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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986
(Public Law 99-499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous
substances which are most commonly found at facilities on the CERCLA
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17,
1987; on October 20, 1988; on October 26, 1989; and on October 17, 1990.
A revised list of 275 substances was published on October 17, 1991.

Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile must include the following content:

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute,
subacute, and chronic health effects.

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects.

(C) Where appropriate,'an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with
guidelines developed by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile will
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicological and adverse health effects information for
the hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-reviewed) that describes
a hazardous substance’s toxicological properties. Other pertinent
literature is also presented but described in less detail than the key
studies. The profile is not intended to be an exhaustive document;
however, more comprehensive sources of specialty information are
referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance'’s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. dgencies. It has also been reviewed by a panel
of nongovernment peer reviewers. rinal responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statenent was prepared to give you infornmation about 1, 3-butadi ene
and to enphasi ze the human health effects that may result from exposure to it.
The Environmental Protection Agency (EPA) has identified 1,177 sites on its
National Priorities List (NPL). 1,3-Butadiene has been found at 3 of these
sites. However, we do not know how many of the 1,177 NPL sites have been
eval uated for 1, 3-butadi ene. As EPA evaluates nore sites, the nunber of sites
at which 1, 3-butadiene is found may change. The information is inportant for
you because 1, 3-butadi ene nmay cause harnful health effects and because these
sites are potential or actual sources of human exposure to 1, 3-butadi ene.

When a chemical is released froma |arge area, such as an industrial
plant, or froma container, such as a drumor bottle, it enters the
environment as a chem cal em ssion. This em ssion, which is also called a
rel ease, does not always |ead to exposure. You can be exposed to a chemnica
only when you come into contact with the chemcal. You nay be exposed to it
in the environnent by breathing, eating, or drinking substances containing the
chemical or fromskin contact with it.

If you are exposed to a hazardous substance such as 1, 3-but adi ene,
several factors will determ ne whether harnful health effects will occur and
what the type and severity of those health effects will be. These factors
i nclude the dose (how rmuch), the duration (how long), the route or pathway by
whi ch you are exposed (breathing, eating, drinking, or skin contact), the
other chemcals to which you are exposed, and your individual characteristics
such as age, sex, nutritional status, famly traits, life style, and state of
heal t h.

1.1 WHAT IS 1, 3- BUTADI ENE?

1,3-Butadiene is a colorless gas with a mild gasoline-like odor.
1, 3-But adi ene is al most always found at | ow levels in urban air sanples, but
it breaks down quickly in the air. In sunny weather, half of 1,3-butadiene
goes away fromthe air in about 2 hours. Sunlight is not necessary for the
renoval of 1,3-butadiene fromair, but it helps. In the winter tine when the
days are short or if it is not sunny, about half of it would still be gone in
a few days.

Because we do not have enough information, we are not sure exactly what
happens to 1, 3-butadiene in soil or water. W do not know how often
1, 3-butadiene is found in soil or water sanples because we do not have
reliable nethods of looking for it there. If 1,3-butadiene were spilled on
water or soil, based on its properties, we expect it to evaporate quickly into
the air. W do not expect 1,3-butadiene to collect in plants or fish or to be
found in the sedinent of rivers and | akes. W al so don't expect 1, 3-butadiene
to be found in soil or underground water sources, but we don't know this for
sure. W also don't know how long it takes for 1, 3-butadiene to break down in
soil or in water because these types of studies have not been done.
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Very | arge anounts of 1, 3-butadiene are produced every year from
petrol eum 1, 3-Butadiene is used to make man-rmade rubber, which is then used
nmostly for car and truck tires. It is also used to nake ot her kinds of rubber
and plastics. 1,3-Butadiene is also found in small anpunts in gasoline. Sone
pl astics or man-nade rubbers may have very snall anounts of 1, 3-butadi ene
trapped in them These levels are not expected to be high enough to cause
heal th problens. Snall anounts are found in the exhaust of autonobiles and
trucks at approximately 10 parts in 1 billion parts of air (ppb) and in
gasoline vapors at 4 ppb. 1,3-Butadiene is also found in cigarette snoke, and
it may al so be found in the snoke of wood fires.

You will find nore information on the chem cal properties of
1, 3-but adi ene in Chapter 3. The uses of 1, 3-butadiene are given in Chapter 4.
More information on how 1, 3-butadi ene will behave in the environment is given
in Chapter 5.

1.2 HOWM GHT | BE EXPOSED TO 1, 3- BUTADI ENE?

You can be exposed to 1, 3-butadi ene by breathing air, drinking water, or
eating food contaminated with it. Also, people nost likely to be exposed to
1, 3-but adi ene are workers in the production of rubber, plastics, and resins.

1, 3- But adi ene has been found at three hazardous waste sites. It has been
detected in gases comng fromsoil. W do not have enough information to know
exactly how peopl e near hazardous waste sites nmay be exposed to 1, 3-butadi ene.

Because 1, 3-butadiene is a gas, you are nost |likely exposed to it by
breat hing contaminated air. Large amounts of 1,3-butadiene in the air cone
fromleaks or intentional releases at manufacturing plants. Because it is
found in the exhaust of cars and trucks, and in the snoke fromwood fires and
cigarettes, it is always present at very lowlevels in the air around cities
and towns. The average anmount of 1,3-butadiene in the air is 0.3 parts of
1, 3-but adi ene per billion parts of air (ppb) in cities and suburban areas.
These |l evel s are not expected to cause any health problens. The anmpunt of
1, 3-butadiene in the air may be nuch higher near polluted cities or near oi
refineries, chem cal manufacturing plants, and plastic and rubber factories
where this chemical is made or used. The anobunt in the air can al so be very
high if 1,3-butadiene is accidentally spilled during shiprment fromone pl ace
to another. 1, 3-Butadi ene has been neasured at very low levels (I-10 ppb) in
the plastic or rubber of food containers, but it has not often been found in
food sanples. These ampbunts are not expected to cause any health probl ens.
The manufacture of food containers is closely regulated by the Food and Drug
Admi nistration (FDA) of the United States. 1, 3-Butadi ene has been found in
?rinking wat er, but we do not know what the concentration was or where it cane

rom

You can find nore informati on on how nuch 1, 3-butadiene is in the
envi ronnment and how you m ght be exposed to it in Chapter 5.
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1.3 HOW CAN 1, 3- BUTADI ENE ENTER AND LEAVE My BODY?

1, 3- But adi ene can enter your body through your lungs if you breathe air
contaminated with it. 1, 3-Butadiene may al so enter your body through the skin
if you cone into contact with it, but we do not know how much enters this way.
We do not know if 1,3-butadiene is present in ground or surface waters near
hazardous wastes sites or what happens to it after you drink water
contam nated with this conpound. Although 1, 3-butadi ene has been found at
only three NPL waste sites, people at or near these waste sites may be exposed
by breathing 1, 3-butadi ene that evaporates into the air. The anpunt of
1, 3-but adi ene that enters the body depends on the anbunt in the environnent
and the length of tinme a person cones into contact with it. Animal studies
have shown that the breakdown products of 1, 3-butadiene | eave the body in the
urine and in the air breathed out. W don't know what happens to
1, 3-butadiene in the body if it is found in water that people drink. Mre
i nformati on on how 1, 3-but adi ene enters and | eaves the body can be found in
Chapter 2.

1.4 HOW CAN 1, 3- BUTADI ENE AFFECT MY HEALTH?

Short-term exposure to high levels of 1,3-butadi ene causes eye, nose, and
throat irritation. Exposure to very high I evels could occur during accidental
rel ease and could lead to synptons |ike drunkenness and unconsci ousness, or
even to death. However, no such accidental rel eases have been reported so
far. W& do not know the exact levels in air that cause these effects in
humans. Studi es of rubber industry workers suggested possible harnful effects
such as nore cases of heart diseases, bl ood diseases, |ung di seases, and even
cancer fromthe long-termexposure to low | evel s of 1, 3-butadi ene. These
rubber industry workers were al so exposed to other chemcals along with
1, 3-but adi ene, so we do not know for sure which chenical (or a conbination of
then) caused these effects. In addition, the effect of harnful habits |ike
snoki ng was not considered in the evaluation of health risks of occupational
exposure to 1, 3-butadi ene. 1, 3-Butadi ene has a gasoline-like odor, which sone
peopl e can snell at a concentration as low as 1.6 ppm Skin contact with
liquid 1, 3-butadi ene can cause irritation and frostbhite in humans.

Laboratory aninals that breathed in high | evels of 1,3-butadiene for a
short tine died. Mce that survived exposure to 1, 3-butadiene | onger than
14 days had danmage in the organs that make bl ood cells and danage to nose
tissues. Pregnant mice that breathed in | ow anpbunts of 1, 3-butadi ene had
m scarriages. Birth defects were found in offspring of rats and m ce exposed
to 1, 3-butadi ene during pregnancy. Rats that breathed in | ower |evels of
1, 3-but adi ene for nore than 1 year had ki dney di sease and danaged | ungs; sone
of themdied. Mce that breathed in lower |evels of 1,3-butadiene for nore
than 1 year had harnful effects in their reproductive organs and damaged
livers. Rats and mice that breathed in small anmpbunts of 1, 3-butadiene for a
long tinme period devel oped cancer in nany organs.
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There is no informati on on human or aninmal health effects fromeating
food or drinking water containing 1, 3-butadiene.

