In tank farm workers at a styrene-butadiene synthetic
rubber plant, erythrocyte counts, hemoglobin concen-
trations, and packed red cell volumes were slightly,
but not significantly, lower, and mean erythrocyte
volumes were slightly, but not significantly, higher
than those of workers in other departments
(Checkoway and Williams, 1982). These changes are
similar to those observed in mice exposed to
1,3-butadiene.

Associations between occupational exposure to
1,3-butadiene and increased cancer risk have been
evaluated in retrospective mortality studies of
workers employed at facilities which produce
1,3-butadiene (Downs et al., 1987; Divine, 1990) and
at facilities which produce styrene-butadiene rubber
(Meinhardt er al, 1982; Matanoski and Schwartz,
1987; Matanoski et al, 1990). Increased mortalities
from lymphatic and hematopoietic cancers were
detected among subgroups of occupationally exposed
workers in each of these studies. Mortality rates for
lymphosarcoma and reticulum cell sarcoma were
increased by as much as 5.6-fold among workers in a
1,3-butadiene manufacturing plant (Downs et al.,



22

1987), while 5- to 6.6-fold increases in mortality from
all lymphopoietic cancers and leukemia were reported
among black workers in production areas of styrene-
butadiene-rubber plants (Matanoski et al, 1990). In
a nested-case control study comparing lymphopoietic
cancer cases to an internal population of workers
who did not have cancer, Matanoski et al (1989)
found that the odds ratio was 9.4 for the association
of the leukemia cases with 1,3-butadiene exposure.

STUDY RATIONALE
Because 1,3-butadiene is an important chemical with
a large production volume and a potential for
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exposure, and because the first inhalation studies in
mice had been terminated early, additional studies
were performed to better characterize exposure-
response relationships for neoplasms and nonneo-
plastic lesions induced by this chemical in mice. Five.
exposure levels ranging from 625 ppm, corresponding
to the lowest concentration used in the previous
inhalation studies, down to 6.25 ppm were included
to extend the exposure range over two orders of
magnitude. Additional studies in which exposure to
1,3-butadiene was stopped after limited periods of
time were also included to assess the relationship
between concentration and duration of exposure on
the outcome of butadiene-induced carcinogenicity.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION

1,3-Butadiene was periodically shipped as a liquified
gas directly to the study laboratory, Battelle Pacific
Northwest (Richland, WA), from Phillips Chemical
Company, Philtex Plant (Borger, TX). Although
seven lots (J-014, J-025, J-038, J-050, J-149, J-217,
and J-375) were used in the 2-year and stop-exposure
studies, only one lot was used at any one time.
Battelle Pacific Northwest analyzed each lot of
1,3-butadiene and confirmed the identity by infrared
speciroscopy and established the purity as 299% by
gas chromatography. The maximum allowable dimer
(4-vinyl-1-cyclohexene) content in the headspace of
any lot used in the studies was set at 500 ppm. The
dimer content increased with time and was monitored
daily. Any cylinder yielding a dimer value greater
than 500 ppm was not used.

According to NTP practice, a complete chemical
characterization is performed on the chemical lot that
will be used in the toxicology study. The bulk chemi-
cal is then shipped to the study laboratory. Because
the dimer content of 1,3-butadiene increased with
time, it was impractical to follow the normal proce-
dure. Therefore, to allow for the instability of the
chemical and to determine the appropriate analytical
tests, a representative lot (F-850) from the same
supplier was subjected to a full characterization. The
analyses were performed by the analytical chemistry
laboraiory, Midwest Research Institute (Kansas
City, MO), and are described in Appendix G. The
study chemical, a clear, colorless gas, was identified as
1,3-butadiene by infrared and nuclear magnetic
resonance spectroscopy. Lot F-850 was determined
by gas chromatography to be greater than 99% pure,
with no impurities with areas of 0.1% or greater
relative to the major peak area. Approximation of
the concentration of the inhibitor, ¢-butylcatechol, in
the liquid phase indicated approximately 4 ppm. The
level of 4-vinyl-1-cyclohexene was determined by gas
chromatography to be 35 = 1 ppm for the liquid
phase and less than 1 ppm for the headspace.

GENERATION AND MONITORING

OF CHAMBER CONCENTRATIONS
1,3-Butadiene was delivered from the headspace of
the cylinders through stainless steel tubing to a
distribution manifold and flow control system. Six
metering valves and flow meters controlled the gas
fiow to each chamber (Figure G3). The gas entered
the airstream near the top of the study chambers
(Hazleton 2000, Lab Products, Inc.).

The concentration of 1,3-butadiene in the chambers
and room air was monitored with an automated
sampling system coupled to a gas chromatograph.
The system automatically cycled through all ports
once every 30 minutes. Calibration was performed by
analyzing volumetrically prepared standards of
1,3-butadiene. At least 93% of all concentration
measurements were within 10% of the target concen-
trations. Monthly mean exposure concentrations are
presented in Figures G4 through G8. A summary of
chamber concentrations is presented in Table G1.

CHAMBER ATMOSPHERE
CHARACTERIZATION

Uniformity of concentration of 1,3-butadiene in each
exposure chamber with animals present was checked
at approximately 3-month intervals from 12 chamber
positions by the same system used for daily concen-
tration monitoring. The chamber concentration was
considered to be uniform if the variability was less
than 5% relutive standard deviation. During the
studies, the variability did not exceed 4.8%.

The time (Ty) following the start of generation for
the concentration to build to 90% of the final stable
concentration in the chamber and the times (T, and
T,) following cessation of generation for the concen-
tration to decay to 10% and 1% of the stable concen-
tration were determined with animals present. The
Te» Ty and T, values were 15 minutes, 12 minutes,
and 35 minutes, respectively.



The major 1,3-butadiene degradation product
expected in the studies was the dimer, 4-vinyl-
1-cyclohexene, formed from the condensation of two
molecules of 1,3-butadiene. Other potential degrada-
tion products were the oxidation products 3,4-epoxy-
1-butene and 1,3-butadiene diepoxide. As discussed
previously, the dimer content increased with time.
Once the headspace concentration in a cylinder
reached 500 ppm, the cylinder was no longer used.
To monitor for the oxidation products, a fraction of
the chamber atmosphere was bubbled through
dimethyl formamide; the dimethyl formamide was
then analyzed by gas chromatography. No evidence
of oxidative degradation products at the 1% level was
observed.

2-YEAR STUDIES

Study Design

Groups of 70 male and 70 female mice were adminis-
tered 0 (chamber control), 6.25, 20, 62.5, or 200 ppm
1,3-butadiene by inhalation for 6 hours a day, 5 days
a week, for up to 103 weeks; groups of 90 male and
90 female mice were administered 625 ppm
1,3-butadiene on the same schedule. After 9 months
and again after 15 months of 1,3-butadiene adminis-
tration, up to 10 male and 10 female mice were
randomly selected from each group for interim
evaluations.

2-YEAR STOP-EXPOSURE STUDY

Study Design

Groups of 50 male mice were administered
1,3-butadiene by inhalation at concentrations of
200 ppm for 40 weeks, 312 ppm for 52 weeks, or
625 ppm for 13 or 26 weeks. After the exposures
were stopped, animals were placed in control cham-
bers and were evaluated at 103 weeks. Mice were
exposed for 6 hours a day, 5 days a week.

The stop-exposure study was designed to test the
hypothesis that carcinogenic responses due to expo-
sure to 1,3-butadiene were directly related to the
product of the exposure concentration times the
duration of exposure. The exposure condition of
625 ppm for 26 weeks was sclected because in the
previous study, lymphomas were induced by that time
in male B6C3F, mice exposed to this concentration of
1,3-butadiene (NTP, 1984). By reducing the exposure
concentration by 50% (312 ppm) and doubling the
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duration of exposure (52 weeks), the 1,3-butadiene
concentration times exposure duration was kept
constant. Similarly, the total exposure at 200 ppm
for 40 weeks was nearly equivalent to the total
exposure at 625 ppm for 13 weeks and equal to
approximately half the total exposure given to the
group exposed to 625 ppm for 26 weeks. Thus the
total exposure to 1,3-butadiene was approximately
487,000 ppm-hr for the groups of mice exposed to
625 ppm for 26 weeks or to 312 ppm for 52 weeks,
and approximately 242,000 ppm-hr for the groups of
mice exposed to 625 ppm for 13 weeks or to 200 ppm
for 40 weeks.

Source and Specification of Animals

Male and female B6C3F, mice were obtained from
Frederick Cancer Research Facility (Frederick, MD)
for use in the 2-year chronic and stop-exposure
studies. Mice were quarantined 13 or 15 days. Five
male and five female mice were randomly selected
and killed for parasite evaluation and gross
observation of disease. Blood samples were collected
for viral screens. Male mice were approximately 6 to
8 weeks old and females were approximately 7 to
8 weeks old when the studies began. The health of
the animals was monitored during the course of the
studies according to the protocols of the NTP
Sentinel Animal Program (Appendix I).

Animal Maintenance

Mice were housed individually during the studies.
Water was available ad libitum; feed was available
ad libitum except during exposure periods. Cages
were rotated within the exposure chambers weekly
during the studies. Further details of animal mainte-
nance are given in Table 2. Information on feed
composition and contaminants is provided in
Appendix H.

Clinical Examinations and Pathology

All animals were observed twice daily and findings
were recorded monthly or as necessary. Animals
were weighed at the beginning of the studies, weekly
for 13 weeks, and monthly thereafter.

Up to 10 mice from each group in the 2-year chronic
studies were evaluated at 9 months and after
15 months of 1,3-butadiene administration. Blood
was drawn from the supraorbital sinus for clinical
pathology evaluations. Bone marrow was obtained
from the right femur of animals evaluated at
15 months for determination of bone marrow
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cellularity. The brain, heart, right kidney, liver, Tungs,
spleen, right testis, and thymus of each animal
selected for the 9- and 15-month interim evaluations
were weighed at necropsy. Further details of the
interim evaluations are presented in Table 2.

Necropsies were performed on all animals. At
necropsy, all organs and tissues were examined for
gross lesions, and all major tissues were fixed and
preserved in 10% neutral buffered formalin,
processed and trimmed, embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin for
microscopic examination. At the 9- and 15-month
interim evaluations, complete histopathology was
performed on all control mice, all mice in the highest
exposure group with survival of at least 60%, and all
mice in groups with higher exposure concentrations.
All animals that died or were killed moribund, all
2-year core study mice, and all stop-exposure mice
also received a complete histopathologic examination.
Tissues examined are listed in Table 2.

Upon completion of the microscopic evaluation by
the study laboratory pathologist, the pathology data
were entered into the Toxicology Data Management
System. The microscope slides, paraffin blocks, and
residual wet tissues were sent i0 the NTP Archives
for inventory, slide/block match, and wet-tissue audit.
The slides, individual animal data records, and
pathology tables were sent to an independent pathol-
ogy quality assessment laboratory. The heart, lung,
forestomach, liver, ovary, uterus, harderian gland,
Zymbal’s gland, kidney, small intestine, and skin of
male and female mice, the brain, preputial gland, and
testis of male mice, and the mammary gland, ovary,
and uterus of female mice were reviewed micro-
scopically by the quality assessment pathologist for
neoplasms or nonneoplastic lesions.

The quality assessment report and slides were
submitted to the NTP Pathology Working Group
(PWG) chair, who reviewed the selected tissues and
any other tissues for which there was a disagreement
in diagnosis between the laboratory and quality
assessment pathologists. Representative examples of
lesions from the forestomach, liver, heart, harderian
gland, and lung of male and female mice, kidney and
brain of male mice, ovary and mammary giand of
female mice, and lesions of general interest were
presented by the chair to the PWG for review. The
PWG consisted of the quality assessment pathologist
and other pathologists experienced in rodent
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toxicologic pathology. This group examined the
tissues without knowledge of dose groups or previ-
ously rendered diagnoses. When the opinion of the
PWG differed from that of the laboratory pathologist,
the diagnosis was changed. Thus, the final diagnoses
represent a consensus of contractor pathologists and
the PWG. Details of these review procedures have
been described by Maronpot and Boorman (1982)
and Boorman et al (1985). For subsequent analysis
of pathology data, the diagnosed lesions for each
tissue type are evaluated separately or combined
according to the guidelines of McConnell er al
(1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
were censored from the survival analyses at the time
they were found dead of other than natural causes or
were found to be missing; animals dying from natural
causes were not censored. Statistical analyses for a
possible dose-related effect on survival used the
method of Cox (1972) for testing two groups for
equality and Tarone’s (1975) life table test to identify
dose-related trends. All reported P values for the
survival analyses are two sided.

Calculation of Incidence

The incidence of neoplasms or nonneoplastic lesions
is given as the number of animals bearing such
lesions at a specific anatomic site and the number of
animals in which that site was examined. In most
instances, the denominators include only those
animals for which the site was examined histo-
logically. However, when macroscopic examination
was requitred to detect lesions (e.g., skin, intestine,
mammary gland, or harderian gland neoplasms) prior
to histologic sampling, or when lesions had multiple
potential sites of occurrence (€.g., mononuclear cell
leukemia), the denominators consist of the number of
animals on which a necropsy was performed.

Analysis of Neoplasm Incidence

The large numbers of exposed mice that died or were
killed moribund early in these studies were consi-
dered to be due primarily to lymphoma or to heman-
giosarcoma of the heart. Moreover, carcinomas of
the forestomach, lung, preputial gland, mammary
gland, and Zymbal’s gland and sarcomas of the skin
were comsidered to be lethal neoplasms.



Consequently, for these particular neoplasms, primary
emphasis in the analysis of neoplasm incidence was
given to the life table test (Cox, 1972; Tarone, 1975),
a survival-adjusted procedure appropriate for rapidly
lethal neoplasms.

For incidental neoplasms (neoplasms discovered as a
result of death from an unrelated cause), the primary
statistical method used in these studies was logistic
regression, which assumed that the diagnosed neo-
plasms were discovered as the result of death from an
unrelated cause and thus did not affect the risk of
death. In this approach, neoplasm prevalence was
modeled as a logistic function of chemical exposure
and time. Both linear and quadratic terms in time
were incorporated initially, and the quadratic term
was eliminated if it did not significantly enhance the
fit of the model. The exposed and control groups
were compared on the basis of the likelihood score
test for the regression coefficient of dose. This
method of adjusting for intercurrent mortality is the
prevalence analysis of Dinse and Lagakos (1983),
further described and illustrated by Dinse and
Haseman (1986). When neoplasms are incidental,
this comparison of the time-specific neoplasm preva-
lences also provides a comparison of the time-specific
neoplasm incidence (McKnight and Crowley, 1984).

In addition to logistic regression, alternative methods
of statistical analysis were used, and the results of
these tests are summarized in the appendixes. These
include the Fisher exact test and the Cochran-
Armitage trend test (Armitage, 1971; Gart er al,
1979), procedures based on the overall proportion of
neoplasm-bearing animals.

Tests of significance included pairwise comparisons of
each exposed group with controls and a test for an
overall dose-response trend. Continuity-corrected
tests were used in the analysis of neoplasm incidence,
and reported P values are one sided. The procedures
described above also were used to evaluate selected
nonneoplastic lesions. For further discussion of these
statistical methods, refer to Haseman (1984).

Because the increased mortality in the 1,3-butadiene-
exposed groups reduced the sensitivity of logistic
regression analyses for detecting carcinogenic effects,
supplemental analyses were performed by the
survival-adjusted "Poly-3" quantal response test
(Bailer and Portier, 1988; Portier and Bailer, 1989).
This procedure, which is currently being evaluated by
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the NTP, modifies the Cochran-Armitage/Fisher exact
test by adjusting the denominators of the neoplasm
rates to take into account survival differences. This
adjustment was derived by Portier and Bailer (1989),
based on their fitting a Weibull model to historical
control neoplasm data for a variety of site-specific
neoplasms. The use of the power of k=3 in the
poly-k adjustment for intercurrent mortality in the
1,3-butadiene study is justified by the following:
(1) For liver and lung neoplasms in historical control
animals, the observed survival adjusted value of k
that best fits the data is approximately 3 in both male
and female mice (Portier et alL, 1986). For leukemia/
lymphoma combined, a slightly higher value was
observed (6 in females and 5 in males). In male
mice, the value of k for all neoplasms combined was
approximately 3 and for females it was approximately
4.5. (2) Simulations have shown that it is better (in
terms of preserving false positive error rate) to
underestimate the value of k than to overestimate it.
Thus, for example, it is better to use k=3 when in
truth k=6 than it is to use k=6 when in truth k=3,
Because none of the values for k estimated by Portier

_ et al. (1986) were significantly less than 3, and few

were significantly greater than 3, the choice of 3
seems reasonable. The corresponding survival-
adjusted neoplasm rates are also reported.

Determining Dose-Response Shape

Jor 1,3-Butadiene

For those neoplasms showing chemical-related
effects, the shape of the dose-response curve was
estimated by fitting the following modified Weibull
model (Portier et al., 1986) to the data:

P(dose) = 1 - e(intercept + scale - dose shape,

where P(dose) is the probability of a neoplasm prior
to study termination for animals administered dose
dose of 1,3-butadiene. The parameters infercept, scale,
and shape are estimated via maximum likelihood esti-
mation using the likelihood

5

. L = X xjlog[P(d)] + (n; - x))log[1-P(d})]
i=

where x; is the number of animals with neoplasm in
dose group d;, and n; is the poly-3 adjusted number
of animals at risk in dose group d;, i=0,12,..5. A
likelihood ratio test is used to test the hypothesis

that the shape parameter equals 1. The test statistic
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is given as -2 times the differences in the log likeli-
hoods. A one-sided test was used so that the critical
values are 2.706 for P=0.05 and 5.410 for P=0.01
(these are the squares of the critical regions from
standard normal distribution). The shape parameter
was restricted to be less than or equal to 10.

If the estimated shape parameter is greater than 1,
the resulting dose-response has more curvature than
a linear model and exhibits "threshold-like" behavior.
If the estimated shape parameter is less than 1, then
the dose-response curve is very steep in the low-dose
region.

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, there are certain instances in which
historical control data can be helpful in the overall
assessment of neoplasm incidence. Consequently,
control neoplasm incidences from the NTP historical
control database (Haseman er al, 1984, 1985) are
included in the NTP reports for neoplasms appearing
to show compound-related effects.

Analysis of Continuous Variables

Two approaches were employed to assess the signifi-
cance of pairwise comparisons between dosed and
control groups in the analysis of continuous variables.
Organ and body weight data, which have approxi-
mately normal distributions, were analyzed using the
parametric multiple comparison procedures of
Williams (1971, 1972) and Dunnett (1955). Clinical
chemistry and hematology data, which have typically
skewed distributions, were analyzed using the non-
parametric multiple comparison methods of Shirley
(1977) and Dunn (1964). Jonckheere’s test
(Jonckheere, 1954) was used to assess the significance
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of dose-response trends and to determine whether a
trend-sensitive test (Williams’ or Shirley’s test) was
more appropriate for pairwise comparisons than a
test that does not assume a monotonic dose-response
(Dunnett’s or Dunn’s test).

QUALITY ASSURANCE METHODS

The 2-year studies were conducted in compliance
with Food and Drug Administration Good Labora-
tory Practice Regulations (21 CFR, Part 58). In
addition, as study records were submitted to the NTP
Archives, they were audited retrospectively by an
independent quality assurance contractor. Separate
audits covering completeness and accuracy of the
pathology data, pathology specimens, final pathology
tables, and preliminary review draft of the NTP
Technical Report were conducted. Audit procedures
and findings are presented in the reports, which are
on file at the NIEHS. The audit findings were
reviewed and assessed by NTP staff so all had been
resolved or were otherwise addressed during the
preparation of this Technical Report.

GENETIC TOXICITY

The genetic toxicity of 1,3-butadiene was assessed by
testing the ability of the chemical to induce muta-
tions in various strains of Salmonella typhimurium,
trifluorothymidine resistance in L5178Y mouse
lymphoma cells, sister chromatid exchanges and
chromosomal aberrations in mouse bone marrow
cells, sex-linked recessive lethal mutations in
Drosophila melanogaster, and micronuclei in periph-
eral blood erythrocytes of mice. The protocols for
these studies and tabular presentations of their
findings are in Appendix D.
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TABLE 2
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Experimental Design and Materials and Methods in the Inhalation Studies of 1,3-Butadiene

2-Year Studies

Stop-Exposure Study -

Study Laboratory
Battelle Pacific Northwest Laboratories, Richland, WA

Strain and Species
B6C3F; mice

Animal Source
Frederick Cancer Research Facility, Frederick, MD

Size of Study Groups
70 males and 70 females. 90 males and 90 females in
625 ppm dose groups

Doses
0, 6.25, 20, 62.5, 200, or 625 ppm in air

Time Held Before Study
Males: 15 days
Females: 13 days

Average Age When Placed on Study
Males: 6 to 8 weeks
Females: 7 to 8 weeks

Date of First Exposure
23 January 1986

Duration of Exposure
6 hours daily, 5 days a week, for up to 103 weeks

Date of Last Exposure

9-month interims: 30 October 1986
15-month interims: 23 April 1987
2-year studies: 13 January 1988

Average Age When Killed
111 to 113 weeks

Method of Sacrifice
70% carbon dioxide

Method of Animal Distribution

Animals randomly assigned to control and exposure groups
with body weight as the blocking variable, using the XYBION
PATH/TOX System.

Animals per Cage
1

(continued)

Battelle Pacific Northwest Laboratories, Richland, WA

B6C3F, mice

Frederick Cancer Research Facility, Frederick, MD

50 males

200, 312, or 625 ppm in air

15 days

6 to 8 weeks

23 January 1986

6 hours daily, 5 days a week, for 13, 26, 40, or 52 weeks

13-week stop exposure: 23 April 1986

. 26-week stop exposure: 23 July 1986

40-week stop exposure: 29 October 1986
52-week stop exposure: 21 January 1987

111 to 113 weeks

70% carbon dioxide

Animals randomly assigned to control and exposure groups
with body weight as the blocking variable, using the XYBION
PATH/TOX System.
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Experimental Design and Materials and Methods in the Inhalation Studies of 1,3-Butadiene (continued)

2-Year Studies

Stop-Exposure Study

Method of Animeal Identification
Toe clip

Diet

NIH-07 open-formula diet, pellets (Zeigler Bros., Inc.,
Gardners, PA), available ad libitum, except during exposure
periods

Water

Tap water (City of Richland water supply) via automatic
watering system (Systems Engineering, Napa, CA), available
ad libitum

Cages
Stainless steel wire-bottom cages (Hazleton Systems, Inc.,
Aberdeen, MD), changed weekly

Chambers
Stainless steel chambers (Lab Products, Inc., Harford
Division, Aberdeen, MD)

Animal Chamber Environment
Average temperature: 23.5° £ 1.5°C
Relative humidity: 55% + 15%
Fluorescent light: 12 hours/day
Room air changes: 17-21/hour

Type and Frequency of Observation
Observed twice daily; weighed initially, weekly for 13 weelks,
monthly thereafter; clinical observations recorded monthly

Necropsy

Necropsy performed on all animals. The following organs
were weighed at the 9- and 15-month interim evaluations:
brain, heart, right kidney, liver, lungs, spleen, right testis, and
thymus.

Clinical Pathology

Clinical pathology studies were performed at the 9- and
15-month interim evaluations.

Hematology: Packed red cell volume, hemoglobin,
erythrocytes, Howell-Jolly bodies, mean erythrocyte volume,
mean erythrocyte hemoglobin, mean erythrocyte hemoglobin
concentration, platelets, reticulocytes, and leukocyte count
and differential, total bone marrow cellularity (15 months

only)

Clinical chemistry: Creatine kinase and lactate dehydrogenase

(continued)

Toe clip

NIH-07 open-formula diet, pellets (Zeigler Bros., Inc.,
Gardners, PA), available ad libitum, except during exposure
periods

Tap water (City of Richland water supply) via automatic
watering system (Systems Engineering, Napa, CA), available
ad libitum

Stainless steel wire-bottom cages (Hazleton Systems, Inc.,
Aberdeen, MD), changed weekly

Stainless steel chambers (Lab Preducts, Inc., Harford
Division, Aberdeen, MD)

Average temperature: 23.5° = 1.5°C
Relative humidity: 55% =+ 15%
Fluorescent light: 12 hours/day
Room air changes: 17-21/hour

Observed twice daily; weighed initially, weekly for 13 weeks,
monthly thereafter; clinical observations recorded monthly

Necropsy performed on all animals.

None
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Experimental Design and Materials and Methods in the Inhalation Studies of 1,3-Butadiene (continued)

2-Year Studies

Stop-Exposure Study

Histopathology

Complete histopathology was performed on all controls, 200,
and 625 ppm mice at the 9-month interim evaluation; all
controls, all exposed males, and 62.5, 200, and 625 ppm
females at the 15-month interim evaluation; all animals dying
early or killed moribund; and all 2-year core study mice. The
following tissues were routinely examined microscopically:
gross lesions and tissue masses with regional lymph nodes,
adrenal gland, brain, epididymis, esophagus, galibladder,
harderian gland, heart, kidney, large intestine (cecum, colon,
rectum), larynx, liver, lung, lymph node (bronchial,
mediastinal, mandibular, mesenteric), mammary gland, nose,
ovary, pancreas, parathyroid gland, pharynx, pituitary gland,
prostate gland, salivary gland, seminal vesicle, small intestine
(duodenum, jejunum, ileum), spleen, sternebrae (including
marrow), stomach (forestomach and glandular), testis, thymus,
thyroid gland, trachea, and uterus.

Complete histopathology was performed on all stop-exposure
mice. The following tissues were routinely examined
microscopically: gross lesions and tissue masses with regional
lymph nodes, adrenal gland, brain, epididymis, esophagus,
gallbladder, harderian gland, heart, kidney, large intestine
(cecum, colon, rectum), larynx, liver, lung, lymph node
(bronchial, mediastinal, mandibular, mesenteric), mammary
gland, nose, ovary, pancreas, parathyroid gland, pharynx,
pituitary gland, prostate gland, salivary gland, seminal vesicle,
small intestine (duodenum, jejunum, ileum), spleen,
sternebrae (including marrow), stomach (forestomach and
glandular), testis, thymus, thyroid gland, and trachea.
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RESULTS

2-YEAR STUDIES

Survival

Estimates of the probabilities of survival for male and
female mice exposed to 1,3-butadiene and control
mice are shown in Table 3 and in the Kaplan-Meier
survival curves in Figure 2. Exposure-related mortali-
ties first occurred during week 23, mainly in mice

TABLE 3

exposed to 625 ppm, and were due primarily to the
induction of fatal neoplasms and their associated
lesions. No female mice exposed to 200 or 625 ppm
or male mice exposed to 625 ppm survived to the end
of the studies. Survival was decreased for males and
females exposed to concentrations of 20 ppm or
above. The decreases in survival were dose related.

Survival of Mice in the 2-Year Inhalation Studies of 1,3-Butadiene

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
Animals initially in study 70 70 70 70 70 90
9-Month interim evaluation® 10 10 10 10 10 10
15-Month interim evaluation® 10 10 10 10 10 7
Accidental deaths® 0 0 0 0 0 1
Moribund 9 6 15 15 23 33
Natural deaths 6 5 11 12 23 39
Missing? 0 0 0 1 0 0
Animals surviving until study termination 35 39 24 22 4 0
Percent probability of survival at end of study® 70 78 49 46 8 0
Mean survival (days)? 597 611 575 558 502 280
Survival analysis® P<0.001 P=0.430N P=0.044 P=0.021 P<0.001 P<0.001
Female
Animals initially in study 70 70 70 70 70 90
9-Month interim evaluation® 10 10 10 10 10 8
15-Month interim evaluation® 10 10 10 10 10 2
Accidental deaths® 0 0 1 0 1 1
Moribund 10 10 14 31 37 46
Natural deaths 3 7 11 8 12 33
Animals surviving until study termination 37 33 24 11 0 0
Percent probability of survival at end of study 74 66 50 23 0 0
Mean survival (days) 608 597 573 548 441 320
Survival analysis P<0.001 P=0.510 P=0.013 P<0.001 P<0.001 P<0.001

Censored from survival analyses
Includes one animal that died during the last week of the study

o a6 o

Mean of all deaths (uncensored, censored, terminal sacrifice)

Kaplan-Meier determinations. Survival rates adjusted for interim evaluations, accidental deaths, and missing animals.

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the controls are in the dosed columns. A lower mortality in a dose group is indicated by N.



32

1,3-Butadiene, NTP TR 434

<
07 e e e TR e S R e
>
&
2 :
7S YT ESCTURUUSOUSUUN SUUUPVHRRNUE NSO SUUNON URURRUE NRSOPOROROURY: OV IOOTOPN: ... SEONE SOTOURPOIRION
"
o
=] : :
‘2 MALE MICE
8 M CONTROL
8‘_ 0.3 -eeeee O 6.25PPM
A 20 PPN
0.2 (0] 2N T RN U ¢TI (SRTOTIOnIovIe PORRRRN: i WEISOOF ORI
® 200 PPM
0.1 <o 6.25 PPM .
0.0 i ;
o 15 30 120
WEEKS ON STUDY
|.0‘h
0.9
2
2 0.7~ rmemenninnenns
> H
&
B 0.6 i
L.
o :
t 0.5r-e0nmennenn .
] i
3 0.4 ceeenes FEMALE MICE
3 B coNTROL
x 0.3-eeneee O 6.25 PPM
A 20PN
0.2rene 0O s2.5 PPM
@ 200 PPN
0'1.1 ......... o 3.25 ’m -
0.0 i ; ; : — 7 *—;
0 15 30 45 60 75 30 105 120
WEEKS ON STUDY
FIGURE 2

Kaplan-Meier Survival Curves for Mice Administered 1,3-Butadiene by Inhalation for 2 Years



Results

Body Weights and Clinical Findings

Mean body weights of exposed male and female mice
were similar to those of controls throughout the
study (Tables 4 and 5 and Figure 3). No clinical
findings other than those associated with lesion
development and moribundity were observed.

Hematology and Clinical Chemistry

At the 9-month interim evaluation, statistically signif-
icant, dose-related decreases in mean values for
erythrocyte counts, hemoglobin concentration, and
packed red cell volume occurred in male mice
exposed to 62.5 ppm or above (Table F1). At the
625 ppm level, mean erythrocyte volume was signifi-
cantly increased, although there was no evident
reticulocytosis or excessive polychromasia compared
to the control males. The percentage of erythrocytes
with Howell-Jolly body inclusions was also signifi-
cantly increased in males exposed to 625 ppm, and
significant leukopenia and lymphopenia occurred in
males exposed to 200 or 625 ppm. In females
exposed to 200 or 625 ppm, erythroid parameters
including erythrocyte counts, hemoglobin concen-
tration, and packed red cell volume were significantly
reduced. Macrocytosis and significant increases in
the percentage of erythrocytes with Howell-Jolly
bodies and mean erythrocyte hemoglobin, without a
significant increase in reticulocytes or excessive poly-
chromasia, occurred in females exposed to 200 or
625 ppm. Leukopenia and lymphopenia did not
occur in females in the 200 and 625 ppm groups,
although neutrophils and lymphocytes were lower in
these groups than in the control females. These
findings are consistent with a mild to moderate,
poorly regenerative, macrocytic anemia. The mecha-
nism for the anemia cannot be determined from the
available data, but a mild megaloblastic anemia
resulting from ineffective erythropoiesis in the bone
marrow cannot be excluded. There were no signifi-
cant differences or exposure-related trends in total
serum enzyme activity of lactate dehydrogenase or
creatine kinase of either sex at the 9-month interim
evaluation.

At the 15-month interim evaluation, there was a
statistically significant decrease in mean values for
erythrocyte counts, hemoglobin concentrations, and
packed red cell volumes, and a significant increase in
the mear erythrocyte volumes in males and females
exposed to 625 ppm (Table F2). Males and females
in the 625 ppm groups had statistically significant

a3

increases in the percentage of erythrocytes with
Howell-Jolly body inclusions. Increases in numbers
of Howell-Jolly bodies can occur in regenerative or
megaloblastic anemias. Males exposed to 625 ppm
1,3-butadiene had a significant increase in mean
platelet value, a finding that correlated with the
occurrence of neoplasms. Bone marrow cell counts
of the two surviving females in the 625 ppm group
were greater than those of the controls. No statis-
tical differences were noted in bone marrow cell
counts between control and exposed males. Micro-
scopic evaluations of the marrow smears revealed a
slight left shift in the erythroid series of both sexes
exposed to 200 or 625 ppm. There was also an
increase in erythroblasts with some megaloblastic
characteristics and an increase in necrobiotic erythro-
blasts and in erythroblasts with a multilobed nucleus.
Two males in the 625 ppm group had many hyper-
segmented neutrophils present, and one contained a
uniform population of immature mononuclear cells,
which led to the diagnosis of malignant lymphoma.
Total lactate dehydrogenase (LDH) values were
increased in males and females exposed to 200 or
625 ppm (Table F2). The percentages of LDH-1 and
LDH-2 were decreased and LDH-5 was increased in
males and females exposed to 625 ppm. LDH-5 is
the principal isoenzyme in skeletal muscle and liver,
and the finding of a marked increase in hepatocel-
lular necrosis may be the cause of the increased
percent LDH-5; however, LDH is contained in all
tissues in varying amounts. In no case was there any
evidence of isoenzyme patterns suggestive of those
observed in humans with myocardial infarction or
muscle disease, lesions that are primarily associated
with necrosis and not proliferation. There was no
correlation between the total enzyme and isoenzyme
values on an individual basis and the histopathologic
lesion diagnosis.

Pathology and Statistical

Analyses of Results

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
neoplasms or nonneoplastic lesions of the hemato-
poietic system, heart, lung, stomach, liver, ovary,
uterus, harderian gland, mammary gland, preputial
gland, kidney, skin, Zymbal’s gland, small intestine,
testis, and nose. Summaries of the incidences of neo-
plasms and nonneoplastic lesions, the individual
animal tumor diagnoses, the statistical analyses of
primary neoplasms that occurred with an incidence



34 1,3-Butadiene, NTP TR 434

TABLE 4
Mean Body Weights and Survival of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene

Weeks 0 ppm 6.25 ppm 20 ppm 62.5 ppm
on Av. Wt No. of Av. WL. WL (% of No. of Av. WL. Wt (% of No. of Av. WL, Wt (% of No. of
Study ® Survivors ® controls) Survivors ® controls) Survivors ® controls) Survivors
1 230 70 231 100 70 229 100 70 229 100 70
2 244 70 242 99 70 24.1 99 70 241 9 70
3 258 70 25.6 9 70 253 98 70 249 97 69
4 271 70 26.6 98 70 265 98 70 263 97 69
5 278 70 274 99 70 217 100 70 215 99 69
6 287 70 285 99 70 28.6 100 70 283 9 69
7 292 70 289 99 70 29.2 100 70 29.1 100 69
8 30.1 70 295 98 70 30.0 100 70 29.7 9 69
9 30.7 70 299 97 70 30.6 100 70 30.1 98 69
10 311 70 30.7 99 70 312 100 70 309 99 69
11 320 70 314 98 70 323 101 70 320 100 69
12 327 70 31.7 97 70 323 9 70 321 98 69
13 330 70 319 97 70 32.7 99 70 322 98 69
14 337 70 324 96 70 334 99 70 329 98 69
18 352 70 347 99 70 36.0 102 70 35.6 101 69
22 36.6 70 368 101 70 379 104 70 36.3 99 69
26 389 70 37.6 97 70 395 102 70 375 96 69
30 40.8 70 40.0 98 70 420 103 70 40.7 100 68
34 417 70 410 98 70 429 103 70 419 101 68
38 432 70 425 98 70 445 103 70 422 98 68
422 433 60 428 99 60 442 102 60 438 101 58
46 4.1 60 43.6 99 60 45.1 102 59 45.0 102 58
49 455 60 443 97 60 459 101 59 45.1 99 58
54 46.0 60 48 97 60 46.6 101 59 45.7 99 57
58 457 59 451 9 60 46.1 101 58 46.6 102 56
62 46.1 59 459 100 60 46.9 102 58 46.5 101 56
66* 45.7 49 454 99 50 46.1 101 48 46.5 102 45
70 458 48 464 101 48 46.6 102 47 47.0 103 43
74 453 46 460 102 48 46.5 103 47 46.8 103 43
78 45.1 46 454 101 48 46.5 103 43 46.7 104 41
82 448 44 49 100 48 455 102 42 46.5 104 38
86 443 43 455 103 47 449 101 38 46.4 105 36
90 40 41 458 104 45 448 102 35 45.2 103 34
94 43.1 39 45 103 4 43.7 101 32 439 102 31
96 429 39 46 104 42 43.0 100 30 43.6 102 29
97 43.0 37 446 104 41 41.6 97 30 41.6 97 29
9 423 37 40 104 41 419 99 25 414 98 28
101 41.6 36 434 104 41 420 101 24 40.2 97 25
103 41.5 35 437 105 40 41.6 100 24 40.3 97 22
Terminal sacrifice 35 39 24 22

Mean for weeks

1-13 289 284 98 287 99 285 99
14-52 403 39.6 98 41.1 102 40.1 100
53-103 4.2 450 102 44.6 101 44.7 101

(continued)




Results 3s

TABLE 4
Mean Body Weights and Survival of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

Weeks 0 ppm 200 ppm 625 ppm
on Av. Wt No. of Av. Wt Wt (% of No. of Av. WL, Wt (% of No. of
Study ® Survivors ® controls) Survivors ® controls) Survivors

1 230 70 225 98 70 224 97 920

2 244 70 239 98 70 236 97 9

3 258 70 252 98 70 250 97 90

4 271 70 26.2 97 70 26.1 9 90

5 278 70 271 98 70 268 96 90

6 28.7 70 28.1 98 70 281 98 90

7 292 70 289 99 70 285 98 90

8 30.1 70 299 99 70 292 97 90

9 30.7 70 30.2 98 70 295 96 90

10 311 70 30.7 99 70 30.2 97 90

11 320 70 31.6 99 70 310 97 90

12 327 70 324 9 70 318 97 90

13 33.0 70 331 100 70 321 97 90

14 337 70 333 9 70 324 96 90

18 352 70 359 102 70 349 9 89

22 36.6 70 379 104 70 372 102 89

26 389 70 40.1 103 69 39.2 101 85

30 40.8 70 422 103 69 41.1 101 78

34 41.7 70 43.1 103 68 415 100 68

38 432 70 45.1 104 67 424 98 49

42?2 433 60 46.4 107 56 429 99 29

46 44.1 60 463 105 56 438 99 18

49 45.5 60 472 104 56 44.0 97 16

54 46.0 60 472 103 54 459 100 13

58 45.7 59 474 104 53 45.7 100 11

62 46.1 59 47.6 103 53 454 99 8
66° 45.7 49 475 104 43
70 458 48 47.0 103 39
74 453 46 46.7 103 37
78 45.1 46 472 105 33
82 448 44 447 100 33
86 443 43 43.7 99 23
90 440 41 422 9% 15
94 43.1 39 41.5 96 10
96 429 39 408 95 8
97 43.0 37 40.0 93 6
99 423 37 385 91 5
101 41.6 36 395 95 4
103 41.5 35 39.0 94 4

Terminal sacrifice 35 4 0

Mean for weeks

1-13 289 284 98 280 97
14-52 403 418 104 39.9 9
53-103 44.2 438 9

2 Interim evaluations occurred during weeks 41 and 66.
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TABLE 5§
Mean Body Weights and Survival of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene

Weeks 0 ppm 6.25 ppm 20 ppm 62.5 ppm
on Av. Wt. No. of Av. Wt. WL (% of No.of Av.Wt WL (% of No. of Av. Wt. Wt (% of No. of
Study ® Survivors ® controls) Survivors ® controls) Survivors ® controls) Survivors
1 188 70 18.6 99 70 18.6 99 70 18.5 98 70
2 210 70 210 100 69 21.1 101 70 20.6 98 70
3 224 70 218 97 69 219 98 70 218 97 70
4 229 70 221 97 69 223 97 70 226 9 70
5 23.7 70 232 98 69 233 98 70 233 98 70
6 24.5 70 24.1 98 69 241 98 70 239 98 70
7 250 70 246 98 69 24.7 99 70 242 97 70
8 254 70 252 99 69 25.0 98 70 246 97 70
9 26.3 70 25.7 98 69 258 98 70 253 9% 70
10 26.9 70 258 96 69 259 96 70 255 95 70
11 211 70 264 97 69 26.7 99 70 264 97 70
12 212 70 26.7 98 69 26.5 97 70 26.1 % 70
13 219 70 270 97 69 271 97 70 26.2 94 70
14 28.0 70 274 98 69 274 98 70 270 96 70
18 30.6 70 298 97 69 299 98 70 285 93 70
22 316 70 314 9 69 313 99 70 30.5 97 70
26 329 70 322 98 69 326 99 70 324 99 70
30 344 70 347 101 69 355 103 69 346 101 70
34 36.1 70 357 99 69 350 97 69 359 99 70
38 379 70 374 99 69 378 100 69 369 97 70
42? 384 60 395 103 59 398 104 58 39.5 103 60
46 402 60 400 100 59 40.5 101 58 40.6 101 60
50 41.5 60 41.0 9 59 425 102 58 429 103 60
54 426 60 428 101 59 436 102 57 44.6 105 60
58 434 60 43.1 99 59 439 101 57 46.2 107 58
62 440 59 451 103 59 46.1 105 57 479 109 56
662 454 49 461 102 49 47.7 105 47 48.7 107 44
70 46.7 49 474 102 48 49.0 105 47 50.1 107 44
74 48.1 48 481 100 48 50.0 104 45 51.5 107 42
78 48.1 48 486 101 45 50.7 105 43 50.4 105 39
82 46.6 46 485 104 45 503 108 42 48.7 105 37
86 474 46 490 103 44 48.7 103 40 47.7 101 32
90 469 45 487 104 44 48.6 104 38 45.7 97 29
94 46.0 43 466 101 41 48.6 106 34 425 92 23
96 46.1 4?2 463 100 40 493 107 31 43.6 95 18
98 44.8 41 457 102 39 48.0 107 29 437 98 17
100 448 41 460 103 39 479 107 25 44.5 99 16
102 4.1 40 455 103 37 46.0 104 24 428 97 13
104 442 37 456 103 37 464 105 24 43.1 98 13
Terminal sacrifice 37 33 4 11
Mean for weeks
1-13 245 24.0 98 241 98 238 97
14-52 352 349 99 352 100 349 9
53-104 45.6 464 102 478 105 464 102

(continued)
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TABLE §

Mean Body Weights and Survival of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene
(continued)

Weeks 0 ppm 200 ppm 625 ppm
on Av. Wt. No. of Av. Wt Wt (% of No. of Av. Wt Wt (% of No. of
Study ® Survivors ® controls) Survivors ® controls) Survivers
1 188 70 18.2 97 70 183 97 90
2 210 70 209 100 69 20.6 98 90
3 224 70 223 100 69 217 97 89
4 229 70 228 100 69 224 98 89
5 237 70 234 9 69 232 98 89
6 245 70 243 9 69 24.2 99 89
7 250 70 24.7 99 69 24.7 9 89
8 254 70 25.7 101 69 254 100 89
9 263 70 26.1 99 69 25.6 97 89
10 269 70 26.1 97 69 258 96 89
11 271 70 26.6 98 69 26.6 98 89
12 272 70 26.7 98 69 26.5 97 89
13 279 70 27.2 98 69 26.9 9% 89
14 28.0 70 218 99 69 274 98 89
18 30.6 70 29.3 96 69 29.5 96 89
22 316 70 308 98 69 317 100 89
26 329 70 327 99 69 332 101 89
30 344 70 35.1 102 69 35.0 102 86
34 36.1 70 373 103 68 36.2 100 81
38 379 70 39.7 105 68 37.6 99 75
422 384 60 424 110 57 398 104 56
46 402 60 432 108 57 404 101 45
50 415 60 451 109 54 418 101 32
54 42.6 60 46.0 108 51 414 97 22
58 434 60 47.1 109 48 41.7 96 11
62 40 59 493 112 45 439 100 5
66° 454 49 492 108 31
70 46.7 49 488 105 23
74 48.1 48 511 106 16
78 48.1 48 50.8 106 13
82 46.6 46 458 98 12
86 474 46 474 100 7
90 469 45 533 114
94 46.0 43 46.6 101 3
96 46.1 42 48.6 105 2
98 448 41 49.5 111 2
100 448 41 46.6 104 2
102 44.1 40
104 4.2 37
Terminal sacrifice 37 0 0
Mean for weeks
1-13 45 24.2 99 4.0 98
14-52 352 363 103 353 100
53-104 456 425 93

2 Interim evaluations occurred during weeks 41 and 66.
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of at least 5% in at least one animal group, and
historical incidences for the biologically significant
neoplasms mentioned in this section are presented in
Appendix A for male mice and Appendix B for
female mice.

Hematopoietic System: At the 9-month interim evalu-
ation, the absolute and relative thymus weights of
females receiving 625 ppm were lower than those of
controls (Table E1). The relative thymus weight of
200 ppm females was also lower than that of controls.
In addition, the relative spleen weight of females that
received 62.5 ppm or more and the absolute spleen
weight of females that received 200 ppm were lower
than those of controls. At the 15-month interim
evaluation, the absolute and relative spleen weights
of males and females receiving 625 ppm were greater
than those of controls (Table E2). The absolute
spleen weight of the 200 ppm females was also
greater than that of the controls.

Exposure of mice to 1,3-butadiene was associated
with the development of malignant lymphoma, and to
a lesser extent, histiocytic sarcoma (Table 6). The
incidence of malignant lymphomas, particularly the
lymphocytic type, was significantly greater in males
exposed to 625 ppm and in females exposed to 200 or
625 ppm than in the controls. The lymphocytic
lymphomas occurred as early as week 23 and peaked
before the 15-month interim evaluations. Malignant
lymphomas of the mixed and undifferentiated cell
types occurred at incidences more typical of the
spontancous lesions seen in B6C3F, mice. The
incidence of histiocytic sarcoma was significantly
greater in males and females exposed to 200 ppm
than in the controls. Moreover, the incidences in
male mice exposed to 20, 62.5, or 625 ppm and in
females exposed to 625 ppm were marginally higher
than in the controls.

Although many organs, particularly the spleen, lymph
nodes, liver, lung, and kidney, were affected in mice
with lymphocytic lymphoma, the thymus was involved
in most mice, and in some, the thymus was the pre-
dominant organ affected. The lymphocytic lympho-
mas consisted of uniform populations of small- to
medium-sized lymphocytes, whereas the mixed and
undifferentiated lymphomas generally consisted of
more heterogenous populations of lymphocytes with
cellular pleomorphism and atypia. The histiocytic
sarcomas have previously been referred to as
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reticulum cell sarcoma, type A, or malignant
lymphoma, histiocytic type, but currently are believed
to be derived from nonlymphoid, mononuclear
phagocytic cells. Histologically, the sarcoma cells
were large and monomorphic, with dark basophilic
nuclei and relatively abundant eosinophilic cytoplasm.
Multinucleated giant cells were sometimes seen.

Bone marrow atrophy was observed in both sexes
only at the highest exposure concentration, 625 ppm
(Tables AS and BS). Atrophy varied in severity from
mild depletion of hematopoietic cells in mice evalu-
ated at 9 months to marked depletion in mice that
died or were killed before 15 months. Incidences of
bone marrow hyperplasia in female mice exposed to
62.5, 200, or 625 ppm were greater than the inci-
dences in the control group (Table B5). The hyper-
plasia was primarily an increase in granulocyte
precursor cells, a response that correlated with the
presence of large neoplasms in the skin, mammary
gland, or other organs. Increased severity or inci-
dence of hematopoiesis in the spleen, liver, and lung
was also observed in females at the three highest
exposure concentrations. The hematopoiesis in these
organs paralleled the finding of bone marrow hyper-
plasia.

At the 9-month interim evaluations, absolute thymus
weights were decreased in males and females exposed
to 625 ppm (Table E1); the decrease in females was
statistically significant. These decreased weights
correlated with the presence of thymic necrosis
(atrophy). The incidence of thymic necrosis was also
increased in female mice exposed to 62.5, 200, or
625 ppm.

Heart: The absolute heart weights of females
receiving 625 ppm were greater than those of the
controls at both the 9- and 15-month interim
evaluations (Tables E1 and E2). The absolute heart
weight of 200 ppm females was also greater than that
of controls at the 15-month interim evaluation.

The incidences of hemangiosarcoma of the heart in
males exposed to 62.5 ppm or greater and in males
and females exposed to 200 or 625 ppm were
significantly higher than in the controls (Table 7).
Endothelial hyperplasia was also observed in exposed
mice. The cardiac hemangiosarcomas occurred in all
ventricular locations, but were more frequent in the
left ventricular wall. They were occasionally
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TABLE 6
Malignant Lymphoma and Histiocytic Sarcoma in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male

9-Month Interim Evaluation
Lymphocytic Malignant Lymphoma 0/10 (0%)  0/10(0%) 0710 (0%) 010 (0%)  0/10 (0%)  1/10 (10%)

15-Month Interim Evaluation
Lymphocytic Malignant Lymphoma 010 (0%) 0710 (0%) 010 (0%)  O0/10 (0%)  0/10 (0%)  2/7 (29%)

2-Year Study
Lymphocytic Malignant Lymphoma :
Overall rate 2/50 (4%) 0/50 (0%) 2/50 (4%) 4/50 (8%) 2/50 (4%) 49/73 (67%)
Adjusted rateb 47% 0.0% 4.2% 12.0% 4.0% 95.1%
Terminal rate® 0/35 (0%) 0/39 (0%) 0/24 (0%) 0/22 (0%) 0/4 (0%) 0/0
First incidence (days) 511 £ 456 546 171 161
Life table testd P<0.001 P=0.227N P=0.671 P=0.253 P=0.529 P<0.001
Malignant Lymphoma (Mixed or Undifferentiated Cell Type)
Overall rate 2/50 (4%) 2/50 (4%) 2/50 (4%) 0/50 (0%) 0/50 (0%) 17713 (1%)
Malignant Lymphoma (Histiocytic, Lymphocytic, Mixed, NOS, or Undifferentiated Cell ’l‘ype)f
Overall rate 4/50 (8%) 2/50 (4%) 4/50 (8%) 6/50 (12%)  2/50 (4%) 51/73 (70%)
Adjusted rate 9.8% 51% 122% 17.7% 4.0% 95.4%
Terminal rate 1735 (3%) 2139 (5%) 2724 (8%) 122 (5%) 0/4 (0%) 00
First incidence (days) 511 733 (T) 456 200 171 161
Life table test P<0.001 P=0.302N P=0.528 P=0.238 P=0.627 P<0.001
Histiocytic Sarcoma’
Overall rate 0/50 (0%) 0/50 (0%) 4/50 (8%) 5/50 (10%)  7/50 (14%) 4773 (5%)
Adjusted rate 0.0% 0.0% 10.6% 14.3% 31.9% 10.8%
Terminal rate 0/35 (0%) 0/39 (0%) 0/24 (0%) 1/22 (5%) 0/4 (0%) 00
First incidence (days) - - 531 398 288 120
Life table test P<0.001 - P=0.051 P=0.021 P<0.001 P=0.043

(continued)
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TABLE 6

Malignant Lymphoma and Histiocytic Sarcoma in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene
(continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Female

9-Month Interim Evaluation
Lymphocytic Malignant Lymphoma 0710 (0%)  0/10 (0%)  O0/10 (0%)  ©O/10 (0%) 010 (0%) 18 (13%)

15-Month Interim Evaluation
Lymphocytic Malignant Lymphoma 1710 (10%) 0710 (0%) 010(0%) 0710 (0%)  1/10 (10%) 072 (0%)

2-Year Study
Lymphocytic Malignant Lymphoma
Overall rate 1/50 (2%) 3/50 (6%) 6/50 (12%)  3/50 (6%) 8/50 (16%)  31/80 (39%)
Adjusted rate 22% 8.5% 19.6% 13.5% 37.8% 70.5%
Terminal rate 0/37 (0%) 2/33 (6%) 324 (13%)  1/11 (9%) 0/0 0/0
First incidence (days) 623 695 533 407 205 203
Life table test P<0.001 P=0278 P=0.026 P=0.160 P<0.001 P<0.001
Malignant Lymphoma (Mixed or Undifferentiated Cell Type)
Overall rate 5/50 (10%)  9/50 (18%)  5/50 (10%)  3/50 (6%) 1/50 (2%) 0/80 (0%)
Malignant Lymphoma (Lymphocytic, Mixed, NOS, or Undifferentiated Cell 'l‘ype)h
Overall rate 6/50 (12%)  12/50 (24%) 11/50 (22%) 7/50 (14%)  9/50 (18%)  32/80 (40%)
Adjusted rate 14.6% 34.0% 38.7% 35.9% 39.7% 70.8%
Terminal rate 3/37 (8%) 1033 (30%) 8124 (33%) 311 (27%) OO 0/0
First incidence (days) 623 695 533 407 205 189
Life table test P<0.001 P=0.068 P=0.029 P=0.055 P<0.001 P<0.001
Histiocytic Sarcoma’
Overall rate 3/50 (6%) 2/50 (4%) 7/50 (14%)  4/50 (8%) 7/50 (14%)  4/80 (5%)
Adjusted rate 6.9% 4.5% 20.0% 17.7% 28.1% 10.3%
Terminal rate 0/37 (0%) 0/33 (0%) 1724 (4%) 0/11 (0%) 0/0 0/0
First incidence (days) 485 467 492 524 344 300
Life table test P<0.001 P=0.518N P=0.077 P=0.195 P=0.002 P=0.038

(T)Terminal sacrifice

3 Incidences are given as number of neoplasm-bearing animals/number of animals necropsied.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidences are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. A lower incidence in a dose group is
indicated by N.

Not applicable; no neoplasms in animal group

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean * standard deviation): 46/575

(8.0% + 4.5%); range 2%-16%

8 2-Year historical incidence: 5/575 (0.9% * 1.4%); range 0%-4%

2-Year historical incidence: 153/561 (27.3% + 15.1%); range 8%-44%

! 2-Year historical incidence: 10/561 (1.8% + 3.3%); range 0%-6%

a o o
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TABLE 7
Heart Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male
9-Month Interim Evaluation
Endothelial Hyperplasia 0/10 (0%) b -~ - 0/10 (0%) 1710 (10%)
15-Month Interim Evaluation
Endothelial Hyperplasia 0/10 (0%) O/ (0%) 010 (0%) 010 (0%) 1710 (10%) 277 (29%)
Hemangiosarcoma 010 (0%)  O/1 (0%) 010 (0%) 010 (0%) 1710 (10%)  3/7 (43%)
2-Year Study
Endothelial Hyperplasia
Overall rate 0/50 (0%)  1/49 %)  0/50 (0%)  2/48 (4%)  4/48 8%)  5/13 (1%)
Logistic regression test® P=0.001 P=0.516 - P=0.143 P=0.065 P=0.025
Hemangiosarcoma®
Overall rate 0/50 (0%)  0/49 (0%)  1/50 (%)  5/48 (10%)  20/48 (42%) 4/13 (5%)
Adjusted ratef 0.0% 0.0% 3.4% 19.4% 93.3% 44.6%
Terminal rate8 035 (0%)  O0/38(0%) 024 (0%)  322(14%) 34 (15%) OO
First incidence (days) - - 682 649 519 289
Life table test P<0.001 - P=0.451 P=0.011 P<0.001 P<0.001
Female
9-Month Interim Evaluation '
Endothelial Hyperplasia 010 0%)  -° - - 010 (0%) 18 (13%)
15-Month Interim Evaluation
Endothelial Hyperplasia 0/10 (0%) - - 0/10 (0%) 4/10 (40%)* 0/2 (0%)
Hemangiosarcoma 0/10 (0%) - - 0/10 (0%) 1710 (10%)  2/2 100%)*
2-Year Study
Endothelial Hyperplasia )
Overall rate 0/50 (0%)  2/50 (4%)  1/50 (2%)  4/49 (8%)  5/50 (10%)  8/80 (10%)
Logistic regression test P=0.045 P=0.261 P=0.521 P=0.148 P=0.104 P=0.007
llc:manglosarcomall
Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 1/49 (2%) 21/50 (42%) 23/80 (29%)
Adjusted rate 0.0% 0.0% 0.0% 4.0% 100.0% 100.0%
Terminal rate 0/37 (0%) 0/33 (0%) 0/24 (0%) 0/11 (0%) 00 00
First incidence (days) - - - 649 343 307
Life table test P <0.001 - - P=0.392 P<0.001 P<0.001

Significantly different (P <0.05) from the control group by the Fisher exact test

Incidences are given as number of lesion-bearing animals/number of animals microscopically examined.

Not examined

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death.

Not applicable; no neoplasms in animal group

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean % standard deviation): 0/573 (0.0%);
upper 95% oconfidence limit = 0.5%

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

£ Observed incidence at terminal kill

b 2-Year historical incidence: 0/558 (0.0%); upper 95% confidence limit = 0.5%
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multifocal and frequently coexisted with foci of
endothelial hyperplasia distant and separate from the

main neoplasm. A few hemangiosarcomas invaded -

through the epicardium and formed grossly visible,
dark neoplastic growths. Typical hemangiosarcomas
had solid foci of anaplastic, pleomorphic spindle celis
at the center of the mass with a loose arrangement at
the periphery (Plate 1).  Mitotic figures were
common. Variably sized clefts and spaces, frequently
containing erythrocytes, lined by neoplastic cells with
large vesicular nuclei were scattered throughout the
masses (Plate 2). The endothelial relationship with
the myofibers was most apparent at the periphery of
the neoplasms, where the interfiber spaces were
widened by capillary spaces lined by neoplastic cells.
The foci of endothelial hyperplasia were characterized
by variable separation of myofibers, presumably by
distended capillaries, and increased cellularity of the
capillary endothelium (Plates 3 and 4). Endothelial
hyperplasia was considered a preneoplastic lesion by
the Pathology Working Group, and some members
considered them to represent incipient hemangio-
sarcomas.

When hemangiosarcomas occurred in multiple
organs, the cardiac neoplasms were usually designated
as primary, because the incidence of hemangio-
sarcomas was highest in the heart, the earliest lesions
occurred in the heart, neoplastic emboli were seen in
some animals, and liver and lung lesions were some-
times multifocal. It could not be determined defini-
tively if the hemangiosarcomas in the other organs
were metastases or primary neoplasms. The sub-
cutaneous, splenic, and hepatic hemangiosarcomas
that were present at low incidences in mice without
cardiac hemangiosarcomas may reflect the
spontaneous subcutaneous vascular neoplasms that
occur in B6C3F, mice. The apparent low incidence
(unadjusted for survival) of cardiac hemangio-
sarcomas in male mice exposed to 625 ppm may be
explained by the high rate of development of
lymphocytic lymphoma early in the study. Presum-
ably, the lymphomas caused deaths before cardiac
hemangiosarcomas developed.

Myocardial mineralization was also observed fre-
quently in mice exposed to 625 ppm, but was not
observed in the controls (Tables AS and B5). The
mineralization consisted of scattered, small basophilic

43

concretions replacing individual myofibers. The

pathogenesis of this lesion was undetermined.

Lung: At the 15-month interim evaluation, the
absolute and relative lung weights of males receiving
625 ppm and the absolute lung weight of females
receiving 200 ppm were greater than those of the
controls (Table E2).

Exposure of mice to 1,3-butadienc was associated
with increased incidences of focal hyperplasia and
pulmonary neoplasms (Table 8). Focal alveolar
epithelial hyperplasia occurred with a significant
positive trend, and the incidence in males exposed to
62.5, 200, or 625 ppm was significantly higher than in
the controls by pairwise comparisons. Although the
incidence of alveolar/bronchiolar adenoma in males
was significantly increased only in the group exposed
to 62.5 ppm, the combined incidences of alveolar/
bronchiolar adenocarcinoma or carcinoma were
significantly increased (by the logistic regression and
life table analyses) in males exposed to 20, 62.5, or
200 ppm. In female mice, the incidence of focal
hyperplasia was significantly greater than that of the
control group in the 625 ppm group only, while the
incidences of alveolar/bronchiolar adenoma and of
adenocarcinoma or carcinoma in all exposure groups
were significantly higher than in the control group.

Alveolar epithelial hyperplasia was considered the
precursor of alveolar/bronchiolar adenoma and
carcinoma. Hyperplasia consisted of a focal increase
in cellularity of the alveolar epithelium with retention
of the alveolar architecture. In contrast, the alveolar/
bronchiolar adenomas exhibited distortion of alveolar
structure due to the formation of complex, irregular
papillary patterns lined by relatively uniform cuboidal
or columnar cells. The alveolar/bronchiolar
carcinomas were similar but consisted of hetero-
geneous cell populations with varying degrees of
cellular pleomorphism and atypia (Plate 5). The
adenocarcinomas were larger, highly anaplastic
neoplasms, often containing areas of hemorrhage or
nECrosis.

Stomach: Focal hyperplasia of the forestomach
epithelium occurred frequently in males exposed to
625 ppm, and the incidence of squamous cell
papilloma in the 200 ppm group was significantly



TABLE 8

Lung Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene*

1,3-Butadiene, NTP TR 434

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male
9-Month Interim Evaluation
Alveolar Epithelial Hyperplasia 0/10 (0%) 0/1 (0%) 0/2 (0%) 0/10 (0%) 3/10 (30%) 410 (40%)*
Alveolar/bronchiolar Adenoma 0/10 (0%) 11 (100%)  1/2 (50%) 0/10 (0%) 2/10 (20%)  2/10 (20%)
Alveolar/bronchiolar Carcinoma 1710 (10%)  0/1 (0%) 0/2 (0%) 0/10 (0%) 0/10 (0%) 1110 (10%)
Alveolar/bronchiolar Adenoma

or Carcinoma 1/10 (10%) 11 (100%) 172 (50%) 0/10 (0%) 2/10 (20%)  3/10 (30%)
15-Month Interim Evaluation
Alveolar Epithelial Hyperplasia 0/10 (0%) 11 (100%)  0/10 (0%) 110 (10%)  3/10 (30%)  6/1 (86%)**
Alveolar/bronchiolar Adenoma 0/10 (0%) 0/1 (0%) 0/10 (0%) 110 (10%)  3/10 (30%)  5/7 (T1%)**
Alveolar/bronchiolar Adenocarcinoma

or Carcinoma 0/10 (0%) 0/1 (0%) 0/10 (0%) 110 (10%) 210 (20%) 277 (29%)
Alveolar/bronchiolar Adenoma,

Adenocarcinoma, or Carcinoma 0/10 (0%) 0/1 (0%) 0/10 (0%) 2/10 (20%)  4/10 (40%)* S/7 (T1%)**
2-Year Study
Alveolar Epithelial Hyperplasia

Overall rate 2/50 (4%) 9/50 (18%)  6/50 (12%)  13/49 (27%) 17/50 (34%) 12/73 (16%)

Logistic regression test P<0.001 P=0.040 P=0.099 P<0.001 P<0.001 P=0.004
Alveolar/bronchiolar Adenoma

Overall rate 18/50 (36%) 20/50 (40%) 10/50 (20%) 25/49 (51%) 21/50 (42%) 3/13 (4%)

Adjusted rate® 46.9% 47.3% 28.2% 74.2% 100.0% 59.4%

Terminal rate 15/35 (43%) 17739 (44%) 3/24 (13%) 14722 (64%) 4/4 (100%) O/

First incidence (days) 572 587 517 434 351 251

Logistic regression test P=0.200 P=0517 P=0.080N P=0.036 P=0.061 P=0.492
Alveolar/bronchiolar Adenocarcinoma or Carcinoma

Overall rate 5/50 (10%)  6/50 (12%)  11/50 (22%) 12/49 (24%) 22/50 (44%) 3/13 (4%)

Adjusted rate 14.3% 15.4% 38.3% 42.9% 94.6% 59.4%

Terminal rate 5135 (14%) 6139 (15%) 124 (29%) 822 (36%)  3/4 (15%) 0/0

First incidence (days) 733 (T) 733 (T) 568 525 474 251

Life table test P<0.001 P=0577 P=0.017 P=0.006 P<0.001 P<0.001

Logistic regression test P<0.001 P=0.577 P=0.034 P=0.027 P<0.001 P=0.207
Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma®

Overall rate 21/50 (42%) 23/50 (46%) 19/50 (38%) 31/49 (63%) 35/50 (70%) 3/13 (4%)

Adjusted rate 54.9% 54.5% 53.6% 87.9% 100.0% 59.4%

Terminal rate 18/35 (51%) 20739 (51%) 9/24 (38%) 1822 (82%) 4/4 (100%) 0N

First incidence (days) 572 587 517 434 351 251

Life table test P<0.001 P=0.552N P=0.276 P<0.001 P<0.001 P<0.001

Logistic regression test P=0.005 P=0.548 P=0.556N P=0.005 P<0.001 P=0.422

(continued)
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TABLE 8
Lung Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Female
9-Month Interim Evaluation
Alveolar Epithelial Hyperplasia 0/10 (0%) f - 0/10 (0%) 1710 (10%) 1/8 (13%)
Alveolar/bronchiolar Adenoma 0/10 (0%) - - /10 (0%) 2/10 (20%) 18 (13%)
15-Month Interim Evaluation
Alveolar Epithelial Hyperplasia 0/10 (0%) 0/10 (0%) 1/10 (10%)  2/10 (20%)  5/10 (50%)* 1/2 (50%)
Alveolar/bronchiolar Adenoma 0/10 (0%) 0/10 (0%) 0/10 (0%) 3/10 (30%) 210 (20%) 172 (50%)
Alveolar/bronchiolar Carcinoma 0/10 (0%) 0/10 (0%) 0/10 (0%) 010 10%) 1710 (0%) 0/2 (0%)
Alveolar/bronchiolar Adenoma
or Carcinoma 0/10 (0%) 0/10 (0%) 0/10 (0%) 3/10 (30%) 310 (30%) 172 (50%)
2-Year Study
Alveolar Epithelial Hyperplasia
Overall rate 5/50 (10%)  5/50 (10%)  3/50 (6%) 9/50 (18%)  11/50 (22%) 11/78 (14%)
Logistic regression test P=0.092 P=0.558 P=0.510N P=0.153 P=0.162 P=0.037
Alveolar/bronchiolar Adenoma
Overall rate 4/50 (8%) 11/50 (22%) 12/50 (24%) 17/50 (34%) 14/50 (28%) 17/18 (22%)
Adjusted rate 10.5% 30.9% 40.7% 64.8% 100.0% 100.0%
Terminal rate 3/37 (8%) 9/33 (27%) 824 (33%) 4/11 (36%) 00 0/0
First incidence (days) 714 524 492 443 408 275
Logistic regression test P=0.002 P=0.039 P=0.013 P<0.001 P=0.002 P=0.010
Alveolar/bronchiolar Adenocarcinoma or Carcinoma
Overall rate 0/50 (0%) 5/50 (10%)  11/50 (22%) 9/50 (18%)  19/50 (38%) 8/18 (10%)
Adjusted rate 0.0% 13.3% 42.9% 40.8% 100.0% 100.0%
Terminal rate 0/37 (0%) 3/33 (9%) 10724 (42%) 311 (27%) ON 0/0
First incidence (days) £ 519 507 532 373 307
Life table test P<0.001 P=0.029 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.001 P=0.034 P<0.001 P=0.002 P<0.001 P=0.012
Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Cm‘clnomall
Overall rate 4/50 (8%) 15/50 (30%) 19/50 (38%) 24/50 (48%) 25/50 (50%) 22/18 (28%)
Adjusted rate 10.5% 39.5% 63.7% 78.5% 100.0% 100.0%
Terminal rate 3/37 (8%) 11733 (33%) 14/24 (58%) 6/11 (55%) 0/ 00
First incidence (days) 714 519 492 443 3713 275
Life table test P<0.001 P=0.004 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.005 P<0.001 P<0.001 P<0.001 P<0.001

* Significantly different (P<0.05) from the control group by the Fisher exact test

** P<0.01

(T)Terminal sacrifice
3 Incidences are given as number of lesion/bearing animals/number of animals microscopically examined.
Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values

b

corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test regards these
lesions as nonfatal. A lower incidence in a dose group is indicated by N.

a6

Not examined

2 Not applicable; no neoplasms in animal group

2-Year historical incidence: 47/560 (8.4% =* 3.3%); range 0%-12%

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean + standard deviation): 118/573
(20.6% + 7.6%); range 10%-30%



higher than that of the control group (Table 9).
Squamous cell carcinomas occurred in two males in
the 625 ppm group and in one male in the 200 ppm
group. In female mice, the incidences of hyperplasia,
squamous cell papilloma, and squamous cell carci-
noma were significantly higher in the 625 ppm group
than in the control group. The lower rates of these
forestomach lesions in males than in females in the
625 ppm group are likely related to the lower survival
of the males. Squamous cell papillomas and carcino-
mas of the forestomach are relatively uncommon in
B6C3F, mice, occurring with a combined incidence of
4 of 575 historical control males (0.7%) and 9 of 561
historical control females (1.6%) (Tables A4d and
B44d).

Forestomach epithelial hyperplasia was typically a
focal lesion consisting of thickened epithelium
forming blunt rugose folds of varying length. Shallow
ulcers were sometimes present in the center of the
hyperplastic lesion with submucosal infiltrates of
inflammatory cells. The papillomas were generally
more complex, with a short stalk and branching
papillae consisting of well-differentiated stratified
squamous epithelium overlying a fibrovascular stroma
(Plate 6). The squamous cell carcinomas exhibited
invasion of the forestomach mucosa by cords and
clusters of anaplastic cells (Plate 7).

Liver: The absolute liver weight of females receiving
62.5 ppm or more was greater than that of the
controls at the 9-month interim evaluation
(Table E1). At the 15-month interim evaluation, the
absolute and relative liver weights of males exposed
to 625 ppm and the absolute liver weight of females
exposed to 200 ppm were greater than those of the
controls (Table E2).

The incidence of hepatoproliferative lesions including
hepatocellular adenomas and carcinomas was
significantly increased in female mice exposed to 62.5
or 200 ppm 1,3-butadiene (Table 10). Hepatocellular
foci including basophilic, clear cell, mixed cell, or
eosinophilic foci occurred with increased incidences
in female mice exposed to 20, 62.5, or 200 ppm. The
incidences of hepatocellular neoplasms were signifi-
cantly increased in male mice exposed to 200 ppm for
2 years. The low incidences of liver neoplasms in
male and female mice exposed to 625 ppm probably
reflect the occurrence of early deaths from malignant

1,3-Butadiene, NTP TR 434

lymphoma. Hepatocellular adenomas and carcinomas
are common neoplasms in B6C3F, mice, occurring in
196 of 572 control males (34.3%) and 87 of 558
control females (15.6%) in the NTP historical
database (Tables Ade and B4e).

Basophilic foci were characterized by cells with baso-
philic cytoplasm, while eosinophilic foci were com-
posed of cells with cytoplasm that stained more
intensely with eosin than did normal hepatocytes.
Mixed cell foci consisted of mixtures of cells with
eosinophilic cytoplasm and cells with clear cytoplasm.
Hepatocellular adenomas were discrete, expansile
masses that were larger than hepatic lobules and
compressed the adjacent parenchyma. Hepatic plates
within the adenomas were not organized in a normal
lobular pattern and often intersected at near-right
angles with plates in the adjacent normal liver.
Hepatocellular carcinomas were larger than the
adenomas and consisted of markedly disorganized
hepatocytes that formed solid clusters, glandular
structures, or broad trabeculae several cell layers
thick (Plate 8). Neoplastic hepatocytes generally
showed moderate to marked pleomorphism and

atypia.

The incidence of liver necrosis was increased at the
higher dose levels in male and female mice
(Tables A5 and B5). This lesion consisted of patchy
areas of necrosis that had no particular lobular
distribution, and occurred frequently in animals with
malignant lymphoma or hemangiosarcoma. Centri-
lobular hepatocellular necrosis also occurred with
increased incidences in high-dose male and female
mice (Tables A5 and BS5), and occurred frequently in
animals described as anemic or with atrial thrombi.

Ovary: A variety of ovarian neoplasms were ob-
served, but only malignant and benign granulosa cell
tumors were definitively related to exposure. In-
creased incidences of granulosa cell tumors were
observed in females exposed to 62.5 or 200 ppm
(Table 11). Granulosa cell tumors varied from small
benign neoplasms with granulosa cells aligned on a
scant stroma in a discretely packeted tubular pattern
to large cystic neoplasms with thick trabeculae and
spaces filled with blood or clear fluid (Plate 9).
Malignant and benign granulosa cell tumors each
have an NTP historical control incidence of 1 of 548
(0.2%) (Table B4f).
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TABLE 9
Forestomach Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene®
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
9-Month Interim Evaluation
Epithelial Hyperplasia 010 0%)  -° - 072 (0%) 0710 (0%)  7/10 (70%)**
Squamous Cell Papilioma 010 (0%) - - 012 (0%) 0/10 (0%)  1/10 (10%)
15-Month Interim Evaluation
Epithelial Hyperplasia 0/10 (0%) - 0/10 (0%) 2/10 (20%) 210 (20%)  3/7 (43%)
Squamous Cell Papilloma 010 (0%) - 010 (0%) 0710 (0%) 0710 (0%)  1/7 (14%)
Squamous Cell Carcinoma 0/10 (0%) - 010 (0%) 0710 (0%) 1710 (10%) 277 (29%)
Squamous Cell Papilloma
or Squamous Cell Carcinoma 0/10 (0%) - 0/10 (0%) 0/10 (0%) 1/10 (10%)  3/7 (43%)
2-Year Study
Epithelial Hyperplasia
Overall rate 4/50 (8%) 3/50 (6%) 3/50 (6%) 5/48 (10%)  4/48 (8%) 40772 (56%)
Logistic regression test® P<0.001 P=0.579N P=0.414N P=0.355 P=0.466N P=0.089
Squamous Cell Papilloma
Overall rate 1/50 2%)  0/50 (0%)  0/50 (0%)  1/50 2%)  17/50 (14%)  2/713 (3%)
Adjusted rate? 25% 0.0% 0.0% 45% 51.7% 40.0%
Terminal rate® 035 (0%) 0739 (0%) 024 (0%) 1/22(5%) 1/4(25%) 0N
First incidence (days) 652 f - 733 (T) 530 395
Logistic regression test P<0.001 P=0.535N P=0.486N P=0.739 P=0.012 P=0.446
Squamous Cell Carcinoma
Overall rate 0/50 (0%)  0/50 (0%)  0/50 (0%)  0/50 (0%)  1/50 2%)  2/13 (3%)
Adjusted rate 0.0% 0.0% 0.0% 0.0% 5.9% 19.6%
Terminal rate 035 (0%) 0739 (0%) 024 (0%)  0/22(0%)  0/4 (0%) 0/0
First incidence (days) - - - - 620 302
Life table test P<0.001 - - - P=0.325 P=0.018
Logistic regression test P=0.184 - - - P=0.503 P=0.675
Squamous Cell Papilloma or Squamous Cell Carcinoma$
Overall rate 1/50 %)  0/50 (0%)  0/S0 (0%)  1/50 2%)  8/50 (16%)  4/73 (5%)
Adjusted rate 2.5% 0.0% 0.0% 4.5% 54.5% 51.8%
Terminal rate 035 (0%) 0739 (0%) 024 (0%)  1/22(5%) 1/4(25%) 0N
First incidence (days) 652 - - 733 (D) 530 302
Life table test P<0.001 P=0.481N P=0.545N P=0.679 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.535N P=0.486N P=0.739 P=0.006 P=0.199

(continued)
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TABLE 9
Forestomach Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Female

9-Month Interim Evaluation

Epithelial Hyperplasia 0/10 (0%) b - 0/10 (0%) 1710 (10%)  8/8 (100%)**
15-Month Interim Evaluation :
Epithelial Hyperplasia - 0/10 (0%) 0/1(0%) = 0/10 (0%) 1710 10%) 3/10 (30%) 172 (50%)
Squamous Cell Papilloma 0/10 (0%) 0/1 (0%) 0/10 (0%) 1710 (10%)  2/10 (20%) 0/2 (0%)
Squamous Cell Carcinoma 0/10 (0%) 0/1 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 172 (50%)
Squamous Cell Papilloma
or Squamous Cell Carcinoma 0/10 (0%) 0/1 (0%) 0710 (0%) 110 10%) 210 (20%) 1/2(50%)
2-Year Study
Epithelial Hyperplasia . S :
Overall rate . : 4/50 (8%) 5/49 (10%)  4/47 (9%) 7/48 (15%)  14/50 (28%) 47/79 (59%)
Logistic regression test P<0.001 P=0.477 P=0.558 P=0.127 P=0.067 P=0.032
Squamous Cell Papilioma :
Overall rate - 0/50 (0%) 0/50 (0%) 2/50 (4%) 1/50 (2%) 3/50 (6%) 16/80 (20%)
Adjusted rate 0.0% 0.0% 8.3% 9.1% 100.0% 100.0%
Terminal rate 0/37 (0%) 0/33 (0%) 224 (8%) 1/11 (9%) 00 - 00
First incidence (days) f - 733 (T) 733 (T) 470 246
Logistic regression test P<0.001 - P=0.149 P=0.260 P=0.078 - P=0.002
Squamous Cell Carcinoma . .
Overall rate 0/50 (0%) 0/50 (0%) 1/50 (2%) 1/50 (2%) 1/50 (2%) 6/80 (8%)
Adjusted rate 0.0% 0.0% 42% 8.3% 3.8% 70.5%
Terminal rate 0/37 (0%) 0/33 (0%) 1/24 (4%) 0/11 (0%) ()] 0/0
First incidence (days) - - 733 (T) 723 472 275
Life table test P<0.001 - P=0.414 P=0.277 P=0.374 P<0.001
Logistic regression tests P=0.009 - P=0.414 P=0.330 P=0.750 P=0.041
Squamous Cell Papilloma or Squamous Cell Carcinoma® . .
Overall rate 0/50 (0%) 0/50 (0%) 3/50 (6%) 2/50 (4%) 4/50 (8%) 22/80 (28%)
Adjusted rate 0.0% 0.0% 125% 16.7% 100.0% 100.0%
Terminal rate 0/37 (0%) 0/33 (0%) 3124 (13%) 1711 (9%) (1) 00
First incidence (days) - - 733 (D) 723 470 : 246
Life table test . P<0.001 - ' P=0.056 P=0.044 P=0.001 P<0.001 -
Logistic regression test P<0.001 - P=0.056 P=0.060 P=0.056 P<0.001

** Significantly different (P<0.001) from the control group by the Fisher exact test

(T)Terminal sacrifice

3 Incidences are given as number of lesion-bearing animals/number of animals necropsied.

b Not examined

¢ Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidences are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test regards these
lesions are nonfatal. A lower incidence in a dose group is indicated by N.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Not applicable; no neoplasms in animal group

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean :x standard deviation): 4/575

(0.7% * 1.4%}; range 0%-4%

b 2-Year historical incidence: 9/561 (1.6% * 2.1%); range 0%-6%

e ™ O



Results

TABLE 10

Liver Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene*

49

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
9-Month Interim Evaluation
Mixed Cell Focus 0/10 (0%) 1710 10%)  0/10 (0%) 0/10 (0%) 0/10 (0%) 010 (0%)
Hepatocellular Adenoma 4/10 (40%)  0/10 (0%) 1710 (10%)  0/10 (0%) 1710 (10%) 1710 (10%)
15-Month Interim Evaluation
Foci (Basophilic, Eosinophilic,
or Mixed Cell) 1710 (10%)  0/10 (0%) 3/10 (30%)  0/10 (0%) 0/10 (0%) 2/7 (29%)
Hepatocellular Adenoma 2/10 (20%)  0/10 (0%) 4/10 (40%) 3/10 (30%)  4/10 (40%)  3/7 (43%)
Hepatocellular Carcinoma 0/10 (0%) 1710 (10%)  0/10 (0%) 0/10 (0%) 110 (10%) 317 (43%)
Hepatocellular Adenoma )
or Carcinoma 2710 (20%) 1710 (10%)  4/10 (40%) 3/10 (30%) 4/10 (40%)  5/71 ("1%)
2-Year Study
Foci (Basophilic, Clear Cell, Eosinophilic, or Mixed Cell)
Overall rate 9/50 (18%)  10/50 (20%) 6/50 (12%)  11/48 (23%) 6/48 (13%) 1/72 (1%)
Logistic regression test® P=0.418 P=0.602N P=0.414N P=0.230 P=0221 - P=0.800
Hepatocellular Adenoma
Overall rate 13/50 (26%) 13/50 (26%) 19/50 (38%) 16/48 (33%) 24/48 (50%) 5/72 (%)
Adjusted rate® 32.1% 313% 52.1% 57.0% 92.2% 100.0%
Terminal rated 9735 (26%) 11739 (28%) 8724 (33%) 11722 (50%) 3/4 (75%) 00
First incidence (days) 379 484 397 434 351 310
Logistic regression test P=0.042 P=0.552 P=0.158 P=0.261 P=0.008 P=0.253
Hepatocellular Carcinoma
Overall rate 11/50 (22%) 16/50 (32%) 16/50 (32%) 17/48 (35%) 26/48 (54%) 1/72 (1%)
Adjusted rate 26.0% 36.6% 44.8% 58.3% 100.0% 50.0%
Terminal rate 5135 (14%) 12739 (31%) 7124 (29%) 1122 (50%) 4/4 (100%) 0N
First incidence (days) 540 484 517 434 351 422
Logistic regression test P=0.036 P=0.142 P=0.389 P=0.088 P<0.001 P=0.347
Hepatocellular Adenoma or Carcinoma®
Overall rate 21/50 (42%) 23/50 (46%) 30/50 (60%) 25/48 (52%) 33/48 (69%) 5/12 (1%)
Adjusted rate 479% 53.0% - 701% 79.2% 100.0% 100.0%
Terminal rate 13/35 (37%) 19739 (49%) 12124 (50%) 16/22 (73%) 4/4 (100%) 0N
First incidence (days) 379 484 397 434 351 310
Logistic regression test P=0.067 P=0.375 P=0.078 P=0.185 P=0.030 P=0.450
Hepatocellular Foci, Adenoma, or Carcinoma .
Overall rate 27/50 (54%) 29/50 (58%) 31/50 (62%) 30/48 (63%) 34/48 (11%) 6/72 (8%)
Adjusted rate 62.1% 67.1% 72.6% 87.5% 100.0% 100.0%
Terminal rate 19/35 (54%) 25139 (64%) 13/24 (54%) 18/22 (82%) 4/4(100%) 0N
First incidence (days) 379 484 397 434 351 228
Logistic regression test P=0.108 P=0.434 P=0.291 P=0.185 P=0.007 P=0.564

(continued)
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TABLE 10
Liver Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Female
9-Month Interim Evaluation
Basophilic Focus 0/10 (0%)  0/10 (0%) 010 (0%)  1/10 (10%) 1/10 (10%)  0/8 (0%)

15-Month Interim Evaluation
Foci (Basophilic, Clear Cell,

Eosinophilic, or Mixed Cell) 0/10 (0%) 2/10 (20%) 1/10 (10%) 210 (20%) 2/10 (20%) 0/2 (0%)
Hepatocellular Adenoma 1/10 (10%) 1710 (10%)  0/10 (0%) 110 (10%)  3/10 (30%)  1/2 (50%)
Hepatocellular Carcinoma 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 110 (10%) 072 (0%)
Hepatocellular Adenoma

or Carcinoma 1/10 (10%)  1/10 (10%)  0/10 (0%) 1710 10%)  3/10 (30%)  1/2 (50%)

2-Year Study
Foci (Basophilic, Clear Cell, Eosinophilic, or Mixed Cell)

Overall rate 8/49 (16%)  14/49 (29%) 19/50 (38%) 12/50 (24%) 5/50 (10%)  4/80 (5%)

Logistic regression test P=0.003 P=0.087 P=0.001 P=0.004 P=0.045 P=0.618
Hepatocellular Adenoma

Overall rate 11/49 (22%) 10/49 (20%) 9/50 (18%)  14/50 (28%) 12/50 (24%) 1/80 (1%)

Adjusted rate 29.7% 27.8% 30.3% 65.8% 89.0% 100.0%

Terminal rate 1137 (30%) 8/33 (24%) 6/24 (25%) 511 (45%) 0N 00

First incidence (days) 733 (T) 519 365 485 370 450

Logistic regression test P=0.599N P=0.531N P=0519N P=0.025 P=0.009 P=0.505
Hepatocellular Carcinoma

Overall rate 4/49 (8%) 6/49 (12%)  8/50 (16%)  9/50 (18%)  8/50 (16%)  1/80 (1%)

Adjusted rate 10.3% 14.5% 25.0% 39.9% 82.7% 12.5%

Terminal rate 3/37 (8%) 2/33 (6%) 324 (13%) 211 (18%) 00 00

First incidence (days) 677 467 600 546 353 418

Logistic regression test P=0.178 P=0381 P=0.141 P=0.066 P=0.006 P=0.910
Hepatocellular Adenoma or Carcinomnr :

Overall rate 15/49 (31%) 14/49 (29%) 15/50 (30%) 19/50 (38%) 16/50 (32%) 2/80 (3%)

Adjusted rate 39.3% 34.3% 45.5% 74.8% 91.7% 100.0%

Terminal rate 14/37 (38%) 8133 (24%) 824 (33%) 6/11 (55%) OO 00

First incidence (days) 677 467 365 485 353 418

Logistic regression test P=0.497 P=0.504N P=0.441 P=0.027 P=0.008 P=0.302
Hepatocellular Focl, Adenoma, or Carcinoma

Overall rate 18/49 (37%) 25/49 (51%) 27/50 (54%) 25/50 (50%) 18/50 (36%) 6/80 (8%)

Adjusted rate 47.2% 60.2% 80.5% 95.5% 100.0% 100.0%

Terminal rate 1737 (46%) 17733 (52%) 18024 (15%) 10/11 (91%) 0N 0/0

First incidence (days) 677 467 365 485 353 315

Logistic regression test P=0.384 P=0.097 P=0.010 P<0.001 P=0.002 P=0.136

(T)Terminal sacrifice

3 Incidences are given as number of lesion-bearing animals/number of animals necropsied.

b Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression test regards lesions in
animals dying prior to terminal kill as nonfatal. A negative trend or lower incidence in a dose group is indicated by N.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean * standard deviation): 196/572

(34.3% + 12.4%); range 12%-56%

f 2.Year historical incidence: 87/558 (15.6% + 8.4%); range 3%-27%

[~V ¢
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TABLE 11
Ovarian Lesions in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene”
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation
Atrophy 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 9/10 (90%)** 8/8 (100%)**
Germinal Epithelium Hyperplasia 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 1/8 (13%)
Benign Granulosa Cell Tumor 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 1710 10%)  0/8 (0%)
15-Month Interim Evaluation
Atrophy 0/10 (0%) 0/10 (0%) 1710 (10%) 910 (90%)** /10 (70%)** 2/2 (100%)*
Angiectasis 1710 (10%) 1/10 (10%)  0/10 (0%) 0/10 (0%) 2/10 (20%) 072 (0%)
Germinal Epithelium Hyperplasia 0/10 (0%) 0710 (0%)  0/10 (0%)  0/10 0%)  3/10 (30%) 172 (50%)
Granulosa Cell Hyperplasia 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 1710 (10%) 172 (50%)
Benign Granulosa Cell Tumor 0/10 (0%) 0/10 (0%) 0/10 (0%) 110 (10%)  3/10 (30%)  1/2 (50%)
Malignant Granulosa Cell Tumor 010 (0%)  0/10 (0%) 0710 (0%)  0/10 (0%)  1/10 (10%) 072 (0%)
Benign or Malignant Granulosa

Cell Tumor 0/10 (0%) 0/10 (0%) 0/10 (0%) 1710 (10%)  4/10 (40%)* 1/2 (50%)
Adenoma or Benign Mixed Tumor 0/10 (0%) 0/10 (0%) 0/10 (0%) 1710 (10%)  1/10 (10%) 072 (0%)
2-Year Study
Atrophy

Overall rate 4/49 (8%) 19/49 (39%) 32/48 (67%) 42/50 (84%) 43/50 (86%) 69/19 (87%)

Logistic regression test® P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Angiectasis

Overall rate 4/49 8%)  6/49 (12%)  3/48 (6%)  13/50 (26%) 14/50 (28%) 17/19 (22%)

Logistic regression test P=0.259 P=0.366 P=0.606 P=0.017 P=0.021 P=0.425
Germinal Epithelium Hyperplasia

Overall rate 2/49 (4%) 3/49 (6%) 8/48 (17%)  15/50 (30%) 15/50 (30%) 18/79 (23%)

Logistic regression test P<0.001 P=0.460 P=0.017 P<0.001 P=0.010 P<0.001
Granulosa Cell Hyperplasia

Overall rate 1/49 (2%) 0/49 (0%) 2/48 (4%) 3/50 (6%) 3/50 (6%) 2179 (3%)

Logistic regression test P=0.370N P=0.517N P=0.360 P=0.588 P=0.235 P=0.887
Benign Granulosa Cell Tumor

Overall rate 1/49 (2%) 0/49 (0%) 1/48 (2%) 6/50 (12%)  6/50 (12%)  6/79 (8%)

Adjusted rate® 2.8% 0.0% 3.2% 28.5% 100.0% 271%

Terminal rate’ 1736 (3%) 0/33 (0%) 0/24 (0%) 1711 (9%) 0/0 0/0

First incidence (days) 733 () -¢ 677 608 393 311

Logistic regression test P=0.030 P=0.517N P=0.735 P=0.026 P=0.020 P=0.303
Malignant Granulosa Cell Tumor

Overall rate 0/49 (0%) 0/49 (0%) 0/48 (0%) 3/50 (6%) 2/50 (4%) 0/79 (0%)

Adjusted rate 0.0% 0.0% 0.0% 19.3% 54.2% 0.0%

Terminal rate 0/36 (0%) 0/33 (0%) 0/24 (0%) 111 (9%) 0/0 00

First incidence (days) - - - 645 569 -

Life table test P<0.001 - - P=0.018 P=0.003 -

Logistic regression test P=0.068 - - P=0.046 -

(continued)

P=0.037
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TABLE 11

1,3-Butadiene, NTP TR 434

Ovarian Lesions in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Benign or Malignant Granulosa Cell Tumorf
Overall rate 1/49 (2%) 0/49 (0%) 1/48 (2%) 9/50 (18%)  8/50 (16%)  6/19 (8%)
Adjusted rate 28% 0.0% 3.2% 42.9% 100.0% 271%
Terminal rate 1/36 (3%) 0733 (0%) 0/24 (0%) 211 (18%) 0N 00
First incidence (days) 733 (D) - 677 608 393 311
Life table test P<0.001 P=0.517N P=0.680 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.006 P=0.517N P=0.735 P=0.001 P=0.001 P=0.303
Adenoma or Benign Mixed Tumeor
Overall rate 2/49 (4%) 4/49 (8%) 1/48 (2%) 4/50 (8%) 6/50 (12%)  2/19 (3%)
Adjusted rate 5.6% 12.1% 42% 26.4% 100.0% 4.1%
Terminal rate 2/36 (6%) 433 (12%) 1124 (4%) 211 (18%) 0/ 0/0
First incidence (days) 733 (T) 733 (T) 733 (T) 664 460 257
Logistic regression test P=0.244 P=0.296 P=0.640N P=0.111 P=0.018 P=0.920N

* Significantly different (P<0.05) from the control group by the Fisher exact test

*+ P<0.01
(T)Terminal sacrifice
a

Incidences are given as number of lesion-bearing animals/number of animals microscopically examined.

b

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values

corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test regards these
lesions as nonfatal. A negative trend or lower incidence in a dose group is indicated by N.