There is no information on aninmal health effects fromskin contact with
1, 3- but adi ene.

A nore conpl ete discussion of the effects of 1, 3-butadiene on health can
be found in Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO
1. 3- BUTADI ENE?

We have no reliable nedical test to determ ne whether you have been
exposed to 1, 3-butadiene at this time, but scientists are trying to find a way
to test blood to see if 1, 3-butadi ene attaches to certain conmpounds such as
deoxyri bonucleic acid (DNA) or proteins that are found in the bl ood. For
further information, please read Chapters 2 and 6.

1.6 WHAT RECOMMENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT
HUMAN HEALTH?

The Environmental Protection Agency (EPA) requires industries to report
spills of 1 pound or nore of 1, 3-butadiene. EPA also intends to add
1, 3-butadiene to the list of hazardous air pollutants (EPA 1985b).

1, 3-But adiene levels in the workplace are controlled by the Cccupationa
Safety and Health Admi nistration (OSHA). The previous limt in workplace air
was 1,000 ppm averaged over an 8-hour workday in a 40-hour workweek.

However, the National Institute for Qccupational Safety and Health (N OSH)
recomended that OSHA consider lowering this limt because 1, 3-butadi ene has
caused cancer in animals. OSHA is in the process of lowering it.

1.7 WHERE CAN | GET MORE | NFORMATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnental departnent or:

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy

1600 difton Road, E-29

Atlanta, Georgia 30333

This agency can al so provide you with informati on on the | ocation of the
near est occupational and environmental health clinic. Such clinics specialize
in recognizing, evaluating, and treating illnesses that result from exposure
t o hazardous substances.
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2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
officials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 1,3-butadiene and a
depi ction of significant exposure | evels associated with various adverse
health effects. It contains descriptions and eval uati ons of studies and
presents | evels of significant exposure for 1, 3-butadi ene based on
t oxi col ogi cal studi es and epi dem ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, systenic, imunol ogical, neurol ogical, devel opnental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed
in ternms of three exposure periods- -acute (less than 15 days), internediate
(15- 364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures showi ng no
observed- adverse-effect |evels (NOAELS) or | owest-observed-adverse-effect
| evel s (LOAELs) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "l ess serious" or "serious"
ef fects. These distinctions are intended to help the users of the docunent
identify the levels of exposure at which adverse health effects start to
appear. They should also help to determ ne whether or not the effects vary
wi th dose and/or duration, and place into perspective the possible
significance of these effects to human health

The significance of the exposure levels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious” effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites may want information on | evels of exposure
associated with nore subtle effects in humans or animals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed. Estinmates
of levels posing minimal risk to humans (M ninmal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Level s of exposure associated with the carcinogenic effects of
1, 3-butadiene are indicated in Figure 2-1. Because cancer effects could occur
at |l ower exposure levels, the figures also show a range for the upper bound of
estimated excess risks, ranging froma risk of one in 10,000 to one in
10, 000, 000 (10* to 10'), as devel oped by EPA.
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Esti mates of exposure | evels posing mininmal risk to hunmans (MRLs) have
been rmade, where data were believed reliable, for the nmpbst sensitive noncancer
effect for each exposure duration. MRLs include adjustnents to reflect human
variability fromlaboratory aninal data to humans.

Al t hough net hods have been established to derive these |levels (Barnes
et al. 1988; EPA 1989a), uncertainties are associated with these techni ques.
Furt hernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetime MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail abl e and nethods to assess |evels of
signi fi cant human exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

Information on the lethality of 1,3-butadiene in humans is |imted.
Epi denmi ol ogi cal studies indicate the possibility of higher than nornal
nortality rates fromcancer and certain cardiovascul ar di seases anong rubber
wor kers (Downs et al. 1987; Fox et al. 1974; Matanoski et al. 1982; MM chae
et al. 1974, 1975, 1976). For further information see Sections 2.2.1.8 and
t he di scussion of cardiovascular effects in Section 2.2.1.2.

In an acute exposure situation, B6C3Fl mce were exposed to 1, 3-butadi ene
at concentrations ranging from625 to 8,000 ppm (NTP 1984). Al aninmals
survived, and there were no conpound-rel ated effects observed at necropsy.

When rabbits were exposed to 250,000 ppm of 1, 3-butadi ene, the experinment
resulted in death of the majority of animals within an average of 23 mnutes
of exposure (Carpenter et al. 1944). The LC, for mice after 2 hours of
exposure was 122,000 ppm and the LC, for rats after 4 hours of exposure was
129, 000 ppm ( Shugaev 1969).

No deaths were observed in rats during 13 weeks of exposure to
|, 000-8,000 ppm of 1, 3-butadiene (Crouch et al. 1979), or in rats, guinea
pi gs, rabbits, and dogs during 8 nonths of exposure to 6,700 ppm (Carpenter
et al. 1944). In contrast, appreciable nortality occurred in mce exposed to
5,000 ppmor nore for 14 weeks (NTP 1984).

During chronic exposure to 625 and 1,250 ppm of 1, 3-butadi ene for

61 weeks, significantly increased nortality occurred anong B6C3Fl mice
primarily due to cancer (NTP 1984). Sinmilar results were obtained in another
study using a nmuch | ower concentration (20 ppn) (Melnick et al. 1989, 1990).
Exposure of rats to 8,000 ppm 1, 3-butadiene resulted in statistically
significant increased nortality from cancer when conpared with controls (Onen
et al. 1987). The LC,s, all reliable LOAEL val ues, and the hi ghest NOAEL
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val ues in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-1.

2.2.1.2 Systenic Effects

The systemic effects of 1, 3-butadiene after inhalation exposure are
descri bed below. No studies were |ocated regardi ng nmuscul oskel etal effects in
hunmans or animals after inhalation exposure to 1, 3-butadiene.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for each systenic
effect in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-1.

Respiratory Effects. Wrkers exposed to 1, 3-butadi ene gas during the
manuf act ure of rubber conplained of irritation of the eyes, nasal passages,
throat, and lungs (WIson 1944). In sone, coughing, fatigue, and drowsi ness
devel oped. All synptons di sappeared on renobval fromthe gas. The exposure
| evel s were not stated in the study.

No effects in respiratory tissues in rats, mce, guinea pigs, or dogs
were found in internediate-duration studies (Carpenter et al. 1944; Crouch
et al. 1979; NTP 1984). The study of Carpenter et al. (1944) was linited
because of poorly described nethods and the use of few aninals per group

After chronic exposure to 1,250 ppm 1, 3-but adi ene, an increase in
nonneopl astic respiratory changes was found in mce (NTP 1984), including
chronic inflanmation of the nasal cavity, fibrosis, cartilagi nous netapl asia,
osseous netapl asia, atrophy of the sensory epithelium and hyperplasia of the
respiratory epithelium (Ml nick et al. 1990). No |lesions of the nasal cavity
were found in the controls. However, lung tunmors were found in aninals at
6. 25, 625, and 1,250 ppm (Melnick et al. 1989; NTP 1984) (see
Section 2.2.1.8). Lungs of rats exposed chronically to 8,6 000 ppm
1, 3-but adi ene reveal ed netaplasia (Onen et al. 1987).

Cardi ovascul ar Effects. In a retrospective epideniol ogi cal study,
excessive nortality anong m ddl e-aged workers in the rubber industry was noted
for certain types of cardiovascul ar di seases, mainly chronic rheunmatic and
arteriosclerotic heart diseases (MM chael et al. 1974). Furthernore,
increased nortality for arteriosclerotic heart di sease was reported anong
bl ack males in the rubber industry (Mtanoski and Schwartz 1987). This result
was confirmed in an update of the original study (Matanoski et al. 1988,

1990). However, the authors noted that the practice of categorizing the
i ndi vi dual s of unknown race under whites may have caused a slight inflation of
the results.

No cardi ovascul ar | esions were found in mce or rats after internedi ate-
duration exposure to 8,000 ppm 1, 3-butadi ene (Crouch et al. 1979; NTP 1984).



TABLE 2-1.

Levels of Significant Exposure to 1,3-Butadiene - Inhalation

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 1d 129,000 (LC50) Shugaev 1969
4 hr/d
2 Rabbit 1d 250,000 Carpenter et al. 1944
23 min/d
3 Mouse 2 wk 8,000 NTP 1984
: 5 d/wk ’
6 hr/d
4 Mouse 1d 122,000 (LC50) Shugaev 1969
2 hr/d
Neurological
5 Human 1d 8,000 Carpenter et al. 1944
6-8 hr/d
6 Rabbit 1d 250,000 (anesthesia) Carpenter et al. 1944
23 min/d
Developmental
7 Rat 10 4 200 1,000 (wavy ribs) 8,000 (skeletal Irvine 1981
6 hr/d abnormalities)
Gd 6~15
8 Mouse 10 d 40 (decreased fetal 200 (extra ribs) Hackett et al.
Gd 6-15 weight) 1987
6 hr/d
Reproductive
9 Mouse 5d 1,000 (sperm head Hackett et al. 1988a
6 hr/d abnormalities)
10 Mouse 5d 200 (dead Hackett et al. 1988a
6 hr/d implantations)
INTERMEDIATE EXPOSURE
Death
11 Rat 13 wk 8,000 Crouch et al. 1979
S d/wk

& hr/d

"z
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serijious
figure? Species duration System (ppm) (ppm) (ppm) Reference
12 Mouse 14 wk 2,500 5,000 (increased NTP 1984
5 d/wk mortality)
6 hr/d
Systemic
13 Rat 13 wk Resp 8,000 Crouch et al.
5 d/wk Cardio 8,000 1979
6 hr/d Hemato 8,000
Hepatic 8,000
Renal 8,000
Derm/oc 8,000
14 Mouse 14 wk Resp 8,000 NTP 1984
5 d/wk Cardio 8,000
6 hr/d Gastro 8,000
Hemato 8,000
Hepatic 8,000
Renal 8,000
Derm/oc 8,000
15 Mouse 3-24 wk Hemato 1,250 (macrocytic Irons et al. 1986a
6 d/wk megaloblastic
6 hr/d anemia)
Immunological
16 Mouse 6-24 wk 1,250 (lymphoid organ Thurmond et al., 1986
5 d/wk histopathology) .
6 hr/d
Neurological
17 Rat 13 wk 8,000 Crouch et al. 1979
5 d/wk
6 hr/d
18 Mouse 14 wk 8,000 NTP 1984
: 5 d/wk
6 hr/d
Cancer
19 Mouse 13-52 wk 200 (CEL) Melnick et al.
5 d/wk 1990

6 hr/d

T
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) {(ppm) (ppm) Reference
CHRONIC EXPOSURE
Death
20 Rat 105-111 wk 1,000 8,000 (increased Owen et al. 1987
5 d/wk mortality)
6 hr/d
21 Mouse 61 wk 625 (increased NTP 1984
5 d/wk mortality)
6 hr/d
22 Mouse 65 wk 6.25 20 (increased Melnick et al. 1989,
5 d/wk mortality) 1930
6 hr/d
Systemic
23 Rat 105-111 wk Resp 1,000 8,000 (increased organ Owen et al. 1987
5 d/wk weight, metaplasia)
6 hr/d Cardio 8,000
Gastro 8,000
Hemato 8,000
Hepatic 8,000
Renal 1,000 8,000 (nephrosis)
Derm/oc 8,000
24 Mouse 61 wk Resp 1,250 (atrophy of nasal NTP 1984
5 d/wk olfactory
6 hr/d epithelium)
Cardio 625 (endothelial
hyperplasia)
Gastro 625 (epithelial
hyperplasia
Hepatic 625 (necrosis)
Renal 1,250
Derm/oc 1,250
25 Mouse 65 wk Resp 20 62.5 (epithelial Melnick et al.
5 d/wk hyperplasia) 1989, 1990
6 hr/d Cardio 20 62.5 (epithelial
hyperplasia)
Gastro 20 62.5 (epithelial
hyperplasia)
Hemato 20 62.5 (anemia)
Neurological
26 Rat 105-111 wk 8,000 Owen et al. 1987
5 d/wk

6 hr/d

¢
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TABLE 2-1 (Continued)

LOAEL (effect)

Fxposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm} (ppm) Reference
27 Mouse 61 wk 1,250 NTP 1984
5 d/wk
6 hr/d
Reproductive
28 Mouse 61 wk 625 (gonadal atrophy) NTP 1984
5 d/wk
6 hr/d
29 Mouse 65 wk 6.25 (ovarian atrophy) Melnick et al. 1989,
5 d/wk 1990
6 hr/d
Cancer
30 Rat 105-111 wk 1,000 (CEL) Owen et al. 1987
5 d/wk
6 hr/d
31 Mouse 61 wk 625 (CEL) NTP 1984
5 d/wk
6 hr/d
32 Mouse 65 wk 6.25 CEL Melnick et al. 1989,
5 d/wk 1990
6 hr/d

3The number corresponds to entries in Figure 2-1.

Cardio
Hemato

cardiovascular; CEL = cancer effect level; d = day; Derm/oc = dermal/ocular; Gastro = gastrointestinal; Gd = gestation day;
hematological; hr = hour; LC50 = lethal concentration, 502 kill; LOAEL = lowest-observed-adverse-effect level;
NOAEL = no-observed-adverse-effect level; ppm = parts per million; Resp = respiratory; wk = week

C

S10344d HITVIH
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FIGURE 2-1. Levels of Significant Exposure To 1,3-Butadiene - Inhalation
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Endot hel i al hyperplasia in the heart (an early preneoplastic |esion) was
observed in mce after 61 weeks of exposure (Melnick et al. 1990; NTP 1984).
A high incidence of hemangi osarconas of the heart was al so noted in exposed
animals (see Section 2.2.1.8). No exposure-rel ated hi stopathol ogi cal cardi ac
| esions were found in rats exposed chronically to up to 8,000 ppmfor 2 years
(Onen et al. 1987).

Gastrointestinal Effects. No studies were |ocated regarding
gastrointestinal effects in humans after inhalation exposure to 1, 3-butadiene.

No hi stopat hol ogi cal changes were found after exam nation of
gastrointestinal tract tissues of mce follow ng internedi ate-duration
exposure (NTP 1984). In a chronic-duration study, high incidences of
epi thelial hyperplasia (a possible preneoplastic |esion) and carci noma of the
forestomach were found anbng exposed mice (Melnick et al. 1990; NTP 1984), but
no exposure-rel ated nonneopl astic gastrointestinal |esions were found in rats
exposed chronically to up to 8,000 ppm (Onen et al. 1987).

Herat ol ogi cal Effects. A hematol ogical survey of workers at a styrene-
but adi ene rubber plant revealed little indication of bone marrow toxicity
among the workers (Checkoway and Wl lians 1982). Styrene and 1, 3-but adi ene
were the nost significant chemcals in the atnobsphere; benzene and tol uene
were present in much | ower concentrations. A group of eight tank farm workers
(workers who fill freight train shipping containers) (mean |evel exposure of
20 ppm denonstrated slightly | ower |evels of red bl ood cells, henpglobin,
pl atel ets, and neutrophils conpared with other workers, but these findings
were within the normal range. O her epideniol ogical studies, however,

i nplicated 1, 3-butadi ene as the possi bl e cause of hemat opoi etic malignancies
anong styrene-butadi ene rubber workers (MM chael et al. 1975) at exposure
| evel s that may be | ower than 20 ppm

No signs of blood dyscrasias were found anong 164 aninmals (rats, rabbits,
gui nea pi gs, dogs) exposed to concentrations up to 6,700 ppm of 1, 3-butadi ene
for 8 nonths (Carpenter et al. 1944). The results were supported by a 3-nonth
study, in which no effects on hematol ogi cal indices were found in rats after
exposure to 8,000 ppm of 1, 3-butadiene (Crouch et al. 1979).

A treatnent-rel ated macrocyti c-nmegal obl asti c anem a was observed in
B6C3FI and NI H mice exposed to 1,250 ppm 1, 3-but adi ene for 6-24 weeks (lrons
et al. 1986a, 1986b). The bone marrow damage was expressed as reduced numbers
of red blood cells, decreased henbgl obin concentrati on and hematocrit, and
i ncreased nean corpuscul ar volunme of circulating erythrocytes. The changes
were observed in both strains, independently of the occurrence of nurine
| eukem a viruses in the animals. No such changes were evident after 3 weeks
exposure of B6C3FlI mice to the sane concentration (lrons et al. 1986a).
Decreases in red blood cell counts and henogl obin concentrati ons were reported
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in male mce after an internmediate durati on exposure to 62.5 ppm or nore
1, 3-but adi ene (Melnick et al. 1989, 1990).

In contrast to the findings in mce, no effects on hematol ogy and bl ood
chem stry of Sprague-Dawl ey rats were observed after exposure to
1,000 and 8,000 ppm of 1, 3-butadiene for 105-111 weeks (Onen et al. 1987).
The hemat ol ogi cal effects in nmice after chronic exposure consisted of
mal i gnanci es of the hematopoietic system (Melnick et al. 1989, 1990; NTP 1984)
(see Section 2.2.1.8).

Hepatic Effects. No studies were |ocated regarding hepatic effects of
1, 3-but adi ene in humans after inhalation exposure.

No hi stopat hol ogi cal changes in livers of rats (Crouch et al. 1979) or
nmce (NTP 1984) were found after internedi ate-duration exposure to
1, 3-but adi ene. The relative liver weights of both sexes of Sprague-Dawl ey
rats were el evated after the chronic exposure to 1, 3-butadiene
(1,000 and 8,000 ppm; however, this finding was not associated with any
pat hol ogi cal changes (Oanen et al. 1987). Mce, on the other hand, in addition
to the neoplastic changes (see Section 2.2.1.8), had a significant increase in
Iive; necrosis at both exposure levels (625 and 1,250 ppm 1, 3-but adi ene) (NTP
1984) .

Renal Effects. No studies were |ocated regarding renal effects in hunans
after inhalation exposure to 1, 3-butadi ene.