Observed incidence at terminal kill
Not applicable; no neoplasms in animal group

-6 a6

(0.7% * 0.9%}); range 0%-2%

The incidence of germinal epithelial hyperplasia was
markedly increased in the ovaries of mice exposed to
20 ppm or above. This lesion consisted of prominent
downgrowth of the surface mesothelium into the
parenchyma of the ovary, forming tubular and gland-
like structures. Ovarian atrophy was an exposure-
related effect and the incidence increased with dose.
Characteristically, affected females had no evidence of
oocytes, follicles, or corpora lutea.

Uterus: Uterine atrophy (and, therefore, less cystic
hyperplasia) was a prominent exposure-related effect
at 625 ppm and was also observed in the 200 ppm
group (Table BS).

Harderian Gland: Male and female mice in the 62.5
and 200 ppm groups had increased incidences of
harderian gland adenomas (Table 12; Plates 10 and
11). The occurrence of carcinomas in dosed mice,

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean * standard deviation): 4/548

particularly males, is unusual. These malignant
neoplasms are rare in NTP historical controls (males:
2/575 or 0.3%; females: 3/561 or 0.5%) (Tables A4f
and B4h). The low incidence of harderian gland
neoplasms in males and females that were exposed to
625 ppm probably reflects early deaths due to lym-
phocytic lymphoma which precluded the development
of harderian gland neoplasms. The incidence of
harderian gland hyperplasia was also increased in
male mice exposed to 62.5 or 200 ppm 1,3-butadiene.

Mammary Gland: Increased incidences of mammary
gland neoplasms in female mice exposed to 62.5, 200,
or 625 ppm were related to 1,3-butadiene exposure.
Most of the epithelial neoplasms were mammary
carcinomas (Type B) (Plate 12); the rest were adeno-
acanthomas or malignant mixed tumors (Table 13).
The adenoacanthomas are considered here to be
variants of the carcinomas that have prominent
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PLATE 1 PLATE 2

Heart: Typical hemangiosarcoma with solid focus of anaplastic, pleomorphic Heart: Higher magnification of Plate 1 showing the variably sized clefts and
spindle cells at the center of the mass with a loosened arrangement of spaces (frequently containing red blood cells) lined by plump cells with large
neoplastic cells at the periphery. Female B6C3F; mouse exposed to vesicular nuclei. Female B6C3F; mouse exposed to 625 ppm 1,3-butadiene

625 ppm 1,3-butadiene in the 2-year inhalation study. H&E x150 in the 2-year inhalation study. H&E x300

PLATE 3 PLATE 4

Heart: Endothelial hyperplasia. Hyperplastic cells appear to originate in the Heart: Higher magnification of Plate 3 showing the rounded or elongated
endomysium between myofibers. Male B6C3F,; mouse exposed to 62.5 ppm hyperplastic cells in close apposition to the myofibers, and the space between
1,3-butadiene in the 2-year inhalation study. H&E x150 ) adjacent myofibers is slightly increased. Male B6C3F; mouse exposed to
62.5 ppm 1,3-butadiene in the 2-year inhalation study. H&E %300



Lung: Alveolar/bronchiolar carcinoma with cellular atypia and peripheral
invasion into the remaining normal pulmonary parenchyma. Female B6C3F.
mouse exposed to 200 ppm 1,3-butadiene in the 2-year inhalation study.

PLATE 6

Forestomach: Squamous cell papilloma projects from the mucosal surface
into the lumen of the forestomach. Note the thickened and folded
keratinized epithelium. Female B6C3F, mouse exposed to 625 ppm
1,3-butadiene in the 2-year inhalation study. H&E x16

Forestomach: Squamous cell carcinoma. Cords and clusters of neoplastic
stratified squamous epithelial cells with foci of keratinization have invaded

Female ‘B6C3F; mouse exposed to 625 ppm

the lamina propria.
1,3-butadiene in the 2-year inhalation stu

PLATE 8

Liver Hepatocellular carcinoma with a trabecular pattern. Male B6C3F,
mouse exposed to 200 ppm 1,3-butadiene in the 2-year inhalation study.
H&E x150
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PLATE 9 PLATE 10

Ovary: Malignant granulosa cell tumor. Lobules are large and irregular Harderian Gland: Adenocarcinoma in a male B6C3F, mouse exposed to
shaped and are formed by sheets of cells. Female B6C3F,; mouse exposed 200 ppm 1,3-butadiene in the 2-year inhalation study. H&E x150

to 200 ppm 1,3-butadiene in the 2-year inhalation study. H&E x150
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PLATE 11 PLATE 12

Harderian Gland: Higher magnification of Plate 10 showing siratification of Mammary Gland: Adenocarcinoma in a female B6C3F, mouse exposed to
the epithelium lining a papillary frond. Male B6C3F, mouse exposed to 200 ppm 1,3-butadiene in the 2-year inhalation study. H&E x150

200 ppm 1,3-butadiene in the 2-year inhalation study. H&E %300



Results

TABLE 12

Harderian Gland Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
15-Month Interim Evaluation
Hyperplasia 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 6/10 (60%)** 0/7 (0%)
Adenoma 0/10 (0%) 010 (0%) 210 (20%) 410 (40%)* 310 (30%)  3/7 (43%)
2-Year Study
Hyperplasia
Overall rate 1/50 2%) 3149 (6%)  4/S0 8%) 647 (13%) 847 (17%)  5/40 (13%)
Logistic regression test® P=0.069 P=0.335 P=0.154 P=0.032 P=0.016 P=0.740
Adenoma
Overall rate 6/50 (12%)  7/50 (14%)  8/50 (16%)  19/50 (38%) 30/50 (60%) 6/713 (8%)
Adjusted rate® 14.8% 17.3% 25.8% 63.4% 95.4% 100.0%
Terminal rate 235 (6%) 639 (15%) 424 (11%) 1222 (55%) 34 (15%)  OP
First incidence (days) 543 652 536 464 382 289
Logistic regression test P<0.001 P=0.497 P=0.395 P<0.001 P<0.001 P=0.264
Carcinoma
Overall rate 0/50 (0%)  1/50 2%)  1/50 2%)  3/50 (6%)  2/50 (4%)  0/73 (0%)
Adjusted rate 0.0% 2.6% 42% 11.7% 6.3% 0.0%
Terminal rate 0/35 (0%) 1/39 (3%) 1/24 (4%) 1722 (5%) 0/4 (0%) 0/0
First incidence (days) -~ 133 (T) 733 (T) 680 495 -
Logistic regression test P=0.720 P=0.522 P=0425 P=0.086 P=0.352 -
Adenoma or Carcinomal
Overall rate 6/50 (12%)  7/50 (14%)  9/50 (18%)  20/50 (40%) 31/50 (62%) 6/13 (8%)
Adjusted rate 14.8% 17.3% 29.5% 64.9% 95.5% 100.0%
Terminal rate 2/35 (6%) 639 (15%) 54 (Q1%) 1222 (55%) 3/4 (15%) 0/0
First incidence (days) 543 652 536 464 382 289
Logistic regression test P<0.001 P=0.497 P=0.217 P<0.001 P<0.001 P=0.002

(continued)
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TABLE 12
Harderian Gland Lesions in Mice in the 2.Year Inhalation Studies of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.S ppm 200 ppm 625 ppm

Female

9-Month Interim Evaluation

Hyperplasia 0/5 (0%) £ - - 1/1 (100%)  0/5 (0%)
Adenoma 0/5 (0%) - - - 01 (0%) 1/5 (20%)
15-Month Interim Evaluation
Adenoma 29 (22%) 171 (100%) 11 (100%) 1710 (10%) 3710 (30%) 02 (0%)
2-Year Study
Hyperplasia
Qverall rate 1/50 (2%) 5/49 (10%)  9/48 (19%)  4/49 (8%) 4/49 (8%) 7/66 (11%)
Logistic regression test P=0.213 P=0.097 P=0.012 P=0.138 P=0.271 P=0.507
Adenoma
Overall rate 8/50 (16%)  10/50 (20%) 6/50 (12%)  15/50 (30%) 20/50 (40%) 9/80 (11%)
Adjusted rate 20.8% 29.2% 20.7% 61.0% 89.3% 45.2%
Terminal rate 37 (19%) 933 (271%) 424 (17%) 411 (36%) 00 0/0
First incidence (days) 658 722 569 532 370 307
Logistic regression test P=0.046 P=0.356 P=0.511IN P=0.016 P=0.001 P=0.176
Carcinoma
Overall rate 0/50 (0%) 1/50 (2%) 1/50 (2%) 0/50 (0%) 1/50 (2%) 0/80 (0%)
Adjusted rate 0.0% 2.7% 23% 0.0% 50.0% 0.0%
Terminal rate 0/37 (0%) 0/33 (0%) 0/24 (0%) 0/11 (0%) 00 (1))
First incidence (days) -€ 722 541 - 695 -
Logistic regression test P=0.873N P=0.493 P=0.631 - P=0.085 -
Adenoma or Carcinomal
Overall rate 8/50 (16%)  10/50 (20%) 7/50 (14%)  15/50 (30%) 20/50 (40%) 9/80 (11%)
Adjusted rate 20.8% 29.2% 22.5% 61.0% 89.3% 45.2%
Terminal rate 737 (19%) 933 (27%) 424 (17%) 4/11 (36%) 0N 00
First incidence (days) 658 722 541 532 370 307
Logistic regression test P=0.061 P=0.356 P=0.575N P=0.016 P=0.001 P=0.176

(T)Terminal sacrifice

* Significantly different (P <0.05) from the control group by the Fisher exact test

** P<0.01

2 Incidences are given as number of lesion-bearing animals/number of animals microscopically examined or number of animals
necropsied.

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression test regards lesions in
animals dying prior to terminal kill as nonfatal. A negative trend or lower incidence in a dose group is indicated by N.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Not applicable; no neoplasms in animal group

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean + standard deviation): 25/575

(4.3% = 3.8%); range 0%-12%

Not examined

2-Year historical incidence: 13/561 (2.3% % 2.5%); range 0%-8%

-6 a0

= 0
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TABLE 13
Mammary Gland Lesions in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene*

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation

Hyperplasia 0/10 (0%) b - 11 100%) 1/1 (100%) 0/8 (0%)
15-Month Interim Evaluation
Hyperplasia 0/10 (0%) - - 0/10 (0%) 1710 10%) 02 (0%)
Adenocarcinoma 0/10 (0%) - - 0/10 (0%) 2/10 (20%) 172 (50%)
2-Year Study
Hyperplasia
Overall rate 2/50 (4%) 0/50 (0%) 2/50 (4%) 4/50 (8%) 7/50 (14%)  2/80 (3%)
Logistic regression test® P=0.078 P=0.285N P=0.626 P=0.132 P=0.008 P=0.914
Adencacanthoma
Overall rate 0/50 (0%) 1/50 (2%) 2/50 (4%) 6/50 (12%)  4/50 (8%) 0/80 (0%)
Adjusted rated 0.0% 2.9% 1.7% 32.5% 136% 0.0%
Terminal rate® 0/37 (0%) 0/33 (0%) 1/24 (4%) 211 (18%) o 00
First incidence (days) At 732 686 579 268 -
Logistic regression test P=0.244N P=0.492 P=0.193 P=0.005 P=0.331 -
Carcinoma .
Overall rate 0/50 (0%) 2/50 (4%) 2/50 (4%) 6/50 (12%)  11/50 (22%) 12/80 (15%)
Adjusted rate 0.0% 5.8% 57% 16.2% 39.1% 100.0%
Terminal rate 0/37 (0%) 1/33 (3%) 0/24 (0%) 0/11 (0%) 00 00
First incidence (days) - 732 645 392 370 280
Logistic regression test P=0.050 P=0.228 P=0.257 P=0.076 P=0.009 P=0.004
Malignant Mixed Tumor
Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 0/50 (0%) 0/50 (0%) 4/80 (5%)
Adjusted rate 0.0% 0.0% 0.0% 0.0% 0.0% 29.4%
Terminal rate 0/37 (0%) 0/33 (0%) 0/24 (0%) 0/11 (0%) (1) 0/0
First incidence (days) - - - - - 335
Logistic regression test P=0.041 - - - - P=0.276
Adenoacanthoma, Carcinoma, or Malignant Mixed Tumor
Overall rate 0/50 (0%) 2/50 (4%) 4/50 (8%) 12/50 (24%) 15/50 (30%) 16/80 (20%)
Adjusted rate 0.0% 5.8% 13.0% 43.4% 47.4% 100.0%
Terminal rate 0/37 (0%) 1733 (3%) 1/24 (4%) 211 (18%) 0/ 00
First incidence (days) ~ 732 645 392 268 280
Logistic regression test P=0.026 P=0.228 P=0.056 P<0.001 P=0.004 P<0.001

Incidences are given as number of lesion-bearing animals/number of animals necropsied.

Not examined

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression test regards lesions in
animals dying prior to terminal kill as nonfatal. A negative trend or lower incidence in a dose group is indicated by N.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

observed incidence at terminal kill

Not applicable; no neoplasms in animal group



squamous differentiation. The malignant mixed
tumors consisted of epithelial components arranged
in glandlike structures and anaplastic spindle-cell
components. Mammary gland carcinomas and adeno-
acanthomas are uncommon in female B6C3F, mice,
with carcinomas occurring in 21 of 561 control
females (3.7%) and adenoacanthomas occurring in 1
of 561 control females (0.2%) in the NTP historical
database (Table B4i). Mammary gland hyperplasia
occurred at a slightly increased incidence in females
in the 62.5 and 200 ppm groups (Table 13).

Preputial Gland: In the 200 ppm group, five male
mice had preputial carcinomas (Table A3). Preputial
gland carcinomas are rare in B6C3F, mice; none were
reported in one NTP survey of historical control data.
Preputial gland carcinomas in the present study were
considered to be related to exposure to 1,3-butadiene.
Some preputial carcinomas were composed of large
eosinophilic epithelial cells that were well differenti-
ated toward squamous cells with keratin pearls, or
toward sebaceous-like cells. More frequently, the
carcinomas had necrotic cores and a thin layer of very
anaplastic pleomorphic basophilic epithelial cells that
aggressively invaded surrounding tissue and blood
vessels.

Kidney: The absolute kidney weights of females
receiving 625 ppm at the 9-month interim evaluation
and females receiving 62.5 and 200 ppm at the
15-month interim evaluation were greater than those
of the controls (Tables E1 and E2).

Renal tubule adenomas were not diagnosed in the
control mice and are considered to be rare
spontaneous neoplasms, with an incidence in control
mice in NTP studies of 0.2% for males and 0.0% for
females (Tables Ad4g and B4j). Two female mice
exposed to 200 ppm had renal tubule adenomas
(Table 14). Male mice had a higher incidence of
renal tubule adenomas than females, with three in
the 62.5 ppm group, one in the 200 ppm group, and
one in the 625 ppm group. Histologically, the renal
tubule adenomas contained multiple dilated tubules
separated by thin connective tissue septa. Epithelial
cells in these neoplasms caused a papillary appear-
ance, and some cytoplasmic and nuclear pleomor-
phism was present. Renal tubule hyperplasia was
characterized by one or two dilated renal tubules,
usually in the outer cortex, lined by enlarged epithe-
lial cells showing some degree of nuclear enlargement
and piling up. Considering the rarity of these lesions,
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they were probably related to exposure to
1,3-butadiene in males and were possibly related to
exposure in females.

Skin:  The incidences of neurofibrosarcoma or
sarcoma of the subcutaneous tissue in female mice
exposed to 62.5, 200, or 625 ppm were significantly
increased by the life table test but not by the logistic
regression test (Tables 15 and B3). Nevertheless,
subcutaneous tissue sarcomas (all types) are uncom-
mon spontaneous neoplasms and have occurred in
only 2 of 561 NTP historical control females
(Table B4k). Thus, these neoplasms may be exposure
related.

Zymbal’s Gland: Zymbal’s gland neoplasms are rare
spontancous lesions in B6C3F, mice, occurring in no
historical control animals. One adenoma was seen in
a control male mouse (Table Al). In females, no
Zymbal’s gland neoplasms were seen in controls, and
one adenoma and one carcinoma were diagnosed in
the 625 ppm group (Table B1). These neoplasms
may be related to chemical exposure.

Small Intestine: Carcinomas of the small intestine are
uncommon in the B6C3F, mouse, with none occur-
ring in historical control mice from recent NTP
inhalation studies; therefore, the presence of carcino-
mas in two females exposed to 6.25 ppm and in one
female exposed to 62.5 ppm is of interest. One
adenoma was present in a female exposed to
6.25 ppm (Table B1). A carcinoma was noted in one
male in each of the 6.25, 20, and 62.5 ppm groups;
carcinomas were present in two animals exposed to
200 ppm (Tables Al and AS). It is difficult to
determine the relationship of these neoplasms to
exposure to 1,3-butadiene; however, no proliferative
intestinal lesions were noted in controls.

Testis: At the 9-month interim evaluation, the
absolute testis weight of males receiving 62.5 ppm or
more and the relative testis weight of males receiving
200 and 625 ppm were lower than those of the
controls (Table E1). At the 15-month interim
evaluation, the absolute and relative testis weights of
males that received 200 and 625 ppm were lower than
those of controls (Table E2). The decreases in
testicular weights seen at the 9- and 15-month
interim evaluations appeared to be dose related, and
correlated well with the diagnosis of testicular
atrophy.
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TABLE 14

Kidney Lesions in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene®
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0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
15-Month Interim Evaluation
Renal Tubule: Adenoma 010 (0%) O3 (0%) 0/4 (0%) 012 (0%) 010 (0%) 177 (14%)
2-Year Study
Renal Tubule: Hyperplasia
Overall rate 2/50 (4%)  0/50 (0%)  0/50 (0%)  3M48 (6%) 149 (2%)  1/13 (1%)
Logistic regression test® P=0.353 P=0.215N P=0.324N P=0.397 P=0.673 P=0.924
Renal Tubule: Adenoma®
Overall rate 0/50 (0%)  1/50 (2%)  0/50 (0%) 3148 (6%) 149 (2%)  0/13 (0%)
Adjusted rate? 0.0% 26% 0.0% 13.6% 37% 0.0%
Terminal rate® 035 (0%) 139 (3%) 024 (0%) 3122 (14%)  0/4 (0%) 0/0
First incidence (days) f 733 (T) - 733 (T) 573 -
Logistic regression test P=0.630 P=0.522 - P=0.053 P=0.580 -
Female
2-Year Study
Renal Tubule: Hyperplasia
Overall rate 0/49 (0%)  0/49 (0%)  0/48 (0%)  1/50 2%)  0/50 (0%)  0/80 (0%)
Renal Tubule: Adenoma®
Overall rate 0/49 (0%)  0/49 (0%)  0/48 (0%)  0/50 (0%)  2/50 (4%)  0/80 (0%)
Adjusted rate 0.0% 0.0% 0.0% 0.0% 35.2% 0.0%
Terminal rate 0/37 (0%) 0/33 (0%) 0/24 (0%) 0/11 (0%) 0/0 0/0
First incidence (days) - - - - 418 -
Logistic regression test P=0.816N - - - P=0.276 -

(T)Terminal sacrifice
a

b

Incidences are given as number of lesion-bearing animals/number of animals microscopically examined.
Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values

corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression test regards neoplasms
in animals dying prior to terminal kill as nonfatal. A negative trend or lower incidence in a dose group is indicated by N.

type in any of the groups

Observed incidence at terminal kill
Not applicable; no neoplasms in animal group

2 2-Year historical incidence: 0/559 (0.0%); upper 95% confidence limit = 0.5%

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean * standard deviation): 1/571
(0.2% + 0.3%); range 0%-1%
Number of neoplasm-bearing animals/effective number of animals, i.e., number of animals alive at first occurrence of this neoplasm
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TABLE 1§
Subcutaneous Skin Neoplasms in Mice in the 2-Year Inhalation Studies of 1,3-Butadiene*

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male
2-Year Study
Hemnnglosanomab
Overall rate 0/50 (0%) 1/50 (2%) 1/50 (2%) 0/50 (0%) 3/50 (6%) 0/73 (0%)
Adjusted rate® 0.0% 2.6% 2.5% 0.0% 11.7% 0.0%
Terminal rate? 0/35 (0%) 1/39 (3%) 0/24 (0%) 0/22 (0%) 0/4 (0%) 0/0
First incidence (days) f 733 (T) 585 - 530 -
Life table test® P=0.060 P=0.522 P=0.486 - P=0.051 -
Female
15-Month Interim Evaluation ,
Neurofibrosarcoma 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 172 (50%)
2-Year Study
Hemangioma®
Overall rate 0/50 (0%)  0/50 (0%)  1/50 %)  1/50 2%)  0/50 (0%)  0/80 (0%)
Hemangiosarcoma"
Overall rate 1/50 2%)  2/50 (4%) 250 (4%)  2/50 (4%) 250 (4%)  2/80 (3%)
Adjusted rate 2.7% 52% 8.3% 132% 21.4% 6.1%
Terminal rate 1371 (3%) 133(3%) 224(8%) 011 (0%) 0N 00
First incidence (days) 733 (T) 572 733 (T) 665 569 328
Life table test P<0.001 P=0.471 P=0.350 P=0.173 P=0.014 P=0.153
Neurofibrosarcoma or Sarcoma'
Overall rate 1/50 (2%) 2/50 (4%) 3/50 (6%) 5/50 (10%)  3/50 (6%) 3/80 (4%)
Adjusted rate 24% 5.3% 8.0% 20.3% 43.0% 19.3%
Terminal rate 037 (0%) 133(3%) 024 (0%) 011 (0%) 0N 0/0
First incidence (days) 677 642 569 597 524 316
Life table test P<0.001 P=0476 P=0238 P=0.017 P=0.002 P=0.013

(T)Terminal sacrifice

3 Incidences are given as number of neoplasm-bearing animals/number of animals necropsied.

2-Year historical incidence for untreated control groups in NTP inhalation studies (mean * standard deviation): 0/575

(0.0% % 0.0%); range 0%-0% .

Number of neoplasm-bearing animals/effective number of animals, i.c., number of animals alive at first occurrence of this neoplasm
type in any of the groups

4" Observed incidence at terminal kill

€ Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding 1o pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death.

Not applicable; no neoplasms in animal group

2-Year historical incidence: 0/561

2-Year historical incidence: 1/561 (0.2% * 0.6%); range 0%-2%

2-Year historical incidence: 2/561 (0.4% + 0.8%); range 0%-2%

ki — - B}
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Testicular atrophy was observed to be a prominent
exposure-related response only in mice exposed to
625 ppm (Table AS). Testicular atrophy was charac-
terized by a uniform minimal to mild decrease in
cellularity of the seminiferous tubules.

Nose: Olfactory epithelial atrophy was observed in
seven female mice exposed to 625 ppm and in one
control (Table B5). Atrophy was associated with an
inflamed tooth in one control mouse and was uni-
lateral in the other control mouse. In female mice
exposed to 625 ppm, the lesion was probably related
to exposure to 1,3-butadiene; lesions were bilateral
and were present in the middle and posterior nasal
sections. Olfactory epithelial atrophy occurred in
male mice exposed to 20 ppm or above; the incidence
in males exposed to 625 ppm was lower than the
incidence in females, but was possibly also related to
exposure (Table AS). Atrophy was usually charac-
terized by focal loss of olfactory sensory neurons,
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with single layers of columnar, cuboidal, squamous,
or respiratory epithelial cells covering the defect.
The atrophy was usually minimal to mild in severity
and usually affected the olfactory epithelium at the
dorsal meatus of the posterior nasal section. These
nasal lesions were similar to those seen in previous
1,3-butadiene studies (NTP, 1984), but no osseous or
cartilaginous metaplasia was observed in the present
studies. The low incidences of atrophy were not
unexpected, because this lesion was not diagnosed in
the 625 ppm groups in the previous 1,3-butadiene
studies. In the previous studies, a strong predomi-
nance of olfactory epithelial lesions was observed
in male mice exposed to 1,250 ppm as compared with
the females, but this was not observed in animals
exposed to 625 ppm in the present studies. Olfactory
epithelial lesions observed in animals exposed to
lower doses in the present studies were unilateral or
not of the same character as those observed at
the highest dose, but were still diagnosed as atrophy.



2-YEAR STOP-EXPOSURE STUDY

Survival

Estimates of survival probabilities for male mice are
shown in Table 16 and in the Kaplan-Meier curves in
Figure 4. Survival of all groups of male mice exposed
to 1,3-butadiene was significantly lower than that of
the controls due to the development of malignant
neoplasms, particularly malignant lymphomas and
hemangiosarcomas of the heart. The reduced survival
of male mice exposed to 625 ppm for 13 or 26 weeks
became apparent between months 6 and 9 of the
study, whereas that of male mice exposed to 312 ppm
for 52 weeks and 200 ppm for 40 weeks became
apparent between months 12 and 15 of the study.

TABLE 16

1,3-Butadiene, NTP TR 434

Of the two groups receiving the total exposure
equivalent of 8,000 ppm - weeks, the survival of males
exposed to 625 ppm for 13 weecks was not signifi-
cantly lower than that of males exposed to 200 ppm
for 40 weeks. In contrast, of the two groups receiving
the equivalent of 16,000 ppm - weeks, the survival of
the group exposed to 625 ppm for 26 weeks was sig-
nificantly lower than that of the group exposed to
312 ppm for 52 weeks.

Body Weights
Mean body weights of exposed and control male mice
were similar (Table 17 and Figure 5).

Survival in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)
Animals initially in study 70 50 50 50 50
9-Month interim evaluation® 10 0 0 0 0
15-Month interim evaluation? 10 ] ] (] 0
Accidental deaths® 0 0 1 0 0
Moribund 9 29 25 25 22
Natural deaths 6 12 19 24 28
Animals surviving until study termination 35 9 1 0
Percent probability of survival at end of studyb 70 18 10 2 0
Mean survival days® 685 579 487 496 357
Survival analysisd P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Censored from survival analyses

(- -

Mean of all deaths (uncensored, censored, terminal sacrifice)

(Cox, 1972) with the controls are in the dosed columns.

Kaplan-Meier determinations. Survival rates adjusted for interim evaluations and accidental deaths.

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons
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TABLE 17
Mean Body Weights and Survival of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

Week 0 ppm 200 ppm (40 weeks) 312 ppm (52 weeks)
on Av. Wt. Number of Av. Wt. Wt. (% of Numberof Av. Wt Wt. (% of  Number of
Study* ® Survivors ® controls) Survivors ® controls) Survivors
1 230 70 226 98 50 2.7 99 50
2 244 70 256 105 50 251 103 50
3 258 70 26.7 103 50 264 102 50
4 271 70 i 279 103 50 271 100 50
5 278 70 288 104 50 279 100 50
6 287 70 294 102 50 282 98 50
7 292 70 303 104 50 29.0 99 50
8 30.1 70 312 104 50 29.6 98 50
9 30.7 70 320 104 50 30.1 98 50
10 31.1 70 325 105 50 30.9 99 50
11 320 70 33.6 105 50 31.2 98 50
12 32.7 70 337 103 50 31.0 95 50
13 33.0 70 34.0 103 50 315 96 50
17 35.2 70 36.7 104 50 34.5 98 50
21 36.6 70 39.7 109 50 36.2 9 50
25 389 70 41.7 107 50 380 98 50
29 40.8 70 43.6 107 50 40.5 99 50
33 41.7 70 438 105 49 414 99 49
37 432 70 45.1 104 48 43.1 100 - 49
41° 433 60 463 107 47 44.1 102 49
45 44.1 60 46.3 105 47 45.5 103 47
49 455 60 474 104 46 46.1 101 45
53 46.0 60 472 103 46 45.8 100 41
57 45.7 59 474 104 46 46.8 102 39
61 46.1 59 48.1 104 44 471 102 36
65° 457 49 46.7 102 43 415 104 29
69 458 48 46.0 100 40 479 105 27
73 453 46 45.0 99 37 47.0 104 22
71 451 46 44.6 99 32 449 100 21
81 448 44 439 98 31 46.7 104 14
85 443 43 439 99 27 469 106 12
89 440 41 421 96 24 42.7 97 9
93 431 39 392 91 20 376 87 4
95 429 39 40.0 93 15 358 83 3
97 43.0 37 40.4 94 13 383 89 2
99 423 37 38.6 91 13 36.1 85 2
101 41.6 36 378 91 9 346 83 2
103 415 35 37.1 89 9 318 77 1
Terminal sacrifice 35 9 ‘ 1
Mean for weeks
1-13 289 299 103 28.5 9
14-52 410 434 106 41.0 100
53.103 442 43.0 97 23 96

(continued)
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TABLE 17

Mean Body Weights and Survival of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene
(continued)

Week 0 ppm 625 ppm (13 weeks) 625 ppm (26 weeks)
on Av. Wt. Number of Av, Wt. Wt. (% of Numberof Av. Wt Wt (% of Number of
Study ® Survivors ® controls) Survivors ® controls) Survivors
1 230 70 223 97 50 2.7 99 50
2 244 70 251 103 50 254 104 50
3 258 70 264 102 50 267 104 50
4 271 70 272 100 50 273 101 50
5 278 70 28.0 101 50 28.0 101 50
6 28.7 70 28.9 101 50 291 101 50
7 292 70 294 101 50 296 101 50
8 301 70 30.5 101 50 304 101 50
9 30.7 70 31.0 101 50 313 102 50
10 311 70 315 101 50 316 102 50
11 320 70 322 101 50 324 101 50
12 327 70 327 100 50 330 101 50
13 330 70 330 100 50 332 101 50
17 352 70 36.2 103 50 363 103 50
21 36.6 70 385 105 50 383 105 50
25 389 70 404 104 49 408 105 49
29 408 70 43.7 107 47 432 106 46
33 417 70 434 104 45 424 102 42
37 432 70 43 103 42 4.5 103 34
41® 433 60 445 103 38 460 106 30
45 4.1 60 45.9 104 35 484 110 24
49 455 60 464 102 34 48.7 107 24
53 46.0 60 474 103 31 49.3 107 19
57 45.7 59 475 104 31 484 106 19
61 46.1 59 480 104 30 484 105 17
6s® 457 49 417 104 ) 486 106 14
69 458 48 472 103 29 487 106 13
73 453 46 475 105 28 464 102 9
7 451 46 45.5 101 27 419 93 8
81 48 4 440 98 23
85 43 43 430 97 20
89 440 41 40.6 92 16
923 43.1 39 40.3 94 11
95 429 39 382 89 11
97 43.0 37 376 87 9
9 423 37 35.6 84 8
101 416 36 33.7 81 7
103 415 35 349 84 6
Terminal sacrifice 35 5 0
Mean for weeks
1-13 289 29.1 101 293 101
14-52 41.0 42.6 104 432 105
53103 442 424 9 474 107

3 Week on study of stop-exposure groups. For weeks 17 through 95, control males were weighed one week after stop-exposure
males.

Interim evaluations in control males occurred during weeks 41 and 66.
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Results

Pathology and Statistical

Analyses of Results

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
neoplasms or nonneoplastic lesions of the hemato-
poietic system, heart, lung, liver, stomach, harderian
gland, kidney, Zymbal’s gland, brain, and preputial
gland. Summaries of the incidences of neoplasms
and nonneoplastic lesions, the individual animal
tumor diagnoses, the statistical analyses of primary
neoplasms that occurred with an incidence of at least
5% in at least one group, and the historical
incidences for the biologically significant neoplasms
mentioned in this section are presented in
Appendix C.

Exposure of male mice to 200 ppm for 40 weeks,
625 ppm for 13 weeks, 312 ppm for 52 weeks, or
625 ppm for 26 weeks induced neoplasms at the same
sites observed in the 2-year studies.

Hematopoietic System: The incidences of mice with
malignant lymphoma in groups exposed to 625 ppm
for 13 or 26 weeks were markedly greater than the
incidence in the controls, while the incidences in
groups exposed to 200 ppm for 40 weeks or 312 ppm
for 52 weeks were only marginally increased
(Table 18). The majority of the lymphomas were the
lymphocytic type apparently arising from the thymus.
During the first 9 months of the study, all early
deaths except one were related to the development of
malignant lymphomas; the cause of death of one male
exposed to 200 ppm was not determined. The inci-
dence of histiocytic sarcomas was also significantly
increased in each of the stop-exposure groups, but
they occurred more frequently in mice exposed to 200
or 312 ppm.

Heart: The incidences of endothelial hyperplasia and
hemangiosarcoma in most stop-exposure groups were
significantly greater than in the controls (Table 19).
In contrast to the increased occurrence of malignant
lymphomas in groups exposed to 625 ppm, hemangio-
sarcomas occurred more frequently in mice exposed
to 200 or 312 ppm. Hemangiosarcomas were
observed as early as 9 months in each of the 200, 312,
and 625 ppm (26-week) stop-exposure groups.
Myocardial mineralization, a lesion that occurred in
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exposed male and female mice in the 2-year studies,
was also seen in male mice exposed to 312 ppm for
52 weeks or 625 ppm for 13 or 26 weeks (Table CS5).

Lung: The incidences of hyperplasia of the alveolar
epithelium, alveolar/bronchiolar adenoma, and
alveolar/bronchiolar adenocarcinoma or carcinoma
were significantly greater in each of the stop-exposure
groups than in the controls (Table 20).

Liver: The incidences of hepatocellular adenoma of
the liver were significantly greater in the 200, 312,
and 625 ppm (13-week) stop-exposure groups than in
the controls, while the incidence of hepatocellular
carcinomas was not increased in any of the stop-
exposure groups (Table 21). Because the cause of
death of mice with hepatocellular adenoma or carci-
noma was generally attributed to other malignant
neoplasms, the logistic regression test was considered
the most appropriate analysis.

Stomach: The increased incidence of hyperplasia of
the forestomach epithelium in each of the stop-
exposure groups was not significantly greater than
that in the control group (Table 22). Squamous cell
papillomas occurred at low incidences in each of the
groups, and the incidences were not significantly
greater than the control incidence by the logistic
regression test, the most appropriate analysis for
these nonfatal lesions. Squamous cell carcinomas
occurred in groups of mice exposed to 312 or
625 ppm (13 or 26 weeks), but not in mice exposed
to 200 ppm nor in the control group. The incidences
of carcinoma in the stop-exposure groups were signi-
ficantly greater than the incidence in the control
group by the life table test, the most appropriate
analysis for these fatal neoplasms.

Harderian Gland: The incidences of adenoma of the
harderian gland were significantly greater in each of
the stop-exposure groups than in the controls
(Table 23). Carcinomas occurred at low incidences in
males exposed to 200 ppm for 40 weeks, 312 ppm for
52 weeks, or 625 ppm for 13 weeks; none were
observed in the controls or in males exposed to
625 ppm for 26 weeks. Focal hyperplasia of the
harderian gland occurred with low frequency in each
of the stop-exposure groups.
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TABLE 18

Malignant Lymphoma and Histiocytic Sarcoma in Male Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Lymphocytic Malignant Lymphoma

Overall rate® 2/50 (4%) 6/50 (12%) 17/50 (34%) 4/50 (8%) 30/50 (60%)

Adjusted rate® 47% 26.7% 35.8% 100.0% 81.5%

Terminal rate® 0/35 (0%) 19 (11%) 0/5 (0%) 11 (100%) 0/0

First incidence (days) 511 208 169 289 159 _

Life table testd P=0.033 P<0.001 P=0.034 P<0.001
All Organs: Lymphoma (Mixed or NOS) .

Overall rate 2/50 (4%) 2/50 (4%) 5/50 (10%) 4/50 (8%) 3/50 (6%)

Adjusted rate 53% 1.8% 34.8% 58.0% 43.3%

Terminal rate 1735 (3%) 0/9 (0%) 1/5 (20%) 0/1 (0%) 0/0

First incidence (days) 666 514 251 217 251

Life table test P=0.382 P=0.010 P=0.005 P=0.002
Malignant Lymphoma (Lymphocytic, Mixed, or NOS)

Overall rate 4/50 (8%) 8/50 (16%) 22/50 (44%) 8/50 (16%) 33/50 (66%)

Adjusted rate 9.8% 32.4% 58.2% 100.0% 89.5%

Terminal rate 1135 (3%) 19 (11%) 1/5 (20%) 111 (100%) 00

First incidence (days) 511 208 169 217 159

Life table test P=0.023 P<0.001 P<0.001 P<0.001
Histiocytic Sarcoma

Overall rate 0/50 (0%) 5/50 (10%) 2/50 (4%) 7/50 (14%) 2/50 (4%)

Adjusted rate 0.0% 21.3% 28.9% 43.0% 15.6%

Terminal rate 0/35 (0%) 09 (0%) 1/5 (20%) 0/1 (0%) 00

First incidence (days) -€ 576 692 314 364

Life table test P=0.006 P=0.011 P<0.001 P=0.036

Number of neoplasm-bearing animals/number of animals necropsied

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed
group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death.

Not applicable; no neoplasms in animal group
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TABLE 19
Heart Lesions in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Endothelial Hyperplasia

Overall rate® 0/50 (0%) 6/50 (12%) 7/50 (14%) 3/50 (6%) 7/50 (14%)

Logistic regression test® P=0.004 P=0.002 P=0.112 P=0.009
Hemangiosarcoma

Overall rate 0/50 (0%) 15/50 (30%) /50 (14%) 33/50 (66%)  13/50 (26%)

Adjusted rate® 0.0% 76.2% 61.8% 100.0% 100.0%

Terminal rate? 0/35 (0%) 5/9 (56%) 2/5 (40%) 11 (100%) 00

First incidence (days) - 330 566 328 306

Life table test® P<0.001 P<0.001 P<0.001 P<0.001

Number of lesion-bearing animals/number of animals necropsied .

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed
group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Not applicable; no neoplasms in animal group
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TABLE 20
Lung Lesions in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Alveolar Epithelial Hyperplasia

Overall rate® 2/50 (4%) 18/50 (36%) 10/50 (20%) 14/50 (28%) 11/50 (22%)

Logistic regression test® P<0.001 P<0.001 P<0.001 P<0.001
Alveolar/bronchiolar Adenoma

Overall rate 18/50 (36%) 24/50 (48%) 17/50 (34%) 26/50 (52%) 12/50 (24%)

Adjusted rate® 46.9% 94.3% 85.3% 100.0% 100.0%

Terminal rated 15/35 (43%) 8/9 (89%) 3/5 (60%) 1/1 (100%) 00 ‘

First incidence (days) 572 399 327 344 358

Logistic regression test P=0.015 P=0.044 P=0.001 P<0.001
Alveolar/bronchiolar Adenocarcinoma or Carcinoma

Overall rate 5/50 (10%) 22/50 (44%) 18/50 (36%) 16/50 (32%) 11/50 (22%)

Adjusted rate 14.3% 89.5% 87.7% 100.0% 100.0%

Terminal rate 5135 (14%) 79 (78%) 3/5 (60%) 111 (100%) 0/0

First incidence (days) 729 (T) 481 370 392 241

Life table test® P<0.001 P<0.001 P<0.001 P<0.001

Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma

Overall rate 21/50 (42%) 36/50 (72%) 28/50 (56%) 32/50 (64%) 17/50 (34%)

Adjusted rate 54.9% 100.0% 100.0% 100.0% 100.0%

Terminal rate 18735 (51%) 9/9 (100%) 5/5 (100%) 11 (100%) 00

First incidence (days) 5712 399 327 344 241

Life table test P<0.001 P<0.001 P<0.001 P<0.001

Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001

(T)Terminal sacrifice

3 Number of lesion-bearing animals/number of animals necropsied

b Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed
group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill
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TABLE 21

Liver Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

69

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Hepatocellular Adenoma

Overall rate? 13/50 (26%) 27/49 (55%) 19/49 (39%) 19/50 (38%) 11/50 (22%)

Adjusted rate® 321% 91.1% 91.0% 100.0% 100.0%

Terminal rate® 9/35 (26%) 79 (18%) 4/5 (80%) 111 (100%) 00

First incidence (days) 379 399 471 326 313

Logistic regression test P<0.001 P=0.042 P=0.045 P=0.284
Hepatocellular Carcinoma

Overall rate 11/50 (22%) 14/49 (29%) 14/49 (29%) 10/50 (20%) 4/50 (8%)

Adjusted rate 26.0% 50.3% 90.9% 74.6% 50.5%

Terminal rate 5/35 (14%) 19 (11%) 4/5 (80%) 0/1 (0%) 0/

First incidence (days) 540 407 520 382 483

Logistic regression test P=0.530N P=0.142 P=0.453N P=0.393N
Hepatocellular Adenoma or Carcinoma

Overall rate 21/50 (42%) 33/49 (67%) 24/49 (49%) 24/50 (48%) 13/50 (26%)

Adjusted rate 479% 93.4% 94.4% 100.0% 100.0%

Terminal rate 13735 (37%) 79 (78%) 4/5 (80%) 1/1 (100%) 0/0

First incidence (days) 379 399 471 326 313

Logistic regression test P=0.004 P=0.063 P=0.169 P=0.561
Hepatoblastoma, Hepatocellular Adenoma, or Carcinoma

Overall rate 21/50 (42%) 33/49 (67%) 24/49 (49%) 25/50 (50%) 13/50 (26%)

Adjusted rate 47.9% 93.4% 94.4% 100.0% 100.0%

Terminal rate 1335 (37%) 79 (18%) 4/5 (80%) 11 (100%) 0/0

First incidence (days) 379 399 471 326 313

Logistic regression test P=0.004 P=0.063 P=0.103 P=0.561

Observed incidence at terminal kill

an o w

Number of neoplasm-bearing animals/number of animals microscopically examined
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed

group. The logistic regression tests regard neoplasms in animals dying prior to terminal kill as nonfatal. A lower incidence in a

dose group is indicated by N.
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TABLE 22
Forestomach Lesions in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Epithelial Hyperplasia

Overall rate* 4/50 (8%) 10/48 (21%) 8/50 (16%) 20/48 (42%) 15/50 (30%)

Logistic regression test® P=0.163 P=0.638N P=0.095 P=0.566
Squamous Cell Papilloma

Overall rate 1/50 (2%) 3/50 (6%) 4/50 (8%) 4/50 (8%) 4/50 (8%)

Adjusted rate® 2.5% 21.4% 283% 100.0% 20.1%

Terminal rate 0/35 (0%) 19 (11%) 1/5 (20%) 1/1 (100%) (1]

First incidence (days) 652 584 327 401 359

Logistic regression test P=0.195 P=0.260 P=0.181 P=0.301
Squamous Cell Carcinoma

Overall rate 0/50 (0%) 0/50 (0%) 4/50 (8%) 5/50 (10%) 6/50 (12%)

Adjusted rate 0.0% 0.0% 51.6% 331% 40.9%

Terminal rate 0/35 (0%) 0/9 (0%) 2/5 (40%) 0/1 (0%) 00

First incidence (days) - - 370 422 288

Life table test® - P<0.001 P<0.001 P<0.001

Logistic regression test - P=0.013 P=0.017 P=0.061
Squamous Cell Papilloma or Squamous Cell Carcinoma '

Overall rate 1/50 (2%) 3/50 (6%) 7/50 (14%) 9/50 (18%) 10/50 (20%)

Adjusted rate 2.5% 21.4% 56.6% 100.0% 52.8%

Terminal rate 0/35 (0%) 19 (11%) 2/5 (40%) 1/1 (100%) 00

First incidence (days) 652 584 327 401 288

Life table test P=0.065 P<0.001 P<0.001 P<0.001

Logistic regression test P=0.195 P=0.025 P=0.004 P=0.313

Number of lesion-bearing animals/microscopically examined or number of animals necropsied
Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed

group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal. A lower incidence in a dose group is indicated by N.

a0

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
Not applicable; no neoplasms in animal group
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TABLE 23

Harderian Gland Lesions in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

7

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Hyperplasia

Overall rate? 1/50 (2%) 4/48 (8%) 3/42 (1%) 6/48 (13%) 136 (19%)

Logistic regression test® P=0.174 P=0.179 P=0328 P=0.002
Adenoma

Overall rate 6/50 (12%) 26/50 (52%)  20/50 (40%)  28/50 (56%) 13/50 (26%)

Adjusted rate® 14.8% 87.9% 94.3% 100.0% 100.0%

Terminal rate? 235 (6%) 69 (67%) 4/5 (80%) 111 (100%) 00

First incidence (days) 543 440 410 34 306

Logistic regression test P<0.001 P<0.001 P<0.001 P=0.046
Carcinoma

Overall rate 0/50 (0%) 2/50 (4%) 4/50 (8%) 2/50 (4%) 0/50 (0%)

Adjusted rate 0.0% 5.6% 38.8% 51.5% 0.0%

Terminal rate 0735 (0%) 0/ (0%) 1/5 (20%) 011 (0%) 00

First incidence (days) - 510 567 441 -

Life table test® P=0.182 P<0.001 P=0.028 -

Logistic regression test ' P=0.397 P=0.006 P=0.190 -
Adenoma or Carcinoma

Overall rate 6/50 (12%) 27/50 (54%) 23/50 (46%) 30/50 (60%) 13/50 (26%)

Adjusted rate 14.8% 88.3% 100.0% 100.0% 100.0%

Terminal rate 2/35 (6%) 69 (67%) 5/5 (100%) 1/1 (100%) 00

First incidence (days) 543 440 410 344 306

Life table test P<0.001 P<0.001 P<0.001 P<0.001

Logistic regression test P<0.001 P<0.001 P<0.001 P=0.046

»

Number of lesion-bearing animals/number of animals microscopically examined or number of animals necropsied
Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed

group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal.

1Y

Observed incidence at terminal kill
Not applicable; no neoplasms in animal group

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
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Kidney: Renal tubule epithelium focal hyperplasia or
adenoma occurred at low incidences in each of the
stop-exposure groups (Table 24). Although the
incidences of adenoma in the exposed groups were
not significantly greater than the incidence in the
controls by the logistic regression analysis, renal
tubule adenomas are rare spontaneous neoplasms in
untreated male mice. The incidence of renal tubule
neoplasms in NTP historical control male mice
is 1/571 (Table C4). The small numbers of renal
tubule adenomas in male mice exposed to
1,3-butadiene are comnsidered to be related to
chemical administration because of their rare
occurrence in historical controls.

Zymbal’s Gland: Carcinomas of the Zymbal’s gland
were seen in one male exposed to 200 ppm for
40 weeks, two males exposed to 625 ppm for
13 weeks, and two males exposed to 625 ppm for
26 weeks; an adenoma was seen in one control male
(Table C1). The incidence of Zymbal’s gland neo-
plasms (adenomas or carcinomas) in the group
exposed to 625 ppm for 26 weeks was significantly

TABLE 24

1,3-Butadiene, NTP TR 434

greater than the incidence in the controls by the life
table test (Table C3a).

Brain: Malignant gliomas occurred in the brain of
two male mice exposed to 625 ppm for 13 weeks and
in one male mouse exposed to 625 ppm for 26 weeks
(Table C1). In addition, malignant neuroblastomas
were seen in two males exposed to 625 ppm for
13 weeks (Table C1). All of the neoplasms occurred
in the anterior or olfactory lobe of the brain.
Gliomas and neuroblastomas are rare spontaneous
neoplasms; none have been observed in 574 NTP his-
torical control male mice. For this reason, both the
gliomas and the neuroblastomas are considered
related to chemical administration.

Preputial Gland: Preputial gland carcinomas occurred
at low incidences in each of the stop-exposure groups
but none were seen in the controls (Table 25). An
adenoma was seen in one male mouse exposed to
625 ppm for 13 weeks. The combined incidences of
preputial gland adenoma or carcinoma were signifi-
cantly increased in the groups exposed to 312 ppm
for 52 weeks or 625 ppm for 13 or 26 weeks.

Kidney Lesions in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Renal Tubule: Hyperplasia

Overall rate? 2/50 (4%) 4/48 (8%) 1/50 (2%) 1/49 (2%) 2/50 (4%)

Logistic regression test? P=0.163 P=0.678 P=0.013N P=0.429N
Renal Tubule: Adenoma

Overall rate 0/50 (0%) 4/48 (8%) 1/50 (2%) 3/49 (6%) 1/50 (2%)

Adjusted rate® 0.0% 174% 14.3% 27.8% 6.3%

Terminal rated 0/35 (0%) 0/9 (0%) 0/5 (0%) 0/1 (0%) 0/0

First incidence (days) € 516 707 539 440

Logistic regression test P=0.073 P=0.273 P=0.075 P=0.731

Number of lesion-bearing animals/number of animals microscopically examined
Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed group.

The logistic regression tests regard lesions in animals dying prior to terminal kill as nonfatal. A lower incidence in a dose group is

indicated by N.

Observed incidence at terminal Kill
Not applicable; no neoplasms in animal group

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
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TABLE 25
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Preputial Gland Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Adenoma

Overall rate® 0/50 (0%) 0/50 (0%) 1/50 (2%) 0/50 (0%) 0/50 (0%)
Carcinoma

Overall rate 0/50 (0%) 1/50 (2%) 4/50 (8%) 4/50 (8%) 3/50 (6%)

Adjusted rate? 0.0% 10.0% 16.9% 100.0% 100.0%

Terminal rate® 0/35 (0%) 09 (0%) 0/5 (0%) 11 (100%) 0/0

First incidence (days) -€ 699 520 639 539

Life table testd P=0.247 P=0.012 P<0.001 P<0.001

Logistic regression test P=0.368 P=0.039 P<0.001 P=0.002
Adenoma or Carcinoma

Overall rate 0/50 (0%) 1/50 (2%) 5/50 (10%) 4/50 (8%) 3/50 (6%)

Adjusted rate 0.0% 10.0% 22.9% 100.0% 100.0%

Terminal rate 0735 (0%) 0/9 (0%) 0/5 (0%) 1/1 (100%) 0/

First incidence (days) - 699 520 639 539

Life table test P=0.247 P=0.003 P<0.001 P<0.001

Logistic regression test P=0.368 P=0.013 P<0.001 P=0.002

Observed incidence at terminal kill

a o oe

Number of neoplasm-bearing animals/number of animals necropsied
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed

group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal.

Not applicable; no neoplasms in animal group

Comparison of Groups with Total Exposure
of 8,000 ppm - weeks

Comparison of the two stop-exposure groups receiv-
ing equivalent total exposures of 8,000 ppm - weeks
(200 ppm for 40 weeks versus 625 ppm for 13 weeks)
revealed statistically significant differences in the
incidences of malignant lymphoma and squamous cell
carcinoma of the forestomach (Table 26). The
incidences of lymphocytic lymphomas and lymphomas
of all types were significantly greater in male mice
exposed to 625 ppm for 13 weeks than in males
exposed to 200 ppm for 40 weeks. The incidence of
forestomach squamous cell carcinoma in the group
exposed to 625 ppm for 13 weeks was also signifi-
cantly greater than in the group exposed to 200 ppm
for 40 weeks. The incidences of squamous cell
papilloma were similar in the two groups
(Table C3b).

Comparison of Groups with Total Exposure
of 16,000 ppm - weeks

Comparison of the two stop-exposure groups receiv-
ing equivalent total exposures of 16,000 ppm - weeks
(312 ppm for 52 weeks versus 625 ppm for 26 weeks)
revealed statistically significant differences in the
incidences of malignant lymphoma and squamous cell
carcinomas of the forestomach (Table 27). The
incidences of lymphocytic lymphomas and lymphomas
of all types were significantly greater in the group
exposed to 625 ppm for 26 weeks.

SUPPLEMENTAL ANALYSES

The decreased survival of mice in the higher exposure
groups reduced the sensitivity of logistic regression
analyses for detecting chemical-related carcinogenic
effects. Thus, a supplemental analysis was performed
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TABLE 26
Comparison of Selected Neoplasms in Male Mice Exposed to 1,3-Butadiene Concentrations
of 200 ppm for 40 Weeks or 625 ppm for 13 Weeks

200 ppm 625 ppm
(40 weeks) (13 weeks)

All Organs: Lymphocytic Malignant Lymphoma

Overall rate® 6/50 (12%) 17/50 (34%)

Adjusted rate® 26.1% 35.8%

Terminal rate® 19 (11%) 0/5 (0%)

First incidence (days) 208 169

Life table testd P=0.005
All Organs: Malignant Lymphoma (Mixed or NOS)

Overall rate 2/50 (4%) 5/50 (10%)

Adjusted rate 7.8% 34.8%

Terminal rate 0/9 (0%) 1/5 (20%)

First incidence (days) 514 251

Life table test P=0.117
All Organs: Malignant Lymphoma (Lymphocytic, Mixed, or NOS)

Overall rate 8/50 (16%) 22/50 (44%)

Adjusted rate 32.4% 58.2%

Terminal rate 19 (11%) 1/5 (20%)

First incidence (days) 208 169

Life table test P=0.001

Stomach (Forestomach): Squamous Cell Carcinoma

Overall rate 0/50 (0%) 4/50 (8%)

Adjusted rate 0.0% . 51.6%

Terminal rate 0/9 (0%) 2/5 (40%)

First incidence (days) - 370

Life table test P=0.019

Logistic regression test? P=0.031
Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma

Overall rate 3/50 (6%) 7/50 (14%)

Adjusted rate 21.4% 56.6%

Terminal rate 1M (11%) 2/5 (40%)

First incidence (days) 584 327

Life table test P=0.045

Logistic regression test P=0.099

Number of neoplasm-bearing animals/number of animals necropsied

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed
group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of
death. The logistic regression tests regard these lesions as nonfatal.

Not applicable; no neoplasms in animal group

a 0 o e
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TABLE 27
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Comparison of Selected Neoplasms in Male Mice Exposed to 1,3-Butadiene Concentrations

of 312 ppm for 52 Weeks or 625 ppm for 26 Weeks

312 ppm 625 ppm
(52 weeks) (26 weeks)

All Organs: Lymphocytic Malignant Lymphoma

Overall rate® 4/50 (8%) 30/50 (60%)

Adjusted rate} 100.0% 81.5%

Terminal rate® 1/1 (100%) 00

First incidence (days) 289 159

Life table test P<0.001
All Organs: Malignant Lymphoma (Mixed or NOS)

Overall rate 4/50 (8%) 3/50 (6%)

Adjusted rate 58.0% 43.3%

Terminal rate 0/1 (0%) 0/0

First incidence (days) 217 251

Life table test P=0.244
All Organs: Malignant Lymphoma (Lymphocytic, Mixed, or NOS)

Overall rate 8/50 (16%) 33/50 (66%)

Adjusted rate 100.0% 89.5%

Terminal rate 1/1 (100%) 0/

First incidence (days) 217 159

Life table test P<0.001

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically

for lung and preputial gland; for other tissues, denominator is number of animals necropsied.

Observed incidence at terminal kill

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed

group. The life table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of

death.

by the "Poly-3" quantal response test (Bailer and
Portier, 1988; Portier and Bailer, 1989). The
survival-adjusted rates for those neoplasms showing
chemical-related increases are summarized in
Tables 28 and 29. The effect of this additional
analysis was to detect as significant certain neoplastic
responses that were not detected by the logistic
regression analysis in mice exposed to 625 ppm. The
results of the "Poly-3" quantal response test do not
change the overall interpretation of these studies.
Mortality-adjusted dose-response curves for neo-
plastic lesions induced by 1,3-butadiene are shown in
Figures 6 (males) and 7 (females).

The results of fitting a modified Weibull model
(Portier et al, 1986) to the Poly-3 survival-adjusted

neoplasm rates are given as the shape parameter
values in Table 28. For approximately half of the
neoplasms evaluated, the dose-response trend is
consistent with a linear model (i.e., shape
parameter = 1). In most of the instances in which a
departure from linearity was evident, the shape
parameter was significantly less than a value of one
(liver neoplasms in males, mammary gland neoplasms
in females, and harderian gland neoplasms and lung
neoplasms in males and females) implying that the
dose-response curve is very steep in the low-dose
region. Only for malignant lymphoma in male mice
and hemangiosarcoma of the heart in female mice
was there evidence of a "threshold-like"” dose-response
curve, i.€., a curve in which the shape parameter is
significantly greater than one.
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TABLE 28
Survival-Adjusted Neoplasm Rates for B6C3F, Mice in the 2-Year Inhalation Studies of 1,3-Butadiene?

Shape
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm Parameter

Male
Systemic neoplasms

Malignant lymphoma 9.0 44 100 153 7.4 97.3%¢ 10.000a4

Histiocytic sarcoma 0.0 0.0 10.0 12.9* 24.3** 50.7%+ 0.716
Heart

Hemangiosarcoma 0.0 0.0 26 13.5¢ 64.1** 52.9** 1.033
Lung

Adenoma or carcinoma 475 49.0 449 74.2* 87.8¢%* 451 0.457aa
Harderian gland

Adenoma or carcinoma 135 15.2 224 50.8** 80.6** 64.20b 0.647o0
Forestomach

Papilloma or carcinoma 23 0.0 0.0 27 28.7** 53.504b 1.413
Liver

Adenoma or carcinoma 44.6 482 652*0 61.6 85.9** 61.2 0.37400
Preputial gland

Carcinoma 0.0 0.0 0.0 0.0 18.9** 0.0 1.207
Female

Systemic neoplasms

Malignant lymphoma 131 212 215 202 40.1* 85.5** 1.690

Histiocytic sarcoma 6.5 44 17.2 118 34.0** 35.5¢ 0.583
Heart

Hemangiosarcoma 0.0 0.0 0.0 31 71.9** 83.4°* 1.293a
Lung

Adenoma or carcinoma 8.8 33.0* 46.5%* 61.1** 81.5** 82.4** 0.374qa0
Harderian gland

Adenoma or carcinoma 175 22.7 17.4 41.2* 70.9*¢ 580%+b 0.572a
Forestomach

Papilloma or carcinoma 0.0 0.0 18 6.1 22.5%+b 82.6** 1.182
Liver

Adenoma or carcinoma 333 303 364 514 64.9* 217 0.315
Ovary

Granulosa cell tumor,

benign or malignant 23 0.0 26 26.3** 41.1** 4650+ 0.777

Mammary gland
Carcinoma or
adenoacanthoma 0.0 45 102+ 32.6** 56.4** 66.8** 0.64500

* Significantly different (P <0.05) from the control group by the Poly-3 quantal response test (Portier and Bailer, 1989)
** P<0.01
a Shape is significantly greater than 1, P<0.05 by likelihood ratio test
44 P<0.01
o Shape is significantly less than 1, P<0.05 by likelihood ratio test
oo P<0.01
2 Neoplasm rates determined by Poly-3 quantal response method
Not significant by the logistic regression tests
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TABLE 29
Survival-Adjusted Neoplasm Rates for B6C3F, Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene*

0 ppm 200 ppm 625 ppm 312 ppm 625 ppm
(40 weeks) (13 weeks) (52 weeks) (26 weeks)

Systemic neoplasms

Malignant lymphoma 9.0 4.1 56.1** 35.0* 87.2**

Histiocytic sarcoma 0.0 16.3* 9.4 30.6** 20.4*
Heart

Hemangiosarcoma 0.0 47.1** 30.9** 85.2** 74.5%*
Lung

Adenoma or carcinoma 475 88.6** 89.5+¢ 88.0%¢ 87.2%+
Harderian gland

Adenoma or carcinoma 135 72.1%* 82.0** 88.6** 76.5%*
Forestomach

Papilloma or carcinoma 23 10.2 28.7+* 39.2** 60.7+*®
Preputial gland

Adenoma or carcinoma 0.0 35 21.2* 21.2** 30.6**
Kidney

Adenoma 0.0 13.3+0 47 15.2*® 11.0
Liver

Adenoma or carcinoma 44.6 8244+ 80.3+sb 75.9%4b 77.3%b

* Significantly different (P <0.05) from the control group by the Poly-3 quantal response test (Portier and Bailer, 1989)
** P<0.01
2 Neoplasm rates determined by Poly-3 quantal response method

Not significant by the logistic regression tests
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FIGURE 6

Dose-response curves for lymphomas (+), hemangiosarcomas of the heart (a), alveolar/bronchiolar
neoplasms (X), harderian gland neoplasms (@), and squamous cell neoplasms of the forestomach (*)
in male mice exposed to 1,3-butadiene.
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FIGURE 7

Dose-response curves for lymphomas (+), hemangiosarcomas of the heart (a), alveolar/bronchiolar
neoplasms (X), harderian gland neoplasms (@), squamous cell neoplasms of the forestomach (*),
granulosa cell tumor of the ovary (O), and mammary gland neoplasms (¢) in female mice exposed to
1,3-butadiene.



GENETIC TOXICOLOGY

1,3-Butadiene was mutagenic in Salmonella typhi-
murium strain TA1535 when tested as a gas in a
sealed desiccator chamber, with and without Aroclor
1254-induced male Sprague-Dawley rat or Syrian
hamster liver 89 (Table D1). The positive response
observed with TA1535 in the absence of exogenous
metabolic activation was unexpected and may, in fact,
be an artifact of the exposure protocol. To efficiently
conduct these desiccator exposures, all plates to be
exposed to a particular concentration of 1,3-buta-
diene, with or without S9, were housed together in a
single desiccator and treated simultaneously.
Previous investigations demonstrated that such an
arrangement produced positive responses in cultures
that did not contain S9 activation enzymes, whereas
removing the $9-containing plates from the desiccator
and treating only those cultures that did not contain
S9 resulted in no increase in mutations (de Meester
et al., 1980). The induction of mutations in the
cultures that did not contain S9 was believed to be
caused by the formation of a volatile mutagenic
intermediate in the S9-containing plates that
migrated to the plates without S9. No mutagenic
activity was detected for 1,3-butadiene in strain
TA100, TA97, or TA98 under the same conditions.

No mutagenic activity was observed in the mouse
lymphoma L5178Y cell assay, with or without
Aroclor 1254-induced male Fischer rat liver S9
(Table D2; McGregor et al, 1991). The maximum
dose was 30% in air (v/v). One possible factor in the
lack of mutagenic activity is the low solubility of
1,3-butadiene in the cell culture medium, which may
have prevented adequate exposure. 1,3-Butadiene did
not induce a significant increase in the number of
sex-linked recessive lethal mutations in germ cells of
male Drosophila melanogaster exposed by inhalation
to 360,000 ppm in air (Table D3). These negative
results with 1,3-butadiene were somewhat surprising,
given its demonstrated activity in mammalian cells
in vivo.
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Positive results were obtained with 1,3-butadiene in
cytogenetic tests with mammalian cells in vivo (Tice
et al., 1987). Significant increases in the frequency of
chromosomal aberrations (Table D4) and sister
chromatid exchanges (Table D5) were observed in
bone marrow cells of male mice exposed for 2 weeks
to 1,3-butadiene (6.25 to 625 ppm in air). For both
tests, the trend analyses were significant; both the
mid- and high-dose animals showed increases in sister
chromatid exchanges, while only the high-dose mice
had elevated levels of chromosomal aberrations. In
addition, cell cycle time was significantly lengthened
as doses of 1,3-butadiene were increased, as indicated
by the average generation time measurements
(Table D5). Peripheral blood smears prepared from
these same animals (exposed to 1,3-butadiene by
inhalation for 2 weeks) revealed significant increases
in micronucleated polychromatic erythrocytes and
normochromatic erythrocytes (Table D6). Elevations
in the frequency of micronucleated polychromatic
erythrocytes (a measure of acute exposure) were
observed in the mid- and high-dose mice, while only
the high-dose mice showed a statistically significant
increase in micronucleated normochromatic erythro-
cytes; for both types of cells, the trend analyses were
significant. The rate of erythropoiesis was increased
in exposed mice, particularly at the 625 ppm level, as
indicated by the increase in the percentage of poly-
chromatic erythrocytes in the total erythrocyte
population in the peripheral blood (Table D6). This,
along with the increase in average generation time
(Table D5), indicates cellular (bone marrow) toxicity
induced by 1,3-butadiene. The frequencies of micro-
nucleated polychromatic erythrocytes and normo-
chromatic erythrocytes were also scored in peripheral
blood samples of male and female mice exposed for
13 weeks (Table D7) and 15 months (Table D8) to
6.25 to 625 ppm 1,3-butadiene; both exposure regi-
mens produced positive results in both sexes. Also,
the percentage of polychromatic erythrocytes in
female mice exposed for 15 months to 1,3-butadiene
was elevated at the two highest concentrations tested,
which produced a positive trend (Table DS).
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DISCUSSION AND CONCLUSIONS

1,3-Butadiene is produced in large volumes for use
mainly in the manufacture of synthetic rubber and
thermoplastic resins. Previous long-term inhalation
studies have shown that 1,3-butadiene is carcinogenic
at multiple organ sites in Sprague-Dawley rats
(IISRP, 1981a; Owen et al, 1987) and B6C3F, mice
(NTP, 1984; Huff et al., 1985). The 2-year studies in
rats, sponsored by the International Institute of
Synthetic Rubber Producers (IISRP), were conducted
at exposure concentrations of 1,000 and 8,000 ppm.
The highest exposure level was limited by the safety
requirement of being below 50% of the explosive
limit of 1,3-butadiene in air, while the 1,000 ppm
concentration was selected because it represented the
occupational exposure standard for this chemical.
The NTP usually conducts long-term studies in
F344/N rats and B6C3F, mice; however, because the
IISRP studies in rats were in progress at the time of
chemical selection, the NTP studies were limited to
long-term evaluations of 1,3-butadiene exposure in
mice.

The exposure concentrations selected for the NTP
studies, 625 and 1,250 ppm, were based on increased
mortality and decreased body weight gains in mice
exposed to concentrations of 2,500 ppm or higher for
14 weeks (NTP, 1984). The carcinogenicity studies in
mice, designed to last for 103 weeks, were terminated
after 61 weeks because of reduced survival due to
malignant neoplasms involving multiple organs at
both exposure concentrations. Malignant lymphomas,
which appeared to originate in the thymus and were
observed as early as week 20, were considered to be
the major cause of early death, while hemangio-
sarcomas of the heart, an uncommon neoplasm in
untreated B6C3F, mice (none occurred in 573 control
males or 558 control females in recent NTP studies),
were the second major cause of death. The inci-
dences of primary neoplasms caused by exposure to
1,3-butadiene are shown in Table 1. Because these
studies had been terminated early and dose-response
relationships for various lesions were sometimes
unclear (e.g., hemangiosarcomas of the heart in male
mice), a second set of long-term inhalation studies of
1,3-butadiene in mice was performed to better
characterize the carcinogenicity of this important
industrial chemical. The latter studies, which are

presented in this Technical Report, were conducted
at concentrations ranging from 6.25 to 625 ppm
1,3-butadiene. The exposure level of 625 ppm
corresponds to the low-exposure level in the previous
inhalation studies in mice, and 6.25 ppm is two
orders of magnitude lower. A preliminary account of
the results of these studies has been reported
(Melnick ez al, 1990 b,c).

Exposure to 1,3-butadiene for up to 2 years had no
apparent adverse effect on body weight gains for male
or female mice; however, survival was reduced in all
groups exposed to concentrations of 20 ppm or
higher. As in the previous studies, lymphomas that
occurred early, prior to 15 months, were the major
cause of death for male and female mice exposed to
625 ppm 1,3-butadiene. T-cell lymphoma is caused
by exposure to 1,3-butadiene (Irons ez al., 1989; Irons,
1990). In the present studies, most butadiene-
induced lymphomas were well differentiated and
lymphocytic, and appeared to originate in the thymus.
After month 15, there was a marginal but statistically
significant increase in histiocytic sarcomas. Addition-
ally, other histological types of lymphoma (malignant
mixed and malignant undifferentiated) commonly
associated with the spontaneous lymphoma of aging
B6C3F, mice were observed in all remaining groups.
Lymphocytic lymphomas were analyzed separately
from histiocytic sarcomas and all lymphomas, because
they provide a clearer response of 1,3-butadiene-
induced hematopoietic cancers.

The incidence of hemangiosarcomas of the heart was
increased in male mice exposed to 62.5, 200, or
625 ppm and in female mice exposed to 200 or
625 ppm. In addition, one male exposed to 20 ppm
and one female exposed to 62.5 ppm were observed
to have this uncommon endothelial cell neoplasm;
the occurrence of these rare sarcomas at the lower
concentrations was also likely due to 1,3-butadiene
exposure. Increased incidences of endothelial hyper-
plasia in the heart at all exposure concentrations
probably represent preneoplastic changes caused by
1,3-butadiene.

The incidence of hemangiosarcomas of the heart was
greater in male mice exposed to 200 ppm than in



82

male mice exposed to 625 ppm. The lower incidence
in males receiving 625 ppm was probably due to the
carly and extensive induction of Ilymphocytic
lymphoma, which resulted in a significantly reduced
number of mice at risk for the later-developing heart
hemangiosarcomas. The median survival time was
about 40 weeks for male mice exposed to 625 ppm
and about 70 weeks for male mice exposed to
200 ppm. The effect of competing risks of early
occurring lethal thymic lymphomas on the develop-
ment of hemangiosarcomas of the heart is evident
from the plots of the cumulative death-with-neoplasm
rates of these neoplasms against the number of weeks
on study for male mice exposed to 200 or 625 ppm
1,3-butadiene (Figure 8). In the 625 ppm group, the
incidence of early lymphocytic lymphoma was very
high (67%) and the incidence of hemangiosarcomas
of the heart was low (5%); however, in the 200 ppm
group, the incidence of early lymphocytic lymphoma
was low (4%) and the incidence of hemangiosarcomas
of the heart (42%) was much higher than that in the
625 ppm group. Furthermore, in male mice that died
early after exposure to 200 or 625 ppm 1,3-butadiene,
the incidences of hemangiosarcomas of the heart
were nearly equivalent for the first 65 weeks of the
study. After that time, a high incidence of hemangio-
sarcomas of the heart (approximately 50%) was
observed in the 200 ppm group, whereas there were
no surviving animals in the 625 ppm group. Thus,
for male mice exposed to 1,3-butadiene
concentrations below 625 ppm, the dose response for
hemangiosarcomas of the heart is more clearly
demonstrated. The impact of early mortality on the
expression of later-developing neoplasms is largely
accounted for in the mortality-adjusted neoplasm
rates shown in Tables 30 and 31 for each neoplasm
induced by exposure to-1,3-butadiene.

The incidence of alveolar/bronchiolar neoplasms in
male mice was increased at concentrations of 62.5
and 200 ppm compared to that of the controls. In
female mice, the incidence of alveolar/bronchiolar
neoplasms was significantly increased in all exposure
groups compared to that of the controls. Thus, even
at a concentration of 6.25 ppm, 1,3-butadiene is
carcinogenic to B6C3F, mice. Furthermore, in
control female mice, all of the alveolar/bronchiolar
neoplasms were adenomas, whereas in female mice
exposed to 1,3-butadiene, including the 6.25 ppm
exposure level, alveolar/bronchiolar carcinomas were
observed. Because there was no exposure level at
which a carcinogenic response was not induced, it is
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likely that exposure concentrations below 6.25 ppm
would also cause cancers in mice. The reduced
incidence of lung neoplasms in mice exposed to
625 ppm compared with the incidence in mice
exposed to 200 ppm is attributed to the high rate of
early deaths due to competing risks of lymphocytic
lymphoma in female mice exposed to 625 ppm
(Figure 8). The time-to-neoplasm detection of
alveolar/bronchiolar neoplasms was slightly shorter
for animals exposed to 625 ppm than for animals
exposed to 200 ppm; however, because all female
mice exposed to 625 ppm 1,3-butadiene died by
65 weeks, the final incidence of this later developing
and rarely lethal neoplasm was lower than that for
female mice exposed to 200 ppm. Increased inci-
dences of alveolar epithelial hyperplasia in exposed
male and female mice probably represent pre-
neoplastic changes caused by 1,3-butadiene in the
lung. :

Increased incidences of neoplasms of the forestomach
(squamous cell papillomas or carcinomas), mammary
gland (carcinomas, adenoacanthomas, and malignant
mixed tumors), ovary (benign or malignant granulosa
cell tumors), liver (hepatocellular adenomas or
carcinomas), and other organ sites identified in the
first studies were again observed in mice exposed to
1,3-butadiene. Additionally, the harderian gland and
preputial gland were identified as sites of
1,3-butadiene-induced neoplasia.  Increased inci-
dences of proliferative nonneoplastic lesions in these
organs, including epithelial hyperplasia of the fore-
stomach, mammary gland hyperplasia, germinal
epithelium and granulosa cell hyperplasia of the
ovary, and hyperplasia of the harderian gland, proba-
bly represent preneoplastic changes at these sites. In
control female mice, no neoplasms, or only benign
neoplasms, were observed in the harderian gland,
forestomach, and ovary; however, in female mice
exposed to 1,3-butadiene, malignant neoplasms were
observed at each of these sites. The greater tendency
to malignant neoplasia in mice exposed to
1,3-butadiene further demonstrates the strong carcin-
ogenic potency of this chemical.

The conclusion that the marginally increased
incidences of hepatocellular neoplasms in male and
female mice were related to chemical administration
is strengthened by the detection of activated K-ras
oncogenes with a specific codon 13 mutation
in liver neoplasms obtained from mice exposed
to 1,3-butadiene (Goodrow et al., 1990). Activated
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K-ras oncogenes have never been detected in liver
neoplasms from untreated B6C3F,; mice (Reynolds
et al., 1987). Activated K-ras genes with codon 13
mutations were aiso found in lung neoplasms and in
some of the lymphomas induced by exposure to
1,3-butadiene.

In the stop-exposure study, groups of male mice were
exposed to one of the following regimens:
A) 200 ppm for 40 weeks; B) 625 ppm for 13 weeks;
C) 312 ppm for 52 weeks; or D) 625 ppm for
26 weeks. After the exposures were terminated, these
groups of animals were placed in control chambers
for the remainder of the 2-year study. For the first
two groups, the total exposure to 1,3-butadiene
(concentration times duration of exposure) was
approximately equivalent (8,000 ppm - weeks for
regimens A and B) and was equal to about half the
total exposure given to the latter two groups
(16,000 ppm - weeks for regimens C and D).

Survival was markedly reduced in all of the stop-
exposure groups due to the development of
compound-related malignant neoplasms. The neo-
plasm incidence profiles in the stop-exposure groups
show that the incidences of lymphocytic lymphomas,
histiocytic sarcomas, hemangiosarcomas of the heart,
alveolar/bronchiolar adenomas or carcinomas,
squamous cell papillomas or carcinomas of the
forestomach, hepatocellular adenomas or carcinomas,
adenomas or adenocarcinomas of the harderian gland,
and preputial gland carcinomas were increased even
after only 13 weeks of exposure to 625 ppm
1,3-butadiene compared with the control males. It is
likely that shorter exposure durations would also
produce a positive muiltiple-organ carcinogenic
response.

At similar total exposures, the incidence of lympho-
cytic lymphoma was greater with exposure 10 a higher
concentration of 1,3-butadiene for a short time
compared with exposure to a lower concentration for
a longer time. This is evident by comparing the
incidence of lymphocytic lymphoma in the 625 ppm
13-week stop-exposure group (34%) with that in the
200 ppm 40-week stop-exposure group (12%), or
more notably by comparing the incidence in the
625 ppm 26-week stop-exposure group (60%) with
that in the 312 ppm 52-week stop-exposure group
(8%). Doubling the duration of exposure to 625 ppm
from 13 weeks to 26 weeks resulted in less than a
two-fold increase in the incidence of lymphocytic
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lymphoma. Thus, for the induction of thymic
lymphomas, the concentration of 1,3-butadiene is a
much greater contributing factor than is the length of

exposure.

Renal tubule cell adenomas were observed in 9 of the
200 male mice in the stop-exposure groups; the
highest incidence was 4 in the 200 ppm 40-week stop-
exposure group. The increased incidences of kidney
neoplasms are particularly noteworthy, because these
lesions rarely occur in untreated B6C3F, mice (his-
torical incidence less than 0.2% in recent NTP
studies). The detection of late-developing renal
tubule cell adenomas in the stop-exposure groups is
possibly due to the increased survival of these ani-
mals compared to those groups of male mice that
were exposed to similar concentrations of
1,3-butadiene throughout their lifetimes or for up to
2 years.

Brain neoplasms including two neuroblastomas and
three gliomas were observed in mice exposed to
625 ppm 1,3-butadiene for 13 or 26 weeks in the
stop-exposure study. Because brain neoplasms are
extremely rare in untreated B6C3F, mice, occurring
in no historical control animals in the NTP database,
their occurrence in this study was probably due to
exposure to 1,3-butadiene. Furthermore, in the
previous NTP inhalation studies of 1,3-butadiene in
B6C3F, mice, gliomas were observed in one male
mouse exposed to 1,250 ppm and two male mice
exposed to 625 ppm (NTP, 1984). Although the inci-
dence of brain neoplasms is low, the consistency
between the previous studies and the present study is
indicative of an exposure-related effect. It is also
likely that the early and extensive development of
lymphomas in mice exposed to 625 ppm
1,3-butadiene substantially reduced the number of
mice at risk for later-developing brain neoplasms.
Interestingly, glial cell neoplasms of the brain were
also observed in male Sprague-Dawley rats exposed
to 1,000 or 8,000 ppm 1,3-butadiene for up to 2 years
(IISRP, 1981a).

In addition to the carcinogenic effects noted above,
exposure to 1,3-butadiene caused a poorly regenera-
tive anemia and gonadal toxicity in male and female
mice (Melnick ez al, 1990b). Hematologic changes
after 9 months of exposure to 1,3-butadiene included
concentration-dependent decreases in erythrocyte
counts, hemoglobin concentration, and packed red
cell volume at exposure levels from 62.5 to 625 ppm
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in males and at levels of 200 or 625 ppm in females.
These changes were not accompanied by significant
increases in reticulocyte counts or in the frequency of
polychromatic erythrocytes in peripheral blood;
however, there was a statistically significant increase
in the percentage of erythrocytes with Howell-Jolly
body inclusions. Other hematologic changes caused
by exposure to 625 ppm 1,3-butadiene were an
increase in mean erythrocyte volume and an increase
in mean erythrocyte hemoglobin. Additionally,
changes at other organ sites, bone marrow atrophy,
and increases in splenic and hepatic extramedullary
hematopoiesis were observed in mice exposed to
625 ppm 1,3-butadiene. These findings indicate
partial or poorly regenerative, macrocytic anemia.
The mechanism of the anemia cannot be determined
from the data available from these studies; however,
a mild megaloblastic anemia resulting from ineffec-
tive erythropoiesis in the bone marrow cannot be
excluded. Tice et al. (1987) reported that exposure of
male B6C3F, mice to 1,3-butadiene for 2 weeks
caused a decrease in the number and rate of dividing
cells in the bone marrow. Thus, in mice exposed to
1,3-butadiene, hematopoiesis in the bone marrow is
suppressed, and younger, larger cells are probably
released into the blood from extramedullary sites.
Consistent with this explanation, Thurmond et al
(1986) observed extramedullary hematopoiesis in
spleens of male B6C3F; mice exposed to 1,250 ppm
1,3-butadiene for approximately 6 months.

Testicular atrophy was induced in male B6C3F, mice
exposed to 1,3-butadiene concentrations of 625 ppm
or above in the current studies and in previous
studies (NTP, 1984). In female mice exposed to
1,3-butadiene for 9 months, ovarian atrophy of
moderate severity was observed in the 200 and
625 ppm groups; the ovaries of mice exposed to
62.5 ppm for 9 months appeared normal. The
atrophic ovaries had no identifiable oocytes, follicles,
or corpora lutea. After 15 months of exposure to
1,3-butadiene, ovarian atrophy was observed at
exposure levels of 20 ppm and above. In female mice
exposed te 1,3-butadiene for up to 2 years, the
incidence of ovarian atrophy was increased at all
exposure concentrations (6.25 to 625 ppm) compared
with controls. Even though ovarian atrophy in the
6.25 ppm group was not observed until late in the
study, when reproductive senescence was probably
occurring, the dose-response data clearly establish the
ovary as a target organ of 1,3-butadiene toxicity at
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concentrations as low as 6.25 ppm, the lowest
concentration studied.

The mechanism of butadiene-induced carcinogenicity
is not known; however, oxidative intermediates of
1,3-butadiene biotransformation, 1,2-epoxy-3-buiene,
and diepoxybutane, or a combination of these
(Malvoisin and Roberfroid, 1982), are likely involved.
These metabolites are direct-acting mutagens in
Salmonella typhimurium (de Meester et al., 1978;
Wade et al., 1979), whereas the elicitation of in vitro
mutagenicity of 1,3-butadiene appears to require
metabolic activation (de Meester et al, 1980).
Furthermore, these epoxides have been shown to
induce local (application site) neoplasms when
applied to the skin of Swiss mice or when adminis-
tered to Swiss mice or Sprague-Dawley rats by
subcutaneous injection (Van Duuren ef al, 1963;
1966).

The carcinogenicity studies of 1,3-butadiene in
Sprague-Dawley rats (IISRP, 1981a; Owen et al,
1987) and B6C3F,; mice (NTP, 1984; Huff et al,
1985), including the current studies, demonstrate a
species difference in the sites of neoplasm induction
and the magnitude of the dose-dependent responses.
In addition, in in vive genotoxicity studies,
1,3-butadiene induced chromosomal aberrations,
sister chromatid exchanges, and micronuclei in mice
(Cunningham ez al., 1986; Tice et al., 1987), but not
in rats (Cunningham et al, 1986). Biochemical and
pharmacokinetic studies have been performed to
determine the mechanism of neoplasm induction by
1,3-butadiene and to provide an explanation for the
different toxic and carcinogenic responses between
rats and mice. The possibility that the induction of
thymic lymphomas in B6C3F, mice was a conse-
quence of the expression of a murine leukemia
retrovirus has been considered (Irons er al., 1987,
1989; Irons, 1990). However, the finding that thymic
lymphomas were induced by 1,3-butadiene in NIH
Swiss mice, a strain that does not express the
ecotropic murine leukemia viruses expressed in
B6C3F; mice, demonstrates that these neoplasms
were produced independently of these activated retro-
viruses.

In vivo alkylation of liver DNA was equivalent in
B6C3F; mice and Wistar rats exposed to
1,3-butadiene (Kreiling er al, 1986); however,
expected reaction products between guanine and



1,2-epoxy-3-butene or diepoxybutane were detected in
liver DNA from exposed mice, but not from exposed
rats (Jelitto er al, 1989). Further studies are needed
on the dose-responses for DNA adduct formation in
the major target organs of 1,3-butadiene-induced
carcinogenicity in rats and mice and on the nature of
the butadiene-derived material bound to rat liver
DNA.

Differences in nonprotein sulfhydryl depletion in the
liver, lung, and heart of rats and mice exposed to
1,3-butadiene were suggested as a basis for species
differences in 1,3-butadiene-induced cytotoxicity and
carcinogenicity (Kreiling er al, 1988; Deutschmann
and Laib, 1989). However, a causal relationship
between decreases in nonprotein sulfhydryl levels in
these organs and 1,3-butadiene-induced neoplasia
after long-term exposure has not been established.

Studies on the pharmacokinetics of 1,3-butadiene in
Sprague-Dawley rats and B6C3F, mice were designed
to determine and compare the patterns of
1,3-butadiene metabolism in those species for which
carcinogenicity data are available. At exposure
concentrations below 1,000 ppm, where first-order
kinetics apply, the metabolic elimination rate is
nearly two times faster in B6C3F, mice than in
Sprague-Dawley rats (Bolt er al, 1984; Kreiling et al,
1986). This difference has been attributed to the
higher respiratory frequency of mice compared to rats
(Kreiling et al, 1986). The steady-state concentration
of the epoxide metabolite, 1,2-epoxy-3-butene, is
higher in mice than in rats exposed to similar atmo-
spheric concentrations of 1,3-butadiene, largely
because the metabolic elimination rate constant for
this compound is five times higher in rats than in
mice (Kreiling eral, 1987; Laib eral, 1990).
Although quantitative differences in 1,3-butadiene
metabolism have been observed among species, the
differences are not of sufficient magnitude to account
for the different dose-dependent toxic or carcinogenic
responses seen for 1,3-butadiene in rats and mice.
This is illustrated by a comparison of the carcino-
genicity of 1,3-butadiene in mice exposed to 62.5 or
200 ppm 1,3-butadiene (as shown in Tables 8 through
17) to the carcinogenicity in rats exposed to
1,000 ppm (Owen et al., 1987). Additional factors,
such as steady-state levels of diepoxybutane, target
organ levels and DNA reactivity of 1,3-butadiene
intermediates, and differences in repair mechanisms,
must be involved in distinguishing the site specificity
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of 1,3-butadiene-induced carcinogenicity between
species.

Dahl et al. (1991) reported that the blood concen-
trations of total 1,3-butadiene metabolites were lower
in monkeys than in rats or mice exposed to equiva-
lent concentrations of this gas. Based on these
results, humans may be at lower risk for cancer than
rodents following equivalent inhalation exposures to
1,3-butadiene. A number of important factors impact
on this interpretation. First, a large part of the
species differences observed by Dahl et al (1991) is
accounted for in risk assessment models that adjust
for breathing rate differences between species.
Second, because metabolic intermediates may vary
greatly in their carcinogenic potential, measurement
of total 1,3-butadiene metabolites in blood is not a
good indication of cancer risk. In related studies,
Bond et al. (1987) found that the accumulation of ¥'C
in rats and mice exposed to ¥C-labeled 1,3-butadiene
was not greater in target organs of 1,3-butadiene
carcinogenicity than in nontarget organs. A prelimi-
nary identification of 1,3-butadiene metabolites in the
blood of rats, mice, and monkeys exposed to
“C-labeled 1,3-butadiene was made by a vacuum line-
cryogenic distillation procedure (Dahl er al, 1991).
In the one instance in which the material in the
"1,2-epoxy-3-butene trap” was analyzed by high-
performance liquid chromatography, it was found that
only 5% to 15% of the trapped radioactivity was
1,2-epoxy-3-butene. Thus, there is uncertainty in the
identification of specific metabolites by the proce-
dures used. Third, only three monkeys of unmatched
age were used in the studies of Dahl et al. (1991).
Fourth, the results in monkeys are clouded because,
unlike the rats or mice, the monkeys were anesthe-
tized during their exposure to 1,3-butadiene. Alter-
ations in respiratory rates and cardiac output caused
by anesthesia likely influenced the inhalation pharma-
cokinetics of 1,3-butadiene. Finally, because
metabolic differences are not of sufficient magnitude
to account for the different target site carcinogenic
responses of 1,3-butadiene in rats compared to mice,
it is unreasonable to assume that the kinetic data
obtained in monkeys are predictive of human risk.

The finding of increased mortalities from lymphatic
and hematopoietic cancers among subgroups of
occupationally exposed workers (Meinhardt ef al,
1982; Downs et al., 1987, Matanoski and Schwartz,
1987; Divine, 1990; Matanoski er al, 1990) raises
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additional concern for the carcinogenicity of
1,3-butadiene to humans, particularly because these
results correspond to increased incidences of
lymphoma observed in mice exposed to 1,3-butadiene.
The detection of K-ras oncogenes in neoplasms
induced by 1,3-butadiene adds further relevance to
the potential carcinogenicity of 1,3-butadiene in
humans, because K-ras is the most commonly
detected oncogene in human cancers (Bos, 1989).

CONCLUSIONS

The previous inhalation studies of 1,3-butadiene in
male and female B6C3F, mice provided clear evidence
of carcinogenicity* at exposure concentrations of 625
or 1,250 ppm. The present inhalation studies —
2-year exposures of 6.25, 20, 62.5, 200, or 625 ppm
or shorter duration exposures of 200, 312, or
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625 ppm — provide a better characterization of the
concentration-dependent responses for 1,3-butadiene-
induced neoplasms and nonneoplastic lesions. The
present studies confirmed the clear evidence of
carcinogenicity of 1,3-butadiene in male B6C3F, mice
based on increased incidences of neoplasms in the
hematopoietic system, heart, lung, forestomach, liver,
harderian gland, preputial gland, brain, and kidney.
There was clear evidence of carcinogenicity of
1,3-butadiene in female B6C3F; mice based on
increased incidences of neoplasms in the
hematopoietic system, heart, lung, forestomach, liver,
harderian gland, ovary, and mammary gland.

Low incidences of intestinal carcinomas in male mice,
Zymbal’s gland carcinomas in male and female mice,
and renal tubule adenomas and skin sarcomas in
female mice may also have been related to
administration of 1,3-butadiene.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summary of peer review comments and the public

discussion on this Technical Report appears on page 13.
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Lesions in Male Mice

TABLE Al

Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Disposition Summary
Animals initially in study 70 70 70 70 70 90
9-Monih inserim evaluation 10 10 10 10 10 10
15-Month interim evaluation 10 10 10 10 10 7
Early deaths
Accidental deaths 1
Moribund 9 6 15 15 23 33
Natural deaths 6 5 11 12 23 39
Survivors
Died last week of study 1
Terminal sacrifice 35 39 24 22 3
Missing 1
Animals examined microscopically 70 70 70 69 70 90
9-Month Interim Evaluation
Alimentary System
Liver (10) ¢))] ) ()] (10) 10)
Hepatocellular adenoma 4 (40%) 1 (50%) 1 (10%) 1 (10%)
Lymphoma malignant lymphocytic 1 (10%)
Stomach, forestomach (10) (¢4] (10) (10)
Squamous cell papilloma 1 (10%)
Cardiovascular System
None
Endocrine System
None
General Body System
None
Genital System
None
Hematopoietic System
Bone marrow 10) (10) (10)
Lymphoma malignant lymphocytic 1 (10%)
Lymph node, mandibular O @ )
Lymphoma malignant lymphocytic 1 (20%)
Lymph node, mesenteric 10) 10 (€))]
Lymphoma malignant lymphocytic 1 (11%)
Spleen (10) (10) (10)

Lymphoma malignant lymphocytic
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TABLE Al

1,3-Butadiene, NTP TR 434

Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation (continued)

Integumentary System

None

Musculoskeletal System

None

Nervous System

None

Respiratory System

Lung (19) e €] (10) (10) 10)
Alveolar/bronchiolar adenoma 1 (100%) 1 (50%) 2 (20%) 1 (10%)
Alveolar/bronchiolar adenoma, multiple 1 (10%)
Alveolar/bronchiolar carcinoma 1 (10%) 1(10%)

Special Senses System

None

Urinary System

None

Systemic Lesions

Multiple organsb (10) 10) (10) 10) (10) (10)
Lymphoma malignant lymphocytic 1 (10%)

15-Month Interim Evaluation

Alimentary System

Intestine small, ileum 10) ©)
Lymphoma malignant lymphocytic 1 (14%)

Intestine small, jejunum (10) U]
Lymphoma malignant lymphocytic 1 (14%)

Liver (10) (10) (€))] (10) (10) )
Hepatocellular carcinoma 1 (10%) 1 (10%) 2 (29%)
Hepatocellular carcinoma, multiple 1 (14%)
Hepatocellular adenoma 1 (10%) 4 (44%) 3 (30%) 3 (30%)
Hepatocellular adenoma, multiple 1 (10%) 1 (10%) 3 (43%)
Lymphoma malignant tymphocytic 2 (29%)
Mast cell tumor NOS, metastatic, bone marrow 1 (10%)

Mesentery ) (03]
Fat, squamous cell carcinoma, metastatic,

stomach 1 (50%)
Pancreas (10) (10) (10) ()]

Acinus, lymphoma malignant lymphocytic

1 (14%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

15-Month Interim Evaluation (continued)

Alimentary System (continued)

Pharynx o)
Squamous cell papilloma 1 (100%)

Salivary glands o) @
Lymphoma malignant lymphocytic 1 (14%)

Stomach, forestomach (10) (¢1)] (10) (10) ©)
Lymphoma malignant lymphocytic 1 (14%)
Mast cell tumor NOS, metastatic, bone marrow 1 (10%)
Squamous cell carcinoma 1 (10%) 2 (29%)
Squamous cell papilloma 1(14%)

Stomach, glandular (10) (10) (10) (10) ©)
Lymphoma malignant lymphocytic 1 (14%)
Squamous cell carcinoma, metastatic, stomach . 1(14%)

Cardiovascular System

Heart (10) (6] 10) (10) (10) @)
Hemangiosarcoma 1 (10%) 3 (43%)

Endocrine System

None

General Body System

None

Genital System

Testes 10) 0 (10 Q)
Lymphoma malignant lymphocytic 1 (14%)

Hematopoietic System

Bone marrow 10) (10) (10) )
Lymphoma malignant lymphocytic 1 (14%)
Mast cell tumor NOS 1(10%)

Lymph node (10) (€)) (10) Q)
Iliac, lymphoma malignant lymphocytic 1 (14%)

Lymph node, mandibular &) “) Q) “
Lymphoma malignant lymphocytic 2 (50%)

Lymph node, mediastinal © U] “) ()
Lymphoma malignant lymphocytic 2 (33%)

Lymph node, mesenteric ) (€)] ® Q)]
Lymphoma malignant lymphocytic 2 (29%)

Spleen ¢[)} (6] 10) (10) )
Lymphoma malignant lymphocytic 2 (29%)

Mast cell tumor NOS, metastatic, bone marrow 1 (10%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)

Hematopoietic System (continued)

Thymus ©) (10) (10) ©)
Lymphoma malignant lymphocytic 2 (33%)
Mast cell tumor NOS, metastatic, bone marrow 1(10%)

Integumentary System

None

Musculoskeletal System

Skeletal muscle Q)
Diaphragm, squamous cell carcinoma,

metastatic, stomach 1 (100%)

Nervous System

None

Respiratory System

Lung (10) o (10) (10) (10) Q)
Adenocarcinoma 1 (14%)
Alveolar/bronchiolar adenoma 1 (10%) 1 (10%) 3 (43%)
Alveolar/bronchiolar adenoma, multiple 2 (20%) 2 (29%)
Alveolar/bronchiolar carcinoma 1 (10%) 2 (20%) 1 (14%)
Hemangiosarcoma, metastatic, heart 1 (10%)

Lymphoma malignant lymphocytic 2 (29%)

Special Senses System

Harderian gland 10) 10 10 10) 10) 0
Adenoma 2 (20%) 4 (40%) 2 (20%) 2 (29%)
Bilateral, adenoma 1 (10%) 1 (14%)

Urinary System

Kidney (10) @) ) @ (10) Q)
Adenoma 1 (14%)
Lymphoma malignant lymphocytic 1 (14%)
Mast cell tumor NOS, metastatic, bone marrow 1 (10%)

Urinary bladder 10) 1) ©)
Lymphoma malignant lymphocytic 1 (14%)

Systemic Lesions
Multiple organs (10 (10) (10) (10) (10) 0]
Lymphoma malignant lymphocytic 2 (29%)
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TABLE Al

Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.S ppm 200 ppm 625 ppm
2-Year Study

Alimentary System

Gallbladder 44) “n 39 (36) 32) 42)
Lymphoma malignant lymphocytic 1(3%) 3 (%)

Intestine small, duodenum 7 46) 42) 44) 37 (51)
Histiocytic sarcoma 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 4 (8%)

Intestine small, ileum (48) (48) “43) (46) 3N (62))
Lymphoma malignant histiocytic 1(2%)

Lymphoma malignant lymphocytic 2(4%)

Intestine small, jejunum 48) (46) (43) (44) 33 (48)
Carcinoma 1 (2%) 1 (2%) 1 (2%) 2 (6%)

Lymphoma malignant lymphocytic 3 (6%)
Lymphoma malignant mixed 1 (2%) 1 (2%)

Liver (50 (50) (50 48) 48) (72)

Hemangioma 1 (2%)

Hemangiosarcoma 2 (4%)

Hemangiosarcoma, metastatic, heart 3 (6%) 9 (19%) 3 (4%)
Hepatocellular carcinoma 8 (16%) 12 (24%) 10 (20%) 11 (23%) 17 (35%) 1 (1%)
Hepatocellular carcinoma, multiple 3 (6%) 4 (8%) 6 (12%) 6 (13%) 9 (19%)

Hepatocellular adenoma 12 (24%) 12 (24%) 11 (22%) 11 (23%) 18 (36%) 5 (T%)
Hepatocellular adenoma, multiple 1 (2%) 1 (2%) 8 (16%) 5 (10%) 6 (13%)
Hepatocholangiocarcinoma 1(2%) 1(2%)

Histiocytic sarcoma 4 (8%) 5 (10%) 7 (15%) 4 (6%)
Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 2 (4%) 2 (4%) 39 (54%)
Lymphoma malignant mixed 1 (1%)
Sarcoma, metastatic, skin 1 (2%)

Squamous cell carcinoma, metastatic, stomach 1 (1%)

Mesentery ©) ®) © (14) ®) @)
Squamous cell carcinoma, metastatic, stomach 1(25%)
Fat, adenocarcinoma, metastatic, lung 1 (11%)

Fat, hemangioma 2 (14%)

Fat, hemangiosarcoma, metastatic, heart 1(7%) 1 (25%)
Fat, hemangiosarcoma, metastatic, spleen 1(11%)

Fat, histiocytic sarcoma 1 (7%) 3(33%)

Fat, sarcoma, metastatic, skin 1 (17%)

Pancreas 509 (49) (49) (48) (46) 72)
Lymphoma malignant lymphocytic 1 (1%)
Acinus, hemangiosarcoma, metastatic, heart 1 (2%)

Acinus, histiocytic sarcoma 1 (2%) 2 (3%)
Acinus, lymphoma malignant lymphocytic 1 (2%) 1 (2%) 2 (4%) 22 (31%)
Acinus, lymphoma malignant mixed 1(2%)
Acinus, sarcoma, metastatic, skin 1 (2%)
Acinus, squamous cell carcinoma, metastatic,

stomach 1 (1%)
Duct, adenoma, multiple 1 (2%)

Salivary glands (50) (50) (50 48) 48) (69)
Histiocytic sarcoma 1(2%) 1(1%)
Lymphoma malignant lymphocytic 1 (2%) 19 (28%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.2S ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Alimentary System (continued)

Stomach, forestomach (50) (50) (50) (48) (48) (72)
Histiocytic sarcoma 1 (1%)
Lymphoma malignant lymphocytic 1 (2%) 8 (11%)
Mast cell tumor NOS, metastatic, bone marrow 1(2%)

Sarcoma, metastatic, skin 1 (2%)
Squamous cell carcinoma 1(2%) 2 (3%)
Squamous cell papilloma 1 (2%) 1(2%) 7 (15%) 2 (3%)

Stomach, glandular (50) (48) (50) (48) “s) (66)
Histiocytic sarcoma 1 (2%)
Lymphoma malignant lymphocytic 9 (14%)
Squamous cell carcinoma, metastatic, stomach 1(2%)

Cardiovascular System

Heart ) (50) (49) (50) (48) 48) (73)
Adenocarcinoma, metastatic, lung 2 (4%) 2 (4%)
Hemangiosarcoma 1 (2%) 5 (10%) 20 (42%) 4 (5%)
Hepatocellular carcinoma, metastatic, liver 1 (2%)

Histiocytic sarcoma 1 (2%) 1 (2%) 3 (6%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 1 (2%) 2 (4%) 20 (27%)

Endocrine System

Adrenal gland, cortex (50) 49 (50) “n 48 (73)
Adenoma 1 (2%) 4 (8%) 1 (2%)

Histiocytic sarcoma 2 (4%) 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 6 (8%)
Bilateral, adenoma ' 1 (2%)

Adrenal gland, medulla (50) 48) “n 44) 44) (69)
Histiocytic sarcoma 1 (1%)
Lymphoma malignant lymphocytic 3 (4%)
Pheochromocytoma benign 1 (2%) 1 (1%)

Islets, pancreatic (50) 49 (49) (48) (46) 70
Adenoma 1 (2%)

Parathyroid gland (39) (36) “42) (40) (38) (55)
Lymphoma malignant lymphocytic 1 (2%)

Pituitary gland (50) “7 “7n (48) (46) 62)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 3 (5%)
Lymphoma malignant mixed 1 (2%)
Pars distalis, adenoma 1 (2%)

Pars distalis, carcinoma 1(2%)
Pars intermedia, adenoma 1 (2%)

Thyroid gland (50) (50) (50) 48) “n (70)
Lymphoma malignant lymphocytic 5 (%)
Follicular cell, adenoma 2 (4%) 4 (8%) 4 (8%) 2 (4%)

General Body System
None
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TABLE Al

Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Genital System

Epididymis (50) (50 (50) (48) (49) (1)
Histiocytic sarcoma 1 (1%)
Lymphoma malignant lymphocytic 1 (2%) 6 (8%)

Preputial gland )] @) @ )] 6) 2)
Carcinoma 5 (83%)
Hemangiosarcoma 1 (11%)

Prostate 7 (50) (48) (45) (46) (66)
Lymphoma malignant lymphocytic 1 (2%) 1(2%) 9 (14%)

Seminal vesicle (50) (48) “7n (46) 44) 67
Hemangioma 1 (2%)

Hemangiosarcoma, metastatic, spleen 1 (2%)
Histiocytic sarcoma 1 (1%)
Lymphoma malignant lymphocytic 1(2%) 7 (10%)

Testes (50) (50) (50) (48) (49) 72)
Hemangioma 1 (2%)

Lymphoma malignant lymphocytic 4 (6%)
Interstitial cell, adenoma 1(2%) 1(2%)

Hematopoietic System

Bone marrow (50) (50) (50) (48) “49) (3)
Histiocytic sarcoma 1 (2%) 2 (4%) 4 (8%) 4 (5%)
Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 44 (60%)
Lymphoma malignant mixed 1(1%)
Mast cell tumor NOS 1 (2%)

Lymph node (50) (50) 50 (48) (48) 3)
Hemangioma 1 (2%)

Histiocytic sarcoma 1(1%)
Lymphoma malignant lymphocytic 2 (3%)
Mast cell tumor NOS, metastatic, bone marrow 1 (2%)

Axillary, lymphoma malignant lymphocytic 1(2%) 1 (2%) 8 (11%)
Axillary, lymphoma malignant 1 (1%)
Tliac, histiocytic sarcoma 1 (2%) 1 (2%)

lliac, lymphoma malignant lymphocytic 1(2%) 2 (3%)
Iliac, lymphoma malignant mixed 1 (2%)

Inguinal, lymphoma malignant lymphocytic 1 (2%) 2(3%)
Lumbar, lymphoma malignant lymphocytic 1 (1%)
Pancreatic, histiocytic sarcoma 1(2%)

Renal, lymphoma malignant lymphocytic 1 (2%) 1 (2%) 1 (2%) 7 (10%)
Renal, lymphoma malignant mixed 1 (2%)

Lymph node, bronchial (45) 42) 42) 37 (€1 (49)
Adenocarcinoma, metastatic, lung 1 (2%) 2(5%) 2(5%)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1(2%)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Histiocytic sarcoma 1 (2%) 2 (5%) 3 (8%)
Lymphoma malignant lymphocytic 1 (2%) 2(5%) 2(5%) 2 (5%) 40 (82%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 2 (4%)

Squamous cell carcinoma, metastatic, stomach

1 (2%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Hematopoietic System (continued)

Lymph node, mandibular 39 39 (38) 33) 39 (61)
Histiocytic sarcoma 1(3%) 1(3%) 2 (5%) 2 (3%)
Lymphoma malignant lymphocytic 1(3%) 2 (6%) 2 (5%) 37 (61%)
Lymphoma malignant mixed 1 (2%)
Mast cell tumor NOS, metastatic, bone marrow 1 (3%)

Sarcoma, metastatic, skin 1(3%)

Lymph node, mediastinal (28) @n (33) (32) (40) (58)
Adenocarcinoma, metastatic, lung 2 (6%) 1 (3%)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1(3%)
Hepatocholangiocarcinoma, metastatic, liver 1 (4%)
Histiocytic sarcoma 2 (6%) 1 (3%) 4 (10%) 1 (2%)
Lymphoma malignant lymphocytic 1 (4%) 2 (6%) 3 (9%) 2 (5%) 43 (74%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 1 (4%) 1 (2%)
Squamous cell carcinoma, metastatic, stomach 1 (2%)

Lymph node, mesenteric 49 @n @7 (46) (46) (68)
Histiocytic sarcoma 3 (6%) 4 (9%) 6 (13%) 3 (4%)
Lymphoma malignant histiocytic 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 4 (9%) 2 (4%) 39 (57%)
Lymphoma malignant 1 (1%)
Lymphoma malignant mixed 2 (4%) 2 (4%) 1 (1%)
Squamous cell carcinoma, metastatic, stomach 1 (1%)

Spleen (50) (50) (50) (48) (46) (70)
Hemangiosarcoma 1 (2%) 1(2%) 1(2%)

Histiocytic sarcoma 4 (8%) 4 (8%) 6 (13%) 4 (6%)
Lymphoma malignant lymphocytic 2 (4%) 1 (2%) 2 (4%) 2 (4%) 42 (60%)
Lymphoma malignant mixed 2 (4%) 1 (1%)
Lymphoma malignant undifferentiated cell type 1 (2%)

Thymus @7 “3) “2) (40) (35) (64)

Adenocarcinoma, metastatic, lung 1 (3%)

Histiocytic sarcoma 1 (2%) 2 (6%)

Lymphoma malignant lymphocytic 2 (5%) 3(8%) 2 (6%) 43 (67%)
Lymphoma malignant 1 (2%)

Integumentary System

Skin _ (50) (50) (50) (48) (50) 73)
Sebaceous gland, adenoma 1 (2%) 1 (2%)

Subcutaneous tissue, adenocarcinoma,
metastatic, lung 1(2%)
Subcutaneous tissue, hemangiosarcoma 1 (2%) 1 (2%) 3 (6%)
Subcutaneous tissue, histiocytic sarcoma 1 (1%)
Subcutaneous tissue, leiomyosarcoma 1 (2%)
Subcutaneous tissue, lymphoma malignant
lymphocytic 1(1%)
Subcutaneous tissue, mast cell tumor NOS 1(2%)
Subcutaneous tissue, mixed tumor malignant 1 (2%)
Subcutaneous tissue, sarcoma 1 (2%)

Subcutaneous tissue, head, sarcoma 1 (2%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Musculoskeletal System
Bone (50) 50) (50) (48) (50) 3
Lymphoma malignant lymphocytic 1 (1%)
Skeletal muscle 2) (€3] (¢3)
Adenocarcinoma, metastatic, lung 2 (100%)
Hemangiosarcoma 1 (50%) 1 (50%)
Diaphragm, adenocarcinoma, metastatic, lung 1 (50%)
Nervous System
Brain 50) (50) (50) (48) (50) (73)
Carcinoma, metastatic, pituitary gland 1 (2%)
Glioma malignant 1 (2%)
Hemangiosarcoma, metastatic, heart 1 (2%)
Histiocytic sarcoma 1(2%) 1 (2%) 5 (10%) 2 (3%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 10 (14%)
Spinal cord 12)
Lymphoma malignant lymphocytic 9 (75%)
Respiratory System
Lung (50) (50) (50) 49 (50) (73)
Adenocarcinoma 1 (2%) 2 (4%) 4 (8%)
Adenocarcinoma, multiple 1 (2%)
Adenocarcinoma, metastatic, harderian gland 1 (2%) 1 (2%) 2 (4%) 2 (4%)
Alveolar/bronchiolar adenoma 14 (28%) 14 (28%) 10 (20%) 19 (39%) 15 (30%) 2 (3%)
Alveolar/bronchiolar adenoma, multiple 4 (8%) 6 (12%) 6 (12%) 6 (12%) 1 (1%)
Alveolar/bronchiolar carcinoma 3 (6%) 6 (12%) 7 (14%) 8 (16%) 10 (20%) 3 (4%)
Alveolar/bronchiolar carcinoma, multiple 2 (4%) 2 (4%) 2 (4%) 12 (24%)
Carcinoma, metastatic, liver 1 (2%)
Hemangiosarcoma, metastatic, heart 3 (6%) 7 (14%) 2 (3%)
Hemangiosarcoma, metastatic, skeletal muscle 1 (2%)
Hepatocellular carcinoma, metastatic 1 (2%)
Hepatocellular carcinoma, metastatic, liver 3 (6%) 3 (6%) 4 (8%) 3 (6%) 4 (8%)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Histiocytic sarcoma 4 (8%) 4 (8%) 7 (14%) 3 (4%)
Leiomyosarcoma, metastatic, skin 1 (2%)
Lymphoma malignant tymphocytic 2 (4%) 2 (4%) 2 (4%) 2 (4%) 30 (41%)
Lymphoma malignant 1 (2%)
Neoplasm NOS, metastatic, uncertain primary
site 1(1%)
Sarcoma, metastatic, skin 1 (2%) 1 (2%)
Squamous cell carcinoma, metastatic, stomach 1 (1%)
Mediastinum, adenocarcinoma, metastatic, lung 2 (4%) 3(6%)
Mediastinum, alveolar/bronchiolar carcinoma,
metastatic, lung 1 (2%)
Mediastinum, hemangiosarcoma, metastatic,
heart 3 (6%)
Mediastinum, hepatocholangiocarcinoma,
metastatic, liver 1 (2%)

Mediastinum, sarcoma, metastatic, skin

1(2%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Respiratory System (continued)

Nose (50) (50) (50) @47 49 )
Histiocytic sarcoma 1 (2%) 1(1%)
Leiomyosarcoma, metastatic, skin 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 8 (11%)

Trachea (50) 49) (50) (46) (45) 67
Lymphoma malignant lymphocytic 3 (4%)

Special Senses System

Harderian gland (50) (49) (50) “n “n (40)
Adenocarcinoma 1 (2%) 1(2%) 3 (6%) 2 (4%)

Adenoma 6 (12%) 7 (14%) 8 (16%) 17 (36%) 24 (51%) 5 (13%)
Leiomyosarcoma, metastatic, skin 1 (2%)
Bilateral, adenoma 2 (4%) 6 (13%) 1 (3%)

Zymbal's gland (03]

Adenoma 1 (50%)

Urinary System

Kidney (50) (50) (50) (48) 49) (73)
Adenocarcinoma, metastatic, harderian gland 1(2%)
Adenocarcinoma, metastatic, lung 2 (4%) 1(2%)
Hemangiosarcoma, metastatic, heart 1 (2%) 1 (2%) 2 (4%)

Histiocytic sarcoma 1 (2%) 3 (6%) 6 (12%) 4 (5%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 28 (38%)
Squamous cell carcinoma, metastatic, stomach 1(1%)
Renal tubule, adenoma 1 (2%) 3 (6%) 1 (2%)

Urinary bladder (50) 48) (50) 48) “n (66)
Histiocytic sarcoma 1 (2%) 2 (3%)
Lymphoma malignant lymphocytic 1 (2%) 1(2%) 15 (23%)
Squamous cell carcinoma, metastatic, stomach 1 (2%)

Systemic Lesions

Multiple organs (50) (50) (50) (50) (50) (73)
Histiocytic sarcoma 4 (8%) 5 (10%) 7 (14%) 4 (5%)
Lymphoma malignant 1 (2%) 1(1%)
Lymphoma malignant histiocytic 1 (2%)

Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 4 (8%) 2 (4%) 49 (67%)
Lymphoma malignant mixed 2 (4%) 1 (2%) 2 (4%) 1 (1%)

Lymphoma malignant undifferentiated cell 1 (2%)
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TABLE Al
Summary of the Incidence of Neoplasms in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Neoplasm Summary
Total animals with primary neoplasms®
9-Month interim evaluation 5 1 2 3 5
15-Month interim evaluation 2 1 5 6 6 7
2-Year study 44 40 45 48 49 62
Total primary neoplasms
9-Month interim evaluation b 1 2 3 6
15-Month interim evaluation 2 1 6 9 16 26
2-Year study 70 81 80 129 185 82
Total animals with benign neoplasms
9-Month interim evaluation 4 1 2 3 3
15-Month interim evaluation 2 5 6 6 6
2-Year study 36 35 34 39 43 12
Total benign neoplasms
9-Month interim evaluation 4 1 2 3 4
15-Month interim evaluation 2 6 8 10 14
2-Year study 46 51 38 75 88 17

Total animals with malignant neoplasms
9-Month interim evaluation

—
o~

15-Month interim evaluation 1 1 4 6

2-Year study 19 26 34 42 46 58
Total malignant neoplasms

9-Month interim evaluation 1 2

15-Month interim evaluation 1 1 5 12

2-Year study 23 30 41 54 97 65
Total animals with metastatic neoplasms

15-Month interim evaluation 1 1

2-Year study 6 5 9 13 19 5
Total metastatic neoplasms

15-Month interim evaluation 6 3

2-Year study 16 5 14 29 47 17

Total animals with malignant neoplasms
uncertain primary site
2-Year study 1
Total animals with uncertain neoplasms-
benign or malignant

15-Month interim evaluation 1
2-Year study 1 1

Total uncertain neoplasms
15-Month interim evaluation 1
2-Year study 1 1

2 Number of animals examined microscopically at site and number of animals with lesion
Number of animals with any tissue examined microscopically
¢ Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm

34455555¢6¢6¢6¢6¢6¢6777777777717717
Number of Days on Study 77914479025¢67913333333333
96 510326972673 46T6676262666°6 6
0000O0OOCOOCOOOOOOOOOOO0OO0OOCOOOV
Carcass ID Number 1100111100 00O0O0O0O0O0OO0O0UO0OO0O0CO0O0O
0393200182335 78112223344314
522234144431 25231412345134
Alimentary System
Esophagus +++++++++++++ M+ +
Gallbladder AMAM+ +++++++A++++++++++++
Intestine large +++++++++ A+ F A+t
Intestine large, cecum +++++++ A+ o+
Intestine large, colon +++++++++++++++++ A+
Intestine large, rectum ++++++++++++++F 4
Intestine small A+ +++++++++++++++++++++++
Intestine small, duodenum A+AA+++++++++++++++++++ + +
Intestine small, ileum A+ +A+++++++++++++++++ 4+ 4+ 4+ +
Intestine small, jejunum A+A++++++++++++++++++++ + +
Liver +++++++++++ o+
Hepatocellular carcinoma XXX X X
Hepatocellular carcinoma, multiple X X X
Hepatocellular adenoma XX X X X X
Hepatocellular adenoma, multiple
Hepatocholangiocarcinoma X
Sarcoma, metastatic, skin X
Mesentery + + +
Fat, sarcoma, metastatic, skin X
Pancreas ++ ++++++++++++++++++ 4+ 4+ +
Acinus, sarcoma, metastatic, skin X
Salivary glands +++++++++++++++ A+t
Stomach + ++++++++++++++++++++++++
Stomach, forestomach ++++++++++++++++ A+ +
Mast cell tumor NOS, metastatic,
bone marrow X
Sarcoma, metastatic, skin X
Squamous cell papilloma X
Stomach, glandular ++++++++++++++++++ 4+t
Tooth + + +
Cardiovascular System
Heart ++++++++++++++++++++++++ +
Endocrine System
Adrenal gland +++++++++++++F+F++F+F
Adrenal gland, cortex ++++++++++++++++++4++++++ +
Adenoma X
Bilateral, adenoma X
Adrenalgland,medulla +++++++++++++++++4+++++ 4+ + +
Islets, pancreatic +++++ A+ F AR+ 4+
Parathyroid gland ++MM++++M++MMM+ ++++++1 ++ +
Pituitary gland +++F++++++ A+ A+t
Pars distalis, adenoma
+: Tissue examined microscopically M: Missing tissue X: Lesion present

A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)
7171171117717 7T7T7T7777777777777
Number of Days on Study 3333333333333333333333333
6 6 6 6 6 66 666 6666666662666 666
0000O0O0COO0OO0OOO0OOOCOOO0O0O0OO0OO0OCO0O0OO0OO0OO0
Carcass ID Number 000000000001 1111111111111 Total
5555667789911 12233334442434 Tissues/
13453524115 135141345123435 Tumors
Alimentary System
Esophagus +++++++++ R+ 49
Gallbladder +H+ 4+ ++++ A AME o+ 44
Intestine large +++++++++++ A+ 50
Intestine large, cecum +++++++++++++++++++ 4+ 50
Intestine large, colon +++++++++ S+t 50
Intestine large, rectum ++++++++++ A+ 50
Intestine small +++++++r+FrFF A+ 49
Intestine small, duodenum +++++++++++++++++++++++++ 47
Intestine small, ileum +++++++++++++++++++++++++ 48
Intestine small, jejunum ++++++++++++++++++4++F+++++ 48
Liver ++++++++F A A+ 50
Hepatocellular carcinoma X XX 8
Hepatocellular carcinoma, multiple 3
Hepatocellular adenoma X XX X X X 12
Hepatocellular adenoma, multiple X 1
Hepatocholangiocarcinoma 1
Sarcoma, metastatic, skin 1
Mesentery + + + 6
Fat, sarcoma, metastatic, skin 1
Pancreas + + F+F ++++ 4 50
Acinus, sarcoma, metastatic, skin 1
Salivary glands ++++++ 50
Stomach ++++F+++F+F+F+ A+ 50
Stomach, forestomach +++++++++++ o+ 50
Mast cell tumor NOS, metastatic,
bone marrow 1
Sarcoma, metastatic, skin 1
Squamous cell papilioma 1
Stomach, glandular +++++++++++++++++++++++++ 50
Tooth + + + + + + 9
Cardiovascular System
Heart ++++++++++++ A+ 50
Endocrine System
Adrenal gland +++++++++ A+ o+ 50
Adrenal gland, cortex ++++++++++++++ + + + + + + + + 50
Adenoma 1
Bilateral, adenoma 1
Adrenal gland, medulla + 4+ +++++ A+ 50
Islets, pancreatic ++++++FF A+ 50
Parathyroid gland ++++M+++++++++++++++++MMM 39
Pituitary gland +++++ A+ 50
Pars distalis, adenoma X 1
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)

3 4 555556666 66777717177 17T7177
Number of Days on Study 7791447902567 913333333333
9 6 5 0326972673466 26G6¢6¢6¢6¢6¢66
000O0OO0OO0OCOCOOOOOCOOOOOOOOOCOOO
Carcass ID Number 110011110000009000000O0O0O00UO0O0UO0O0
0393200182 335781122233241434
5222341444312531412345134¢4

Endocrine System (continued)

Thyroid gland ++++++++++++++++++++++ 4+ + 4+
Follicular cell, adenoma X .
General Body System
None
Genital System
Epididymis . +++++++++++F+++++F+4++ 4+ +++++
Penis +
Preputial gland M + +
Prostate +++++++++M++M++++++++++++
Seminal vesicle +++++++++++++++++++++++++
Testes + 4+ +++++++++++++++4+4+4+++++ +
Interstitial cell, adenoma X
Hematopoietic System
Bone marrow ++++++++++++++F A+
Mast cell tumor NOS X
Lymph node S T A T S T T T T A S T N
Hemangioma
Mast cell tumor NOS, metastatic,
bone marrow X
Lymphnode,bmnchial + 4+ +++++M+M++++++4+4++++++++
Hepatocholangiocarcinoma, metastatic,
liver X
Lymph node, mandibular +++++M+M++++M+M+++M+MMM + +
Mast cell tumor NOS, metastatic,
bone marrow X
Lymph node, mediastinal ++MMM++M++M++MM+M+ 4+ ++M+M+
Hepatocholangiocarcinoma, metastatic,
liver X
Lymph node, mesenteric +++++M+++++++++++++++++++
Spleen ++++++++++++++++++++++++ +
Thymus + + + + + + M+ ++++++++++M++ ++ +
Integumentary System
Mammary gland M+ MMMMMMMMM+MMMM+ +MMMMMMM
Skin +++++++++++ A+
Subcutaneous tissue, sarcoma X
Musculoskeletal System
Bone R T T T N S N S T S R S O
Skeletal muscle +

Hemangiosarcoma

Nervous System
Brain +++++++++r+ A+
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)

7777717171711 71777171T17T717777T177T17T17T717
Number of Days on Study 3333333333333333333333333
6 6 6 66 6 6 6666666666666 626266¢6
000000O0O0C0O0O0OO0OO0OOOO0OO0OOO0OOCOOOODO
Carcass ID Number 000000000O0O011111111111111 Total
5555667789911 1223333444243 4 Tissues/
13453524115135141345123435 Tumors
Endocrine System (continued)
Thyroid gland ++++++++ A+ 50
Follicular cell, adenoma X 2
General Body System
None
Genital System
Epididymis +++++++F++++FFE A+ 50
Penis + + + 4
Preputial gland + + + + + 7
Prostate ++++++++++++++++M+ A+ + 47
Seminal vesicle ++++++++++H 4+ + 50
Testes +++++++++ A+ 50
Interstitial cell, adenoma 1
Hematopoietic System
Bone marrow ++++++++ AR+t 50
Mast cell tumor NOS 1
Lymph node ++++++++++++++++++++++++ + 50
Hemangioma X 1
Mast cell tumor NOS, metastatic,
bone marrow 1
Lymph node, bronchial ++ MM+M+++++++++++++++++++ 45
Hepatocholangiocarcinoma, metastatic,
liver 1
Lymph node, mandibular ++++++M++++++++M+++++M+ + + 39
Mast cell tumor NOS, metastatic, :
bone marrow 1
Lymph node, mediastinal MMMM++++M+++MM++MMM+ + MM + + 28
Hepatocholangiocarcinoma, metastatic,
liver 1
Lymph node, mesenteric +++++++++ 4+ A+ + 49
Spleen +++++++++++++++++++++4++++ 50
Thymus +++++++++1 +++++++++++++++ 47
Integumentary System
Mammary gland +MI MMMMMMMMMMMMMMMMMMMMMM S
Skin ++++++++++F+F S+ + 50
Subcutaneous tissue, sarcoma 1
Musculoskeletal System
Bone ++++++++++++ o+ 50
Skeletal muscle + 2
Hemangiosarcoma X 1

Nervous System
Brain ++++++++ A+ 50
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)
344555556666 ¢6¢677777171717T17171
Number of Days on Study 7791447902567 913333333333
96 510326972673 4626266626266 66
000000O0OOO0OO0COOOOOOOOOO0OO0OOO0OO0
Carcass ID Number 110011110000 O0UO0O0O0O0CO0O0O0OO0OOOOOO
’ 0393200182335 78112223324434
5222341444312531412345134
Respiratory System
Laxynx + + 4+ + + ++ +++++++++++ + + +
Lung +++++++++++++++++++++++++
Alveolar/bronchiolar adenoma X X X X X
Alveolar/bronchiolar adenoma,
multiple X X
Alveolar/bronchiolar carcinoma X
Alveolar/bronchiolar carcinoma,
multiple X
Carcinoma, metastatic, liver X
Hepatocellular carcinoma, metastatic,
liver X X
Hepatocholangiocarcinoma, metastatic,
liver X
Sarcoma, metastatic, skin X
Mediastinum,
hepatocholangiocarcinoma,
metastatic, liver X
Nose +++++++++++++++4++++++++++
Trachea + +++++++4+++++++++4+4++++++ 4+
Special Senses System
Ear
Eye +
Harderian gland + +++++++++F+F A+
Adenoma X X X X X
Zymbal’s gland + +
Adenoma X
Urinary System
Kidney + +++++++++++++++++FF+ S
Urethra
Urinary bladder +++++++++++++++++++++++ ++
Systemic Lesions
Muttiple organs +++++++++++++++++++++++ 4+
Lymphoma malignant lymphocytic X X

Lymphoma malignant mixed X X
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)
7771711771117 1717177177717T717T171T7T717
Number of Days on Study 3333333333333333333333333
6 6 6666 666 666666666466 ¢6¢6°666
00000O0O0OO0OOO0O0O0OO0OO0OO0OO0OOOOOOO0OO0OOOO
Carcass ID Number 000000O0OODOO0OOOI1II1111111111111 Total
55556 617789911122 33332414244 34 Tissues/
13453524115 13514134512343%5 Tumors
Respiratory System
Larynx ++++++++++++++++++4+4+++4+++ 50
Lung +++++++++++++++++++4+++ 4+ + + 50
Alveolar/bronchiolar adenoma XXX X X X X X X 14
Alveolar/bronchiolar adenoma,
multiple X X 4
Alveolar/bronchiolar carcinoma X X 3
Alveolar/bronchiolar carcinoma,
multiple X 2
Carcinoma, metastatic, liver 1
Hepatocellular carcinoma, metastatic,
liver X 3
Hepatocholangiocarcinoma, metastatic,
liver 1
Sarcoma, metastatic, skin 1
Mediastinum,
hepatocholangiocarcinoma,
metastatic, liver 1
Nose ++++++++++ A+ 50
Trachea ++++++++H++ o+ 50
Special Senses System
Ear + 1
Eye 1
Harderiangland + +++++++++++++++++++++++ + 50
Adenoma X 6
Zymbal's gland 2
Adenoma 1
Urinary System
Kidney ++++++++++F A+ 50
Urethra + + 2
Urinary bladder ++++++++++++F A+ A+ 50
Systemic Lesions
Multiple organs +++++++++++++++++++++++F+ 50
Lymphoma malignant lymphocytic 2

Lymphoma malignant mixed
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm

4455666667777 7777717717T71717717
Number of Days on Study 688 9035571233333333333333
7476162387355 55555555515257¢5
000000O0O0COCOO0O0O0OCO0OO0OOOCOOOOOOOGCDO
Carcass ID Number 4 333432334222333333333333
132221957099 90000111233334
21152211212 452345145423243
Alimentary System
Esophagus +++++++M+++++++++ A+ A+
Galibladder +MA++A+++++++++++4++++++++
Intestine large + A+ +AA+++++++++F+H A+
Intestine large, cecum +AA+AA++++++++++++++++++F
Intestine large, colon +A++AA+++++++++H+H+H+H+H++++++
Intestine large, rectum +tAA+A++++ 4+ +++H++H+H++H++++++ 4+
Intestine small ++A++A++++ 4+ ++++++ 4+ 4+ +
Intestine small, duodenum +AA+AA+++++++++++H 4+ 4+ ++++ 4+
Intestine small, ileum ++A++A+++++++++ A+
Intestine small, jejunum + AA+AA+++H+ A+ +++H+H 44+ ++++
Carcinoma X
Liver ++++++++ o+
Hemangiosarcoma X
Hepatocellular carcinoma X XX X
Hepatocellular carcinoma, multiple XXX
Hepatocellular adenoma X X XXX
Hepatocellular adenoma, multiple
Mesentery
Pancreas ++A+++++++++++++++++++++ 4+
Salivary glands +++++++++++4++++++4+++++++ 4
Stomach + + +++++++++++++4+++++++++ +
Stomach, forestomach +++++++++++++++++++++++++
Stomach, glandular ++A+A++++++++++ 4+ ++++ T+ +++
Tooth + + +
Cardiovascular System
Blood vessel +
Heart ++++ A+ 4+
Endocrine System
Adrenal gland + + + 4+ + + + + + + + + 4+ 4+ + + + 4+ + + + + +
Adrenal gland, cortex + ++++++ 4+ + + +++++++++++++ +
Adenoma X X
Adrenal gland, medulla + + A+ ++ 4+ + 4+ + + 4+ + 4+ +++++++++ +
Pheochromocytoma benign
Islets, pancreatic ++A++++++++++++++++++++ 4+ +
Parathyroid gland M+M++M+++MM+++++++M++MM+ +
Pituitary gland +1 ++1 ++++++++++1 +4+++++ 4+ + +
Thyroid gland ++++++++++++++++++++++ 4+ + +
Follicular cell, adenoma X
General Body System
None
Genital System
Epididymis +++++++F+ A+
Penis +
Preputial gland + +
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7277177711777 7717171717171717177T7T7171717T77
Number of Days on Study 3333333333333333333333333
5555555555555 555555555255S5
0000O0O0OOOOOOOOOOOO0OOOOOOOOO0OO0
Carcass ID Number 3333333333333333334444444 Total
4 455556171717 788899990012222 Tissues/
452345113451231345455134s5 Tumors
Alimentary System
Esophagus ++++++++++++ M+ + o+ 48
Gallbladder ++t+++++++ T+ o+ 47
Intestine large ++++++++ AR+ 47
Intestine large, cecum +++++++++++++F++ 4+ 46
Intestine large, colon + +++++++++++++++ A+ + 47
Intestine large, rectum ++++++++++ A+ 47
Intestine small ++++++++++ A+ 48
Intestine small, duodenum ++++++++++ A+ 46
Intestine small, ileum ++++++++++++ A+ + 48
Intestine small, jejunum +++++++++++4+++F++++++++++ 46
Carcinoma 1
Liver ++++++t++++ A+ 50
Hemangiosarcoma X 2
Hepatocellular carcinoma X X X X X 12
Hepatocellular carcinoma, multiple X 4
Hepatocellular adenoma X X X X X X 12
Hepatocellular adenoma, multiple X 1
Mesentery + + + + + 5
Pancreas +++++++++ 4+t 49
Salivary glands ++++++++++ A+ A A+ 50
Stomach +++++++++ A+ 50
Stomach, forestomach +++++++++++++++ A+ + 50
Stomach, glandular ++++++++++++++++ A+ 48
Tooth + 4
Cardiovascular System
Blood vessel 1
Heart ++++++++++++++++++ M 49
Endocrine System
Adrenal gland +++++++++ A+ 49
Adrenal gland, cortex +++++++++++ A F A+ 49
Adenoma X X 4
Adrenal gland, medulla +++++ A+ F A+ o+ 48
Pheochromocytoma benign X 1
Islets, pancreatic +++++++ A+ 49
Parathyroid gland +M+MM+M++1 ++M++++++++++++ 36
Pituitary gland +++++++ A+ F A+ 47
Thyroid gland +++++++++++ A+ 50
Follicular cell, adenoma X X X 4
General Body System
None
Genital System
Epididymis _ +++++++++ A+ 50
Penis 1

Preputial gland 2
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

4455666667777 7777T7T7777T7T7177
Number of Days on Study 688 9035571233333333333333
7476162387355 555555555251537:5
000000O0O0O0O0OO0OOCO0COOOOOOOCOOOOO
Carcass ID Number 4 333432334222333333333333
1322219570999 0000111123334
21152211212 452345145423243
Genital System (continued)
Prostate +++++++++ A+
Seminal vesicle + A+ ++A++ 4+ + ++++ +++++ 4+ 4+ ++
Hemangioma
Hemangiosarcoma, metastatic, spleen X
Testes +++++++++++++++++++++++++

Hematopoietic System

Blood
Bone marrow +++++++ A+t F A+
Lymph node +++++++++ A+ A+t
Lymph node, bronchial + 4+ +M+MI + MM+ ++++++++++++ ++
Lymph node, mandibular ++++++M++MM+M+ +++++++ 4+ + + 4+
Lymph node, mediastinal ++M+MMMMM+++++MM++MM+ + + + +
Lymph node, mesenteric M+A+++++++++++++++++++M+ +
Spleen + 4+ ++++++++ A+
Hemangiosarcoma X
Thymus ++A++++++M++++++1 +4+++++1 +
Integumentary System
Mammary gland MMMMMMMMMMMMMMI M+ MMMMMMMM
Skin + 4+ +++++++ A+t
Subcutaneous tissue, hemangiosarcoma
Musculoskeletal System
Bone ++++++++++rF A+t
Nervous System
Brain +++++++++++++++ 4

Respiratory System
Laxynx + + A+ +A+F++++++++++++ 4+ +H+
Lung + + + +
Adenocarcinoma, metastatic,
harderian gland X
Alveolar/bronchiolar adenoma X X X X X X
Alveolar/bronchiolar adenoma,
multiple X X
Alveolar/bronchiolar carcinoma X X X
Hepatocellular carcinoma, metastatic,
liver
Nose + +
Trachea + +

+ +

>+
+
+
+
+
+
+
+
+
+
+
+
+
<+
+
+
+
+
+
+

Special Senses System
Harderian gland +++++++++++++++++++++++++
Adenocarcinoma
Adenoma X

% M
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7771711711177 17177T771T777T77T17171717
Number of Days on Study 3333333333333333333333333
555555555555555555555552%5$5
0000O0O0O0OOO0OOO0OOOCOOOO0OOO0OOOOOO0
Carcass ID Number 33333333333333333344444243 14 Total
4 4555561777 788899990012222 Tissues/
45234511345 123134545513435 Tumors
Genital System (continued)
Prostate ++++++++++++++ A+ 50
Seminal vesicle +++++++++++++++++++++++++ 48
Hemangioma X 1
Hemangiosarcoma, metastatic, spleen 1
Testes +++++++++++++++++++++++++ 50
Hematopoietic System
Blood
Bone marrow ++++++++++++++++++++++++ + 50
Lymph node +++++++++ A+ 50
Lymph node, bronchial +++++++MM+++++++M++++++ + + 42
Lymph node, mandibular M++++I M++M++++MM+++M+ + + + + 39
Lymph node, mediastinal +++MMM+MM+MM++MMMM++++M+ M 27
Lymph node, mesenteric +++++++++++++++++++++++ 4+ + 47
Spleen +++++++++++++++++++++++++ 50
Hemangiosarcoma 1
Thymus ++++++M+++M++++++++M++ 4+ + + 43
Integumentary System
Mammary gland MMI MMMMMM+MMMM+MMMMMMMMMM 3
Skin ++++++++++++++++++++++++ + 50
Subcutaneous tissue, hemangiosarcoma X 1
Musculoskeletal System
Bone ++++++++++ A+ 50
Nervous System
Brain +++++++ o+ 50
Respiratory System
Larynx ++++++++ 4 48
Lung +++++++++ R+ o+ 50
Adenocarcinoma, metastatic,
harderian gland 1
Alveolar/bronchiolar adenoma X XXX X X X X 14
Alveolar/bronchiolar adenoma,
multiple XXX X 6
Alveolar/bronchiolar carcinoma X X X 6
Hepatocellular carcinoma, metastatic,
liver X 3
Nose +++++++++++++++++++ 4+ + 4+ ++ 50
Trachea ++++++ A+ 49
Special Senses System
Harderian gland ++++++++++++++++++ME++++++ 49
Adenocarcinoma 1

Adenoma 1
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

4 455666667 1777777T777717717T17
Number of Days on Study 6 88 9035571233333333333333
7476162387355 55555%5%55152525°S5
0000O0OOOOOOOOOOOOOOCOOOOODO
Carcass ID Number 4 333432334222333333333333
1322219570999000011123334¢4
2115221121245 2345145242343
Urinary System
Kidney ++++++++ A+ o+
Renal tubule, adenoma X
Urethra +
Urinary bladder +AA+++++++++ A+ +

Systemic Lesions
Multiple organs + +++++++++++++++ S+ +++
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7777717771117 17T17777171777T1717171
Number of Days on Study 3333333333333333333333333
5555555555555 5555155555%525S5
0000000O0O0OOCOOOOOO0OOOOO0OO0OO0OO0OO
Carcass ID Number 33333333333333333344444434 Total
4 4555567777888 99990012222 Tissues/
4523451134512313454551345%5 Tumors
Urinary System
Kidney ++++++r+H A F o+ 50
Renal tubule, adenoma 1
Urethra + 2
Urinary bladder +++++++H A+ 48
Systemic Lesions
Multiple organs ++++++ A+ 50
Lymphoma malignant mixed X 1

Lymphoma malignant undifferentiated
cell type X 1
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm

2345555555556¢6¢6¢62666¢6¢626 666
Number of Days on Study 8 9513334678801 1335255828828S S8
976712608356 4082718902679
0000O0O0OOOCOOOOOOOO0OOOOOOO0OOOO
Carcass ID Number 6 5556675665656 556¢626¢6 562666
4 79899075495 8097¢632828¢62333
111224153522 32445432151421
Alimentary System
Esophagus +++++++++ A+ ++
Gallbladder +A+A++A++MAAA+++A++FA++++A
Intestine large ++++++A+++++A++++++A+F A+ S+ ++
Intestine large, cecum +A++++A++++AA++F+A++HA+ S+ +A
Intestine large, colon + A+ +++A++H++HFA+F AT HAFFFFH+
Intestine large, rectum + + ++ 4+ +AF++++AA+ A+ A+
Intestine small + A+ +++A++++AA+++HA+HFHAF S+ A+ +
Intestine small, duodenum +A++++A] ++AAA+++A++AF A+ A+ ++
Intestine small, ileum + A+A++A++++AA+++A+F+HA+F A+ 4+
Intestine small, jejunum +A+A++A++++AA+FH A+ A+ A+ +
Carcinoma X
Liver +++++++++++++++++++++++ 4+ +
Hepatocellular carcinoma X XX X X X
Hepatocellular carcinoma, multiple X X
Hepatocellular adenoma X X X X X
Hepatocellular adenoma, multiple X X X
Histiocytic sarcoma X X X X
Mesentery : + + +
Pancreas ++++++A++++++++++++++++ 4+ +
Acinus, hemangiosarcoma, metastatic,
heart X
Salivary glands +++++++++ A+
Stomach +++++++++ A+ ++
Stomach, forestomach + ++++++++++++++++++++++ ++
Stomach, glandular +++++++++++++++++++++++++
Tooth +
Cardiovascular System
Heart ++++++++++++++++4++4+++++ 4+ +
Hemangiosarcoma
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma X
Endocrine System
Adrenal gland +++++++++++++++++++++++ 4+ +
Adrenal gland, cortex +++++++++++++++++++++++ 4+ +
Adrenal gland, medulla +++++++++++1 A+ ++++++++++ +
Islets, pancreatic + +++++A++++++++4++++4++ 4+ + 4+ +
Adenoma
Parathyroid gland ++M++M+++++1I M+ +++++MM+ +M+
Pituitary gland +I ++++++++++++++1 +++++++M
Thyroid gland ++++++++++++++++++++++++ +

General Body System
None
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

6777177717177 1777717177177T77T1717717
Number of Days on Study 9333333333333333333333333
3444444444444 4444444444424
0000O0O0O0OOCOOOOOOCOOOOOO0OOOOO0OO0
Carcass ID Number 7555555666666 66¢6¢6¢6¢6666¢677 Total
0778899011233455¢6¢6782828900 Tissues/
4 23143511213541524514513°5 Tumors
Alimentary System
Esophagus +M+++++++++M++++4+++++M+++ 47
Gallbladder +++++++++ D O+ o+ 39
Intestine large + 4+ +++++++ 4 47
Intestine large, cecum + +++++++++] ++++F+++++++++F 42
Intestine large, colon ++++++++++++++ S 45
Intestine large, rectum +++++++++++++F++4+H++++++++ 46
Intestine small +++++++++++++++++++++++++ 44
Intestine small, duodenum +++++++++FF A+ 42
Intestine small, ileum +++++++++++++++++++++++++ 43
Intestine small, jejunum + 4+ ++++t++++ A+t 43
Carcinoma 1
Liver ++++++++++++++ + + + 4+ 4+ 4+ +++ o+ 50
Hepatocellular carcinoma X X 10
Hepatocellular carcinoma, multiple X X X 6
Hepatocellular adenoma X X X 11
Hepatocellular adenoma, multiple X X X X X 8
Histiocytic sarcoma 4
Mesentery + + + + + + 9
Pancreas +++++++++ 49
Acinus, hemangiosarcoma, metastatic,
heart 1
Salivary glands +++++++++F+F Attt FAE A A+ 50
Stomach ++++++++++++++ A+t 50
Stomach, forestomach ++++++++ o+ 50
Stomach, glandular + 4+ ++++++ A+ 50
Tooth + + + + + 6
Cardiovascular System
Heart ++++++++++ A+ 50
Hemangiosarcoma 1
Hepatocellular carcinoma, metastatic,
liver X 1
Histiocytic sarcoma 1
Endocrine System
Adrenal gland +++++++++++++ o+ 50
Adrenal gland, cortex +++++++++++++++++++++++++ 50
Adrenal gland, medulla M+++++++++++++++++++++++ + 47
Islets, pancreatic +++++++++++ A+ 49
Adenoma X 1
Parathyroid gland +++++++++++++++F+FTMF 42
Pituitary gland ++++++++++F A+ 47
Thyroid gland ++++++++++F++FF+ A+t 50

General Body System
None




124 1,3-Butadiene, NTP TR 434

TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

2345555555556¢6¢6¢6262666¢626666
Number of Days on Study 8951 3346788 0113355582888S8
976 712608356408 2718902¢671789
000O0O0OO0ODO0OOOOCOOOOO0OOOOOO0OOOO
Carcass ID Number 6 5556675665656 355¢6¢6¢6¢65¢62666
47 9899075495809 7¢63288¢6233
1112241535223244543251421
Genital System
Epididymis ++++++++F+ A+
Penis + MM+ M + M
Preputial gland + +
Prostate +++++++M+++++ 4
Seminal vesicle + + + + + + A+ + + + +++++4++A++++ +
Testes ++++++++++H A+ 4
Hematopoietic System
Blood +
Bone marrow +++++++++++++4+++4+++F+ S+ ++
Histiocytic sarcoma X
Lymph node ++++++++++++++4++++++++++ +
Iliac, histiocytic sarcoma X
Lymph node, bronchial ++++MMMM+ 4+ ++++++MM+ + + + + + +
Adenocarcinoma, metastatic, lung X
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Histiocytic sarcoma X
Lymph node, mandibular +M+M++++++++M++++M++++++ M
Histiocytic sarcoma X
Sarcoma, metastatic, skin X
Lymph node, mediastinal +++++++1 ++M+++M++++++M+ + +
Histiocytic sarcoma X X
Lymph node, mesenteric +++++++++++++M++++++++++ 4+
Histiocytic sarcoma X X X
Spleen +++++++++++++++++++++++ 4+ +
Hemangiosarcoma
Histiocytic sarcoma X X X X
Thymus ++++M++++M++++MI +M+++++ M+
Histiocytic sarcoma X
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin +++++++++++++++++ 4+ + + + + + +
Subcutaneous tissue, hemangiosarcoma X
Subcutaneous tissue, mast cell tumor
NOS X
Subcutaneous tissue, head, sarcoma X

Musculoskeletal System
Bone +++++ ++ + +
Skeletal muscle

<+

Nervous System
Brain ++++++++++++++++4++++ +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X

"+
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm

(continued)

125

Number of Days on Study
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Total
Tissues/
Tumors

Genital System
Epididymis
Penis
Preputial gland
Prostate
Seminal vesicle
Testes

+

+ 4+ +
++ 2
++ +
+ 4+ +

++ +
++ 4+

+ +

+ 4+ +
++ +
++ +
+ 4+ +

++ +
+ 4+ +

+ + 4+
+ + +

+ + +

+

+ 4+ 4+ +
++ +
++ +

++ +
++ +
++ 4+
++ 4+

++ +
++ +

+ 4+ +

8h3&»+8

Hematopoietic System
Blood
Bone marrow
Histiocytic sarcoma
Lymph node
Hliac, histiocytic sarcoma
Lymph node, bronchial
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Lymph node, mandibular
Histiocytic sarcoma
Sarcoma, metastatic, skin
Lymph node, mediastinal
Histiocytic sarcoma
Lymph node, mesenteric
Histiocytic sarcoma
Spieen
Hemangiosarcoma
Histiocytic sarcoma
Thymus

Histiocytic sarcoma

%+

Integumentary System
Mammary gland
Skin

Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, mast cell tumor

NOS
Subcutaneous tissue, head, sarcoma

+
<+

+ 2
+ 2
+2

+Z

+ 2
+
+

+Z
+ =2
+ 2

+ =

—

+ =

Musculoskeletal System
Bone
Skeletal muscle

Nervous System
Brain
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

234555555555 ¢6¢6¢6626¢666666 66
Number of Days on Study 8 951 3346788011335 558888S8
9767126028356 4082718902679
00000O0OOOCDOOOCOOOOOOOOOOOOOOD
Carcass ID Number 6 5556675665656 556666 52626266
479899075 4958097632828¢6233
1 1122415352232 445243251421
Respiratory System
Larynx +++++++ +++F++++F A+
Lung +++ A+ o+
Adenocarcinoma X
Adenocarcinoma, muitiple X
Adenocarcinoma, metastatic,
harderian gland
Alveolar/bronchiolar adenoma X X XXX X X
Alveolar/bronchiolar carcinoma X
Alveolar/bronchiolar carcinoma,
multiple X
Hepatocellular carcinoma, metastatic,
liver X X
Histiocytic sarcoma X X X X
Sarcoma, metastatic, skin X
Mediastinum, sarcoma, metastatic,
skin X
Nose ++++++++++ A+ ++
Trachea +++++++++++ A+
Special Senses System
Eye +
Harderian gland + +++++++++++++++++++++++
Adenocarcinoma
Adenoma X X X X
Urinary System
Kidney +++++++++++++++++++++++++
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X
Urethra +
Urinary bladder + +++++++++++++++++++++4+ 4+ +
Systemic Lesions
Multiple organs +++++++++++++++++++++++++
Histiocytic sarcoma X X X X
Lymphoma malignant lymphocytic X X

Lymphoma malignant mixed
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)
6 7717177717171 1717717T717T1117171T7T7171717
Number of Days on Study 9333333333333333333333333
3444 4444444444444 444444144
0000O0OOOOOOOCOOCOOOOOOOOOOO
Carcass ID Number 7555555666666 6666666¢6¢6¢6 77 Total
077889 9011233455¢6¢6 78889400 Tissues/
4 2314351121354152451451335 Tumors
Respiratory System
Larynx ++++++++++ A+ 49
Lung +++++++++ A+ 50
Adenocarcinoma 1
Adenocarcinoma, multiple 1
Adenocarcinoma, metastatic,
harderian gland X 1
Alveolar/bronchiolar adenoma X X X 10
Alveolar/bronchiolar carcinoma X X X XX X 7
Alveolar/bronchiolar carcinoma, ‘
multiple X 2
Hepatocellular carcinoma, metastatic,
liver X X 4
Histiocytic sarcoma 4
Sarcoma, metastatic, skin 1
Mediastinum, sarcoma, metastatic,
skin 1
Nose +++++++++++++++F+++++ A+ + 50
Trachea ++++++ A+ 50
Special Senses System
Eye 1
Harderian gland ++++++++++++++4+++++++++++ 50
Adenocarcinoma X 1
Adenoma X X X X 8
Urinary System
Kidney +++++++++++ A+ 4+ 50
Hemangiosarcoma, metastatic, heart 1
Histiocytic sarcoma 1
Urethra 1
Urinary bladder ++++++++++++++++ A+ 50
Systemic Lesions
Multiple organs +++++++++++++++++++++++++ 50
Histiocytic sarcoma 4
Lymphoma malignant lymphocytic 2
Lymphoma malignant mixed X X 2
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Histiocytic sarcoma
Intestine small, ileum
Intestine small, jejunum
Carcinoma
Liver
Hemangioma
Hemangiosarcoma, metastatic, heart X
Hepatocellular carcinoma X X
Hepatocellular carcinoma, multiple X X X
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple X
Histiocytic sarcoma X X X X
Mesentery + +
Fat, hemangioma
Fat, hemangiosarcoma, metastatic,
heart
Fat, histiocytic sarcoma
Pancreas
Pharynx
Salivary glands
Histiocytic sarcoma
Stomach
Stomach, forestomach
Squamous cell papilloma
Stomach, glandular
Tooth + +
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Cardiovascular System
Heart A+ +++++ +
Adenocarcinoma, metastatic, lung
Hemangiosarcoma X X
Histiocytic sarcoma X
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Endocrine System
Adrenal gland
Adrenal gland, cortex

Adenoma
Histiocytic sarcoma
Adrenal gland, medulla M+ +++++ A+ + +
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Histiocytic sarcoma
Intestine small, ileum
Intestine small, jejunum
Carcinoma
Liver
Hemangioma
Hemangiosarcoma, metastatic, heart X X
Hepatocellular carcinoma X X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X X X X X X
Hepatocellular adenoma, multiple X X X X
Histiocytic sarcoma
Mesentery
Fat, hemangioma
Fat, hemangiosarcoma, metastatic,
heart X
Fat, histiocytic sarcoma
Pancreas +++++++++++++++++++++++ 4+ +
Pharynx
Salivary glands ++++++++++ + + +
Histiocytic sarcoma
Stomach + ++ 4+ ++ 4+ + ++ + + +
Stomach, forestomach + + + 4+ +++++ 4+ + + +
Squamous cell papilloma
Stomach, glandular + ++ 4+ ++++ 4+ ++ 4+ +
Tooth +
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Cardiovascular System
Heart +++++++++++++++++++++++++
Adenocarcinoma, metastatic, lung
Hemangiosarcoma X XX
Histiocytic sarcoma
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Endocrine System

Adrenal gland IR Tk T 2 T 2 S I SE SR S A S S R A K . 2 & 47

Adrenal gland, cortex +H+++++ A+ o+ 47
Adenoma 1

Histiocytic sarcoma 2
Adrenal gland, medulla +++++++++1 +++++++++++++++ 44
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

233444555555556¢6262626©6¢66 617
Number of Days on Study 0593682344479 902345¢62899°0
02844157066 45¢6745982035¢67
000000O0GOCOOCOOOOOCOOOOOGCOOOO
Carcass ID Number 9989988998989 9898999938289
10570693481 713835¢63346978
4144531552215 25224333331
Endocrine System (continued)
Islets, pancreatic A+ +++++++++++++++++++++
Parathyroid gland M+++++M+++++MMM++++++++M
Pituitary gland A+++++++++++++++++H++++++
Pars distalis, carcinoma X
Thyroid gland A+ +++++++++++++++++++++ +
Follicular cell, adenoma
General Body System
None
Genital System
Epididymis A+ ++++++++++++++++++++++
Penis + + + +
Preputial gland + + + + +
Hemangiosarcoma
Prostate ++++++++++++++++++++++ 4+
Seminal vesicle A+ +++A+A++++++++++++++ + +
Testes ++++++++++++++++++++++ +
Hemangioma
Interstitial cell, adenoma
Hematopoietic System
Bone marrow A+ ++++++++++++++++++++++
Histiocytic sarcoma X X
Lymph node A+ ++++++++++++++++ 4+ +++ + +
Iliac, histiocytic sarcoma X
Pancreatic, histiocytic sarcoma X
Lymph node, bronchial A+M+MM+++1T M+ ++++++++++ + +
Adenocarcinoma, metastatic, lung X X
Histiocytic sarcoma X
Lymph node, mandibular AMM+M+++M+++M+++M+ ++ ++ + +
Histiocytic sarcoma
Lymph node, mediastinal AM+M+M+M++++M+++M+M+ + + + +
Adenocarcinoma, metastatic, lung X X
Histiocytic sarcoma
Lymph node, mesenteric A+ ++M++++++++++++A++++ + +
Histiocytic sarcoma X X X
Spleen ++++++++++++++++++++++ +
Histiocytic sarcoma X X X
Thymus A++++M+A++++M+++M++1 M+ + +
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMM
Skin A+ ++++++++++++++++++++ + +
Sebaceous gland, adenoma X

Subcutaneous tissue, leiomyosarcoma
Subcutaneous tissue, mixed tumor
malignant X
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

7771777171777 77171777177717717171717171717
Number of Days on Study 01133333333333333333333733
7363333333333333333333333
0000O0O0OO0OO0O0O0OO0OOO0OOOO0OOOOO0OO0O0OO0O
Carcass ID Number 9898888888899 999999999999 Total
8925556779901244555¢%626788S8 Tissues/
5542354242423112145245234 Tumors
Endocrine System (continued)
Islets, pancreatic +++++++++++++++++++++++++ 48
Parathyroid gland ++++M++++++++M+++++++M+ + + 40
Pituitary gland ++++++++++++++++++++ 4+ + 48
Pars distalis, carcinoma 1
Thyroid gland +++++++++++++++++++++++ 4+ + 48
Follicular cell, adenoma X X X X 4
General Body System
None
Genital System
Epididymis ++++++++++++++++F+++4+++F 4+ ++ 48
Penis + + + 7
Preputial gland + + + + 9
Hemangiosarcoma X 1
Prostate ++++M++++++++++++++++++1 M 45
Seminal vesicle +++++++++++++4++++++++++++ 46
Testes +++++++++++ 48
Hemangioma X 1
Interstitial cell, adenoma X 1
Hematopoietic System
Bone marrow ++++++++++++++++4+++++++++ 48
Histiocytic sarcoma 2
Lymph node +++++++++++ A+ o+ 48
Tiac, histiocytic sarcoma 1
Pancreatic, histiocytic sarcoma 1
Lymph node, bronchial M++++++MM++++M+++M+M+ + + + + 37
Adenocarcinoma, metastatic, lung 2
Histiocytic sarcoma X 2
Lymph node, mandibular +MMM+++++MM+MM++ +++M+M+ + + 33
Histiocytic sarcoma X 1
Lymph node, mediastinal +M+M++MM+M+MMMM+ + + ++ + 4+ + + + 32
Adenocarcinoma, metastatic, lung 2
Histiocytic sarcoma X 1
Lymph node, mesenteric ++++++++++++++++++++++++ + 46
Histiocytic sarcoma X 4
Spleen +++++++++++++++F+++++++++ + 48
Histiocytic sarcoma X 4
Thymus +++M+++++++++++++++M++++ o+ 40
Integumentary System
Mammary gland MM+MMMMMMMMMMMMMMMMMMMMMM 1
Skin + ++++++++F A F A+ 48
Sebaceous gland, adenoma 1
Subcutaneous tissue, leiomyosarcoma X 1

Subcutaneous tissue, mixed tumor
malignant 1
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

2334445555555562626262¢6¢6¢666 67
Number of Days on Study 0593682344479 902345¢618990
02844157066 45674598205¢67
0000O0OO0OCOOOO0OO0OO0OO0OOOOOO0OOCOOOO
Carcass ID Number 9989 98899898998989999382829
10570693481 7138%5¢6334¢6978
414453155221525224333331
Musculoskeletal System
Bone A+ ++++++++++++++++++++ 4+ +
Skeletal muscle + +
Hemangiosarcoma X
Diaphragm, adenocarcinoma,
metastatic, lung X
Nervous System
Brain A+ ++++++++++++++++++++++
Carcinoma, metastatic, pituitary
gland X
Histiocytic sarcoma X

Respiratory System
Larynx A++++++A
Lung + +

Adenocarcinoma
Adenocarcinoma, metastatic,

harderian gland
Alveolar/bronchiolar adenoma X X X X X X
Alveolar/bronchiolar adenoma,

multiple X X X
Alveolar/bronchiolar carcinoma X X
Alveolar/bronchiolar carcinoma,

multiple
Hemangiosarcoma, metastatic, heart X X
Hemangiosarcoma, metastatic,

skeletal muscle X
Hepatocellular carcinoma, metastatic,

liver X
Histiocytic sarcoma X X X X
Leiomyosarcoma, metastatic, skin
Mediastinum, adenocarcinoma,

metastatic, lung X

Nose A+ +++++++++++++++A+ +
Leiomyosarcoma, metastatic, skin
Trachea A+ +++++A+++++++++A+++++ +

X+ +

+ ¥

Special Senses System

Ear .

Eye +

Harderian gland M+ +M+++++++++++++ + + +
Adenocarcinoma
Adenoma X X XXXX
Leiomyosarcoma, metastatic, skin
Bilateral, adenoma

” X+
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)
7777777777717 717717717171T7177171711
Number of Days on Study 0113333333333333333333333
7363333333333333333333333
0000O0O0OO0OOO0OOOOOOOOOOOOOOOODO
Carcass ID Number 989 88888888 99999999999999 Total
8 9255567799012 44555¢626717828S8 Tissues/
554 2354242423112 1452452334 Tumors
Mausculoskeletal System
Bone ++++++++F++ A+ A+ 48
Skeletal muscle 2
Hemangiosarcoma 1
Diaphragm, adenocarcinoma,
metastatic, lung 1
Nervous System
Brain ++++++++++++++++F+4++ 4+ 4+ 4+ 4+ 48
Carcinoma, metastatic, pituitary
gland 1
Histiocytic sarcoma 1
Respiratory System
Larynx ++++++++F A+ 46
Lung ++++++ A+ o+ 49
Adenocarcinoma 2
Adenocarcinoma, metastatic,
harderian gland X X 2
Alveolar/bronchiolar adenoma X X XXXXX X X X X X X 19
Alveolar/bronchiolar adenoma,
multiple X X X 6
Alveolar/bronchiolar carcinoma X X X X X X 8
Alveolar/bronchiolar carcinoma,
multiple X X 2
Hemangiosarcoma, metastatic, heart X 3
Hemangiosarcoma, metastatic,
skeletal muscle 1
Hepatocellular carcinoma, metastatic,
liver X X 3
Histiocytic sarcoma 4
Leiomyosarcoma, metastatic, skin X 1
Mediastinum, adenocarcinoma,
metastatic, lung 2
Nose ++++++ A+ 47
Leiomyosarcoma, metastatic, skin X 1
Trachea + + +++ 4+ +++++++++++++4+++ 4+ + 46
Special Senses System
Ear + 1
Eye + 2
Harden'angland +++++++++++++++++++4+4++++ + 47
Adenocarcinoma X X 3
Adenoma X X X X X X X X X X 17
Leiomyosarcoma, metastatic, skin 1
Bilateral, adenoma X X 2




134 1,3-Butadiene, NTP TR 434

TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

2334445555555 5¢624620666¢626°66 7
Number of Days on Study 0593682344479902345¢61899°2D0
0284415702626 45¢67459820352¢67
000900O0O0O0OO0OO0OOOOOOOOOOOCOOOO
Carcass ID Number 9989 9889989899898 99998829
105706 93 4817138563346 97S8
41445315522 1525224333331
Urinary System
Kidney A+ ++++++++++++4++++++++++
Adenocarcinoma, metastatic, lung X X
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X X X
Renal tubule, adenoma
Urethra + +
Urinaxybladder A+ ++++++++++++++++++++ + +
Systemic Lesions
Multiple organs + + 4+ +++++++++++++++++++++
Histiocytic sarcoma X X X X
Lymphoma malignant X

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic X X X
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)
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Urinary System
Kidney +++++++++++++++++++++++++
Adenocarcinoma, metastatic, lung
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma
Renal tubule, adenoma X X
Urethra + + +

Urinary bladder ++++++++++++++++++++++

Bovwwmnud

+ %

Systemic Lesions
Multtiple organs ++++++++++++++++++++ 4+ +
Histiocytic sarcoma
Lymphoma malignant
Lymphoma malignant histiocytic X
Lymphoma malignant lymphocytic X

K+
PV %
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm

Number of Days on Study

(S
b I
]
oo
[y

[ |
N W
S~}
RS |
I ]
- Q0
" O &
W O
O =
-3 R
S W
~1 W a
W AN W
[- - NV}
o N
[- - V.Y
-2 WV )
-3 v
W~
N ©

Carcass ID Number

[ R T
[ SV e
NO M=
O N
W N =
WNN =
W W e
L S
- \D =
bt D) e
L S S
N o e =
[V VL S
- N =
- S
W W=
B O\
B G e
W 00 = =
W N e
W AN e
A Q0 =t =
[TV S
W )
[V SR

Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Carcinoma
Liver
Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma X X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Hepatocellular adenoma, multiple X X X
Hepatocholangiocarcinoma
Histiocytic sarcoma X X
Mesentery +
Fat, adenocarcinoma, metastatic, lung
Fat, hemangiosarcoma, metastatic,
spleen X
Fat, histiocytic sarcoma
Pancreas + ++AA++A++++++ A+ ++++
Acinus, histiocytic sarcoma
Duct, adenoma, multiple
Pharynx
Salivary glands
Stomach
Stomach, forestomach
Squamous cell carcinoma
Squamous cell papilioma
Stomach, glandular +++AA++A++++A++
Tooth
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+ X
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Cardiovascular System
Heart +++++++A++F A+ F A+
Adenocarcinoma, metastatic, lung
Hemangiosarcoma XX X X X X
Histiocytic sarcoma X

+
+
+
+

b

Endocrine System
Adrenal gland ++ + + A+ +
Adrenal gland, cortex + + + + A
Histiocytic sarcoma
Adrenal gland, medulla ++++AM+A+++++ A+ + S+ +++

» >
+ X+ +
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

55555556666 66666646666 77T7717
Number of Days on Study 899999912222234561717993333
3566668003449 992034273333
t1111111111111111111111111
Carcass ID Number 2211121112121212111211222 Total
3034527872746 2435434617014 Tissues/
4 5514441553352 42532542322 Tumors
Alimentary System
Esophagus ++++++++F AR+ 48
Gallbladder ++ +++++AAA+++AF LA+ AL+ T+A 32
Intestine large ++++++++A+++F+ 4+ + 46
Intestine large, cecum ++++++AAA+++++ S+ A+ S+ A+ 40
Intestine large, colon +++++++AAF+F+FF+FFF+FFH+F+ A+ 45
Intestine large, rectum + +++++++A++++++++++++++++ 45
Intestine small + 4+ +++++AA++F+ A+ A+ A+ + 39
Intestine small, duodenum +++++++AA++++H+AF+HFA+F AT+ + 37
Intestine small, ileum + +++++AAA+++++++ 4+ +H+HA+++A 37
Intestine small, jejunum + +++++AAA++++H+A+ 4+ + A+ +A 33
Carcinoma X X 2
Liver ++++++++A+++++++++++ A+ + 48
Hemangiosarcoma, metastatic, heart X X X X X 9
Hepatocellular carcinoma X XXXXX X X X X X 17
Hepatocellular carcinoma, multiple X 9
Hepatocellular adenoma X X X X 18
Hepatocellular adenoma, multiple X X X 6
Hepatocholangiocarcinoma X 1
Histiocytic sarcoma X X X X 7
Mesentery + + + + + + + 9
Fat, adenocarcinoma, metastatic, lung X 1
Fat, hemangiosarcoma, metastatic,
spleen 1
Fat, histiocytic sarcoma X X 3
Pancreas ++++++++AF+++++F+ 4+t 46
Acinus, histiocytic sarcoma X 1
Duct, adenoma, multiple X 1
Pharynx + 1
Salivaxyglands ++++++++4+++++++F+4++4++++ 4+ + 4+ 48
Stomach +++++++++++++++++++4++++ 4+ + 48
Stomach, forestomach +++++++++++++++++++++++++ 48
Squamous cell carcinoma X 1
Squamous cell papilloma X X X X X 7
Stomach, glandular ++++++4+ +A++++H 4+ 4+ A+ o+ 45
Tooth + 1
Cardiovascular System
Heart ++++++++A+TFFE A+ 48
Adenocarcinoma, metastatic, lung X X 2
Hemangiosarcoma X XXX X X X X XXXX X X 20
Histiocytic sarcoma X 3
Endocrine System
Adrenal gland +++++++++++ A+ 48
Adrenal gland, cortex +++++++++ A+ 48
Histiocytic sarcoma 1
Adrenal gland, medulla ++++++++A+ A+ 44
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

1 2223334444445 555555535575°%5
Number of Days on Study 71 8 57877789912336¢626626¢66 78
1718112044155 9907828889932
1111111111111111111111111
Carcass ID Number 1122221212212222111221122
5500523091443 4636 38358911
12213334114251132431525%52733%5
Endocrine System (continued)
Islets, pancreatic + ++AA++A++++F+H+F+FHFFF A+ +
Parathyroid gland M+++M++A+++++MMM+++M++M+ +
Pituitary gland +++++++AM+ +++++++++++++++
Pars intermedia, adenoma X
Thyroid gland +++AA++A++++F+++HF S+ +
Follicular cell, adenoma
General Body System
None
Genital System
Epididymis ++ +++++A+++++++++++++++++
Penis
Preputial gland
Carcinoma
Prostate +++AA++A+T++F++H A+ S+ ++
Seminal vesicle M+ +AA++A++++++A++++++++ + +
Testes +++++++++++++++++++++ 4+ ++
Hematopoietic System
Blood
Bone marrow + + + + + + + ++++ ++++++++++++ +
Histiocytic sarcoma X X
Lymph node +M+++++A+++++++++++++++ + +
Lymph node, bronchial +M++MM+M+M+++++++++M++ 4+ + +
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma X X
Lymph node, mandibular +M+M+++M+M+++++++++1 ++ + + +
Histiocytic sarcoma X
Lymph node, mediastinal +M+++++AM+ +++++++M+++++ + 4+
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma X X X
Lymph node, mesenteric +1 ++A++A+++++++++++++++ + +
Histiocytic sarcoma X X
Spleen +++AA++A++H++H+HFFH A+
Hemangiosarcoma X
Histiocytic sarcoma » X X
Thymus +M+++M+A++++M+++M+ ++ + + + + +
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma X

Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMM + M
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm

(continued)
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Endocrine System (continued)
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars intermedia, adenoma
Thyroid gland
Follicular cell, adenoma
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General Body System
None

Genital System
Epididymis
Penis
Preputial gland

Carcinoma
Prostate
Seminal vesicle
Testes
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Hematopoietic System

Blood

Bone marrow
Histiocytic sarcoma

Lymph node

Lymph node, bronchial
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma

Lymph node, mandibular
Histiocytic sarcoma

Lymph node, mediastinal
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma,

metastatic, lung

Histiocytic sarcoma

Lymph node, mesenteric
Histiocytic sarcoma

Spleen
Hemangiosarcoma
Histiocytic sarcoma

Thymus
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma
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Integumentary System
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

1 2233344444455 555555555°S
Number of Days on Study 71585787717 9 9123366666678
17181120441 5990788889932
1111111111111111111111111
Carcass ID Number 1122221212212222111221122
5500523091443 463638358911
122133341142511324315252523S5
Integumentary System (continued)
Skin +++++++ A+ o+
Sebaceous gland, adenoma X

Subcutaneous tissue, adenocarcinoma,
metastatic, lung
Subcutaneous tissue, hemangiosarcoma X X

Musculoskeletal System

Bone +++++++++++r+r+FFF A+ o+
Skeletal muscle

Adenocarcinoma, metastatic, lung

Nervous System

Brain +++++++++++H A+
Glioma malignant X
Histiocytic sarcoma X X

Respiratory System
Larynx + + +
Lung + + +
Adenocarcinoma
Adenocarcinoma, metastatic,
harderian gland X X
Alveolar/bronchiolar adenoma X X X X X X X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X X X
Alveolar/bronchiolar carcinoma,
multiple X X
Hemangiosarcoma, metastatic, heart X X X
Hepatocellular carcinoma, metastatic
Hepatocellular carcinoma, metastatic,
liver X
Histiocytic sarcoma X X X
Mediastinum, adenocarcinoma,
metastatic, lung X
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, heart X
Nose + 4+ +++++A+++++++F+++++++++
Histiocytic sarcoma X
Trachea + + +AA++A+++++++F+++++++++

+ >
+>
+ +
+

W+ o+

<+
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TARBLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)
5555555666646 6¢66666¢66¢6 71717717
Number of Days on Study 89999991212222345671717993313313
356646680034 499920134273333
1111111111111111111111111
Carcass ID Number 2211121112121212111211222 Total
303452787217 462435434617014 Tissues/
4 5514441553352 425325421322 Tumors
Integumentary System (continued)

Skin ++++++++++++++++++++4++4+++ 50
Sebaceous gland, adenoma 1
Subcutaneous tissue, adenocarcinoma,

metastatic, lung X 1
Subcutaneous tissue, hemangiosarcoma X 3
Musculoskeletal System

Bone ++++++++++++++++++++++++ + 50

Skeletal muscle + + 2
Adenocarcinoma, metastatic, lung X X 2

Nervous System

Brain +++++++++++4++++++++++ 4+ 4+ + + 50
Glioma malignant 1
Histiocytic sarcoma X X X 5

Respiratory System

Larynx + + +++++AA++++A++++++ M+ 43

Lung ++++++++++++4++4++++++++ 4+ + 4+ 50
Adenocarcinoma X X X 4
Adenocarcinoma, metastatic,

harderian gland 2
Alveolar/bronchiolar adenoma X X X X XXX 15
Alveolar/bronchiolar adenoma,

multiple XX X X X X 6
Alveolar/bronchiolar carcinoma X X XXX X X 10
Alveolar/bronchiolar carcinoma,

multiple X X X X X X XXXX 12
Hemangiosarcoma, metastatic, heart X X X X 7
Hepatocellular carcinoma, metastatic 1
Hepatocellular carcinoma, metastatic,

liver X X 4
Histiocytic sarcoma X X X X 7
Mediastinum, adenocarcinoma,

metastatic, lung X X 3
Mediastinum, alveolar/bronchiolar

carcinoma, metastatic, lung X 1
Mediastinum, hemangiosarcoma,

metastatic, heart X X 3

Nose +++++++++ A+ 49
Histiocytic sarcoma 1

Trachea + + ++ +++AA++++F++ + +

+ o+ o+t

45
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

1 22 2333444444555 555555557%5
Number of Days on Study 715857877789 91233¢626¢6F66¢6 738
17181 2044155990788 889932
1111111111111111111111111
Carcass ID Number 1122221212212222111221122
5500523091443 4613638358911
1 2213334114251 13243151525233%5
Special Senses System
Eye + + + + +
Harderian gland + MMM+ 4+ ++++++++++++++++ 4+ + +
Adenocarcinoma X X
Adenoma XXXX X X X X X
Bilateral, adenoma X X X
Urinary System
Kidney + + 4+ +A++++++++++++4+++++4+++
Adenocarcinoma, metastatic,
harderian gland X
Adenocarcinoma, metastatic, lung
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X X X
Renal tubule, adenoma X
Urethra
Un'nalybladder + +++ A+ +A+++++++++++++++++
Histiocytic sarcoma X
Systemic Lesions
Multipleorgans + ++++++++++++++F4++++++++ 4+
Histiocytic sarcoma X X X

Lymphoma malignant lymphocytic X X
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TABLE A2

Individual Animal Tumeor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

5555555666666 6666¢66¢6¢677717
Number of Days on Study 8999999122222345671717993333
35666 6800344999 2034273333
1111111111111111111111111
Carcass ID Number 2211121112121212111211222 Total
3034527872746 2435434617014 Tissues/
4 5514441553352 4251325142322 Tumors
Special Senses System
Eye + + 8
Harderian gland ++++++++++++++FF S 47
Adenocarcinoma 2
Adenoma XXXXXX X XX X X X X XX 24
Bilateral, adenoma X X X 6
Urinary System
Kidney R T TG A T T 2 2 S T N S S S S N S A 49
Adenocarcinoma, metastatic,
harderian gland 1
Adenocarcinoma, metastatic, lung X 1
Hemangiosarcoma, metastatic, heart X 2
Histiocytic sarcoma X X X 6
Renal tubule, adenoma 1
Urethra + + 2
Urinary bladder ++++++++A+++++++++++ A+ + 47
Histiocytic sarcoma 1
Systemic Lesions
Multiple organs ++ +++++++ 4+ 50
Histiocytic sarcoma X X X X 7

Lymphoma malignant lymphocytic 2
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm

1111111111112222222222222:2
Number of Days on Study 2 6 6788888 991111222222333
0137 402478292568 22378828¢6°6
1111111111111111111111111
Carcass ID Number 544445445 455454545 444544°¢F5
75692081635 424707796¢6355728
145534415 432251345221413352
Alimentary System
Esophagus +++ 4+ ++4++++++++++++4++++++ +
Gallbladder A+ ++A+A+++AAAMAAA+AAAA+FAA+
Intestine large ++++++A+++A+++++H++F+FAAF LA+
Intestine large, cecum A+ ++A+A+++AA+F+A+++++AA++A+
Intestine large, colon A+ ++++A+++A++A+++++AA++ A+
Intestine large, rectum ++++++A+++A+++++] +AAA+]T A+
Intestine small A+ 4+ +A+A+++AA+A+++++AA+ + A+
Intestine small, duodenum A+ ++A+A+++AM+A+M++1 AAA + A+
Intestine small, ileum A+ ++A+A+++AAAA++A++F+AATLT + A+
Intestine small, jejunum A+++A+A+++AAAA++A++AAAT +AH+
Liver +++++++++++++++++++A+++++
Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma
Hepatocellular adenoma
Histiocytic sarcoma X X
Squamous cell carcinoma, metastatic,
stomach
Mesentery
Squamous cell carcinoma, metastatic,
stomach
Fat, hemangiosarcoma, metastatic,
heart
Pancreas + +++++++++++++++++++A++++
Acinus, histiocytic sarcoma X
Acinus, squamous cell carcinoma,
metastatic, stomach
Pharynx
Salivatyglands M+ ++++++++A+++++++++A++ A+
Histiocytic sarcoma
Stomach +++++M+++++++++++++++++++
Stomach, forestomach +++++M++++++++++++++++++ +

Histiocytic sarcoma
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular +++++M+++++A++++++MAA+ + + +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

Cardiovascular System
Blood vessel
Heart + +++++++++++++++++++++ 4+ + +
Hemangiosarcoma
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued) )

2 2222222222222122222222222
Number of Days on Study 3344444 44555555¢6¢6¢646267778S8
990333137 01478900448137¢0S5
t1111111111111111111111111
Carcass ID Number 455445555545 445555545444°5
3674412521489 726283584¢61894414
12412341243133515244351351
Alimentary System
Esophagus ++++++++++++++++++4+++++ 4+ +
Gallbladder ++++++++AM+A+A++M+A+A++AL
Intestine large +++++++++++++++++++ A+ ++
Intestine large, cecum +++++++++A+A+FA+HF+H+FATAA++
Intestine large, colon +++++++++A+++++++++FAME + +
Intestine large, rectum ++++++++++++++++++ A+
Intestine small +++++++++A++++A+F+HAF A+ S+ +
Intestine small, duodenum +++++++++A++++A++A+FHAF A+ +
Intestine small, ileum +++++++++A+TA+FAFFAFFAF S+ ++
Intestine small, jejunum ++++++++AA++++AA+MAT++A+ +
Liver ++++++++++++++ o+
Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma
Hepatocellular adenoma
Histiocytic sarcoma X
Squamous cell carcinoma, metastatic,
stomach
Mesentery
Squamous cell carcinoma, metastatic,
stomach
Fat, hemangiosarcoma, metastatic,
heart
Pancreas +++++++++++++FF+FFFFEE A+
Acinus, histiocytic sarcoma
Acinus, squamous cell carcinoma,
metastatic, stomach
Pharynx
Salivary glands +++++++++++++++++4++4++4+ 4+ 4+ +
Histiocytic sarcoma
Stomach +++++++++ A+t F A+
Stomach, forestomach +++++++++++++++++++++++++

Histiocytic sarcoma
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular ++++++ A+ +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

Cardiovascular System
Blood vessel

Heart +++++++++++ A+
Hemangiosarcoma
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

2 2222223333333333334414 4
Number of Days on Study 8 8899990011112557791123
6 9915772600597 220¢61524238
1111111111111 1111111111
Carcass ID Number 4 55 45 4555455544445 45454 Total
335332030568 1525%64118238 Tissues/
3455545325432 1124421231 Tumors
Alimentary System
Esophagus ++ +++++++++++++++4++++ 4+ + 73
Gallbladder AA+A+] MA+++++A++A+++ 4+ + + 42
Intestine large + A+ +++++++++++++A++++ 4+ 4+ 65
Intestine large, cecum AA+ +++++++++++++A+++M+ + 55
Intestine large, colon + A+ +++++++++++++FA+F+++++ 61
Intestine large, rectum + A+ ++++M++++++++A+++++ 4+ 61
Intestine small +A+++A++++++++++A+++++ + 58
Intestine small, duodenum +A+++A+A++++++++A+M+ ++ A 51
Intestine small, ileum AA+++A+] ++++++++A++4++ + + 51
Intestine small, jejunum Il A+ ++A++++++++++AA++++A 48
Liver + ++++++++++++++++F4++++++ 72
Hemangiosarcoma, metastatic, heart X X X 3
Hepatocellular carcinoma X 1
Hepatocellular adenoma X X XXX 5
Histiocytic sarcoma X 4
Squamous cell carcinoma, metastatic,
stomach X 1
Mesentery + + + + 4
Squamous cell carcinoma, metastatic,
stomach X 1
Fat, hemangiosarcoma, metastatic,
heart X 1
Pancreas + +++++++++++++++4++++++ 4+ 72
Acinus, histiocytic sarcoma X 2
Acinus, squamous cell carcinoma,
metastatic, stomach X 1
Pharynx + 1
Salivary glands + +++++++++++++++++++4+++ 69
Histiocytic sarcoma X 1
Stomach + +++++++++++++++++++ 4+ + + 72
Stomach, forestomach + +++++++++++++++++++++ 4+ 72
Histiocytic sarcoma X 1
Squamous cell carcinoma X X 2
Squamous cell papilloma XX 2
Stomach, glandular I ++++++++M++++++++++ + + + 66
Histiocytic sarcoma X 1
Squamous cell carcinoma, metastatic,
stomach X 1
Cardiovascular System
Blood vessel + 1
Heart +++++++++++++++++++++++ 73
Hemangiosarcoma X X X X 4
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm

(continued)
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Endocrine System

Adrenal gland

Adrenal gland, cortex

Adrenal gland, meduila
Histiocytic sarcoma
Pheochromocytoma benign

Islets, pancreatic

Parathyroid gland

Pituitary gland

Thyroid gland

Z+ 4+
+ 4+ +
++ +
+ + +
++ 4+
+ 4+
++ 4+

++ + +
++2Z+
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>+ + >

+++ +
+ 4+

+++ +
++ 2+

General Body System
None

Genital System
Coagulating gland
Epididymis + + + + + +

Histiocytic sarcoma
Penis
Preputial gland
Prostate + +
Seminal vesicle + +
Histiocytic sarcoma
Testes + +