The results of urinalysis in 164 aninals, including rats, guinea pigs,
rabbits, and dogs were all normal after an 8-nonth exposure to concentrations
up to 6,700 ppm of 1, 3-butadiene (Carpenter et al. 1944), but the nethods were
poorly described. These results were supported, however, in rats after
13 weeks exposure to concentrations up to 8,000 ppm of 1, 3-butadi ene (Crouch
et al. 1979). Furthernore, no renal pathology was found in mce after
exposure to 8,000 ppm for 14 weeks or 1,250 ppmfor 61 weeks (NTP 1984).
Nephrosis was found anbng nale rats after 111 weeks of exposure to 8,000 ppm
but not 1,000 ppm of 1, 3-butadiene (Onen et al. 1987).

Dermal / Ccul ar Effects. Two nmen reported slight irritation of the eyes
and difficulty in focusing on instrunent scales during 6-7 hours exposure to
2,000 and 4,000 ppm 1, 3-butadi ene (Carpenter et al. 1944).

Opht hal nol ogi ¢ exani nati on of the eyes of dogs and rabbits disclosed no
signs of injury during the course of exposure to up to 6,700 ppm 1, 3- but adi ene
for 8 nonths (Carpenter et al. 1944). After the termnation of the
experinment, histological examination revealed that the sclera, cornea, and
ciliary body were normal. Sections of the optic nerve with adjacent retina
showed no nyelin sheath degeneration. Al though the ophthal nol ogi ca
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exam nation was described in detail, the study was limted by the small nunber
of ani mal s used.

No hi stopat hol ogi cal dernal or ocular changes were found in rats or mce
after 13-14 weeks exposure to 8,000 ppm (Crouch et al. 1979; NTP 1984) or in
rats after 111 weeks exposure to 8,000 ppm 1, 3-but adi ene (Onen et al. 1987).

2.2.1.3 Immunol ogi cal Effects

No studies were | ocated regarding i nmunol ogi cal effects of 1, 3-butadiene
in humans after inhalation exposure.

After 3-21 weeks of exposure to 1,250 ppm 1, 3-but adi ene, an increased
expression of nurine |l eukem a virus (MILV) was observed in hematopoietic
ti ssues of B6C3FlI mice, but not in NNHmce (Irons et al. 1987a).
Furthernore, altered regulation of the stemcell devel opment in B6C3Fl strain
was reported after simlar exposure (Leiderman et al. 1986). The significance
of these results is discussed in the subsection on cancer in Section 2.4.

No severe i munol ogi cal changes were detected after eval uation of
specific hunoral and cell-nediated inmunity in B6C3Fl mce exposed to
1,250 ppm 1, 3-butadi ene for 6, 12, or 24 weeks (Thurnmond et al. 1986).
Suppressi on of cytotoxic T-lynphocyte generation to mastocytoma cells was
observed after 6 weeks, but recovered after 12 weeks of exposure. The
hi st ol ogi cal exami nation of |ynphoid organs showed depressed spl een
cellularity after 24 weeks of exposure; this value is recorded as a LOAEL for
i mmunol ogi cal effects in Table 2-1 and plotted in Figure 2-1.

2.2.1.4 Neurological Effects

I nhal ation of 1,3-butadiene is mldly narcotic in humans at | ow
concentrations (not otherw se specified) and may result in a feeling of
| et hargy and drowsi ness (Sandnmeyer 1981). At very high concentrations,
1, 3- but adi ene causes narcosis leading to respiratory paral ysis and death. The
first signs observed in humans are blurred vision, nausea, paresthesia and
dryness of the nouth, throat, and nose, followed by fatigue, headache,
vertigo, decreased bl ood pressure and pul se rate, and unconsci ousness.
Respiratory paralysis is likely to occur only after exposure to high
concentrations of 1, 3-butadiene such as after spills or |eaks.

Psychonot or responses of two nen inhaling 2,000, 4,000 or 8,000 ppm
1, 3-but adi ene for 6-8 hours/day on different days were eval uated by Carpenter
et al. (1944). At the two higher concentrations, the subjects perfornmed a
st eadi ness test; at the highest concentration, a tapping rate test was al so
performed. Results after 1, 3-butadi ene exposure were identical to those
obt ai ned before exposure.
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Rabbits exposed to 250,000 ppm of 1, 3-butadi ene went through all stages
of anesthesia to death in the average tinme of 23 minutes (Carpenter et al
1944). Less than 2 minutes of exposure was required for | oss of motor and
| abyrinth refl exes.

No effects on erythrocyte or brain cholinesterase or on neuronuscul ar
function tests were found in rats exposed to up to 8,000 ppmfor 13 weeks
(Crouch et al. 1979). In internediate and chroni c exposure studies in nice
and rats, no treatnent-related histopathol ogical |esions were found in .organs
and tissues of the nervous system (brain, spinal cord, sciatic nerves) (Crouch
et al. 1979; NTP 1984; Ownen et al. 1987). Tests for neurol ogi cal functions
were not perfornmed by NTP (1984) and were unreliable as perfornmed by Oaen
et al. (1987) because mammary tunors interfered with the nobility of rats.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for neurol ogica
effects in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-1.

2.2.1.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in hunmans after
i nhal ati on exposure to 1, 3-butadi ene.

When exposed to concentrations up to 8,000 ppm of 1, 3-butadi ene during
gestation days 6-15, Sprague-Dawl ey rats showed signs of dose-rel ated naterna
and fetal toxicity (Irvine et al. 1981). Depressed body wei ght gain anobng
danms was observed at all concentrations, and fetal growmh was significantly
decreased in the 8,000 ppmgroup. The fetotoxicity of 1, 3-butadi ene was
expressed by a statistically significant increased incidence of skeletal
abnormalities (wavy ribs, irregular rib ossification) in the 1,000 ppm group
and by major abnormalities (defects of the skull, spine, sternum |ong bones,
and ribs) in the 8 000 ppmgroup. In a study in which fermal e outbred Sprague-
Dawl ey derived rats were exposed to 1, 3-butadiene at concentrations up to
1,000 ppmduring gestation days 6-15 (Hackett et al. 1987a), sone skel etal
abnormalities and ossification reductions were found in the fetuses, but were
not statistically significant and not considered to be treatnent related. In
contrast, fetotoxicity expressed as decreased fetal weight was observed in
mal e mce fetuses after exposure of dans during gestation days 6-15 to 40 ppm
1, 3-but adi ene, and i ncreased incidences of extra ribs and reduced ossification
of sternebrae were found in fetuses from groups exposed to 200 ppm and
1,000 ppm respectively (Hackett et al. 1987b).

The hi ghest NOAEL value and all reliable LOAEL val ues for devel opnenta
effects in rats for the acute duration category are recorded in Table 2-1 and
plotted in Figure 2-1.
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2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans after
i nhal ati on exposure to 1, 3-butadi ene.

A concentration-related increase in the incidence of sperm head
abnorrmalities occurred in B6C3FI mice after exposure to 1,000 and 5,000 ppm of
1, 3-but adi ene for 6 hours/day for 5 days (Hackett et al. 1988a). Dom nant
lethality in CD-1 mce was al so observed during the first 2 postexposure weeks
after the mal es were exposed to 200, 1,000 but not 5,000 ppm (Hackett et al.
1988b). The study was considered to be inconclusive because of the | ack of
dose response.

In animal s exposed to 6,700 ppmor |ess 1, 3-butadi ene, no inpairnment of
fertility was noted when groups of male and female rats, rabbits, or guinea
pi gs were housed together and allowed to mate freely (Carpenter et al. 1944).
In internmedi ate duration studies, no histopathol ogi cal evidence of treatment
rel ated effects in reproductive organs of rats (Crouch et al. 1979) or mice (NTP
1984) was found, but reproductive function was not assessed in these studies.

In a chronic study, exposure of mice to 6.25 ppmor nore of 1, 3-butadiene
resulted in an increased incidence of ovarian atrophy in fermal es (Ml nick et
al . 1989, 1990), while a corresponding increase in testicular atrophy was
observed in nmales only after exposure to 625 ppm (Melnick et al. 1989, 1990;
NTP 1984). The data indicated high susceptibility of female mce to
1, 3- but adi ene-i nduced effects in reproductive organs. Malignant tunors in
reproductive tissues were found after chronic exposure in rats, but
reproductive functions were not evaluated (Onen et al. 1987). Al reliable
LOAEL val ues for effects in the reproductive systemin mce in each duration
category are recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.7 Genotoxic Effects

No significant differences in cytogenetic analysis (chronosomne
aberrations and sister chronmatid exchanges in peripheral |ynphocytes) were
found between a group of 30 styrene-butadi ene rubber workers and a group of
mat ched controls (Zhou et al. 1986). The influence of sex, age, or snoking
habits was evaluated in the study. However, the exact exposure levels to
1, 3-but adi ene were not neasured.