+ X+ +

> >

> >

+ >

Hematopoietic System
Blood
Bone marrow,
Histiocytic sarcoma
Lymph node
Histiocytic sarcoma
Lymph node, bronchial M+M+M+
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mandibular M+
Histiocytic sarcoma
Lymph node, mediastinal
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric + +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Spleen
Histiocytic sarcoma
Thymus

+ X+
+
+
+
+
+

»©+
»©+ X+

+ X+
+ X%+
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

22222222222222222222222212
Number of Days on Study 3344444445 55555¢6¢62¢6%62¢67778¢8
99033337901478900448137¢0°5
1111111111111111111111111
Carcass ID Number 455 4455555454455 5554544435
36744125214897268584618944
12412341243133515244351%51
Endocrine System
Adrenal gland ++++++++++++++++ + + + + + + +
Adrenal gland, cortex +++++++++++++++++++++++++
Adrenal gland, medulla ++++++++++++ A+
Histiocytic sarcoma X
Pheochromocytoma benign
Islets, pancreatic ++++++FF++ ]+ + o+
Parathyroid gland ++M++++++MM+++++++++++1 ++
Pituitary gland +++1 ++++++++++1 ++++1 ++ + + +
Thyroid gland +++++++++ A+
General Body System
None
Genital System
Coagulating gland
Epididymis +++++++++++ A+t
Histiocytic sarcoma
Penis
Preputial gland +
Prostate +++++++++++++ M +ME o+
Seminal vesicle M+ ++++++++++++++++++++M+ +
Histiocytic sarcoma
Testes ++++++++++++++++++++++M++

Hematopoietic System

Blood

Bone marrow + ++++++++++ + +
Histiocytic sarcoma

Lymph node ++ + +++++++++ +
Histiocytic sarcoma

Lymph node, bronchial +M++++++MMM++I M+ +M++MM+ + M
Squamous cell carcinoma, metastatic,
stomach

Lymph node, mandibular +++++++++++++M+++M+M+ ++ + +
Histiocytic sarcoma

Lymph node, mediastinal ++++++M++M++1I M+ ++M+++ ++ + +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

Lymph node, mesenteric + + ++++1 +++ + 4+ +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

Spleen + +++++++++++ +
Histiocytic sarcoma

Thymus ++++++++1 ++ 41

+ X+

%+

+ %+
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
2 2222223333333333334444
Number of Days on Study 88899990011112557791123
6991577260005 97220¢6352428
11111111111111111111111
Carcass ID Number 4 5545 4555455544445 4545 4 Total
3353320305681525¢64118238 Tissues/
34555453254321124421231 Tumors
Endocrine System
Adrenal gland +++++++++ P+ 73
Adrenal gland, cortex +++++++++++++++++++++++ 73
Adrenal gland, medulla ++++++++++++++++A++++++ 69
Histiocytic sarcoma 1
Pheochromocytoma benign X 1
Islets, pancreatic A R I TR 2 T S S T T S S S T R S S NS 70
Parathyroid gland +M+M+++++++++M++++MI + + + 55
Pituitary gland +] ++++++++1I M+ +++++++++M 62
Thyroid gland ++++ A+ o+ 70
General Body System
None
Genital System
Coagulating gland + + 2
Epididymis ++++++ A+ 7
Histiocytic sarcoma X 1
Penis M 1
Preputial gland + 2
Prostate + A+ +M++++++++++++++++++ 66
Seminal vesicle + A+ ++++++++++4+++A++++++ 67
Histiocytic sarcoma 1
Testes +++++++++ A+ 72
Hematopoietic System
Blood
Bone marrow ++++++++++++++++++++++ + 73
Histiocytic sarcoma X 4
Lymph node S R T S S S S I . T S T N S S S Sy 73
Histiocytic sarcoma X 1
Lymph node, bronchial ++++MMM+++M++M+++MM+ ++ M 49
Squamous cell carcinoma, metastatic,
stomach X 1
Lymph node, mandibular +M+++M+1 +++M+ +++M+++ + + + 61
Histiocytic sarcoma X 2
Lymph node, mediastinal ++++++M+++M+++++++M++ ++ 58
Histiocytic sarcoma 1
Squamous cell carcinoma, metastatic,
stomach X 1
Lymph node, mesenteric ++++++++++++++++++++++M 68
Histiocytic sarcoma X 3
Squamous cell carcinoma, metastatic,
stomach X 1
Spleen ++++++++ A+ o+ 70
Histiocytic sarcoma X 4
Thymus ++++++M++++++M+ 4+ ++++++ M 64
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

111111111111 2222222222222
Number of Days on Study 26 667888889911 11222222333
0137402478292 5¢62822378282¢6F¢F6
t1111111111111111111111111
Carcass ID Number 544445445455 454545444544°%5
7569208163542 4707796635528
14553441543 2251345221433572
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin ++ +++r A+ o+
Subcutaneous tissue, histiocytic
sarcoma X
Musculoskeletal System
Bone +++++++++ A+

Nervous System
Brain
Histiocytic sarcoma
Spinal cord + + +

X+

Respiratory System
Larynx +++++++++++++++F+ AT+ F
Lung + + 4+ ++++++++++++++++++
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X
Neoplasm NOS, metastatic, uncertain
primary site
Squamous cell carcinoma, metastatic,
stomach
Nose + 4+ ++++A++F++++H+++++ A+ ++
Histiocytic sarcoma
Trachea + 4+ ++++A+++] +++++++++A++A+

Special Senses System
Eye
Harderian gland MMMM++M+MMMM+M+MM
Adenoma
Bilateral, adenoma

Z+
g
<
+
+
+
+

Urinary System
Kidney
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Urinary bladder ++++++++++AA+FFH S FFAAG+ A+
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

>+
» +
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
2222222222222222222222222
Number of Days on Study 3344444445555 55¢6¢6¢626¢67778S8
9 9033337901478 9004481370°H5
1111111111111 111111111111
Carcass ID Number 455 4455555454455 55545444FHS
3674412521489 72618584¢628943414
12412341243133515244351351
Integumentary System
Mammary gland MMMMMM+MMMMI +MMM+ MMMMMMMM
Skin ++++++++++++++++ 4+ + + + + + + +
Subcutaneous tissue, histiocytic
sarcoma
Musculoskeletal System
Bone +++++++++++++ A+
Nervous System
Brain ++++++++++++++++4++++++ A+
Histiocytic sarcoma X
Spinal cord + + + + +
Respiratory System
Larynx ++++++++M+++HF A+
Lung ++++++t++F A+
Alveolar/bronchiolar adenoma X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X
Neoplasm NOS, metastatic, uncertain
primary site X
Squamous cell carcinoma, metastatic,
stomach
Nose +++++++++++F+F+++++ A+
Histiocytic sarcoma
Trachea ++++++++++++++] 4+ +++F+F+] ++
Special Senses System
Eye +
Harderian gland M+MM+MMMMM+MMMM+ +M++M+MM +
Adenoma
Bilateral, adenoma
Urinary System
Kidney +++++++++++++++++++++++ 4+ +
Histiocytic sarcoma X
Squamous cell carcinoma, metastatic,
stomach
Urinary bladder ++++++++++++++++++++A+M+ +
Histiocytic sarcoma X

Squamous cell carcinoma, metastatic,
stomach
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued) :

22 2222233333333 3333442434
Number of Days on Study 8889999001111253577 1123
6 9915772610059 7220¢61524238
11111111111111111111111
Carcass ID Number 4 5545 4555455544445 454754 Total
33533203054681525¢66411828 Tissues/
3455545325 4321124421231 Tumors
Integumentary System
Mammary gland MMMMMMMMMMM+MMMMMMMMM + M 5
Skin + +++++++++++++++++++ + + 73
Subcutaneous tissue, histiocytic
sarcoma 1
Musculoskeletal System
Bone +++++++++++ 4+ 73
Nervous System
Brain +++++++++ A+ o+ 73
Histiocytic sarcoma 2
Spinal cord + + + + 12
Respiratory System
Larynx +++++++ A+ 7
Lung +++++++++ A+ 4 73
Alveolar/bronchiolar adenoma X 2
Alveolar/bronchiolar adenoma,
multiple X 1
Alveolar/bronchiolar carcinoma X X 3
Hemangiosarcoma, metastatic, heart X X 2
Histiocytic sarcoma X 3
Neoplasm NOS, metastatic, uncertain
primary site 1
Squamous cell carcinoma, metastatic,
stomach X 1
Nose +++++++++++++++++++++ 4+ + 71
Histiocytic sarcoma X 1
Trachea +++F+++ 67
Special Senses System
Eye + + 5
Harderian gland +++M++++++++++++++++++ + 40
Adenoma X X X X X 5
Bilateral, adenoma X 1
Urinary System
Kidney + +++++++++++++++4+++++++ 73
Histiocytic sarcoma X 4
Squamous cell carcinoma, metastatic,
stomach X 1
Un'narybladder + A+ ++++++++++++++++++ + + 66
Histiocytic sarcoma X 2

Squamous cell carcinoma, metastatic,
stomach X 1
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

1111111111112222222222222
Number of Days on Study 266 67 88888991111222222333
01374024782925¢618223°78826F¢6
111111111111 1111111111111
Carcass ID Number 544445445455 4545 454445445
75692081635424707796¢655728
145534415 43225134522143%52
Systemic Lesions
Multiple organs ++++++ A+t
Histiocytic sarcoma X X
Lymphoma malignant X
Lymphoma malignant lymphocytic X XXXX XX XXXXXXXXX XXXX

Lymphoma malignant mixed
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TABLE A2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

2222222222222222222222222
Number of Days on Study 3344444445555 55¢6¢6¢6¢6¢6 77788
9903333790147890044813780°H5
1111111111111 111111111111
Carcass ID Number 4 55445555545 4455555454445
367 44125214897 2618584¢628944
1241234124313351524435151
Systemic Lesions
Multiple organs +++++++++++++++++++++++++
Histiocytic sarcoma X
Lymphoma malignant
Lymphoma malignant lymphocytic XXXXXXXX X XXXXX X X

Lymphoma malignant mixed X
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TABLE A2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
222 22223333333333323441434
Number of Days on Study 88899990011112557791123
6991577260059 7220¢6252428
11111111111111111111111
Carcass ID Number 4 554545554555 4444545454 Total
3353320305¢6181525¢64118238 Tissues/
3455545325 4321124421231 Tumors
Systemic Lesions
Multiple organs +++++++++++++++4+++++ 4+ 4+ + 73
Histiocytic sarcoma X 4
Lymphoma malignant 1
Lymphoma malignant lymphocytic X X X XXX X X X X XXX 49

Lymphoma malignant mixed
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Adrenal Cortex: Adenoma
Overall rate? 2/50 (4%) 4/49 (8%) 0/50 (0%) 1/47 (2%) 0/48 (0%) 0/73 (0%)
Adjusted rate® 51% 103% 0.0% 34% 0.0% 0.0%
Terminal rate® 1735 (3%) 4/39 (10%) 0/24 (0%) 0/22 (0%) 0/4 (0%) 00
First incidence (days) 596 733 (T) - 680 - -
Life table test? P=0.839N P=0.387 P=0.296N P=0.601N P=0.535N -
Logistic regression testd P=0.514N P=0.347 P=0.228N P=0.518N P=0.303N P=0942N
Cochran-Armitage testd P=0.059N
Fisher exact test P=0.329 P=0.247N P=0.523N P=0.258N P=0.163N
Harderian Gland: Adenoma
Overall rate 6/50 (12%) 7/50 (14%) 8/50 (16%)  19/50 (38%)  30/50 (60%) 6/713 (8%)
Adjusted rate 14.8% 17.3% 258% 63.4% 95.4% 100.0%
Terminal rate 2/35 (6%) 6/39 (15%) 424 17%)  12/22 (55%)  3/4 (15%) 0/0
First incidence (days) 543 652 536 464 382 289
Life table test P<0.001 P=0.575 P=0.218 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.497 P=0.395 P<0.001 P<0.001 P=0.264
Cochran-Armitage test P=0.069N
Fisher exact test P=0.500 P=0.387 P=0.002 P<0.001 P=0.346N
Harderian Gland: Carcinoma
Overall rate 0/50 (0%) 1/50 (2%) 1/50 (2%) 3/50 (6%) 2/50 (4%) 0/73 (0%)
Adjusted rate 0.0% 2.6% 4.2% 11.7% 6.3% 0.0%
Terminal rate 0735 (0%) 139 (3%) 1724 (4%) 1/22 (5%) 0/4 (0%) 0/0
First incidence (days) - 733 (T) 733 (T) 680 495 -
Life table test P=0.080 P=0.522 P=0.425 P=0.067 P=0.166 -
Logistic regression test P=0.720 P=0.522 P=0.425 P=0.086 P=0.352 -
Cochran-Armitage test P=0.230N
Fisher exact test P=0.500 P=0.500 P=0.121 P=0.247 -
Harderian Gland: Adenoma or Carcinoma
Overall rate 6/50 (12%) 7/50 (14%) 9/50 (18%)  20/50 (40%)  31/50 (62%) 6/73 (8%)
Adjusted rate 14.8% 17.3% 29.5% 64.9% 95.5% 100.0%
Terminal rate 2/35 (6%) 6/39 (15%) 524 21%) 1222 (55%)  3/4 (15%) 0/0
First incidence (days) 543 652 536 464 382 289
Life table test P<0.001 P=0.575 P=0.141 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.497 P=0.284 P<0.001 P<0.001 P=0.002
Cochran-Armitage test P=0.054N
Fisher exact test P=0.500 P=0.288 P=0.001 P<0.001 P=0.346N
Heart: Hemangiosarcoma
Overall rate 0/50 (0%) 0/49 (0%) 1/50 (2%) 5/48 (10%) 20/48 (42%) 4713 (5%)
Adjusted rate 0.0% 0.0% 3.4% 19.4% 93.3% 44.6%
Terminal rate 0/35 (0%) 0/38 (0%) 0/24 (0%) 3/22 (14%) 3/4 (75%) 0/0
First incidence (days) - - 682 649 519 289
Life table test P<0.001 - P=0.451 P=0.011 P<0.001 P<0.001
Logistic regression test P<0.001 - P=0.493 P=0.018 P<0.001 P=0.110

Cochran-Armitage test P=0.218
Fisher exact test - P=0.500 P=0.025 P<0.001 P=0.120
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Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Kidney (Renal Tubule): Adenoma or Carcinoma
Overall rate 0/50 (0%) 1/50 (2%) 0/50 (0%) 3/48 (6%) 1/49 (2%) 0/73 (0%)
Adjusted rate 0.0% 2.6% 0.0% 13.6% 3.7% 0.0%
Terminal rate 0/35 (0%) 139 (3%) 0/24 (0%) 3/22 (14%) 0/4 (0%) 00
First incidence (days) - 733 (T) - 733 (T) 573 -
Life table test P=0.337 P=0.522 - P=0.053 P=0.407 -
Logistic regression test P=0.630 P=0.522 - P=0.053 P=0.580 -
Cochran-Armitage test P=0.275N
Fisher exact test P=0.500 - P=0114 P=0.495 -
Liver: Hepatocellular Adenoma
Overall rate 13/50 (26%)  13/50 (26%) 19/50 (38%) 16/48 (33%)  24/48 (50%) S/72 (1%)
Adjusted rate 321% 31.3% 521% 57.0% 92.2% 100.0%
Terminal rate 9/35 (26%) 11/39 (28%) 824 (33%) 11122 (50%)  3/4 (15%) 0/0
First incidence (days) 379 484 397 434 351 310
Life table test P<0.001 P=0.480N P=0.036 P=0.056 P<0.001 P<0.001
Logistic regression test P=0.042 P=0.552 P=0.158 P=0261 P=0.008 P=0.253
Cochran-Armitage test P<0.001N
Fisher exact test P=0.590N P=0.142 P=0.283 P=0.012 P=0.004N
Liver: Hepatocellular Carcinoma
Overall rate 11/50 (22%)  16/50 (32%) 16/50 (32%) 17/48 (35%)  26/48 (54%) 1/712 (1%)
Adjusted rate 26.0% 36.6% 44.8% 58.3% 100.0% 50.0%
Terminal rate 5/35 (14%) 12/39 (31%) 124 (29%) 11722 (50%)  4/4 (100%) 00
First incidence (days) 540 484 517 434 351 422
Life table test P<0.001 P=0.289 P=0.071 P=0.0620 P<0.001 P=0.009
Logistic regression test P=0.036 P=0.142 P=0.389 P=0.088 P<0.001 P=0.347
Cochran-Armitage test P<0.001N
Fisher exact test P=0.184 P=0.184 P=0.106 P<0.001 P<0.001IN
Liver: Hepatocellular Adenoma or Carcinoma
Overall rate 21/50 (42%)  23/50 (46%) 30/50 (60%) 25/48 (52%)  33/48 (69%) 5172 (1%)
Adjusted rate 47.9% 53.0% 70.1% 792% 100.0% 100.0%
Terminal rate 13135 (37%)  19/39 (49%) 12724 (50%) 16/22 (73%)  4/4 (100%) 00
First incidence (days) 379 484 397 434 351 310
Life table test P<0.001 P=0.562N P=0.011 P=0.022 P<0.001 P<0.001
Logistic regression test P=0.067 P=0.375 P=0.078 P=0.185 P=0.030 P=0.450
Cochran-Armitage test P<0.00IN
Fisher exact test P=0.420 P=0.055 P=0213 P=0.007 P<0.001N
Lung: Alveolar/bronchiolar Adenoma
Overall rate 18/50 (36%)  20/50 (40%) 10/50 (20%) 25/49 (51%)  21/50 (42%) 3/13 (4%)
Adjusted rate 46.9% 413% 282% 74.2% 100.0% 59.4%
Terminal rate 15/35 (43%)  17/39 (44%) 324 (13%)  14/22 (64%)  4/4 (100%) 0/0
First incidence (days) 572 587 517 434 351 251
Life table test P<0.001 P=0.579N P=0.269N P=0.004 P<0.001 P<0.001
Logistic regression test P=0.200 P=0.517 P=0.080N P=0.036 P=0.061 P=0.492
Cochran-Armitage test P<0.00IN
Fisher exact test P=0.418 P=0.059N P=0.096 P=0.341 P<0.001N
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Lung: Alveolar/bronchiolar Adenocarcinoma or Carcinoma

Overall rate 5/50 (10%) 6/50 (12%) 11/50 (22%) 12/49 (24%)  22/50 (44%) 3/73 (4%)
Adjusted rate 14.3% 15.4% 383% 429% 94.6% 59.4%
Terminal rate 5/35 (14%) 6/39 (15%) 724 (29%)  8/22 (36%) 3/4 (75%) 00

First incidence (days) 733 (T) 733 () 568 525 474 251

Life table test P<0.001 P=0.577 P=0.017 P=0.006 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.577 P=0.034 P=0.027 P<0.001 P=0.207
Cochran-Armitage test P=0.020N

Fisher exact test P=0.500 P=0.086 P=0.049 P<0.001 P=0.176N
Lung: Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma

Overall rate 21/50 (42%)  23/50 (46%) 19/50 (38%) 31/49 (63%)  35/50 (70%)  3/73 (4%)
Adjusted rate 54.9% 54.5% 53.6% 87.9% 100.0% 59.4%
Terminal rate 18/35 (51%)  20/39 (51%) 9/24 (38%)  18/22 (82%)  4/4 (100%) 00

First incidence (days) 572 587 517 434 351 51

Life table test P<0.001 P=0.552N P=0.276 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.005 P=0.548 P=0.556N P=0.005 P<0.001 P=0.422
Cochran-Armitage test P<0.001N

Fisher exact test P=0.420 P=0.419N P=0.027 P=0.004 P<0.001N
Preputial Gland: Carcinoma

Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 0/50 (0%) 5/50 (10%) 0/73 (0%)
Adjusted rate 0.0% 0.0% 0.0% 0.0% 45.7% 0.0%
Terminal rate 0/35 (0%) 0/39 (0%) 0/24 (0%) 0/22 (0%) 1/4 (25%) 0/0

First incidence (days) - - - - 59 -

Life table test P<0.001 - - - P<0.001 -

Logistic regression test P=0.010 - - - P=0.008 -
Cochran-Armitage test P=0.603

Fisher exact test - - - P=0.028 -

Skin (Subcutaneous Tissue): Hemangiosarcoma

Overall rate 0/50 (0%) 1/50 (2%) 1/50 (2%) 0/50 (0%) 3/50 (6%) 0/73 (0%)
Adjusted rate 0.0% 2.6% 2.5% 0.0% 11.7% 0.0%
Terminal rate 0/35 (0%) 1/39 (3%) 0/24 (0%) 0/22 (0%) 0/4 (0%) 00

First incidence (days) - 733 (D) 585 - 530 -

Life table test P=0.060 P=0.522 P=0.486 - P=0.051 -

Logistic regression test P=0.735N P=0.522 P=0.553 - P=0.153 -
Cochran-Armitage test P=0.434N

Fisher exact test P=0.500 P=0.500 - P=0.121 -

Stomach (Forestomach): Squamous Cell Papilloma

Overall rate 1/50 (2%) 0/50 (0%) 0/50 (0%) 1/50 (2%) 7/50 (14%) 2/713 (3%)
Adjusted rate 2.5% 0.0% 0.0% 4.5% 51.7% 40.0%
Terminal rate 0/35 (0%) 0/39 (0%) 0/24 (0%) 1/22 (5%) 1/4 (25%) 00

First incidence (days) 652 - - 733 (T) 530 395

Life table test P<0.001 P=0.481N P=0.545N P=0.679 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.535N P=0.486N P=0.739 P=0.012 P=0.446
Cochran-Armitage test P=0.286

Fisher exact test P=0.500N P=0.500N P=0.753N P=0.030 P=0.640
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Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma
Overall rate 1/50 (2%) 0/50 (0%) 0/50 (0%) 1/50 (2%) 8/50 (16%) 4713 (5%)
Adjusted rate 25% 0.0% 0.0% 4.5% 54.5% 51.8%
Terminal rate 0/35 (0%) 0/39 (0%) 024 (0%) 1722 (5%) 1/4 (25%) 0/0
First incidence (days) 652 - - 733 (T) 530 302
Life table test P<0.001 P=0481N P=0.545N P=0.679 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.535N P=0.486N P=0.739 P=0.006 P=0.199
Cochran-armitage test P=0.067
Fisher exact test P=0.500N P=0.500N P=0.753N P=0.015 P=0.321
Thyroid Gland (Follicular Cell): Adenoma
Overall rate 2/50 (4%) 4/50 (8%) 0/50 (0%) 4/48 (8%) 2/47 (4%) 0/70 (0%)
Adjusted rate 5.7% 9.8% 0.0% 17.4% 12.5% 0.0%
Terminal rate 2735 (6%) 3/39 (8%) 0/24 (0%) 3/22 (14%) 0/4 (0%) 00
First incidence (days) 733 (T) 653 - 76 623
Life table test P=0.156 P=0.388 P=0.324N P=0.155 P=0.163 -
Logistic regression test P=0.562 P=0.372 P=0.324N P=0.182 P=0.469 -
Cochran-Armitage test P=0.059N
Fisher exact test P=0.339 P=0.247N P=0.319 P=0.668 P=0.172N
All Organs: Hemangioma
Overall rate 1/50 (2%) 1/50 (2%) 0/50 (0%) 4/50 (8%) 0/50 (0%) 0/73 (0%)
Adjusted rate 2.9% 2.6% 0.0% 17.0% 0.0% 0.0%
Terminal rate 135 (3%) 1739 (3%) 024 (0%)  3/22(14%)  0/4 (0%) 0/0
First incidence (days) 733 (T) 733 (T) - 707 - -
Life table test P=0.849 P=0.738N P=0.575N P=0.075 P=0.905N -
Logistic regression test P=0.874 P=0.738N P=0.575N P=0.092 P=0.905N -
Cochran-Armitage test P=0.139N
Fisher exact test P=0.753N P=0.500N P=0.181 P=0.500N P=0.407N
All Organs: Hemangiosarcoma
Overall rate 1/50 (2%) 4/50 (8%) 3/50 (6%) 7/50 (14%) 24/50 (48%) 473 (5%)
Adjusted rate 2.9% 9.4% 9.8% 26.6% 94.3% 44.6%
Terminal rate 135 (3%) 2/39 (5%) 1/24 (4%) 4/22 (18%) 3/4 (15%) 00
First incidence (days) 733 (T) 587 585 649 519 289
Life table test P<0.001 P=0.219 P=0.219 P=0.008 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.182 P=0.289 P=0.013 P<0.001 P=0.126
Cochran-Armitage test P=0.510N
Fisher exact test P=0.181 P=0.309 P=0.030 P<0.001 P=0.321
All Organs: Hemangioma or Hemangiosarcoma
Overall rate 250 (4%)  5/50 (10%)  3/50 (6%)  11/50 (22%)  24/50 (48%)  4/13 (5%)
Adjusted rate 5.7% 11.9% 9.8% 41.3% 94.3% 44.6%
Terminal rate 2/35 (6%) 3/39 (8%) 1724 (4%) 7122 (32%) 3/4 (75%) 0/0
First incidence (days) 733 (T) 587 585 649 519 289
Life table test P<0.001 P=0.267 P=0.372 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.234 P=0.464 P=0.002 P<0.001 P=0.127
Cochran-Armitage test p=0.303N
Fisher exact test P=0.218 P=0.500 P=0.007 P<0.001 P=0.531




160

TABLE A3
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Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, Mixed, NOS, or Undifferentiated Cell Type)
Overall rate 4/50 (8%) 2/50 (4%) 4/50 8%)  6/50 (12%) 250 (4%) 51/73 (70%)
Adjusted rate 9.8% 51% 12.2% 17.7% 4.0% 95.4%
Terminal rate 1735 (3%) 2/39 (5%) 2/24 (8%) 1/22 (5%) 0/4 (0%) ()
First incidence (days) 511 733 (T) 456 200 17 161
Life table test P<0.001 P=0.302N P=0.528 P=0.238 P=0.627 P<0.001
Logistic regression test P=0.003 P=0.373N P=0567N P=0.506 P=0.040N P=0.329
Cochran-Armitage test P<0.001
Fisher exact test P=0.339N P=0.643N P=0.370 P=0.339N P<0.001
All Organs: Histiocytic Sarcoma
Overall rate 0/50 (0%) 0/50 (0%) 4/50 (8%) 5/50 (10%) 7/50 (14%) 4773 (5%)
Adjusted rate 0.0% 0.0% 10.6% 14.3% 31.9% 10.8%
Terminal rate 0/35 (0%) 0/39 (0%) 0/24 (0%) 1/22 (5%) 0/4 (0%) o0
First incidence (days) - - 531 398 288 120
Life table test P<0.001 - P=0.051 P=0.021 P<0.001 P=0.043
Logistic regression test P=0.183N - P=0.084 P=0.049 P=0.031 -
Cochran-Armitage test P=0.367
Fisher exact test - P=0.059 P=0.028 P=0.006 P=0.120
All Organs: Malignant Lymphoma or Histiocytic Sarcoma
Overall rate 4/50 (8%) 2/50 (4%) 8/50 (16%)  11/50 (22%)  9/50 (18%) 5513 (15%)
Adjusted rate 9.8% 51% 21.5% 29.6% 34.7% 95.9%
Terminal rate 1/35 (3%) 2/39 (5%) 2/24 (8%) 2122 (9%) 0/4 (0%) 00
First incidence (days) 511 733 (T) 456 200 1m 120
Life table test P<0.001 P=0.302N P=0.118 P=0.022 P=0.005 P<0.001
Logistic regression test P=0.025 P=0373N P=0.254 P=0.098 P=0.574 P=0.507
Cochran-Armitage test P<0.001
Fisher exact test P=0.339N P=0.178 P=0.045 P=0.117 P<0.001
All Organs: Benign Neoplasms
Overall rate 36/50 (12%)  35/50 (10%)  34/50 (68%) 39/50 (18%)  43/50 (86%) 1273 (16%)
Adjusted rate 79.8% 81.2% 77.0% 100.0% 100.0% 100.0%
Terminal rate 26/35 (14%) 31739 (19%) 1424 (58%) 22/22 (100%) 4/4 (100%) 00
First incidence (days) 379 484 397 434 351 251
Life table test P<0.001 P=0.244N P=0.145 P=0.003 P<0.001 P<0.001
Logistic regression test P=0.002 P=0417N P=0.467TN P=0.080 P=0.002 P=0.122
Cochran-Armitage test P<0.001N
Fisher exact test P=0.500N P=0.414N P=0.322 P=0.070 P<0.001IN
All Organs: Malignant Neoplasms ¢
Overall rate 19/50 (38%)  26/50 (52%) 34/50 (68%) 42/50 (84%)  46/50 (92%)  S8/13 (719%)
Adjusted rate 42.5% 57.4% 78.5% 91.1% 100.0% 96.9%
Terminal rate 10735 (29%) 20739 (51%) 15724 (63%) 18/22(82%)  4/4 (100%) 0P
First incidence (days) 1 484 456 200 171 120
Life table test P<0.001 P=0.256 P=0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.006 P=0.083 P=0.009 P<0.001 P<0.001 P=0.698N
Cochran-Armitage test P<0.001
Fisher exact test P=0.114 P=0.002 P<0.001 P<0.001 P<0.001
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Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
All Organs: Benign or Malignant Neoplasms
Overall rate 44/50 (88%)  40/50 (80%)  45/50 (90%) 48/50 (96%)  49/50 (98%)  62/13 (85%)
Adjusted rate 89.8% 86.9% 91.8% 100.0% 100.0% 100.0%
Terminal rate 30/35 (86%) 33/39 (85%) 20124 (83%) 2222 (100%) 4/4 (100%)  0/0
First incidence (days) 379 484 397 200 1M 120
Life table test P<0.001 P=0.095N P=0.037 P=0.003 P<0.001 P<0.001
Logistic regression test P=0.137 P=0.184N P=0.566 P=0.058 P=0.037 P=0.785
Cochran-Armitage test P=0.320N
Fisher exact test P=0.207N P=0.500 P=0.134 P=0.056 P=0419N

(T)Terminal sacrifice
a

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland,

o o

Observed incidence at terminal kill

prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values corresponding to

pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in animals dying prior to terminal kill as
being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher

Not applicable; no neoplasms in animal group

exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group is indicated by N.
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TABLE Ada
Historical Incidence of Malignant Lymphomas and Histiocytic Sarcomas in Untreated Male B6C3F, Mice*

Incidence in Controls

Study Malignant Lymphoma Histiocytic Sarcoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 3/50 0/50
a-Chloroacetophenone 6/50 0/50
Epinephrine hydrochloride 8/50 1/50
Ethyl chloride 1/50 0/50
o-Chlorobenzalmalononitrile (CS2) 3/50 1/50

Overall Historical Incidence

Total 46/575 (8.0%) 5/575 (0.9%)
Standard deviation 4.5% 1.4%
Range 2%-16% 0%-4%

2 Data as of 3 April 1991. Data for malignant lymphoma includes data for histiocytic, lymphocytic, mixed, NOS, or undifferentiated cell type
lymphomas.

TABLE A4b
Historical Incidence of Cardiac Hemangiosarcomas in Untreated Male B6C3F, Mice*

Study Incidence in Controls

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50
a-Chloroacetophenone 0/50
Epinephrine hydrochloride 0/50
Ethyl chloride 0/50
o-Chlorobenzalmalononitrile (CS2) 0/50

Overall Historical Incidence

Total 0/573 (0.0%)
Upper 95% confidence limit 0.5%

3 Data as of 3 April 1991
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Historical Incidence of Lung Neoplasms in Untreated Male B6C3F, Mice?
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Incidence in Controls

Alveolar/bronchiolar Alveolar/bronchiolar Alveolar/bronchiolar
Adenoma Carcinoma Adenoma or

Study Carcinoma
Historical Incidence at Battelle Northwest Laboratories
Allyl glycidyl ether 7/50 0/50 7/50
a-Chloroacetophenone /50 6/50 11/50
Epinephrine hydrochloride 11/50 5/50 15/50
Ethyl chloride 3/50 2/50 5/50
o-Chlorobenzalmalononitrile (CS2) 7/49 7/49 14/49
Overall Historical Incidence

Total 84/573 (14.7%) 40/573 (7.0%) 118/573 (20.6%)

Standard deviation 51% 5.7% 7.6%

Range 6%-24% 0%-16% 10%-30%

2 Data as of 3 April 1991

TABLE Add

Historical Incidence of Forestomach Neoplasms in Untreated Male B6C3F, Mice?

Incidence in Controls

Squamous Cell Squamous Cell Squamous Cell Papilloma
Study Papilloma Carcinoma or Squamous Cell Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 1/50 0/50 1/50
a-Chloroacetophenone 2/50 0/50 2/50
Epinephrine hydrochloride 0/50 0/50 0/50
Ethyl chloride 0/50 0/50 0/50
o-Chlorobenzalmalononitrile (CS2) 0/50 0/50 0/50

Overall Historical Incidence

Total 4/575 (0.7%)
Standard deviation 1.4%
Range 0%-4%

0/575 (0.0%)

4/575 (0.1%)
1.4%
0%-4%

# Data as of 3 April 1991
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TABLE Ade
Historical Incidence of Hepatocellular Neoplasms in Untreated Male B6C3F, Mice*

Incidence in Controls

Hepatocellular Hepatocellular Hepatocellular
Adenoma Carcinoma Adenoma or
Study Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 15/49 10/49 23/49
a-Chloroacetophenone 5/50 11/50 16/50
Epinephrine hydrochloride 10/50 12/50 20/50
Ethyl chloride 6/50 9/50 15/50
o-Chlorobenzalmalononitrile (CS2) 4/49 14/49 18/49

Overall Historical Incidence

Total 88/572 (15.4%) 118/572 (20.6%) 196/572 (34.3%)
Standard deviation 9.7% 6.1% 12.4%
Range 4%-34% 9%-29% 12%-56%

2 Data as of 3 April 1991

TABLE A4f
Historical Incidence of Harderian Gland Neoplasms in Untreated Male B6C3F, Mice®

Incidence in Controls

Adenoma Carcinoma Adenoma or
Study Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidy! ether 4/50 0/50 4/50
a-Chloroacetophenone 3/50 0/50 3/50
Epinephrine hydrochloride 2/50 0/50 2/50
Ethyl chloride 2/50 2/50 4/50
o-Chlorobenzalmalononitrile (CS2) 6/50 0/50 6/50

Overall Historical Incidence

Total 23/575 (4.0%) 2/575 (0.3%) 25/575 (4.3%)
Standard deviation 3.6% 12% 3.8%
Range 0%-12% 0%-4% 0%-12%

2 Data as of 3 April 1991
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TABLE Adg
Historical Incidence of Renal Tubule Adenomas in Untreated Male B6C3F, Mice?

Study Incidence in Controls

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/49
a-Chloroacetophenone 0/50
Epinephrine hydrochloride 0/50
Ethyl chloride 0/50
o-Chlorobenzalmalononitrile (CS2) 0/49

Overall Historical Incidence

Total 1/571 (0.2%)
Standard deviation 03%
Range 0%-1%

2 Data as of 3 April 1991

TABLE A4h
Historical Incidence of Subcutaneous Skin Hemangiosarcomas in Untreated Male B6C3F, Mice?

Study Incidence in Controls

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidy! ether 0/50
a-Chloroacetophenone 0/50
Epinephrine hydrochloride 0/50
Ethyl chloride 0/50
o-Chlorobenzalmalononitrile (CS2) 0/50

Overall Historical Incidence

Total 0/575 (0.0%)

2 Data as of 3 April 1991
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene*

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Disposition Summary '
Animals initially in study 70 70 70 70 70 90
9-Month inserim evaluation 10 10 10 10 10 10
15-Month interim cvaluation 10 10 10 10 10 7
Early deaths
Accidental deaths 1
Moribund 9 6 15 15 23 33
Natural deaths 6 5 11 12 23 39
Survivors
Died last week of study 1
Terminal sacrifice 35 39 24 22 3
Missing 1
Animals examined microscopically 70 70 70 69 70 90
9-Month Interim Evaluation
Alimentary System
Liver (10) o @ @ (10) (10)
Mixed cell focus 1 (100%)
Centrilobular, degeneration, fatty 2 (20%) 1 (50%) 1 (50%) 3 (30%) 1 (10%)
Stomach, forestomach (10) (93] (10) Qo)
Epithelium, hyperplasia 7 (70%)
Stomach, glandular (10) )] (10) (10)
Ulcer 1 (50%) 1 (10%)
Cardiovascular System
Heart 10) (10) (10)
Mineralization 1 (10%)
Endothelium, hyperplasia 1 (10%)
Endocrine System
Adrenal gland, cortex (10) 10) Qo
Hypertrophy 2 (20%)
Islets, pancreatic (10) . (¢)] 10
Hyperplasia 2 (22%)
Parathyroid gland (10) 10) ©)
Cyst ' 1 (10%)
Pituitary gland 9) (10) (10)
Pars distalis, cyst 1 (11%)
Thyroid gland 0 10) ©®
Cyst 1 (10%)

General Body System
None
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation (continued)

Genital System

Testes (10) 10 10)
Atrophy 6 (60%)

Hematopoietic System

Bone marrow 19 10 (10)
Atrophy 5 (50%)
Hyperplasia 1 (10%)
Hyperplasia, histiocytic 1 (10%)

Spleen (10) (10) 10)
Hematopoietic cell proliferation 1 (10%)

Thymus (10) ) (10) ®)
Necrosis 1 (100%) 2 (25%)

Integumentary System

Skin 10) ) 10) 10
Inflammation, chronic 1 (100%)

Musculoskeletal System

None

Nervous System

Brain (10) (10) (10)
Mineralization 1 (10%) 2 (20%) 3 (30%)

Respiratory System

Lung (10) ® @ (19) (19) (19)
Hemorrhage 1 (50%) 2 (20%) 2 (20%)
Alveolar epithelium, hyperplasia 3 (30%) 4 (40%)

Nose (10) (10) (10)
Inflammation, suppurative 1 (10%)

Special Senses System

None

Urinary System

Kidney (10) 10 10)
Nephropathy 1 (10%)

Urinary bladder 10) 6] (10) 10)

Calculus micro observation only 1 (100%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation

Alimentary System

Liver (10) (10) )] (10) (10) Q)]
Basophilic focus 2 (22%) 1 (14%)
Degeneration, fatty 1 (10%) 2 (29%)
Eosinophilic focus : 1 (14%)
Focal cellular change 1(10%)

Hematopoietic cell proliferation 2 (29%)
Mineralization 1 (10%)

Mixed cell focus 1 (10%) 1(11%)

Centrilobular, degeneration, fatty 9 (90%) 5 (50%) 7 (78%) 8 (80%) 9 (90%) 2 (29%)
Centrilobular, necrosis 1 (14%)

Mesentery 1) @

Fat, inflammation, chronic 2 (100%)
Fat, necrosis 1 (100%)

Pancreas (10) (10) 10) )]
Acinus, atrophy 1 (10%) :
Acinus, focal cellular change 3 (30%) 2 (29%)

Stomach, forestomach (10) (10) (10) (10) Q)

Ulocer 1 (10%) 4 (57%)
Epithelium, hyperplasia 2 (20%) 2 (20%) 3 (43%)

Stomach, glandular (10) (10) 10) (10) Q)
Pigmentation, hemosiderin 1 (10%)

Ulcer 1 (10%)

Cardiovascular System

Heart (10) 1) (10) (10) (10) )]
Inflammation, suppurative 1 (10%) 1 (100%) 1 (10%) 1 (10%)

Mineralization 2 (20%)
Necrosis 2 (20%)
Endothelium, hyperplasia 1 (10%) 2 (29%)

Endocrine System

Adrenal gland, cortex 10) U]
Hypertrophy 3 (30%) 1 (14%)

Pituitary gland (10) ©
Pars distalis, cyst 1 (17%)

General Body System

None

Genital System

Preputial gland 6))

Inflammation, suppurative 1 (100%)
Testes 10) 6 10) )

Atrophy 4 (57%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9-Month and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)

Hematopoietic System

Bone marrow (10) (10) 10) Q)
Hyperplasia 1 (10%) 1 (10%) 5 (M%)

Lymph node 10 ® 19 ™
Hyperplasia 1 (10%)

Lymph node, bronchial 10) (€)) )

Hyperplasia 1 (17%)

Lymph node, mandibular (&) “ Y] )
Hyperplasia 1 (14%)

Lymph node, mediastinal 6) U] @ ©)
Hematopoietic cell proliferation 1 (17%)

Lymph node, mesenteric ®) ® o Q)
Congestion 2 (22%)

Hyperplasia 1(11%) 3 (33%)

Spleen (10) $)) 10) Q10) )
Hematopoietic cell proliferation 1 (10%) 1 (10%) 1 (14%)
Pigmentation, melanin 1 (100%)

Thymus © (19) (10) ©)
Necrosis 3 (50%)

Integumentary System

None

Musculoskeletal System

None

Nervous System

Brain 0) Q)
Mineralization 3 (30%) 1 (14%)

Respiratory System

Lung (10) o (10) (10) (10) ™
Thrombosis 1 (10%)

Alveolar epithelium, hyperplasia 1 (100%) 1 (10%) 3 (30%) 6 (86%)
Alveolus, infiltration cellular, histiocyte 1 (10%) 1 (14%)
Pleura, inflammation, chronic 1 (10%) 1 (14%)

Nose (10) )]
Inflammation, suppurative 1 (10%)

Trachea (10) ™
Inflammation, suppurative 1 (10%)

Special Senses System
Harderian gland (10) (10) (10) 10) 10) M
Hyperplasia 6 (60%)
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TABLE AS

Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)
Urinary System
Kidney (10) 6) 0) ©) 19) )
Nephropathy 4 (40%) 3 (100%) 4 (100%) 1 (50%) 1 (10%) 2 (29%)
2-Year Study
Alimentary System
Gallbladder 49 “7 (39 (36) 32) 42)
Hyperplasia 2 (4%) 1 (3%)
Inflammation 1 (2%)
Intestine large (50) “n @7 (48) (46) (65)
Anus, inflammation, suppurative 1 (2%)
Intestine large, cecum (50) (46) “42) 44) (40) (55)
Angiectasis 1 (3%)
Inflammation 1 (2%)
Intestine large, colon 50) “7 (CH)] (46) (45) 61
Necrosis 1 (2%)
Intestine large, rectum (50) “n (46) (48) (45) (61)
Hemorrhage 1 (2%)
Intestine small (49) (48) “44) “"n (39 (58)
Epithelium, hyperplasia 1 (2%)
Intestine small, duodenum N CY)) 46) “2) (44) 37N (1)
Angiectasis 1 (2%)
Hemorrhage 1 (2%) 1(2%)
Inflammation, chronic 1(2%)
Pigmentation, hemosiderin 1 (2%)
Ulcer - 1 (2%)
Peyer’s patch, hyperplasia 1 (2%) 1 (2%)
Intestine small, ileum “48) (48) “43) (46) @7 (51)
Peyer’s patch, hyperplasia 2 (4%) 2 (4%)
Intestine small, jejunum (48) 46) 43) (44) 33) (48)
Cyst 1 (2%)
Inflammation, chronic 1 (2%)
Pigmentation, hemosiderin 1 (2%)
Peyer’s patch, hyperplasia 2 (4%) 3(7%) 1 (3%)
Peyer’s patch, inflammation, granulomatous 1 (2%)
Liver (50) (50) (50) (48) “48) (72)
Angiectasis 4 (8%) 3 (6%)
Basophilic focus 3 (6%) 3 (6%) 1 (2%) 5 (10%) 1(2%) 1 (1%)
Clear cell focus 2 (4%) 1(2%) 1 (2%)
Degeneration, fatty 3 (6%) 3 (6%) 1(2%)
Developmental malformation 1 (2%) 1 (2%)
Eosinophilic focus 3 (6%) 6 (12%) 4 (8%) 3 (6%) 4 (8%)
Hematopoietic cell proliferation 1 (2%) 3 (6%) 4 (8%) 5(7%)
Hyperplasia, focal 1(1%)
Infarct 1 (2%) 5 (10%) 3 (6%)
Inflammation, chronic 1 (2%) 1 (2%)
Inflammation, granulomatous, focal 1 (2%) 1 (2%)
Mineralization 2 (3%)

Mixed cell focus 1.(2%) 1(2%) 4 (8%) 1(2%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9-Month and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Alimentary System (continued)

Liver (continued) (50) (50) (50) (48) (48) (72)
Necrosis 4 (8%) 5 10%) 8 (16%) 13 (27%) 14 (29%) 19 (26%)
Biliary tract, cyst 1(2%)

Biliary tract, hyperplasia 1 (2%)

Centrilobular, degeneration, fatty 4 (8%) 1(2%) 2 (4%) 5 (1%)

Centrilobular, necrosis 2 (4%) 6 (8%)
Mesentery ©) ®) ®) (14) ©) @)

Fat, angiectasis 1 (17%) 2 (40%) 4 (44%) 6 (43%) 3 (33%)

Fat, hemorrhage 1(11%) 3(21%) 1(11%) 1 (25%)

Fat, inflammation, chronic 1 (20%) 5 (56%) 2 (14%) 5 (56%)

Fat, inflammation, granulomatous 1 (17%)

Fat, necrosis 2 (33%) 2 (40%) 4 (44%) 2 (14%) 1 (25%)

Pancreas (50) (49 “9 48 (46) 72)
Acinus, angiectasis 1 (2%)

Acinus, atrophy 2 (4%) 1 (2%)

Acinus, focal cellular change 1 (2%) 5 (10%) 4 (8%) 1 (2%) 1(1%)
Acinus, hyperplasia 1(2%)

Acinus, inflammation, chronic 1(2%) 1 (1%)
Acinus, necrosis 2 (4%)

Pharynx @) ) o))
Epithelium, hyperplasia 1 (100%) 1 (100%)

Palate, inflammation, chronic 1 (100%) 1 (100%)

Salivary glands 50) 50 (50) 48) 48) (69)
Hemorrhage 1 (1%)
Inflammation 1 (2%)
Inflammation, chronic 1 (2%)

Stomach, forestomach (50) (50) (50) (48) (48) 72)
Cyst epithelial inclusion 1 (2%)
Hemorrhage 1 (1%)
Ulcer 3 (6%) 2 (4%) 4 (8%) 4 (8%) 9 (13%)
Epithelium, hyperplasia 4 (8%) 3 (6%) 3 (6%) 6 (12%) 4 (8%) 40 (56%)
Hyperplasia, mast cell 1 (2%)

Stomach, glandular (50) 48) (50) (48) (45) (66)
Inflammation, suppurative 1(2%) 2 (4%)

Mineralization 1(2%) 1 (2%)
Pigmentation, hemosiderin 2 (4%) 2 (4%) 3 (6%) 5 (10%) 9 (20%) 7(11%)
Ulcer 3 (6%) 1(2%) 5 (10%) 8 (18%) 5 (8%)

Tooth O) @ ©) ©) o
Developmental malformation 1 (33%)

Inflammation 9 (100%) 4 (100%) 6 (100%) 2 (67%) 1 (100%)

Cardiovascular System

Blood vessel (1) a
Inflammation 1 (100%)

Mineralization 1 (100%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Cardiovascular System (continued)

Heart (50) (49) (50) (48) (48) 73
Cardiomyopathy 4 (8%) 1 (2%) 6 (12%) 3 (6%) 2 (4%) 2 (3%)
Hemorrhage 2(3%)
Inflammation, suppurative 1(2%) 1 (2%)

Mineralization 1(2%) 3 (6%) 20 (27%)
Necrosis 1 (2%) 1 (1%)
Atrium, thrombosis 1(2%) 3 (4%)
Endothelium, hyperplasia 1 (2%) 2 (4%) 4 (8%) 5 (%)
Endocrine System

_ Adrenal gland, cortex (50) “9) (50) )] 48) (73)
Cyst 2 (4%) 1 (2%)
Focal cellular change 6 (12%) 13 (27%) 8 (16%) 12 (26%)
Hyperplasia 6 (12%) 8 (16%) 1 (2%) 3 (6%) 4 (8%)
Hypertrophy 16 (32%) 16 (33%) 14 (28%) 11 (23%) 6 (13%) 2(3%)

Adrenal gland, medulla (50) (48) “n (449 (€2)) (69)
Hyperplasia 1 (2%) 1(2%) 1 (2%)

Islets, pancreatic (50) 49 49) (48) (46) (70)
Hyperplasia 2 (4%) 8 (16%) 4 (8%) 3 (6%) 4 (9%) 1(1%)

Parathyroid gland 39) (36) “?2) (40) (38) (55)
Cyst 2 (4%)

Pituitary gland (50) “7 “7n (48) (46) 62)

Pars distalis, cyst 1 (2%) 4 (9%) 2 (4%) 1 (2%)
Pars distalis, hyperplasia 1 (2%) 2 (4%)
Pars intermedia, hyperplasia 1 (2%)

Thyroid gland (50) (50) (50) (48) “"n (70)
Cyst 3 (6%) 1 (2%) 4 (8%) 2 (4%)

Hyperplasia 1 (2%)
Inflammation 2 (4%)
C-cell, hyperplasia 1 (2%)
Follicular cell, hyperplasia 1 (2%) 11 (22%) 4 (8%) 5 (10%)

General Body System

None

Genital System

Coagulating gland )
Inflammation, suppurative 2 (100%)

Epididymis (50) (50) (50) (48) “49) ()]
Angiectasis 1 (2%) 1 (1%)
Degeneration 2 (4%)

Hypospermia 1 (2%)
Inflammation, chronic 1 (2%) 2 (4%) 3 (6%) 2 (4%) 1 (2%)
Muscularis, hyperplasia 1 (2%)

Penis @ m O ) @ O]

Hyperplasia 1 (25%)

Inflammation, suppurative 1 (25%) 1 (100%) 3 (75%) 2 (29%) 1 (100%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9-Month and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Genital System (continued)

Preputial gland Q) @ @ ®) © @
Degeneration, cystic 1 (14%) 1 (25%) 3(33%) 1 (17%)

Hyperplasia 2 (29%)
Inflammation, suppurative 6 (86%) 2 (100%) 1 (25%) 2 (22%) 2 (100%)
Duct, dilatation 2 (50%) 1 (11%)

Prostate “n (50) (48) (45) (46) (66)
Hyperplasia 2 (4%) 1 (2%) 1 (2%) 1(2%)
Inflammation 1 (2%) 1 (2%)
Inflammation, suppurative 3 (6%) 2 (4%) 5 (10%) 2 (4%) 1 (2%) 1 (2%)
Mineralization 1 (2%)

Seminal vesicle 50) (48) 7 (46) 49 (D)
Inflammation, suppurative 3 (6%) 1 (2%) 1 (2%)

Testes (50) (50) (50) 48) “49) (72)
Angiectasis 1 (2%)

Atrophy 1 (2%) 3 (6%) 4 (8%) 2 (4%) 6 (12%) 53 (74%)
Degeneration 1 (2%) 3 (6%) 1(2%)

Hemorrhage 1 (2%)

Mineralization 1 (2%) 2 (4%)

Spermatocele 1(2%) 1 (2%)

Hematopoietic System

Bone marrow (50) (50) (50) 48) (49) (73)
Angiectasis 1(2%)

Atrophy 23 (32%)
Hyperplasia 13 (26%) 5 (10%) 7 (14%) 17 (35%) 12 (24%)

Infiltration cellular, mast cell 1 (2%)

Infiltration cellular, megakaryocyte 1(1%)
Necrosis 1 (1%)

Lymph node (50) (50) (50) (48) (48) (73)
Hyperplasia 1 (2%)

Necrosis 1 (1%)
lliac, hyperplasia 1 (2%) 1 (2%)
Renal, mineralization 1 (1%)

Lymph node, bronchial (45) 42) 42) 3N 37N 49)
Hematopoietic cell proliferation 1 (2%) 1 (2%)

Hyperplasia 2 (5%) 4 (10%) 1(3%) 2 (5%)

Lymph node, mandibular (39) (39) (38) 33) 39 (61
Hematopoietic cell proliferation 1 (2%)
Hyperplasia 5 (13%) 5 (13%) 1 (3%) 4 (12%) 8 (21%)

Hyperplasia, histiocytic 2 (3%)
Hyperplasia, plasma cell 4 (1%)
Mineralization 2 (3%)
Necrosis 6 (10%)

Lymph node, mediastinal (28) (°1)] 33 (32) (40) (58)
Congestion 2 (6%) 1 (2%)
Hematopoietic cell proliferation 1 (4%) 1 (3%) 1(3%) 1 (2%)

Hyperplasia 3 (11%) 2 (1%) 4 (12%) 3 (8%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Hematopoietic System (continued)
Lymph node, mesenteric 49) 47 47) (46) (46) (68)
Angiectasis 2 (4%) 9 (19%) 5 (11%) 8 (17%) 7 (15%)
Congestion 4 (8%) 7 (15%) 4 (9%) 10 (22%) 6 (13%)
Hematopoietic cell proliferation 1(2%) 7 (15%) 1 (2%) 4 (9%) 5 (11%)
Hemorrhage 1 (2%) 1 (2%) 1(2%) 1(1%)
Hyperplasia 11 (22%) 17 (36%) 12 (26%) 7(15%) 2 (4%)
Hyperplasia, histiocytic 3 (4%)
Inflammation 1 (2%) 1(1%)
Inflammation, granulomatous 1 (2%)
Necrosis 1 (1%)
Spleen (50) (50) (50) (48) (46) (70)
Depletion lymphoid 1 (2%) 2 (3%)
Hematopoietic cell proliferation 10 (20%) 15 (30%) 9 (18%) 22 (46%) 20 (43%) 14 (20%)
Hyperplasia, histiocytic 1 (2%) 2 (3%)
Hyperplasia, lymphoid 3 (6%) 2 (4%)
Mineralization 1(1%)
Necrosis 1 (2%) 1 (2%) 2 (3%)
Thymus “7) “3) “2) (40) €D) (64)
Hyperplasia, lymphoid 1 (2%) 1 (2%) 2 (5%)
Hyperplasia, neutrophil 1 (2%)
Infiltration ceflular, mixed cell 1 (2%)
Necrosis 13 (28%) 7 (16%) 18 (43%) 17 (43%) 19 (54%) 12 (19%)
Epithelial cell, hyperplasia 1(2%)
Integumentary System
Skin (50 (50) 509 48) (50) (73)
Acanthosis 1 (2%) 1 (1%)
Cyst epithelial inclusion 1(2%)
Inflammation, chronic 1 (2%) 3 (6%) 3 (6%)
Necrosis 1(1%)
Foot, developmental malformation 1(2%)
Hair follicle, atrophy 1(2%) 1 (2%)
Hair follicle, inflammation, suppurative 1 (1%)
Prepuce, inflammation, suppurative 2 (4%) 3 (6%) 7 (14%) 7 (15%) 2 (4%) 1 (1%)
Sebaceous gland, hyperplasia 1 (2%)
Subcutaneous tissue, angiectasis 1 (2%) 2 (4%) 1 (2%) 2 (4%)
Subcutaneous tissue, edema 1 2%) 1 (2%) 1 (2%)
Subcutaneous tissue, hemorrhage 1 (2%) 1(1%)
Subcutaneous tissue, inflammation, chronic 1 (2%)
Subcutaneous tissue, inflammation,
granulomatous 1 (2%) 1 (2%) 2(3%)
Subcutaneous tissue, inflammation, -
pyogranulomatous 1 (2%) 1 (2%) 1 (2%)
Mausculoskeletal System
Bone (50) (50) (50) (48) 50) (73)
Fibrous osteodystrophy 1 (2%)

Fracture 1 (2%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9-Month and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Musculoskeletal System (continued)

Bone (continued) (50) (50) (50) 48) (50) (73)
Osteopetrosis 1 (2%) 1 (2%)

Cranium, hemorrhage 1(2%)

Nervous System

Brain (50) 50 (50) (48) (50) (73)
Developmental malformation 1 (2%)

Hemorrhage 1 (2%) 2 (4%) 12 (16%)
Mineralization 29 (58%) 27 (54%) 16 (32%) 15 (31%) 9 (18%) 5 (1%)

Spinal cord (12)
Hemorrhage 2 (17%)

Respiratory System

Larynx (50) (48) “9) (46) “3) )
Hyperplasia 1(1%)
Inflammation 1 (1%)
Inflammation, suppurative 3 (6%) 5 (10%) 2 (4%) 4 (9%) 1 (2%)

Lung 50 (50) (50) (49) (50) 3)
Hemorrhage 1 (2%) 6 (12%) 6 (12%) 3 (6%) 4 (8%) 12 (16%)
Inflammation, chronic, diffuse 2 (4%) 1 (2%)

Inflammation, chronic, focal 1(2%) 1 (2%)

Inflammation, suppurative 1 (2%)

Thrombosis 1 (2%) 1 (1%)
Alveolar epithelium, hyperplasia 2 (4%) 9 (18%) 6 (12%) 13 (27%) 17 (34%) 12 (16%)
Alveolus, infiltration cellular, histiocyte 10 (20%) 4 (8%) 7 (14%) 5 (10%) 12 (24%) 1 (1%)
Alveolus, pigmentation, hemosiderin 1 (1%)
Perivascular, inflammation, chronic 1 (2%)

Nose (50) (50) (59 “én 49) (Y]
Inflammation, suppurative 19 (38%) 15 (30%) 21 (42%) 15 (32%) 8 (16%) 2 (3%)
Inflammation, pyogranulomatous 1 (2%)

Nasolacrimal duct, inflammation, suppurative 2 (4%) 2 (4%) 1 (2%) 9 (19%) 9 (18%)

Olfactory epithelium, atrophy 1(2%) 1 (2%) 1 (2%) 4 (6%)
Olfactory epithelium, metaplasia, squamous 2 (3%)
Respiratory epithelium, metaplasia, squamous 1 (2%)

Trachea (50) (49) 59) (46) (45) 'C)
Inflammation, suppurative 24 (48%) 24 (49%) 19 (38%) 19 (41%) 12 (27%)

Metaplasia, squamous 1 (2%)

Special Senses System

Eye o @ @ ®) ©)
Degeneration 1 (13%) 1 (20%)
Cornea, hyperplasia 3 (38%)

Cornea, inflammation, chronic 1 (100%) 6 (15%)
Lens, degeneration 1 (100%) 1 (50%) 1(13%)

Harderian gland (50) 49) (50) “n “n (40)

Hyperplasia 1 (2%) 3 (6%) 4 (8%) 6 (13%) 8 (17%) 5 (13%)

Inflammation, suppurative 1 (2%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Special Senses System (continued)

Zymbal’s gland @

Cyst 1 (50%)

Urinary System

Kidney (50) (50) (50) (48) 49 (73)
Cyst 4 (8%) 8 (16%) 1 (2%) 2 (4%) 1(2%)

Hemorrhage 2 (3%)

Hydronephrosis 2 (4%) 1 (2%) 1 (2%) 1 (1%)

Hyperplasia, mast cell 1 (2%)

Infarct , 1 (2%) 1 (2%) 1 (2%)

Inflammation, suppurative 1 (2%) 1 (2%) 4 (8%) 1 (2%) 3 (6%) 1(1%)

Metaplasia, osseous 1 (2%) 1(2%)

Nephropathy 31 (62%) 35 (70%) 22 (44%) 19 (40%) 11 (22%) 3 (4%)

Capsule, inflammation, chronic 1(2%)

Papilla, necrosis 1(2%) 2 (4%) 1(1%)

Pelvis, hyperplasia 2(3%)

Pelvis, mineralization 3 (4%)

Renal tubule, hyperplasia 2 (4%) 3 (6%) 1 (2%) 1(1%)

Renal tubule, mineralization 2 (4%) 4 (5%)
Urethra @ @ @ ©) @

Inflammation, suppurative 1 (50%) 1 (100%) 1 (50%)

Necrosis 1 (50%)

Urinary bladder 50 (48) (50) 48 “n (66)
Dilatation 9 (18%) 3(6%) 8 (16%) 8 17%) 5 (11%) 1 (2%)
Hemorrhage 1 (2%)
Inflammation 1(2%) 12%) 3 (6%) 1(2%) 3(5%)
Necrosis 1 (2%)

Transitional epithelium, hyperplasia 1 (2%) 2 (3%)

2 Number of animals examined microscopically at site and number of animals with lesion
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TABLE B1
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Disposition Summary
Animals initially in study 70 70 70 70 70 90
9-Month inserim evaluation 10 10 10 10 10 8
15-Month inscrim evaluation 10 10 10 10 10 2
Early deaths
Accidental deaths 1 1 1
Moribund 10 10 14 31 37 46
Natural deaths 3 7 1 8 12 33
Survivors
Terminal sacrifice 37 33 AU 11
Animals examined microscopically 70 70 70 70 70 90
9-Month Interim Evaluation
Alimentary System
None
Cardiovascular System
None
Endocrine System
None
General Body System
None
Genital System
Ovary (10) 1) (10) ®
Granulosa cell tumor benign 1 (10%)
Uterus (10) (10 10 ®)
Polyp stromal 2 (20%)
Hematopoietic System
Bone marrow (10) (10 ®
Lymphoma malignant lymphocytic 1 (13%)
Lymph node, bronchial €)) ) ©)
Lymphoma malignant lymphocytic 1(17%)
Lymph node, mandibular %) (10) &)
Lymphoma malignant lymphocytic 1 (20%)
Lymph node, mesenteric (10) 10) ®
Lymphoma malignant lymphocytic 1 (13%)
Spieen (109) (10 ®

Lymphoma malignant lymphocytic 1(13%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation (continued)
Integumentary System
None

Musculoskeletal System
None

Nervous System
None

Respiratory System
Lung 0 (10 (10) 8)
Alveolar/bronchiolar adenoma 2 (20%) 1 (13%)

Special Senses System
Harderian gland ) )] s)
Adenoma 1 (20%)

Urinary System
None

Systemic Lesions
Maultiple organs® (10) (10) (10) (10) (10) ®
Lymphoma malignant lymphocytic 1 (13%)

15-Month Interim Evaluation

Alimentary System

Liver (10) 3 ) 10) 10) ()]
Adenocarcinoma, metastatic, mammary gland 1 (50%)
Hemangiosarcoma, metastatic, heart 1 (10%) 2 (100%)
Hepatocellular carcinoma 1 (10%)
Hepatocellular adenoma 1 (10%) 1(33%) 1(10%) 1 (10%) 1 (50%)
Hepatocellular adenoma, multiple 2 (20%)

Stomach, forestomach o) )} (10) Qo) 10) @
Squamous cell carcinoma 1 (50%)
Squamous cell papilloma 1 (10%) 2 (20%)

Cardiovascular System
Heart (10) 10) 10 )
Hemangiosarcoma 1 (10%) 2 (100%)
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TABLE Bl

Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

15-Month Interim Evaluation (continued)

Endocrine System

Adrenal gland, cortex (10) 10) (03] v
Adenocarcinoma, metastatic, mammary gland 1 (50%)

Adrenal gland, medulla 19) Qo) (03]
Adenocarcinoma, metastatic, mammary gland 1 (50%)

General Body System

None

Genital System

Ovary (10) (10) (10) (19) (10) @
Adenoma 1 (10%)
Granulosa cell tumor malignant 1 (10%)
Granulosa cell tumor benign 1 (10%) 3 (30%) 1 (50%)
Mixed tumor benign 1 (10%)

Uterus 10) ) 10) 10) 10) @
Polyp stromal 2 (20%) 2 (100%)

Hematopoietic System

Lymph node, mediastinal *) ® ®) (¢))
Lymphoma malignant lymphocytic 1 (13%)

Spleen (10) (10) 10) ()]
Lymphoma malignant lymphocytic 1 (10%)

Integumentary System

Mammary gland (10) (10) (10) (0]
Adenocarcinoma 2 (20%) 1 (50%)

Skin (¢(H)) 3) (10) ©°)
Subcutaneous tissue, neurofibrosarcoma 1 (50%)

Musculoskeletal System

None

Nervous System

None

Respiratory System

Lung (10) (10) (10) (10) (10) ?)
Adenocarcinoma, metastatic, mammary gland 1 (50%)
Alveolar/bronchiolar adenoma 2 (20%) 1 (10%)
Alveolar/bronchiolar adenoma, multiple 1 (10%) 1(10%) 1 (50%)
Alveolar/bronchiolar carcinoma 1 (10%)
Hemangiosarcoma, metastatic, heart 1 (10%) 1 (50%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

15-Month Interim Evaluation (continued)

Special Senses System

Harderian gland © 1) (1) (10) 10) ()]
Adenoma 2 (22%) 1 (100%) 1 (100%) 1 (10%) 3 (30%)

Urinary System
Hemangiosarcoma, metastatic, heart 1 (50%)

Systemic Lesions

Multiple organs (10) (10) (10) (10) (10) ©
Lymphoma malignant lymphocytic 1 (10%) 1 (10%)

2-Year Study

Alimentary System

Gallbladder 46) 44 (41) 43) 39 (55
Lymphoma malignant lymphocytic 1 (2%) 1 (2%)

Intestine large, cecum (48) (46) (46) “n “7 (68)
Histiocytic sarcoma 1 (1%)
Lymphoma malignant mixed 1 (2%)

Intestine small, duodenum (46) (45) ) (46) “43) (62)
Adenoma 1 (2%)
Carcinoma, multiple 1(2%)
Histiocytic sarcoma 1 (2%)
Leiomyosarcoma 1 (2%)
Leukemia granulocytic 1 (2%)
Lymphoma malignant lymphocytic 2(3%)
Lymphoma malignant mixed 1(2%)

Intestine small, ileum (48) (46) “3) “n 45) (66)
Carcinoma 1 (2%)
Leiomyosarcoma, metastatic, stomach 1 (2%)
Lymphoma malignant lymphocytic 2 (4%) 1 (2%)
Lymphoma malignant mixed 1 (2%)

Intestine small, jejunum “n (45) 44 46) 44 (60)
Carcinoma 1 (2%)
Histiocytic sarcoma 1 (2%)
Leiomyosarcoma, metastatic, stomach 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 2 (3%)
Lymphoma malignant mixed 1 (2%)

Liver 49) 49) (50 (50) (50) (80)
Carcinoma, metastatic, parathyroid gland 1(2%)
Hemangiosarcoma 1(2%) 1 (2%)
Hemangiosarcoma, multiple 1 (2%) 1 (1%)
Hemangjosarcoma, metastatic, heart 9 (18%) 18 (23%)
Hemangiosarcoma, metastatic, skin 1 (2%) 1 (1%)
Hepatocellular carcinoma 4 (8%) 5 (10%) 7 (14%) 9 (18%) 7 (14%) 1 (1%)

Hepatocellular carcinoma, multiple 1 (2%) 1 2%) 1 (2%)
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TABLE Bl

Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

183

0 ppm

6.25 ppm

20 ppm

62.5 ppm

200 ppm

625 ppm

2-Year Study (continued)
Alimentary System (continued)
Liver (continued)
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Leiomyosarcoma, metastatic, intestine small
Leiomyosarcoma, metastatic, stomach
Leukemia granulocytic
Lymphoma malignant lymphocytic
Lymphoma malignant
Lymphoma malignant mixed

Lymphoma malignant undifferentiated cell type

Sarcoma, metastatic, mammary gland

Squamous cell carcinoma, metastatic, stomach

Mesentery
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland
Fat, hemangiosarcoma, metastatic, heart
Fat, hemangiosarcoma, metastatic, spleen
Fat, histiocytic sarcoma
Fat, leiomyosarcoma, metastatic, intestine
small
Fat, leiomyosarcoma, metastatic, stomach
Fat, lymphoma malignant lymphocytic
Fat, lymphoma malignant mixed
Fat, sarcoma, metastatic, skin
Fat, sarcoma, metastatic, stomach
Fat, sarcoma, metastatic, uterus
Fat, squamous cell carcinoma, metastatic,
stomach
Pancreas
Sarcoma, metastatic, mammary gland
Sarcoma, metastatic, skin
Acinus, carcinoma, metastatic, ovary
Acinus, hemangioma
Acinus, histiocytic sarcoma
Acinus, leiomyosarcoma, metastatic,
intestine small
Acinus, leiomyosarcoma, metastatic, stomach
Acinus, leukemia granulocytic
Acinus, lymphoma malignant lymphocytic
Acinus, lymphoma malignant mixed
Acinus, sarcoma, metastatic, skin
Acinus, squamous cell carcinoma, metastatic,
stomach
Salivary glands
Leukemia granulocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

49)
10 (20%)
1(2%)
3 (6%)

1(2%)

2 (4%)

12

1(8%)
1(8%)
1(8%)

49)
1(2%)

2 (4%)

1(2%)
2 (4%)

(59)

(49)
9 (18%)
1 (2%)
2 (4%)

1(2%)

5 (10%)

(13)

3 (23%)

1(8%)

49

1 (2%)
3 (6%)

(49)

1(2%)
1(2%)

(50
8 (16%)
1(2%)
6 (12%)

4 (8%)

1(2%)
1(2%)

14)

2 (14%)

2 (14%)

“n

3 (6%)

(50)

(59
9 (18%)
5 (10%)
3 (6%)
1(2%)

3 (6%)
1(2%)

1(2%)

®)
1(11%)

1(11%)

1 (11%)

(48)

1 (2%)
1(2%)
2 (4%)

1(2%)

1 (2%)

“49)

(50)
9 (18%)
3 (6%)
7 (14%)

12%)

1(2%)
6 (12%)

(12

2 (17%)

2 (17%)

1 (8%)

(49)

1 (2%)
1(2%)
4 (8%)

(50)
1 (2%)
3 (6%)

(80)
1(1%)

4 (5%)

23 (29%)
1 (1%)

1(1%)
2 (3%)
©
1 (17%)

1 (17%)
1 (17%)

1(17%)

1.(17%)
(78)
1(1%)

7(9%)

2 (3%)
(79)

5 (6%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.2S ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Alimentary System (continued)

Stomach, forestomach (50) 49) “n 48) (50) 9
Histiocytic sarcoma 1 (2%)

Leiomyoma 1 (2%)

Leiomyosarcoma 1 (2%)

Leukemia granulocytic 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 1(2%) 2 (4%) 2 (4%) 7 (9%)
Sarcoma 1 (1%)
Sarcoma, metastatic, mammary gland 1(1%)
Squamous cell carcinoma 1 (2%) 1 (2%) 1(2%) 6 (8%)
Squamous cell papilloma 2 (4%) 1(2%) 2 (4%) 15 (19%)
Squamous cell papilloma, multiple 1 (2%) 1 (1%)

Stomach, glandular 49 48) (48) (48) 48) (76)
Histiocytic sarcoma 1 (2%) 1 (1%)
Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 1 (2%) 1 (2%) 4 (8%) 7 (9%)
Sarcoma, metastatic, mammary gland 1(1%)
Squamous cell carcinoma, metastatic, stomach 3 (4%)

Tongue (¢)]

Squamous cell carcinoma 1 (100%)

Cardiovascular System

Heart (50) (50) (50) “9) (50) (80)
Adenocarcinoma, metastatic, lung 1 (2%)

Hemangiosarcoma 1 (2%) 21 (42%) 23 (29%)
Histiocytic sarcoma 1(2%) 2 (4%) 1 (2%) 1(1%)
Leukemia granulocytic 1(2%)
Lymphoma malignant lymphocytic 1(2%) 1 (2%) 2 (4%) 2 (4%) 2 (4%) 19 (24%)
Sarcoma, metastatic, mammary gland 1(1%)
Pericardium, leiomyosarcoma, metastatic,

uterus 1 (2%)

Endocrine System

Adrenal gland, cortex (50) 49) 48) (49) (50) (78)
Adenoma 3 (6%)

Hepatocellular carcinoma, metastatic, liver 1(2%)

Histiocytic sarcoma 2 (4%) 1 (2%) 1 (2%) 3 (6%) 2 (3%)
Leiomyosarcoma, metastatic, stomach 1 (2%)

Leukemia granulocytic 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 2 (4%) 9 (12%)
Lymphoma malignant mixed 1 (2%)

Sarcoma, metastatic, skin 1 (2%)

Sarcoma, metastatic, stomach 1(1%)
Capsule, adenoma 1 (2%)

Adrenal gland, medulla (50) (48) (CY))] (45) (50) (76)
Histiocytic sarcoma 1 (2%) 1 (2%)
Leiomyosarcoma, metastatic, stomach 1 (2%)

Leukemia granulocytic 1 (2%)

Lymphoma malignant lymphocytic 2 (3%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Endocrine System (continued)
Adrenal gland, medulla (continued) (50) (48) “m 45) (50) (76)
Pheochromocytoma malignant 1 (2%)
Pheochromocytoma benign 1(2%) 2 (4%)
Sarcoma, metastatic, skin 1(2%)
Islets, pancreatic 49) (49) (46) C)) (49) (78)
Adenoma 1(2%) 2 (4%)
Parathyroid gland (40) (40) 33) 39) (38) (69)
Carcinoma 1 (3%)
Lymphoma malignant lymphocytic 1 (1%)
Pituitary gland (50) (49) 48) @"n 48) Q)
Histiocytic sarcoma 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 8 (11%)
Pars distalis, adenoma 7 (14%) 12 (24%) 5 (10%) 4 (9%)
Thyroid gland (50) 49 49 (49) (49) (78)
Carcinoma, metastatic, parathyroid gland 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 2(3%)
Follicular cell, adenoma 1 (2%) 1 (2%) 1 (2%) 2 (4%) 2 (4%) 1 (1%)
Follicular cell, carcinoma 1 (2%)
General Body System
Tissue NOS 1)
Lymphoma malignant 1 (100%)
Genital System
Ovary (49) (49) “8) (50) (50) 19
Adenoma 2 (4%) 4 (8%) 1 (2%) 2 (4%) 1 (2%) 1 (1%)
Carcinoma 1 (2%)
Granular cell tumor benign 1 (2%)
Granulosa cell tumor malignant 3 (6%) 2 (4%)
Granulosa cell tumor benign 1 (2%) 1 (2%) 6 (12%) 5 (10%) 6 (8%)
Hemangioma 1 (2%) 2 (4%)
Histiocytic sarcoma 2 (4%) 2 (4%) 2 (4%) 3 (6%) 1 (1%)
Leiomyosarcoma, metastatic, intestine small 1 (2%)
Leiomyosarcoma, metastatic, stomach 1 (2%)
Leukemia granulocytic ' 1(2%)
Luteoma 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 1 2%) 3 (6%) 1 (2%) 4 (8%) 19 (24%)
Lymphoma malignant 1(2%)
Lymphoma malignant mixed 1 (2%) 2(4%) -
Mixed tumor benign 2 (4%) 5 (10%) 1(1%)
Thecoma benign 1 (2%)
Bilateral, granulosa cell tumor benign 1 (2%)
Uterus (50) 49) (50 (49) (50 (78)
Adenocarcinoma 1 (2%) 2 (4%) 1 (2%)
Hemangioma 1(2%) 1 (2%) 1 (2%)

Histiocytic sarcoma 2 (4%) 1 (2%) 1 (2%) 1(1%)
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TABLE B1

Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

1,3-Butadiene, NTP TR 434

0 ppm

6.25 ppm

20 ppm

62.5 ppm

200 ppm

625 ppm

2-Year Study (continued)
Genital System (continued)
Uterus (continued)
Leiomyoma
Leiomyosarcoma
Leukemia granulocytic
Lymphoma malignant lymphocytic
Polyp stromal
Sarcoma
Sarcoma stromal
Cervix, hemangiosarcoma
Vagina
Hemangiosarcoma
Leiomyosarcoma
Squamous cell carcinoma

(50)

2 (4%)

49)
1(2%)
1(2%)

2 (4%)
1 (2%)

(509)
1(2%)
2 (4%)

(49)
1(2%)

1 (2%)

1(2%)
1(2%)
3)

1 (33%)
1(33%)
1 (33%)

(50)

1(2%)
1(2%)
1(2%)

(78)

9 (12%)
2 (3%)

Hematopoietic System

Bone marrow
Hemangioma
Hemangiosarcoma, metastatic, skin
Hemangiosarcoma, metastatic, spleen
Histiocytic sarcoma
Leukemia granulocytic
Lymphoma malignant lymphocytic

Lymph node
Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Axillary, lymphoma malignant lymphocytic
Axillary, sarcoma, metastatic, skin
Deep cervical, lymphoma malignant lymphocytic
Hiac, histiocytic sarcoma
lliac, lymphoma malignant lymphocytic
Iliac, lymphoma malignant mixed
Inguinal, lymphoma malignant lymphocytic
Pancreatic, histiocytic sarcoma
Pancreatic, leiomyosarcoma, metastatic,

stomach

Pancreatic, lymphoma malignant mixed
Renal, histiocytic sarcoma
Renal, lymphoma malignant lymphocytic
Renal, lymphoma malignant mixed

Lymph node, bronchial
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma, metastatic,

lung

Carcinoma, metastatic, ovary
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma

(59

1(2%)
1(2%)

(50)

1(2%)
1(2%)

1(2%)
1 (2%)

1 2%)

1 (2%)
“43)

2 (5%)

(49)
1(2%)

1(2%)
(50)

1(2%)
2 (4%)

1(2%)
1(2%)
1(2%)
2 (4%)

(42)
1(2%)

(48)

1 (2%)

3 (6%)
(50)

1.(2%)

1(2%)
1(2%)

2 (4%)
1 (2%)
1.(2%)

(42)

3 (1%)

(49)
1(2%)
1 (2%)

1(2%)
(50)

1 (2%)

(38

1 (3%)
1(3%)
1(3%)

(50)

4 (8%)

2 (4%)
1(2%)

1(2%)

(34)
1 (3%)

1 (3%)

3 (9%)

(M)

2 (3%)

30 (38%)
(79)
1(1%)

6 (8%)

2 (3%)

4 (5%)

2 (3%)

(54
1(2%)

1 (2%)
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TABLE B1

Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Hematopoietic System (continued)

Lymph node, bronchial (continued) 43) “42) 42) (38) (34) (61))
Lymphoma malignant lymphocytic 1 (2%) 2 (5%) 3 (%) 1 (3%) 4 (12%) 28 (52%)
Lymphoma malignant 1 (3%) 1 (2%)
Lymphoma malignant mixed 1 (2%) 2 (5%)

Sarcoma, metastatic, skin 1 (3%)

Lymph node, mandibular 39 42) (46) “43) (39) (58)
Adenocarcinoma, metastatic, mammary gland 1(2%)
Histiocytic sarcoma 2 (5%) 1 (2%) 3 (%) 2 (5%)

Leukemia granulocytic 1 (3%)

Lymphoma malignant lymphocytic 3 (%) 2 (4%) 3 (1%) 5 (13%) 22 (38%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 2 (5%) 3 (1%)

Sarcoma, metastatic, skin 1 (2%)

Lymph node, mediastinal (30) 9) (33) (36) (40) 67)

Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (3%) 2 (5%) 2 (3%)
Carcinoma, metastatic, ovary 1 (3%)
Hepatocellular carcinoma, metastatic, liver 1 (3%)
Histiocytic sarcoma 2 (71%) 1 (3%) 1 (3%) 1 (3%) 3 (8%) 1 (%)
Leukemia granulocytic 1 (3%)
Lymphoma malignant lymphocytic 1 (3%) 3 (9%) 2 (6%) 6 (15%) 29 (43%)
Lymphoma malignant 1 (1%)
Lymphoma malignant mixed 1 (3%) 4 (14%) 1 (3%)
Sarcoma, metastatic, mammary gland 1 (1%)
Squamous cell carcinoma, metastatic, stomach 2 (3%)

Lymph node, mesenteric 49) (46) 48) (48) “n )
Carcinoma, metastatic, ovary 1 (2%)

Histiocytic sarcoma 2 (4%) 2 (4%) 5 (10%) 3 (6%) 6 (13%) 4 (6%)
Leiomyosarcoma, metastatic, intestine small 1 (2%)

Leiomyosarcoma, metastatic, stomach 1 (2%)

Leukemia granulocytic 1 (2%)

Lymphoma malignant tymphocytic 1 (2%) 1 (2%) 4 (8%) 2 (4%) 6 (13%) 23 (32%)
Lymphoma malignant 1 (2%)

Lymphoma malignant mixed 4 (8%) 6 (13%) 3 (6%) 1 (2%) 1 (2%)

Squamous cell carcinoma, metastatic, stomach 1 (1%)

Spleen (49) 49) (48) (48) (50) (78)
Hemangioma 1 (2%)

Hemangiosarcoma 2 (4%) 1 (2%) 1(1%)
Histiocytic sarcoma 2 (4%) 2 (4%) 4 (8%) 3 (6%) 4 (8%) 4 (5%)
Leukemia granulocytic 1 (2%)

Lymphoma malignant lymphocytic 1(2%) 3 (6%) 5 (10%) 2 (4%) 6 (12%) 26 (33%)
Lymphoma malignant mixed 4 (8%) 7 (14%) 3 (6%) 1 (2%)

Lymphoma malignant undifferentiated cell type 1 (2%) 1 (2%)

Thymus (“46) (46) (45) 1) (40) GV
Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (1%)
Histiocytic sarcoma 2 (4%) 3 (4%)
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TABLE B1

Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

2-Year Study (continued)
Hematopoietic System (continued)
Thymus (continued) (46) (46) 45) 1) (40) )
Leukemia granulocytic 1 (3%)
Lymphoma malignant lymphocytic 2 (4%) 6 (13%) 2 (5%) 6 (15%) 31 (4%)
Lymphoma malignant 1(1%)
Lymphoma malignant mixed 1 (2%) 4 (9%) 1 (2%)
Integumentary System
Mammary gland 49) (46) 49) (50) “n an
Adenoacanthoma 1(2%) 2 (4%) 6 (12%) 4 (9%)
Adenocarcinoma 2 (4%) 2 (4%) 6 (12%) 10 (21%) 12 (16%)
Adenocarcinoma, multiple 1 (2%)
Histiocytic sarcoma 1(1%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 5 (6%)
Mixed tumor malignant 4 (5%)
Sarcoma 1(1%)
Skin (50) (50) (50) (50) (50) (@)
Keratoacanthoma 1(1%)
Leiomyosarcoma, metastatic, stomach 1 (2%)
Lymphoma malignant lymphocytic 1 (1%)
Sebaceous gland, adenoma 1(2%)
Subcutaneous tissue, hemangioma 1 (2%) 1 (2%)
Subcutaneous tissue, hemangiosarcoma 1 (2%) 2 (4%) 2 (4%) 2 (4%) 2 (4%) 2 (3%)
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart 2 (3%)
Subcutaneous tissue, neurofibrosarcoma 1 (2%)
Subcutaneous tissue, sarcoma 1 (2%) 2 (4%) 2 (4%) 5 (10%) 3 (6%) 2(3%)
Subcutaneous tissue, sarcoma, multiple 1(1%)
Subcutaneous tissue, squamous cell carcinoma,
metastatic, stomach 1 (1%)
Musculoskeletal System
Bone (50) (50) 50) (50) (50) (80)
Adenocarcinoma, metastatic, harderian gland 1 (2%)
Hemangiosarcoma, metastatic, skin 1 (2%)
Vertebra, lymphoma malignant lymphocytic 1 (1%)
Skeletal muscle ¢)) () ¢)) (6] )
Adenocarcinoma, metastatic, lung 1 (100%)
Hemangiosarcoma, metastatic, spleen 1 (100%)
Hepatocellular carcinoma, metastatic, liver 1 (100%)
Diaphragm, leiomyosarcoma, metastatic,
intestine small 1 (100%)
Diaphragm, sarcoma, metastatic, skin 1 (100%)

Diaphragm, sarcoma, metastatic, stomach 1 (50%)
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TABLE B1
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Nervous System
Brain (50) (50) (50) (50) 50 (80)
Hemangiosarcoma, metastatic, heart 2 (4%) 1(1%)
Histiocytic sarcoma 1 (2%) 2 (4%) 2 (4%) 4 (8%) 1 (1%)
Lymphoma malignant tymphocytic 1 (2%) 2 (4%) 3(6%) 10 (13%)
Lymphoma malignant 1 (2%)
Spinal cord )] )]
Lymphoma malignant lymphocytic 1 (100%) 8 (89%)
Respiratory System
Lung (50) (50) (50) (50) (50) (78)
Adenocarcinoma 1 (2%) 2 (4%) 2 (4%)
Adenocarcinoma, multiple 1 (2%) 1 (2%)
Adenocarcinoma, metastatic, harderian gland 1 (2%) 1 (2%) 1 (2%)
Adenocarcinoma, metastatic, mammatry gland 1 (2%) 1 (2%) 3 (6%) 4 (5%)
Adenocarcinoma, metastatic, uterus 1 (2%)
Alveolar/bronchiolar adenoma 4 (8%) 11 (22%) 9 (18%) 14 (28%) 10 (20%) 14 (18%)
Alveolar/bronchiolar adenoma, multiple 3 (6%) 3 (6%) 4 (8%) 3 (4%)
Alveolar/bronchiolar carcinoma 3 (6%) 10 (20%) 5 (10%) 8 (16%) 5 (6%)
Alveolar/bronchiolar carcinoma, multiple 2 (4%) 10 (20%) 3 (4%)
Carcinoma, metastatic, ovary 1 (2%)
Carcinoma, metastatic, parathyroid gland 1 2%)
Granulosa cell tumor malignant, metastatic,
ovary 1 (2%) 1 (2%)
Hemangiosarcoma, metastatic, heart 5 (10%) 14 (18%)
Hemangiosarcoma, metastatic, skin 1(1%)
Hepatocellular carcinoma, metastatic, liver 1 (2%) 5 (10%) 2 (4%) 3 (6%) 1(1%)
Histiocytic sarcoma 2 (4%) 2 (4%) 5 (10%) 3 (6%) 7 (14%) 4 (5%)
Leukemia granulocytic 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 3 (6%) 3 (6%) 3 (6%) 5 (10%) 22 (28%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 2 (4%)
Mixed tumor malignant, metastatic, mammary
gland 3 (4%)
Pheochromocytoma malignant, metastatic,
adrenal gland 1 (2%)
Sarcoma, metastatic, skin 1 (2%) 1 (2%) 1(1%)
Squamous cell carcinoma, metastatic, stomach 1 (1%)
Fat, mediastinum, hemangioma 1 (2%)
Mediastinum, adenocarcinoma, metastatic, lung 1 (2%) 2 (4%) 1 (2%)
Mediastinum, alveolar/bronchiolar carcinoma,
metastatic, lung 1 (2%) 2 (4%) 3 (4%)
Mediastinum, hemangiosarcoma, metastatic,
heart 1 (2%) 2 (4%) 1 (1%)

Mediastinum, hemangiosarcoma, metastatic,
skin 1 (2%)
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TABLE B1
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5S ppm 200 ppm 625 ppm
2-Year Study (continued)

Respiratory System (continued)

Lung (continued) (50) 50 (50) (50) (50) (78)
Mediastinum, hepatocellular carcinoma,

metastatic, liver 1 (2%)
Mediastinum, leiomyosarcoma, metastatic,

uterus 1 (2%)
Mediastinum, mixed tumor malignant,

metastatic, mammary gland 1(1%)
Mediastinum, sarcoma, metastatic, skin 1 (2%) 1 (1%)
Mediastinum, squamous cell carcinoma,

metastatic, stomach 1 (1%)

Nose ' (50) 49) (48) (50) (50) a9
Lymphoma malignant lymphocytic 1(2%) 1(2%) 5 (6%)
Lymphoma malignant 1 (2%)

Special Senses System

Harderian gland (50) (49) (48) 49 49) (66)
Adenocarcinoma 1(2%) 1(2%) 1(2%)

Adenoma 8 (16%) 9 (18%) 6 (13%) 13 (27%) 18 (37%) 9 (14%)
Bilateral, adenoma 1 (2%) 2 (4%) 2 (4%)

Zymbal’s gland . @
Adenoma 1 (50%)
Carcinoma 1 (50%)

Urinary System

Kidney 49) “9) “8) (50) (50) (80)
Adenocarcinoma, metastatic, lung 1 (2%) 1(2%)

Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (2%) 1(1%)
Carcinoma, metastatic, parathyroid gland 1(2%)
Hemangiosarcoma, metastatic, heart 1 (2%)
Histiocytic sarcoma 2 (4%) 2 (4%) 5 (10%) 2 (4%) 5 (10%) 4 (5%)
Leiomyosarcoma, metastatic, stomach 1 (2%)
Leukemia granulocytic 1(2%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 3 (6%) 1 (2%) 5 (10%) 21 (26%)
Lymphoma malignant 1(2%) 1 (1%)
Lymphoma malignant mixed 1 (2%) 4 (8%) 1(2%)
Squamous cell carcinoma, metastatic, stomach 1(1%)
Renal tubule, adenoma 2 (4%)

Urinary bladder @“n (46) 48) (46) 49 75
Histiocytic sarcoma 1 (2%) 1 (2%)

Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 3 (6%) 1(2%) 4 (8%) 9 (12%)
Squamous cell carcinoma, metastatic, stomach 1(1%)

Systemic Lesions

Multiple organs (50) (50) 50) (50) (50) (80)
Histiocytic sarcoma 3 (6%) 2 (4%) 7 (14%) 4 (8%) 7 (14%) 4 (5%)

Leukemia granulocytic 1 (2%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Systemic Lesions (continued)

Muttiple organs (continued) (50) (50) (50) (50) (50) (80)
Lymphoma malignant 1(2%) 1 (1%)
Lymphoma malignant lymphocytic 1 (2%) 3(6%) 6 (12%) 3 (6%) 8 (16%) 31 (39%)
Lymphoma malignant mixed 5 (10%) 9 (18%) 4 (8%) 2 (4%) 1 (2%)
Lymphoma malignant undifferentiated cell 1(2%) 1 (2%)

Neoplasm Summary

Total animals with primary neoplasms®
9-Month interim evaluation 2 2 3
15-Month interim evaluation 3 2 1 6 10 2
2-Year study 35 47 43 48 49 72

Total primary neoplasms
9-Month interim evaluation 2 3 3
15-Month interim evaluation 4 2 1 10 21 10
2-Year study 59 95 92 136 167 156

Total animals with benign neoplasms
9-Month interim evaluation 2 2 2
15-Month interim evaluation 3 2 1 6 9 2
2-Year study 28 36 24 38 36 37

Total benign neoplasms
9-Month interim evaluation 2 3 2
15-Month interim evaluation 3 2 1 10 14 5
2-Year study 41 55 40 )| 75 56

Total animals with malignant neoplasms
9-Month interim evaluation 1
15-Month interim evaluation 1 7 2
2-Year study 15 32 40 42 49 n

Total malignant neoplasms
9-Month interim evaluation 1
15-Month interim evaluation 1 7 5
2-Year study 18 40 52 65 92 100

Total animals with metastatic neoplasms
15-Month interim evaluation 1 2
2-Year study 2 5 12 12 21 31

Total metastatic neoplasms
15-Month interim evaluation 2 8
2-Year study 5 11 23 27 52 86

2 Number of animals examined microscopically at site and number of animals with lesion
Number of animals with any tissue examined microscopically
¢ Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm

4 4556666667777 77777T7T71771717717
Number of Days on Study 0856224570001 333333333333
1510354870884 777777777177717
000O0O0OO0OO0OOCOOOOOOOOCOOOOOOOOO
Carcass ID Number 2222212222122111111111111
7801587804680 5555¢6¢6¢6778283S8
4 453252515334234512514123
Alimentary System
Esophagus +M+++++++++++++++++M+++++
Gallbladder + + +AA++++++ A+ +HF A+ HE O+
Intestine large +++AA++++++F 4+
Intestine large, cecum + ++AA++++++++HF+F++++ 4+
Intestine large, colon + ++AA++++F++FF+H+HF A+
Intestine large, rectum +++AA++H+F++ A+
Intestine small +++AA+++++++++++++F+++++++
Intestine small, duodenum +++AA++++++MA++++++++++ + +
Intestine small, ileum +++AA+++F++++H++F A+ A+ ++
Intestine small, jejunum ++ +AA+++++++FA+F+HF A+ +
Liver +++A+++++++F+FFFFF A+
Hemangiosarcoma X
Hepatocellular carcinoma X
Hepatocellular adenoma X X X X
Hepatocellular adenoma, multiple
Histiocytic sarcoma X X X
Mesentery + + + + + +
Fat, sarcoma, metastatic, skin X
Pancreas +++A++++++++++++++++ 4+ ++ + +
Sarcoma, metastatic, skin X
Acinus, histiocytic sarcoma X X
Salivary glands +++++++++++++++++++++++ 4+ +
Stomach FUNTE A T T T T S S S S S S S AR T i I S R
Stomach, forestomach +++++++++++++++++++++++ + +
Leiomyoma
Stomach, glandular + ++A++++++++++++++++++++ +
Histiocytic sarcoma
Tooth + +
Cardiovascular System
Blood vessel +
Heart ++++++++++++++++++++++ 4+ + +
Histiocytic sarcoma X
Endocrine System
Adrenal gland +++++++++++++++++++++++ + +
Adrenal gland, cortex +++++++++++++ A+ +
Histiocytic sarcoma X X
Capsule, adenoma
Adrenal gland, medulla +++++++++++++F T+
Histiocytic sarcoma X
Islets, pancreatic +++A+++++++++++++++++++++
Parathyroid gland M+M++MM+M+++M+++++++M++ + +
+: Tissue examined microscopically ' M: Missing tissue X: Lesion present

A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)

7777777171777 7717777771717171717717
Number of Days on Study 3333333333333333333333333
7717717177171 777717171717777T71717T1717177
000O0O0OOOOOOOOOOOOOOOOOOO0OOO
Carcass ID Number 111122222 2222222222222222 Total
8999001112222334450552¢6¢6¢6 78 Tissues/
4 235231241245342313412532 Tumors
Alimentary System
Esophagus +++++MMMM++++M+M+++M+ + + + + 41
Gallbladder ++++++++++1 + 4+ +++++4++++++ + 46
Intestine large +++++++++++++4+++++++++++ 4+ 48
Intestine large, cecum ++ +++++++++++++++++++++++ 48
Intestine large, colon +++++++++++++++++++++++++ 48
Intestine large, rectum +++++++++++++++++ A+ + 48
Intestine small ++++++++++++++++++++ 4+ 4+ + 4+ + 48
Intestine small, duodenum +++++++++++++++++++++++ 4 46
Intestine small, ileum +++++++++++F+++++ 4+ + 48
Intestine small, jejunum ++++++++++++++++ A+t 47
Liver ++++++++++++++++F+++4+4+++++ 49
Hemangiosarcoma 1
Hepatocellular carcinoma X X X 4
Hepatocellular adenoma X X X XXX 10
Hepatocellular adenoma, multiple X 1
Histiocytic sarcoma 3
Mesentery + + + + + + 12
Fat, sarcoma, metastatic, skin 1
Pancreas ++++++++++++++++++++ 4+ ++ + + 49
Sarcoma, metastatic, skin 1
Acinus, histiocytic sarcoma 2
Salivary glands +++++++++ A+t 50
Stomach +++++++++ A+ 50
Stomach, forestomach ++++++++++++++++++++++++ + 50
Leiomyoma X 1
Stomach, glandular +++++++++++++++++++++++++ 49
Histiocytic sarcoma 1
Tooth + + 4
Cardiovascular System
Blood vessel 1
Heart ++++++H++ P+ 50
Histiocytic sarcoma 1
Endocrine System
Adrenal gland ++++++++++++++++4++++++++ + 50
Adrenal gland, cortex ++++++++++++4+4+++++++++++ + 50
Histiocytic sarcoma 2
Capsule, adenoma X 1
Adrenal gland, medulla ++++++++++ A+ 50
Histiocytic sarcoma 1
Islets, pancreatic ++++++++++++ A+t 49
Parathyroid gland ++M++++++++]I M+ +++++++++++ 40
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)

4455666667777 77777T777T7T7T717
Number of Days on Study 0856224570001333333333333
15 0354870884717 777717171717177
000O0O0CO0OOOOCOOOOOOCOOO0OOOOOOOO
Carcass ID Number 2222212222122111111111111
7801587804680 555356¢6¢6 7782838
4 453252515334234512514123
Endocrine System (continued)
Pituitary gland + 4+ ++ + + + + + +++++++++++++ + +
Histiocytic sarcoma X
Pars distalis, adenoma X X X X
Thyroid gland +++++++++++++++++++++++ 4+ +
Follicular cell, adenoma X
General Body System
None
Genital System
Clitoral gland M
Ovary ++++++++++++ ]+
Adenoma X
Granulosa cell tumor benign
Hemangioma
Histiocytic sarcoma X X
Thecoma benign X
Uterus + ++++++++++++++++ 4+ + + + + + +
Hemangioma X
Polyp stromal X
Hematopoietic System
Bone marrow +++++ A F A+
Hemangiosarcoma, metastatic, spleen X
Histiocytic sarcoma X
Lymph node ++++++++++++++++++++++++ +
Lymph node, bronchial M+++++++M+++++++++++M+++M
Histiocytic sarcoma X X
Lymph node, mandibular M++++MM++++++++M++M+++++M
Histiocytic sarcoma X X
Lymph node, mediastinal ++++++++++++MM++MMI MM+ M+ +
Histiocytic sarcoma X X
Lymph node, mesenteric +++A+++++++++++++++++ 4+ ++ +
Histiocytic sarcoma X X
Spleen +++A++++++++++++++++++++ +
Hemangiosarcoma X X
Histiocytic sarcoma X X
Thymus ++++AMM+M++++++++++++++ + +
Histiocytic sarcoma X X
Integumentary System
Mammary gland +M+++++++++++++++++++++++
Skin ++++++++++++++++++4++++++ +
Subcutaneous tissue, hemangiosarcoma X

Subcutaneous tissue, sarcoma X
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)
7777717177111 77777171777T717171717
Number of Days on Study 3333333333333333333333333
7771771771711 7177717171717777T7717771717
0000O0OO0O0OOOOOOO0OO0OO0OO0OO0OCOO0OO0OOOO0
Carcass ID Number 1111222222222222222222222 Total
89990011122223344555¢6¢6¢66738 Tissues/
4 2352312412453 42313412532 Tumors
Endocrine System (continued)
Pituitary gland +H++++ A+ o+ 50
Histiocytic sarcoma 1
Pars distalis, adenoma X X X 7
Thyroid gland ++++++++++++++++++++++ + + + 50
Follicular cell, adenoma 1
General Body System
None
Genital System
Clitoral gland
Ovary ++++++++++++++++++++++ 4+ + + 49
Adenoma X 2
Granulosa cell tumor benign X 1
Hemangioma X 1
Histiocytic sarcoma 2
Thecoma benign 1
Uterus +++++++++++ A+ 50
Hemangioma 1
Polyp stromal X 2
Hematopoietic System
Bone marrow ++++++++++ A+ o+ 50
Hemangiosarcoma, metastatic, spleen 1
Histiocytic sarcoma 1
Lymph node +++++++++++++++HF o+ 50
Lymph node, bronchial ++++M+++++++M+++++M++++ + + 43
Histiocytic sarcoma 2
Lymph node, mandibular M+++M++M++++++++++++M+1 + + 39
Histiocytic sarcoma 2
Lymph node, mediastinal +M+++M++M+M+++MM+MMMM+M+M 30
Histiocytic sarcoma 2
Lymph node, mesenteric +++++++++++++++++++++++++ 49
Histiocytic sarcoma 2
Spleen + ++++++++ A+ o+ 49
Hemangiosarcoma 2
Histiocytic sarcoma 2
Thymus B TR T TR T T T S S A A S A A 46
Histiocytic sarcoma 2
Integumentary System
Mammary gland +++++++++++++++++++++ 4+ 4+ ++ 49
Skin ++++++t++++++F 50

Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, sarcoma




196 1,3-Butadiene, NTP TR 434

TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)

4 4556666677777 77T71777T77T171171
Number of Days on Study 0856224570001333333333333
151035487088 4777777777717717
00000O0O0O0OO0OO0OO0OOOCOOO0OO0O0OOOOOOODO
Carcass ID Number 222221222212211117111111111
7801587804680 35555¢6266 7782838
4 453252515334234512514123

Musculoskeletal System

Bone +++++++++++++++++++++++ 4+ +
Skeletal muscle +
Hemangiosarcoma, metastatic, spleen X
Nervous System
Brain ++++++++++++ o+
Respiratory System
Larynx +++++++++++++++++++++++ 4+ +
Lung ++++++++++++++++++++++++ +
Alveolar/bronchiolar adenoma X
Histiocytic sarcoma X X
Mediastinum, sarcoma, metastatic,
skin X
Nose +++++++++++++++4+++++++++ +
Trachea ++++++++ A+

Special Senses System

Eye + +
Harderian gland +++++++ A+
Adenoma X X X X
Urinary System
Kidney +++A++H+++ A+ ++
Histiocytic sarcoma X X
Urinary bladder ++ +A++++++F++FFF A+
Systemic Lesions
Multiple organs +++++++F A+ +
Histiocytic sarcoma X X X
Lymphoma malignant lymphocytic X

Lymphoma malignant mixed XX X
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 0 ppm
(continued)
7777717177111 17777171717717717117171717117
Number of Days on Study 3333333333333333333333333
7777177177777 717177171T1777T7T71717171717
00000O0O0OOCO0CO0OOO0O0OOO0OOOOOO0OOCOOOO
Carcass ID Number 1111222222222222222222222 Total
899900111222233445552¢68624678 Tissues/
4235231241245 3423134125232 Tumors
Musculoskeletal System
Bone ++++++++++++++++++H++ 4+ 4+ +++ 50
Skeletal muscle 1
Hemangiosarcoma, metastatic, spleen 1
Nervous System
Brain ++++++++++++++++++++++ 4+ 4+ + 50
Respiratory System
Larynx +++++++++ A4 50
Lung +++++++F+ A+ o+ 50
Alveolar/bronchiolar adenoma X X X 4
Histiocytic sarcoma 2
Mediastinum, sarcoma, metastatic,
skin 1
Nose +++++++++++++++++++4++4+++ + 50
Trachea +++++++++++++++++++++++++ 50
Special Senses System
Eye 2
Harderian gland ++++++++++++++++++++++ A+ 50
Adenoma X X X X 8
Urinary System
Kidney +++++++++++++++++++ 4+ ++ 49
Histiocytic sarcoma 2
Urinary bladder +++++1 ++++++++++M+++ A+ + 47
Systemic Lesions
Multiple organs +++++++++++++++++++++++ 4+ + 50
Histiocytic sarcoma 3
Lymphoma malignant lymphocytic 1
Lymphoma malignant mixed X X 5
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
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Alimentary System

Esophagus
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Intestine large

Intestine large, cecum

Intestine large, colon

Intestine large, rectum

Intestine small

Intestine small, duodenum
Adenoma

Intestine small, ileum
Carcinoma

Intestine small, jejunum
Carcinoma

Liver
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple X
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7777777177111 1777771777177T7T17T171
Number of Days on Study 33333333333333333333333333
5555555555666 6¢66¢66666266¢66
000000O0OOOOOCOOO0OO0OCO0OO0OOOOOOO0OOO
Carcass ID Number 4 4 44444455555 555555%555155°H5 Total
6 6 6788890001112 23344552686F¢6 Tissues/
2341235523513534232314145 Tumors
Alimentary System
Esophagus ++M+++++++++++MM++M++M++M 41
Gallbladder +++++++ A+t 44
Intestine large +++++++++++ A+ o+ 49
Intestine large, cecum +++++++4++++++++++++F++++++ 46
Intestine large, colon +++++++F A+t 48
Intestine large, rectum +++++++++++++++ME o+ 47
Intestine small +++++++++++ A+ 47
Intestine small, duodenum ++++++++++++++++++++++ 4+ 4+ + 45
Adenoma X 1
Intestine small, ileum +++++++++++++++++++++ A+ + 46
Carcinoma 1
Intestine small, jejunum +++++++++++ A+ 45
Carcinoma X 1
Liver +++++++++++++++++++4++++++ 49
Hepatocellular carcinoma X X 5
Hepatocellular carcinoma, multiple 1
Hepatocellular adenoma X X X X XX X 9
Hepatocellular adenoma, multiple X 1
Histiocytic sarcoma 2
Mesentery + + + + + + + + 13
Fat, sarcoma, metastatic, uterus 1
Pancreas +++++++++++E A+ 49
Salivary glands +++M++++++++++++++++F A+ ++ 49
Stomach ++++++++ A+ o+ 49
Stomach, forestomach +++++++++++++++++++++++++ 49
Stomach, glandular ++++++++++++++ A+ 48
Tooth + + + 5
Cardiovascular System
Blood vessel 1
Heart ++++++++++++ o+ 50
Adenocarcinoma, metastatic, lung 1
Endocrine System
Adrenal gland ++++++++++++ o+ 49
Adrenal gland, cortex ++++++++++++ A+ o+ 49
Hepatocellular carcinoma, metastatic,
liver 1
Histiocytic sarcoma 1
Adrenal gland, medulla ++++++++++++++++++++4+++++ 48
Islets, pancreatic ++++++++++++++++++++++ 4+ 4+ + 49
Parathyroid gland +++++++++++++++++++++F+++M 40
Pituitary gland ++++++++++++++++++++++ 4+ ++ 49
Pars distalis, adenoma X X X X X X X 12
Thyroid gland ++ +++++++++F+F A+ 49
Follicular cell, adenoma 1

Follicular cell, carcinoma 1
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)
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General Body System
None

Genital System
Clitoral gland
Ovary A+ + 4+ + + +
Adenoma
Granular cell tumor benign
Uterus A+ ++++++++++++++++++++++ +
Adenocarcinoma
Hemangioma X
Leiomyosarcoma
Polyp stromal X
Sarcoma X

+ X

Hematopoietic System

Bone marrow A+ + + +
Hemangioma

Lymph node + 4+ + + +
Renal, histiocytic sarcoma

Lymph node, bronchial MM+ + 4+ +++ + +M+
Adenocarcinoma, metastatic, lung X

Lymph node, mandibular ++++++++M+ ++

M

+ X+

T X+

Histiocytic sarcoma
Lymph node, mediastinal

Histiocytic sarcoma
Lymph node, mesenteric

Histiocytic sarcoma
Spleen

Hemangioma

Hemangiosarcoma

Histiocytic sarcoma
Thymus +

> X X
z X + X+
+
+
+
+ X+
+
+
+
+
+ % + M+ M+ X+

Integumentary System
Mammary gland ++++++++++++++M
Adenoacanthoma
Adenocarcinoma
Skin + + + + +
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, sarcoma X

+ XX+

®+

Musculoskeletal System
Bone ++++++++++ o+
Adenocarcinoma, metastatic,
harderian gland X

Nervous System
Brain +
Histiocytic sarcoma

6+
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TABLE B2

Individual Animal Tumeor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7777171771777 7T71771777T7T777177117
Number of Days on Study 333333333333333333333337333
5555555555666 6666 66666666
0000O0O0O0OOOOOOO0OO0OOO0OO0OOOOCODOOOO
Carcass ID Number 4 444444455555 555555555515°75 Total
6 667 888 9000111223344535©6F6F¢6 Tissues/
23412355235 135134232314145 Tumors
General Body System
None
Genital System
Clitoral gland
Ovary +++++++++++++++++++++ 4+ ++ 49
Adenoma X X X X 4
Granular cell tumor benign X 1
Uterus +++++++++++++++++++++++++ 49
Adenocarcinoma X 1
Hemangioma 1
Leiomyosarcoma - X 1
Polyp stromal X 2
Sarcoma 1
Hematopoietic System
Bone marrow I I I T T T S S S S S S S A NS 49
Hemangioma 1
Lymph node ++++++F+F+ A+ 50
Renal, histiocytic sarcoma 1
Lymph node, bronchial ++++++++++] +++++M++++M+ + + 42
Adenocarcinoma, metastatic, lung 1
Lymph node, mandibular +++M++++MM++++++MM+ + + + 4+ + + 42
Histiocytic sarcoma 1
Lymph node, mediastinal +M+++MMMMMM+MM++M+ M+ MM+ + M 29
Histiocytic sarcoma 1
Lymph node, mesenteric ++++++++++++1 +++++++++++ + 46
Histiocytic sarcoma 2
Spleen ++++++F+ A+ o+ 49
Hemangioma 1
Hemangiosarcoma X 1
Histiocytic sarcoma 2
Thymus ++++++++++++++++++++M++ 4+ + 46
Integumentary System
Mammary gland ++++++++++++M+++++++++ 4+ + + 46
Adenoacanthoma 1
Adenocarcinoma X 2
Skin ++++++++++++++++++ 4+ 4+ ++++ 50
Subcutaneous tissue, hemangiosarcoma X 2
Subcutaneous tissue, sarcoma X 2
Musculoskeletal System
Bone ++++++ A+ 4 50
Adenocarcinoma, metastatic,
harderian gland 1

Nervous System

Brain + 4+ ++++++++ A+ 4 50
Histiocytic sarcoma 1
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

045555666666 6777717717717 1717717
Number of Days on Study 0612374445799 233333333333
779 4821243345202 252515252515157+5
000O0O0O0OO0OO0OOOOOOOO0OO0O0OOCO0OO0OO0OO0OO
Carcass ID Number 4 4 4454555455545 4444444444
798613505942 3445733444525°%5
41152 434241552545 2313513%5
Respiratory System
Larynx + + + + 4+ + + + + + + + + 4+ + 4+ + 4+ 4+ + + +
Lung + + + + + + ++++++++++++++++ +
Adenocarcinoma
Adenocarcinoma, multiple X
Adenocarcinoma, metastatic,
harderian gland X
Adenocarcinoma, metastatic, mammary
gland
Adenocarcinoma, metastatic, uterus
Alveolar/bronchiolar adenoma X X X
Alveolar/bronchiolar carcinoma X X
Hepatocellular carcinoma, metastatic,
liver X
Histiocytic sarcoma X X

Mediastinum, adenocarcinoma,
metastatic, lung X
Nose A+ +++++++++++++++++++++++
Trachea + +

Special Senses System

Harderian gland M+ +++++++++++++++++++++++
Adenocarcinoma X
Adenoma X X X

Bilateral, adenoma

Urinary System
Kidney A+ +++++++ 4+
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma
Urinary bladder A
Histiocytic sarcoma

+
» +

X
+
~+
<+
+
+
+
<+
+
*+ %
+
+
+
+
+
-+
+
<+
+
-+
+
+
+
+

Systemic Lesions
Multiple organs +
Histiocytic sarcoma
Lymphoma malignant lymphocytic X
Lymphoma malignant mixed X X

»+
o+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 6.25 ppm
(continued)

7777177771777 77117117171T177T7T7T1771771
Number of Days on Study 3333333333333333333333333
5555555555666 6666666¢666 66
000O0OO0OO0OO0OOOOOOOOOOOOOOOOOOO
Carcass ID Number 4 4444444555555 5555555525157°5 Total
6 6 6 7888900011122 3344525%6¢6F¢6 Tissues/
2341235523513523423231414%5 Tumors
Respiratory System
Larynx ++++++++++++++++++F++ 4+ 4+ 4+ 50
Lung + +++++++++++++++4++4++++++ 50
Adenocarcinoma X 1
Adenocarcinoma, multiple 1
Adenocarcinoma, metastatic,
harderian gland 1
Adenocarcinoma, metastatic, mammary
gland X 1
Adenocarcinoma, metastatic, uterus X 1
Alveolar/bronchiolar adenoma X X X X X X X 11
Alveolar/bronchiolar carcinoma X 3
Hepatocellular carcinoma, metastatic,
liver 1
Histiocytic sarcoma 2
Mediastinum, adenocarcinoma,
metastatic, lung ) 1
Nose ++++++++++F o+ 49
Trachea I I e T N T S S S S S 50
Special Senses System
Harderian gland +++++++++4+++F++++++4+++++++ 49
Adenocarcinoma 1
Adenoma X X X X X X 9
Bilateral, adenoma X 1
Urinary System
Kidney ++++++ o+ 49
Adenocarcinoma, metastatic, lung 1
Histiocytic sarcoma 2
Urinary bladder +M+++M++++++++++++++++ 4+ ++ 46
Histiocytic sarcoma 1

Systemic Lesions

Maultiple organs I A N T T i T S A R I A A 50
Histiocytic sarcoma 2
Lymphoma malignant lymphocytic X X 3
Lymphoma malignant mixed XXXXX X X 9
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm

123455 5556 666 66666666666
Number of Days on Study 976 903 4 6700244555577 82828Y9
4 2527311930455901337771161
000O0O0OO0OOCOCOOCOOOOOOOOOO0OO0OOO
Carcass ID Number 7877777777788 787787787887
1 488448868 93213451620201°5
3154151342444214512144243
Alimentary System
Esophagus +++++ A+ + o+
Gallbladder +A+AA++A+++++F+FAA++FFAAF++A
Intestine large +A++++++++++++A+F+H+H A+ ++
Intestine large, cecum + A+ +A+++++++++A+ 4+ +AF A+ A+ +
Intestine large, colon + A+ +++++++++++AF+++A+ A+ + 4+ +
Intestine large, rectum + A+ +++ 4+ +++++++FA+F A+ A+
Intestine small +AA+A++++++++H+A+T AL+ A+ ++
Intestine small, duodenum +AA+A++++++ 4+ ++A++H+F+FAAF S+ ++
Intestine small, ileum + AA+A+++++++++A++++AAGF+ A
Intestine small, jejunum +AAAA+++++++++A++++A+ 4+ ++
Liver +++++++ A+ o+
Carcinoma, metastatic, parathyroid
gland X
Hepatocellular carcinoma X X X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X X X
Hepatocellular adenoma, multiple
Histiocytic sarcoma X X X X X
Mesentery + + + +
Fat, histiocytic sarcoma X X
Pancreas + A+ ++++++++++ A+ A+ F
Salivary glands +++++++++++++++++++++++ + +
Stomach + ++++++++++ A A+
Stomach, forestomach +M++++++++++++A++F+F A+ ++
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular ++++++++++++++A+++ A+ A+ A+
Tooth +
Cardiovascular System
Heart +++++++++++++++++++++++ 4+ +
Histiocytic sarcoma X X
Pericardium, leiomyosarcoma,
metastatic, uterus X
Endocrine System
Adrenal gland ++++++++++++++AFF+ A+
Adrenal gland, cortex + +++++++++++++ + + + + + + + + +
Histiocytic sarcoma X
Adrenal gland, medulla + A+ +++++++ 4+ + + + + + + + + + + + +
Pheochromocytoma malignant
Pheochromocytoma benign X
Islets, pancreatic MA++++++++++++A++++A++++ +
Parathyroid gland M+++M+M+M+M+++++M+++MM+MM
Carcinoma ’ X
Pituitary gland +++++++++++M] ++++++++++++
Pars distalis, adenoma X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

677177777777 1777T1T777T7T7171717T17T1717
Number of Days on Study 9333333333333333333333333
7444 4444444444444 4444442424
000O0OO0OOOO0OO0OOOOOOOOOOOOOOOO
Carcass ID Number 77777177777 77828882888888288S8 Total
312244556677 00011222723344 Tissues/
41252324152313523123513524 Tumors
Alimentary System
Esophagus ++++M++++++++++++++++MM+ + 47
Galibladder ++++++++ A+t 41
Intestine large ++++++++++ A E o+ 47
Intestine large, cecum +++++++++++++++++++++++++ 46
Intestine large, colon +++++++++++++++++ T+ 47
Intestine large, rectum +++++++++ A+ 47
Intestine small +++++++++ A+ 45
Intestine small, duodenum ++++++++ 4+ +++F T+ 44
Intestine small, ileum ++++++++++++++++ 4+ 43
Intestine small, jejunum ++++++++++ 4+ + 4
Liver ++++++++ A+ 4 50
Carcinoma, metastatic, parathyroid
gland 1
Hepatocellular carcinoma XX X 7
Hepatocellular carcinoma, multiple 1
Hepatocellular adenoma X X X XX 8
Hepatocellular adenoma, multipie X 1
Histiocytic sarcoma X 6
Mesentery + o+ o+ + + + + 4+ + o+ 14
Fat, histiocytic sarcoma 2
Pancreas +++++++++++++++++++++++++ 47
Salivary glands +++++++++ o+ 50
Stomach ++++++++++++++++++F4++++++ 4+ 48
Stomach, forestomach +++++++++++++ 4+ 47
Squamous cell carcinoma X 1
Squamous cell papilloma X X 2
Stomach, glandular +++++++++++++++++++ A+ + 48
Tooth 1
Cardiovascular System
Heart ++++++++ A+ 4 50
Histiocytic sarcoma 2
Pericardium, leiomyosarcoma,
metastatic, uterus 1
Endocrine System
Adrenal gland +++++++++++++++++++++++++ 48
Adrenal gland, cortex +++++++++++++++++++F+ A+ 48
Histiocytic sarcoma 1
Adrenal gland, medulla +++++++++++++++ A+t 47
Pheochromocytoma malignant X 1
Pheochromocytoma benign 1
Islets, pancreatic ++++++++++++++++++++++++ 4+ 46
Parathyroid gland MM+ ++++M++++++++M++MM+M+ + 33
Carcinoma 1
Pituitary gland ++++++++++++++++++++++ 4+ + + 48
Pars distalis, adenoma X X X 5
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)
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Endocrine System (continued)
Thyroid gland +++++++++++ A+
Carcinoma, metastatic, parathyroid
gland X
Follicular cell, adenoma X

General Body System
None

Genital System

Ovary +A++++++++++++A++++
Adenoma

Granulosa cell tumor benign

Histiocytic sarcoma
Uterus + 4+ ++ + 4+ + 4+ + + +
Histiocytic sarcoma

Leiomyosarcoma X

K+ X +
+
<+
+
+
+

X+

Hematopoietic System

Bone marrow +++++++++++++ A+
Histiocytic sarcoma

Lymph node ++++++ 4+ ++
Iliac, histiocytic sarcoma
Renal, histiocytic sarcoma

Lymph node, bronchial + M+
Histiocytic sarcoma

Lymph node, mandibular + + M
Histiocytic sarcoma
Sarcoma, metastatic, skin

Lymph node, mediastinal ++M++M+ + +
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma

Lymph node, mesenteric ' + + + ++++++
Histiocytic sarcoma

Spleen + + +
Histiocytic sarcoma

Thymus + + +

>
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
g X+

+ X+
<+
+
<+
+
-+

o+ X+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
K<

+
+
+
+
Z
+
™
+
<
+
>
+
+
+
Z
+

+ %+

+

+

+

+

+

X+

+

- %+

+ o+

+ o+

+ o+

+ o+

+ o+

+ 4+

+ o+
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Integumentary System

Mammary gland ++++++++++++++A+F+ A+ +H+
Adenoacanthoma
Adenocarcinoma

Skin + + 4+ +++++++++ +
Subcutaneous tissue, hemangioma
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue,

neurofibrosarcoma X

Subcutaneous tissue, sarcoma X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm

(continued)
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Tissues/
Tumors

Endocrine System (continued)
Thyroid gland
Carcinoma, metastatic, parathyroid
gland
Follicular cell, adenoma

49

General Body System
None

Genital System

Ovary
Adenoma
Granulosa cell tumor benign
Histiocytic sarcoma

Uterus
Histiocytic sarcoma
Leiomyosarcoma

+ M

X+

U - FV TR

Hematopoietic System
Bone marrow
Histiocytic sarcoma
Lymph node
Iliac, histiocytic sarcoma
Renal, histiocytic sarcoma
Lymph node, bronchial
Histiocytic sarcoma
Lymph node, mandibular
Histiocytic sarcoma
Sarcoma, metastatic, skin
Lymph node, mediastinal

Hepatocellular carcinoma, metastatic,

liver
Histiocytic sarcoma
Lymph node, mesenteric
Histiocytic sarcoma
Spleen
Histiocytic sarcoma
Thymus

+ X+

T X+ M+

+ X+ X+

+ ¥

o+

+

2 X+

BrwBwBomB-8

SGabud=mw

Integumentary System
Mammary gland
Adenoacanthoma
Adenocarcinoma
Skin
Subcutaneous tissue, hemangioma

Subcutaneous tissue, hemangiosarcoma

Subcutaneous tissue,
neurofibrosarcoma
Subcutaneous tissue, sarcoma
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+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

1234555555626 @66662666¢6666¢66
Number of Days on Study 976 9034467002445 5557782828Y9
4252731193045590337771161
00000O0DOOOOOOOOOOOOO0OO0O0O0GOO

Carcass ID Number 7877771771717 788787787787828717
1488 44886893213451620201F%5
3154151342444214512144243

Musculoskeletal System
Bone +++++++++++++++++++++++++
Skeletal muscle
Adenocarcinoma, metastatic, lung
Hepatocellular carcinoma, metastatic,
liver

Nervous System

Brain ' + + + 4+ + 4+ + + +
Histiocytic sarcoma

X+
w®+

Respiratory System
Larynx +++++++H AL+ ++
Lung + ++++++++++++++4++++ 4+
Adenocarcinoma
Adenocarcinoma, metastatic,
harderian gland X
Alveolar/bronchiolar adenoma X X X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X
Carcinoma, metastatic, parathyroid
gland X
Hepatocellular carcinoma, metastatic,
liver X X
Histiocytic sarcoma X X X X
Pheochromocytoma malignant,
metastatic, adrenal gland
Fat, mediastinum, hemangioma
Mediastinum, adenocarcinoma,
metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, skin
Mediastinum, hepatocellular
carcinoma, metastatic, liver
Mediastinum, leiomyosarcoma,
metastatic, uterus
Nose
Trachea
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Special Senses System
Ear A
Eye + M
Harderian gland MM+ +++++++++++++++++++++ +
Adenocarcinoma X
Adenoma X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm

(continued)
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Number of Days on Study
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Total
Tissues/
Tumors

Musculoskeletal System
Bone
Skeletal muscle
Adenocarcinoma, metastatic, lung
Hepatocellular carcinoma, metastatic,
liver

» X+ +

Nervous System
Brain
Histiocytic sarcoma

+

Respiratory System
Larynx
Lung
Adenocarcinoma
Adenocarcinoma, metastatic,
harderian gland
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma
Carcinoma, metastatic, parathyroid
gland
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma
Pheochromocytoma malignant,
metastatic, adrenal gland
Fat, mediastinum, hemangioma
Mediastinum, adenocarcinoma,
metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, skin
Mediastinum, hepatocellular
carcinoma, metastatic, liver
Mediastinum, leiomyosarcoma,
metastatic, uterus
Nose
Trachea

X+ +

+ +
+ +
+ +
+ 4+
+ +
+ +
+ 4+
+ +

X+ +

>

+ +
++

+ +

+ +
+ +

>

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

+ +

+ +

&~

Special Senses System
Ear
Eye
Harderian gland
Adenocarcinoma
Adenoma

+ 4+ 4+ 4+

+

++

I N T

=B w
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Iqhalation Study of 1,3-Butadiene: 20 ppm
(continued) '

1234555555666 66¢666¢66¢6¢66 66
Number of Days on Study 976 9034467002445 555778889
4252731193045590337771161
0000O0OOOOCOO0COO0OOO0OOO0OOCOOCOOOO
Carcass ID Number 78777777177 7887877877878287
14884488638 932134516202017%5
3154151342444214512144243
Urinary System
Kidney +++++++++++F+ A+ TAF S+ F+
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Carcinoma, metastatic, parathyroid
gland X
Histiocytic sarcoma X X X X
Urinary bladder ++++++++++++++A++H+ A+ ++
Systemic Lesions i
Multiple organs ++++++++++++++++++++++ + +
Histiocytic sarcoma X X X X X
Lymphoma malignant lymphocytic X X X
Lymphoma malignant mixed

Lymphoma malignant undifferentiated
cell type
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 20 ppm
(continued)

6777717717771 1717177777717171717717

Number of Days on Study 9333333333333333333333333
7444 4444444444444 4444444:14
0000O0O0OCOOOOOOOOOOOOO0OOCOO0OOO

Carcass ID Number 777777771777 7888888888828283S8 Total
312244556617 700011222233243¢4 Tissues/
412523241523135231235233524 Tumors

Urinary System .

Kidney ++++++++++++++++4+++++++++ 48
Adenocarcinoma, metastatic, lung X 1
Alveolar/bronchiolar carcinoma,

metastatic, lung 1

Carcinoma, metastatic, parathyroid

gland 1

Histiocytic sarcoma X 5

Urinary bladder +++++++++++++++++++++++++ 48
Systemic Lesions

Multiple organs +++++++F+ A+ 50
Histiocytic sarcoma X X 7
Lymphoma malignant lymphocytic X X X 6
Lymphoma malignant mixed X X X X 4

Lymphoma malignant undifferentiated
cell type X

o
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm

h

Number of Days on Study
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Carcass ID Number
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine smail
Intestine small, duodenum
Carcinoma, multiple
Leiomyosarcoma
Intestine small, ileum
Intestine small, jejunum
Liver
Hemangiosarcoma
Hemangiosarcoma, metastatic, skin
Hepatocellular carcinoma X X X X
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple :
Histiocytic sarcoma X X
Lejomyosarcoma, metastatic,
intestine small
Mesentery
Histiocytic sarcoma
Fat, leiomyosarcoma, metastatic,
intestine small X
Fat, sarcoma, metastatic, skin X
Pancreas + + + + +
Acinus, carcinoma, metastatic, ovary
Acinus, hemangioma
Acinus, histiocytic sarcoma
Acinus, leiomyosarcoma, metastatic,
intestine small X
Acinus, sarcoma, metastatic, skin
Salivary glands
Stomach
Stomach, forestomach
Histiocytic sarcoma
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular ++++++++++AF+FH++F S+t
Tongue
Squamous cell carcinoma

+++++++%
4+t
+H++ o+t
+H++++ 4
+HE+++++
+HH++ 4+
+HE++ 4+
+H+ 4+
+H++ A+
+++++++ 2
>rrrr>Z+
+H++++++
+4++ A+ ++
+ 44+ ++ 4+
++++++++
++++++++
+HF A+
++++++++
++++++++
+H+++++++
++++++ 2+
+4 44+ ++ 4+
+H++++++
>4+ 4+ + 4+ >+
++++++++

+ + +
+ + +
+ + +
+ 4+ + %
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ > >
+ + +
+ + +
+ + +
+ >+
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

+ X
>+

++ +
++ +
++ +
++ +
+ 4+
++ +
+ 4+ +
+ 4+
+ 4+ +
+++
> > >
+ 4+ +
++ +
+ 4+ +
++ +
++ 4+
+++
+ 4+ +
+++ %
++ +
+ 4+
+ 4+ +
++ 4+
+ 4+
++ +

Cardiovascular System
Blood vessel +
Heart ++++++++++A++ A+ F A+
Hemangiosarcoma
Histiocytic sarcoma




Lesions in Female Mice 213

TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

6 6 666 66 6666777771777 17T717T7T1717
Number of Days on Study 4 5555646789902 2333333333133
903 384500887 2333333333333
1111111111111101111111111
Carcass ID Number 0001000000110 090000001111 Total
231182345411499035¢6¢690222 Tissues/
3212443224541115541534132435 Tumors
Alimentary System
Esophagus ++++++M++++++MM+++++++++ + 45
Gallbladder A++++++++++M++++++++++ 4+ ++ 43
Intestine large A+ +++++++++A+++++++++++++ 47
Intestine large, cecum A++++++++++A++++++++4++ 4+ + 47
Intestine large, colon A++++++++++A++++++4+++++++ 47
Intestine large, rectum A+ +++++++++A+++++++++++++ 47
Intestine small A+ +++++++++A+++++++++++ 4+ 4+ 47
Intestine small, duodenum A+ +++++++++A++++++++++++ + 46
Carcinoma, multiple X 1
Leiomyosarcoma 1
Intestine small, ileum A+ +++++++++A+++++++++++ + + 47
Intestine small, jejunum A+ +++++++++A+++++++++++++ 46
Liver ++++++++++++++++++++++++ + 50
Hemangiosarcoma X 1
Hemangiosarcoma, metastatic, skin X 1
Hepatocellular carcinoma X X X X X 9
Hepatocellular adenoma X XX X X X X 9
Hepatocellular adenoma, multiple X X X X X 5
Histiocytic sarcoma X 3
Leiomyosarcoma, metastatic,
intestine small 1
Mesentery + + + + 9
Histiocytic sarcoma X 1
Fat, leiomyosarcoma, metastatic,
intestine small 1
Fat, sarcoma, metastatic, skin 1
Pancreas A+ ++++++++++++++++++++++ + 48
Acinus, carcinoma, metastatic, ovary 1
Acinus, hemangioma X 1
Acinus, histiocytic sarcoma X X 2
Acinus, leiomyosarcoma, metastatic,
intestine small 1
Acinus, sarcoma, metastatic, skin 1
Salivary glands +++++++++++ 4+ + 4 49
Stomach A+ ++++++++++++++++++++++ 4+ 48
Stomach, forestomach A+ ++++++++++++++++++++4+++ 48
Histiocytic sarcoma X 1
Squamous cell carcinoma X 1
Squamous cell papilloma X 1
Stomach, glandular A++++++++++++++++++++++++ 48
Tongue + 1
Squamous cell carcinoma X 1
Cardiovascular System
Blood vessel 1
Heart ++++++ A+ 49
Hemangiosarcoma X 1

Histiocytic sarcoma X 1
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)
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Endocrine System
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla
Islets, pancreatic
Adenoma
Parathyroid gland
Pituitary gland
Pars distalis, adenoma
Thyroid gland . , +
Follicular cell, adenoma

++++
++ + +
++ ++
++ ++
+ 4+ ++
+4 4+
+++ 4+
++++
+4+++
+ 4+ ++
++ X+ +++

+ +

++ 4+ +
+2 44+
++ + +
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+
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+

+
+
+
-+
+
+
+
+
+
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» 4+

General Body System
Tissue NOS +

Genital System .
Ovary +++++++++++++++++++++++++
Adenoma -
Carcinoma X
Granulosa cell tumor malignant X
Granulosa cell tumor benign X
Hemangioma X X
Histiocytic sarcoma X
Leiomyosarcoma, metastatic,
intestine small X
Luteoma
Mixed tumor benign
Uterus ++++++++++A++++++++++++++
Adenocarcinoma
Histiocytic sarcoma
Leiomyoma
Polyp stromal X
Sarcoma stromal X
Cervix, hemangiosarcoma
Vagina + +
Hemangiosarcoma
Leiomyosarcoma X
Squamous cell carcinoma X

Hematopoietic System
Bone marrow ++++++++++A++++++++++++++
Hemangiosarcoma, metastatic, skin

Histiocytic sarcoma X

Lymph node O Ik T T T T T S R R N N e i
Lymph node, bronchial +++M+++++++M+++++M+++MM+M
Carcinoma, metastatic, ovary X

Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma )
Sarcoma, metastatic, skin X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

Number of Days on Study
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Endocrine System
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla
Islets, pancreatic
Adenoma
Parathyroid gland
Pituitary gland
Pars distalis, adenoma
Thyroid gland
Follicular cell, adenoma

49
49

+4+ + +
+4+ ++
++ ++
++ + +
+4+ 4+ +
+ 4+ ++
+4+ 4+ +
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+ =+ +
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General Body System
Tissue NOS 1

Genital System

Ovary + + + + + +
Adenoma
Carcinoma
Granulosa cell tumor malignant X X
Granulosa cell tumor benign X X X X X
Hemangioma
Histiocytic sarcoma
Leiomyosarcoma, metastatic,
intestine small
Luteoma X
Mixed tumor benign X ) X

Uterus +++++++++++++++4+++++++ +
Adenocarcinoma X
Histiocytic sarcoma X
Leiomyoma . X
Polyp stromal

Sarcoma stromal

Cervix, hemangiosarcoma

Vagina

Hemangiosarcoma

Leiomyosarcoma

Squamous cell carcinoma
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Hematopoietic System

Bone marrow + 4+ +++++++++++++++++++ 4+ 4+ 4+ +
Hemangiosarcoma, metastatic, skin
Histiocytic sarcoma

Lymph node

Lymph node, bronchial
Carcinoma, metastatic, ovary
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Sarcoma, metastatic, skin
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

334444445555 5555555¢626626°6¢6
Number of Days on Study 8 901448823344677899012234
7278335542946 9096478051593:5
tr111111111111101111111111
Carcass ID Number 100001001000 0O0O09000100090O00O0
18768 0171230699939 08445875 4
3143335111412 25151422523513
Hematopoietic System (continued)
Lymph node, mandibular + ++M+M+ + + + A + + + + + + + ++1 + +
Lymph node, mediastinal + +++++++++ A+ +++M++M+M++ M
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Carcinoma, metastatic, ovary X
Histiocytic sarcoma
Lymphnode,mmenteric + ++++++++++++++++++++++++
Carcinoma, metastatic, ovary X
Histiocytic sarcoma X X
Leiomyosarcoma, metastatic,
intestine small X
Spleen + + + + + + + + + + + 4+ ++++++++ + 4+ + +
Histiocytic sarcoma ' X X
Thymus I + 4+ 4+ 4+ 4+ + + + + + + + ++ ++++++M+ +
Integumentary System
Mammary gland + 4+ +++++++++++++++++++++ 4+ +
Adenoacanthoma X X
Adenocarcinoma X X X X X X
Skin + 4+ ++ + +++++++4++F+++++++++++
Subcutaneous tissue, hemangioma
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, sarcoma X X
Musculoskeletal System
Bone +++++++++++ A+
Hemangiosarcoma, metastatic, skin
Skeletal muscle +
Diaphragm, leiomyosarcoma,
metastatic, intestine small X

Nervous System
Brain +++++++++++
Histiocytic sarcoma

»+

Respiratory System
Lmynx + +++++++++A++++++++++++++
Lung +++++++ 4+ ++ +
Adenocarcinoma
Adenocarcinoma, metastatic, mammary
gland
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X X X
Alveolar/bronchiolar carcinoma,
multiple X

>+

> %
>
»
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

6 6 666666 666771777777 7T17T77T7717
Number of Days on Study 4 5555661789902 233333333333
903384500887 2333333333333
1111111111111101111111111
Carcass ID Number 0001000OO0CO01109090000001111 Total
23118234541 1499035¢6¢690222 Tissues/
3212443224541 115541534324S5 Tumors
Hematopoeitic System (continued)
Lymph node, mandibular + M+M+++++++M+ +++++++++ + + 43
Lymph node, mediastinal M++M+M++M+++++MMM+++++M+M 36
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Carcinoma, metastatic, ovary 1
Histiocytic sarcoma X 1
Lymph node, mesenteric AM++++++++++++++++++++ + + + 48
Carcinoma, metastatic, ovary 1
Histiocytic sarcoma X 3
Leiomyosarcoma, metastatic,
intestine small 1
Spleen A+ ++++++++++++++++++++++ + 48
Histiocytic sarcoma X 3
Thymus ++++M+M++++] MM+M+ + +++ + + + + 4
Integumentary System
Mammary gland ++++++++++++++++++++++++ 4+ 50
Adenoacanthoma X X X X 6
Adenocarcinoma 6
Skin +++++++++++++++++++++++++ 50
Subcutaneous tissue, hemangioma X 1
Subcutaneous tissue, hemangiosarcoma X X 2
Subcutaneous tissue, sarcoma X X X 5
Musculoskeletal System
Bone ++++++++F+F+ A+ 50
Hemangiosarcoma, metastatic, skin X 1
Skeletal muscle 1
Diaphragm, leiomyosarcoma,
metastatic, intestine small 1

Nervous System

Brain FH 4+ 44+
Histiocytic sarcoma

>+
)

Respiratory System

Larynx +++++ 4+ ] D+ o+ 47
Lung ++++++++ A+ + 50
Adenocarcinoma X 2
Adenocarcinoma, metastatic, mammary

gland 1
Alveolar/bronchiolar adenoma XXX X X X X X X 14
Alveolar/bronchiolar adenoma,

multiple X X X 3
Alveolar/bronchiolar carcinoma X X 5

Alveolar/bronchiolar carcinoma,
multiple X 2




218 o _ 1,3-Butadiene, NTP TR 434

TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

Number of Days on Study
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Respiratory System (continued)
Lung (continued) .
Carcinoma, metastatic, ovary X
Granulosa cell tumor malignant,
metastatic, ovary
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma X X
Sarcoma, metastatic, skin
Mediastinum, adenocarcinoma,
metastatic, lung X
Mediastinum, alveolar/bronchiolar :
carcinoma, metastatic, lung X
Mediastinum, hemangiosarcoma,
metastatic, heart
Nose + + + 4+ 4+ 4+ + + + +
Trachea + 4+ + + 4+ ++ + ++

>+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Special Senses System
Eye
Harderian gland ++ 4+ ++++++
Adenoma .
Bilateral, adenoma . X

M+
X+ +
X+
X+ +

Urinary System »
Kidney ++++++++F+
Histiocytic sarcoma
Urinary bladder + 4+ + + 4+ + 4+ + 4+ + A

+ X+

Systemic Lesions
Multiple organs + + + + 4+ + + +
Histiocytic sarcoma :
Lymphoma malignant ) X
Lymphoma malignant lymphocytic ' X X
Lymphoma malignant mixed Co
Lymphoma malignant undifferentiated

cell type

>+
» +




Lesions in Female Mice 219

TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 62.5 ppm
(continued)

6 6 6666666 6677171777177717T7T177171
Number of Days on Study 4 555566789902 233333333333
9 03384500887 2333333333333
1111111111111101111111111
Carcass ID Number ‘000100000011 0090000001111 Total
231182345411499035¢6¢6910222 Tissues/
3212443224541115541534345 Tumors
Respiratory System (continued)
Lung (continued)
Carcinoma, metastatic, ovary 1
Granulosa cell tumor malignant,
metastatic, ovary X 1
Hepatocellular carcinoma, metastatic,
liver X X 2
Histiocytic sarcoma X 3
Sarcoma, metastatic, skin X 1
Mediastinum, adenocarcinoma,
metastatic, lung 1
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung 1
Mediastinum, hemangiosarcoma,
metastatic, heart X 1
Nose ++++++ AR+ 50
Trachea +++++ A EFE AR+ o+ 49
Special Senses System
Eye 2
Harderian gland ++++ 4+t EF AT+ 49
Adenoma X X X X XXX X X 13
Bilateral, adenoma X 2
Urinary System
Kidney +++++++ A+t 50
Histiocytic sarcoma X 2
Urinary bladder A+ +++++++F++A+++++++++++++ 46
Systemic Lesions
Multiple organs ++++++++ A+ EF A+t 50
Histiocytic sarcoma X X 4
Lymphoma malignant 1
Lymphoma malignant lymphocytic X 3
Lymphoma malignant mixed X X 2

Lymphoma malignant undifferentiated
cell type X

—
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm

0 2 2333333333444 4444444424A4
Number of Days on Study 0061445717789 011345%5¢6¢62¢6777
958734301363818¢6644034012
1t111111111111111111111111
Carcass ID Number 3334443333323333323223323
6 5900028049841 477791894783
1144352322123342335151523414
Alimentary System
Esophagus +++++++++F+F+F o+
Gallbladder A+ ++AAA+++++A++A+++AAA++ +
Intestine large A+ ++++++++++++++++++++++ 4+
Intestine large, cecum A++++++++++++++A++++++++ +
Intestine large, colon A+ ++++++++++A+++++4+++++ + +
Intestine large, rectum A++++++++++++++++++++++ 4+ 4+
Intestine small A+ +++++++++++++++++++++ 4+ +
Intestine small, duodenum A+++A+++++M+1 ++++++++M+ + +
Histiocytic sarcoma
Intestine small, ileum A+ ++++++++++]1 ++A+++++ A+ + +
Leiomyosarcoma, metastatic, stomach X
Intestine small, jejunum A+++A++++++++++A+++A+++ + +
Histiocytic sarcoma X
Leiomyosarcoma, metastatic, stomach X
Liver +++++++++ A+
Hemangiosarcoma, multiple X

Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X X X
Hepatocellular adenoma, multiple
Histiocytic sarcoma X X X X
Leiomyosarcoma, metastatic, stomach
Mesentery +
Fat, hemangiosarcoma, metastatic,
heart X
Fat, histiocytic sarcoma
Fat, leiomyosarcoma, metastatic,
stomach
Pancreas A+ ++4++++ 4+ ++
Acinus, leiomyosarcoma, metastatic,
stomach
Salivary glands
Stomach
Stomach, forestomach
Leiomyosarcoma
Squamous cell carcinoma X
Squamous cell papilloma X
Squamous cell papilloma, multiple
Stomach, glandular A+ +++++++++M+++++++++++ + +

L
+ X + ¥

++ +
+ + +
++ +
++ +
++ +
++ +
+ + +
+ + +
++ +
+ + +
++ +
X+ ++ ¥
+ + +
++ +
++ 4+
+ + +
++ +
+ + +
+ + +
++ +
+ + +
+ 4+ +
+ + +
+ + +
+ 4+ +

Cardiovascular System
Heart + + + +
Hemangiosarcoma

X+
o+
X+
>+
o+
"+
>+
>+
»®+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

4 44 4455555555555 555152¢62¢62¢6¢67
Number of Days on Study 78888000012 34662666 922690
84559229934239999977493354
1111111111111 111111111111
Carcass ID Number 3323423333333233333332333 Total
8783073690559 71229015938G%6 Tissues/
41552334313421234531354223 Tumors
Alimentary System
Esophagus ++++M++++++++4++++M+++++ o+ 48
Gallbladder + 4+ +++++++++FAF A 39
Intestine large +H+H+++++ AR+t 49
Intestine large, cecum +++++++++++++++H A 47
Intestine large, colon +++++++ A+ 48
Intestine large, rectum ++++++++++++ A+ 49
Intestine small ++++++++ AL+ 48
Intestine small, duodenum +++++++++++ A+ EF A 43
Histiocytic sarcoma X <1
Intestine small, ileum ++++++++++++A+F++++++++++ 45
Leiomyosarcoma, metastatic, stomach 1
Intestine small, jejunum +A++++++++++A++++++++++++ 44
Histiocytic sarcoma i . 1
Leiomyosarcoma, metastatic, stomach A 1
Liver ++ ++++++++++++++++ 4+ + 50
Hemangiosarcoma, multiple 1
Hemangiosarcoma, metastatic, heart X X X X X X 9
Hepatocellular carcinoma X XXX X X 7
Hepatocellular carcinoma, multiple X 1
Hepatocellular adenoma X X X X X 9
Hepatocellular adenoma, multiple X XX 3
Histiocytic sarcoma X X X 7
Leiomyosarcoma, metastatic, stomach 1
Mesentery + + + + + + + + + 12
Fat, hemangiosarcoma, metastatic,
heart X 2
Fat, histiocytic sarcoma X X 2
Fat, leiomyosarcoma, metastatic,
stomach 1
Pancreas +++++++++ A+t 49
Acinus, leiomyosarcoma, metastatic,
stomach 1
Salivary glands +++++++++++++++++++++++ ++ 50
Stomach +++++++++++++ A+ + 50
Stomach, forestomach +++++++++++F+HF A+ 50
Leiomyosarcoma 1
Squamous cell carcinoma 1
Squamous cell papilloma X 2
Squamous cell papilloma, multiple X 1
Stomach, glandular +++++++++++++++ o+ 48
Cardiovascular System
Heart ++++++++++++++++++++++4+++ 50
Hemangiosarcoma X X X XX XX X X XX X 21
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)
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Endocrine System
Adrenal gland
Adrenal gland, cortex’

Adenoma .
Histiocytic sarcoma X X
Leiomyosarcoma, metastatic, stomach X
Sarcoma, metastatic, skin
Adrenal gland, medulla +++++++++++++++++++++++ +
Histiocytic sarcoma
Leiomyosarcoma, metastatic, stomach ) X
Pheochromocytoma benign )
Sarcoma, metastatic, skin
Islets, pancreatic
Adenoma
Parathyroid gland
Pituitary gland
Thyroid gland
Follicular cell, adenoma
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General Body System
None

Genital System

Ovary + 4+ +++ A+
Adenoma
Granulosa cell tumor malignant
Granulosa cell tumor benign
Histiocytic sarcoma
Leiomyosarcoma, metastatic, stomach .
Mixed tumor benign . » X X
Bilateral, granulosa cell tumor : :

benign

Uterus T+ + A+ ++ A+t
Adenocarcinoma
Hemangioma ' X
Histiocytic sarcoma
Polyp stromal

+ X

Hematopoietic System

Bone marrow + + + + +
Histiocytic sarcoma

Lymph node M+ + + +
Axillary, sarcoma, metastatic, skin
Pancreatic, histiocytic sarcoma X
Pancreatic, leiomyosarcoma,

metastatic, stomach X

+ X+
+ X+
+ X+
+ X+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

Number of Days on Study
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Endocrine System
Adrenal gland
Adrenal gland, cortex

Adenoma
Histiocytic sarcoma X
Leiomyosarcoma, metastatic, stomach
Sarcoma, metastatic, skin
Adrenal gland, medulla + + 4+ +++ 4+ + + +
Histiocytic sarcoma
Leiomyosarcoma, metastatic, stomach
Pheochromocytoma benign X X
Sarcoma, metastatic, skin
Islets, pancreatic + + + + + +
Adenoma
Parathyroid gland
Pituitary gland
Thyroid gland
Follicular cell, adenoma

+ +
+ +
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+++ o+
M+ 4+ + M+
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++ 4+
X+ + 2

General Body System
None

Genital System

Ovary + 4+ + +F++++ 4+ + F
Adenoma
Granulosa cell tumor malignant X X
Granulosa cell tumor benign X X X X
Histiocytic sarcoma X X
Leiomyosarcoma, metastatic, stomach
Mixed tumor benign X X X
Bilateral, granulosa cell tumor

benign

Uterus ++++++++++++F++++++++++
Adenocarcinoma
Hemangioma
Histiocytic sarcoma X
Polyp stromal X

>+
nh WU~ 3

%+
+
e A

Hematopoletic System
Bone marrow ++ +++++++++++++++++++++++ 50
Histiocytic sarcoma 4
Lymph node + ++ 4+ ++ 4+ + + +
Axillary, sarcoma, metastatic, skin
Pancreatic, histiocytic sarcoma 1
Pancreatic, leiomyosarcoma,
metastatic, stomach 1

"+
—
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

0 2233333333344 4444444444:14
Number of Days on Study 00614457 7789011345%5¢6¢6¢6777
95873430136381866440340°12
1111111111111 111111111111
Carcass ID Number 3334443333323333323223323
6590002804984 147791894783
1144352322123342335151523#4

Hematopoietic System (continued)
Lymph node, bronchial M++++++M++MM+++M++MMMMMMI
Adenocarcinoma, metastatic, lung
Alveolar/bronchiolar carcinoma,
metastatic, lung

Histiocytic sarcoma X
Lymph node, mandibular M+ M+ M+++] ++++++++++++++MM
Histiocytic sarcoma X
Lymph node, mediastinal M+ ++MM+++++++++++++++++ + +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma X
Lymph node, mesenteric M+ +++++++++++++++++++M+M+
Histiocytic sarcoma X X X
Leiomyosarcoma, metastatic, stomach X
Spleen +++++++++++++++++++++++++
Histiocytic sarcoma X X X
Thymus ++++++++++M+++++++M+++MM+

Integumentary System

Mammary gland A+
Adenoacanthoma
Adenocarcinoma X X X X
Adenocarcinoma, multiple '

Skin +++++++++++
Leiomyosarcoma, metastatic, stomach
Sebaceous gland, adenoma X
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, sarcoma

» +

>+

%+
+ X

>+

Mausculoskeletal System
Bone +++++++++++++++++++++++ 4+ +
Skeletal muscle
Diaphragm, sarcoma, metastatic, skin

Nervous System

Brain +++++++ o+
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X X ’ X
Spinal cord +

Respiratory System
Larynx ++++++++++++++++4+++++++ 4+ +
Lung ++++++++++++++++4+++++++++

Adenocarcinoma, multiple
Adenocarcinoma, metastatic,
harderian gland
Adenocarcinoma, metastatic, mammary
gland X X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

4 4444555555555 555555%62¢6°¢667

Number of Days on Study 78888000012346¢626¢6¢69 92246290
8455922993423999997749354
1111111111111111111111111

Carcass ID Number 3323423333333233333332333 Total
8783073690559 71229015938¢6 Tissues/
4155233431342 123453154223 Tumors

Hematopoietic System (continued)

Lymph node, bronchial +++++++M++M+M+++++++++M+ + 34
Adenocarcinoma, metastatic, lung X 1
Alveolar/bronchiolar carcinoma,

metastatic, lung X 1
Histiocytic sarcoma X X 3

Lymph node, mandibular M+++++++1 +++MM++++++++M+ + 39
Histiocytic sarcoma X 2

Lymph node, mediastinal +++++1I MM+ +++++M+++++M+MM+ 40
Alveolar/bronchiolar carcinoma,

metastatic, ung X X 2
Histiocytic sarcoma X X 3

Lymph node, mesenteric ++++++++++++++++4+++++++++ 47
Histiocytic sarcoma X X X 6
Leiomyosarcoma, metastatic, stomach 1

Spleen ++++++++++++++++++++++ 4+ + + 50
Histiocytic sarcoma X 4

Thymus M+ +MI +++++M++1 +++++++M+ + + 40

Integumentary System

Mammary gland +++++++++F 4+ o+ 47
Adenoacanthoma X 4
Adenocarcinoma X XXXX X 10
Adenocarcinoma, multiple 1

Skin ++++++++++++++++++++++ 4+ + + 50
Leiomyosarcoma, metastatic, stomach 1
Sebaceous gland, adenoma 1
Subcutaneous tissue, hemangiosarcoma X X 2
Subcutaneous tissue, sarcoma X X X 3

Musculoskeletal System

Bone ++++++++ A+ 50

Skeletal muscle + 1
Diaphragm, sarcoma, metastatic, skin X 1

Nervous System

Brain + 4+ ++++++ A F A+ 50
Hemangiosarcoma, metastatic, heart X 2
Histiocytic sarcoma X 4

Spinal cord 1

Respiratory System
Larynx ++++++++ A+ +A 49
Lung +++++++ A+ o+ 50

”+
p—t

Adenocarcinoma, multiple
Adenocarcinoma, metastatic,

harderian gland X 1
Adenocarcinoma, metastatic, mammary

gland 3
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

Number of Days on Study
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Respiratory System (continued)
Lung (continued)
Alveolar/bronchiolar adenoma X X X
Alveolar/bronchiolar adenoma,
multiple X
Alveolar/bronchiolar carcinoma X X
Alveolar/bronchiolar carcinoma,
multiple X
Granulosa cell tumor malignant,
metastatic, ovary
Hemangiosarcoma, metastatic, heart X X
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma X ) X X X
Sarcoma, metastatic, skin
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, heart X
Nose + ++++++++++++++++++++++++
Trachea ' + +++ + + +

Special Senses System
Ear
Eye
Harderian gland +M+++++++++F++ A+
Adenocarcinoma
Adenoma X X X X X X X
Bilateral, adenoma

Urinary System

Kidney + 4+ + + + + + +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X X
Leiomyosarcoma, metastatic, stomach X
Renal tubule, adenoma

Ulinarybladder A+ ++++++4+++++ +
Histiocytic sarcoma

s+

+ X

Systemic Lesions
Multiple organs + + + + +
Histiocytic sarcoma
Leukemia granulocytic X
Lymphoma malignant lymphocytic X X X X X
Lymphoma malignant mixed X

>+
X+
4+
*+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 200 ppm
(continued)

4 4 4445555555555 55555¢686¢6°¢6717
Number of Days on Study 78888 0000123462626 ¢6¢699222629°290
8 4559229934239999977493354
1111111111111111111111111
Carcass ID Number 3323423333333233333332333 Total
8783073690559712290152938¢6 Tissues/
4155233431342 12345313514223 Tumors
Respiratory System (continued)
Lung (continued)
Alveolar/bronchiolar adenoma X X X X X X X 10
Alveolar/bronchiolar adenoma,
multiple X X X 4
Alveolar/bronchiolar carcinoma X X X X X X 8
Alveolar/bronchiolar carcinoma,
multiple X X X XXX X X X 10
Granulosa cell tumor malignant,
metastatic, ovary X 1
Hemangiosarcoma, metastatic, heart X X X 5
Hepatocellular carcinoma, metastatic,
liver X XX 3
Histiocytic sarcoma X X X 7
Sarcoma, metastatic, skin X 1
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung X X 2
Mediastinum, hemangiosarcoma,
metastatic, heart X 2
Nose T T S S S S A S R T I N T A 2 i T 50
Trachea + 4+ +++++++ A+ F A+ 50
Special Senses System
Ear + + 2
Eye + + + 3
Harderian gland +H++F A+ o+ 49
Adenocarcinoma X 1
Adenoma XXX X X X X X X X X 18
Bilateral, adenoma X X 2
Urinary System
Kidney ++++++++++ o+ 50
Hemangiosarcoma, metastatic, heart 1
Histiocytic sarcoma X X X 5
Leiomyosarcoma, metastatic, stomach 1
Renal tubule, adenoma X 2
Urinaly bladder +++++4+++++++++++++4+++++ + + 49
Histiocytic sarcoma X 1
Systemic Lesions
Multiple organs +++++++++++++++++++++++++ 50
Histiocytic sarcoma X X X 7
Leukemia granulocytic 1
Lymphoma malignant lymphocytic XX X 8
Lymphoma malignant mixed 1
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TABLE B2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm

122222222222 222222222222
Number of Days on Study 1 8002 233344555571717 8 88 88 8 8
1 9351200206377 9255200035153H5
1111111111111111111111111
Carcass ID Number 76 6 67 6 6775776767566 7T776°46 6 17
0433076569127 4409811628382D90
4 2 423242325554 1255434452731
Alimentary System
Esophagus +++++++++ A+t
Gallbladder + A+ M+ +A+A+++++++A+A++++AF
Intestine large +A+++++++++++ A+
Intestine large, cecum +A++++A+TA++++F+F+FHFAFTAT S+ +++
Histiocytic sarcoma
Immtinelarge,colon + A+ +++++++++++++AFAFF A+ ++
Intestine large, rectum +M++++++A+++++++A+++++++ +
Intestine small + A+ +++++++++++++A+F++++++
Intestine small, duodenum + A+ +++++A+++++++A++F+H+H++A+
Intestine small, ileum + A+ +++A+A++++++FAFAF A+ A+ ++
Intestine small, jejunum +A++++A++++AT+T+H+H+FTA+H+H S+ S+ ++
Liver +++++++++++++++++++++++ 4+ +

Hemangiosarcoma, multiple

Hemangiosarcoma, metastatic, heart

Hemangiosarcoma, metastatic, skin

Hepatocellular carcinoma

Hepatocellular adenoma

Histiocytic sarcoma

Sarcoma, metastatic, mammary gland

Squamous cell carcinoma, metastatic,
stomach

Mesentery

Sarcoma, metastatic, mammary gland

Fat, hemangiosarcoma, metastatic,
heart

Fat, hemangiosarcoma, metastatic,
spleen

Fat, sarcoma, metastatic, stomach

Fat, squamous cell carcinoma,
metastatic, stomach

Pancreas + A+ ++++++++++++++++++++++

Sarcoma, metastatic, mammary gland

Acinus, squamous cell carcinoma,
metastatic, stomach

Salivary glands + A+ ++++++++++++++++++++ + +
Stomach +A+++++++++++++++++++++ ++
Stomach, forestomach +A+++++++++++++++++++++++
Sarcoma

Sarcoma, metastatic, mammary gland

Squamous cell carcinoma X

Squamous cell papilioma X X
Squamous cell papilloma, multiple

Stomach, glandular + A+ ++++++++++++++++++++ + +

Histiocytic sarcoma

Sarcoma, metastatic, mammary gland

Squamous cell carcinoma, metastatic,
stomach
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

2222333333333333333333333
Number of Days on Study 8999000011111 111222233334
9468007 715¢6¢677995899015251
11111111111 11111111111111
Carcass ID Number 65766 7566777662666 6¢67 626666
5935719255 44001240139146¢639
1 4333431542515 14445443313
Alimentary System
Esophagus ++++++++++ 4+
Gallbladder I AA+++++1 +++++A+++++++++M
Intestine large ++A++++ A+
Intestine large, cecum AAA+++++A+++++++++++++++ 4+
Histiocytic sarcoma X
Intestine large, colon ++A+++++++++++++++ A+ +
Intestine large, rectum ++A+M++++++++++++++++++ 4+ +
Intestine small AAA+++++A++++++++++++++ + A
Intestine small, duodenum AAA+++++A+++++++++++++++ A
Intestine small, ileum AAA+++++A+++++++++++++++ A
Intestine small, jejunum AAA+++++A+++++A+++++++++A
Liver ++++++++++++++++4++++4+++ 4+ +
Hemangiosarcoma, muttiple X

Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, skin
Hepatocellular carcinoma
Hepatocellular adenoma
Histiocytic sarcoma X X X
Sarcoma, metastatic, mammary gland
Squamous cell carcinoma, metastatic,
stomach
Mesentery
Sarcoma, metastatic, mammary gland
Fat, hemangiosarcoma, metastatic,
heart
Fat, hemangiosarcoma, metastatic,
spleen
Fat, sarcoma, metastatic, stomach
Fat, squamous cell carcinoma,
metastatic, stomach
Pancreas + +A++++++++++++++++++++++
Sarcoma, metastatic, mammary gland
Acinus, squamous cell carcinoma,
metastatic, stomach
Salivary glands
Stomach
Stomach, forestomach
Sarcoma
Sarcoma, metastatic, mammary gland
Squamous cell carcinoma
Squamous cell papilloma X X
Squamous cell papilloma, multiple
Stomach, glandular + 4+ A+ +
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland
Squamous cell carcinoma, metastatic,
stomach

»
»
”
»
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Histiocytic sarcoma
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver
Hemangiosarcoma, multiple
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, skin
Hepatocellular carcinoma X
Hepatocellular adenoma
Histiocytic sarcoma X
Sarcoma, metastatic, mammary gland X
Squamous cell carcinoma, metastatic,
stomach X
Mesentery
Sarcoma, metastatic, mammary gland
Fat, hemangiosarcoma, metastatic,
heart X
Fat, hemangiosarcoma, metastatic,
spleen X
Fat, sarcoma, metastatic, stomach
Fat, squamous cell carcinoma,
metastatic, stomach
Pancreas + + ++ + + + + + + +
Sarcoma, metastatic, mammary gland
Acinus, squamous cell carcinoma,
metastatic, stomach
Salivary glands
Stomach
Stomach, forestomach
Sarcoma
Sarcoma, metastatic, mammary gland X
Squamous cell carcinoma X X
Squamous cell papilloma X X X X X X X XX X
Squamous cell papilloma, multiple
Stomach, glandular : + +++++++++++++++++++ +
Histiocytic sarcoma s
Sarcoma, metastatic, mammary gland X
Squamous cell carcinoma, metastatic,
stomach X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

4 4 4 4 4
Number of Days on Study 22445
55130
11111
Carcass ID Number 776 66 Total
23527 Tissues/
3145 4 Tumors
Alimentary System
Esophagus + 4+ + + + 9
Gallbladder A+ ++ A 55
Intestine large + + + + + m
Intestine large, cecum A+ + + + 68
Histiocytic sarcoma 1
Intestine large, colon A+ + + + 73
Intestine large, rectum + + + + + 73
Intestine smatl + + + + + 70
Intestine small, duodenum A+ ++ M 62
Intestine small, ileum A+ + + + 66
Intestine small, jejunum + + + + A 60
Liver + + + + + 80
Hemangiosarcoma, multiple 1
Hemangiosarcoma, metastatic, heart X X 18
Hemangiosarcoma, metastatic, skin 1
Hepatocellular carcinoma 1
Hepatocellular adenoma X 1
Histiocytic sarcoma 4
Sarcoma, metastatic, mammary gland 1
Squamous cell carcinoma, metastatic,
stomach 2
Mesentery + 6
Sarcoma, metastatic, mammary gland 1
Fat, hemangiosarcoma, metastatic,
heart 1
Fat, hemangiosarcoma, metastatic,
spleen 1
Fat, sarcoma, metastatic, stomach X 1
Fat, squamous cell carcinoma,
metastatic, stomach 1
Pancreas + + + + + 78
Sarcoma, metastatic, mammary gland 1
Acinus, squamous cell carcinoma,
metastatic, stomach 2
Salivary glands + + + + + 79
Stomach + + + + + 79
Stomach, forestomach + + + + + 79
Sarcoma X 1
Sarcoma, metastatic, mammary gland 1
Squamous cell papilloma X 15
Squamous cell papilloma, multiple 1
Stomach, glandular + + + + + 76
Histiocytic sarcoma 1
Sarcoma, metastatic, mammary gland 1

Squamous cell carcinoma, metastatic,
stomach X 3
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

122222222 222222222222222
Number of Days on Study 18002233344555577788@828828S8
9351200206377 92550100233S5S5S
1111111111111111111111111
Carcass ID Number 76 6 67 667 757767675667 7626 67
0433076569127 4409811¢628382D0
4 2423242325554 12554344531
Cardiovascular System
Blood vessel
Heart ++++++++++++++++++++++++ +
Hemangiosarcoma
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland
Endocrine System
Adrenal gland +A+++++++++++++++4+++++++ +
Adrenal gland, cortex +A+++++++++++++++4+++++++ +
Histiocytic sarcoma
Sarcoma, metastatic, stomach
Adrenal gland, medulla + A+ +++A+++M++++++++++++ 4+ +
Islets, pancreatic + A+ ++++++++++++++++++++ 4+ +
Parathyroid gland + ++++++++++++MM++++ 4+ ++ + + +
Pituitary gland ++M+++1 +++++++1 1T M+ ++ 4+ + + + +
Thyroid gland +A+++++++++++++++++++ 4+ + +
Follicular cell, adenoma
General Body System
None
Genital System
Ovary +A++++++++++++++++++++ 4+ + +
Adenoma X
Granulosa cell tumor benign
Histiocytic sarcoma
Mixed tumor benign
Uterus + A+ +++++++++++++++++++++ +
Histiocytic sarcoma
Polyp stromal
Hematopoietic System
Blood M
Bone marrow + A+ +++++++++++++++++++ 4+ + +
Histiocytic sarcoma
Lymph node +++1 ++++++++++++++++++ + + +
Histiocytic sarcoma
Lymph node, bronchial +++M+++M+++++M++++MM++ ++ M

Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Lymph node, mandibular +++I M+ +++++++++++++++M+ + +
Adenocarcinoma, metastatic, mammary
gland )
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

Number of Days on Study
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Cardiovascular System
Blood vessel
Heart + + + + + + +
Hemangiosarcoma
Histiocytic sarcoma X
Sarcoma, metastatic, mammary gland

>+
X+
¥+
X+
>+
o+

Endocrine System
Adrenal gland
Adrenal gland, cortex
Histiocytic sarcoma
Sarcoma, metastatic, stomach
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gland
Follicular cell, adenoma

+ +
+ +
> >
4+ +
+ +
o+ +
+ +
+ 4+
+ +
+ +
+ +
+ +
+ +
+ +
+ +
*+ +
+ +
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4+ 4+ 4+
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+ -2+ 4+
++2++
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4+
+++++
4+ 4+
+ 4+ ++
+ ++++
+ 4+ 4+ 4+
++ 4+ 4+ 4+
+ 4+ + 4+

General Body System
None

Genital System
Ovary +++++++++++++++++++++++ 4+ +
Adenoma
Granulosa cell tumor benign XX X
Histiocytic sarcoma X
Mixed tumor benign
Uterus + + A+ ++++++++++++ 4+
Histiocytic sarcoma
Polyp stromal

+ X

»®w

Hematopoietic System

Blood

Bone marrow +++++++++++ 4+ +
Histiocytic sarcoma

Lymph node + 4+ + + +
Histiocytic sarcoma

Lymph node, bronchial + 4+ + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung

Histiocytic sarcoma

Lymph node, mandibular + + A+ +
Adenocarcinoma, metastatic, mammary
gland

+ X+
+ X+
+ %+

+
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
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Cardiovascular System
Blood vessel
Heart
Hemangiosarcoma
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland X
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>+
» +
*+
Y+

Endocrine System
Adrenatl gland
Adrenal gland, cortex
Histiocytic sarcoma
Sarcoma, metastatic, stomach
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gland
Follicular cell, adenoma

+ +
+ +
+
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++Z++
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General Body System
None

Genital System

Ovary + 4+ ++++++++ A+
Adenoma
Granulosa cell tumor benign X X X
Histiocytic sarcoma
Mixed tumor benign

Uterus +++++++++ A+
Histiocytic sarcoma
Polyp stromal X

Hematopoietic System

Blood

Bone marrow + + 4+ ++++++++++++++++++++++
Histiocytic sarcoma .

Lymph node + 4+ ++++++++++++++4+++++4++++
Histiocytic sarcoma

Lymph node, bronchial +++M+MMM+MMMM+M+M+++MM+MM
Alveolar/bronchiolar carcinoma,
metastatic, lung X

Histiocytic sarcoma

Lymph node, mandibular +++] +++M+M+I1I +M+M+MM+ + + + + +
Adenocarcinoma, metastatic, mammary
gland X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

4 4 4 44
Number of Days on Study 22445
5$55130
11111
Carcass ID Number 77666 Total
23527 Tissues/
31454 Tumors
Cardiovascular System
Blood vessel 1
Heart + + + + + 80
Hemangiosarcoma X X X 23
Histiocytic sarcoma 1
Sarcoma, metastatic, mammary gland 1
Endocrine System
Adrenal gland + + + + + 78
Adrenal gland, cortex + + + + + 78
Histiocytic sarcoma 2
Sarcoma, metastatic, stomach X 1
Adrenal gland, medulla + + + + + 76
Islets, pancreatic + + + + + 78
Parathyroid gland + + + M+ 69
Pituitary gland + + + + + !
Thyroid gland + + + + + 8
Follicular cell, adenoma 1
General Body System
None
Genital System
Ovary + + + + + 79
Adenoma 1
Granulosa cell tumor benign 6
Histiocytic sarcoma 1
Mixed tumor benign 1
Uterus + + + + + 78
Histiocytic sarcoma 1
Polyp stromal 2
Hematopoietic System
Blood
Bone marrow + + + + + 79
Histiocytic sarcoma 2
Lymph node + + + + + 79
Histiocytic sarcoma 1
Lymph node, bronchial M+ + M+ 54
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Histiocytic sarcoma 1
Lymph node, mandibular MMM+ + 58

Adenocarcinoma, metastatic, mammary
gland 1
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

0122222222222222222222222

Number of Days on Study 180022333445 555777882882828S8
935120020637 7925509000335°5SH5
1111111111111111111111111

Carcass ID Number 76 667 6677577677675 ¢66776°6 617
0433076569127 4409811618338¢D90

4 2 423242325554125543445131

Hematopoietic System (continued)
‘Lymph node, mediastinal +++M+M+M+++++++M++M+++ + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric +A+M+++M+++1 ++++++++++++ +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,

stomach

Spleen +A+++++++++++HHE A+
Hemangiosarcoma

Histiocytic sarcoma

Thymus +++++++++++F+++ M

Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma

Integumentary System
Mammary gland + M+ +++++++++++++M+ +
Adenocarcinoma
Histiocytic sarcoma
Mixed tumor malignant
Sarcoma
Skin + A+ +++++++++H+++FF+F4+++++++ 4+
Keratoacanthoma
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart
Subcutaneous tissue, sarcoma
Subcutaneous tissue, sarcoma,
multiple
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach

» +

Mausculoskeletal System
Bone +++++++++++ A F o+
Skeletal muscle
Diaphragm, sarcoma, metastatic,
stomach

Nervous System
Brain ++++++++++++++++++4+++++ 4+ +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Spinal cord + + + + +
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

2222333333333333333333333
Number of Days on Study 899900001 1111111222233334
9468007715667 7995899015351
111111711711°11°111111111111111
Carcass ID Number 6 5766756677766 26°66°646 766666
5935719255440012401391469
1 4333431542515144454433133

Hematopoietic System (continued)
Lymphnode,mediastinal M+ +++M+++++++++M+M++++ 4+ + +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Sarcoma, metastatic, mammary gland
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric + + A+ +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Spleen ++ A+ +++++++++ A+ +
Hemangiosarcoma
Histiocytic sarcoma
Thymus + + A+ +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma X X

%+
>+
o+

+ %
+ X
+ X

Integumentary System
Mammary gland +++++++++++++++ + +
Adenocarcinoma
Histiocytic sarcoma X
Mixed tumor malignant X
Sarcoma
Skin + + + + 4+ + +
Keratoacanthoma
Subcutaneous tissue, hemangiosarcoma X
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart
Subcutaneous tissue, sarcoma
Subcutaneous tissue, sarcoma,
multiple X
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach

»+
>+
»+

»+

Musculoskeletal System

Bone ++++++++ A+ o+
Skeletal muscle +

Diaphragm, sarcoma, metastatic,

stomach

Nervous System
Brain +++++++++++++++4++4+4+++++ + +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Spinal cord + + + +
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
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Hematopoietic System (continued)
Lymph node, mediastinal M+++++M++++++M
Alveolar/bronchiolar carcinoma,
metastatic, lung X X
Histiocytic sarcoma X
Sarcoma, metastatic, mammary gland X
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric + + + + +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Spleen + + 4+ + 4+ + 4+ +++++++++++++ 4+ +
Hemangiosarcoma
Histiocytic sarcoma
Thymus +++ M+
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Histiocytic sarcoma X

+
+
+
+
+
+
+
+
+
L
+

+ ¥+
®+
+ ¥ + X

Integumentary System
Mammary gland +
Adenocarcinoma
Histiocytic sarcoma
Mixed tumor malignant X X
Sarcoma
Skin + + +++ ++ ++ ++ + + +
Keratoacanthoma
Subcutaneous tissue, hemangiosarcoma X
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart X X
Subcutaneous tissue, sarcoma X X
Subcutaneous tissue, sarcoma,
multiple
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach X

>+
® +
*+
®+
»+
» +

+ X

Musculoskeletal System
Bone +++++++++++++ A+t
Skeletal muscle
Diaphragm, sarcoma, metastatic,
stomach

Nervous System

Brain ++ ++++++++ A+
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X

Spinal cord
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

4 4 4 4 4
Number of Days on Study 22445
55130
11111
Carcass ID Number 77 6 6 6 Total
23527 Tissues/
3145 4 Tumors
Hematopoietic System (continued)
Lymph node, mediastinal + + + + + 67
Alveolar/bronchiolar carcinoma,
metastatic, lung 2
Histiocytic sarcoma 1
Sarcoma, metastatic, mammary gland 1
Squamous cell carcinoma, metastatic,
stomach 2
Lymph node, mesenteric + + + + + 7
Histiocytic sarcoma 4
Squamous cell carcinoma, metastatic,
stomach 1
Spleen + + + + + 78
Hemangiosarcoma 1
Histiocytic sarcoma 4
Thymus + + + + + n
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Histiocytic sarcoma 3
Integumentary System
Mammary gland + + + + + 77
Adenocarcinoma X X 12
Histiocytic sarcoma 1
Mixed tumor malignant X 4
Sarcoma 1
Skin + 4+ + + + 79
Keratoacanthoma 1
Subcutaneous tissue, hemangiosarcoma 2
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart 2
Subcutaneous tissue, sarcoma 2
Subcutaneous tissue, sarcoma,
multiple 1
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach 1
Mausculoskeletal System
Bone + + + + + 80
Skeletal muscle + 2
Diaphragm, sarcoma, metastatic,
stomach X 1

Nervous System
Brain + + + + +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Spinal cord

‘Or—lu-‘g




TABLE B2

1,3-Butadiene, NTP TR 434

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm

(continued)

Number of Days on Study
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Respiratory System
Larynx
Lung
Adenocarcinoma, metastatic, mammary
gland
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma
Alveolar/bronchiolar carcinoma,
multiple
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, skin
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma
Mixed tumor malignant, metastatic,
mammary gland
Sarcoma, metastatic, skin
Squamous cell carcinoma, metastatic,
stomach
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, heart
Mediastinum, mixed tumor malignant,
metastatic, mammary gland
Mediastinum, sarcoma, metastatic,
skin
Mediastinum, squamous cell carcinoma,
metastatic, stomach
Nose
Trachea
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Special Senses System
Eye
Harderian gland
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Zymbal’s gland
Adenoma
Carcinoma
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
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Respiratory System
Larynx
Lung
Adenocarcinoma, metastatic, mammary
gland
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X
Alveolar/bronchiolar carcinoma,
multiple
Hemangiosarcoma, metastatic, heart X X
Hemangiosarcoma, metastatic, skin
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma X X X
Mixed tumor malignant, metastatic,
mammary gland X
Sarcoma, metastatic, skin X
Squamous cell carcinoma, metastatic,
stomach
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, hemangiosarcoma,
metastatic, heart
Mediastinum, mixed tumor malignant,
metastatic, mammary gland
Mediastinum, sarcoma, metastatic,
skin
Mediastinum, squamous cell carcinoma,
metastatic, stomach
Nose
Trachea
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Special Senses System
Eye +
Harderian gland ++++++++ A+ A+
Adenoma X X X X
Zymbal’s gland
Adenoma
Carcinoma
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)
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Respiratory System
Larynx
Lung
Adenocarcinoma, metastatic, mammary
gland X X
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X
Alveolar/bronchiolar carcinoma,
multiple X X
Hemangiosarcoma, metastatic, heart X X XXXXX X X
Hemangiosarcoma, metastatic, skin X
Hepatocellular carcinoma, metastatic,
liver X
Histiocytic sarcoma X
Mixed tumor malignant, metastatic,
mammary gland X
Sarcoma, metastatic, skin
Squamous cell carcinoma, metastatic,
stomach X
Mediastinum, alveolar/bronchijolar
carcinoma, metastatic, lung X X
Mediastinum, hemangiosarcoma,
metastatic, heart
Mediastinum, mixed tumor malignant,
metastatic, mammary gland X
Mediastinum, sarcoma, metastatic,
skin
Mediastinum, squamous cell carcinoma,
metastatic, stomach
Nose
Trachea
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Eye
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

4 4 4 4 4
Number of Days on Study 22445
55130
11111
Carcass ID Number 776 6 6 Total
235271 Tissues/
3145 4 Tumors
Respiratory System
Larynx + + + + + 72
Lung + + + + + 78
Adenocarcinoma, metastatic, mammary
gland X 4
Alveolar/bronchiolar adenoma X X 14
Alveolar/bronchiolar adenoma,
multiple 3
Alveolar/bronchiolar carcinoma X s
Alveolar/bronchiolar carcinoma, :
multiple X 3
Hemangiosarcoma, metastatic, heart X X X 14
Hemangiosarcoma, metastatic, skin 1
Hepatocellular carcinoma, metastatic,
liver 1
Histiocytic sarcoma 4
Mixed tumor malignant, metastatic,
mammary gland X 3
Sarcoma, metastatic, skin 1
Squamous cell carcinoma, metastatic,
stomach 1
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung X 3
Mediastinum, hemangiosarcoma,
metastatic, heart X 1
Mediastinum, mixed tumor malignant,
metastatic, mammary gland 1
Mediastinum, sarcoma, metastatic,
skin 1
Mediastinum, squamous cell carcinoma,
metastatic, stomach 1
Nose + 4+ + + + 79
Trachea + 4+ + + + k]
Special Senses System
Eye 3
Harderian gland + + + + + 66
Adenoma 9
Zymbal’s gland + 2
Adenoma X 1
Carcinoma 1




24 1,3-Butadiene, NTP TR 434

TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

012 2222222222222222222222
Number of Days on Study 1800223334455 55777882882828S8
9351200206137 79255200203%5°57S+5
1111111111111111111111111
Carcass ID Number 766 67 6 67 7577676752626 7717666 17
0 4330765691274 409811¢628328D90
4 24232 42325554125 5434452731
Urinary System
Kidney ++++++++++++++++++++++ 4+
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Urinary bladder + A+ +++A+A++++++H+H+H+H+++++ + +
Squamous cell carcinoma, metastatic,
stomach
Systemic Lesions
Multiple organs ++++++++++++++ A+t
Histiocytic sarcoma
Lymphoma malignant X

Lymphoma malignant lymphocytic X XXX XXXXXXX X X X XXX
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

2222333333333333333333333
Number of Days on Study 8999000 1111111122223323334
9468007715667 7995899015351
1111111111111111111111111
Carcass ID Number 6 57 6675646777666 6666 76262666
59357192554400124013914¢69
1 4333431542515 14445443313
Urinary System
Kidney +++++++++++F+F 4+
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma X X X
Squamous cell carcinoma, metastatic,
stomach
Urinary bladder +MA+++++++++++++4++4++++++ 4+
Squamous cell carcinoma, metastatic,
stomach
Systemic Lesions
Multiple organs + ++++++++++++++F A+t
Histiocytic sarcoma X X X
Lymphoma malignant

Lymphoma malignant lymphocytic X X X X X X X XXX
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm
(continued)

3333333333333 333333334444
Number of Days on Study 5555666677 77788888999 0111
0367467913669 4557727818288
1111111111111111111111111
Carcass ID Number 6 57776766 76717666762676¢66 777
792468456 385363529160 9335°%¢6
1143521235131 235322531212
Urinary System
Kidney +++++++++++ A+
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Histiocytic sarcoma X
Squamous cell carcinoma, metastatic,
stomach X
Urinary bladder + +++++++++++++++++++++4++ 4+
Squamous cell carcinoma, metastatic,
stomach X
Systemic Lesions
Multiple organs +++++F+++ A+t
Histiocytic sarcoma X

Lymphoma malignant
Lymphoma malignant lymphocytic X X
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TABLE B2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene: 625 ppm

(continued)

247

Number of Days on Study
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Total
Tissues/'
Tumors

Urinary System
Kidney
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Urinary bladder
Squamous cell carcinoma, metastatic,
stomach

Systemic Lesions
Multiple organs
Histiocytic sarcoma
Lymphoma malignant
Lymphoma malignant lymphocytic

Baég




TABLE B3

1,3-Butadiene, NTP TR 434

Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Adrenal Cortex: Adenoma
Overall rate?® 1/50 (2%) 0/49 (0%) 0/48 (0%) 0/49 (0%) 3/50 (6%) 0/78 (0%)
Adjusted rate 2.7% 0.0% 0.0% 0.0% 19.2% 0.0%
Terminal rate® 1737 (3%) 0/33 (0%) 0/24 (0%) 0/11 (0%) 0/0 00
First incidence (days) 733 (D) - - - 370 -
Life table testd P=0.146 P=0.523N P=0.586N P=0.740N P=0.024 -
Logistic regression testd P=0.455N P=0.523N P=0.586N P=0.740N P=0.450 -
Cochran-Armitage test P=0.527N
Fisher exact test P=0.505N P=0.510N P=0.505N P=0.309 P=0.391N
Harderian Gland: Adenoma
Overall rate 8/50 (16%) 10/50 (20%) 6/50 (12%)  15/50 (30%)  20/50 (40%) 9/80 (11%)
Adjusted rate 20.8% 29.2% 20.7% 61.0% 89.3% 45.2%
Terminal rate 737 (19%) 9/33 (27%) 424 (17%)  4/11 (36%) 0/0 0/0
First incidence (days) 658 722 569 532 370 307