Generally, no genotoxic effects were found in bone marrow of rats exposed
by inhalation to 1, 3-butadi ene (Choy et al. 1986; Cunni nghamet al. 1986).
B6C3FI mice were exposed to 1, 3-butadi ene at concentrations up to 10,000 ppm
for 6 hours/day for 2 days (Choy et al. 1986). A statistically significant
dose-rel ated i ncrease in mcronucl eus induction was observed in mce begi nning
at 100 ppm The frequency of m cronucl eated pol ychromatic erythrocytes was
al so significantly increased in B6C3FI nice exposed 6 hours/day, 5 days/week
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for 13 weeks to concentrations of 62.5 and 625 ppm of 1, 3-butadi ene (Jauhar
et al. 1988). In B6C3FI mice exposed to 6.25, 62.5, and 625 ppm of

1, 3-but adi ene for 6 hours/day for 10 days, the nmpst sensitive indicator of
genot oxi ¢ damage was the frequency of sister chromatid exchanges
(statistically significant at 6.25 ppn), followed by m cronucl eated

pol ychromatic erythrocyte levels (statistically significant at 62.5 ppn), and
then by chronosonmal aberration frequencies (statistically significant at
625 ppn) (Tice et al. 1987). A statistically significant increase in sister
chromati d exchange was al so observed in mce starting at 100 ppm of

1, 3-butadiene, with a four-fold increase over control |evels evident at

10, 000 ppm (exposure 6 hours/day for 2 days) (Cunninghamet al. 1986). In
B6C3FI and NIH Swiss m ce, conparable increases in the frequency of
chronosonal aberrations were observed foll owi ng exposure to 1,250 ppm of

1, 3-but adiene for 6 hours (lrons et al. 1987b). These results indicate that
1, 3-but adi ene-treatment in vivo produces significant increases in chromatid
aberrations in both strains.

In a domi nant |ethal study in which male CD-1 mice were exposed to
1, 3-but adi ene for 5 days and mated to nonexposed fenal es, an increased nunber
of dead inplantations per pregnancy occurred at 200 and 1,000 ppm but not at
5,000 ppmduring the first 2 weeks postexposure (Hackett et al. 1988a). These
results were considered to be inconclusive because of the |ack of a strict
dose-response rel ationship.

O her genotoxicity studies are discussed in Section 2.4.
2.2.1.8 Cancer

Epi denmi ol ogi cal retrospective studies of nortality anong workers in the
rubber industry were conducted by several investigators (Case and Hosker 1954;
Fox et al. 1974; Matanoski and Schwartz 1987; WMatanoski et al. 1982, 1988,
1990; McMchael et al. 1974, 1975, 1976; Meinhardt et al. 1982). Cccupati onal
exposure in styrene-butadi ene rubber plants was |inked to increased incidences
in respiratory, bladder, stomach, and |ynphat o- hemat opoi eti c cancers. Because
wor kers were exposed to mixtures of various chenicals, the contribution of
1, 3- but adi ene exposure to the devel opnent of these effects was unclear.
Therefore, an attenpt has been nade to link the effects to specific exposures.
When t he workers were grouped according to a work area and a job |ongest held,
producti on workers had increased Standard Mortality Ratios (SMR) for
hermat ol ynphopoi eti ¢ neopl asnms (SMR was 230 for other |ynphatic neoplasns in whites;
SMRs were 532 for |ynphosarconma, 656 for |eukem a, and 484 for other |ynphatic
neopl asns i n bl acks) and nmai ntenance workers had i ncreased SMRs for digestive
cancers (SMRs were 144 for esophageal and 166 for stomach cancer in whites)
(Matanoski et al. 1990). The Matanoski et al. (1982, 1988, 1990) studies
were, however, confounded by assum ng the individuals of unknown race (15% of
the total) to be white. This approach may have caused a slight inflation of
results on racial distribution of nortality fromcancers in the cohort. A
nested case-control study for hemato-|ynphopoietic cancers was perforned in
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one of the original cohorts of styrene-butadi ene rubber workers (Matanoski et
al . 1989b). The | eukeni a cases were associated with exposure to 1, 3-butadi ene
(odds rati0=9.4). No such an association was found for exposure to styrene.
The results were supported by a study in a 1, 3-butadi ene- nobnoner manufacturi ng
plant (Downs et al. 1987). A higher nortality rate for |ynphosarcoma and
reticulumcell sarcoma (SMR=235) was reported in the cohort. Oobserved deaths
from cancer of gastrointestinal, respiratory, urinary, and skeletal systens
were also statistically evaluated in this cohort and conmpared with the
expected nunbers. No increase in nortality was reported for these categories.
Simlar results were reported in an update of the study (SMR=229 for

| ynphosarcoma) (Divine 1990). However, alnost half of the cohort worked | ess
than 5 years in the industry and the workers al so had an occupational history
of working in other chemical industries.

The lack of historic exposure data to 1, 3-butadi ene and, as menti oned
above, possible exposure to other chemcals are the main confounding factors
of epidem ol ogi cal studies in 1, 3-butadi ene exposed workers. |In addition,

t hough adjustnments for age, calendar time, and race were done in nost studies,
t he adjustnent for snoking was | acking.

Lynphocytic | ynphomas were found in B6C3FlI mnice exposed to 200 ppm
1, 3-but adi ene for 40 weeks and observed up to 104 weeks (Melnick et al. 1990).
Furt her experinents with various internedi ate-durations and various | evel s of
exposure indicated that tunor types other than | ynphocytic | ynphoma had a
better chance to develop with |onger survival of the animals.

VWhen B6C3FI nice were exposed for 61 weeks to 625 or 1,250 ppm
1, 3-but adi ene, multiple-site carcinomas devel oped (NTP 1984). The npbst comobn
wer e hemangi osarcoma of the heart, malignant |ynphoma, al veol ar/bronchiol ar
adenoma and carci norma, papilloma and carci nonma of the stomach, hepatocellul ar
adenonma or carcinoma, and mammary gl and and ovary carci nomas and nonmal i gnant
granul osa cell tunors. Wen the chronic exposure study in mce was repeated,
| ynphocytic | ynphomas were the nmmj or cause of death in groups exposed to
625 ppm 1, 3-butadi ene (Melnick et al. 1989, 1990). An increased incidence of
hemangi osarcoma of the heart was found in nales exposed to 62.5 ppm and
hi gher. Furthernore, the incidence of alveol ar-bronchiol ar neopl asns was
increased in males exposed to 62.5 ppm 1, 3-butadi ene and in fermal es exposed to
doses as low as 6.25 ppm (Melnick et al. 1989).

Mul tiple carcinomas occurred in rats after chronic exposure to 1,000 ppm
and 8,000 ppm 1, 3-but adi ene for 105/111 weeks (Oaen et al. 1987).
Significantly increased incidences of Leydig cell adenonm, pancreatic exocrine
adenomm, uterine sarcoma, mamary tunors, Zynbal gl and carci noma, and thyroid
follicular cell tunors were observed in the higher concentration group. The
cancer effect levels (CELs) are recorded in Table 2-1 and plotted in
Fi gure 2-1.
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Using the tunor data fromnale and fenmale mce in the NTP (1984) st udy,
EPA derived a unit risk for inhalation exposure of 6x10* ppb (I RS 1991).

Thhs uni t r|sk corresponds to upper bound individual lifetinme cancer risks at
10° to 10" risk levels of 2x10* to 2x10" ppm which are plotted in
Figure 2-1. The unit risk should not be used if the air concentration exceeds

7.2 ppb, since above this concentration, the slope factor may differ fromthat
stated (IRI'S 1991).

The EPA derivation does not take into consideration the more recent study
by Melnick et al. (1989, 1990) because the data were not available at the tine
of the g,* derivation. Furthernore, the | atest data regardi ng species
di fferences in 1, 3-but adi ene toxicokinetics between rodents and pri mates
i ndi cated that mice may be nore susceptible to 1, 3-butadi ene-induced effects
(Dahl et al. 1990; Sun et al. 1989a).

2.2.2 Oral Exposure

No studies were |located regarding the following health effects in hunmans
or aninmals after oral exposure to 1, 3-butadiene.

Deat h

System c Effects

| nmunol ogi cal Effects
Neur ol ogi cal Effects
Devel opnental Effects
Reproductive Effects
Genotoxi ¢ Effects
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Genotoxicity studies are discussed in Section 2.4.
2.2.2.8 Cancer

No studies were |ocated regardi ng cancer in humans or aninmals after oral
exposure to 1, 3-but adi ene.

2.2.3 Dermal Exposure

Dermal contact with liquid 1, 3-butadi ene causes a sensation of cold

foll owed by a sensation of burning, which is the result of rapid evaporation;
this may cause frosthite. H gh gas concentrations may cause mld skin
irritation as well (MCA 1974). No other studies were |ocated regarding the
following health effects in humans or animals after dermal exposure to

1, 3- but adi ene.

2.2.3.1 Death

2.2.3.2 Systenmic Effects

2.2.3.3 I mmunol ogi cal Effects

2.2.3.4 Neurological Effects
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2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 CGenotoxic Effects
Genotoxicity studies are discussed in Section 2.4
2.2.3.8 Cancer

No studies were |ocated regarding cancer in humans or animals after
dermal exposure to 1, 3-butadi ene.

2.3 TOXI CCKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No studies were |ocated regardi ng absorption of 1, 3-butadi ene i n humans
after inhal ation exposure.

The distribution coefficient for 1,3-butadi ene between rabbit bl ood and
air was 0.603 in vitro and 0.654 in vivo, suggesting sinple passive diffusion
of the gas fromthe alveoli to the blood (Carpenter et al. 1944). After
9 m nutes exposure of rabbits to 250,000 ppm the concentration of
1, 3-but adi ene was 0.26 ng/nmL in the fenoral artery and 0.18 ng/nL in the
fenoral vein. Pulnonary absorption, therefore, appears to be rapid.
Distribution studies in rats and nice follow ng inhalati on exposure to
1, 3-butadiene indicate that it is absorbed fromthe lungs in these species as
wel |l (see Section 2.3.2.1). Wen Macaca fascicularis nonkeys were exposed to
radi oactively | abel ed 1, 3-butadi ene, the uptake was cal cul ated as

16. 40 pnol / hour/ 10 ppm of inhaled and 3.20 unol/hour/10 ppm of retained
1, 3-but adi ene (Dahl et al. 1990).