. Life table test P<0.001 P=0.304 P=0.544 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.046 P=0.356 P=0.511N P=0.016 P=0.001 P=0.176
Cochran-Armitage test P=0.105N
Fisher exact test P=0.398 P=0387N P=0.077 P=0.007 P=0.300N
Harderian Gland: Adenoma or Carcinoma
Overall rate 8/50 (16%) 10/50 (20%) 7/50 (14%)  15/50 (30%)  20/50 (40%) 9/80 (11%)
Adjusted rate 20.8% 29.2% 22.5% 61.0% 89.3% 45.2%
Terminal rate 737 (19%) 9/33 (27%) 424 17%) 411 (36%) 0/0 0/0
First incidence (days) 658 722 541 532 370 307
Life table test P<0.001 P=0.304 P=0.426 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.061 P=0.356 P=0.575N P=0.016 P=0.001 P=0.176
Cochran-Armitage test P=0.090N
Fisher exact test P=0.398 P=0.500N P=0.077 P=0.007 P=0.300N
Heart: Hemangiosarcoma
Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 1/49 (2%) 21/50 (42%)  23/80 (29%)
Adjusted rate 0.0% 0.0% 0.0% 4.0% 100.0% 100.0%
Terminal rate 0/37 (0%) 0/33 (0%) 0/24 (0%) 0/11 (0%) 0/0 0/0
First incidence (days) - - - 649 343 307
Life table test P<0.001 - - P=0.392 P<0.001 P<0.001
Logistic regression test P<0.001 - - P=0.521 P<0.001 P<0.001
Cochran-Armitage test P<0.001
Fisher exact test - - P=0.495 P<0.001 P<0.001
Liver: Hepatocellular Adenoma
Overall rate 11/49 (22%)  10/49 (20%)  9/50 (18%)  14/50 (28%)  12/50 (24%)  1/80 (1%)
Adjusted rate 29.7% 27.8% 30.3% 65.8% 89.0% 100.0%
Terminal rate 1137 (30%) 8733 (24%) 6/24 (25%)  5/11 (45%) 0/0 0/0
First incidence (days) 733 (T) 519 365 485 370 450
Life table test P<0.001 P=0.590 P=0.419 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.599N P=0.531N P=0.519N P=0.025 P=0.009 P=0.505
Cochran-Armitage test P<0.00IN
Fisher exact test P=0.500N P=0.382N P=0.343 P=0.522 P<0.001N
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Liver: Hepatocellular Carcinoma
Overall rate 4/49 (8%) 6/49 (12%) 8/50 (16%) 9/50 (18%) 8/50 (16%) 1/80 (1%)
Adjusted rate 10.3% 14.5% 25.0% 39.9% 82.7% 12.5%
Terminal rate 3/37 (8%) 2/33 (6%) 324 13%) 211 (18%) 00 00
First incidence (days) 677 467 600 546 353 418
Life table test P<0.001 P=0.330 P=0.064 P=0.003 P<0.001 P=0.150
Logistic regression test P=0.178 P=0.381 P=0.141 P=0.066 P=0.006 P=0.910
Cochran-Armitage test P=0.003N
Fisher exact test P=0370 P=0.188 P=0.125 P=0.188 P=0.069N
Liver: Hepatocellular Adenoma or Carcinoma
Overall rate 15/49 (31%)  14/49 (29%) 15/50 (30%) 19/50 (38%) 16/50 (32%)  2/80 (3%)
Adjusted rate 39.3% 34.3% 455% 74.8% 91.7% 100.0%
Terminal rate 14/37 (38%) 8733 (24%) 824 (33%) 6/11 (55%) 00 00
First incidence (days) 677 467 365 485 353 418
Life table test P<0.001 P=0.555 P=0.162 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.497 P=0504N P=0.441 P=0.027 P=0.008 P=0.302
Cochran-Armitage test P<0.001IN
Fisher exact test P=0.500N P=0560N P=0.287 P=0.527 P<0.001N
Lung: Alveolar/bronchiolar Adenoma
Overall rate 4/50 (8%) 11/50 (22%) 12/50 (24%) 17/50 (34%) 14/50 (28%)  17/78 (22%)
Adjusted rate 10.5% 30.9% 40.7% 64.8% 100.0% 100.0%
Terminal rate 3/37 (8%) 9/33 (27%) 8/24 (33%) 411 (36%) 0/0 0/0
First incidence (days) 714 524 492 443 408 275
Life table test P<0.001 P=0.031 P=0.003 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.002 P=0.039 P=0.013 P<0.001 P=0.002 P=0.010
Cochran-Armitage test P=0.472
Fisher exact test P=0.045 P=0.027 P=0.001 P=0.009 P=0.032
Lung: Alveolar/bronchiolar Adenocarcinoma or Carcinoma
Overall rate 0/50 (0%) 5/50 (10%) 11/50 (22%) 9/50 (18%) 19/50 (38%)  8/78 (10%)
Adjusted rate 0.0% 13.3% 42.9% 40.8% 100.0% 100.0%
Terminal rate 0/37 (0%) 3/33 (9%) 10/24 (42%) 311 (27%) 0/0 o0
First incidence (days) - 519 507 532 373 307
Life table test P<0.001 P=0.029 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.001 P=0.034 P<0.001 P=0.002 P<0.001 P=0.012
Cochran-Armitage test P=0.454N
Fisher exact test P=0.028 P<0.001 P=0.001 P<0.001 P=0.016
Lung: Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma
Overall rate 4/50 (8%) 15/50 (30%)  19/50 (38%) 24/50 (48%) 25/50 (50%) 2278 (28%)
Adjusted rate 10.5% 39.5% 63.7% 78.5% 100.0% 100.0%
Terminal rate 3/37 (8%) 11/33 (33%) 14/24 (58%) 6/11 (55%) 0/0 0/0
First incidence (days) 714 519 492 443 373 275
Life table test P<0.001 P=0.004 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.005 P<0.001 P<0.001 P<0.001 P<0.001
Cochran-Armitage test P=0.488N
Fisher exact test P=0.005 P<0.001 P<0.001 P<0.001 P=0.004
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Mammary Gland: Adenoacanthoma
Overall rate 0/50 (0%) 1/50 (2%) 2/50 (4%)  6/50 (12%) 4/50 (8%) 0/80 (0%)
Adjusted rate 0.0% 2.9% 1.7% 32.5% 13.6% 0.0%
Terminal rate 0/37 (0%) 0/33 (0%) 124 (4%) 211 (18%) 0/0 0/0
First incidence (days) - 732 686 579 268 -
Life table test P=0.025 P=0.489 P=0.152 P<0.001 P=0.021 -
Logistic regression test P=0.244N P=0.492 P=0.193 P=0.005 P=0.331 -
Cochran-Armitage test P=0.107N
Fisher exact test P=0.500 P=0.247 P=0.013 P=0.059 -
Mammary Gland: Carcinoma
Overall rate 0/50 (0%) 2/50 (4%) 2/50 (4%)  6/50 (12%) 11/50 (22%) 12/80 (15%)
Adjusted rate 0.0% 5.8% 5.7% 16.2% 39.1% 100.0%
Terminal rate 0/37 (0%) 133 (3%) 0/24 (0%)  0/11 (0%) 0/0 00
First incidence (days) - 732 645 392 370 280
Life table test P<0.001 P=0.221 P=0.192 P=0.008 P<0.001 P<0.001
Logistic regression test P=0.050 P=0.228 P=0.257 P=0.076 P=0.009 P=0.004
Cochran-Armitage test P=0.006
Fisher exact test P=0.247 P=0.247 P=0.013 P<0.001 P=0.002
Mammary Gland: Malignant Mixed Tumor
Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%)  0/50 (0%) 0/50 (0%) 4/80 (5%)
Adjusted rate 0.0% 0.0% 0.0% 0.0% 0.0% 29.4%
Terminal rate 0/37 (0%) 0/33 (0%) 024 (0%) 0/11 (0%) 0/0 0/0
First incidence (days) - - - - - 335
Life table test P<0.001 - - - - P=0.003
Logistic regression test P=0.041 - - - - P=0.276
Cochran-Armitage test P=0.001
Fisher exact test - - - - P=0.139
Ovary: Adenoma
Overall rate 2/49 (4%) 4/49 (8%) 1/48 (2%) 2/50 (4%) 1/50 (2%) 1/79 (1%)
Adjusted rate 5.6% 121% 4.2% 13.9% 1.7% 1.5%
Terminal rate 2/36 (6%) 4/33 (12%) 1724 (4%) 1111 (9%) 00 0/0
First incidence (days) 733 (T) 733 (1) 733 (T) 665 543 257
Life table test P=0.040 P=0.296 P=0.640N P=0.284 P=0.242 P=0.561
Logistic regression test P=0.474 P=0.296 P=0.640N P=0.446 P=0.729 P=0.945N
Cochran-Armitage test P=0.123N
Fisher exact test P=0.339 P=0.508N P=0.684N P=0.492N P=0.326N
Ovary: Benign Granulosa Cell Tumor
Overall rate 1/49 (2%) 0/49 (0%) 1/48 2%)  6/50 (12%) 6/50 (12%) 6/79 (8%)
Adjusted rate 28% 0.0% 3.2% 28.5% 100.0% 271%
Terminal rate 1/36 (3%) 0/33 (0%) 024 (0%) 111 (9%) 00 00
First incidence (days) 733 (T) - 677 608 393 31
Life table test P<0.001 P=0.517N P=0.680 P=0.003 P<0.001 P<0.001
Logistic regression test P=0.030 P=0.517N P=0.735 P=0.026 P=0.020 P=0.303
Cochran-Armitage test P=0.134
Fisher exact test P=0.500N P=0.747 P=0.059 P=0.059 P=0.175
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Ovary: Malignant Granulosa Cell Tumor
Overall rate 0/49 (0%) 0/49 (0%) 0/48 (0%)  3/50 (6%) 2/50 (4%) 0/79 (0%)
Adjusted rate 0.0% 0.0% 0.0% 19.3% 54.2% 0.0%
Terminal rate 0/36 (0%) 0/33 (0%) 0/24 (0%) 1/11 (9%) 0/0 00
First incidence (days) - - - 645 569 -
Life table test P<0.001 - ~ P=0.018 P=0.003 -
Logistic regression test P=0.068 - -~ P=0.046 P=0.037 -
Cochran-Armitage test P=0.373N
Fisher exact test - ~ P=0.125 P=0.253 -
Ovary: Benign Mixed Tumor
Overall rate 0/49 (0%) 0/49 (0%) 0/48 (0%)  2/50 (4%) 5/50 (10%) 1779 (1%)
Adjusted rate 0.0% 0.0% 0.0% 13.6% 100.0% 2.6%
Terminal rate 0/36 (0%) 0/33 (0%) 0/24 (0%) 1/11 (9%) 00 0/
First incidence (days) - - - 664 460 328
Life table test P«<0.001 - - P=0.067 P<0.001 P=0.445
Logistic regression test P=0.430 - - P=0.138 P=0.010 P=0.987
Cochran-Armitage test P=0.518
Fisher exact test - - P=0.253 P=0.030 P=0.617
Pituitary Gland (Pars Distalis): Adenoma
Overall rate 7/50 (14%) 12/49 (24%) 5/48 (10%) 4/47 (9%) 0/48 (0%) 0/71 (0%)
Adjusted rate 17.4% 33.7% 175% 24.0% 0.0% 0.0%
Terminal rate 5137 (14%) 10/33 (30%) 324 (13%) 2/11 (18%) 00 0/0
First incidence (days) 625 653 645 594 - -
Life table test P=0.955N P=0.107 P=0.600 P=0.378 P=0.861N -
Logistic regression test P=0.252N P=0.135 P=0.506N P=0.547N P=0.287N P=0.852N
Cochran-Armitage test P<0.001N
Fisher exact test P=0.142 P=0409N P=0299N P=0.007N P=0.002N
Skin (Subcutaneous Tissue): Sarcoma
Overall rate 1/50 (2%) 2/50 (4%) 2/50 (4%)  5/50 (10%) 3/50 (6%) 3/80 (4%)
Adjusted rate 24% 53% 579% 20.3% 43.0% 19.3%
Terminal rate 0/37 (0%) 1/33 3%) 0/24 (0%) 0/11 (0%) 00 00
First incidence (days) 677 642 650 597 524 316
Life table test P<0.001 P=0476 P=0.415 P=0.017 P=0.002 P=0.013
Logistic regression test P=0.043 P=0.507 P=0.532 P=0.424 P=0117 P=0.687
Cochran-Armitage test P=0.47IN
Fisher exact test P=0.500 P=0.500 P=0.102 P=0.309 P=0.501
Skin (Subcutaneous Tissue): Neurofibrosarcoma or Sarcoma
Overall rate 1/50 (2%) 2/50 (4%) 3/50 (6%) 5/50 (10%) 3/50 (6%) 3/80 (4%)
Adjusted rate 2.4% 53% 8.0% 20.3% 43.0% 19.3%
Terminal rate 0/37 (0%) 1733 (3%) 0/24 (0%)  0/11 (0%) 00 0/0
First incidence (days) 677 642 569 597 524 316
Life table test P<0.001 P=0.476 P=0.238 P=0.017 P=0.002 P=0.013
Logistic regression test P=0.061 P=0.507 P=0.368 P=0.424 P=0.117 P=0.687
Cochran-Armitage test P=0.403N
Fisher exact test P=0.500 P=0.309 P=0.102 P=0.309 P=0.501
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TABLE B3
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Small Intestine: Adenoma or Carcinoma
Overall rate 0/50 (0%) 3/50 (6%) 0/50 (0%)  1/50 (2%) 0/50 (0%) 0/80 (0%)
Adjusted rate 0.0% 9.1% 0.0% 43% 0.0% 0.0%
Terminal rate 0/37 (0%) 3/33 (9%) 0/24 (0%) 0/11 (0%) 00 ()]
First incidence (days) - 733 (D) - 653 - -
Life table test P=1.000 P=0.101 - P=0.375 - -
Logistic regression test P=0.988N P=0.101 - P=0.516 - -
Cochran-Armitage test P=0.165N
Fisher exact test P=0.121 - P=0.500 - -
Stomach (Forestomach): Squamous Cell Papilloma
Overall rate 0/50 (0%) 0/50 (0%) 2/50 (4%) 1/50 (2%) 3/50 (6%) 16/80 (20%)
Adjusted rate 0.0% 0.0% 83% 9.1% 100.0% 100.0%
Terminal rate 0/37 (0%) 0/33 (0%) 224 (8%) 1711 (9%) 00 00
First incidence (days) - - 733 (T) 733 (1) 470 246
Life table test P<0.001 - P=0.149 P=0.260 P=0.004 P<0.001
Logistic regression test P<0.001 - P=0.149 P=0.260 P=0.078 P=0.002
Cochran-Armitage test P<0.001
Fisher exact test - P=0.247 P=0.500 P=0.121 P<0.001
Stomach (Forestomach): Squamous Cell Carcinoma
Overall rate 0/50 (0%) 0/50 (0%) 1/50 (2%)  1/50 (2%) 1/50 (2%) 6/80 (8%)

" Adjusted rate 0.0% 0.0% 4.2% 8.3% 3.8% 70.5%

Terminal rate 0/37 (0%) 0/33 (0%) 124 (4%)  0/11 (0%) 0/0 0/
First incidence (days) - - 733 (T) 723 472 275
Life table test P<0.001 - P=0414 P=0.277 P=0.374 P<0.001
Logistic regression tests P=0.009 - P=0.414 P=0.330 P=0.750 P=0.041
Cochran-Armitage test P=0.003
Fisher exact test - P=0.500 P=0.500 P=0.500 P=0.050
Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma
Overall rate 0/50 (0%) 0/50 (0%) 3/50 (6%) 2/50 (4%) 4/50 (8%) 22/80 (28%)
Adjusted rate 0.0% 0.0% 12.5% 16.7% 100.0% 100.0%
.Terminal rate 0/37 (0%) 0/33 (0%) 324 (13%) 1/11 (9%) 00 00
First incidence (days) - - 733(T) 723 470 246
Life table test P<0.001 - P=0.056 P=0.044 P=0.001 P<0.001
Logistic regression test P<0.001 - P=0.056 P=0.060 P=0.056 P<0.001
Cochran-Armitage test P<0.001
Fisher exact test - P=0.121 P=0.247 P=0.059 P<0.001
All Organs: Hemangioma
Overall rate 2/50 (4%) 2/50 (4%) 1/50 (2%)  4/50 (8%) 1/50 (2%) 0/80 (0%)
Adjusted rate 5.1% 5.0% 4.2% 16.3% 2.7% 0.0%
Terminal rate 1737 (3%) 0/33 (0%) 124 (4%) 011 (0%) 0/0 0/0
First incidence (days) 708 572 733 (T) 594 411 -
Life table test P=0.407 P=0.667 P=0.65TN P=0.078 P=0.444 -
Logistic regression test P=0.263N P=0.690N P=0.617N P=0.277 P=0.680N -
Cochran-Armitage test P=0.054N
Fisher exact test P=0.691N P=0.500N P=0.339 P=0.500N P=0.146N
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
All Organs: Hemangiosarcoma
Overall rate 3/50 (6%) 2/50 (4%) 2/50 (4%) 5/50 10%) 23/50 (46%)  27/80 (34%)
Adjusted rate 81% 52% 8.3% 31.8% 100.0% 100.0%
Terminal rate 3/37 (8%) 1/33 (3%) 2724 (8%) 211 (18%) 0/0 00
First incidence (days) 733 (T) 572 733 (T) 649 343 307
Life tabie test P<0.001 P=0.543N P=0.671 P=0.021 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.504N P=0.671 P=0.081 P<0.001 P<0.001
Cochran-Armitage test P<0.001
Fisher exact test P=0.500N P=0.500N P=0.357 P<0.001 P<0.001
All Organs: Hemangioma or Hemangiosarcoma
Overall rate 5/50 (10%)  3/50 (6%) 3/50 (6%)  9/50 (18%) 24/50 (48%)  27/80 (34%)
Adjusted rate 13.0% 7.9% 12.5% 42.9% 100.0% 100.0%
Terminal rate 437 (11%) 1/33 (3%) 3/24 (13%) 2/11 (18%) 0/0 0/0
First incidence (days) 708 572 733(T) 594 343 307
Life table test P<0.001 P=0.409N P=0.611N P=0.003 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.368N P=0.592N P=0.041 P<0.001 P<0.001
Cochran-Armitage test P<0.001
Fisher exact test P=0.357N P=0357N P=0.194 P<0.001 P=0.002
All Organs: Malignant Lymphoma (Lymphocytic, Mixed, NOS, or Undifferentiated Cell Type)
Overall rate 6/50 (12%)  12/50 (4%)  11/50 (22%) 7/50 (14%) 9/50 (18%)  32/80 (40%)
Adjusted rate 14.6% 34.0% 38.7% 35.9% 39.7% 70.8%
Terminal rate 3137 (8%) 10733 (30%) 8124 (33%) 3/11 (27%) 0/0 0/0
First incidence (days) 623 695 533 407 205 189
Life table test P<0.001 P=0.068 P=0.029 P=0.055 P<0.001 P<0.001
Logistic regression test P=0.012 P=0.081 P=0.091 P=0.487 P=0.582N P=0.272N
Cochran-Armitage test P<0.001
Fisher exact test P=0.096 P=0.143 P=0.500 P=0.288 P<0.001
All Organs: Histiocytic Sarcoma
Overall rate 3/50 (6%) 2/50 (4%) 7/50 (14%)  4/50 (8%) 750 (14%)  4/80 (5%)
Adjusted rate 6.9% 4.5% 20.0% 17.7% 28.1% 10.3%
Terminal rate 0/37 (0%) 0/33 (0%) 1724 (4%) 0/11 (0%) 00 00
First incidence (days) 485 467 492 524 344 300
Life table test P<0.001 P=0.518N P=0.077 P=0.195 P=0.002 P=0.038
Logistic regression test P=0.188N P=0.411N P=0.238 P=0.669 P=0.514 P=0.518N
Cochran-Armitage test P=0.273N
Fisher exact test P=0.500N P=0.159 P=0.500 P=0.159 P=0.549N
All Organs: Malignant Lymphoma or Histiocytic Sarcoma
Overall rate 9/50 (18%)  14/50 (28%)  18/50 (36%) 11/50 (22%) 16/50 (32%)  36/80 (45%)
Adjusted rate 20.5% 37.0% 521% 47.2% 56.7% 73.9%
Terminal rate 3/37 (8%) 10733 (30%)  9/24 (38%) 3/11 (27%) 0/0 0/0
First incidence (days) 485 467 492 407 205 189
Life table test P<0.001 P=0.136 P=0.005 P=0.021 P<0.001 P<0.001
Logistic regression test P=0.257 P=0.168 P=0.036 P=0.496 P=0.619 P=0.111N
Cochran-Armitage test P=0.001
Fisher exact test P=0.171 P=0.035 P=0.402 P=0.083 P=0.001
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TABLE B3
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
All Organs: Benign Neoplasms
Overall rate 28/50 (56%)  36/50 (72%) 24/50 (48%) 38/50 (76%) 36/50 (72%)  37/80 (46%)
Adjusted rate 66.5% 87.6% 68.5% 97.4% 100.0% 100.0%
Terminal rate 23/37 (62%)  28/33 (85%) 14/24 (58%) 10/11 (91%) 00 00
First incidence (days) 625 519 365 443 370 246
Life table test P<0.001 P=0.025 P=0.191 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.040 P=0498N P<0.001 P<0.001 P<0.001
Cochran-Armitage test P=0.010N
Fisher exact test P=0.072 P=0274N P=0.028 P=0.072 P=0.184N
All Organs: Malignant Neoplasms
Overall rate 15/50 (30%)  32/50 (64%) 40/50 (80%) 42/50 (84%) 49/50 (98%)  71/80 (89%)
Adjusted rate 33.8% 70.7% 85.1% 92.9% 100.0% 100.0%
Terminal rate 8/37 (22%) 20/33 (61%) 17/24 (11%) 8N11 (713%) 0/0 0/0
First incidence (days) 485 467 492 392 205 189
Life table test P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.003
Cochran-Armitage test P<0.001
Fisher exact test P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
All Organs: Benign or Malignant Neoplasms
Overall rate 35/50 (70%)  47/50 (94%) 43/50 (86%) 48/50 (96%) 49/50 (98%)  72/80 (90%)
Adjusted rate 76.0% 97.9% 89.6% 100.0% 100.0% 100.0%
Terminal rate 26/37 (10%) 32133 (97%) 19/24 (79%) 11/11 (100%) 00 00
First incidence (days) 485 467 365 392 205 189
Life table test P<0.001 P=0.006 P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.003 P<0.001 P=0.017 P<0.001 P<0.001 P<0.001
Cochran-Armitage test P=0.175
Fisher exact test P=0.002 P=0.045 P<0.001 P<0.001 P=0.004

(T)Terminal sacrifice
4 Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal
gland, bone marrow, brain, clitoral gland, galibladder, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland,
salivary gland, spleen, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
¢ Observed incidence at terminal kill
4 Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values corresponding
to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in animals dying prior to terminal
kill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and
Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group is indicated by
N.
Not applicable; no neoplasms in animal group
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TABLE B4a

Historical Incidence of Malignant Lymphomas and Histiocytic Sarcomas in Untreated Female B6C3F, Mice?

255

Incidence in Controls

Study Malignant Lymphoma Histiocytic Sarcoma
Historical Incidence at Battelle Northwest Laboratories
Allyl glycidyl ether 22/50 3/50
a-Chioroacetophenone 22/50 1/50
Epinephrine hydrochloride 16/50 1/50
Ethyl chloride 4/49 0/49
o-Chlorobenzalmalononitrile (CS2) 21/50 0/50

Overall Historical Incidence

Total 153/561 (27.3%)
Standard deviation 15.1%
Range 8%-44%

10/561 (1.8%)
33%
0%-6%

lymphomas.

TABLE B4b
Historical Incidence of Cardiac Hemangiosarcomas in Untreated Female B6C3F, Mice?

Data as of 3 April 1991. Data for malignant lymphoma includes data for histiocytic, lymphocytic, mixed, NOS, or undifferentiated cell type

Study Incidence in Controls

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50
a-Chloroacetophenone 0/50
Epinephrine hydrochloride 0/50
Ethyl chloride 0/49
o-Chlorobenzalmalononitrile (CS2) 0/50

Overall Historical Incidence

Total 0/558 (0.0%)
Upper 95% confidence limit 0.5%

2 Data as of 3 April 1991,
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TABLE B4c

Historical Incidence of Lung Neoplasms in Untreated Female B6C3F, Mice*

1,3-Butadiene, NTP TR 434

Incidence in Controls

Alveolar/bronchiolar Alveolar/bronchiolar Alveolar/bronchiolar
Adenoma Carcinoma Adenoma or

Study Carcinoma
Historical Incidence at Battelle Northwest Laboratories
Allyl glycidy! ether 0/50 0/50 0/50
a-Chloroacetophenone 4/50 3/50 6/50
Epinephrine hydrochloride 3/50 2/50 5/50
Ethyl chloride 2/49 3/49 5/49
o-Chlorobenzalmalononitrile (CS2) 4/50 1/50 5/50
Overall Historical Incidence

Total 32/560 (5.7%) 16/560 (2.9%) 47/560 (8.4%)

Standard deviation 2.9% 2.4% 33%

Range 0%-10% 0%-6% 0%-12%

2 Data as of 3 April 1991

TABLE B4d

Historical Incidence of Forestomach Neoplasms in Untreated Female B6C3F, Mice*

Incidence in Controls

Squamous Cell Squamous Cell Squamous Cell Papilloma

Study Papilloma Carcinoma or Squamous Cell Carcinoma
Historical Incidence at Battelle Northwest Laboratories
Allyl glycidyl ether 1/50 0/50 1/50
a-Chloroacetophenone 0/50 1/50 1/50
Epinephrine hydrochloride 0/50 0/50 0/50
Ethyl chloride 0/49 0/49 0/49
o-Chlorobenzalmalononitrile (CS2) 2/50 1/50 2/50
Overall Historical Incidence

Total 8/561 (1.4%) 2/561 (0.4%) 9/561 (1.6%)

Standard deviation 21% 0.8% 21%

Range 0%-6% 0%-2% 0%-6%

2 Data as of 3 April 1991
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TABLE Bde
Historical Incidence of Hepatocellular Neoplasms in Untreated Female B6C3F, Mice®

Incidence in Controls

Hepatocellular Hepatocellular Hepatocellular
Adenoma Carcinoma Adenoma or
Study Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 1/50 5/50 6/50
a-Chloroacetophenone 4/50 8/50 12/50
Epinephrine hydrochloride 2/50 1/50 3/50
Ethyl chloride 0/49 3/49 3/49
o-Chlorobenzalmalononitrile (CS2) 4/50 7/50 11/50

Overall Historical Incidence

Total 40/558 (1.2%) 49/558 (8.8%) 87/558 (15.6%)
Standard deviation 51% 52% 8.4%
Range 0%-18% 0%-16% 3%-27%

2 Data as of 3 April 1991

TABLE B4
Historical Incidence of Ovarian Granulosa Cell Tumors in Untreated Female B6C3F, Mice?

Incidence in Controls

Study Benign Malignant NOS Benign, Malignant,
or NOS

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/49 0/49 1/49 1/49
a-Chloroacetophenone 0/50 0/50 1/50 1/50
Epinephrine hydrochloride 0/50 0/50 0/50 0/50
Ethyl chloride 0/49 0/49 0/49 0/49
o-Chlorobenzalmalononitrile (CS2) 0/50 0/50 0/50 0/50

Overall Historical Incidence

Total 1/548 (0.2%) 1/548 (0.2%) 2/548 (0.4%) 4/548 (0.7%)
Standard deviation 03% 0.6% 0.8% 09%
Range 0%-1% 0%-2% 0%-2% 0%-2%

3 Data as of 3 April 1991
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TABLE B4g
Historical Incidence of Ovarian Neoplasms in Untreated Female B6C3F, Mice*

Incidence in Controls
Study Adenoma Benign Mixed Tumor

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/49 0/49
a-Chloroacetophenone 0/50 0/50
Epinephrine hydrochloride 0/50 0/50
Ethy! chloride 0/49 0/49
o-Chlorobenzalmalononitrile (CS2) 1/50 0/50

Overall Historical Incidence

Total 2/548 (0.4%) 0/548 (0.0%)
Standard deviation 1.0%
Range 0%-3%

2 Data as of 3 April 1991

TABLE B4h
Historical Incidence of Harderian Gland Neoplasms in Untreated Female B6C3F, Mice®

Incidence in Controls

Adenoma Carcinoma Adenoma or
Study Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50 0/50 0/50
a-Chloroacetophenone 0/50 0/50 0/50
Epinephrine hydrochloride 1/50 1/50 2/50
Ethyl chloride 2/49 0/49 2/49
o-Chlorobenzalmalononitrile (CS2) 2/50 2/50 - 4/50

Overall Historical Incidence

Total 10/561 (1.8%) 3/561 (0.5%) 13/561 (2.3%)
Standard deviation 1.7% 1.3% 2.5%
Range 0%-4% 0%-4% 0%-8%

* Data as of 3 April 1991
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TABLE B4i
Historical Incidence of Mammary Gland Adenoacanthomas and Carcinomas in Untreated Female B6C3F, Mice*

Incidence in Controls

Study Adenoacanthoma Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50 4/50
a-Chloroacetophenone 0/50 4/50
Epinephrine hydrochloride 0/50 1/50
Ethyl chloride 1/49 2/49
o-Chlorobenzalmalononitrile (CS2) 0/50 3/50

Overall Historical Incidence

Total 1/561 (0.2%) 21/561 (3.7%)
Standard deviation 0.6% 28%
Range 0%-2% 0%-8%

2 Data as of 3 April 1991. Includes data for histiocytic, lymphocytic, mixed, NOS, or undifferentiated cell type lymphomas.

TABLE B4j
Historical Incidence of Renal Tubule Adenomas in Untreated Female B6C3F, Mice®

Study Incidence in Controls

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50
a-Chloroacetophenone 0/50
Epinephrine hydrochloride 0/50
Ethyl chloride 0/49
o-Chlorobenzalmalononitrile (CS2) 0/49

Overall Historical Incidence

Total 0/559 (0.0%)
Upper 95% confidence limit 0.5%

3 Data as of 3 April 1991
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TABLE B4k
Historical Incidence of Subcutaneous Skin Neoplasms in Untreated Female B6C3F, Mice*

Incidence in Controls

Study Hemangioma Hemangiosarcoma Neurofibrosarcoma Sarcoma Hemangioma,
Hemangiosarcoma,
Neurofibrosarcoma, or
Sarcoma

Historical Incidence at Battelle Northwest Laboratories

Allyl glycidyl ether 0/50 0/50 0/50 0/50 0/50
a-Chloroacetophenone 0/50 0/50 0/50 0/50 0/50
Epinephrine hydrochloride 0/50 0/50 0/50 0/50 0/50
Ethyl chloride 0/49 0/49 0/49 1/49 1/49
o-Chlorobenzalmalononitrile (CS2) 0/50 1/50 0/50 1/50 2/50

Overall Historical Incidence

Total 0/561 (0.0%) 1/561 (0.2%) 0/561 (0.9%) 2/561 (0.4%) 3/561 (0.5%)
Standard deviation 0.6% 0.8% 1.3%
Range 0%-2% 0%-2% 0%-4%

2 Data as of 3 April 1991.
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene®

0 ppm 6.2S ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Disposition Summary
Animals initially in study 70 70 70 70 70 9
9-Month interim evaluation 10 10 10 10 10 8
15-Movuh inserim evaluation 10 10 10 10 10 2
Early deaths
Accident deaths 1 1 1
Moribund 10 10 14 31 37 46
Natural deaths 3 7 1 8 12 33
Survivors
Terminal Sacrifice 37 33 24 11
Animals examined microscopically 70 70 70 70 70 90
9-Month Interim Evaluation
Alimentary System
Liver 10) 4] ¢}) 8)
Basophilic focus 1 (100%) 1 (100%)
Pancreas (10) 8)
Acinus, infarct 1 (10%)
Stomach, forestomach 10 10) a0 (8)
Ulcer 3 (38%)
Epithelium, hyperplasia 1 (10%) 8 (100%)
Cardiovascular System
Heart (10) (10) ®)
Endothelium, hyperplasia 1 (13%)
Endocrine System
None
General Body System
None
Genital System
Ovary (10) (10) (10) ®)
Atrophy 9 (90%) 8 (100%)
Cyst 1 (10%)
Germinal epithelium, hyperplasia 1 (13%)
Uterus (10) (10) 10) 8)
Atrophy 3 (30%) 6 (75%)
Hyperplasia, cystic 8 (80%) 10 (100%) 6 (60%)

Hematopoietic System
Bone marrow 10) 10) (¢)]
Atrophy 1 (13%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and lS-Month Interlm Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

9-Month Interim Evaluation (continued)

Hematopoietic System (continued) ‘

Lymph node, mandibular (6) ' 10) ®)
Hyperplasia 1 (10%)

Lymph node, mesenteric 10) (10) 8)
Hyperplasia 1 (10%)

Thymus (10) (10) ®)
Necrosis 2 (25%)

Integumentary System . ' :

Mammary gland _ (10) a (¢)] ®
Hyperplasia 1 (100%) 1 (100%)

Musculoskeletal System

Bone (10) . - _ ) . v ®
Proliferation connective tissue 1 (10%)

Nervous System

Brain 10 . ®)
Mineralization 1 (13%)

Respiratory System

Lung (10) 10) 10) 8)
Alveolar epithelium, hyperplasia 1 (10%) 1 (13%)

Special Senses System

Harderian gland ®) 1) &)
Hyperplasia 1 (100%)

Urinary System

None

15-Month Interim Evaluation

Alimentary System

Intestine small, jejunum (10) 1 10) )
Peyer’s patch, hyperplasia 1 (100%) '

Liver 109) &) O] (109) 19 )]
Angiectasis : : 1 (10%)
Basophilic focus 1 (33%) 1 (10%) 1 (10%)

Clear cell focus 1 (10%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.2S ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)
Alimentary System (continued)
Liver (continued) (10) 3 (¢)) (10) Qo) ()
Degeneration, fatty 2 (20%) 4 (40%) 4 (40%)
Eosinophilic focus 1 (33%) -1 (100%)
Mixed cell focus 1 (10%)
Necrosis 3 (30%) 2 (100%)
Pigmentation, bile 1 (10%)
Mesentery ) 3)
Fat, hemorrhage 1 (33%)
Fat, inflammation, chronic 1 (50%) 2 (67%)
Fat, necrosis 1 (50%) 1 (33%)
Pancreas (10) (10) ()
Acinus, focal cellular change 1 (10%)
Stomach, forestomach (10) ) (10) (10) 10) 0))
Epithelium, hyperplasia 1 (10%) 3 (30%) 1 (50%)
Cardiovascular System
Heart (10) 10) (10) [0}
Endothelium, hyperplasia 4 (40%)
Endocrine System
Adrenal gland, cortex (10) 10) ()
Hyperplasia 1 (10%)
Hypertrophy 1 (10%)
Thyroid gland (10) (10) )
Follicular cell, hyperplasia 1 (10%)
General Body System
None
Genital System
Ovary (19) (10) (10) (10) (10) @
Angiectasis 1 (10%) 1 (10%) 2 (20%)
Atrophy 1 (10%) 9 (90%) 7 (710%) 2 (100%)
Cyst 1 (10%) 2 (20%) 2 (20%) 2 (20%) 3 (30%)
Germinal epithelium, hyperplasia 3 (30%) 1 (50%)
Granulosa cell, hyperplasia 1 (10%) 1 (50%)
Uterus (10) ) 10) (10) (10) [0}
Angiectasis 1 (10%)
Atrophy 2 (100%)
Hyperplasia, cystic 9 (90%) 1 (100%) 10 (100%) 8 (80%) 6 (60%)
Thrombosis

1 (10%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)

Hematopoietic System

Bone marrow (10) (10) (10) ()]
Fibrosis 1 (10%)

Hyperplasia 1 (10%) 2 (100%)

Lymph node, mandibular ® ©) ) )
Hyperplasia 1 (13%) 1 (17%)

Lymph node, mesenteric (10) 10 ® @)
Hyperplasia ' 1 (11%) 1 (50%)

Spleen 10 (10) (10) )
Hematopoietic cell proliferation 3 (30%) 2 (100%)

Thymus (19) (10) O) @
Hyperplasia, lymphoid 1 (11%)

Necrosis 1 (11%)

Integumentary System

Mammary gland - 10) (10) Qo) ®)
Galactocele 1 (10%)

Hyperplasia 1 (10%)

Musculoskeletal System

Bone (10) (10) ()]
Fibrous osteodystrophy 1(10%)

Osteopetrosis 1(10%)

Skeletal muscle ¢
Hemorrhage 1 (100%)

Nervous System .

Brain (10) 19 )
Hemorrhage 1 (50%)
Mineralization 1 (10%) 2 (20%)

Respiratory System

Lung (19) (10) (10) (19) (10) @
Hemorrhage 1 (50%)
Inflammation, focal, chronic 1 (10%)

Alveolar epithelium, hyperplasia 1 (10%) 2 (20%) 5 (50%) 1 (50%)

Nose (10) 10) ®
Inflammation, suppurative 2 (20%)

Olfactory epithelium, atrophy 1 (10%)
Respiratory epithelium, metaplasia, squamous 1(10%)

Trachea (10) (10) ?)

Inflammation, suppurative 1 (10%)

Special Senses System
None
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TABLE BS

Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations

and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
15-Month Interim Evaluation (continued)

Urinary System

None

2-Year Study

Alimentary System

Esophagus (41) 41) “n 45) 48) 79
Acanthosis 1 (2%)

Gallbladder (46) CON 41 43) 39 (55)
Hyperplasia 1 (2%) 3(7%)

Inflammation 1(2%) 1(2%) 2 (5%) 1(2%)

Intestine large, cecum (48) (46) (46) “n “n (68)
Hemorrhage 1 (2%)

Intestine large, colon 48) (48) “n “n 48 (73)
Endothelium, hyperplasia 1 (2%)

Intestine small, ileum (48) (46) 43) (1)) 45) (66)
Inflammation, chronic 1 (2%)

Peyer’s patch, hyperplasia 1 (2%)

Intestine small, jejunum @n 45) (44) (46) 44) (60)
Hemorrhage 2 (3%)

Liver (49) 49 (50 (50) (50) (80)
Angiectasis 5 (10%) 1 (2%) 3 (6%) 1 (2%) 1 (1%)
Basophilic focus 1 (2%) 1 (2%) 1 (2%) 2 (4%) 1 (1%)
Clear cell focus 2 (4%) 1 (2%)

Degeneration, fatty 2 (4%) 1 (2%) 4 (8%)

Eosinophilic focus 5 (10%) 11 (22%) 18 (36%) 11 (22%) 5 (10%) 2 (3%)

Hematopoietic cell proliferation 3 (6%) 6 (12%) 1 2%) 11 (22%) 14 (28%) 10 (13%)

Infarct 1 (2%)

Inflammation, chronic 1 (2%) 1 (2%) 1 (1%)

Inflammation, granulomatous, focal 1 (2%) 1 (2%) 1 (2%)

Mixed cell focus 1 (2%) 1 (2%) 1 (1%)

Necrosis 2 (4%) 2 (4%) 7 (14%) 5 (10%) 19 (38%) 17 21%)

Thrombosis 1 (2%) 1 (1%)

Biliary tract, cyst 1 (2%) 1 (2%) 1 (2%) 2 (3%)

Biliary tract, hyperplasia 1(2%)

Centrilobular, degeneration, fatty 1 (2%) 1 (2%) 3 (4%)

Centrilobular, necrosis 1 (2%) 4 (8%) 7 (9%)
Mesentery 12) a3) (14) ) 12) ©)

Fat, angiectasis 3 (25%) 3 (23%) 4 (29%) 3 (33%) 1 (8%)

Fat, ectopic tissue 1 (8%)

Fat, hemorrhage 1 (8%) 1 (7%) 1 (8%)

Fat, inflammation, chronic 4 (33%) 3 (23%) 6 (43%) 2 (22%) 5 (42%) 1 (17%)

Fat, necrosis 8 (67%) 6 (46%) 5 (36%) 3 (33%) 6 (50%)

Pancreas (49) 49 @n (48) 49 (78)
Acinus, atrophy 3 (6%) 3 (6%) 5 (11%) 2 (4%) 1 (1%)
Acinus, focal cellular change 3 (6%) 5 (10%) 3 (6%) 3 (6%)

Acinus, hyperplasia 12%) 1(2%) 1 (2%)
Acinus, inflammation, chronic 2 (4%) 3 (6%)
Duct, cyst 2 (4%) 2 (4%) 1 (1%)




TABLE BS

1,3-Butadiene, NTP TR 434

Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Alimentary System (continued)

Salivary glands (50) (49) (50) “9 (50) 9
Atrophy, focal 1 (2%)

Inflammation 3 (6%) 4 (8%)
Inflammation, chronic 1 (2%)

Stomach, forestomach (50) (49) (CY)) (48) 50) 79

Cyst epithelial inclusion 1 (2%)

Mineralization 1 (2%)

Ulcer 2 (4%) 2 (4%) 1 (2%) 3 (6%) 5 (10%) 11 (14%)
Epithelium, hyperplasia 4 (8%) 5 (10%) 4 (9%) 7 (15%) 14 (28%) 47 (59%)

Stomach, glandular 49) 48) 48) (48) (48) (76)
Hemorrhage 1 (2%) 2 (3%)
Inflammation, suppurative 1 (2%)

Mineralization 1(2%)

Pigmentation, hemosiderin 2 (4%) 2 (4%) 1 (2%) 2 (4%) 5 (10%) 4 (5%)

Ulcer 2 (4%) 1(2%) 1 (2%) 2 (4%) 6 (13%) 2 (3%)

Epithelium, hyperplasia 1(1%)
Tooth @ ) 1)

Developmental malformation 1 (25%)

Inflammation 3 (15%) 4 (80%) 1 (100%)

Cardiovascular System

Blood vessel ¢} @ ¢)) ()]
Inflammation 1 (100%) 1 (100%)

Mineralization 1 (100%)

Heart (50) (50) (50) 49 (50) (80)
Cardiomyopathy 4 (8%) 2 (4%) 1 (2%) 4 (8%) 2 (3%)
Infiltration cellular, mixed cell 1(2%)

Mineralization 2 (4%) 2 (4%) 2 (4%) 11 (14%)
Necrosis 2 (4%) 1 (2%) 3 (4%)
Atrium, thrombosis 2 (3%)
Endothelium, hyperplasia 2 (4%) 1 (2%) 4 (8%) 5 (10%) 8 (10%)
Pericardium, inflammation, chronic 1 (2%)

Pericardium, fat, necrosis 1(2%)

Perivascular, inflammation 1 (2%) 1 (2%) 1 (2%) 1 (2%)

Endocrine System

Adrenal gland, cortex (50) (49) 48 (49) (50) (78)
Cyst 1 (2%) 4 (8%) 1 (2%)

Focal cellular change 3 (6%)

Hematocyst 1(2%)

Hematopoietic cell proliferation 1 (2%) 1 (2%) 4 (8%) 5 (10%) 2 (3%)
Hemorrhage 1 (1%)
Hyperplasia 3 (6%) 2 (4%) 1 (2%) 1 (1%)
Hypertrophy 1 (2%) 3 (6%) 1 (2%) 3 (6%) 2 (4%)

Capsule, hyperplasia 2 (4%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Endocrine System (continued)
Adrenal gland, medulla (509 48) “7 45) (50 (76)
Cyst 1(2%)
Hematopoietic cell proliferation 1(1%)
Hyperplasia 3 (6%) 1(2%) 1 (2%) 2 (4%)
Islets, pancreatic 49) 49 (46) @7 49) (78)
Hyperplasia 2 (4%) 2 (4%)
Parathyroid gland (40) (40) 33) 39 (38) (69)
Cyst 1(3%) 1(1%)
Pituitary gland (50) (49) (48) () (48) )
Pars distalis, angiectasis 1(2%) 2 (4%) 3 (6%) 1(2%)
Pars distalis, cyst 1(2%) 1(2%) 1(2%) 2 (3%)
Pars distalis, hemorrhage 1(2%)
Pars distalis, hyperplasia 13 (26%) 19 (39%) 10 (21%) 9 (19%)
Pars intermedia, hyperplasia 2 (4%) 1 (2%)
Thyroid gland (50) (49) 49) (49) 49) (78)
Cyst 1(2%) 6 (12%) 1(2%) 4 (8%) 1 (2%)
Inflammation 2 (4%) 2 (4%) 2 (4%)
C-cell, hyperplasia 1 (2%)
Follicular cell, hyperplasia 11 (22%) 10 (20%) 13 (27%) 6 (12%) 1(2%) 1(1%)
General Body System
None
Genital System
Ovary “9) (49) (48) (50) (50) (19)
Angiectasis 4 (8%) 6 (12%) 3 (6%) 13 (26%) 14 (28%) 17 (22%)
Atrophy 4 (8%) 19 (39%) 32 (67%) 42 (84%) 43 (86%) 69 (87%)
Cyst 14 (29%) 27 (55%) 19 (40%) 17 (34%) 9 (18%) 13 (16%)
Metaplasia, osseous 1 (2%)
Mineralization 1 (2%)
Corpus luteum, hyperplasia 1(2%)
Germinal epithelium, hyperplasia 2 (4%) 3 (6%) 8 (17%) 15 (30%) 14 (28%) 18 (23%)
Granulosa cell, hyperplasia 1(2%) 2 (4%) 3 (6%) 4 (8%) 2 (3%)
Uterus (50) (49) (50) (49) (50) (78)
Angiectasis - 3(6%) 8 (16%) 10 (20%) 5 (10%) 2 (4%)
Atrophy 1(2%) 1(2%) 1(2%) 8 (16%) 41 (53%)
Cyst 1(2%) 1(2%) 1(1%)
Dilatation 2 (4%) 2 (4%)
Hemorrhage 1 (2%) 2 (4%) 1 (2%)
Hyperplasia, cystic 46 (92%) 47 (96%) 40 (80%) 40 (82%) 18 (36%)
Hyperplasia, histiocytic 1(1%)
Inflammation 1 (2%) 1 (2%)
Thrombosis 1 (2%)
Arteriole, hypertrophy 1 (2%) 1 (2%)
Cervix, cyst 1(2%)
Muscularis, hyperplasia 1 (2%) 1 (2%)
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TABLE BS

Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Hematopoietic System

Bone marrow (50) 49) (48) 49) (59 (19
Angiectasis 1 (2%)

Atrophy . 11 (14%)
Fibrosis 1(2%) 1(2%)

Hyperplasia 4 (8%) 5 (10%) 9 (19%) 18 (37%) 17 (34%) 18 (23%)
Necrosis 2 (3%)

Lymph node (50) (50) (50) (50) 49) a9
Iliac, hyperplasia 1 (2%)

Pancreatic, hyperplasia 1 (2%)
Renal, hyperplasia 1 (2%) 1 (2%)

Lymph node, bronchial 43) “42) 42) (38) 34 (54)
Congestion 1 (2%) 1 (3%) 2 (4%)
Hematopoietic cell proliferation 1 (2%) 1 (3%) 2 (6%)

Hyperplasia 9 (21%) 10 (24%) 6 (14%) 1 (3%) 1 (3%)
Inflammation 1 (3%)

Lymph node, mandibular 39 (42) (46) “43) 39 (58)

Congestion 1 (3%)

Hematopoietic cell proliferation 2(5%) 3 (%) 2(5%)

Hyperplasia 7 (18%) 5 (12%) 3 (1%) 4 (9%) 1(3%)

Hyperplasia, histiocytic 3 (5%)
Hyperplasia, plasma cell 1 (2%)
Necrosis 1 (2%)

Lymph node, mediastinal (30) 29) 33) (36) (40) 67
Angiectasis 1 (3%)

Congestion 1 (3%) 1(3%) 4 (6%)
Hematopoietic cell proliferation 2 (1%) 3 (8%) 2 (5%) 1(1%)
Hyperplasia 6 (20%) 1(3%) 2 (6%) 3 (8%) 3 (8%) 1(1%)

Lymph node, mesenteric 49 (46) 48) 48) 7 ()]

Angiectasis 3 (6%) 2 (4%) 3 (6%) 4 (8%) 1 (2%)
Congestion 1 (2%) 1 (2%) 1 (1%)
Hematopoietic cell proliferation 2 (4%) 1 (2%) 2 (4%) 3 (6%) 2 (4%)
Hemorrhage 1 (2%) 1(1%)
Hyperplasia 9 (18%) 17 (37%) 7 (15%) 6 (13%) 1 (2%)
Hyperplasia, histiocytic 1 (2%) 1(1%)
Inflammation 1 (1%)
Inflammation, granulomatous 2 (4%)
Necrosis 1(1%)

Spleen 49) 49 (48) (48) (50) (78)
Angiectasis 1 (2%) 1 (2%)

Depletion lymphoid 1(1%)
Hematopoietic cell proliferation 27 (55%) 25 (51%) 24 (50%) 29 (60%) 25 (50%) 26 (33%)
Hemorrhage 1(2%)

Hyperplasia, histiocytic 1 (2%) 1 (1%)
Hyperplasia, lymphoid 2 (4%) 3 (6%) 2 (4%) 1 (2%)

Inflammation, granulomatous, focal 1(2%)

Necrosis 1(2%)

Capsule, inflammation, chronic 2 (4%) 1 (2%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)
Hematopoietic System (continued)
Thymus (46) (46) @5) @1) (40) )
Angiectasis 2 (4%) 1 (2%)
Hyperplasia, lymphoid 8 (17%) 14 (30%) 3(7%) 2 (5%)
Infiltration cellular, mixed cell 1 (2%) 1 (3%)
Necrosis 1 (2%) 6 (13%) 6 (13%) 16 (39%) 21 (53%) 23 (32%)
Integumentary System
Mammary gland 49 (46) 49) (50) “n an
Galactocele 1 (2%) 1(2%) 1 (2%)
Hyperplasia 2 (4%) 2 (4%) 4 (8%) 7 (15%) 2 (3%)
Skin (50) (50) (50) (50) (50) 79)
Acanthosis 1 (2%)
Cyst epithelial inclusion 1 (2%)
Inflammation, chronic 1 (2%) 1 (2%) 2 (4%)
Necrosis 1 (2%) 1 (2%)
Hair follicle, atrophy 2 (4%) 3(6%)
Subcutaneous tissue, edema 1 (2%)
Subcutaneous tissue, hemorrhage 2 (4%) 1 (2%) 1 (2%) 1(1%)
Subcutaneous tissue, inflammation,
granulomatous 1 (2%)
Musculoskeletal System
Bone (50) (59 (50) (50 (50 (80)
Developmental malformation 1 (2%)
Fibrous osteodystrophy 38 (76%) 36 (72%) 29 (58%) 22 (44%) 11 (22%)
Osteopetrosis 1 (2%)
Periosteum, hemorrhage 1 (1%)
Skeletal muscle (0] (1) ¢)) )] )
Hemorrhage 1 (50%)
Nervous System
Brain (50) (50) (50) (50) (50) (80)
Compression 1 (2%) 1 (2%)
Hemorrhage 3 (6%) 3 (6%) 2 (4%) 5 (6%)
Infiltration cellular, mixed cell 1(1%)
Mineralization 23 (46%) 24 (48%) 17 (34%) 14 (28%) 5 (10%) 11 (14%)
Necrosis 1 (2%)
Thrombosis 1(1%)
Perivascular, infiltration cellular,
lymphocyte 3 (6%)
Ventricle, cyst epithelial inclusion 1 (1%)
Respiratory System
Larynx (50) (50) “49) @7 (49) (72)
Inflammation 1 (2%) 1 (1%)
Inflammation, suppurative 1 (2%) 1 (2%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Respiratory System (continued)

Lung 50 (50 (50) (50) 50) (78)
Hemorrhage 3 (6%) 4 (8%) 6 (12%) 5 (10%) 10 (20%) 12 (15%)
Hyperplasia, lymphoid 1 (2%) 1(2%)

Infiltration cellular, mixed cell 1 (2%) 2 (4%) 3 (%)
Inflammation, chronic, diffuse 1 (2%)
Inflammation, chronic, focal 3 (6%) 2 (4%) 1 (2%)
Inflammation, focal, chronic 1 (2%)
Inflammation, granulomatous, focal 1 (2%)
Inflammation, suppurative 1 (2%) 1 (2%) 1 (2%)
Thrombosis 1 (2%) 1 (1%)
Alveolar epithelium, hyperplasia 5 (10%) 5 (10%) 3 (6%) 9 (18%) 11 (22%) 11 (14%)
Alveolus, infiltration cellular, histiocyte 1(2%) 3 (6%) 7 (14%) 7 (14%) 10 (20%) 3 (4%)
Alveolus, pigmentation, hemosiderin 1 (2%) 2 (4%) 2 (4%) 1(2%)
Fat, mediastinum, inflammation, chronic 1 (2%)
Fat, mediastinum, necrosis 1(2%) 1 (2%)
Mediastinum, hyperplasia, lymphoid 1(2%)
Peribronchiolar, inflammation,
pyogranulomatous 1 (1%)

Nose (50) 49) 48) (50) (50) 9
Inflammation, suppurative 17 (34%) 12 (24%) 13 (27%) 11 (22%) 7 (14%) 1(1%)
Nasolacrimal duct, inflammation, suppurative 2 (4%) 1 (2%) 6 (13%) 4 (8%) 1 (2%)

Olfactory epithelium, atrophy 1 2%) 7 (9%)
Offactory epithelium, inflammation, chronic 1 (1%)
Respiratory epithelium, hyperplasia 1 (2%)
Respiratory epithelium, metaplasia, squamous 2 (4%)

Trachea (50) (50) (48) 49) (50) (73)
Inflammation, suppurative 12 (24%) 17 (34%) 14 (29%) 10 (20%) 8 (16%)

Metaplasia, squamous 1 (2%)

Special Senses System

Eye @ @ ) &) ©)]
Degeneration 2 (100%) 1 (50%)

Cornea, hyperplasia 1 (50%) 1 (33%)
Comea, inflammation, chronic 1 (50%) 1 (50%) 2 (67%)
Lens, degeneration 2 (100%)

Harderian gland (50) 49 (48) “9) “49) (66)
Hyperplasia 1 (2%) 5 (10%) 9 (19%) 4 (8%) 4 (8%) 7(11%)
Inflammation, chronic 1 (2%) 1 (2%) 1 (2%)

Urinary System

Kidney 49) “9) (“8) (50) (50) (80)
Amyloid deposition 1 (2%)
Glomerulosclerosis 1 (1%)
Hematopoietic cell proliferation 1 (2%) 2 (4%)

Hydronephrosis 2 (4%) 2 (4%) 2 (4%)
Infarct 1 (2%)
Infiltration cellular, lymphocyte 1 (2%) 1 (2%)

Inflammation, suppurative 1 (2%) 1 (2%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Mice at the 9- and 15-Month Interim Evaluations
and in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
2-Year Study (continued)

Urinary System (continued)

Kidney (continued) (49) 49) (48) (50) (50) (80)
Metaplasia, osseous 1 (2%) 1 (2%) 2 (4%) 2 (4%) 1 (1%)
Nephropathy 11 (2%) 3 (6%) 3 (6%) 6 (12%) 1 (2%)

Pigmentation, hemosiderin 2 (4%)

Thrombosis 1(1%)
Capsule, inflammation, chronic 1 (2%)

Medulla, congestion 1(2%)

Renal tubule, degeneration 1 (2%)

Renal tubule, hyperplasia 1 (2%)

Renal tubule, mineralization 1 (2%)

Urinary bladder @n (46) (48) (46) (49) (75)
Hemorrhage 3 (4%)
Hyperplasia, histiocytic 1(1%)
Inflammation 2 (4%) 1 (2%)

Transitional epithelium, hyperplasia 1 (2%)

* Number of animals examined microscopically at site and number of animals with lesion
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TABLE C1
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene?

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Disposition Summary

Animals initially in study 50 50 50 50

Early deaths
Accidental deaths 1
Moribund 29 25 25 22
Natural deaths 12 24 19 28

Survivors
Terminal sacrifice 9 1 5

Animals examined microscopically 50 50 50 50

Alimentary System

Galibladder (40) @n 32) (32)
Lymphoma malignant lymphocytic 1 (3%) 3 (9%)

Intestine large, cecum 42) (41) 39 “42)
Histiocytic sarcoma 1(2%)
Lymphoma malignant lymphocytic 2 (5%)

Intestine large, colon “44) 44) 44) (45)

Mast cell tumor NOS, metastatic, bone marrow 1 (2%)
Intestine small, duodenum 42) 338) 35) 32
ymphoma malignant lymphocytic 2 (6%)
Lymphoma malignant mixed 1(2%) 2 (6%)

Intestine small, ileum 44 (40) @37 (40)
Histiocytic sarcoma 1 (2%) 1 (3%) 1 (3%)
Lymphoma malignant lymphocytic 1 (3%) 2(5%)
Lymphoma malignant mixed 1(3%) 2 (5%)

Intestine small, jejunum “43) 3N (40) 41
Carcinoma 1 (3%)

Hemangiosarcoma, metastatic, heart 1(3%)
Histiocytic sarcoma 1 (3%) 1 (3%) 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 1 (2%)

Liver (49) (50) “9) 59)

Alveolar/bronchijolar carcinoma, metastatic,

lung 1 (2%)
Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%) 2 (4%) 1 (2%)
Hemangiosarcoma, metastatic, heart 4 (8%) 18 (36%) 2 (4%) 5 (10%)
Hepatoblastoma 1 (2%)
Hepatocellular carcinoma 9 (18%) 8 (16%) 7 (14%) 3 (6%)
Hepatocellular carcinoma, multiple 5 (10%) 2 (4%) 7 (14%) 1 (2%)
Hepatocellular adenoma 15 (31%) 10 (20%) 14 (29%) 7 (14%)
Hepatocellular adenoma, multiple 12 (24%) 9 (18%) 5 (10%) 4 (8%)
Histiocytic sarcoma 4 (8%) 5 (10%) 2 (4%) 2 (4%)
Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 11 (22%) 25 (50%)
Lymphoma malignant mixed 2 (4%) 2 (4%)
Mast cell tumor NOS, metastatic, bone marrow 2 (4%) 1 (2%) 1 (2%)

Squamous cell carcinoma, metastatic, stomach 3 (6%) 1 (2%)
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Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Alimentary System (continued)

Mesentery (13) (13) (11) “@
Adenocarcinoma, metastatic, pancreas 1 (8%)

Fat, hemangioma 2 (15%) 2 (18%)
Fat, hemangioma, multiple 1 (8%)
Fat, hemangiosarcoma 1 (8%) 1 (9%)
Fat, hemangiosarcoma, metastatic, heart 2(15%) 7 (54%)
Fat, histiocytic sarcoma 1 (25%)
Fat, lymphoma malignant lymphocytic 1 (9%)
Fat, mast cell tumor NOS, metastatic, bone
marrow 2(15%)
Fat, squamous cell carcinoma, metastatic,
stomach 2 (15%) 2 (18%) 1 (25%)

Pancreas (46) (49) 46) “49)

Acinus, adenocarcinoma 1 (2%)
Acinus, hemangiosarcoma, metastatic, heart 1 (2%)
Acinus, hemangiosarcoma, metastatic, liver 1 (2%)
Acinus, histiocytic sarcoma 2 (4%) 1 (2%) 1 (2%) 1 (2%)
Acinus, lymphoma malignant lymphocytic 1 (2%) 1 (2%) 5(11%) 13 (27%)
Acinus, lymphoma malignant mixed 1 (2%)
Acinus, squamous cell carcinoma, metastatic,

stomach 1 (2%) 1(2%)

Pharynx m 0)
Carcinoma, metastatic, Zymbal’s gland 1 (50%)
Squamous cell carcinoma 1 (50%)
Palate, mast cell tumor NOS, metastatic,

bone marrow 1 (100%)

Salivary glands (48) (48) (50) (50)
Lymphoma malignant lymphocytic 2 (4%) 10 (20%)

Stomach, forestomach (48) 48) (50) (50)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%)
Mast cell tumor NOS, metastatic, bone marrow 3 (6%) 1 (2%)
Squamous cell carcinoma 5 (10%) 4 (8%) 6 (12%)
Squamous cell papilloma 2 (4%) 4 (8%) 3 (6%) 4 (8%)
Squamous cell papilloma, multiple 1 (2%) 1(2%)

Stomach, glandular (44) “én 44 CY)
Histiocytic sarcoma 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 7 (15%)
Mast cell tumor NOS, metastatic, bone marrow 1 (2%)

Squamous cell carcinoma, metastatic, stomach 1 (2%) 1(2%) 1 (2%)

Cardiovascular System

Heart (50) (50) (50) (50)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (2%)
Carcinoma, metastatic, Zymbal's gland 1 (2%)
Hemangiosarcoma 15 (30%) 33 (66%) 7 (14%) 13 (26%)
Histiocytic sarcoma 1 (2%) 1 (2%)
Lymphoma malignant lymphocytic 4 (8%) 8 (16%) 12 (24%)

Lymphoma malignant mixed

1(2%)




276 1,3-Butadiene, NTP TR 434

TABLE C1
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Endocrine System

Adrenal gland, cortex “45) (49) (50) (50)
Adenocarcinoma, metastatic, pancreas 1(2%)

Adenoma 1 (2%)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (2%)
Lymphoma malignant lymphocytic 2 (4%) 4 (8%)
Lymphoma malignant mixed 1 (2%) 1 (2%)
Bilateral, adenoma : 1(2%)

Adrenal gland, medulla (45) (48) 49) (48)
Adenocarcinoma, metastatic, pancreas 1 (2%)

Histiocytic sarcoma 1 (2%)
Lymphoma malignant lymphocytic 1 (2%)
Pheochromocytoma benign 1 (2%) 2 (4%)

Islets, pancreatic (46) “9) (45) (48)
Adenoma 1 (2%) 1 (2%)

Pituitary gland 44 43) 43) 43)
Carcinoma, metastatic, Zymbal’s gland 1 (2%)
Lymphoma malignant lymphocytic 3 (7%) 4 (9%)
Pars intermedia, adenoma 1 (2%)

Thyroid gland (48) 49 (50) _ 49)
Lymphoma malignant lymphocytic 3(6%)
Mast cell tumor NOS, metastatic, bone marrow 1 (2%)

Follicular cell, adenoma 2 (4%) ) 1 (2%) 2 (4%)

General Body System

None

Genital System

Epididymis 49 (50) 49) (50)
Adenocarcinoma, metastatic, pancreas 1 (2%)

Hemangiosarcoma, metastatic, heart 1(2%)
Lymphoma malignant lymphocytic 3 (6%)
Lymphoma malignant mixed 1 (2%)

Preputial gland ® “ (10) ©)
Adenoma 1 (10%)

Carcinoma 3 (75%) 3 (30%) 2 (33%)
Bilateral, carcinoma 1 (13%) 1 (25%) 1 (10%) 1 (17%)

Prostate (44) (48) (48) 7
Lymphoma malignant lymphocytic 1 (2%) 511%)

Seminal vesicle 44) “én 42) “7
Hemangiosarcoma, metastatic, liver 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%)

Testes (50) (50) 50) 59
Hemangioma 1 (2%)

Lymphoma malignant lymphocytic 1(2%)
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Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Hematopoietic System

Bone marrow (509 (49) (48) 49)
Histiocytic sarcoma 3 (6%) 2 (4%) 1 (2%) 1 (2%)
Lymphoma malignant lymphocytic 4 (8%) 2 (4%) 17 (35%) 27 (55%)
Lymphoma malignant mixed 1(2%) 2 (4%)
Mast cell tumor NOS 3 (6%) 1 (2%) 1 (2%)

Lymph node (50) (50) (49) (50)
Lymphoma malignant lymphocytic 1 (2%)
Mast cell tumor NOS, metastatic, bone marrow 1 (2%)

Axillary, hemangiosarcoma, metastatic, heart 1 (2%)
Axillary, lymphoma malignant lymphocytic 1 (2%) 6 (12%) 7 (14%)
Axillary, lymphoma malignant 1(2%)
Axillary, lymphoma malignant mixed 1(2%) 1 (2%)
Deep cervical, lymphoma malignant

tymphocytic 1 (2%)
lliac, lymphoma malignant lymphocytic 1(2%) 3 (6%) 4 (8%)
Inguinal, lymphoma malignant lymphocytic 3 (6%) 4 (8%)
Inguinal, lymphoma malignant 1 (2%)
Inguinal, squamous cell carcinoma,

metastatic, stomach 1 (2%)
Pancreatic, lymphoma malignant lymphocytic 1 (2%)
Renal, histiocytic sarcoma 1 (2%) 1 (2%)
Renal, lymphoma malignant lymphocytic 3 (6%) 3 (6%) 7 (14%)
Renal, lymphoma malignant mixed 1 (2%)
Renal, squamous cell carcinoma, metastatic,

stomach 1 (2%)

Lymph node, bronchial 43) 37 (40) 41)

Adenocarcinoma, metastatic, lung 1 (3%)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (3%) 1 (2%)
Hemangiosarcoma, metastatic, heart 1 (3%) 1 (2%)
Histiocytic sarcoma 2 (5%) 3 (8%) 1 (3%) 1 (2%)
Lymphoma malignant lymphocytic 5 (12%) 3 (8%) 13 (33%) 26 (63%)
Lymphoma malignant mixed 1 (3%) 2 (5%)
Squamous cell carcinoma, metastatic, stomach 1 (3%)

Lymph node, mandibular 42) @3n (39 43)
Histiocytic sarcoma 2 (5%) 2 (5%)
Lymphoma malignant lymphocytic 2 (6%) 11 (28%) 24 (56%)
Lymphoma malignant 1 (3%)

Lymphoma malignant mixed 2 (5%) 2 (5%)
Mast cell tumor NOS, metastatic,

bone marrow 2 (5%) 1 (2%)
Squamous cell carcinoma, metastatic,

pharynx 1 (2%)

Lymph node, mediastinal 39) 41) 39) (44)

Adenocarcinoma, metastatic, lung 1 (2%)
Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (3%) 1(2%)
Hemangiosarcoma, metastatic, heart 1 (3%)
Histiocytic sarcoma 1 (3%) 4 (10%) 1 (3%) 1(2%)
Lymphoma malignant lymphocytic 6 (15%) 2(5%) 13 (33%) 27 (61%)
Lymphoma malignant 1 (3%)
Lymphoma malignant mixed 3 (8%) 2 (5%)
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TABLE C1
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)
Hematopoietic System (continued)
Lymph node, mediastinal (continued) 39 (41) 39 “4)
Mast cell tumor NOS, metastatic,
bone marrow 2 (5%)
Squamous cell carcinoma, metastatic, stomach 2 (5%) 2(5%) 2 (5%)
Lymph node, mesenteric (44) 44) (43) 48)
Hemangiosarcoma, metastatic, heart 1(2%) 1(2%)
Histiocytic sarcoma 4 (9%) 6 (14%) 2 (5%) 1 (2%)
Lymphoma malignant lymphocytic 2 (5%) 4 (9%) 12 (28%) 26 (54%)
Lymphoma malignant 1(2%) 1(2%)
Lymphoma malignant mixed 1 (2%) 2 (5%) 4 (9%) 3 (6%)
Mast cell tumor NOS, metastatic,
bone marrow 1(2%)
Squamous cell carcinoma, metastatic, stomach 3(7%) 1(2%)
Spleen @n 48) 49) (50)
Hemangiosarcoma 1(2%)
Hemangiosarcoma, metastatic, heart 1(2%) 3 (6%)
Histiocytic sarcoma 4 (9%) 4(8%) 2 (4%) 2 (4%)
Lymphoma malignant lymphocytic 3(6%) 3 (6%) 13 (27%) 27 (54%)
Lymphoma malignant mixed 2 (4%) 2 (4%) 2 (4%)
Mast cell tumor NOS, metastatic,
bone marrow 2 (4%) 1 .(2%) . 1 (2%)
Osteosarcoma, metastatic, uncertain primary
site 1 (2%)
Squamous cell carcinoma, metastatic, stomach 1 (2%)
Thymus (41) @7 @7 (40)
Histiocytic sarcoma 1 (2%) 1(3%) 1(3%)
Lymphoma malignant lymphocytic 5 (12%) 2(5%) 15 (41%) 26 (65%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 2 (5%) 1 (3%)
Mast cell tumor NOS, metastatic,
bone marrow 2(5%)
Integumentary System
Skin (50) 49) (50) (50)
Lymphoma malignant lymphocytic 1 (2%)
Mast cell tumor NOS, metastatic, bone marrow 1(2%)
Sebaceous gland, adenoma 2 (4%) 2 (4%)
Subcutaneous tissue, hemangioma 1 (2%)
Subcutaneous tissue, hemangiosarcoma 1 (2%) 1 (2%)
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart 2 (4%) 4 (8%)
Subcutaneous tissue, leiomyosarcoma 1 (2%)
Subcutaneous tissue, lymphoma malignant
lymphocytic 1 (2%)
Subcutaneous tissue, lymphoma malignant
mixed 1(2%)

Subcutaneous tissue, squamous cell carcinoma,
metastatic, stomach 1 (2%)
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Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)
Musculoskeletal System
Bone (50) (50) (50) (50)
Neuroblastoma malignant, metastatic, brain 1 (2%)
Skeletal muscle (03] (0))
Lymphoma malignant lymphocytic 1 (50%)
Abdominal, squamous cell carcinoma,
metastatic, stomach 1 (50%)
Diaphragm, hemangiosarcoma, metastatic,
liver 1 (50%)
Diaphragm, squamous cell carcinoma,
metastatic, stomach 1 (50%)
Nervous System
Brain (50) (50) 50 (50)
Adenocarcinoma, metastatic, harderian gland 1 (2%)
Hemangiosarcoma, metastatic, heart 5 (10%)
Histiocytic sarcoma 2 (4%) 2 (4%) 1 (2%) 1 (2%)
Lymphoma malignant lymphocytic 4 (8%) 13 (26%)
Mast cell tumor NOS, metastatic,
bone marrow 1 (2%)
Olfactory lobe, glioma malignant 2 (4%) 1 (2%)
Olfactory lobe, neuroblastoma malignant 2 (4%)
Spinal cord ) (03]
Lymphoma malignant lymphocytic 1 (100%) 2 (100%)
Respiratory System
Lung (50) (50) (50) (50)
Adenocarcinoma 1 (2%)
Adenocarcinoma, multiple 1(2%)
Adenocarcinoma, metastatic, harderian gland 2 (4%) 2 (4%) 3 (6%)
Alveolar/bronchiolar adenoma 16 (32%) 14 (28%) 11 (22%) 7 (14%)
Alveolar/bronchiolar adenoma, multiple 8 (16%) 12 (24%) 6 (12%) 5 (10%)
Alveolar/bronchiolar carcinoma 13 (26%) 9 (18%) 12 (24%) 6 (12%)
Alveolar/bronchiolar carcinoma, multiple 9 (18%) 6 (12%) 5 (10%) 5 (10%)
Carcinoma, metastatic, preputial gland 1 (2%)
Carcinoma, metastatic, Zymbal’s gland 1 (2%) 1 (2%)
Hemangiosarcoma, metastatic, heart 3 (6%) 18 (36%) 1 (2%) 3 (6%)
Hemangiosarcoma, metastatic, liver 1 (2%) 1 (2%) 1 (2%)
Hepatocellular carcinoma, metastatic, liver 2 (4%) 1(2%) 5 (10%)
Histiocytic sarcoma 4 (8%) 5 (10%) 2 (4%) 2 (4%)
Lymphoma malignant lymphocytic 6 (12%) 1 (2%) 9 (18%) 23 (46%)
Lymphoma malignant 1 (2%)
Lymphoma malignant mixed 1 (2%) 2 (4%)
Mast cell tumor NOS, metastatic,
bone marrow 1 (2%)
Osteosarcoma, metastatic, uncertain primary
site 1(2%)
Squamous cell carcinoma, metastatic, stomach 1 (2%) 1 (2%) 1 (2%)
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TaBLE C1
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Respiratory System (continued)

Lung (continued) (50) (50) (50) (50)
Mediastinum, adenocarcinoma, metastatic, lung 1(2%)

Mediastinum, alveolar/bronchiolar carcinoma,

metastatic, lung 1 (2%) 1 (2%)
Mediastinum, carcinoma, metastatic, Zymbal’s

gland 1 (2%)
Mediastinum, hemangiosarcoma, metastatic, heart 1 (2%) 1(2%)
Mediastinum, histiocytic sarcoma 1 (2%)

Nose (49) (49) (50) (50)
Lymphoma malignant lymphocytic 3 (6%) 6 (12%)
Mast cell tumor NOS, metastatic, bone marrow 1(2%)

Neuroblastoma malignant, metastatic, brain 1 (2%)

Special Senses System

Eye ) ) ) ®
Adenocarcinoma, metastatic, harderian gland 1 (25%)

Harderian gland (48) (48) ) (36)
Adenocarcinoma 2 (4%) 1 (2%) 4 (10%)

Adenoma 22 (46%) 20 (42%) 13 (31%) 10 (28%)
Bilateral, adenocarcinoma 1 (2%)
Bilateral, adenoma 4 (8%) 8 (17%) 7 (17%) 3 (8%)

Zymbal’s gland )} 3 ©
Carcinoma 1 (100%) 2 (67%) 2 (100%)

Urinary System

Kidney (48) 49) (50) (50)
Adenocarcinoma, metastatic, pancreas 1 (2%)

Adenoma 1(2%)
Hemangiosarcoma, metastatic, heart 1 (2%) 6 (12%) 1 (2%) 1(2%)
Hemangiosarcoma, metastatic, mesentery 1(2%)
Histiocytic sarcoma 2 (4%) 4 (8%) 2 (4%) 2 (4%)
Lymphoma malignant lymphocytic 2 (4%) 1(2%) 7 (14%) 23 (46%)
Lymphoma malignant mixed 1 (2%) 2 (4%)
Mast cell tumor NOS, metastatic, bone marrow 1 (2%) 1 (2%)
Osteosarcoma, metastatic, uncertain primary

site 1 (2%)
Squamous cell carcinoma, metastatic, stomach 1 (2%) 1 (2%)
Renal tubule, adenoma 4 (8%) 2 (4%) 1 (2%) 1 (2%)

Urinary bladder “43) @7 (46) (48)
Hemangioma 1(2%)

Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 13 (27%)

Systemic Lesions

Multiple organsb (50) (50) 50) (50)
Histiocytic sarcoma 5 (10%) 7 (14%) 2 (4%) 2 (4%)
Lymphoma malignant 1 (2%) 1 (2%)

Lymphoma malignant lymphocytic 6 (12%) 4 (8%) 17 (34%) 30 (60%)

Lymphoma malignant mixed 1 (2%) 3 (6%) 5 (10%) 3 (6%)
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TasLE C1
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)
Neoplasm Summary
Total animals with primary neoplasms® 49 50 49 49
Total primary neoplasms 167 174 160 120
Total animals with benign neoplasms 41 41 34 22
Total benign neoplasms 94 85 73 41
Total animals with malignant neoplasms 43 50 49 49
Total malignant neoplasms 70 88 87 78
Total animals with metastatic neoplasms 14 3 16 13
Total metastatic neoplasm 48 98 32 43
Total animals with malignant neoplasms
uncertain primary site 1
Total animals with neoplasms uncertain-
benign or malignant 3 1 1
Total uncertain neoplasms 3 1 1

3 Number of animals examined microscopically at site and number of animals with lesion
Number of animals with any tissue examined microscopically
¢ Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks

Number of Days on Study
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Mast cell tumor NOS, metastatic,
bone marrow
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Histiocytic sarcoma
Intestine small, jejunum
Liver
Hemangioma
Hemangiosarcoma, metastatic, heart X
Hepatocellular carcinoma X X XX
Hepatocellular carcinoma, multiple X
Hepatocellular adenoma X XX X X X
Hepatocellular adenoma, multiple X X
Histiocytic sarcoma XX
Mast cell tumor NOS, metastatic,
bone marrow
Mesentery + +
Fat, hemangioma
Fat, hemangioma, multiple
Fat, hemangiosarcoma
Fat, hemangiosarcoma, metastatic,
heart
Fat, mast cell tumor NOS, metastatic,
bone marrow
Pancreas A+ +++++A++A+++++ A+
Acinus, histiocytic sarcoma
Pharynx
Palate, mast cell tumor NOS,
metastatic, bone marrow
Salivary glands
Stomach
Stomach, forestomach
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell papilioma X
Squamous cell papilloma, multiple
Stomach, glandular A+A++++A++AA++++A++++ + + + +
Mast cell tumor NOS, metastatic,
bone marrow X
Tooth + +
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+: Tissue examined microscopically M: Missing tissue X: Lesion present
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)

6 6 6 66666 6666666467777 71717717
Number of Days on Study 1223555555669999222222222
13980111895 768289999999999
2122222222221221111222222
Carcass ID Number 0900000O000O0O0O9Y0099990000O00O0 Total
593461453364 705778901122°5 Tissues/
235111543443135354524233¢53 Tumors
Alimentary System
Esophagus + +M++++++++++F+F o+ 48
Gallbladder +++ +++++++++10 +++ A+ 40
Intestine large ++ 4+ ++++++ R+ 45
Intestine large, cecum +++++++ 4+ ++++4++ 4+ + 42
Intestine large, colon +++++++++ A+ 44
Mast cell tumor NOS, metastatic,
bone marrow 1
Intestine large, rectum +++++++++++ S+t 44
Intestine small ++++++++++++F A+ A+ 44
Intestine small, duodenum +++++++++++++++++++ A+ 42
Intestine small, ileum +++++++++++++++4+++ 4+ 4+ 4+ ++ 4+ + 44
Histiocytic sarcoma 1
Intestine small, jejunum +++++++++ A+t 43
Liver + + + + + + + + + + + + + + + + + + + + + 49
Hemangioma X 1
Hemangiosarcoma, metastatic, heart X X 4
Hepatocellular carcinoma X X 9
Hepatocellular carcinoma, multiple X X X X 5
Hepatocellular adenoma XX XXX X X X 15
Hepatocellular adenoma, multiple X X X X X XXXX X 12
Histiocytic sarcoma X X 4
Mast cell tumor NOS, metastatic,
bone marrow X 2
Mesentery + + + + + + + + + + 13
Fat, hemangioma X X 2
Fat, hemangioma, multiple X 1
Fat, hemangiosarcoma X 1
Fat, hemangiosarcoma, metastatic,
heart X X 2
Fat, mast cell tumor NOS, metastatic,
bone marrow X 2
Pancreas +++++++++++++++4+++4+F A+ 46
Acinus, histiocytic sarcoma 2
Pharynx 1
Palate, mast cell tumor NOS,
metastatic, bone marrow 1
Salivary glands +++++++++ D+ 48
Stomach +++++++++++4+++++ 4+ ++4+4++++ + 48
Stomach, forestomach +++++ 4+ ++++++++++++++F+++++ 48
Mast cell tumor NOS, metastatic,
bone marrow X X 3
Squamous cell papilloma X 2
Squamous cell papilloma, multiple X 1
Stomach, glandular ++++++++++++++++++FFF A+ + 44
Mast cell tumor NOS, metastatic,
bone marrow

Tooth + + 4+ + 6
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)

2223344444445 5555555552525¢6
Number of Days on Study 0363904638888 1111115¢67778290
812097081 8902234657626 458
2221122122222222211111122
Carcass ID Number 0009 9009000O0O0O0OO0O0O0O99999 900
0 3089639464101 22578287829¢62
1153422525442541131422132
Cardiovascular System
Heart ++ +++++++++++++++++ 4+ 4+ + + +
Hemangiosarcoma X X
Endocrine System
Adrenal gland A+ ++++++++AA++++A+++++++ +
Adrenal gland, cortex A+ ++++++++AA++++A+++++ 4+ +
Adenoma
Alveolar/bronchiolar carcinoma,
metastatic, lung
Adrenal gland, medulla A+ ++++++++AA++++A+++++++ +
Islets, pancreatic A+ +++++A++A+++++A+++++++ +
Adenoma X
Parathyroid gland A+ +++M+M++M+++M+++4+++++ + +
Pituitary gland Al ++++++++1 ++++++11 +++ + + +
Pars intermedia, adenoma X
Thyroid gland A+ ++++++++A+++++++++++++ +
Mast cell tumor NOS, metastatic,
bone marrow X
Follicular cell, adenoma
General Body System
None
Genital System
Epididymis A+ ++++++++++++++++++++++ +
Hemangiosarcoma, metastatic, heart
Penis + +
Preputial gland + + +
Bilateral, carcinoma
Prostate A+ +++++A++AA++++AM++++ + + +
Seminal vesicle A+A++++A++A+++++AA+++ ++ + +
Testes +++++++++++++++++++++++++
Hematopoietic System
Blood
Bone marrow +++++++++++++H+++++++++++++
- Histiocytic sarcoma XX
Mast cell tumor NOS X
Lymph node ++++++++++F+F+F A+t
Mast cell tumor NOS, metastatic,
bone marrow
Lymph node, bronchial +++++++++++++++++++++M++M
Histiocytic sarcoma X
Lymph node, mandibular A+++++M++++++M++M+++++ + + +
Histiocytic sarcoma X

Mast cell tumor NOS, metastatic,
bone marrow X
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)
6 6 666666666 6666677771717 77T717
Number of Days on Study 122355555566 9999222222223:2
139801118957 6889999999999
2122222222221221111222222
Carcass ID Number 09000000O0O0O0O0O90099990000O0O0 Total
5934614533647 05778901122S:5 Tissues/
2351115434 43135545242233573 Tumors
Cardiovascular System
Heart + + + + + +++++ 4+ +++++4++4+++++ + 50
Hemangiosarcoma X X XX XX XX X X X X X 15
Endocrine System
Adrenal gland +M+++++++++++++++++++++++ 45
Adrenal gland, cortex + M+ ++++++++++++++++F+ 4+t 45
Adenoma X 1
Alveolar/bronchiolar carcinoma,
metastatic, lung X 1
Adrenal gland, medulla + M+ ++++++++++++++++++++++ 45
Islets,pancreatic + 4+ ++++++4++++++4++++++++++ + 46
Adenoma 1
Parathyroid gland +++M+++++++++MMI ++++M+ + + + 40
Pituitalyg]and +++++++++++++++++++++M+++ 44
Pars intermedia, adenoma 1
Thyroid gland ++++++++++++++++++++++++ + 48
Mast cell tumor NOS, metastatic,
bone marrow 1
Follicular cell, adenoma X X 2
General Body System
None
Genital System
Epididymis +++++++++ A+ A+ 49
Hemangiosarcoma, metastatic, heart X 1
Penis + + 4
Preputial gland + + + + + 8
Bilateral, carcinoma X 1
Prostate ++++++++++ 44
Seminal vesicle +++++++++++++++++++++++ 4+ + 4
Testes +++++++++++F A F A+ 50
Hematopoietic System
Blood
Bone marrow ++++++++F++F A+ F A+ 50
Histiocytic sarcoma X 3
Mast cell tumor NOS X X 3
Lymph node +++++++++ o+ 50
Mast cell tumor NOS, metastatic,
bone marrow X 1
Lymph node, bronchial +M+M++++++++MM+M+++++ + + + + 43
Histiocytic sarcoma X 2
Lymph node, mandibular +++++++MMM++++++++++M+ + + + 42
Histiocytic sarcoma X 2
Mast cell tumor NOS, metastatic,
bone marrow X 2
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)

2 2233444444455 555555555H5@%6
Number of Days on Study 0363904688881 1111156778890
81209708118 9022346157¢6¢6 458
2221122122222222211111122
Carcass ID Number 00099009000 000O0O0O0O0C99999900
0308963946 4101225788778962
115342252544 2541131422132
Hematopoietic System (continued)
Lymph node, mediastinal ++++++++M++++++M+++++++M+
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X
Mast cell tumor NOS, metastatic,
bone marrow X
Lymph node, mesenteric M+ +++++A++A+++++++++++++M
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma XX
Mast cell tumor NOS, metastatic,
bone marrow X
Spleen A+ ++++++++++++++AA+++++ 4+ +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X
Mast cell tumor NOS, metastatic,
bone marrow X
Thymus +++M++++++M++++++++M++++M
Histiocytic sarcoma X
Mast cell tumor NOS, metastatic,
bone marrow X

Integumentary System
Mammary gland MMMMMMMMMM+MM+MMMMM+MMMMM
+ + + + + +

Skin + + + + + + + + + + + + + + + + + + +
Mast cell tumor NOS, metastatic,
bone marrow X
Subcutaneous tissue, hemangioma X
Subcutaneous tissue, hemangiosarcoma X

Subcutaneous tissue, hemangiosarcoma,
metastatic, heart

Musculoskeletal System
Bone ++++++++ A+t

Nervous System
Brain ++++++++++ A+
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow X

»+
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TABLE C2

Individual Animal Tumer Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

200 ppm for 40 Weeks (continued)
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Hematopoietic System (continued)
Lymph node, medijastinal
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Lymph node, mesenteric
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Spleen
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Thymus
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
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Integumentary System
Mammary gland
Skin
Mast cell tumor NOS, metastatic,
bone marrow
Subcutaneous tissue, hemangioma

Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, hemangiosarcoma,

metastatic, heart
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Musculoskeletal System
Bone

Nervous System
Brain
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow

>+
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)

22233444444 455555555555H5@6
Number of Days on Study 0363904688881 111115¢677789°0
812097 0811890223465 7°63264753 8
2221122122222222211111122
Carcass ID Number 0009900900 00O0O0OO0O0OO0UO99999900
0 3089639464101 2257828789¢62
1153422525 442541131422132
Respiratory System
Larynx A+l +++++++A++++++A++++ 4+ + +
Lung + +++++++++++++++++ 4+ + + + + +
Adenocarcinoma, metastatic,
harderian gland X X
Alveolar/bronchiolar adenoma X X X X X X X
Alveolar/bronchiolar adenoma,
multiple X
Alveolar/bronchiolar carcinoma X X X X X
Alveolar/bronchiolar carcinoma,
multiple X X
Hemangiosarcoma, metastatic, heart X X
Hepatocellular carcinoma, metastatic,
liver ’ X
Histiocytic sarcoma XX

Mast cell tumor NOS, metastatic,
bone marrow
Nose +++++++++++++++F+ A+
Mast cell tumor NOS, metastatic,
bone marrow
Trachea A+++++++++A++++++A+++++++

Special Senses System

Ear +

Eye

Harderian gland M+M+ +++++ + + +
Adenocarcinoma
Adenoma X X
Bilateral, adenoma

Zymbal’s gland
Carcinoma

» X+
®+

Urinary System
Kidney A+ ++++++++A++++++++++++ + +
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic,
mesentery
Histiocytic sarcoma X
Mast cell tumor NOS, metastatic,
bone marrow X
Renal tubule, adenoma X X
Urethra
Urinary bladder A+A++++A++AA++++FAA++++ + + +

Systemic Lesions
Multiple organs + +++++++++++++++++ 4+ +
Histiocytic sarcoma
Lymphoma malignant X
Lymphoma malignant lymphocytic X X X X
Lymphoma malignant mixed

»% +
"+




Lesions in Stop-Exposure Inhalation Study Male Mice 289

TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm for 40 Weeks (continued)

6 6 6 6 666 66 666 66667777717 177177
Number of Days on Study 122355555566 9999222222222
1398011189576 889999999999
2122222222221221111222222
Carcass ID Number 0 9000000O0O0CO0UO0OU9TO0O0O999900000°0 Total
59346145336 4705778901122S°5 Tissues/
235111543443 1351545242131353 Tumors
Respiratory System
Larynx ++ ++ + 4+ + + + + +++ 4+ ++++4++++ + + 46
Lung ++++++++++++++++++++++++ + 50
Adenocarcinoma, metastatic,
harderian gland 2
Alveolar/bronchiolar adenoma X X X X XXX X X 16
Alveolar/bronchiolar adenoma,
multiple X X X X X X X 8
Alveolar/bronchiolar carcinoma XXX X X X X X 13
Alveolar/bronchiolar carcinoma,
multiple X X X X X XX 9
Hemangiosarcoma, metastatic, heart X 3
Hepatocellular carcinoma, metastatic,
liver X 2
Histiocytic sarcoma X X 4
Mast cell tumor NOS, metastatic,
bone marrow X 1
Nose ++++++++++++++++4++4++++++ + 49
Mast cell tumor NOS, metastatic,
bone marrow X 1
Trachea + ++++++++++F+++++++++++++ + 47
Special Senses System
Ear 1
Eye + 1
Harderian gland ++ ++++++++++++++++++++++ + 48
Adenocarcinoma 2
Adenoma X X X X X XXXX X X X X X 22
Bilateral, adenoma X X X X ’ 4
Zymbal’s gland + 1
Carcinoma X 1
Urinary System
Kidney +++++++F+FF A+ o+ 48
Hemangiosarcoma, metastatic, heart X 1
Hemangiosarcoma, metastatic,
mesentery X 1
Histiocytic sarcoma X 2
Mast cell tumor NOS, metastatic,
bone marrow 1
Renal tubule, adenoma X X 4
Urethra + 1
Urinary bladder + 4+ 4+ ++++++++++++++++++++ + + 43
Systemic Lesions
Multiple organs ++++++++++ A+ F A+ 50
Histiocytic sarcoma X X X 5
Lymphoma malignant 1
Lymphoma malignant lymphocytic X X 6
Lymphoma malignant mixed X 1
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TABLE C2 .