2.3.1.2 Oral Exposure

No studies were | ocated regardi ng absorption in humans or aninmals after
oral exposure to 1, 3-butadi ene.

2.3.1.3 Dernmal Exposure

No studies were |ocated regardi ng absorption in humans or aninals after
dermal exposure to 1, 3-but adi ene.
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2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies were |located regarding distribution in humans after inhalation
exposure to 1, 3-but adi ene.

The distribution of 1,3-butadiene in several tissues in rats was neasured
following a | -hour inhalation exposure to 129,000 ppm ( Shugaev 1969). There
was a high concentration of 1,3-butadiene in perinephric fat with [ ower |evels
in the brain, liver, septum and kidney. These | evels decreased with tine; at
90 minutes foll ow ng inhal ati on exposure, only trace |evels of 1, 3-butadiene
coul d be found.

Species differences in the distribution.of inhaled 1, 3-butadi ene were
studi ed in Sprague-Dawl ey rats and B6C3FI mice (Bond et al. 1986, 1987). The
ti ssues from both species contained high concentrations of “C 1, 3-but adi ene
derived radioactivity 1 hour postexposure. The nouse tissues contained up to
seven tines nore of 1,3-butadiene and its netabolites in their tissues as
conpared to rats, while up to five tinmes nore was detected in their blood

2.3.2.2 Oral Exposure

No studies were |located regarding distribution in humans or aninmals after
oral exposure to 1, 3-butadi ene.

2.3.2.3 Dernal Exposure

No studies were |located regarding distribution in humans or aninals after
dermal exposure to 1, 3-but adi ene.

2.3.3 Metabolism

The anmobunt of 1, 2-epoxybutene-3 formed in postmitochondrial preparations
fromhuman |iver was proportional to the nonooxygenase activity, but |ower
when conpared with the anpbunt formed in postm tochondrial preparations from
livers of rats and mice (Schm dt and Loeser 1985, 1986). These species
differences in the nmetabolismof 1,3-butadiene to the epoxi de suggest
di fferences between humans and rodents in the expression of 1, 3-butadiene
toxicity (see Section 2.4).

The met abol i sm of 1, 3-butadi ene was studi ed by Ml voisin et al. (1979)
inrat liver mcrosonmes. One of the major netabolites of 1, 3-butadi ene was
found to be 1, 2-epoxybutene-3. Hepatic microsonmal netabolismwas further
i nvestigated (Mal voisin and Roberfroid 1982), and the hypothetical netabolic
pat hway shown in Figure 2-2 was proposed. 1, 3-Butadiene was netabolized to
1, 2- epoxybut ene- 3, which was then transforned into 3-butene-1, 2-diol by
m crosomal epoxi de hydrol ase. In the netabolismof 1,2-epoxybutene-3 in



25

2. HEALTH EFFECTS

FIGURE 2-2. Microsomal Metabolic Pathway of 1,3-Butadiene in Rats*
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m crosones, two stereoi soners of DL-di epoxybutane, and two stereoisoners of
3, 4-epoxy-1, 2-but anedi ol were detected as further netabolites.

The participation of cytochrome P-450 in the netabolismof 1, 3-butadiene
was suggested on the basis of experinmental data (Bolt et al. 1983). The
anmount of epoxide formed in the rat liver microsones was dependent on
i ncubation tinme, mcrosomal protein, and substrate concentration.

Species differences in the formation of 1, 2-epoxybutene-3 from
1, 3-but adi ene were first studied by Schnmi dt and Loeser (1985, 1986). A high
capability of nouse |iver and especially |lung postm tochondrial fractions to
produce 1, 2- epoxybutene-3 after I ncubation with 1, 3-butadi ene was
denmonstrated. |In conparison, rat liver and |ung produced significantly |ess
1, 2- epoxybut ene- 3. Phar nacoki neti c anal ysis reveal ed species differences
between rats and mice after inhalation exposure to 1, 2-epoxybutene-3 (Kreiling
et al. 1987; Laib et al. 1990). Alimted rate of 1, 2-epoxybutene-3
detoxification and its subsequent accunul ati on was observed in mice at 500 ppm
exposure, but not in rats at exposures up to 5, 000 ppm This may partially
account for the differing levels of toxicity and carcinogenicity between rats
and nmice | ong-term studi es. Monkey postnitochondrial |iver preparations
catalyzed only a slow formati on of the epoxide; no epoxide was detected with
| ung preparations.

Species differences in the ability of 1,3-butadiene to bind covalently to
nucl eoproteins and DNA fromthe |iver were found in B6C3FI mice and Wstar
rats exposed to '"C-1,3-butadiene (Kreiling et al. 1986a). In correspondence
with the higher nmetabolic rate of 1,3-butadiene in mce, the formation rate of
reactive protein-binding netabolites was about twice as high in this species
as noted in rats. Qther experinments denonstrated protei n-DNA and DNA- DNA
crosslinks in the liver tissues in B6C3FI mice, but not in Wstar rats
foll owi ng exposure to “C-1, 3-butadiene (Jellito et al, 1989). The
crosslinking was due to the reaction of 1,3-butadiene netabolites
(1, 2- epoxybut ene-3 and di epoxybutane) with guani ne. Further differences
bet ween nouse and rat netabolismwere observed in the ability of 1, 3-butadi ene
to deplete nonprotein sul fhydryl (NPSH) (Deutschmann and Laib 1989; Kreiling
et al. 1988). The depletion of NPSH content was greater in mce than in rats
after 1, 3-butadi ene exposure, suggesting that detoxification of active
nmet abol i tes proceeds nmaminly via glutathione-S-transferase nedi ated pat hways in
m ce. Further differences were noted between 1, 3-butadi ene netabolismin
rodents and in nonkeys (Dahl et al. 1990; Sun et al. 1989a). At |ow exposure
| evel s, blood levels of toxic netabolites were | ower in nonkeys than in
rodents. The difference was not so great at higher 1, 3-butadi ene exposures
(Sun et al. 1989a). Simlar exposures to |lower 1, 3-butadiene |evels, however,
resulted in blood concentrations of total 1, 3-butadiene netabolites in nmonkeys
that were about 5-50 tinmes lower than in mce and about 4-14 times |ower than
inrats (Dahl et al. 1991). The results indicated possible |ower
susceptibility to toxic effects of low |levels of 1,3-butadiene in nonkeys.
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2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

No studies were |located regarding the excretion of 1,3-butadiene in
humans foll owi ng i nhal ati on exposure to 1, 3-but adi ene.

In rats exposed to 1, 3-butadi ene, 1,2-epoxybutene-3 and acetone were
exhal ed as suspected netabolites of the administered conpound (Bolt et al
1983). The pharmacokinetic profile of inhaled 1, 3-butadiene was studied in
mce (Kreiling et al. 1986b) and in rats (Bolt et al. 1984; Filser and Bolt
1984). Fol |l ow ng exposure of mice and rats to "C 1, 3-butadi ene, the
elimnation of radioactivity was rapid, and 77% 99% of the initial tissue
amount was elinmnated with half-tines of between 2 and 10 hours (Bond et al
1987). At concentrations of approximately 1,000 ppmor |less, the elimnation
of 1,3-butadiene followed first-order kinetics in both species. The first order
net abol i ¢ cl earance of inhal ed 1, 3-butadi ene per kg body wei ght was
4,500 m /hour for rats (Laib et al. 1988) and 7,300 m /hour for nice (Kreiling
et al. 1986b). The maxi mal netabolic elimnation rate was cal cul ated as

220 umol /hour/kg for rats (Laib et al. 1988) and 400 unol/hour/kg for mce
(Kreiling et al. 1986b). Wth increasing concentrations of “C 1, 3-butadiene,
exhal ation of radiol abel ed carbon was a major pathway for elinination of *C
in mce and rats (Bond et al. 1986).

About 2% of the total inhaled amount of 1, 3-butadiene was excreted as its
nmet abolites in Cynomol gus nmonkeys (Sun et al. 1989a). Carbon di oxi de was the
maj or exhal atory product at | ow exposure |evels, while epoxy-netabolites were
exhal ed at higher levels. Uinary excretion of total netabolites was not
i nfluenced by exposure levels. In Macaca fascicularis nonkeys, about 39% of
nmetabolites was elimnated in the urine, 0.8%in feces, and 56% was exhal ed as
carbon dioxide during the first 70 hours postexposure (Dahl et al. 1990).

2.3.4.2 Oral Exposure

No studies were |ocated regarding excretion in hunmans or animals after
oral exposure to 1, 3-butadi ene.

2.3.4.3 Dernal Exposure

No studies were |ocated regardi ng excretion in hunmans or animals after
dermal exposure to 1, 3-but adi ene.

2.4 RELEVANCE TO PUBLI C HEALTH

Epi deni ol ogi cal studi es have suggested a possible risk of harnful effects
associ ated wi th occupational exposure to 1, 3-butadi ene by finding a higher
i nci dence of cardi ovascul ar and hemat opoi etic di seases, respiratory di seases,
and cancer anong exposed workers, but exposures were not to 1, 3-butadiene



28
2. HEALTH EFFECTS

exclusively. Narcosis and death fromrespiratory paralysis may occur in
humans and ani mal s after inhal ation exposure to very high concentrati ons of
1, 3-butadiene. In animals, effects include increased nortality, anem a,
respiratory lesions, liver necrosis, nephrosis, and cancer. Fetotoxic and
reproductive effects have been observed in mce after exposure to

1, 3- but adi ene.

Dat a regardi ng exposure levels and their correlation with observed
effects fromstudi es in humans exposed by the inhalation route were
insufficient to derive ML val ues.

The toxicity of 1,3-butadiene has been studied in aninmals by the
i nhal ation route. A few acute-duration toxicity studies were conducted that
did not, however, evaluate nany of the system c end points (Carpenter et al.
1984; Shugaev 1969). Devel opnental effects were observed in the offspring of
rats and nmice exposed to 1, 3-butadi ene during gestation (Hackett et al. 1987b;
Irvine 1981). Fetotoxicity in mce was observed in the | owest 1, 3-butadi ene
concentration tested fromall acute studies. Therefore, no acute-duration
i nhal ati on MBL was derived.

I nt er nedi at e-durati on studi es showed that 1, 3-butadi ene i nduces anenmia in
nmce at | ow exposure levels by interfering with normal bone marrow devel opnent
(Irons et al. 1986a). The changes resenbl ed those found i n human prel eukem c
syndronme (Bienmer 1983). Toxicity studies in mce provided evidence that the
nmouse is highly susceptible to 1, 3-butadi ene-i nduced effects. Toxicokinetic
studi es indicated that the susceptibility my be due to the differences in
met abol i sm of 1, 3-but adi ene between m ce and ot her speci es (Deutschmann and
Laib 1989; Jellito et al. 1989; Kreiling et al. 1986a, 1987, 1988; Schm dt and
Loeser 1985, 1986). These included variations in the formation rate of toxic
nmet abolites, in the extent of coval ent binding of nmetabolites to proteins and
DNA, and in the ability to deplete nonprotein sulfhydryl content. It was
denonstrated that blood |levels of toxic nmetabolites were nmuch |ower in
1, 3- but adi ene- exposed nonkeys than in nmice (Dahl et al. 1990; Sun et al.
1989a). The difference was not, however, so distinct at higher exposure
| evel s. Hurmans are nmore likely to be exposed to | ow 1, 3- but adi ene
concentrations at which the greatest interspecies differences were observed.
Therefore, the high susceptibility of the nouse to toxic effects of |ow
1, 3-but adi ene | evels makes its use in the derivation of health hazard risk
assessnent for humans questionable. The only other species tested in
i nhal ati on studies was the rat (Crouch et al. 1979). However, the study did
not identify target organs. Therefore, no internedi ate-duration inhalation
MBL was deri ved.

Chroni c-duration studies were conducted in rats (Omen et al..1987) and in
mce (NTP 1984). The study in nice was repeated with | ower exposure |evels
(Melnick et al. 1989, 1990). Miultiple-site neoplasns devel oped in exposed
ani mal s of both species. The | ow exposure study in mce provided NOAEL and
LOAEL | evels for hematol ogical, respiratory, cardiovascular, and
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gastrointestinal effects. However, increased nortality and reproductive
effects were reported in the study at the same exposure |evel as these
system ¢ NOAELs. Therefore, the results were not suitable for the derivation
of a chronic-duration inhalation ML

No studies were |located regarding effects in hunans or aninmals after ora
exposure. Therefore, no acute-, intermediate-, and chronic-duration oral MLs
coul d be derived.

Acute-, internmediate-, and chronic-duration dernmal MRLs were not derived
for 1,3-butadiene due to the lack of data and an appropriate nethodol ogy for
t he devel opnent of dernmal MRLs.

Death. No case reports were |ocated regarding acute lethality of
1, 3-but adi ene i n humans. Evi dence of an anesthetic effect of 1, 3-butadiene
leading to death in aninmals after very high exposures (greater than
120, 000 ppm) was given by Carpenter et al. (1944) and Shugaev (1969).
Retrospective nortality studies anong workers in the rubber industry have
reveal ed an increased incidence of death from cancer, cardi ovascul ar di seases,
and di abetes (Case and Hoskar 1954; Fox et al. 1974; Matanoski and Schwartz
1987; Matanoski et al. 1982; McMchael et al. 1974, 1975, 1976; Mei nhardt
et al. 1982). These findings are supported by chronic exposure studies on
mce (Melnick et al. 1989, 1990; NTP 1984) and rats (Oaen et al. 1987) where
deat hs from cancer were increased anong exposed animals. It is also not known
whet her | ong-term exposure of humans to |low | evel s of 1, 3-butadi ene at waste
sites or in the environment would | ead to di seases that could shorten the
I'ifespan.

System c Effects

Respiratory Effects. The data regarding respiratory effects due to acute
exposure to 1,3-butadiene in humans are linmited to reports on irritation of
respiratory passages after inhalation exposure (WIlson 1944). The irritation
m ght cause even nore serious health problens with chronic exposure. The
findi ngs of nonneopl astic changes in the nasal cavity in mce after chronic
exposure to 1, 3-butadi ene (NTP 1984) support these data.

Cardi ovascul ar Effects. The only cardi ovascul ar effects found in hunmans
were those reported by McM chael et al. (1974) regardi ng excessive deaths from
arteriosclerotic and chronic rheurmati c heart di sease. Endothelial hyperplasia
of the heart was found in mce after chronic exposure (Melnick et al. 1990).
The potential for cardiovascul ar effects in humans exposed to 1, 3-butadi ene at
or near hazardous waste sites is not known,

Hemat ol ogi cal Effects. Slightly lower levels of red blood cells,
henogl obin, platelets, and neutrophils anmong tank car workers (workers who
fill freight train shipping containers) as conpared to other workers in the
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rubber industry were reported by Checkoway and WIllians (1982). These results
correspond to results observed in exposed mice (Irons et al. 1986a; Ml nick et

al . 1989, 1990). 1, 3-Butadiene treatnent-rel ated changes during internedi ate-duration
i nhal ati on exposure included a decrease in circulating erythrocytes, total

henogl obin, hematocrit and a | eukopenia, due to a decrease in segnented neutrophils.
However, no effects on hematol ogy or blood chemistry of rats were found during a
chroni c exposure study (Omen et al. 1987). Because hematol ogi cal effects have been
observed in aninals after inhal ation exposure to 1, 3-butadi ene and may occur in
hunmans exposed occupationally, hematol ogical effects in people who |ive at or near
hazardous waste sites containing 1, 3-butadi ene may be possible.

Hepatic Effects. No reports were |ocated regarding hepatic effects of
1, 3-but adi ene in humans. The only adverse effect of 1, 3-butadiene in aninals,
ot her than cancer, was reported by NTP (1984) in mice, in which chronic
i nhal ati on exposure resulted in a higher incidence of liver necrosis. No such
changes were found after chronic exposure in rats (Onen et al. 1987).

The metabolismvia liver mcrosonmes is of great inportance in
detoxification of 1,3-butadiene in animals (Bolt et al. 1983; Ml voisin et al
1979). One of the major netabolites of 1,3-butadiene in the |liver was
1, 2- epoxybut ene-3 (Mal voi sin and Roberfroid 1982), which was subsequently
transfornmed into 3-butene-1, 2-diol by nicrosonal epoxide hydrol ase. The
met abolites were mutagenic in in vitro tests (De Meester et al. 1988). The
differences in the formation of 1, 2-epoxybutene-3 in the postmtochondrial
fractions of mce and rats were exam ned by Schm dt and Loeser (1985, 1986).
A higher rate of production of 1,2-epoxybutene-3 was found in mice than rats.
In addition to the higher production rate of 1,2-epoxybutene-3 from
1, 3- but adi ene, accunul ation of the reactive epoxide internediates, the | ow
capacity for further netabolism and their detoxification mainly via
gl ut at hi one- S-transf erase-nedi at ed pathways are responsible for the drastic
depl eti on of hepatic NPSH contents in mce (Bond et al. 1988; Deutschmann and
Laib 1989; Kreiling et al. 1988). These results partially explain the
differing levels of toxicity and carcinogenicity in |long-termstudies found
bet ween mice and rats. Human and nonkey postnitochondrial |iver fractions
catalyzed only a slow formati on of the epoxide, and with lung fractions, no
epoxi de was detected (Schm dt and Loeser 1985, 1986), suggesting that
different nmetabolic rates operate in primates than in rodents. Therefore, the
rel evance to humans of the liver necrosis observed in nmice is not clear.