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm for 52 Weeks
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Histiocytic sarcoma
Intestine small, jejunum
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Liver
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Hemangiosarcoma
Hemangiosarcoma, metastatic, heart X X XXX XXX X X X
Hepatoblastoma
Hepatocellular carcinoma X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X X X X
Hepatocellular adenoma, multiple X X
Histiocytic sarcoma X X X
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell carcinoma, metastatic,
stomach
Mesentery +
Adenocarcinoma, metastatic, pancreas
Fat, hemangiosarcoma, metastatic,
heart X X X X
Fat, squamous cell carcinoma,
metastatic, stomach X
Pancreas + + ++ +A++ + +
Acinus, adenocarcinoma
Acinus, hemangiosarcoma, metastatic,
heart X
Acinus, histiocytic sarcoma
Acinus, squamous cell carcinoma,
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metastatic, stomach X

Salivary glands +++++A++++++++ 4+ A+ A+ +ME A+
Stomach +++++A+++++ A+t
Stomach, forestomach +++++A++++ A+ o+
Squamous cell carcinoma X

Squamous cell papilloma X X
Stomach, glandular A+ +++A+++++++++++++++++++

Squamous cell carcinoma, metastatic,
stomach
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm for 52 Weeks (continued)

4 555555555555 6¢6¢6262626262¢6¢66 77
Number of Days on Study 9011334455¢67900123334¢62622
56 069966 493334761525 79946109
2222222222222 222222222222
Carcass ID Number 101101110111111111106001201 Total
392493368355562110077177G68 4 Tissues/
1231453144351 212353312412 Tumors
Alimentary System
Esophagus +++++++++++M++++M++++M+M+ 46
Gallbladder + +MA++++++A+A++++A++AM+ + + 27
Intestinelarge +++ A+ +++++++++++++4+++++++ 48
Intestine large, cecum + 4+ +A+++++++++++ A+ A+ 41
Intestine large, colon +++A+++++++F+F++++++ A+ 44
Intestinelarge,rectum +++ A+ +++++++++++4++ A+ + 48
Intestine small +++++++++++++++++A++A+F A+ + A+ 44
Intestine small, duodenum +++ A+ +++++++M++++A++AF+ 4+ 38
Intestine small, ileum +++A++++++++++ A TA A+ 40
Histiocytic sarcoma X 1
Intestine small, jejunum ++++++++++++++++H A+ A+ + A 37
Hemangiosarcoma, metastatic, heart X 1
Histiocytic sarcoma 1
Liver + + ++++++++++++++++++++ 4+ + + 50
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Hemangiosarcoma X 1
Hemangiosarcoma, metastatic, heart X X X X X X X 18
Hepatoblastoma X 1
Hepatocellular carcinoma X X X X X 8
Hepatocellular carcinoma, multiple X X 2
Hepatocellular adenoma X X X X X 10
Hepatocellular adenoma, multiple X X X XX X X 9
Histiocytic sarcoma X X 5
Mast cell tumor NOS, metastatic,
bone marrow X 1
Squamous cell carcinoma, metastatic,
stomach X X 3
Mesentery + + + + + + + 13
Adenocarcinoma, metastatic, pancreas 1
Fat, hemangiosarcoma, metastatic,
heart X X X 7
Fat, squamous cell carcinoma,
metastatic, stomach X 2
Pancreas ++++++F++ A+ + A FF A+ 49
Acinus, adenocarcinoma 1
Acinus, hemangiosarcoma, metastatic,
heart 1
Acinus, histiocytic sarcoma X 1
Acinus, squamous cell carcinoma,
metastatic, stomach 1
Salivary glands ++++++++++4++++++++4+++++ 4+ + 48
Stomach ++++++++++++++++++++++M++ 48
Stomach, forestomach ++++++++++++++++++++++M++ 48
Squamous cell carcinoma XXX X 5
Squamous cell papilloma X X 4
Stomach, glandular ++++++++++++++++++++++M++ 47

Squamous cell carcinoma, metastatic,
stomach 1
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm for 52 Weeks (continued)

22333333333 44444 4444444424
Number of Days on Study 18122466689 022234444477909
79468 4449221258813369¢629204
2222222222222222222222222
Carcass ID Number 0011010011111 011101111011
9 7119488502527 2018¢64349¢60
34541423222445541553255231
Cardiovascular System
Heart ++++++++++ A+
Hemangiosarcoma XXXXXX XXX XXX XXX
Histiocytic sarcoma
Endocrine System
Adrenal gland + ++++A+++++++++++++++++++
Adrenal gland, cortex + ++++A++++++++++++++++++ +
Adenocarcinoma, metastatic, pancreas X
Adrenal gland, medulla M+ +++A+++++++++++++++++ + +
Adenocarcinoma, metastatic, pancreas X
Pheochromocytoma benign X
Islets, pancreatic +++++A+++++++ 4+ ++
Adenoma
Parathyroid gland M+ +++++++++++++++++++M+ + +
Pituitary gland I +++++1 ++M++1 +1 +++++1 + + + +
Thyroid gland +++++A+++++++++++++F+ 4+ 4+ 4+ ++
Follicular cell, adenoma
General Body System
None
Genital System
Epididymis +++++++++++F++ o+
Adenocarcinoma, metastatic, pancreas X
Preputial gland
Carcinoma
Bilateral, carcinoma
Prostate +++++A++++++++FM++++++++++
Seminal vesicle +++++A+++++++++4+++++A++ A+
Testes ++++++++++++++++++++++++ +
Hematopoietic System
Blood
Bone marrow + ++++A++++++++++++++++++ +
Histiocytic sarcoma X
Mast cell tumor NOS
Lymph node ++++++++++++++++++++++++ +
Axillary, hemangiosarcoma,
metastatic, heart : X
Renal, histiocytic sarcoma
Renal, squamous cell carcinoma,
metastatic, stomach X
Lymph node, bronchial M++++++MMM+MMM+M+M+MM+M+ +
Adenocarcinoma, metastatic, lung X
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X
Squamous cell carcinoma, metastatic,
stomach

Lymph node, mandibular +++++++MMM+MMM+M++MMM+ + + +
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm for 52 Weeks (continued)
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Number of Days on Study
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Cardiovascular System
Heart
Hemangiosarcoma
Histiocytic sarcoma
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Endocrine System

Adrenal gland

Adrenal gland, cortex
Adenocarcinoma, metastatic, pancreas

Adrenal gland, medulla
Adenocarcinoma, metastatic, pancreas
Pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland

Pituitary gland

Thyroid gland
Follicular cell, adenoma

+ 4+ +
++ +
+ + +
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General Body System
None

Genital System
Epididymis
Adenocarcinoma, metastatic, pancreas
Preputial gland
Carcinoma
Bilateral, carcinoma
Prostate
Seminal vesicle
Testes

++ +
++ +
++ +
++ +
+ + +
+ 4+ +
++ +
++ +
+ + +
+ + +
+ + +
++ +
+ + +
+ + +
+ + +
+ + +
+ + +
+ 4+ 4+
+ + +
+ + +
+ + +
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X+

+

¥+

+++ X+
++ 4+ X+

+
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Hematopoietic System
Blood
Bone marrow
Histiocytic sarcoma
Mast cell tumor NOS
Lymph node
Axillary, hemangiosarcoma,
metastatic, heart
Renal, histiocytic sarcoma
Renal, squamous cell carcinoma,
metastatic, stomach
Lymph node, bronchial
Adenocarcinoma, metastatic, lung
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mandibular
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+ X
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm for 52 Weeks (continued)

223333333334444444444444214
Number of Days on Study 18122466689 0222344444717909
79468 4449221258813369¢69°0 4
2222222222222222222222222
Carcass ID Number 0011010011111 011101111011
9 7119488502527 2018%64349¢6620
345414232224 45541553255131
Hematopoietic System (continued)
Lymph node, mediastinal ++++MM++M++++++++++M++M+ +
Adenocarcinoma, metastatic, lung X
Histiocytic sarcoma X X
Squamous cell carcinoma, metastatic,
stomach X
Lymph node, mesenteric ++++MM+++++1 ++M++++++++M+
Hemangiosarcoma, metastatic, heart X
Histiocytic sarcoma X X X
Squamous cell carcinoma, metastatic,
stomach X
Spleen A+ +++A+++++++++++++++++++
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X X X

Mast cell tumor NOS, metastatic,
bone marrow

Thymus ++1 +++++++M++++1 M+ +M++ + + +
Histiocytic sarcoma

Integumentary System
Mammary gland
Skin
Sebaceous gland, adenoma
Subcutaneous tissue, hemangiosarcoma,
metastatic, heart X X
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach X

+2
+
+2
+Z
+Z
+Z
+2
+2
+Z
+2

+
+Z
+2
+2
+2
+Z
+Z
+Z
+Z
+Z
+Z
+Z

K X+ Z

Musculoskeletal System

Bone ++++++++++ o+
Skeletal muscle

Nervous System
Brain + 4+ ++ ++ + +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma X

>+
X+
¥+
o+

Respiratory System

Larynx +++++A+++++++++++++++++++

Lung + 4+ + + + +
Adenocarcinoma
Adenocarcinoma, metastatic,
harderian gland X
Alveolar/bronchiolar adenoma X X X XXXX X
Alveolar/bronchiolar adenoma,
multiple X
Alveolar/bronchiolar carcinoma X X
Alveolar/bronchiolar carcinoma,
multiple X

¥+
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm for 52 Weeks (continued)
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Number of Days on Study

Carcass ID Number
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Total
Tissues/
Tumors

Hematopoietic System (continued)
Lymph node, mediastinal
Adenocarcinoma, metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Spleen
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Thymus
Histiocytic sarcoma

» +

+ ¥

» o+

>+

+ %

+ %

®+

z

Integumentary System
Mammary gland
Skin
Sebaceous gland, adenoma

Subcutaneous tissue, hemangiosarcoma,

metastatic, heart
Subcutaneous tissue, squamous cell
carcinoma, metastatic, stomach
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+ X
X+ 2

+2
Z+

+2
+
+

+ =2
+2

+ 2
+ 2
+ =
+2
+ 2
+ X
+ 2
+=
+ 2
+=

+ X
+ X
+ X

Musculoskeletal System
Bone
Skeletal muscle

L+

Nervous System
Brain
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma

»+

Respiratory System
Larynx
Lung
Adenocarcinoma
Adenocarcinoma, metastatic,
harderian gland
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma
Alveolar/bronchiolar carcinoma,
multiple
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm for 52 Weeks (continued)

H
S

Number of Days on Study

o

SN =N LS I
&S

—
“neeoN [P RP -

-

Carcass ID Number

wwoonwn ~ - N
LR I -2 ) L -2 -3 N
Do N[ W
LN ) AN W
- VWO N] N W
- L S & W
N ON o N W
WX oN P K- W)
N = N O AW
NO =N [ S V]
NN - [ S -7
SN =N

[V B B2 ] (V.3 S -
(V.3 SIS N [ 2 SR 3
oSO =N oW e
e N

L7 - W 8 W a b
W h =N N &b
W =N -2 W
(7 N ) AN
Moo N|l OIa
WA= N S v
- N L S -2 N

Respiratory System (continued)
Lung (continued)
Hemangiosarcoma, metastatic, heart X X X X XXX X X X X
Hemangiosarcoma, metastatic, liver
Hepatocellular carcinoma, metastatic,
liver X
Histiocytic sarcoma X X X
Squamous cell carcinoma, metastatic,
stomach
Mediastinum, hemangiosarcoma,
metastatic, heart
Nose + +
Trachea + +

>+
+
-+
> »
+
<+
+
+
+
+
+
+
+
+
+ +
+
+
> +
+
+
+

Special Senses System

Ear

Eye +
Adenocarcinoma, metastatic,

harderian gland

Harderian gland ++++++++++++++1 +
Adenocarcinoma
Adenoma X X X X X X
Bilateral, adenocarcinoma
Bilateral, adenoma X

+

x4+ X
2
+
+
+
+
+
+
+

Urinary System

Kidney +++++A+++ 4+
Adenocarcinoma, metastatic, pancreas
Adenoma
Hemangiosarcoma, metastatic, heart X X X
Histiocytic sarcoma X X
Renal tubule, adenoma

Un'narybladder A+ +++A++++++++++++++ A+ ++ +

¥+

Systemic Lesions
Multiple organs + +
Histiocytic sarcoma
Lymphoma malignant X
Lymphoma malignant lymphocytic X X
Lymphoma malignant mixed X

>+
x +
»®+
* +
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm for 52 Weeks (continued)
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Number of Days on Study

A =

~- o

Carcass ID Number

L) =N W O &

NV oN A O W

W= S =

- = N

LS - I ] O W W

W= O W

WWwW=N - S V]

Ll - S ] N &

S 00O N & wn

W o= N o WA th

W= N WA W

[V IRV N W\ W

[ W S ] W O

=N L O N

- = N

0= =N (- L -

W= =N L% T S - Y

“n o= N AL L7 - Y

W o N N W

WNOoN o W

[ SRS T ] -2 -

VNON LN - )

=N [- - -
-0 o N [N SIS ]

[ S IE S ] N9

Total
Tissues/
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Respiratory System (continued)
Lung (continued)
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, liver
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Mediastinum, hemangiosarcoma,
metastatic, heart
Nose
Trachea

Special Senses System
Ear
Eye
Adenocarcinoma, metastatic,
harderian gland
Harderian gland
Adenocarcinoma
Adenoma
Bilateral, adenocarcinoma
Bilateral, adenoma

QA

R R -

Urinary System

Kidney
Adenocarcinoma, metastatic, pancreas
Adenoma
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Renal tubule, adenoma

Urinary bladder

+ >

+ X

Evaom~m$

Systemic Lesions
Multiple organs
Histiocytic sarcoma
Lymphoma malignant
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks

111 22222222223333334455757H5
Number of Days on Study 6890234577889 01245711702335
954841710145¢63272200162093
11711111111111111111111111
Carcass ID Number 8 77887 8888888888788 787878
5886 47263450411293681929°H5
5255112215 432523224143152
Alimentary System
Esophagus ++++++++++++++++++++MM+M+
Galibladder AAAAA+++A+AAAAA+++A+A+ ++ +
Intestine large +++A++++++++++A+FHFAF A+ ++
Intestine large, cecum +A+AA+++++F+TAAAA+++A+A++ ++
Intestine large, colon +++A+++++++++AA++H+FA++++ ++
Intestine large, rectum +A+A+M++++++++A+++FA+F A+ +++
Intestine small +AA+++++A++FTAAA+ AL+ ++++
Intestine small, duodenum MAAAA+++A+AAAAM+ ++A+++++M
Intestine small, ileum + AA+A+++A+FAAAAA+++A+A+++ +
Intestine small, jejunum +AA+++++A++HHFAAA++H+HFAF L+ ++A
Carcinoma
Histiocytic sarcoma
Liver + +++++++ AT+ A+
Hemangiosarcoma
Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma XX
Hepatocellular adenoma, multiple X X
Histiocytic sarcoma
Mesentery + +
Fat, hemangioma
Fat, hemangiosarcoma
Fat, squamous cell carcinoma,
metastatic, stomach X
Pancreas + A+ +++++++++++A+FF AT+ ++
Acinus, histiocytic sarcoma
Salivary glands ++++++++++++++++++++++++ +
Stomach +++++++++++++++++4++++++++
Stomach, forestomach + ++++++++++++ A+
Squamous cell carcinoma X
Squamous cell papilloma XX
Squamous cell papilloma, multiple
Stomach, glandular ++++A+++A+++++FAF+H+H+FASF+++
Squamous cell carcinoma, metastatic, :
stomach X
Tooth +

Cardiovascular System
Heart + 4+ +++++++++++F A+ +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Hemangiosarcoma
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)

5555555666666 ¢6¢6¢6¢6¢67777717717
Number of Days on Study 566 689911233356717990222222
86 770551731880672373999299
111111111111 1111111111111
Carcass ID Number 87 78 788888888887 787877828S8 Total
48707056 30213027958¢679134 Tissues/
435231333551 4444414121353 Tumors
Alimentary System
Esophagus +++++++++++++++++++++++++ 47
Gallbladder +A++++++A+++AA+TFFA+F A+ +++ 32
Intestine large ++++++++++++A+F++H+H 4+ F A+ + 46
Intestine large, cecum +A++++++++++A+++++++++ 4+ + 39
Intestine large, colon +A+++++-&++++A++++++++++++ 44
Intestine large, rectum +++++++F+++ A+ + 44
Intestine small + A+ +++++++++A++++++++++++ 41
Intestine small, duodenum +A++++++++++A+F+++F+F A+ 35
Intestine small, ileum +A++++++++++A+++++4+++++ 4+ + 37
Intestine small, jejunum +A++++++++++AF S+ 40
Carcinoma X 1
Histiocytic sarcoma X 1
Liver +++++++++4+++++++4++++++++ + 49
Hemangiosarcoma X X 2
Hemangiosarcoma, metastatic, heart X X 2
Hepatocellular carcinoma X X X 7
Hepatocellular carcinoma, multiple X X X X X XX 7
Hepatocellular adenoma XXX X X X X X X 14
Hepatocellular adenoma, multiple X X X 5
Histiocytic sarcoma X X 2
Mesentery + + + + + + + + + 1
Fat, hemangioma X X 2
Fat, hemangiosarcoma X 1
Fat, squamous cell carcinoma,
metastatic, stomach 2
Pancreas +++++4+++++++A++++ 4+ 46
Acinus, histiocytic sarcoma X 1
Salivary glands +++++++++++++++++++++++++ 50
Stomach +++++++++++++++++++4++++++ 50
Stomach, forestomach +++++++++++++4++++++++++++ 50
Squamous cell carcinoma XXX 4
Squamous cell papilloma X 3
Squamous cell papilloma, multiple X 1
Stomach, glandular + A+ +++++++++A+++H 4+ 4+ A+ A+ + 44
Squamous cell carcinoma, metastatic,
stomach 1
Tooth + + + 4
Cardiovascular System
Heart +++++++++++++++4++++ 4+ 4+ ++ + + 50
Alveolar/bronchiolar carcinoma,
metastatic, lung X 1

Hemangiosarcoma X X XXX X X 7
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)

111222 222222233333344515°5S5
Number of Days on Study 6890234577889 012451717023S5
9548417101456 32722001¢6210293
1111111111111111111111111
Carcass ID Number 87 788 78888888888 788787878
588647263450411293618192293:5
5255112215 432523224143152
Endocrine System
Adrenal gland + + + + 4+ + 4+ + + + + + + + + + + + + + + +
Adrenal gland, cortex + + 4+ 4+ + 4+ ++++++ 4+ + + + + + + + + + +
Bilateral, adenoma
Adrenal gland, medulla + + + M + +++++++++++++ 4+ 4+ ++ + +
Pheochromocytoma benign
Islets, pancreatic + A+ M++++++++++A+++M++ 4+ 4+ + +
Parathyroid gland MMMM+MM+ ++++++++M++M+M+ + M
Pituitary gland ++++++1 ++1 ++++++++++M+ + + +
Thyroid gland ++++++++++++++++4++++++++ 4+
Follicular cell, adenoma
General Body System
Tissue NOS +
Genital System
Epididymis ++++] +++++++++++F A+
Preputial gland +
Adenoma
Carcinoma X
Bilateral, carcinoma
Prostate ++++++++++ AL+ F A+
Seminal vesicle +A+++++MA++A++A+++A++++ + +
Testes ++++++++++F
Hemangioma
Hematopoietic System
Blood
Bone marrow ++++++++++++++A+++++4+++++
Histiocytic sarcoma
Lymph node ++++++++++++++FA+++++++++ +
Renal, histiocytic sarcoma
Lymph node, bronchial ++++++++++++M+AM+ ++ ++ 4+ + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Lymph node, mandibular ++++M+++1 ++M++A++++++MM+ +
Lymph node, mediastinal ++++++++++++++AMM++M++M+ +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach X
Lymph node, mesenteric + AM++++++++1 ++A++++++++ + +
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach X
Spleen + ++++++++++ A+t
Hemangiosarcoma
Histiocytic sarcoma
Thymus ++++++++++++++A++MM++++ + 4+

Histiocytic sarcoma
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)
5555555666666 6¢6¢6¢6677177777
Number of Days on Study 566 68 991123335¢6799¢0222222
86 7705517318806 723739929929
1111111111111111111111111
Carcass ID Number 87 787 88888888887 78787782838 Total
48707054630213027958¢67179134 Tissues/
435231333551 4444414121325373 Tumors
Endocrine System
Adrenal gland +++++++++++++++++++++++ 4+ + 50
Adrenal gland, cortex +++++++++++++++++++++++ 4+ + 50
Bilateral, adenoma X 1
Adrenal gland, medulla ++++++++++++++++++4+++ 4+ + 4+ + 49
Pheochromocytoma benign X X 2
Islets, pancreatic + 4+ ++++ A+ AL A+ o+ 45
Parathyroid gland +++M+++MM++++M++MMM+ + + + + + 33
Pituitary gland +++++++++++++1 +1 ++ MM+ + + + + 43
Thyroid gland +++++++++++++++++4+++ 4+ +++ + 50
Follicular cell, adenoma X X 2
General Body System
Tissue NOS 1
Genital System
Epididymis +++++++++++++++++4++++++ 4+ + 49
Preputial gland + + + + + + + + + 10
Adenoma X 1
Carcinoma X X 3
Bilateral, carcinoma X 1
Prostate +I +++++++++++++++++++ 48
Seminal vesicle + A+ ++++++++FA+F+++ A+ 4+ 42
Testes +++++++++++++++++4+++4++++ + 50
Hemangioma X 1
Hematopoietic System
Blood
Bone marrow +++++++++ AT+ o+ 48
Histiocytic sarcoma X 1
Lymph node +++++++++++++++ A+ ++ 49
Renal, histiocytic sarcoma X 1
Lymph node, bronchial ++M+++MM+++++++MM+MM+ + + + + 40
Alveolar/bronchiolar carcinoma,
metastatic, lung X 1
Histiocytic sarcoma X 1
Lymph node, mandibular +M+++++++++M+M++M+M++ + + + + 39
Lymph node, mediastinal +M+++++1 ++++M+M+++++M+++M 39
Alveolar/bronchiolar carcinoma,
metastatic, lung X 1
Histiocytic sarcoma X 1
Squamous cell carcinoma, metastatic,
stomach X 2
Lymph node, mesenteric +++M+++++M++ M+ ++++++++ 4+ + + 43
Histiocytic sarcoma X X 2
Squamous cell carcinoma, metastatic,
stomach 1
Spleen +++++++++++F A+ + 49
Hemangiosarcoma X 1
Histiocytic sarcoma X X 2
Thymus ++++++++++1T MAIT M+ M+ +M+MI + M 37
Histiocytic sarcoma X 1
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)
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Integumentary System
Mammary gland
Skin
Sebaceous gland, adenoma
Subcutaneous tissue, hemangiosarcoma

+ X

K<
+ 2
+ X
+ X
+ X
+ X

Z
+ X
+ 2
+ X

k<
+Z
+ +
+Z

Z
+ X
+ X

2
+ X
+ 2
+ X
+ 2
+ X
+ 2

Musculoskeletal System
Bone + ++++++++++++4++++++++++++
Neuroblastoma malignant, metastatic,
brain X
Skeletal muscle + +
Abdominal, squamous cell carcinoma,
metastatic, stomach X

Nervous System
Brain ++ +++++++++++++++++++++++
Adenocarcinoma, metastatic,
harderian gland
Histiocytic sarcoma
Olfactory lobe, glioma malignant X
Olfactory lobe, neuroblastoma
malignant X
Spinal cord

+

Respiratory System
Larynx
Lung
Adenocarcinoma, multiple
Adenocarcinoma, metastatic,
harderian gland
Alveolar/bronchiolar adenoma X X X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X X X
Alveolar/bronchiolar carcinoma,
multiple
Carcinoma, metastatic, preputial
gland
Carcinoma, metastatic, Zymbal’s gland X
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, liver
Hepatocellular carcinoma, metastatic,
liver
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach X
Mediastinum, adenocarcinoma,
metastatic, lung
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, histiocytic sarcoma

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)
5555555662666 6¢666¢6¢67777777
Number of Days on Study 56 6 6899112333567 990222222
867 705517318806 72373999299
1111111111111111111111111
Carcass ID Number 8 7787 88888888887 787877888 Total
4 87 07056302130279584679134 Tissues/
4 3523133355144 4441412113353 Tumors
Integumentary System
Mammary gland M+MMMMMMM+M+MMMMMMMMMMM + M 5
Skin +++++++++++++++4+4+++++ 4+ 4+ + 50
Sebaceous gland, adenoma X X 2
Subcutaneous tissue, hemangiosarcoma X 1
Musculoskeletal System
Bone +++++++++++++++++4+++4++ 4+ 4+ + 50
Neuroblastoma malignant, metastatic,
brain 1
Skeletal muscle 2
Abdominal, squamous cell carcinoma,
metastatic, stomach 1
Nervous System
Brain +++++++++++++++++4+++++ 4+ + + 50
Adenocarcinoma, metastatic,
harderian gland X 1
Histiocytic sarcoma X 1
Oifactory lobe, glioma malignant X 2
Olfactory lobe, neuroblastoma
malignant X 2
Spinal cord 1
Respiratory System
Larynx +++++++++++F+A+F A A+ 49
Lung ++++++++ A A+ 50
Adenocarcinoma, multiple X 1
Adenocarcinoma, metastatic,
harderian gland X X X 3
Alveolar/bronchiolar adenoma X X X X X X X 11
Alveolar/bronchiolar adenoma,
multiple X XXX X X 6
Alveolar/bronchiolar carcinoma X X XXXXX XX 12
Alveolar/bronchiolar carcinoma,
multiple X X XXX 5
Carcinoma, metastatic, preputial
gland X 1
Carcinoma, metastatic, Zymbal’s gland 1
Hemangiosarcoma, metastatic, heart X 1
Hemangiosarcoma, metastatic, liver X 1
Hepatocellular carcinoma, metastatic,
liver X X X X X 5
Histiocytic sarcoma X X 2
Squamous cell carcinoma, metastatic,
stomach 1
Mediastinum, adenocarcinoma,
metastatic, lung X 1
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung X 1
Mediastinum, histiocytic sarcoma X 1
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 13 Weeks (continued)

1112 222222222333333445152757H5
Number of Days on Study 6 8902 457788901245717023S5
. 9548417101456 32722001610293
11111111111 11111111111111
Carcass ID Number 8 7788 78888888888 7788778787S8
5886 4726345041 1293681929S:5
5255112215 432523224143152
Respiratory System (continued)
Nose +++++++++++4+++++++++++++ +
Neuroblastoma malignant, metastatic,
brain
Trachea +++++++++ LA+ 4
Special Senses System
Ear +
Eye
Harderian gland MMMMI I MM+ ++++++++++++ 4+ + + +
Adenocarcinoma
Adenoma X X X
Bilateral, adenoma
Zymbal’s gland +
Carcinoma X
Urinary System
Kidncy + ++++++++++++++++++++4+++ +
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Renal tubule, adenoma
Urinary bladder ++++++++++++A+TA+F+F AL+ + 4
Hemangioma
Systemic Lesions .
Multipleorgans + +++++++++++++++F A+ +
Histiocytic sarcoma
Lymphoma malignant lymphocytic XXXXXXX X X XXX X X XX X

Lymphoma malighant mixed X X
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

625 ppm for 13 Weeks (continued)
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Respiratory System (continued)
Nose
Neuroblastoma malignant, metastatic,
brain
Trachea

+ ¥

50

Special Senses System

Ear

Eye

Harderian gland
Adenocarcinoma
Adenoma
Bilateral, adenoma

Zymbal’s gland
Carcinoma

»+ 2

¥+

¥+ +

* +

>+

+ X

Urinary System

Kidney
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,

stomach

Renal tubule, adenoma

Urinary bladder
Hemangioma

o+

®+ K

Systemic Lesions
Multiple organs
Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

»+

» +
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 26 Weeks

1112222222 22222222222231313
Number of Days on Study 5790012 2334445556646 788001
9843952315015 015288¢0881¢63
t1111111111111111111111111
Carcass ID Number 9998999989999 999989982889S8
254731168 2430536184178717
2312513455212 425533214347Hs
Alimentary System
Esophagus +++++++++++F A+
Gallbladder +A+++MA++A+A+++AA++A++++M+
Intestine large + 4+ +++A++F+A++++ 4+
Intestine large, cecum + A+ ++A+++FA+TA+ A+
Histiocytic sarcoma
Intestine large, colon + ++++A+++A+A++F+H A+ H
Intestine large, rectum +++++A+++A+++H++ A+ +
Intestine small +++++A+++A++++++++++ 4+ +++
Intestine small, duodenum +++++A+++A+A++++AFTAFTA+F+HAA
Intestine small, ileum AA+++A+++A+A++++++A+++++ +
Histiocytic sarcoma
Intestine small, jejunum +A+++A+++A+++++++H+H++A+Y M+
Histiocytic sarcoma
Liver ++++++++++++H o+
Hemangiosarcoma
Hemangiosarcoma, metastatic, heart X

Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell carcinoma, metastatic,
stomach
Mesentery
Fat, histiocytic sarcoma
Fat, squamous cell carcinoma,
metastatic, stomach
Pancreas ++++++A+++++++++++++++++ +
Acinus, hemangiosarcoma, metastatic,
liver
Acinus, histiocytic sarcoma
Acinus, squamous cell carcinoma,
metastatic, stomach
Pharynx
Carcinoma, metastatic, Zymbal’s gland
Squamous cell carcinoma

Salivary glands +++++++++++ A+
Stomach +++++++++++F A+
Stomach, forestomach +++++++++ A+
Mast cell tumor NOS, metastatic,

bone marrow

Squamous cel! carcinoma X
Squamous cell papilloma

Stomach, glandular +A+++++++++A+F+F AT+ ++

Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

625 ppm for 26 Weeks (continued)
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Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Histiocytic sarcoma
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Histiocytic sarcoma
Intestine small, jejunum
Histiocytic sarcoma
Liver
Hemangiosarcoma
Hemangiosarcoma, metastatic, heart
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell carcinoma, metastatic,
stomach
Mesentery
Fat, histiocytic sarcoma
Fat, squamous cell carcinoma,
metastatic, stomach
Pancreas
Acinus, hemangiosarcoma, metastatic,
liver
Acinus, histiocytic sarcoma
Acinus, squamous cell carcinoma,
metastatic, stomach
Pharynx
Carcinoma, metastatic, Zymbal's gland
Squamous cell carcinoma
Salivary glands
Stomach
Stomach, forestomach
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach

>+ >+

>>+ + +
+>+ 2+
+> 4+ + +

> P> P>+

+
»>
+

<+
-+
+
+
+

+ 4+ 4+
+ 4+
++ +

>+ >+

++>+

++ +
+++
++ +
++ 4+
+ 4+ 4+
+ 4+ +
++ +
++ +
++ +
++ 4+

+P>++4+ ++>+

+ X+ X+ 2

-+

+ X

»+

¥+

++>+
+++ +

> >r>r++

+
+
+
+
+
»
+
+
+
+
+
+
+
+
+
+
+
<+

+
+
<+
+
+
+
+
+
+
+
+
+

»+

+ X
+ X

+4+ 4+ ++

+ 4+ + 4+

+ 4+ 4+
+ 4+ 4+ 4+
+4++++
+4++++
+P>+ ++

» +

+++ 4+

+ X

+++ 4+

+++ 4+

+ ¥

+ X

+4+ >+
+ 4+ +

»x K X

4+
+P> 4+ 4+ +
+ 4+ ++
+ 4+ 4+ 4+ +
+ 24+ +

+++

++>Z
++>+
+++ 4+

+ 4+
++ +
++ +
+ 4+ 4+

b ]

+4+++

>+ +> >+ ++

+ 4+ 4+
+ 4+ 4+
+ 4+ 4+ 4+
+++++
+ 4+ 4+ 4+
+++ 4+

++ +

+ 4+ +
+++ 4+

+
+

+ 4+ +

+

+++ X
+ 4+ 4+
++ +
++ +

+++ +

+ 4+ +

+ 4+ + 4+

++++

+

+ + +

N S 3= W=

-

Ho-

49

[y

- =

50

50

=R aom

-




308 1,3-Butadiene, NTP TR 434

TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 26 Weeks (continued)

1112 222222222222222222333
Number of Days on Study 57900122334445 56 6 67828001
9843952315015 0152882028281¢63
1111111111111111111111111
Carcass ID Number 9998999989999 9999899388893S8
2547311682 43053¢6184178717
2312513455212 425533214345
Cardiovascular System
Heart ++++++++++++++++++++++++ +
Carcinoma, metastatic, Zymbal’s gland
Hemangiosarcoma X
Histiocytic sarcoma
Endocrine System
Adrenal gland ++++++++++ o+
Adrenal gland, cortex +++++++++++++ 4+
Adrenal gland, medulla ++++++A++A T+ A+
Histiocytic sarcoma
Islets, pancreatic ++++++A++F+H+ A+
Parathyroid gland M+++M+++++++MMM+++M++ + + + +
Pituitary gland ++++++++++++MM++++++++1 + +
Carcinoma, metastatic, Zymbal’s gland
Thyroid gland ++++++++++++++++++++++++ +
General Body System
None
Genital System
Epididymis ++++++++++++++++++++++++ +
Preputial gland
Carcinoma
Bilateral, carcinoma
Prostate ++++++M+++++++++++++++++ +
Seminal vesicle +++++AA++FA+++ A+ E A+
Hemangiosarcoma, metastatic, liver
Testes +++++++++F A+ +
Hematopoietic System
Blood
Bone marrow ++++++++++++++++++++++ 4+ 4+ +

Histiocytic sarcoma
Mast cell tumor NOS
Lymphnode + ++++++++++++++++4++++++ 4+ +
Inguinal, squamous cell carcinoma,
metastatic, stomach
Lymphnode,bronchial +++++++++++++++++++]D ++++ +
Alveolar/bronchiolar carcinoma,
metastatic, lung
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Lymphnode,mandibular + M+ ++++++1 +++++4+++++4++++ +
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Squamous cell carcinoma, metastatic,

pharynx
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 26 Weeks (continued)

3333334444444 45555555555%6
Number of Days on Study 1 5555611244889 0113445535¢63
346894249013322039343482°5
1111111111111111111111111
Carcass ID Number 88998989899898999999938999 Total
9963 90¢6959468575204020283¢6 2 Tissues/
2114314155222 453344451331 Tumors
Cardiovascular System
Heart ++++++++++++++4+++4++++ S+ + 50
Carcinoma, metastatic, Zymbal’s gland X 1
Hemangiosarcoma X X X X XXXX X X XX 13
Histiocytic sarcoma X 1
Endocrine System
Adrenal gland +++++++++++++++++++++++ + + 50
Adrenal gland, cortex + +++++++++F+++++++++++ 4+ + 4+ + 50
Adrenal giand, medulla +++++++++++++++++++++ 4+ 4+ + + 48
Histiocytic sarcoma X 1
Islets, pancreatic ++I +++++++++++++++++++++ + 48
Parathyroid gland M+ ++++I1 +1I +++++MM+ +++M+M+ + 37
Pituitary gland +++I I M+ +++++++++++++++++M 43
Carcinoma, metastatic, Zymbal’s gland X 1
Thyroid gland +++A+++++FFF A+ 49
General Body System
None
Genital System
Epididymis +++++++++++++ A+ +F 50
Preputial gland + + + + + + 6
Carcinoma X X 2
Bilateral, carcinoma X 1
Prostate +M++++++++++++++++++M+ + + + 47
Seminal vesicle ++++++++++++++++++++ 4+ 4+ + + 47
Hemangiosarcoma, metastatic, liver X 1
Testes ++++++++++ 4 50
Hematopoietic System
Blood
Bone marrow +++A+++++++++++++++ A+ 49
Histiocytic sarcoma X 1
Mast cell tumor NOS X 1
Lymph node ++++++++++++ o+ 50
Inguinal, squamous cell carcinoma,
metastatic, stomach X 1
Lymph node, bronchial ++M++++MM++++M++MM+M+ +++ M 41
Alveolar/oronchiolar carcinoma,
metastatic, lung X 1
Hemangiosarcoma, metastatic, heart X 1
Histiocytic sarcoma X 1
Lymphnode,mandibular MMM+M+++++++++++++M+++ 4+ + + 43
Histiocytic sarcoma X X 2

Mast cell tumor NOS, metastatic,

bone marrow X 1
Squamous cell carcinoma, metastatic,

pharynx X 1
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 26 Weeks (continued)

1112222222222222222222333
Number of Days on Study 5790012233444555¢6¢6¢667828¢001
9843952315015 01528808181¢63
1111111111111111111111111
Carcass ID Number 9998999989999 99998998282829S8
254731168 243053¢6184178717
2312513455212 42553321431435

Hematopoietic System (continued)
Lymph node, mediastinal +++++++++M++++++4++++4++++ 4+
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,

stomach

Lymph node, mesenteric +++++++++++++++++++++++++
Histiocytic sarcoma

Spleen ++++++++++++ A+

Histiocytic sarcoma

Mast cell tumor NOS, metastatic,

bone marrow

Osteosarcoma, metastatic, uncertain

primary site

Squamous cell carcinoma, metastatic,

stomach
Thymus +++++++++++++++++++++++++

Integumentary System
Mammary gland M+M++MM+MMM+M+MMM++MMMMMM
Skin + + + + + + + + + +

Subcutaneous tissue, leiomyosarcoma

Musculoskeletal System
Bone + ++ 4+ 4+ ++++++++++++++++++++
Skeletal muscle
Diaphragm, hemangiosarcoma,
metastatic, liver
Diaphragm, squamous cell carcinoma,
metastatic, stomach

Nervous System
Brain +++++++++ A+t
Histiocytic sarcoma
Olfactory lobe, glioma malignant
Spinal cord + +

Respiratory System L
Larynx ++++H A A+
Lung + + 4+ 4+ ++++++ A+
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X
Alveolar/bronchiolar carcinoma,
multiple
Carcinoma, metastatic, Zymbal’s gland
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, liver
Histiocytic sarcoma
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

625 ppm for 26 Weeks (continued)
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Hematopoietic System (continued)
Lymph node, mediastinal
Alveolar/bronchiolar carcinoma,
metastatic, lung
Histiocytic sarcoma
Squamous cell carcinoma, metastatic,
stomach
Lymph node, mesenteric
Histiocytic sarcoma
Spleen
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Osteosarcoma, metastatic, uncertain
primary site
Squamous cell carcinoma, metastatic,
stomach
Thymus

+

®+

+ ¥

+ X

X+ ¥+

——

TRy Y

Integumentary System
Mammary gland
Skin
Subcutaneous tissue, leiomyosarcoma
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+ 2
+2
+ 2
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+ 2
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+ X
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+ 2
+ X
+ 2
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+ =2
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Musculoskeletal System
Bone
Skeletal muscle
Diaphragm, hemangiosarcoma,
metastatic, liver
Diaphragm, squamous cell carcinoma,
metastatic, stomach

Nervous System
Brain
Histiocytic sarcoma
Olfactory lobe, glioma malignant
Spinal cord

s+

v=—-3

Respiratory System
Larynx
Lung
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma
Alveolar/bronchiolar carcinoma,
multiple
Carcinoma, metastatic, Zymbal's gland
Hemangiosarcoma, metastatic, heart
Hemangiosarcoma, metastatic, liver
Histiocytic sarcoma
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TABLE C2

1,3-Butadiene, NTP TR 434

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

625 ppm for 26 Weeks (continued)
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Respiratory System (continued)
Lung (continued)
Osteosarcoma, metastatic, uncertain
primary site
Squamous cell carcinoma, metastatic,
stomach
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinum, carcinoma, metastatic,
Zymbal's gland
Mediastinum, hemangiosarcoma,
metastatic, heart
Nose
Trachea

+ +
+ +
+ +
+ +
+ +

Special Senses System
Eye
Harderian gland
Adenoma
Bilateral, adenoma
Zymbal's gland
Carcinoma

M+ MMM+ M++MMM+M+MMM+ M+ + +

»x+

Urinary System
Kidney
Hemangiosarcoma, metastatic, heart
Histiocytic sarcoma
Mast cell tumor NOS, metastatic,
bone marrow
Osteosarcoma, metastatic, uncertain
primary site
Squamous cell carcinoma, metastatic,
stomach
Renal tubule, adenoma
Urinary bladder

+++++++F A+

++++++] FHFAFF A+

Systemic Lesions .
Multiple organs
Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
625 ppm for 26 Weeks (continued)

333333444444 4455555555515%6
Number of Days on Study 1555561124488 9011344555¢63
3468942490133 220393434825
1111111111111111111111111
Carcass ID Number 8 89 989 8989989899999 998999 Total
9963 909594618575 20402028236¢62 Tissues/
2114314155 222453344451331 Tumors
Respiratory System (continued)
Lung (continued)
Osteosarcoma, metastatic, uncertain
primary site X 1
Squamous cell carcinoma, metastatic,
stomach X 1
Mediastinum, alveolar/bronchiolar
carcinoma, metastatic, lung X 1
Mediastinum, carcinoma, metastatic,
Zymbal’s gland X 1
Mediastinum, hemangiosarcoma,
metastatic, heart X 1
Nose +++++++++++++++++++++++++ 50
Trachea +++A++++++++++++++++++F+++ 48
Special Senses System
Eye + + 3
Harderian gland +++++++++++++++++++++++ + + 36
Adenoma X X X X X X X X X 10
Bilateral, adenoma X X X 3
Zymbal's gland + + 2
Carcinoma X X 2
Urinary System
Kidney +++++++++++F o+ 50
Hemangiosarcoma, metastatic, heart X 1
Histiocytic sarcoma X X 2
Mast cell tumor NOS, metastatic,
bone marrow X 1
Osteosarcoma, metastatic, uncertain
primary site X 1
Squamous cell carcinoma, metastatic, ‘
stomach X 1
Renal tubule, adenoma X 1
Urinary bladder ++++++++++++++++++++++++ + 48
Systemic Lesions
Multiple organs +++++++++++4+++++++++++++ + 50
Histiocytic sarcoma X X 2
Lymphoma malignant lymphocytic X X XX X X 30
Lymphoma malignant mixed X X 3
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TABLE C3a

1,3-Butadiene, NTP TR 434

Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

Stop-Exposure Group versus Controls

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Harderian Gland: Adenoma
Overall rate? 6/50 (12%) 26/50 (52%) 28/50 (56%) 20/50 (40%) 13/50 (26%)
Adjusted rate® 14.8% 87.9% 100.0% 94.3% 100.0%
Terminal rate® 2/35 (6%) 6/9 (67%) 1/1 (100%) 4/5 (80%) 0/0
First incidence (days) 543 440 344 410 306
Life table testd P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression testd P<0.001 P<0.001 P<0.001 P=0.046
Fisher exact test P<0.001 P<0.001 P=0.001 P=0.062
Harderian Gland: Carcinoma
Overall rate 0/50 (0%) 2/50 (4%) 2/50 (4%) 4/50 (8%) 0/50 (0%)
Adjusted rate 0.0% 5.6% 51.5% 38.8% 0.0%
Terminal rate 0/35 (0%) 0/9 (0%) 0/1 (0%) 1/5 (20%) 00
First incidence (days) -£ 510 441 567 -
Life table test P=0.182 P=0.028 P<0.001 -
Logistic regression test P=0.397 P=0.190 P=0.006 -
Fisher exact test P=0.247 P=0.247 P=0.059 -
Harderian Gland: Adenoma or Carcinoma
Overall rate 6/50 (12%) 27/50 (54%) 30/50 (60%) 23/50 (46%) 13/50 (26%)
Adjusted rate 14.8% 88.3% 100.0% 100.0% 100.0%
Terminal rate 2/35 (6%) 6/9 (67%) 1/1 (100%) 5/5 (100%) 0/0
First incidence (days) 543 440 344 410 306
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P=0.046
Fisher exact test P<0.001 P<0.001 P<0.001 P=0.062
Heart: Hemangiosarcoma
Overall rate 0/50 (0%) 15/50 (30%) 33/50 (66%) 7/50 (14%) 13/50 (26%)
Adjusted rate 0.0% 76.2% 100.0% 61.8% 100.0%
Terminal rate 0/35 (0%) 5/9 (56%) 171 (100%) 2/5 (40%) 0/0
First incidence (days) - 330 328 566 306
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Fisher exact test P<0.001 P<0.001 P=0.006 P<0.001
Kidney (Renal Tubule): Adenoma
Overall rate 0/50 (0%) 4/48 (8%) 3/49 (6%) 1/50 (2%) 1/50 (2%)
Adjusted rate 0.0% 174% 27.8% 14.3% 6.3%
Terminal rate 0/35 (0%) 0/9 (0%) 0/1 (0%) 0/5 (0%) 00
First incidence (days) - 516 539 707 440
Life table test P=0.016 P=0.007 P=0.181 P=0.278
Logistic regression test P=0.073 P=0.075 P=0.273 P=0.731
Fisher exact test P=0.054 P=0.117 P=0.500 P=0.500
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TABLE C3a

s

Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued)

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Liver: Hepatocellular Adenoma :
Overall rate 13/50 (26%) 27/49 (55%)  19/50 (38%) 19/49 (39%) 11/50 (22%)
Adjusted rate 321% 91.1% 100.0% 91.0% 100.0%
Terminal rate 935 (26%) 70 (18%) 111 (100%) 4/5 (80%) 0/0
First incidence (days) 379 399 326 471 313
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P=0.045 P=0.042 P=0.284
Fisher exact test P=0.003 P=0.142 P=0.126 P=0.408N
Liver: Hepatocellular Carcinoma
Overall rate 11/50 (22%) 14/49 (29%)  10/50 (20%) 14/49 (29%) 4/50 (8%)
Adjusted rate 26.0% 50.3% 74.6% 90.9% 50.5%
Terminal rate 5/35 (14%) 19 (11%) 0/1 (0%) 4/5 (80%) 0/0
First incidence (days) 540 407 382 520 483
Life table test P=0.010 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.530N P=0.453N P=0.142 P=0.393
Fisher exact test P=0.301 P=0.500N P=0.301 P=0.045N
Liver: Hepatocellular Adenoma or Carcinoma
Overall rate 21/50 (42%) 33/49 (67%) 24/50 (48%) 24/49 (49%) 13/50 (26%)
Adjusted rate 47.9% 93.4% 100.0% 94.4% 100.0%
Terminal rate 1335 (37%) 70 (18%) 11 (100%) 4/5 (80%) 00
First incidence (days) 379 399 326 471 313
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.004 P=0.169 P=0.063 P=0.561
Fisher exact test P=0.010 P=0.344 P=0.310 P=0.069N
Liver: Hepatoblastoma or Hepatocellular Carcinoma
Overall rate 11/50 (22%) 14/49 (29%)  11/50 (22%) 14/49 (29%) 4/50 (8%)
Adjusted rate 26.0% 50.3% 771% 90.9% 50.5%
Terminal rate 5135 (14%) 19 (11%) 011 (0%) 4/5 (80%) 0/0
First incidence (days) 540 407 382 520 483
Life table test P=0.010 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.530N P=0.559N P=0.142 P=0.386N
Fisher exact test P=0.301 P=0.595SN P=0.301 P=0.045N
Liver: Hepatoblastoma, Hepatocellular Adenoma, or Carcinoma
Overall rate 21/50 (42%) 33/49 (67%)  25/50 (50%) 24/49 (49%) 13/50 (26%)
Adjusted rate 47.9% 93.4% 100.0% 94.4% 100.0%
Terminal rate 13/35 (37%) 79 (78%) 171 (100%) 4/5 (80%) 0/0
First incidence (days) 379 399 326 471 313
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.004 P=0.103 P=0.063 P=0.561
Fisher exact test P=0.010 P=0.274 P=0.310 P=0.069N
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TABLE C3a
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued)

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Lung: Alveolar/bronchiolar Adenoma

Overall rate 18/50 (36%) 24/50 (48%) 26/50 (52%) 17/50 (34%) 12/50 (24%)
Adjusted rate 46.9% 94.3% 100.0% 85.3% 100.0%
Terminal rate 15/35 (43%) 8/9 (89%) 11 (100%) 3/5 (60%) 00

First incidence (days) 572 399 344 327 358

Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.015 P=0.001 P=0.044 P<0.001
Fisher exact test P=0.156 P=0.079 P=0.500N P=0.138N
Lung: Alveolar/bronchiolar Adenocarcinoma or Carcinoma

Overall rate 5/50 (10%) 22/50 (44%) 16/50 (32%) 18/50 (36%) 11/50 (22%)
Adjusted rate 143% 89.5% 100.0% 81.7% 100.0%
Terminal rate 5135 (14%) 7P (78%) 11 (100%) 3/5 (60%) 0/0

First incidence (days) 729 (T) 481 392 370 241

Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Fisher exact test P<0.001 P=0.006 P=0.002 P=0.086
Lung: Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma

Overall rate 21/50 (42%) 36/50 (72%) 32/50 (64%) 28/50 (56%) 17/50 (34%)
Adjusted rate 54.9% 100.0% 100.0% 100.0% 100.0%
Terminal rate 18735 (51%) 9/9 (100%) 171 (100%) 5/5 (100%) 0/0

First incidence (days) 572 399 344 327 241

Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Fisher exact test P=0.002 P=0.022 P=0.115 P=0.268N
Preputial Gland: Carcinoma

Overall rate 0/50 (0%) 1/50 (2%) 4/50 (8%) 4/50 (8%) 3/50 (6%)
Adjusted rate . 0.0% 10.0% 100.0% 16.9% 100.0%
Terminal rate 0/35 (0%) 0/9 (0%) 11 (100%) 0/5 (0%) 0/0

First incidence (days) - 699 639 520 539

Life table test P=0.247 P<0.001 P=0.012 P<0.001
Logistic regression test P=0.368 P<0.001 P=0.039 P=0.002
Fisher exact test P=0.500 P=0.059 P=0.059 P=0.121
Preputial Gland: Adenoma or Carcinoma

Overall rate 0/50 (0%) 1/50 (2%) 4/50 (8%) 5/50 (10%) 3/50 (6%)
Adjusted rate 0.0% 10.0% 100.0% 22.9% 100.0%
Terminal rate 0/35 (0%) 0/9 (0%) 11 (100%) 0/5 (0%) 00

First incidence (days) - 699 639 520 539

Life table test P=0.247 P<0.001 P=0.003 P<0.001
Logistic regression test P=0.368 P<0.001 P=0.013 P=0.002

Fisher exact test P=0.500 P=0.059 P=0.028 P=0.121




Lesions in Stop-Exposure Inhalation Study Male Mice

TABLE C3a
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued)

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Stomach (Forestomach): Squamous Cell Papilloma
Overall rate 1/50 (2%) 3/50 (6%) 4/50 (8%) 4/50 (8%) 4/50 (8%)
Adjusted rate 2.5% 21.4% 100.0% 28.3% 20.1%
Terminal rate 0/35 (0%) 19 (11%) 1/1 (100%) 1/5 (20%) 00
First incidence (days) 652 584 401 327 359
Life table test P=0.065 P=0.004 P=0.020 P=0.003
Logistic regression test P=0.195 P=0.181 P=0.260 P=0.301
Fisher exact test P=0.309 P=0.181 P=0.181 P=0.181
Stomach (Forestomach): Squamous Cell Carcinoma
Overall rate 0/50 (0%) 0/50 (0%) 5/50 (10%) 4/50 (8%) 6/50 (12%)
Adjusted rate 0.0% 0.0% 331% 51.6% 40.9%
Terminal rate 0/35 (0%) 0/9 (0%) 0/1 (0%) 2/5 (40%) 00
First incidence (days) - - 422 370 288
Life table test - P<0.001 P<0.001 P<0.001
Logistic regression test - P=0.017 P=0.013 P=0.061
Fisher exact test - P=0.028 P=0.059 P=0.013
Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma
Overall rate 1/50 (2%) 3/50 (6%) 9/50 (18%) /50 (14%) 10/50 (20%)
Adjusted rate 25% 21.4% 100.0% 56.6% 52.8%
Terminal rate 0/35 (0%) 19 (11%) 1/1 (100%) 2/5 (40%) 0/0
First incidence (days) 652 584 401 327 288
Life table test P=0.065 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.195 P=0.004 P=0.025 P=0.313
Fisher exact test P=0.309 P=0.008 P=0.030 P=0.004
Zymbal’s Gland: Adenoma or Carcinoma
Overall rate 1/50 (2%) 1/50 (2%) 0/50 (0%) 2/50 (4%) 2/50 (4%)
Adjusted rate 29% 4.8% 0.0% 8.8% 37.3%
Terminal rate 1/35 (3%) 0/9 (0%) 0/1 (0%) 0/5 (0%) 00
First incidence (days) 729 (T) 650 - 506 429
Life table test P=0.531 P=0.998N P=0.178 P=0.009
Logistic regression test P=0.661 P=0.998N P=0.420 P=0.237
Fisher exact test P=0.753N P=0.500N P=0.500 P=0.500
All Organs: Hemangioma
Overall rate 1/50 (2%) 4/50 (8%) 0/50 (0%) 4/50 (8%) 0/50 (0%)
Adjusted rate 29% 28.8% 0.0% 51.1% 0.0%
Terminal rate 1735 (3%) 209 (2%) 0/1 (0%) 2/5 (40%) 00
First incidence (days) 729 (T) 595 - 595 -
Life table test P=0.012 P=0.998N P<0.001 -
Logistic regression test P=0.053 P=0.998N P=0.010 -
Fisher exact test P=0.181 P=0.500N P=0.181 P=0.500N
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1,3-Butadiene, NTP TR 434

Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued)

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

All Organs: Hemangiosarcoma
Overall rate 1/50 (2%) 17/50 (34%) 34/50 (68%) 12/50 (24%) 14/50 (28%)
Adjusted rate 2.9% 78.2% 100.0% 75.1% 100.0%
Terminal rate 1/35 (3%) 5/9 (56%) 11 (100%) 2/5 (40%) 00
First incidence (days) 729 (T) 330 328 566 306
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Fisher exact test P<0.001 P<0.001 P<0.001 P<0.001
All Organs: Hemangioma or Hemangiosarcoma
Overall rate 2/50 (4%) 20/50 (40%) 34/50 (68%) 14/50 (28%) 14/50 (28%)
Adjusted rate 5.7% 85.1% 100.0% 84.3% 100.0%
Terminal rate 2/35 (6%) 6/9 (67%) 1/1 (100%) 3/5 (60%) 00
First incidence (days) 729 (T) 330 328 566 306
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P<0.001
Fisher exact test P<0.001 P<0.001 P<0.001 P<0.001
All Organs: Lymphocytic Malignant Lymphoma
Overall rate 2/50 (4%) 6/50 (12%) 4/50 (8%) 17/50 (34%) 30/50 (60%)
Adjusted rate 4.7% 26.7% 100.0% 35.8% 81.5%
Terminal rate 0/35 (0%) 19 (11%) 1/1 (100%) 0/5 (0%) 0/0
First incidence (days) 511 208 289 169 159
Life table test P=0.033 P=0.034 P<0.001 P<0.001
Logistic regression test P=0.539 P=0.702N P=0.658 P=0573
Fisher exact test P=0.134 P=0.339 P<0.001 P<0.001
All Organs: Lymphoma (Mixed or NOS)
Overall rate 2/50 (4%) 2/50 (4%) 4/50 (8%) 5/50 (10%) 3/50 (6%)
Adjusted rate 53% 7.8% 58.0% 34.8% 43.3%
Terminal rate 1735 (3%) 0/9 (0%) 0/1 (0%) 1/5 (20%) 00
First incidence (days) 666 514 217 251 251
Life table test P=0.382 P=0.005 P=0.010 P=0.002
Logistic regression test P=0.273 P=0.034 P=0.002 P<0.001
Fisher exact test P=0.691N P=0.339 P=0.218 P=0.500
All Organs: Malignant Lymphoma (Lymphocytic, Mixed, or NOS)
Overall rate 4/50 (8%) 8/50 (16%) 8/50 (16%) 22/50 (44%) 33/50 (66%)
Adjusted rate 9.8% 324% 100.0% 58.2% 89.5%
Terminal rate 1735 (3%) 19 (11%) 171 (100%) 1/5 (20%) 00
First incidence (days) 511 208 217 169 159
Life table test P=0.023 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.544 P=0.447 P=0.322 P=0.458
Fisher exact test P=0.178 P=0.178 P<0.001 P<0.001
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued)

0 ppm 200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

All Organs: Histiocytic Sarcoma
Overall rate 0/50 (0%) 5/50 (10%) 7/50 (14%) 2/50 (4%) 2/50 (4%)
Adjusted rate 0.0% 21.3% 43.0% 28.9% 15.6%
Terminal rate 0/35 (0%) 0/9 (0%) 0/1 (0%) 1/5 (20%) 0/0
First incidence (days) - 576 314 692 364
Life table test P=0.006 P<0.001 P=0.011 P=0.036
Logistic regression test P=0.028 P=0.057 P=0.035 P=0.337
Fisher exact test P=0.028 P=0.006 P=0.247 P=0.247
All Organs: Malignant Lymphoma or Histiocytic Sarcoma
Overall rate 4/50 (8%) 13/50 (26%) 15/50 (30%) 24/50 (48%) 35/50 (70%)
Adjusted rate 9.8% 46.8% 100.0% 72.1% 91.2%
Terminal rate 1/35 (3%) 19 (11%) 1/1 (100%) 2/5 (40%) 00
First incidence (days) 511 208 217 169 159
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.090 P=0.079 P=0.097 P=0.291
Fisher exact test P=0.016 P=0.005 P<0.001 P<0.001
All Organs: Benign Neoplasms
Overall rate 41/50 (82%) 41/50 (82%) 41/50 (82%) 34/50 (68%) 22/50 (44%)
Adjusted rate 87.2% 100.0% 100.0% 100.0% 100.0%
Terminal rate 29735 (83%) 9/9 (100%) 171 (100%) 5/5 (100%) 0/0
First incidence (days) 379 399 326 327 306
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.079 P=0.071 P=0.029 P=0.204
Fisher exact test P=0.602N P=0.602N P=0.083N P<0.001N
All Organs: Malignant Neoplasms
Overall rate 20/50 (40%) 43/50 (86%) 50/50 (100%) 49/50 (98%) 49/50 (98%)
Adjusted rate 44.8% 95.3% 100.0% 100.0% 100.0%
Terminal rate 11735 (31%) 79 (78%) 1/1 (100%) 5/5 (100%) 0/0
First incidence (days) 511 208 217 169 159
Life table test , P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001 P=0.007
Fisher exact test P<0.001 P<0.001 P<0.001 P<0.001
All Organs: Benign or Malignant Neoplasms
Overall rate 46/50 (92%) 49/50 (98%) 50/50 (100%) 49/50 (98%) 49/50 (98%)
Adjusted rate 93.9% 100.0% 100.0% 100.0% 100.0%
Terminal rate 30735 (91%) 99 (100%) 111 (100%) 5/5 (100%) 0/0
First incidence (days) 379 208 217 169 159
Life table test P<0.001 P<0.001 P<0.001 P<0.001
Logistic regression test P=0.081 P=0.170 P=0.161 P=0.470
Fisher exact test P=0.181 P=0.059 P=0.181 P=0.181
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TABLE C3a
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
Stop-Exposure Group versus Controls (continued) '

(TD)Terminal sacrifice

% Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,
bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland,
prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

€ Observed incidence at terminal kill

4 Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed group. The life

table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression

test regards these lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. For all tests, a negative trend or a lower

incidence in a dose group is indicated by N.

Not applicable; no neoplasms in animal group
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TABLE C3b
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group

200 ppm 625 ppm

{40 weeks) (13 weeks)
Adrenal Medulla: Benign Pheochromocytoma
Overall rate® 0/45 (0%) 2/49 (4%)
Adjusted rate® 0.0% 23.5%
Terminal rate® 079 (0%) 1/5 (20%)
First incidence (days) -¢ 567
Life table testd P=0.149
Logistic regression testd P=0.182
Fisher exact testd P=0.269
Bone Marrow: Mast Cell Tumor NOS
Overall rate 3/50 (6%) 0/48 (0%)
Adjusted rate 15.6% 0.0%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) 555 -
Life table test P=0.216N
Logistic regression test P=0.178N
Fisher exact test P=0.129N
Brain: Malignant Glioma
Overall rate 0/50 (0%) 2/50 (4%)
Adjusted rate 0.0% 12.6%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) - 553
Life table test P=0.192
Logistic regression test P=0.187
Fisher exact test P=0.247
Brain: Malignant Neuroblastoma
Overall rate 0/50 (0%) 2/50 (4%)
Adjusted rate 0.0% 7.6%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) - 342
Life table test P=0.178
Logistic regression test P=0.283
Fisher exact test P=0.247
Harderian Gland: Adenoma
Overall rate 26/50 (52%) ' 20/50 (40%)
Adjusted rate 87.9% 94.3%
Terminal rate 6/9 (67%) 4/5 (80%)
First incidence (days) 440 410
Life table test P=0.341
Logistic regression test P=0.536

Fisher exact test P=0.158N
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TABLE C3b

1,3-Butadiene, NTP TR 434

Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

200 ppm 625 ppm

(40 weeks) (13 weeks)
Harderian Gland: Carcinoma
Overall rate 2/50 (4%) 4/50 (8%)
Adjusted rate 5.6% 38.8%
Terminal rate 0/9 (0%) 1/5 (20%)
First incidence (days) 510 567
Life table test P=0.206
Logistic regression test P=0.231
Fisher exact test P=0.339
Harderian Gland: Adenoma or Carcinoma
Overall rate 27/50 (54%) 23/50 (46%)
Adjusted rate 88.3% 100.0%
Terminal rate 6/9 (67%) 5/5 (100%)
First incidence (days) 440 410
Life table test P=0.204
Logistic regression test P=0.284
Fisher exact test P=0.274N
Heart: Hemangiosarcoma
Overall rate 15/50 (30%) 7/50 (14%)
Adjusted rate 76.2% 61.8%
Terminal rate 519 (56%) 2/5 (40%)
First incidence (days) 330 566
Life table test P=0.323N
Logistic regression test P=0.174N
Fisher exact test P=0.045N
Kidney (Renal Tubule): Adenoma
Overall rate 4/48 (8%) 1/50 (2%)
Adjusted rate 17.4% 14.3%
Terminal rate 09 (0%) 0/5 (0%)
First incidence (days) 516 707
Life table test P=0.290N
Logistic regression test P=0.249N
Fisher exact test P=0.168N
Liver: Hemangiosarcoma
Overall rate 0/49 (0%) 2/49 (4%)
Adjusted rate 0.0% 10.7%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) - 567
Life table test P=0.169
Logistic regression test P=0.192
Fisher exact test P=0.247
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TABLE C3b
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

323

200 ppm 625 ppm

(40 weeks) (13 weeks)
Liver: Hepatocellular Adenoma
Overall rate 27/49 (55%) 19/49 (39%)
Adjusted rate 91.1% 91.0%
Terminal rate 79 (18%) 4/5 (80%)
First incidence (days) 399 471
Life table test P=0.487
Logistic regression test P=0.534N
Fisher exact test P=0.078N
Liver: Hepatocellular Carcinoma
Overall rate 14/49 (29%) 14/49 (29%)
Adjusted rate 50.3% 90.9%
Terminal rate 19 (11%) 4/5 (80%)
First incidence (days) 407 520
Life table test P=0.176
Logistic regression test P=0.246
Fisher exact test X P=0.588N
Liver: Hepatocellular Adenoma or Carcinoma
Overall rate 33/49 (67%) 24/49 (49%)
Adjusted rate 93.4% 94.4%
Terminal rate 79 (78%) 4/5 (80%)
First incidence (days) 399 47
Life table test P=0.427
Logistic regression test P=0.561N
Fisher exact test P=0.050N
Lung: Alveolar/bronchiolar Adenoma
Overall rate 24/50 (48%) 17/50 (34%)
Adjusted rate 94.3% 85.3%
Terminal rate 8/ (89%) 3/5 (60%)
First incidence (days) 399 327
Life table test P=0478
Logistic regression test P=0.419N
Fisher exact test P=0.111IN
Lung: Alveolar/bronchiolar Adenocarcinoma or Carcinoma
Overall rate 22/50 (44%) 18/50 (36%)
Adjusted rate 89.5% 87.7%
Terminal rate M (18%) 3/5 (60%)
First incidence (days) 481 370
Life table test P=0.265
Logistic regression test P=0.419

Fisher exact test P=0.270N
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TABLE C3b
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

200 ppm 625 ppm
(40 weeks) (13 weeks)

Lung: Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma

Overall rate 36/50 (72%) 28/50 (56%)
Adjusted rate 100.0% 100.0%
Terminal rate 99 (100%) 5/5 (100%)
First incidence (days) 399 327

Life table test P=0.275
Logistic regression test ) P=0.514
Fisher exact test P=0.072N

Mesentery: Hemangioma

Overall rate 3/50 (6%) : 2/50 (4%)
Adjusted rate 26.1% 40.0%
Terminal rate 2/9 (22%) 2/5 (40%)
First incidence (days) 651 729 (T)
Life table test P=0.615
Logistic regression test P=0.692N
Fisher exact test P=0.500N
Preputial Gland: Carcinoma

Overall rate 1/50 (2%) 4/50 (8%)
Adjusted rate 10.0% 16.9%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) 699 520

Life table test P=0.115
Logistic regression test P=0.123
Fisher exact test P=0.138

Preputial Gland: Adenoma or Carcinoma

Overall rate 1/50 (2%) 5/50 (10%)
Adjusted rate 10.0% 22.9%
Terminal rate 0/9 (0%) 0/5 (0%)
‘First incidence (days) 699 520

Life table test P=0.054
Logistic regression test P=0.059
Fisher exact test P=0.070

Stomach (Forestomach): Squamous Cell Papilloma

Overall rate 3/50 (6%) 4/50 (8%)
Adjusted rate 214% 283%
Terminal rate 19 (11%) 1/5 (20%)
First incidence (days) 584 327

Life table test P=0.286
Logistic regression test P=0.433

Fisher exact test P=0.500
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

200 ppm 625 ppm

(40 weeks) (13 weeks)
Stomach (Forestomach): Squamous Cell Carcinoma
Overall rate 0/50 (0%) 4/50 (8%)
Adjusted rate 0.0% 51.6%
Terminal rate 09 (0%) 2/5 (40%)
First incidence (days) - 370
Life table test P=0.019
Logistic regression test P=0.031
Fisher exact test P=0.059
Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma
Overall rate 3/50 (6%) 7/50 (14%)
Adjusted rate 214% 56.6%
Terminal rate 19 (11%) 2/5 (40%)
First incidence (days) 584 327
Life table test P=0.045
Logistic regression test P=0.099
Fisher exact test P=0.159
Thyroid Gland (Follicular Cell): Adenoma
Overall rate 2/48 (4%) 2/50 (4%)
Adjusted rate 15.3% 40.0%
Terminal rate 19 (11%) 2/5 (40%)
First incidence (days) 650 729 (T)
Life table test P=0.471
Logistic regression test P=0.549
Fisher exact test P=0.676N
Zymbal’s Gland: Carcinoma
Overall rate 1/50 (2%) 2/50 (4%)
Adjusted rate 4.8% 8.8%
Terminal rate 0/9 (0%) 0/5 (0%)
First incidence (days) 650 506
Life table test P=0.369
Logistic regression test P=0.440
Fisher exact test P=0.500
All Organs: Hemangioma
Overall rate 4/50 (8%) 4/50 (8%)
Adjusted rate 288% 51.1%
Terminal rate 29 (22%) 2/5 (40%)
First incidence (days) 595 595
Life table test P=0.370
Logistic regression test P=0.436

Fisher exact test

P=0.643N
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TABLE C3b

1,3-Butadiene, NTP TR 434

Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

200 ppm 625 ppm
(40 weeks) (13 weeks)

All Organs: Hemangiosarcoma
Overall rate 17/50 (34%) 12/50 (24%)
Adjusted rate 782% 751%
Terminal rate 59 (56%) 2/5 (40%)
First incidence (days) 330 566
Life table test P=0.482
Logistic regression test P=0.549N
Fisher exact test P=0.189N
All Organs: Hemangioma or Hemangiosarcoma
Overall rate 20/50 (40%) 14/50 (28%)
Adjusted rate 85.1% 84.3%
Terminal rate 6/9 (67%) 3/5 (60%)
First incidence (days) 330 566
Life table test P=0.471
Logistic regression test P=0.531N
Fisher exact test P=0.146N
All Organs: Lymphocytic Malignant Lymphoma
Overall rate 6/50 (12%) 17/50 (34%)
Adjusted rate 26.7% 358%
Terminal rate 19 (11%) 0/5 (0%)
First incidence (days) 208 169
Life table test P=0.005
Logistic regression test P=0.293
Fisher exact test P=0.008
All Organs: Malignant Lymphoma (Mixed or NOS)
Overall rate 2/50 (4%) 5/50 (10%)
Adjusted rate 7.8% 34.8%
Terminal rate 0/9 (V%) 1/5 (20%)
First incidence (days) 514 251
Life table test P=0.117
Logistic regression test P=0.031
Fisher exact test P=0.218
All Organs: Malignant Lymphoma (Lymphocytic, Mixed, or NOS)
Overall rate 8/50 (16%) 22/50 (44%)
Adjusted rate 324% 58.2%
Terminal rate 19 (11%) 1/5 (20%)
First incidence (days) 208 169
Life table test P=0.001
Logistic regression test P=0.135
Fisher exact test P=0.002
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TABLE C3b
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

200 ppm 625 ppm

(40 weeks) (13 weeks)
All Organs: Histiocytic Sarcoma
Overall rate 5/50 (10%) 2/50 (4%)
Adjusted rate 21.3% 28.9%
Terminal rate 09 (0%) 1/5 (20%)
First incidence (days) 576 692
Life table test P=0415N
Logistic regression test P=034TN
Fisher exact test P=0.218N
All Organs: Malignant Lymphoma or Histiocytic Sarcoma
Overall rate 13/50 (26%) 24/50 (48%)
Adjusted rate 46.8% 72.1%
Terminal rate 19 (11%) 2/5 (40%)
First incidence (days) 208 169
Life table test P=0.007
Logistic regression test P=0.297
Fisher exact test P=0.019
All Organs: Benign Neoplasms »
Overall rate 41/50 (82%) 34/50 (68%)
Adjusted rate 100.0% 100.0%
Terminal rate 9/9 (100%) 5/5 (100%)
First incidence (days) 399 327
Life table test P=0.191
Logistic regression test P=0.119
Fisher exact test P=0.083N
All Organs: Malignant Neoplasms
Overall rate 43/50 (86%) 49/50 (98%)
Adjusted rate 95.3% 100.0%
Terminal rate 79 (78%) 5/5 (100%)
First incidence (days) 208 169
Life table test P=0.010
Logistic regression test P=0.020
Fisher exact test P=0.030
All Organs: Benign or Malignant Neoplasms
Overall rate 49/50 (98%) 49/50 (98%)
Adjusted rate 100.0% 100.0%
Terminal rate 99 (100%) 5/5 (100%)
First incidence (days) 208 169
Life table test P=0.040
Logistic regression test P=0.509

Fisher exact test P=0.753N
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TABLE C3b
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
200 ppm (40-Week) Exposure Group versus 625 ppm (13-Week) Exposure Group (continued)

(T)Terminal sacrifice

# Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,
bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland,
prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed group. The life
table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression
test regards these lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. For all tests, a negative trend or a lower
incidence in a dose group is indicated by N.

Not applicable; no neoplasms in animal group

[+]
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TABLE C3c
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm (52-Week} Exposure Group versus 625 ppm (26-Week) Exposure Group

312 ppm 625 ppm

(52 weeks) (26 weeks)
Harderian Gland: Adenoma
Overall rate® 28/50 (56%) 13/50 (26%)
Adjusted rate® 100.0% 100.0%
Terminal rate® 111 (100%) 0/0
First incidence (days) 34 306
Life table test® P=0.051
Logistic regression test? P=0.533N
Fisher exact test P=0.002N
Harderian Gland: Carcinoma
Overall rate 2/50 (4%) 0/50 (0%)
Adjusted rate 51.5% 0.0%
Terminal rate 0/1 (0%) 0/0
First incidence (days) 41 €
Life table test P=0.663N
Logistic regression test P=0.507N
Fisher exact test P=0.247TN
Harderian Gland: Adenoma or Carcinoma
Overall rate 30/50 (60%) 13/50 (26%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 00
First incidence (days) 344 306
Life table test P=0.068
Logistic regression test P=0.404N
Fisher exact test P<0.001N
Heart: Hemangiosarcoma
Overall rate 33/50 (66%) 13/50 (26%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 328 306
Life table test P=0.032N
Logistic regression test P=0.02IN
Fisher exact test P<0.00IN
Kidney (Renal Tubule): Adenoma
Cverall rate 3/49 (6%) 1/50 (2%)
Adjusted rate 278% 6.3%
Terminal rate 0/1 (0%) 00
First incidence (days) 539 440
Life table test P=0.655
Logistic regression test P=0.627N

Fisher exact test

P=0.301N
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm (52-Week) Exposure Group versus 625 ppm (26-Week) Exposure Group (continued)

312 ppm 625 ppm

(52 weeks) (26 weeks)
Liver: Hepatocellular Adenoma
Overall rate 19/50 (38%) 11/50 (22%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 326 313
Life table test P=0.017
Logistic regression test P=0.395
Fisher exact test P=0.063N
Liver: Hepatocellular Carcinoma
Overall rate 10/50 (20%) 4/50 (8%)
Adjusted rate 74.6% 50.5%
Terminal rate 01 (0%) 0/0
First incidence (days) 382 483
Life table test P=0.328
Logistic regression test P=0.520N
Fisher exact test P=0.074N
Liver: Hepatocellular Adenoma or Carcinoma
Overall rate 24/50 (48%) 13/50 (26%)
Adjusted rate 100.0% 100.0%
Terminal rate 171 (100%) 00
First incidence (days) 326 313
Life table test P=0.023
Logistic regression test P=0.536
Fisher exact test P=0.019N
Liver: Hepatocellular Hepatoblastoma or Carcinoma
Overall rate 11/50 (22%) 4/50 (8%)
Adjusted rate 77.1% 50.5%
Terminal rate 0/1 (0%) 0/0
First incidence (days) 382 483
Life table test P=0.354
Logistic regression test P=0.466N
Fisher exact test P=0.045N
Liver: Hepatoblastoma, Hepatocellular Adenoma, or Carcinoma
Overall rate 25/50 (50%) 13/50 (26%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 326 313
Life table test P=0.026
Logistic regression test P=0.580
Fisher exact test P=0.011N
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TABLE C3c
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm (52-Week) Exposure Group versus 625 ppm (26-Week) Exposure Group (continued)

312 ppm 625 ppm

(52 weeks) (26 weeks)
Lung: Alveolar/bronchiolar Adenoma
Overall rate 26/50 (52%) 12/50 (24%)
Adjusted rate 100.0% 100.0%
Terminal rate 111 (100%) 00
First incidence (days) 344 358
Life table test P=0.062
Logistic regression test P=0.452N
Fisher exact test P=0.004N
Lung: Alveolar/bronchiolar Adenocarcinoma or Carcinoma
Overall rate 16/50 (32%) 11/50 (22%)
Adjusted rate 100.0% 100.0%
Terminal rate 11 (100%) 0/
First incidence (days) 392 241
Life table test P=0.005
Logistic regression test P=0.124
Fisher exact test P=0.184N
Lung: Alveolar/bronchiolar Adenoma, Adenocarcinoma, or Carcinoma
Gverall rate 32/50 (64%) 17/50 (34%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 344 241
Life table test P=0.013
Logistic regression test P=0.570
Fisher exact test P=0.002N
Preputial Gland: Carcinoma
Overall rate 4/50 (8%) 3/50 (6%)
Adjusted rate 100.0% 100.0%
Terminal rate 171 (100%) 0/0
First incidence (days) 639 539
Life table test P=0.003
Logistic regression test P=0.018
Fisher exact test P=0.271N
Stomach (Forestomach): Squamous Cell Papilloma
Overall rate 4/50 (8%) 4/50 (8%)
Adjusted rate 100.0% 20.1%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 401 359
Life table test P=0.097
Logistic regression test P=0.440

Fisher exact test

P=0.643N
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TaBLE C3c
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm (52-Week) Exposure Group versus 625 ppm (26-Week) Exposure Group (continued)

312 ppm 625 ppm

(52 weeks) ' (26 weeks)
Stomach (Forestomach): Squamous Cell Carcinoma
Overall rate 5/50 (10%) 6/50 (12%)
Adjusted rate 331% 40.9%
Terminal rate 0/1 (0%) 0/0
First incidence (days) 422 288
Life table test P=0.015
Logistic regression test P=0271
Fisher exact test P=0.500

Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma

Overall rate 9/50 (18%) 10/50 (20%)
Adjusted rate 100.0% 52.8%
Terminal rate 1/1 (100%) 00

First incidence (days) 401 288

Life table test P=0.003
Logistic regression test P=0.188
Fisher exact test P=0.500

Zymbal's Gland: Carcinoma

Overall rate 0/50 (0%) 2/50 (4%)
Adjusted rate 0.0% 373%
Terminal rate 0/1 (0%) 00

First incidence (days) - 429

Life table test P=0.044
Logistic regression test P=0.117
Fisher exact test P=0.247

All Organs: Hemangiosarcoma

Overall rate 34/50 (68%) 14/50 (28%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0

First incidence (days) 328 306

Life table test P=0.190
Logistic regression test P=0.053N
Fisher exact test P<0.001N

All Organs: Hemangioma or Hemangiosarcoma

Overall rate 34/50 (68%) 14/50 (28%)
Adjusted rate 100.0% 100.0%
Terminal rate 11 (100%) 0/0

First incidence (days) 328 306

Life table test P=0.190
Logistic regression test P=0.053N

Fisher exact test P<0.001N
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TABLE C3c
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:
312 ppm (52-Week) Exposure Group versus 625 ppm (26-Week) Exposure Group (continued)

312 ppm 625 ppm

(52 weeks) (26 weeks)
All Organs: Lymphocytic Malignant Lymphoma
Overall rate 4/50 (8%) 30/50 (60%)
Adjusted rate 100.0% 81.5%
Terminal rate 1/1 (100%) 00
First incidence (days) 289 159
Life table test P<0.001
Logistic regression test P<0.001
Fisher exact test P<0.001
All Organs: Malignant Lymphoma (Mixed or NOS)
Overall rate 4/50 (8%) 3/50 (6%)
Adjusted rate 58.0% 43.3%
Terminal rate 0/1 (0%) 0/0
First incidence (days) 217 251
Life table test P=0.244
Logistic regression test P=0.613
Fisher exact test P=0.500N

Ali Organs: Malignant Lymphoma (Lymphocytic, Mixed, or NOS)

Overall rate 8/50 (16%) 33/50 (66%)
Adjusted rate 100.0% 89.5%
Terminal rate 1/1 (100%) 00

First incidence (days) 217 159

Life table test P<0.001
Logistic regression test P=0.002
Fisher exact test P<0.001
All Organs: Histiocytic Sarcoma

Overall rate 7/50 (14%) 2/50 (4%)
Adjusted rate 43.0% 15.6%
Terminal rate 0/1 (0%) 0/0

First incidence (days) 314 364

Life table test P=0.610N
Logistic regression test P=0.160N
Fisher exact test P=0.080N
All Organs: Malignant Lymphoma and Histiocytic Sarcoma

Overall rate 15/50 (30%) 35/50 (70%)
Adjusted rate 100.0% 91.2%
Terminal rate 1/1 (100%) 0/0

First incidence (days) 217 159

Life table test P<0.001
Logistic regression test P=0.033

Fisher exact test

P<0.001
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Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Inhalation Study of 1,3-Butadiene:

312 ppm (52-Week) Exposure Group versus 625 ppm (26-Week) Exposure Group (continued)

312 ppm 625 ppm

(52 weeks) (26 weeks)
All Organs: Benign Neoplasms
Overall rate 41/50 (82%) 22/50 (44%)
Adjusted rate 100.0% 100.0%
Terminal rate 11 (100%) 00
First incidence (days) 326 306
Life table test P=0.012
Logistic regression test P=0.643N
Fisher exact test P<0.001N
All Organs: Malignant Neoplasms
Overall rate 50/50 (100%) 49/50 (98%)
Adjusted rate 100.0% 100.0%
Terminal rate 171 (100%) 0/0
First incidence (days) 217 159
Life table test P<0.001
Logistic regression test P=0.626N
Fisher exact test P=0.500N
All Organs: Benign or Malignant Neoplasms
Overall rate 50/50 (100%) 49/50 (98%)
Adjusted rate 100.0% 100.0%
Terminal rate 1/1 (100%) 0/0
First incidence (days) 217 159
Life table test P<0.001
Logistic regression test P=0.626N
Fisher exact test P=0.500N

Number of neoplasm-bearing animals/number of animals examined.Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland,
prostate gland, salivary gland, splcen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

¢ Observed incidence at termina) kill

Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the controls and that dosed group. The life

table analysis regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression
test regards these lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. For all tests, a negative trend or a lower

incidence in a dose group is indicated by N.
Not applicable; no neoplasms in animal group
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TABLE C4
Two-Year Historical Incidence of Renal Tubule Neoplasms in Untreated Male B6C3F, Mice?

335

Incidence in Controls

Adenoma Carcinoma Adenoma or
Study Carcinoma

Historical Incidence at Battelle Northwest Laboratories

Aliyl glycidyl ether 0/49 0/49 0/49
@-Chloroacetophenone 0/50 0/50 0/50
Epinephrine hydrochloride 0/50 0/50 0/50
Ethyl chloride 0/50 0/50 0/50
o-Chlorobenzalmalononitrile (CS2) 0/49 0/49 0/49

Overall Historicel Incidence

Total 1/571 (0.2%) 0/571 (0.0%) 1/571 (0.2%)
Standard deviation 0.3% 0.3%
Range 0%-1% 0%-1%

2 Data as of 3 April 1991
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TABLE C§
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene® .

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Disposition Summary

Animals initially in study 50 50 50 50

Early deaths
Accidental deaths 1
Moribund 29 25 25 22
Natural deaths 12 24 19 28

Survivors
Terminal sacrifice 9 1 5

Animals examined microscopically 50 50 50 50

Alimentary System

Galibladder (40) @n (32) 32)
Hyperplasia 1 (3%) 1 (3%)

Intestine large, colon 44 44) (44) (45)
Necrosis 1(2%)

Intestine small, duodenum “2) (38 (35) 32
Hemorrhage 1(3%)

Intestine small, ileum 44 (40) 37 40)
Angiectasis 1 (3%)

Peyer’s patch, hyperplasia 1 (3%)

Intestine small, jejunum “43) 37N ' (40) (41)
Hemorrhage 1 (2%)
Peyer’s patch, hyperplasia 1 (2%)

Peyer’s patch, necrosis 1 (2%)

Liver (49) (50) “49) (50)
Angiectasis 1 (2%) 1 (2%) 1 (2%)

Basophilic focus 3 (6%) 2 (4%) 1 (2%)

Clear cell focus 1 (2%)

Degeneration, fatty 1 (2%) 2 (4%)

Eosinophilic focus 1 (2%) 4 (8%) 1 (2%) 3 (6%)

Hematopoietic cell proliferation 1 (2%) 4 (8%) 3 (6%) 9 (18%)

Infarct 2 (4%) 1 (2%) 3 (6%)

Inflammation, chronic 1 (2%)

Inflammation, granulomatous, focal 2 (4%) 1 (2%)

Mixed cell focus 1 (2%)

Necrosis 8 (16%) 13 (26%) 10 (20%) 14 (28%)

Thrombosis : 2 (4%)

Biliary tract, cyst 2 (4%)

Biliary tract, hyperplasia 2 (4%)

Biliary tract, hypertrophy 1 (2%)

Centrilobular, degeneration, fatty 1 (2%) 4 (8%) 1 (2%) 1 (2%)

Centrilobular, necrosis 7 (14%) 1 (2%) 1 (2%)
Mesentery 3) 13) @an '0)

Fat, angiectasis 6 (46%) 3 (23%) 2 (18%)

Fat, hemorrhage 1 (8%) 1 (9%) 1 (25%)

Fat, inflammation, chronic 3 (23%) 1 (8%)

Fat, necrosis 1(8%) 2 (18%) 1 (25%)
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TABLE C5
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Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study

of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Alimentary System (continued)

Pancreas 46) (49) (46) “49)
Acinus, atrophy 1 (2%) 1 (2%) 1 (2%)
Acinus, focal cellular change 3 (7%) 2 (4%)

Acinus, hyperplasia 1 (2%) 3 (6%)
Acinus, vacuolization cytoplasmic 1 (2%)

Pharynx ™ &)
Palate, inflammation, chronic 1 (100%)

Salivary glands (48) (48) 50 (50)
Infiltration cellular, mixed cell 1 (2%)
Inflammation 2 (4%)

Stomach, forestomach (48) (48) (50) (50)
Angiectasis 1 (2%)

Ulcer 3 (6%) 4 (8%) 2 (4%) 2 (4%)
Epithelium, hyperplasia 10 (21%) 20 (42%) 8 (16%) 15 (30%)

Stomach, glandular (44) (C)) 44) 7
Pigmentation, hemosiderin 2 (5%) 7 (15%) 3 (1%) 4 (9%)
Ulcer 2 (5%) 3 (6%) 1 (2%) 4 (9%)

Tooth O] 0)

Inflammation 6 (100%) 3 (715%)

Cardiovascular System

Heart (50 (50) (50) (50
Cardiomyopathy 2 (4%) 1 (2%) 1 (2%) 4 (8%)
Hemorrhage 1(2%)
Inflammation, suppurative 2 (4%)
Mineralization 6 (12%) 9 (18%) 14 (28%)
Necrosis 1 (2%) 1 (2%)
Atrium, thrombosis 1 (2%) 1 (2%)
Endothelium, hyperplasia 6 (12%) 3 (6%) 7 (14%) 7 (14%)
Pericardium, inflammation, chronic 1 (2%) 1 (2%)

Ventricle, thrombosis 1(2%)

Endocrine System

Adrenal gland, cortex 4s) “9) (50) (50)
Focal cellular change 4 (9%) 1 (2%)

Hematocyst 1(2%)

Hematopoietic cell proliferation 1 (2%)
Hyperplasia 5 (11%) 4 (8%) 1 (2%)
Hypertrophy 10 (22%) 12 (24%) 9 (18%) 2 (4%)

Adrenal gland, medulla 45) 48 49 (48)
Hematopoietic cell proliferation 1 (2%)

Islets, pancreatic (46) 49 “45) 48)
Cytoplasmic alteration 1 (2%)

Hyperplasia 3 (1%) 12%) 12%)

Parathyroid gland (40) 49 33) &1))

Cyst 1 (3%)
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TABLE C§
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)
Endocrine System (continued)
Pituitary gland 44) 43) 43) 43)
Pars distalis, cyst 1 (2%) 1 (2%) 2 (5%)
Pars distalis, hemorrhage 1 (2%)
Pars distalis, hyperplasia 1 (2%) 1 (2%)

Thyroid gland (48) 49) (50) 49)

Cyst 1 (2%) 3 (6%) 1 (2%) 1 (2%)
Hemorrhage 1 (2%)

Inflammation 1(2%)

Follicular cell, hyperplasia 2 (4%) 1 (2%) 2 (4%)

General Body System

None

Genital System

Epididymis (49) (50) (49) (50)
Angiectasis 1 (2%)
Hypospermia 4 (8%) )
Infiltration cellular, mixed cell 1 (2%)
Inflammation, chronic 3 (6%) 1 (2%)

Muscularis, hyperplasia 1 (2%)

Penis “
Inflammation, suppurative 1 (25%)

Preputial gland ® 0) (10 ©)
Angiectasis 1 (25%)

Degeneration, cystic 1 (13%) 1 (10%)

Hyperplasia 2 (20%)

Inflammation, suppurative 3 (38%) 6 (60%) 3 (50%)
Duct, dilatation 1(13%)

Prostate 44) (48) (48) (C))
Inflammation 1 (2%)
Inflammation, suppurative 3 (%) 2 (4%)

Seminal vesicle 44) 47 42) 7
Inflammation, suppurative 2 (5%) 1 (2%)

Testes (50) (50) (50) (50)
Angiectasis 4 (8%) 1 (2%)

Atrophy 5 (10%) 3 (6%) 3 (6%) 5 (10%)
Degeneration 2 (4%) 2 (4%)
Mineralization 2 (4%)

Interstitial cell, hyperplasia 1 (2%)

Hematopoietic System

Bone marrow (50 (49) (48) 49
Angiectasis 1 (2%)

Atrophy 5 (10%) 3 (6%) 2 (4%)
Fibrosis 1 (2%)
Hyperplasia 9 (18%) 9 (18%) 11 (23%) 8 (16%)

Necrosis 1 (2%)
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TABLE C5
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Hematopoietic System (continued)

Lymph node (50) (50) 49) (50)
Axillary, hematopoietic cell proliferation 1(2%)
Itiac, hematopoietic cell proliferation 1 (2%)
Iliac, hyperplasia 1 (2%)

Inguinal, hematopoietic cell proliferation 1(2%)
Pancreatic, hyperplasia 1 (2%)

Lymph node, bronchial (43) @7 (40) 41)
Congestion 1(2%)

Hematopoietic cell proliferation 2 (5%) 2 (5%)
Hyperplasia 5 (12%) 1 (3%) 1 (3%)

Lymph node, mandibular 42) @31 39 “43)
Hematopoietic cell proliferation 1 (2%) 2(5%)
Hyperplasia 9 (21%) 3 (10%) 7 (18%)

Necrosis 1 (2%)

Lymph node, mediastinal (39 “41) 3% “4)
Congestion 1 (2%)
Hematopoietic cell proliferation 1 (3%) 2 (5%) 3 (7%)
Hyperplasia 1 (3%) 2 (5%) 1 (3%)

Inflammation 1 (3%)

Lymph node, mesenteric 44) (C)) 43) (48)
Angiectasis ' 7 (16%) 1 (2%) 2 (5%) 1 (2%)
Congestion 2(5%) 1 (2%) 2(5%)

Hematopoietic cell proliferation 5(11%) 2 (5%) 4 (9%) 1(2%)
Hyperplasia 3(7%) 1 (2%)
Inflammation 1 (2%)

Spleen “7 (48) (49) (50)
Angiectasis 1 (2%)

Depletion lymphoid 1(2%)

Hematopoietic cell proliferation 12 (26%) 21 (44%) 18 (37%) 18 (36%)
Hemorrhage 1(2%)
Hyperplasia, lymphoid 2 (4%)

Necrosis 1 (2%)
Thrombosis 1 (2%)

Thymus @1 @7 @7 (40)
Infiltration cellular, mixed cell 1(3%)
Inflammatijon, suppurative 1 (3%)

Necrosis 14 (34%) 30 (81%) 10 (27%) 10 (25%)
Mediastinum, necrosis 1 (3%)

Integumentary System

Skin (50) 49) (50) 50
Cyst epithelial inclusion 1 (2%) 1 (2%)
Inflammation, chronic 2 (4%) 1 (2%) 1 (2%)
Hair follicle, atrophy 1 (2%) 1 (2%)
Prepuce, inflammation, suppurative 5 (10%) 2 (4%)

Sebaceous gland, hyperplasia 1 (2%)
Subcutaneous tissue, angiectasis 1(2%) 1 (2%)
Subcutaneous tissue, edema 1 (2%) 1 (2%) 1 (2%)

Subcutaneous tissue, hemorrhage 3 (6%) 2 (4%) 1(2%)
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TABLE C5
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study
of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)
Musculoskeletal System
Bone (50) (50) (50) : (50)
Developmental malformation 2 (4%)
Osteopetrosis 1 (2%)
Nervous System
Brain (50) (50) (50) (50)
Hemorrhage 4 (8%) 6 (12%) 2 (4%) 3 (6%)
Inflammation, chronic 1(2%)
Mineralization 15 (30%) 9 (18%) 12 (24%) 6 (12%)
Necrosis 1 (2%) 2 (4%)
Pigmentation, hemosiderin 1 (2%)
Respiratory System
Larynx (46) 49) “9) @7
Inflammation, suppurative 1 (2%) 1 (2%)
Metaplasia, squamous 1(2%)
Lung (50) (50) (50) (50)
Angiectasis 1 (2%)
Hemorrhage 3 (6%) 7 (14%) 5 (10%) 10 (20%)
Hyperplasia, lymphoid 1 (2%)
Inflammation, chronic, focal 1(2%)
Inflammation, focal, chronic 1 (2%) 2 (4%)
Inflammation, suppurative 2 (4%) 2 (4%)
Thrombosis 1 (2%)
Alveolar epithelium, hyperplasia 18 (36%) 14 (28%) 10 (20%) 11 (22%)
Alveolus, infiltration cellular, histiocyte 18 (36%) 12 (24%) 9 (18%) 3 (6%)
Alveolus, pigmentation, hemosiderin 1 (2%) 1 (2%)
Bronchiole, epithelium, hyperplasia 1 (2%)
Pleura, inflammation, chronic 1(2%) 1 (2%)
Nose ) 49) (50) (50
Inflammation, suppurative 14 (29%) 7 (14%) 7 (14%) 1 (2%)
Nasolacrimal duct, inflammation,
suppurative 6 (12%) 8 (16%) 8 (16%) 1 (2%)
Nerve, hyperplasia 1 (2%)
Olfactory epithelium, atrophy 2 (4%) 2 (4%) 1 (2%)
Respiratory epithelium, metaplasia,
squamous 1 (2%)
Trachea “7n (C1)) (48) (48)
Inflammation, suppurative 20 (43%) 12 (26%) 11 (23%) 7 (15%)
Special Senses System
Eye ) “ O) ©)
Degeneration 1 (25%)
Cornea, hyperplasia 1 (25%)

Comea, inflammation, chronic 2 (50%) 2 (50%)
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TABLE CS

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Inhalation Study

of 1,3-Butadiene (continued)

200 ppm 312 ppm 625 ppm 625 ppm
(40 weeks) (52 weeks) (13 weeks) (26 weeks)

Special Senses System (continued)

Harderian gland (48) (48) “42) (36)
Hyperplasia 4 (8%) 6 (13%) 3 (%) 7 (19%)
Inflammation, chronic 1 (2%)

Urinary System

Kidney (48) 49 (50) 50)

Cyst 1 (2%) 1(2%)

Hematopoietic cell proliferation 1 (2%)
Hemorrhage 1(2%) 2 (4%)
Infarct 1 (2%)
Infiltration cellular, histiocyte 1 (2%)

Inflammation, suppurative 1 (2%) 4 (8%) 1 (2%)
Metaplasia, osseous 1(2%)

Nephropathy 12 (25%) 4 (8%) 10 (20%) 4 (8%)
Pigmentation, hemosiderin 1 (2%)

Capsule, angiectasis 1 (2%)

Capsule, inflammation, chronic 1(2%)

Renal tubule, hyperplasia 4 (8%) 1 (2%) 1 (2%) 2 (4%)
Renal tubule, mineralization 1 (2%)

Urinary bladder 43) “@n (46) 48)
Dilatation 8 (19%) 3 (7%)

Inflammation 1(2%) 1 (2%)
Transitional epithelium, hyperplasia 2 (5%) 1 (2%)

2 Number of animals examined microscopically at site and number of animals with lesion
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GENETIC TOXICOLOGY

SALMONELLA DESICCATOR PROTOCOL

A modification of the technique reported by Zeiger (1990) was used to expose the bacteria to gaseous
1,3-butadiene. Details of the Salmonella gas exposure protocol are presented in Zeiger et al. (1992).
1,3-Butadiene was sent to the laboratory as a coded aliquot from Radian Corporation (Austin, TX). The
minimal glucose agar plates with the Salmonella typhimurium tester strains (TA97, TA98, TA100, and
TA1535) either alone or with S9 mix (metabolic activation enzymes and cofactors from Aroclor
1254-induced male Sprague-Dawley rat or Syrian hamster liver) were placed, without lids, in glass
desiccator jars. All plates exposed to a particular concentration of butadiene, both with and without S9,
were treated simultaneously in the same desiccator. The desiccators were then sealed and partially
evacuated to allow the addition of the gas/air mixture. 1,3-Butadiene was equilibrated with air and
introduced through valves into the sealed desiccators. The desiccators were incubated at 37° C for

48 hours. Each trial consisted of triplicate plates of concurrent positive and negative controls and of at
least five doses of 1,3-butadiene. The high dose was limited by toxicity. A positive response in the

S. typhimurium assay is defined as a reproducible, dose-related increase in histidine-independent (revertant)
colonies in any one strain/activation combination. An equivocal response is defined as an increase in
revertants which is not dose-related, not reproducible, or is of insufficient magnitude to support a
determination of mutagenicity. A negative response is obtained when no increase in revertant colonies is
observed following chemical treatment.

MOUSE LYMPHOMA PROTOCOL

The experimental protocol is presented in detail by McGregor et al. (1991). 1,3-Butadiene was supplied as
a coded aliquot by Radian Corporation. The high dose of 1,3-butadiene was determined by toxicity.
Mouse lymphoma L5178Y cells were maintained at 37° C as suspension cultures in Fischer’s medium
supplemented with 2 mM [-glutamine, 110 pug/mL sodium pyruvate, 0.05% pluronic F68, antibiotics, and
heat-inactivated horse serum; normal cycling time was about 10 hours. To reduce the number of
spontaneously occurring trifluorothymidine (TFT) resistant cells, subcultures were exposed once to
medium containing THMG (thymidine, hypoxanthine, methotrexate, glycine) for 1 day, to THG for 1 day,
and to normal medium for 3 to 5 days. For cloning, horse serum content was increased and Noble agar
was added. Freshly prepared S9 metabolic activation factors were obtained from the livers of either
Aroclor 1254-induced or noninduced Fischer 344/N male rats.

All treatment levels within an experiment, including concurrent positive and solvent controls, were
replicated. Treated cultures contained 6 X 10° cells in a 10 mL volume of medium. This volume included
the S9 fraction in those experiments performed with metabolic activation. Cultures were housed in sterile
plastic tubes closed with a tightly fitted Suba-seal cap, through which the 1,3-butadiene/air mixture was
introduced. Tubes were partially evacuated so that internal pressure returned to ambient upon
introduction of the 1,3-butadiene/air mixture. Incubation continued for 4 hours; during this time, the
tubes were rotated on a horizontal axis roller drum. After the 4-hour incubation, the cultures were
transferred to 50 mL sterile screw-capped tubes where cells were centrifuged, washed, and resuspended in
20 mL of fresh medium and incubated for an additional 48 hours to express the mutant phenotype. Cell
density was monitored so that log phase growth was maintained. After the 48-hour expression period,

3 x 10° cells were plated in medium and soft agar supplemented with trifluorothymidine for selection of
TFT-resistant cells (TK™”), and 600 cells were plated in nonselective medium and soft agar to determine
cloning efficiency. Plates were incubated at 37° C in 5% CO, for 11 to 14 days. All data were evaluated
statistically for both trend and peak response (for details, see McGregor ef al., 1988). Both responses had
to be significant (P<0.05) for a chemical to be considered capable of inducing TFT resistance, a single
significant response led to a "questionable” conclusion, and the absence of both a trend and a peak
response resulted in a "negative” call. Minimum criteria for accepting an experiment as valid and a
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detailed description of the statistical analysis and data evaluation are presented in Myhr ez al. (1985). This
assay was initially performed without S9; because a clearly positive response was not obtained, the
experiment was repeated with induced S9.

DROSOPHILA PROTOCOL

The assays for induction of gene mutations were performed as described in Zimmering et al. (1985).
1,3-Butadiene was supplied as a coded aliquot from Radian Corporation. Toxicity tests were performed to
set concentrations of 1,3-butadiene at a level that would induce approximately 30% mortality after

72 hours of exposure while keeping induced sterility at an acceptable level. For the sex-linked recessive
lethal (SLRL) mutation test, Canton-S males (10 to 20 flies/vial) were exposed to 1,3-butadiene vapors for
72 hours. Exposed males were mated to three Basc females for 3 days and given fresh females at 2-day
intervals to produce three matings of 3, 2, and 2 days; sample sperm from successive matings were treated
at successively earlier post-meiotic stages. F, heterozygous females were allowed to mate with their
siblings then placed in individual vials. F, daughters from the same parental male were kept together to
identify clusters. (A cluster occurs when a number of mutants from a given male result from a single
spontaneous premeiotic mutation event, and is identified when the number of mutants from that male
exceeds the number predicted by a Poisson distribution.) If a cluster was identified, all data from the male
in question were discarded. Presumptive lethal mutations were identified as vials containing no wild-type
males after 17 days; these were retested.

Recessive lethal data were analyzed by the normal approximation to the binomial test (Margolin er al.,
1983). A test result was considered to be positive if the P value was less than 0.01 and the mutation
frequency in the tested group was greater than 10%, or if the P value was less than 0.05 and the frequency
in the treatment group was greater than 15%. A test was considered to be inconclusive if (a) the P value
was between 0.05 and 0.01 but the frequency in the treatment group was between 10% and 15%, or (b) the
P value was between 0.10 and 0.05 but the frequency in the treatment group was greater than 10%. A
result was considered to be negative if the P value was greater than 0.10 or if the frequency in the
treatment group was less than 10%.

IN VIvo MOUSE BONE MARROW CYTOGENETICS ASSAYS

Details of the protocols for the 2-week exposure studies for induction of chromosomal aberrations (Abs),
sister chromatid exchanges (SCE), and micronuclei are presented in Tice et al. (1987). Briefly, male
B6C3F, mice (12 animals/dose group) were exposed to ambient air or to 1,3-butadiene (6.25, 62.5, or

625 ppm) for 6 hours per day, excluding weekends, for a total of 10 exposures (total elapsed

time = 15 days). One hour before the final exposure, a 50 mg bromodeoxyuridine tablet was implanted
subcutaneously in each lightly anesthetized mouse (McFee et al., 1983), and 2 hours before sacrifice, the
mice received an intraperitoneal (IP) injection of 2 mg/kg colchicine (in salin¢). Peripheral blood smears
for micronucleus analysis were prepared at the time of colchicine injection and processed as described
below. Mice were Killed 19.5 to 23.5 hours after implantation of BrdU to ensure sufficient numbers of
first- and second-division cells for both chromosomal aberration and sister chromatid exchange analyses.
Mice were killed by cervical dislocation; both femurs were removed and the marrow was flushed out with
5 mL phosphate-buffered saline (pH 7.4). The cells were treated with a hypotonic salt solution, fixed, and
dropped onto chilled slides. Following a 24-hour drying period, the slides were stained by a modified
(Tice et al., 1987) fluorescence-plus-Giemsa method (Goto et al., 1982) and scored. Twenty-five second-
division metaphase cells were scored per animal for SCEs and 50 first-division metaphase cells were scored
per animal for Abs. Responses were evaluated as SCEs per cell or, for Abs, as the percentage of aberrant
metaphase cells, excluding gaps. The number of aberrations per cell (excluding gaps) was also analyzed to
provide information on the extent of individual cell damage. The data were analyzed by a one-tailed trend
test (Margolin et al., 1986).
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MOUSE PERIPHERAL BLOOD MICRONUCLEUS ASSAY

A detailed discussion of this assay, as it was conducted for the 13-week and 15-month exposure periods, is
presented in Choy er al. (1986). The protocol for the 2-week study is presented in detail in Tice et al.
(1987). Peripheral blood samples were obtained from male and female B6C3F, mice at the termination of
the 2- and 13-week and 15-month studies. Smears were immediately prepared and fixed in absolute
methanol. For the 2-week exposure study, the slides were stained with acridine-orange according to the
method of Kato (1974), and for the 13-week and 15-month studies, the slides were stained with a
chromatin-specific fluorescent dye mixture of Hoechst 33258/pyronin Y (MacGregor et al., 1983) and
coded. Slides were scanned to determine, for each animal per dose group, the frequency of micronuclei in
1,000 polychromatic erythrocytes (PCE) and 1,000 or 10,000 normochromatic erythrocytes (NCE). (NCE
counts are for the 2-week exposures and the longer exposures, respectively.) In addition, the percent PCE
among the total erythrocyte population was determined. For the 2-week exposure, a one-tailed trend test
(Margolin et al., 1986) was used to analyze the PCE and NCE data, and for the percent PCE data, a two-
tailed trend test was used to determine if a treatment-related effect had occurred. Pairwise comparisons
between individual dose groups and the concurrent control were conducted using Student’s ¢-test with a
Bonferroni correction for multiple comparisons. For the 13-week and 15-month studies, the frequency of
micronuclei per NCE was analyzed by analysis of variance using the SAS GLM procedure after performing
a log-transformation of the data and testing for normality by the Shapiro-Wilk test (SAS PROC
UNIVARIATE) and for heterogeneity of variance by Cochran’s test. Individual contrasts for the NCE
data involved negative controls versus each dose group and linear trends without positive controls. These
contrasts were evaluated using Student’s t-test. The Cochran-Armitage trend test was used to analyze the
PCE data. The percent PCE among total erythrocytes was analyzed using a test of variance on ranks
(classed by sex), and a t-test on ranks was used to compare percent PCE in individual dose groups with
their concurrent negative controls.

RESULTS

1,3-Butadienc was mutagenic in S. typhimurium strain TA1535 when tested as a gas in a sealed desiccator
chamber, with and without Aroclor 1254-induced male Sprague-Dawley rat or Syrian hamster liver S9
(Table D1). The positive response observed with TA1535 in the absence of exogenous metabolic
activation was unexpected and may, in fact, be an artifact of the exposure protocol. All plates to be
exposed to a particular concentration of 1,3-butadiene, with or without S9, were housed together in a
single desiccator and treated simultaneously. Previous investigations demonstrated that such an
arrangement produced positive responses in cultures that did not contain S9 activation enzymes, whereas
removing the S9-containing plates from the desiccator and treating only those cultures that did not contain
S9 resulted in no increase in mutations (de Meester et al, 1980). The induction of mutations in the
cultures that did not contain S9 was believed to be caused by the formation of a volatile mutagenic
intermediate in the S9-containing plates that migrated to the plates without S9. No mutagenic activity was
detected for 1,3-butadiene in strain TA100, TA97, or TA98 under the same conditions.

No mutagenic activity was observed in the mouse lymphoma L5178Y cell assay, with or without Aroclor
1254-induced male Fischer rat liver S9 (Table D2; McGregor et al., 1991). The maximum dose was 30% in
air (v/v). One possible factor in the lack of mutagenic activity is the low solubility of 1,3-butadiene in the
cell culture medium, which may have prevented adequate exposure. 1,3-Butadiene did not induce a
significant increase in SLRL mutations in germ cells of male D. melanogaster exposed by inhalation to
360,000 ppm in air (Table D3).

Positive results were obtained with 1,3-butadiene in cytogenetic tests with mammalian cells in vivo.
Significant increases in the frequency of Abs (Table D4) and SCEs (Table DS) were observed in bone
marrow cells of male mice exposed for 2 weeks to 1,3-butadiene (6.25 to 625 ppm in air). For both tests,
the trend analyses were significant; both the mid- and high-dose animals showed increases in SCEs, while
only the high-dose mice had elevated levels of chromosomal Abs. In addition, cell cycle time was
significantly lengthened as doses of 1,3-butadiene were increased, as indicated by the average generation
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time measurements (Table DS). Peripheral blood smears prepared from these same animals (exposed to
1,3-butadiene by inhalation for 2 weeks) revealed significant increases in micronucleated PCEs and NCEs
(Table D6). Elevations in the frequency of micronucleated PCEs (a measure of acute exposure) were
observed in the mid- and high-dose mice, while only the high-dose mice showed a statistically significant
increase in micronucleated NCEs; for both types of cells, the trend analyses were significant. The rate of
erythropoiesis was increased in exposed mice, particularly at the 625 ppm dose level, as indicated by the
increase in percent PCEs in the total erythrocyte population in the peripheral blood (Table D6). This,
along with the increase in average generation time (Table D35), indicates cellular (bone marrow) toxicity
induced by 1,3-butadiene. The frequencies of micronucleated PCEs and NCEs were also scored in
peripheral blood samples of male and female mice exposed for 13 weeks (Table D7) or 15 months

(Table D8) to 6.25 to 625 ppm 1,3-butadiene; both exposure regimens produced positive results in each
sex. Also, the percent of PCEs in female mice exposed for 15 months to 1,3-butadiene was clevated at the
two highest concentrations tested, which produced a positive trend (Table D8).
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TABLE D1
Mutagenicity of 1,3-Butadiene in Salmonella typhimurium®
Revertants/plate”
Strain  Dose -S9 +30% hamster S9 +30% rat S9
(moles/liter)

TA100  0.000 82+ 24 109 + 122 101 + 119
0.014 85 + 85 109 + 5.0 120 + 126
0.020 79+ 50 115 + 6.2 72+ 38
0.026 79 + 43 78+ 47 82+ 31
0.030 71+ 69 84 + 142 107 £ 9.0
0.033 66 + 108 114 + 95 106 + 5.2

Trial summary Negative Negative Negative

Positive control® 391 + 135 477+ 15 844 + 25.7

TA97 0.000 163 + 158 188 + 4.8 163 = 6.2
0.002 115 = 4.7 175 + 54 216 = 7.8
0.007 152+ 52 194 + 48 208 = 2.6
0.014 172 + 34 162 + 4.1 216 + 99
0.020 128 + 5.8 154 + 3.7 188 + 12.3
0.030 99 * 57 165 + 49 197 = 9.5

Trial summary Negative Negative Equivocal

Positive control 460 + 19.2 875 £ 19.2 489 x 12.2

Revertants/plate

Strain  Dose -S9 +30% hamster S9 +30% rat S9
(moles/liter) Trial 1 Trial 2 Trial 1 Trial 2
TA98 0.000 12+ 20 11+ 15 11 % 15 22+ 23 23+ 39
0.004 15 + 37 23+ 20
0.007 13+ 37 14 £ 27
0.009 9+ 15 17+ 20
0.014 6% 15 11+ 1.0 10+ 12 15+ 09 19+ 20
0.020 7+ 10 9+ 09 12+ 03 13+ 10 13+ 24
0.026 6+ 15 9+ 17 9+ 18
0.030 3x 15 10+ 15 8+ 18
0.033 4+ 03 8+ 18 13+ 1.0
Trial summary Negative Negative Negative Negative Negative

Positive control 207 = 26.7 170 = 9.9 419 = 84 240 + 99 183 + 15.1
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TABLE D1
Mutagenicity of 1,3-Butadiene in Salmonella typhimurium (continued)

Revertants/plate

Strain  Dose -S9 +30% hamster S9 +30% rat S9
(moles/liter) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
TA1535 0.000 1+ 21 11+ 20 15 £ 3.7 2+ 07 12+ 18 2 = 32
0.002 49+ 31 95 + 4.3 82+ 81 142 + 105 70 £ 93 94+ 33
0.007 84 + 87 125 = 8.1 116 + 40 152 + 134 122 + 88 149 + 159
0.014 108 £ 1.2 171 £ 132 165 £ 5.6 224 + 44 134 =+ 6.0 189 + 139
0.020 113 + 26 148 £ 9.9 180 + 4.7 221 = 9.7 144 = 27 171 =+ 8.7
0.030 117 + 64 115 £ 1.5 176 £ 5.2 226 + 11.0 158 £ 43 152+ 1.5
Trial summary Positive Positive Positive Positive Positive Positive
Positive control 189 + 11.0 358 + 14.5 95 = 6.9 161 + 84 130 + 6.1 123 + 255

Study performed at Microbiological Associates. A detailed description of the protocol is presented in Zeiger et al. (1992). Cells
and 1,3-butadiene or solvent (air) were incubated in the absence of exogenous metabolic activation (-S9) or with Aroclor
1254-induced S9 from male Syrian hamster liver or male Sprague-Dawley rat liver. High dose was limited by toxicity; 0 mol/L dose
is the control (air).

Revertants are presented as mean *+ standard error from three plates.

2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation,
4-nitro-o-phenylenediamine was tested on TA98, sodium azide was tested on TA100 and TA1535, and 9-aminoacridine was tested
on TA97.
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TABLE D2
Induction of Trifluorothymidine Resistance in Mouse L5178Y Lymphoma Cells by 1,3-Butadiene®

Cloning Relative Mutant Mutant Average
Compound Concentration Efficiency Total Growth Count Fraction® Mutant
(ug/mL) (%) (%) Fraction®
-S9
Trial 1
Air 84 96 43 17
99 9 72 24
87 91 46 18
107 115 51 16 19
Methylmethanesulfonate 15 41 20 159 128
37 20 158 141 1359
1,3-Butadiene 25 107 111 68 21
86 112 61 24 22
5 74 92 60 27
89 91 50 19 23
10 95 92 53 19
82 104 59 24 21
20 101 91 85 28
98 95 63 22 25
30 9 90 61 22
94 89 47 17 20
Trial 2
Air 9 9% 61 21
101 103 56 18
89 108 43 16
104 92 93 30 21
Methylmethanesulfonate 15 33 24 191 194
4 31 225 184 189¢
1,3-Butadiene 25 112 101 37 11
112 100 57 17 14
5 86 90 72 28
97 97 54 18 23
10 98 94 91 31
94 92 72 25 28
20 112 88 75 22 .
93 76 42 15 19
30 92 74 53 19

98 79 72 25 22
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TABLE D2
Induction of Trifluorothymidine Resistance in Mouse L5178Y Lymphoma Cells by 1,3-Butadiene (continued)

Cloning Relative Mutant Mutant Average
Compound Concentration Efficiency Total Growth Count Fraction Mutant
(ug/mL) (%) (%) Fraction
+89°¢
Trial 1
Air 83 91 51 20
70 79 62 30
88 97 78 30
107 133 52 16 24
Methylcolanthrene 25 39 30 281 240
40 24 255 213 2274
1,3-Butadiene 25 75 87 55 25
76 49 78 34 29
5 97 58 79 27
91 50 82 30 29
10 82 91 54 22
76 62 97 43 32
20 66 62 49 25
81 72 72 30 27
30 90 65 93 35
80 69 80 33 34
Triai 2
Air 88 104 60 23
93 97 65 23
87 101 35 13
81 98 39 16 19
Methylcolanthrene 25 39 30 281 240
40 24 255 213 2274
1,3-Butadiene 25 71 80 40 19
98 86 43 15 17
5 92 85 62 22
64 84 61 32 27
10 78 87 98 42
82 99 40 16 29
20 81 80 66 27
. 73 75 65 30 28
30 68 75 75 37
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TABLE D2
Induction of Trifluorothymidine Resistance in Mouse 1.5178Y Lymphoma Cells by 1,3-Butadiene (continued)

2 Study performed at Inveresk Research International. The detailed protocol and these data are presented in McGregor et al.

(1991). All doses were tested in duplicate; the average of the tests is presented in the table. Cells (6 x 10°/mL) were treated for

4 hours at 37° C in medium, washed, resuspended in medium, and incubated for 48 hours at 37° C. After expression, 3 x 10° cells

were plated in medium and soft agar supplemented with trifluorothymidine for selection of cells that were mutant at the thymidine

kinase (TK) locus, and 600 cells were plated in nonselective medium and soft agar to determine the cloning efficiency.

Mutant fraction (frequency) is a ratio of the mutant count to the cloning efficiency, divided by 3 (to arrive at MF/10° cells treated);

MF=mutant fraction.

Mean standard error from three replicate plates of approximately 10° cells each.

Significant positive response (P <0.05)

€ Tests conducted with metabolic activation were performed as described in * except that S9, prepared from the livers of Aroclor
1254-induced Fischer 344/N rats, was added at the same time as 1,3-butadiene and/or solvent.
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TABLE D3
Induction of Sex-Linked Recessive Lethal Mutations in Drosophila melanogaster by 1,3-Butadiene?

Route of Incidence of Incidence of No. of Lethals/No. of X Chromosomes Tested
Exposure Dose Deaths Sterility Mating1 Mating2  Mating 3 Total®

(ppm) (percent) (percent)

Inhalation 360,000 15 17 4/2,495 01,992 21,516 6/6,003 (0.10%)
0 272347 0/1,964 2/1,934 4/6,245 (0.06%)

Study performed at University of Wisconsin, Madison. A detailed protocol of the sex-linked recessive lethal assay is presented in
Zimmering et al. (1985). Exposed males were mated to three Basc females for 3 days and given fresh females at 2-day intervals to
produce three broods of 3, 2, and 2 days. Sample sperm from successive matings were treated as spermatozoa (mating 1),
spermatids (mating 2), and spermatocytes (mating 3). F; heterozygous females were crossed to their siblings and placed in
individual vials. F; daughters from the same parental male were kept together to identify clusters; no clusters were found.
Presumptive lethal mutations were identified as vials containing no wild-type males; after 17 days, these were retested. Results
were not significant at the 5% level (Margolin et al., 1983).

Combined total number of lethal mutations/number of X chromosomes tested for three mating trials

TABLE D4
Induction of Chromosomal Aberrations in Mouse Bone Marrow Cells by 1,3-Butadiene?

Dose Aberrations/ Percent Cells

Compound (ppm) Cell with Abs
Air® 0.023 * 0.0085 23 + 085
1,3-Butadiene 6.25 0.016 = 0.0036 1.6 £ 0.36
62.5 0.033 £+ 00125 33+125
625.0 0.178 = 0.0450 140 = 318

Trend test® P<0.001 P<0.001

Study performed at Brookhaven National Laboratories. The detailed protocol and these data are presented in Tice ez al. (1987).
1,3-Butadiene was administered by inhalation, for 6 hours a day, 5 days a week for 2 weeks (total elapsed time of 15 days) to male
B6C3F; mice. Fifty first-division metaphases were scored from each of 12 animals per dose group. Gaps were scored, but not
used in the analysis of the data presented in this table. Data are presented as the mean + standard error.

b Solvent control

¢ One-tailed trend test (Margolin et al., 1986); significant at P<0.05.
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TABLE DS
Induction of Sister Chromatid Exchanges in Mouse Bone Marrow Cells by 1,3-Butadiene?

Compound Dose ppm Mean SCEs/Cell Average Generation Time®
Air® 551 +£ 0.292 11.52 = 0.382
1,3-Butadiene 6.25 6.49 x 0.206 12.45 + 0.362
62.5 10.88 + 0.398 13.31 + 0.406
625 35.09 + 1.757 15.38 + 0.482
P<0.001¢ P<0.001¢

Study performed at Brookhaven National Laboratories. The detailed protocol and these data are presented in Tice et al. (1987).
1,3-Butadiene was administered by inhalation, 6 hours a day, 5 days a week for 2 weeks (total elapsed time = 15 days) to male
B6C3F, mice. Twenty-five second-division metaphases were scored from each of 12 animals per dose group. Data are presented
as mean * the standard error.

Average cell generation time (in hours) based on 100 metaphase cells analyzed per animal.

Solvent control

One-tailed trend analysis (Margolin et al., 1986); significant at P<0.05.

o o

TABLE D6
Induction of Micronuclei in Peripheral Blood Erythrocytes of Male Mice Exposed for 2 Weeks
to 1,3-Butadiene®

Compound Dose Micronucleated Cells/1,000 Cells® PCE® Number of
(ppm) PCE NCE (%) Mice
Control 375 £ 0592 267 + 0.414 278 % 0.015 12
1,3-Butadiene 6.25 550 + 0417 333 + 0497 2.43 + 0.023 12
62.5 8.64 + 0789*  4.00 + 0.618 3.08 + 0.018 12
625 3000 + 1.267*  7.17  0.869 433 + 0.038* 12
P<0.001° P<0.001° P<0.001¢

* P<0.001, significant at alpha=0.017 (alpha=0.05 Bonferroni-corrected for three pairwise comparisons); pairwise comparison of
dose group to control made by one-tailed Pearson chi-square for normochromatic and polychromatic erythrocytes and by two-tailed
t-test for %PCE.

Study performed at Brookhaven National Laboratories. The detailed protocol and these data are presented in Tice et al, (1987).
Male B6C3F,; mice were exposed to 1,3-butadiene or air (solvent control) for 6 hours a day, 5 days a week for 2 weeks (lotal
duration of 15 days). At least 1,000 PCE and 1,000 NCE were scored per animal.

Data presented as mean =+ standard error.

One-tailed trend test (Margolin et al., 1986); significant at P<0.05.

Two-tailed trend test, using individual animal data
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TABLE D7

Induction of Micronuclei in Peripheral Blood Erythrocytes of Mice Exposed for 13 Weeks

to 1,3-Butadiene®

3ss

Compound Dose Micronucleated Cells/1,000 Cells® Number
(ppm) PCE NCE of Mice
Male
Control 1.22 + 0.29 1.83 £ 0.17 10
1,3-Butadiene 6.25 247 = 0.19** 10
62.5 5.72 = 0.82*¢ 4.80 = 0.34** 10
625 18.66 + 1.01°* 1592 + 0.84** 10
Female
Control 1.88 + 0.27 1.39 £ 0.15 10
1,3-Butadiene 6.25 1.83 + 0.12* 10
62.5 5.51 + 0.62** 3.88 + 0.18** 10
625 14.10 & 0.55¢*¢ 11.72 % 0.36°** 10

* P<0.05 by Student’s t-test for normochromatic erythrocyte analysis or Kastenbaum and Bowman binomial comparison for

polychromatic erythrocyte analysis
** P<0.01 by Student’s t-test

? Smears were prepared from peripheral blood samples obtained by cardiac puncture of dosed and control animals at the termination
of the 13-week studies. Slides were stained with Hoechst 33258/pyronin Y (MacGregor et al., 1983). At least 1,000 PCE and
10,000 NCE from each animal were scored for micronuclei.

Values are presented as mean * standard error.
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TABLE D8
Induction of Micronuclei in Peripheral Blood Erythrocytes of Mice Exposed for 15 Months
to 1,3-Butadiene*

Number of

Compound Dose Micronucleated Cells/1,000 Cells’ PCE?
(ppm) PCE NCE (%) Mice
Male
Control 1.26 + 0.25 1.60 £ 0.13 1.70 = 0.09 10
1,3-Butadiene 6.25 221 £ 028 203 £ 0.13 1.70 £ 0.12 10
20 298 + 0.64** 2,04 £ 0.10* 199 £ 0.12 10
62.5 3.81 £ 0.57** 2.25 = 0.20** 1.72 £ 0.14 10
200 3.93 &+ 0.55** 345 + 0.21** 1.85 = 0.05 10
625 9.18 & 1.44%* 7.36 = 0.59** 247 + 0.56* 7
P<0.001° P<0.001¢ P=0.162¢
Female
Control 1.20 + 0.32 111 + 0.13 1.84 + 0.19 10
1,3-Butadiene 6.25 093 + 031 1.17 £ 0.10 146 + 0.16 10
20 2.19 = 0.37 1.24 £ 0.13 1.56 + 0.13 10
62.5 2.45 £ 035* 1.70 = 0.18** 154 £ 0.12 10
200 5.89 + 0.95** 3.29 + 0.33** 516 + 2.19 10
625 10.68 + 1.04** 7.13 £ 0.85** 8.51 = 395 2
P<0.001° P<0.001° P=0.015¢

* P<0.05. Group means vs. the control by Kastenbaum-Bowman’s binomial test for polychromatic erythrocytes or all Student r-tests
for normochromatic erythrocytes or t-tests on ranks for percent PCE.

** P<0.01

2 Smears of peripheral blood samples obtained by cardiac puncture of dosed and control animals at the termination of 15 months of
exposure to butadiene. Slides were stained with Hoechst 33258/Pyronin Y (MacGregor et al., 1983). At least 1,000 PCE and
10,000 NCE were scored per animal.
Values are mean =+ standard error.

¢ Cochran-Armitage linear regression of proportions for PCEs or linear contrasts from analysis of variance for NCEs.
Analysis of variance on ranks
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TaBLE El

1,3-Butadiene, NTP TR 434

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 9-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene®

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male
n 10 10 10 10 10 10
Necropsy body wt ~ 40.4 + 1.0 40213 418 + 16 365+ 20 402 + 1.1 375+ 16
Brain

Absolute 0.480 + 0006  0.487 + 0,005 0.484 + 0.003 0.474 + 0.006 0.477 £ 0.003  0.455 £ 0.004**

Relative 1191 £ 0.22 1222 £ 0.34 11.74 + 0.44 13.40 + 0.82 1192 + 0.28 1230 £ 043
Heart

Absolute 0.175 + 0.007  0.178 + 0.005 0.173 + 0.004 0.170 + 0.006 0.158 + 0.005  0.173 £ 0.006

Relative 432 + 0.12 446 = 0.14 418 + 0.12 477 £ 029 3.93 + 0.06 4.65 £ 0.17
R. Kidney

Absolute 0.363 + 0.011 0358 + 0.016 0.361 = 0.009 0.350 + 0.011 0.359 + 0.009 0.349 + 0.011

Relative 899 + 0.24 890 + 0.19 871 + 023 9.83 = 0.57 893 + 0.10 9.44 =+ 047
Liver

Absolute 1.537 £ 0.085  1.465 + 0.066 1.518 + 0.080 1.377 £ 0.069 1.484 + 0.070  1.529 * 0.060

Relative 3783 + 134 36.40 + 0.88 36.30 * 1.03 3813 + 1.46 36.77 = 0.97 4095 = 1.02
Lungs

Absolute 0.226 = 0.007  0.226 * 0.007 0.226 * 0.008 0.211 * 0.007 0.219 £ 0.006  0.230 + 0.008

Relative 5.59 + 0.13 5.66 + 0.20 547 £ 025 592 + 033 547 £ 0.18 6.20 + 0.25
Spieen

Absolute 0.066 + 0.005 0.064 + 0.003 0.059 + 0.002 0.064 + 0.005 0.060 + 0.002  0.085 + 0.019

Relative 1.63 = 0.11 1.60 + 0.08 1.42 = 0.04 1.84 = 023 1.49 + 0.04 2.22 £ 0.42
R. Testis

Absolute 0117 £ 0.002 0117 £ 0.003 0.114 + 0.003 0.103 + 0.004**  0.102 x 0.002** 0.059 * 0.003**

Relative 2.89 + 0.06 292 + 0.09 2.76 = 0.09 287 + 0.12 2.54 £ 0.05** 157 + 0.03**
Thymus

Absolute 0.039 = 0.007 0.036 + 0.006 0.032 = 0.002 0.033 = 0.008 0.033 x 0.005 0.024 + 0.005Y

Relative 097 + 0.18 090 + 0.14 0.77 + 0.05 087 + 0.18 082 + 0.13 0.63 + 0.14°
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TABLE El1
Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 9-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Female
n 10 10 10 10 10 8
Necropsy body wt ~ 33.6 = 2.3 347+ 14 323+ 17 368 + 1.8 385 21 357 +1.2
Brain
Absolute 0.498 = 0.006 0.491 x 0.005 0.497 + 0.005 0.491 x 0.005 0.484 + 0.005  0.469 = 0.008**
Relative 1542 x 1.03 14.38 + 0.65 1573 + 0.75 13.62 + 0.68 1290 £ 0.69* 1320 + 0.41*
Heart
Absolute 0.131 + 0003  0.133 + 0.003 0.132 * 0.003 0.134 + 0.003 0.135 = 0.002  0.149 + 0.008¢*
Relative 403 + 0.24 388 + 0.14 415 = 0.14 370 + 0.17 3.60 = 0.20 418 = 0.21
R. Kidney
Absolute 0.222 + 0.008  0.229 = 0.005 0.235 + 0.007 0.238 + 0.005 0238 + 0006  0.258 £ 0.009**
Relative 6.77 + 031 6.65 £ 0.19 7.38 £ 0.27 657 + 0.29 633 + 0.34 723 £ 021
Liver
Absolute 1.280 + 0.043  1.339 + 0.036 1.345 + 0.032 1.430 + 0.032**  1.464 x 0.037** 1.509 £ 0.055**
Relative 39.04 + 1.66 39.00 +'1.48 4231 + 1.58 3934 + 1.29 38.69 + 1.55 42.26 = 0.90
Lungs
Absolute 0.236 + 0.007 0.227 + 0.006 0.242 + 0.009 0.228 + 0.007 0.226 + 0.007 0.251 + 0.015
Relative 7.26 £ 043 6.62 = 0.28 7.60 + 0.32 635 + 041 6.00 + 0.32 7.08 + 0.44
Spleen
Absolute 0.090 + 0.010 0.077 £ 0.004 0.080 + 0.003 0.082 + 0.003 0.070 = 0.002* 0.081 + 0.005°
Relative 272 £ 028 224 £ 012 251 £ 0.11 227 + 0.12* 1.85 £ 0.07** 230 = 0.14**°
Thymus
Absolute 0.030 = 0.002  0.028 * 0.002 0.029 + 0.003 0.029 = 0.001 0.028 £ 0.002  0.019 = 0.002**¢
Relative 091 = 0.03 0.81 + 0.06 0.91 + 0.08 0.81 + 0.05 0.74 = 0.04* 0.54 + 0.06**4

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

(mean =+ standard error).

n=9
n=7
n=8

Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight



TABLE E2

1,3-Butadiene, NTP TR 434

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 15-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene*

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Male
n 10 10 10 10 10 7
Necropsy body wt =~ 443 + 1.2 407 £ 13 419 £ 1.2 23+10 21 +14 395 £ 21
Brain

Absolute 0478 + 0.005 0.464 * 0.006 0.468 x 0.006 0.477 + 0.004 0.453 + 0.006** 0.434 + 0.006**

Relative 1084 + 0.23 11.48 + 0.34 11.22 £ 0.25 11.31 £ 0.22 10.87 £ 0.36 11.18 + 0.62
Heart

Absolute 0.187 + 0.008  0.176 x 0.005 0.190 + 0.004 0.192 + 0.006 0.186 + 0.006  0.179 + 0.009

Relative 4.21 + 0.12 434 + 013 4.55 x 0.10 4.53 + 0.06 445 £ 0.15 4.56 + 0.26
R. Kidney

Absolute 0376 + 0.013 0352 + 0.006 0370 + 0.010 0.391 + 0.016 0.370 + 0.010 0359 x 0.016

Relative 8.50 + 0.24 8.70 + 0.22 8.86 + 0.25 922 + 0.24 885 + 0.24 9.13 + 0.30
Liver

Absolute 1519 = 0.067 1.493 + 0.101 1.596 % 0.084 1.540 + 0.045 1.628 + 0.092  2.254 * 0.346**

Relative 34.16 + 0.82 3755 + 4.03 38.05 + 1.65 36.38 * 0.67 3871 = 1.74 58.78 = 9.97**
Lungs

Absolute 0.245 = 0.010  0.223 + 0.007 0.244 + 0.007 0.257 + 0.024 0.259 =+ 0020  0.309 + 0.039*

Relative 554 + 0.20 5.50 + 0.15 584 + 017 6.04 = 0.49 6.13 + 0.35 8.19 + 1.42**
Spleen

Absolute 0.064 £ 0.005 0.056 + 0.003 0.054 + 0.003 0.068 + 0.004 0.071 £ 0.006  0.114 + 0.031**

Relative 1.44 + 0.08 1.39 £ 0.09 129 + 0.06 1.63 £ 0.14 1.69 + 0.12 295 + 0.85%*
R. Testis

Absolute 0.116 + 0.003  0.113 < 0.003 0.104 x 0.004 0.112 % 0.003 0.100 + 0.003** 0.071 + 0.004**

Relative 262 + 0.07 2.79 + 0.08 248 + 0.04 2.66 + 0.07 2.39 + 0.05* 1.80 + 0.05**
Thymus

Absolute 0.063 = 0.006  0.050 + 0.005 0.060 + 0.007 0.059 * 0.004 0.051 + 0.005 0.054 + 0.007

Relative 1.40 = 0.10 1.21 £ 0.10 1.40 + 0.13 139 + 0.10 120 + 0.12 1.37 £ 0.15
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TABLE E2
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Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 15-Month Interim Evaluation

in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm

Female
n 10 10 10 10 10 2
Necropsy body wt 412 & 2.9 392 22 396 23 471 18 438 + 1.7 405 + 04
Brain

Absolute 0.482 £ 0.006 0.491 + 0.005 0.497 + 0.004 0.496 + 0.004 0.480 + 0.005 0.440 + 0.020**

Relative 12.21 + 0.82 1292 + 0.78 13.01 + 091 10.71 + 0.52 11.10 = 043 10.87 £ 0.40
Heart

Absolute 0.141 = 0003  0.137 + 0.004 0.154 + 0.010 0.157 + 0.003 0.177 £ 0.009** 0.175 + 0.005*

Relative 355 = 0.22 356 £ 0.14 4.03 + 0.37 337 £ 011 4.05 + 017 433 + 0.16
R. Kidney

Absolute 0247 £ 0007  0.252 % 0.009 0.257 + 0.004 0.274 + 0.008* 0274 + 0.012* 0.270 + 0.000

Relative 6.21 = 037 6.56 + 032 6.71 = 0.44 5.88 + 0.21 6.34 + 0.36 6.68 = 0.06
Liver

Absolute 1.438 + 0.067 1.342 + 0.050 1.399 + 0.023 1.528 + 0.040 1.943 + 0.239** 1.590 + 0.030

Relative 35.67 + 1.49 3472 = 113 3638 + 2.10 32.74 + 1.08 43.79 = 420 39.30 + 0.40
Lungs

Absolute 0229 + 0.006  0.239 + 0.007 0.238 + 0.004 0.238 + 0.005 0.292 + 0.036* 0.300 £ 0.050

Relative 5.76 + 0.33 6.23 + 0.33 6.18 + 034 511 + 0.19 6.73 + 0.86 7.43 = 1.30
Spleen

Absolute 0.087 £ 0.005  0.083 = 0.004 0.095 + 0.005 0.091 * 0.007 0.135 + 0.020** 0.205 = 0.015**

Relative 216 = 0.12 217 £ 015 246 + 017 199 = 0.20 314 £ 053 507 + 0.41%*
Thymus

Absolute 0.042 = 0.004  0.036 + 0.003 0.040 + 0.003 0.056 + 0.005 0.046 + 0.006 0.035 + 0.003

Relative 1.05 + 0.10 091 * 0.07 1.03 = 0.07 1.17 = 0.09 1.04 £ 0.13 085 + 0.05

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

3 Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight
(mean * standard error).
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TABLE F1

1,3-Butadiene, NTP TR 434

Hematology and Clinical Chemistry Data for Mice at the 9-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene*

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male
n 10 10 10 10 10 10
Hematology
Packed red cell volume (ml/dL)
48.1 £ 05 478 £ 05 482 £ 0.7 459 £ 0.7* 454 £ 0.9** 39.9 £ 1.7¢¢
Hemoglobin (g/dL)
165 £ 0.1 164 + 0.2 16.7 £ 0.2 159 = 0.2* 15.6 + 0.3** 13.5 + 0.6**
Erythrocytes (10%/uL.)
10.38 + 0.09 10.29 + 0.10 10.40 * 0.13 9.86 + 0.12** 9.60 = 0.14** 7.55 = 0.38%*
Howell-Jolly bodies (% erythrocytes)
0.29 + 0.10 0.20 = 0.04 0.27 + 0.05 0.29 + 0.07 0.34 + 0.08 0.85 + 0.13**
Mean cell volume (fL)
463 + 03 464 + 03 463 03 46.7 = 0.4 472+ 03 532 = 0.9**
Mean cell hemoglobin (pg)
159+ 01 16.0 = 0.1 161 + 0.1 161 0.1 162 = 0.1* 17.9 = 0.3**
Mean cell hemoglobin concentration (g/dL)
344 £ 0.1 344 + 01 347 + 04 34.6 + 0.2 343 £ 0.1 337 £ 0.2¢
Platelets (10°/uL.)
979.7 £ 30.1 1,003.7 £ 242 10289 £ 256 1,0405 £ 614 1,0304 x 521 1,197.5 + 94.6**
Reticulocytes (10%/uL.)
0.11 + 0.02 0.06 + 0.01 0.10 + 0.01 0.12 + 0.02 0.08 = 0.02 0.11 + 0.02
Leukocytes (10°/uL)
2.71 + 038 1.69 + 0.17* 2.35 + 0.30 2.15 + 0.39 1.53 £ 0.12**  1.56 + 0.12**
Segmented neutrophils (10°/uL)
1.20 £ 0.39 061 + 0.13 0.88 + 0.13 0.88 + 0.19 0.54 + 0.05* 0.57 £ 0.08
Lymphocytes (10°/uL)
145 = 012 1.04 = 0.08** 142 + 017 121 £ 0.20 0.96 + 0.10* 0.96 + 0.09*
Monocytes (103/uL)
0.06 x 0.02 0.04 + 0.01 0.05 + 0.01 0.07 + 0.03 0.03 = 0.01 0.04 = 0.01
Eosinophils (10/4L)
0.00 % 0.00 0.00 + 0.00 0.01 = 0.01 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Nucleated erythrocytes/100 leukocytes
0.00 = 0.00 0.20 = 0.20 0.00 + 0.00 0.00 = 0.00 0.00 = 0.00 0.00 + 0.00
Clinical Chemistry
Creatine kinase (U/L)
6647 + 1540° 9228 +2220 9355 + 1460 10032 = 2270 7836 % 1310 7372 + 1463
Creatine kinase-1 (%)
1523 x 213 1322 + 259° 1550 + 1.81 14.97 + 2.14 13.58 = 2.24 13.28 + 1.32
Creatine kinase-2 (%)
16.07 x 3.11 920 + 1.37° 1354 + 1.98 11.61 + 1.85 9.43 + 1.03 11.02 £ 1.77
Creatine kinase-3 (%)
63.70 + 4.44 77.58 + 2.13% 7095 + 2.54 73.42 + 3.68 76.99 + 2.83 75.69 + 2.60
Lactate dehydrogenase (IU/L)
45 + 49 495 + 30 577 £ 76 485 + 38 466 + 53 406 = 53
LDH-1 (%)
13+1 131 12+1 141 13x1 14x1
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TABLE F1
Hematology and Clinical Chemistry Data for Mice at the 9-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male (continued)
n 10 10 10 10 10 10
Clinical Chemistry (continued)
LDH-2 (%)
9x1 9290 91 8x0 9x0 8x0
LDH-3 (%)
11+0 11+0 111 11+0 11x0 10 + 0*
LDH-4 (%)
90 9+0 9+0 9+1 90 101
LDH-5 (%)
57x1 591 592 58 £2 58x1 58+1
Female
n 10 10 10 10 10 8
Hematology
Packed red cell volume (mL/dL)
47715 496 + 03 49.7 = 0.5 491 = 04 47.1 = 0.3** 40.5 * 2.0**
Hemoglobin (g/dL)
158 + 0.5 16.5 + 0.1 164 =+ 0.2 16.3 + 0.1 15.5 £ 0.1** 13.3 £+ 0.7**
Erythrocytes (10%4L)
993 + 0.33 10.25 + 0.05 10.27 £ 0.08 10.12 = 0.07 9.39 x 0.07** 7.31 = 0.50**
Howell-Jolly bodies (% erythrocytes)
0.08 + 0.03 0.09 = 0.04 0.12 = 0.03 0.17 £ 0.04 0.34 + 0.06** 0.64 = 0.07**
Mean cell volume (fL)
48.0 + 0.3 484 x+ 0.2 483 £ 0.2 486 + 03 50.2 = 0.1** 559 £ 1.5%*
Mean cell hemoglobin (pg)
159 + 0.1 16.1 + 0.1 16.0 + 0.1 16.1 = 0.1 16.5 = 0.1** 184 + 0.4%*
Mean cell hemoglobin concentration (g/dL)
332+ 01 332+ 01 330 + 0.1 332+ 01 329 + 0.1 329 + 0.2
Platelets (10°/uL)
912.0 + 308 867.7 + 121 8799 + 256 8273 + 149 8926 + 14.5 944.0 + 700
Reticulocytes (10%4L)
0.09 + 0.01 0.11 + 0.01 0.09 + 0.01 0.09 + 0.01 0.07 = 0.01 0.09 = 0.02
Leukocytes (10°/uL)
231 + 0.34 211 + 0.23 271 = 0.30 2.09 + 0.18 1.51 + 0.16* 1.56 + 0.18*
Segmented neutrophils (10°/4L)
073 = 013 0.66 = 0.09 0.87 = 0.09 0.66 + 0.08 0.50 + 0.08 0.53 £ 0.16
Lymphocytes (10°/uL)
153 £ 024 139 + 0.17 175 £ 0.22 139 £ 0.13 098 x 0.11* 1.00 + 0.15
Monocytes (10%/uL)
0.05 = 0.01 0.05 + 0.01 0.09 = 0.03 0.04 + 0.01 0.03 + 0.01 0.04 = 0.01
Eosinophils (10%uL)
0.000 = 0.000 0.000 £ 0000 0.000 = 0.000 0.000 x 0.000 0.003 + 0.002* 0.001 % 0.001
Nucleated erythrocytes/100 leukocytes
0.00 = 0.00 0.00 = 0.00 0.00 + 0.00 0.00 + 0.00 0.00 = 0.00 0.00 = 0.00




TABLE F1

1,3-Butadiene, NTP TR 434

Hematology and Clinical Chemistry Data for Mice at the 9-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Female (continued)
n 10 10 10 10 10 8
Clinical Chemistry
Creatine kinase (U/L)
868.0 + 1950  660.0 x 129.0  747.7 + 1420 5832 + 80.1 682.6 + 101.0 4489 + 77.1
Creatine kinase-1 (%)
16.73 + 2.63 18.81 + 2.32 1427 + 1.96° 1445 + 228 14.14 = 1.36 1530 = 1.92
Creatine kinase-2 (%)
12.55 + 2.51 12.88 + 2.17 732+ 094 1289 + 234 12,02 = 2.22 888 + 1.37
Creatine kinase-3 (%)
70.72 £ 442 68.31 = 3.90 78.41 + 2.53° 72.65 + 4.01 73.83 + 3.34 7582 + 2.86
Lactate dehydrogenase (IU/L)
275 + 24 261 + 18 294 + 33 282+ 23 314 x 32 323 +38
LDH-1 (%)
17x1 1722 161 15=x1 13 £1* 13+2
LDH-2 (%)
9=x1 91 101 8+£0 8x0 7x1*
LDH-3 (%)
9+0 10x1 10+1 9+0 9+0 9+ 0
LDH4 (%)
. 9+1 101 101 8x0 90 8x1
LDH-5 (%)
56 +2 54 +2 5+2 60 =1 61 x2 63 x 2*

* Significantly different (P<0.05) from the control group by Dunn’s or Shirley’s test

*¢ P<0.01

* Mean =+ standard error. LDH=lactate dehydrogenase

n=9
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TABLE F2 '
Hematology and Clinical Chemistry Data for Mice at the 15-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene®
0 ppm 6.25 ppm 20 ppm 62.5 ppm 200 ppm 625
Male
n 10 10 10 10 10 7
Hematology
Packed red cell volume (ml/dL)
454 + 06 449 + 08 46.1 + 06 451 = 04 440 + 14 35.7 £ 2.0**
Hemoglobin (g/dL)
160 + 0.3 155+ 0.1 157 £ 0.2 155 = 0.2 15.7 = 0.6* 12.2 + 0.6**
Erythrocytes (10%uL)
1002 = 0.12 992 + 0.22 10.07 + 0.15 9.73 + 0.08 9.80 + 0.47* 7.38 + 0.40**
Howell-Jolly bodies (% erythrocytes)
0.24 + 0.05 021 + 0.04 0.29 + 0.08 0.20 + 0.05 0.31 £ 0.05 0.51 £ 0.11
Mean cell volume (fL)
453 + 03 453 = 09 458 = 0.5 464 + 02* 45.1 £ 0.6 484 + 1.5*
Mean cell hemoglobin (pg)
16.0 + 0.2 157 £ 03 15.6 = 0.1 159 + 0.1 16.1 + 0.2 16.6 + 04
Mean cell hemoglobin concentration (g/dL)
35305 347 £ 05 34103 34303 356 = 04 344 £ 06
Platelets (10°/uL)
1,0503 + 363  1,038.7 + 17.7 999.2 + 31.8 9989 + 21.6 1,066.5 + 27.1 13166 = 121*
Reticulocytes (10%uL)
0.19 £ 0.01 021 * 0.02° 0.24 £ 0.03 0.20 + 0.01 0.23 + 0.02 0.24 + 0.05
Leukocytes (10°/uL)
353+ 048 3.39 = 047 328 + 033 3.09 £ 028 243 + 026° 353 + 0.82°
Segmented neutrophils (losluL)
1.70 = 0.37 143 + 0.24 139 £ 0.16 1.55 = 0.19 0.98 + 0.13° 2.62 % 0.82°
Lymphocytes (10°/4L)
1.69 + 0.24 1.86 * 0.27 1.75 £ 0.20 1.40 = 0.10 1.44 + 0.16 1.17 £ 0.37
Monocytes (10%/uL)
0.13 £ 0.03 0.09 = 0.04 0.14 = 0.03 0.13 = 0.04 0.10 + 0.05 0.06 + 0.03°
Eosinophils (10%uL.)
0.01 = 0.01 0.02 * 0.01 0.00 = 0.00 0.01 = 0.00 0.00 + 0.00 0.01 = 0.01
Nucleated erythrocytes/100 leukocytes
0.00 = 0.00 0.00 + 0.00 0.00 = 0.00 0.00 = 0.00 0.00 + 0.00 0.00 x 0.00
Total bone marrow cellularity (10%/femur)
35.90 = 1.16 3629 + 1.22 35.46 £ 2.10 3499 + 135 3227 £ 3.4 28.59 = 3.84
Clinical Chemistry
Creatine kinase (U/L)
295.2 + 533 4663 + 84.4 734.3 = 229.0 401.8 + 859 4873 + 1040 3319 + 984
Creatine kinase-1 (%)
14.75 + 2.63 10.74 + 2.08 1319 + 1.96 11.29 + 1.87 12.20 + 2.04 1502 + 396
Creatine kinase-2 (%)
782 £ 1.02 5.78 £ 0.68 8.08 + 1.47 7.00 = 1.02 597 £+ 0.69 7.20 + 2.09
Creatine kinase-3 (%)
7743 + 348 8347 £ 267 78.73 + 3.13 81.71 + 249 81.83 + 268 7177 £ 595
Lactate dehydrogenase (IU/L)
351 + 27 423 + 68 392 + 39 338 + 25 782 + 383 688 + 176
LDH-1 (%)
212 192 21+ 2 23+2 18+2 13 & 2%¢
LDH-2 (%)
11=x1 111 11+0 121 91 7x1*




TABLE F2

1,3-Butadiene, NTP TR 434

Hematology and Clinical Chemistry Data for Mice at the 15-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene (continued)

0 ppm 6.5 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Male (continued)
n 10 10 10 10 10 7
Clinical Chemistry (continued)
LDH-3 (%)
101 11+1 111 100 10x1 11x1
LDH-4 (%)
7x1 70 81 7+0 8x1 81
LDH-5 (%)
S1+£2 522 501 47+ 3 56 + 1* 62 + 3¢
Female ,
n 10 10 10 10 10 2
Hematology
Packed red cell volume (mL/dL)
. 4577 £ 0.2 461 = 04 458 + 04 447 £ 05 423 +23 31.7 = 3.0*
Hemoglobin (g/dL)
153+ 0.1 155 + 0.1 155 £ 0.1 151 + 0.2 14.1 = 0.8 10.7 £ 1.3*
Erythrocytes (10%uL)
10.02 £ 0.09 10.07 = 0.08 9.90 + 0.10 9.58 + 0.12**  9.05 + 0.62**  6.19 + 0.91**
Howell-Jolly bodies (% erythrocytes) .
0.04 + 0.02 0.06 + 0.03 0.12 + 0.04 0.14 = 0.04* 0.11 + 0.03 0.65 = 0.05**
Mean cell volume (fL) ’
459 £ 03 456 + 03 462+ 03 46.7 = 0.2 473 + 0.8* 51.5 £ 2.5
Mean cell hemoglobin (pg)
) 153 + 0.1 161 £ 0.1 160 + 0.1 161 £ 0.1 165 £ 0.1** 173 £ 0.5**
Mean cell hemoglobin concentration (g/dL)
335+ 0.2 337+ 0.1 338 £ 0.2 338 + 02 334 + 0.2 336 £ 08
Platelets (10°/uL)
8731 + 14.0 933.6 + 19.1 830.0 + 19.1 7985 £ 19.1* 8027 + 859 395.0 + 40.0°
Reticulocytes (10%4L) :
0.21 + 0.03 0.21 = 0.03 0.19 + 0.02 0.14 + 0.01 0.39 + 0.12 082 x 0.19
Leukocytes (10uL)
' 237 £ 0.22 1.95 = 0.17 234 £ 019 199 = 0.21 3.06 + 047 5.05 £ 0.25
Segmented neutrophils (10> /uL) ,
0.79 + 0.09 0.68 + 0.04 0.89 + 0.10 081 + 0.08 1.26 = 0.21 3.59 + 0.18*
Lymphocytes (10%uL)
1.49 = 0.15 1.18 = 0.14 1.35 x 0.13 1.10 = 0.17 1.61 = 0.34 1.14 = 0.08
Monocytes (10°/4L)
0.08 + 0.02 0.08 + 0.02 0.09 + 0.03 0.06 + 0.01 0.17 £ 0.02* 0.33 £ 0.01*
Eosinophils (10°/L.)
0.02 = 0.01 0.02 = 0.01 0.01 + 0.01 0.01 + 0.00 0.03 + 0.02 0.00 = 0.00
Nucleated erythrocytes/100 leukocytes
0.00 = 0.00 0.00 + 0.00 0.00 + 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
Total bone marrow cellularity (10%/femur)
31.19 + 1.80 3193 = 1.02 30.76 = 1.04 29.83 + 0.92 3243 = 215° 42.30 = 0.70
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TABLE F2
Hematology and Clinical Chemistry Data for Mice at the 15-Month Interim Evaluation
in the 2-Year Inhalation Study of 1,3-Butadiene (continued)
0 ppm 6.5 ppm 20 ppm 62.5 ppm 200 ppm 625 ppm
Female (continued)
n 10 10 10 10 10 2
Clinical Chemistry
Creatine kinase (U/L)
409.1 = 76.2 4755 = 620 4228 + 152 5774 + 221 316.2 + 74.9 3405 = 172
Creatine kinase-1 (%)
20.09 + 1.83 18.02 + 2.01 2552 + 341 19.66 + 2.13 24.24 + 297 17.78 £ 5.81
Creatine kinase-2 (%)
) 8.63 £ 091 9.82 + 1.09 10.20 + 1.24 11.58 + 1.56 10.41 + 1.06 1132 £ 331
Creatine kinase-3 (%)
71.27 £ 242 72.16 + 2.88 64.27 + 4.25 69.66 + 3.27 6534 + 3.64 70.90 + 9.12
Lactate dehydrogenase (IU/L)
253 £ 27 354 + 24* 274 + 34 320 + 58 859 + 313** 1,315 + 281**
LDH-1 (%)
21 2 15 + 1*¢ 21x2 233 14 + 1+* 125
LDH-2 (%)
9+1 7x1® 8+0 81 71 4 % 1%
LDH-3 (%)
80 7+0 80 80 9+1 80
LDH-4 (%)
9+0 101 10+1 8+0 9+0 91
LDH-5 (%)
542 62 2 5+2 53+ 4 62 £2 67 x4

* Significantly different (P<0.05) from the control group by Dunn’s or Shirley’s test

** P<0.01

3 Mean = standard error. LDH=lactate dehydrogenase

n=9

¢ n=6
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372 A 1,3-Butadiene, NTP TR 434

CHEMICAL CHARACTERIZATION, ANALYSIS, AND
GENERATION OF CHAMBER CONCENTRATIONS

PROCUREMENT AND CHARACTERIZATION OF 1,3-BUTADIENE

1,3-Butadiene was obtained as a liquified gas from Phillips Chemical Company, Philtex Plant (Borger, TX)
and shipped directly to Battelle Pacific Northwest in seven lots (J-014, J-025, J-038, J-050, J-149, J-217, and
J-375) for use in the 2-year and stop-exposure studies. Identity and purity analyses of a representative lot
(F850) were conducted by the analytical chemistry laboratory, Midwest Research Institute (Kansas

City, MO). The reports on analyses performed in support of the 1,3-butadiene studies are on file at the
National Institute of Environmental Health Sciences.

The study chemical, a clear, colorless gas, was identified as 1,3-butadiene by infrared and nuclear magnetic
resonance spectroscopy. All spectra were consistent with those expected for the structure and with the
literature spectra (Sadtler Standard Spectra) of 1,3-butadiene, as shown in Figures G1 and G2. The purity
of lot F-850, which was not used in the studies, was determined by approximation of the amount of the
inhibitor, #-butylcatechol, and by gas chromatography. Approximation of the amount of the inhibitor,
t-butylcatechol, was performed by mixing a sample of 1,3-butadiene with 1.0 N sodium hydroxide and
comparing the sample to a t-butylcatechol standard. Gas chromatography was performed with a flame
ionization detector (FID) and a nitrogen carrier gas, using two systems:

A) Porapak QS on 80/100 mesh, with a carrier gas flow rate of 40 mL/minute, and an oven
temperature of 100° C, and

B) 80/100 mesh Carbopack C/0.1% SP-1000, with a carrier gas flow rate of 45 mL/minute, and an
oven temperature of 40° C,

Quantitation of the dimer, 4-vinyl-1-cyclohexane, in the sample liquid and headspace was performed with
gas chromatography using system A, but with a carrier gas flow rate of 30 mL/minute and an oven
temperature of 150° C. Approximation of the concentration of the inhibitor, ¢-butylcatechol, in the liquid
phase indicated approximately 4 ppm. Gas chromatography indicated a major peak and no impurities with
areas of 0.1% or greater relative to the major peak. The level of 4-vinyl-1-cyclohexane was determined to
be 35 = 1 ppm for the liquid and less than 1 ppm for the headspace. The overall purity of lot F-850 was
determined to be greater than 99%.

Lots J-014, J-025, J-038, J-050, J-149, J-217, and J-375 were analyzed by Battelle Pacific Northwest for
identity by infrared spectroscopy and for purity and dimer concentration by gas chromatography using
system A.

GENERATION AND MONITORING OF CHAMBER CONCENTRATIONS

Generation System: 1,3-Butadiene gas was supplied in the proper amount to each chamber by the
generation system shown in Figure G3. The gas was obtained from the headspace of the 1,3-butadiene
cylinder with a pressure regulator.

The gas was piped through stainless steel tubing to a main shutoff valve, distribution manifold, and flow
control system. The main shutoff valve was computer controlled, with manual operation capability. The
distribution manifold served to direct the flow of gas to the six flow-limiting valves. These valves provided
coarse control of gas flow. Fine control of gas flow was provided by the six metering valves in conjunction
with flow meters that were calibrated to deliver 1,3-butadiene at rates appropriate to the desired chamber
concentrations.
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Gas was injected into the chamber inlet air stream at a point sufficiently removed from the chamber to
allow for proper mixing with incoming air, assuring uniformity of the chemical-laden atmosphere within
the chamber. The mice were exposed and maintained in 2.3 m® chambers (Hazleton 2000, Lab Products,
Inc.)

Concentration Monitoring: The concentration of 1,3-butadiene in the exposure chambers and room air was
measured using a Hewlett-Packard Model 5840 gas chromatograph equipped with a FID operated at

300° C. The separation of 1,3-butadiene from other components was achieved using a stationary phase
consisting of a 1% coating of SP-1000 on a solid support of 60/80 mesh Carbopack B in a 12 X 1/8 inch
nickel column. The mobile phase was nitrogen at a flow rate of 20 mL/minute; the column was operated
isothermally at 120° C. Under these conditions, 1,3-butadiene exhibited a retention time of approximately
0.3 minutes. The retention time of an unretained peak was approximately 0.15 minutes. An oven-
mounted, 12-port, stream-select valve provided the interface between the sample locations and the on-line
gas chromatograph. This valve directed a continuous stream of chamber gas through a 1.0 mL nickel
sample loop located on an oven-mounted sampling valve. Automatic switching of the stream-select valve
allowed sequential analysis of samples from all exposure chambers, room air, and the on-line standard.
The time required for a complete set of analyses from all 12 ports was approximately 30 minutes.

The on-line standard of 200 ppm 1,3-butadiene in nitrogen was used to detect instrument drift; it was not
used to establish instrument calibration. When excessive drift was detected, the monitor was recalibrated.
Standards for calibration were prepared volumetrically in gastight bags and injected directly into the
on-line gas chromatograph.

The monthly mean exposure concentrations are presented in Figures G4 through G8. A summary of
chamber concentrations is shown in Table G1. '



sudipuIng-€‘1 JO wnapads uondiosqy pareiul

19 TN

TRANSMISSION (%)

RESPONSE _ 1 ——

TIME DRIVE__=_ PRE SAMPLE CHOP—..

MICROMETERS
2.5 3.0 4.0 5.0 6.0 8.0 10 16 20 25 50
100 T T T T T T T | —
80 - ﬂ
60
|
20+
H, C=CHCH=CH,
0 | | 1 LJl LH i 1 1 |
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 200
WAVENUMBER (CM 1)
ABSCISSA ORDINATE . .
SCAN TIME_1 - -
EXPANSION EXPANSION WME_12min | REP.SCAN SINGLE BEAM __—

pLE

SUPPRESSION = | %T. 0-100 ABS__= SLIT PROGRAM__6___ | OPERATOR _T,Pederson_ DATE _S17/85
. AR Trimmer comb in .
S?B”%&g ene REM Kbim-———-—-—'— SOLVENT ___ = | CELLPATH W pathlength gas cell with
Lot No.: F-850 _CONCENTRATION Neat gas sodium chloride windows
?:’;(“,:‘:g‘; 507 REFERENCE 308N

per 4L dIN ‘suaipeIng-€1



79 mnosig

auatpyng-c“1 Jo mnr3dads DUBUOSIY ULy JvpPN

START OF SWEEP D>-H-> END OF SWEEP
(b}
(aH H H(a)
A /
C=C—C=C
7/ 1N
(a)H H H(a)
(b}
Chemical Shift Integration
8 (ppm) Observed Theoretical
(a) 4.70-5.53 402 4
(b) 5.90-6.70 1.98 2
{c) Impurity, 1.35

o —

* » *
5 PPM SWEEP OFFSET
*Sidebands
FUTEUTE IV PRI FRUTT ETRRT FRUTT CRUTI FTRRT INUTL PUTUT FETTE PRTIE CRTTY FRUTS FRTE FUTTE FUUEY IWETT FTETE PRI STETE FRTTY I
10 9 8 7 6 5 4 3 2 1 0
Spectrum Ampl, 13xX10  Sweep Time —35____min Sample: 1,3 - Butadiene Remarks: Operator: L Pederson_
Fiter — Q1 sec. Sweep Width —1Q0 _ ppmor Hz Lot No. F-850 *Sidebands  Date:
RF Power—0.05 _ mG End of Sweep —0____ ppm or Hz Batch No. 06 Spectrum No.: 308N

Task No. BS-1507
Solvent: CDCl 5

EM-360 60 MHz NMR SPECTROMETER

SUORRIIUDUO,) JOGUIBY) puv UONEZLIANILIVY) (B[]

SLE



376

1,3-Butadiene, NTP TR 434

TO EXKAUST
COMPUTER COXTROWLED }~ $oMLeT
I YAY VALVE\ ! =
— -\
312 ppm
625 ppm
00
200 pprm EXPOSURE
CHAMBER ©
62.5 ppm -
20 ppm -
- |
i
625 PPH n
->,
| |
0 s
METERS
v
COMPUTER )—HETER!HG VARLVES
co oL __@\ }—FLUY LIMITING YALYES
— —
SHUTOFF @ PRESSURE
UALVE GRUGE
T
PURGE CHECK
- - Y ALVE VALVE
' (SO O~ KITROGEN
} -
~ GAS BULB~ -~ |
2 - ¢ NITROGEN PRESSURE
c< PURGE REGULATOR
"E FLOW \
= HMETER GAS SAMPLE
3 VALY
/ ’ S WAY VALVE BUT ADIENE
BOTTLE
GAS SAMPLE
METERING Y ALYE .
—

FIGURE G3

Generation System for 1,3-Butadiene




Chemical Characterization and Chamber Concentrations 377

1,3 Butadiene (Mice)
104 wk - 6.25 ppm
Mean & Standard Deviation
From 23 Jan 1886 through 13 Jan 1988
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Monthly Mean Concentration and Standard Deviation in the 6.25 ppm 1,3-Butadiene
Mouse Exposure Chamber for the 2-Year Studies
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Concentration (ppm)

From 23 Jan 1886 through

1,3 Butadiene (Mice)
184 wk - 28 ppm
Mean & Standard Deviation
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Monthly Mean Concentration and Standard Deviation in the 20 ppm 1,3-Butadiene
Mouse Exposure Chamber for the 2-Year Studies
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Concentration (ppm)

1,3 Butadiene (Mice)
1804 wk - 62.5 ppm
Mean & Standard Deviation
From 23 Jan 1886 through 13 Jan 13988
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FIGURE G6
Monthly Mean Concentration and Standard Deviation in the 62.5 ppm 1,3-Butadiene
Mouse Exposure Chamber for the 2-Year Studies
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Concentration (ppm)

1,3 Butadiene (Mice)
1804 wk - 200 ppm
Mean & Standard Deviation
From 23 Jan 1886 through 13 Jan 1388
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FIGURE G7
Monthly Mean Concentration and Standard Deviation in the 200 ppm 1,3-Butadiene
Mouse Exposure Chamber for the 2-Year Studies '
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Concentration (ppm)
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184 wk - 625 ppm
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Monthly Mean Concentration and Standard Deviation in the 625 ppm 1,3-Butadiene
Mouse Exposure Chamber for the 2-Year Studies
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TABLE G1
Summary of Chamber Concentrations in the 2-Year Inhalation Studies of 1,3-Butadiene

Target Concentration Total Number Mean Concentration®
(ppm) of Readings (ppm)
6.25 5,534 6.21 + 0.76
20 5,847 198 + 1.17
625 5,869 614 + 3.24
200 5,788 199 + 9.86
625 3,626 619 + 32.7

2 Mean * standard deviation
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TABLE H1

Ingredients of NIH-07 Rat and Mouse Ration*

1,3-Butadiene, NTP TR 434

Ingrediemsb Percent by Weight
Ground #2 yellow shelled corn 24.50
Ground hard winter wheat 23.00
Soybean meal (49% protein) 12.00
Fish meal (60% protein) 10.00
Wheat middlings 10.00
Dried skim milk 5.00
Alfaifa meal (dehydrated, 17% protein) 4.00
Corn gluten meal (60% protein) 3.00
Soy oil 2.50
Dried brewer’s yeast 2.00
Dry molasses 1.50
Dicalcium phosphate 1.25
Ground limestone 0.50
Salt 0.50
Premixes (vitamin and mineral) 0.25
* NCI, 1976; NIH, 1978
Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed
TABLE H2
Vitamins and Minerals in NIH-07 Rat and Mouse Ration®
Amount Source
Vitamins
A 5,500,000 U Stabilized vitamin A palmitate or acetate
D, 4,600,000 IU D-activated animal sterol
K, 28¢g Menadione
d-a-Tocopheryl acetate 20,000 IU
Choline 560.0 g Choline chloride
Folic acid - 22¢g
Niacin 300¢g
d-Pantothenic acid 180¢g d-Calcium pantothenate
Riboflavin 34g
Thiamine 100¢g Thiamine mononitrate
By 4,000 ug
Pyridoxine 17¢ Pyridoxine hydrochloride
Biotin 140.0 mg d-Biotin
Minerals
Iron 1200 g Iron sulfate
Manganese 600 g Manganous oxide
Zinc 160 g Zinc oxide
Copper 40¢g Copper sulfate
lodine 14g Calcium iodate
Cobalt 04¢g Cobalt carbonate

2 Per ton (2,000 Ib) of finished product



Feed Analyses

TABLE H3

Nutrient Composition of NIH-07 Rat and Mouse Ration

Mean * Standard

Nutrients Deviation Range Number of Samples
Protein (% by weight) 22.33 + 0.49 21.7 - 236 17
Crude fat (% by weight) 5.49 + 027 49-60 17
Crude fiber (% by weight) 3.37 = 0.29 27-40 17
Ash (% by weight) 6.57 £ 0.32 61-171 17
Amino Acids (% of total diet)

Arginine 1.308 + 0.606 1.210 - 1.390 8
Cystine 0.306 + 0.084 0.181 - 0.400 8
Glycine 1.150 + 0.047 1.060 - 1.210 8
Histidine 0.576 + 0.024 0.531 - 0.607 8
Isoleucine 0917 £ 0.029 0.881 — 0.944 8
Leucine 1.946 + 0.055 1.850 — 2.040 8
Lysine 1.270 + 0.058 1.200 - 1.370 8
Methionine 0.448 + 0.128 0.306 - 0.699 8
Phenylalanine 0.987 + 0.140 0.665 — 1.110 8
Threonine 0.877 £ 0.042 0.824 — 0.940 8
Tryptophan 0.236 + 0.176 0.107 - 0.671 8
Tyrosine 0.676 * 0.105 0.564 — 0.794 8
Valine 1.103 + 0.040 1.050 - 1.170 8
Essential Fatty Acids (% of total diet)

Linoleic 2.393 + 0.258 1.830 - 2.570 7
Linolenic 0.280 + 0.040 0.210 - 0.320 7
Vitamins

Vitamin A (IU/kg) 7,302 = 2,451 4,700 - 13,000 17
Vitamin D (IU/kg) 4,450 + 1,382 3,000 - 6,300 4
a-Tocopherol (ppm) 3795 + 9.41 22.50 - 48.90 8
Thiamine (ppm) 20.59 + 2.48 15.0 - 26.0 17
Riboflavin (ppm) 7.92 + 0.87 6.10 - 9.00 8
Niacin (ppm) 1034 = 26.6 65.0 — 150.0 8
Pantothenic acid (ppm) 29.54 = 3.60 23.0-34.0 8
Pyridoxine (ppm) 9.55 + 3.48 5.60 - 14.0 8
Folic acid (ppm) 225+ 073 1.80 - 3.70 8
Biotin (ppm) 0.254 + 0.042 0.19 - 0.32 8
Vitamin B,, (ppb) 3845 + 22.01 10.6 — 65.0 8
Choline (ppm) 3,089 + 329 2,400 - 3,430 8
Minerals

Calcium (%) 117 £ 0.11 1.00 - 1.40 17
Phosphorus (%) 0.93 + 0.04 0.86 — 1.00 17
Potassium (%) 0.883 + 0.078 0.772 - 0971 6
Chloride (%) 0.526 * 0.092 0.380 -~ 0.635 8
Sodium (%) 0.313 + 0.390 0.258 - 0.371 8
Magnesium (%) 0.168 * 0.010 0.151 - 0.181 8
Sulfur (%) 0.280 + 0.064 0.208 - 0.420 8
Iron (ppm) 361 = 100 255.0 - 523.0 8
Manganese (ppm) 92.0 + 6.01 81.70 — 99.40 8
Zinc (ppm) 54.72 + 5.67 46.10 - 64.50 8
Copper (ppm) 11.06 + 2.50 8.090 — 15.39 8
lodine (ppm) 337 £ 092 1.52-413 6
Chromium (ppm) 1.79 *+ 0.36 1.04 - 2.09 8
Cobalt (ppm) 0.68 + 0.14 0.490 - 0.780 4
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TABLE H4
Contaminant Levels in NIH-07 Rat and Mouse Ration

Mean = Standard

Contaminants Deviation® Range Number of Samples
Arsenic (ppm) 054 £ 0.11 0.14 - 098 17
Cadmium (ppm) 0.11 + 0.02 0.10 - 0.20 17
Lead (ppm) 0.35 + 0.26 0.05 ~ 0.96 17
Mercury (ppm) <0.05 17
Selenium (ppm) 0.37 + 0.05 0.26 ~ 048 17
Aflatoxins (ppb) <50 17
Nitrate nitrogen (ppm)° 21.53 £ 9.06 12.0 - 41.0 17
Nitrite nitm§en (ppm)°© 0.51 + 0.81 <0.10 - 2.60 17
BHA (ppm) 253 £ 1.01 <2.00 - 5.00 17
BHT (ppm)&* 118 £ 0.73 <1.00 - 4.00 17
Aerobic plate count (CFU/g)r 47,681 + 74,541 4,500 ~ 300,000 16
Aerobic plate count (CFU/g)® 100,171 + 228,137 4,500 — 940,000 17
Coliform (MPN/g)!l 313 £ 034 <3.00 - 4.00 16
Coliform (MPN/g)" 11.77 =+ 35.63 <3.00 - 150 17
E. coli (MPN/g) . <3.00 17
Total nitrosamines (ppb) . 9.80 + 431 3.90 - 20.00 17
N-Nitrosodimethylamine (ppb) 838 + 4.15 290 - 19.00 17
N-Nitrosopyrrolidine (ppby 142 £ 092 1.00 - 4.50 17
Pesticides (ppm)
a-BHC <0.01 17
B-BHC <0.02 17
y-BHC <0.01 17
§-BHC <0.01 17
Heptachlor <0.01 17
Aldrin <0.01 17
Heptachlor epoxide <0.01 17
DDE <0.01 17
DDD <0.01 17
DDT <0.01 17
HCB <0.01 17
Mirex <0.01 17
Methaoxychlor <0.05 17
Dieldrin <0.01 17
Endrin <0.01 17
Telodrin <0.01 17
Chlordane <0.05 17
Toxaphene <0.1 17
Estimated PCBs <02 17
Ronnel <0.01 17
Ethion <0.02 17
Trithion <0.05 17
Diazinon <0.1 17
Methyi parathion <0.02 17
Ethyl parathion <0.02 17
Malathion! 0.14 + 0.12 <0.05 - 0.35 17
Endosulfan I <0.01 17
Endosulfan II <0.01 17

Endosulfan sulfate <0.03 17
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TABLE H4
Contaminant Levels in NIH-07 Rat and Mouse Ration (continued)

= o -e a0 T

- s e

For values less than the limit of detection, the detection limit is given as the mean.

One lot milled 3 June 1987 contained 0.20 ppm; all others measured 0.10 ppm or less.

Sources of contamination: alfalfa, grains, and fish meal

Sources of contamination: soy oil and fish meal

One lot milled 6 December 1985 contained 4.00 ppm,; all others measured 1.00 ppm or less.

CFU=colony forming unit. Mean, standard deviation, and range exclude one high value of 940,000 CFU/g obtained in the lot
milled on 5 November 1987.

Mean, standard deviation, and range include the high value from the lot milled on 5 November 1987.

MPN=most probable number. Mean, standard deviation, and range exclude one high value of 150 CFU/g obtained in the lot

- milled on 5 November 1987.

Mean, standard deviation, and range include the value obtained in the lot milled on 5 November 1987.

- All values were corrected for percent recovery.

BHC is hexacholorcyclohexane or benzenehexachloride.
Eight lots contained more than 0.05 ppm.
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SENTINEL ANIMAL PROGRAM

METHODS 4
Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in
optimally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored via
serology on sera from extra (sentinel) animals in the study rooms. These animals and the study animals
are subject to identical environmental conditions. The sentinel animals come from the same production
source and weanling groups as the animals used for the studies of chemical compounds.

Prior to the beginning of the 2-year studies, samples for viral screening were collected from five mice of
each sex and tested by Battelle Pacific Northwest Laboratories (Richland, WA). Fifteen B6C3F, mice of
each sex were selected at the time of randomization and allocation of the animals to the various study
groups to serve as sentinel animals. Five animals of each designated sentinel group were killed at 6, 12,
and 18 months on study. Samples for viral screening at 24 months were collected from five mice of each
sex from the 62.5 ppm exposure group. Blood collected from each animal was allowed to clot and the
serum was separated. The serum was cooled on ice and shipped to Microbiological Associates,
Incorporated (Bethesda, MD) for determination of the virus antibody titers. The following tests were
performed:

Method of Analysis Time of Analysis
Complement fixation
LCM (lymphocytic choriomeningitis virus) 6 months
ELISA
Ectromelia virus 6, 12, 18, and 24 months
GDVII (mouse encephalomyelitis virus) Preinitiation, 6, 12, 18, and 24 months
LCM 18 and 24 months
Mouse adenoma virus 6, 12, 18, and 24 months
MHV (mouse hepatitis virus) Preinitiation, 6, 12, 18, and 24 months
MVM (minute virus of mice) 18 and 24 months
Mycoplasma arthritidis 6 and 24 months
Mycoplasma pulmonis 6 and 24 months
PVM (pneumonia virus of mice) Preinitiation, 6, 12, 18, and 24 months
Reovirus 3 6, 12, 18, and 24 months
Sendai Preinitiation, 6, 12, 18, 24 months
Hemagglutination Inhibition
K (papovavirus) 6, 12, 18, and 24 months
Polyoma virus 6, 12, 18, and 24 months
MVM 6 and 12 months
Immunofluorescence assay
EDIM (Epizootic diarrhea of infant mice) 6, 12, 18, and 24 months
LCM 12 months
MVM 12 months
RESULTS

The serology results for sentinel animals are presented in Table I1.
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TABLE 11

Murine Virus Antibody Determinations for Mice in the 2-Year Inhalation Studies

of 1,3-Butadiene*

Interval Incidence of Antibody Positive Serologic
in Sentinel Animals Reaction for

Preinitiation 0/10 None positive

6 months 1710 M. arthritidis

12 months 1/10 MVM

18 months 09 None positive

24 months 1/10 M. arthritidis
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CHEMICAL TR No.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal) 273
1,2-Dibromo-3-chloropropane 274
Cytembena 275
FD & C Yellow No. 6 276
2,3,7,8-Tetrachlorodibenzo-p-dioxin (Gavage) 2n
1,2-Dibromoethane 278
C.1. Acid Orange 10 279
Di(2-ethylhexyl)adipate 280
Butyl Benzyl Phthalate 281
Caprolactam 282
Bisphenol A 284
11-Aminoundecanoic Acid 285
Di(2-Ethylhexyl)phthalate 287
2,6-Dichloro-p-phenylenediamine 288
C.1. Acid Red 14 289
Locust Bean Gum 291
C.I Disperse Yellow 3 293
Eugenol 294
Tara Gum 295
D & CRed No. 9 296
C.L Solvent Yellow 14
Gum Arabic 298
Vinylidene Chloride 299
Guar Gum 300
Agar 301
Stannous Chloride 303
Pentachloroethane 304
2-Biphenylamine Hydrochloride 305
Allyl Isothiocyanate 306
Zearalenone 307
D-Mannitol 308
1,1,1,2-Tetrachlorocthane 309
Ziram 310
Bis(2-chloro-1-Methylethyl)ether n
Propyl Gallate 312
Diallyl Phthalate (Mice) 313
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L-Ascorbic Acid 318
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Amosite Asbestos (Hamsters) 320
Benzyl Acetate 321
2,4- & 2,6-Toluene Diisocyanate 322
Geranyl Acetate 323
Allyl Isovalerate 324
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1,2-Dichlorobenzene 326
Diglycidyl Resorcinol Ether 327
Ethyl Acrylate 328
Chlorobenzene 329
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Monuron . 331
1,2-Propylene Oxide 332
Telone 1I® (1,3-Dichloropropene) 333
HC Blue No. 1 334
Propylene - 335
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Trichloroethylene (Four Rat Strains)
Tris(2-ethylhexyl)phosphate
2-Chloroethanol
8-Hydroxyquinoline
Tremolite

2,6-Xylidine

Amosite Asbestos
Crocidolite Asbestos

HC Red No. 3
Chlorodibromomethane
Diallylphthalate (Rats)

" C.I Basic Red 9 Monohydrochloride

Dimethyl Hydrogen Phosphite
1,3-Butadiene

Benzene

Isophorone

HC Blue No. 2

Chlorinated Trisodium Phosphate
Chrysotile Asbestos (Rats)
Tetrakis(hydroxymethyl) phosphonium Sulfate &
Tetrakis(hydroxymethyl) phosponium Chloride
Dimethyl Morpholinophosphoramidate
C.I Disperse Blue 1
3-Chloro-2-methylpropene
o-Phenylphenol

4-Vinylcyclohexene

Chlorendic Acid

Chlorinated Paraffins (C,3, 43% chlorine)
Dichloromethane (Methylene Chloride)
Ephedrine Sulfate

Chlorinated Pariffins (Cy,, 60% chlorine)
Decabromodipheny!l Oxide

Marine Diesel Fuel and JP-5 Navy Fuel
Tetrachloroethylene (Inhalation)
n-Butyl Chloride

Mirex

Methyl Methacrylate

Oxytetracycline Hydrochloride
1-Chloro-2-methylpropene
Chlorpheniramine Maleate

Ampicillin Trihydrate
1,4-Dichlorobenzene

Rotenone

Bromodichloromethane

Phenylephrine Hydrochloride

Dimethyl Methylphosphonate

Boric Acid

Pentachloronitrobenzene

Ethylene Oxide

Xylenes (Mixed)

Methyl Carbamate

1,2-Epoxybutane

4-Hexylresorcinol

Malonaldehyde, Sodium Salt
2-Mercaptobenzothiazole
N-Phenyl-2-naphthylamine
2-Amino-5-nitrophenol

C.I. Acid Orange 3
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CHEMICAL

Penicillin VK

Nitrofurazone

Erythromycin Stearate
2-Amino-4-nitrophenol
Iodinated Glycerol
Nitrofurantoin

Dichlorvos

Benzyl Alcohol

Tetracycline Hydrochloride
Roxarsone

Chioroethane

D-Limonene

a-Methyldopa Sesquihydrate
Pentachlorophenol
Tribromomethane
p-Chloroaniline Hydrochloride
N-Methylolacrylamide
2,4-Dichlorophenol
Dimethoxane
Diphenhydramine Hydrochloride
Furosemide
Hydrochlorothiazide
Ochratoxin A
8-Methoxypsoralen
N,N-Dimethylaniline
Hexachloroethane
4-Vinyl-1-Cyclohexene Diepoxide
Bromoethane (Ethyl Bromide)
Rhodamine 6G (C.1 Basic Red 1)
Pentaerythritol Tetranitrate
Hydroquinone
Phenylbutazone

Nalidixic Acid
Alpha-Methylbenzyl Alcohol
Benzofuran

Toluene

3,3 -Dimethoxybenzidine Dihydrochloride

Succinic Anhydride
Glycidol
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375
376
37
378
379
380
381
382
385
386
387
388
389
390
391
392
393
394
395
3%
397
399
401
402
403
405
406
407
408
409
410
411
412
413
414
415
417
418
419

CHEMICAL

Vinyl Toluene

Allyl Glycidyl Ether
o-Chlorobenzalmalononitrile
Benzaldehyde
2-Chloroacetophenone

Epinephrine Hydrochloride
d-Carvone

Furfural

Methyl Bromide

Tetranitromethane

Amphetamine Sulfate

Ethylene Thiourea

Sodium Azide

3,3 -Dimethylbenzidine Dihydrochloride
Tris(2-chloroethyl) Phosphate
Chlorinated Water and Chloraminated Water
Sodium Fluoride

Acetaminophen

Probenecid

Monochloroacetic Acid

C.I Direct Blue 15

Titanocene Dichloride
2,4-Diaminophenol Dihydrochloride
Furan

Resorcinol

C.I Acid Red 114

y-Butyrolactone

C.I. Pigment Red 3

Mercuric Chloride

Quercetin

Naphthalene

C.I. Pigment Red 23

4,4' -Diamino-2,2’ -Stilbenedisulfonic Acid
Ethylene Glycol

Pentachloroanisole

Polysorbate 80

p-Nitrophenol

o-Nitroanisole

HC Hellow 4
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