Renal Effects. No studies were |ocated regarding renal effects of
1, 3-butadiene in humans. No effects were reported in rats, guinea pigs,
rabbits, dogs (Carpenter et al. 1944), rats (Crouch et al. 1979), or mice (NTP
1984) except for the nore frequent occurrence of nephrosis in male rats after
chroni c inhalation exposure to 8,000 ppm 1, 3-but adi ene (Onen et al. 1987).
The rel evance of this information to humans is uncl ear.
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| mmunol ogi cal Effects. No data were | ocated regardi ng i munol ogi ca
effects in humans. The effect of 1, 3-butadi ene exposure on the i mmune system
of mce was investigated by Thurnond et al.(1986), who found a reversible
suppression of cytotoxic T-lynphocyte generation to mastocytoma cells and a
depressi on of spleen cellularity. The regul ation of stemcell devel opnent was
altered in B6C3FI nmice after internediate duration inhalation exposure to
1, 3-but adi ene (Leidernman et al. 1986). The changes in proliferation and
differentiation of hematopoietic cells were simlar to those usually preceding
the onset of the expression of |ynphoma in B6C3FI nice after chronic exposure
to 1, 3-butadi ene (NTP 1984) (see discussion of Cancer in Section 2.4). No
i nformation was found regardi ng i nmunol ogi cal effects and | ynphorma in hunans
after exposure to 1, 3-butadi ene. However, based upon these studies in
| aboratory animals where stemcell devel opnent was affected, it would be
prudent to consider that potentially adverse i mmunol ogi cal effects from
exposure to 1, 3-butadi ene could occur in humans.

Neur ol ogi cal Effects. Inhalation of high concentrations of 1, 3-butadiene
is narcotic in humans (Sandneyer et al. 1981) and aninmals (Carpenter et al.
1944) and can lead to death fromrespiratory paralysis (Carpenter et al. 1944;
Shugaev 1969). Al though the exact concentration |eading to narcosis in humans
is not known, exposure to 250,000 ppm produced anesthesia in rabbits. Nausea,
dryness of the nouth and nose, headache, and decreased bl ood pressure and
pul se rate are the first signs observed in humans (Sandneyer 1981). These
data beconme rel evant for humans only during exposure follow ng industrial
accidents resulting in significant |eaks or spills of 1,3-butadiene.

Devel opnental Effects. No data were avail abl e regardi ng devel opnent a
effects of 1, 3-butadiene in humans. Fetotoxic effects (skeletal abnornalities
and | ens opacity) of 1, 3-butadi ene exposure were observed in rats (Irvine
et al. 1981) and in nmice (Hackett et al. 1987) after 1, 3-butadiene treatnent
of pregnant rats during days 6-15 of gestation. Based upon these experinental
data in laboratory animals, it would be prudent to consider the potential for
adverse health effects fromexposure to 1, 3-butadi ene in humans. The | ow
nol ecul ar wei ght and high lipid solubility of 1,3-butadi ene suggest that it
may cross the placenta.

Reproductive Effects. No studies were |ocated regardi ng reproductive
effects in humans after exposure to 1, 3-butadi ene. |Increased incidence of
gonadal atrophy in mce occurred after chronic inhalation exposure to
1, 3-but adi ene (Melnick et al. 1989, 1990; NTP 1984). Inhal ati on exposure of
male mce to 1, 3-butadiene resulted in dom nant |ethal nutations and sperm
head abnornalities (Hackett et al. 1988a, 1988b). Laboratory investigations
in ani mals suggest that 1, 3-butadiene affects the nore mature cells of the
reproductive system Based upon this information in |aboratory aninmals, the
potential for human reproductive effects upon exposure to 1, 3-butadi ene should
be consi dered.
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CGenotoxi ¢ Effects. 1, 3-Butadi ene has been tested for genotoxicity in a
nunber of in vitro and in vivo studies (Tables 2-2 and 2-3). Positive results
have been found in the reverse nmutation assay in Sal nonella typhimirium TA1530
and TA1535 in the absence or in the presence of netabolic activation system
(De Meester et al. 1978). However, the interpretation of these results was
confounded by the fact that the Petri dishes not containing S-9 mx were
contam nated by volatile active netabolites (De Meester et al. 1988). It was
concluded that S-9 mix was necessary to activate 1, 3-butadiene into
nmut agen(s). TA1530 was the nobst sensitive strain, but 1,3-butadiene
nmut agenicity was detectable only with netabolic activation in the subsequent
study (De Meester et al. 1980). No significant nutagenic effect on
S. tynhimurium strain TA100 with nmetabolic activation was observed (Victorin
and Stahl berg 1988). A weak genotoxic activity was detected in strain TA1535
with rat S-9 (Arce et al. 1989). On the basis of these data, 1, 3-butadiene
appears to require metabolic activation to produce genotoxicity.

Several recent studies dealt with the nutagenic effect of 1, 3-butadiene
in vivo. Details of the in vivo studies were discussed in Section 2.2.1.7. A
significant dose-related increase in induction of nicronuclei was found in
mce, but not rats, after intermedi ate-duration exposure to up to 625 ppm
1, 3-but adi ene (Jauhar et al. 1988). Also, an increase in the frequency of
chronosonal aberrations and sister chromati d exchanges was found in mce
(Cunni ngham et al. 1986; Sharief et al. 1986; Tice et al. 1987). No genotoxic
effects were found in rats exposed by inhalation to 1, 3-butadi ene (Cunni ngham
et al. 1986), as denonstrated by using cytogenetic analysis of their bone
Marr ow.

Al t hough cytogenetic nonitoring of 1, 3-butadi ene rubber workers for
chronbsomal aberrations reveal ed no significant differences between exposed
and control groups (Zhou et al. 1986), 1,3-butadiene is clearly genotoxic in
m ce. As discussed in Section 2.3.3, species differences exist in the
met abol i sm of 1, 3-but adi ene, and data suggest that humans nay netabolize this
conpound at different netabolic rates than do rodents. If the genotoxic and
cl ast ogeni ¢ response of 1, 3-butadi ene requires activation to an active
nmetabolite that is formed nore slowy or deactivated nore rapidly in humans
than in rats and mce, the genotoxicity observed in animals may only be
observed after nmuch hi gher exposures in humans. The data in hunans are too
limted, however, to rule out the possibility of a genotoxic potential in
humans exposed to 1, 3-but adi ene.

Cancer. An increased incidence of bronchial carcinoma was reported in
rubber industry workers (Fox et al. 1974). Although information on snoking
was not available in the cohort, no excesses were found in other snokingrel ated
di seases. However, the possible influence of snoking, occupationa
coexposure to other chem cals, and/or urban effects could not be ruled out in
t he study.



TABLE 2-2.

Genotoxicity of 1,3-Butadiene In Vitro

Species (test system)

End point

Results

With
activation

Without
activation

Reference

Prokaryotic organisms:

Salmonella typhimurium:

TA1530
TA100
TA1535

Gene mutation

De Meester et al. 1980
Victoria and Stahlberg 1988
Arce et al. 1989

+ = positive result
- = negative result

"z
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TABLE 2-3. Genotoxicity of 1,3-Butadiene In Vivo

Species (test system) End point Results Reference
Mammalian cells:
B6CIF1 mice (inhalation) Bone marrow: + Cunningham et al. 1986
Sprague-Dawley rats (inhalation) Dose-dependent increase in SCEs - '
B6C3F1 mice (inhalation) Bone marrow: + Tice et al. 1987
Increase in CA, SCEs, AGT and depression of MI
Macrocytic-megaloblastic anemia + Irons et al. 1986a
Bone marrow:
447 jincrease in proliferative index
Swiss mice (inhalation) Macrocytic-megaloblastic anemia + Irons et al. 1986b
8-Fold increase in circulating micronuclei
Bone marrow damage
B6C3F1 mice (inhalation) Bone marrow: + Leiderman et al. 1986
Alteration of hemopoietic stem cell development
Peripheral blood erythrocytes: + Jauhar et al. 1988
Induction of micronuclei
Induction of MN + Tice et al. 1988
Induction of SCEs
Chromosomal aberrations
Sperm abnormalities + Hackett et al. 1988a
Dominant lethality +
C57B1/6 mice (intraperitoneal Bone marrow increase in CA, SCE + Sharief et al., 1986

injection)

+ = positive result; - = negative result; AGT = average generation time; CA = chromosomal aberrations; MI = mitotic index;

MN = micronucleated cells; SCEs =

sister chromatid exchanges

2
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The indication that 1,3-butadiene can cause malignancy in the respiratory
system was denonstrated by finding an increased incidence of alveol ar/
bronchi ol ar cell carcinomas in mce after chronic exposure (Melnick et al
1989; NTP 1984). Inhalation is not only the nain route of exposure to
1, 3-but adi ene, but as indicated by toxicokinetic studies, it is also an
i mportant route of 1,3-butadiene netabolite excretion (Bolt et al. 1983). The
nmet abol i ¢ pat hway of 1, 3-butadi ene was first proposed by Ml voisin and
Roberfroid (1982), and the netabolites, including 1,2-epoxybutene-3, have been
considered to be the ultimate genotoxic agents (De Meester et al. 1980). It
was denonstrated that 1,2-epoxybutene-3 showed carcinogenic activity follow ng
skin applications in Swiss nmice (Van Duuren et al. 1963). H gh formation of
epoxi des was observed in the lung tissue of mce and rats incubated with
1, 3-butadi ene, in contrast to undetectable levels found in lung tissues from
nonkeys and humans (Schnidt and Loeser 1985). These findi ngs support the
theory that netabolites are responsible for the carcinogenic effect of
1, 3-but adi ene on the respiratory tract in rodents.

An epi demi ol ogi cal study of nortality within a cohort of 6,678 nale
rubber workers exam ned the rel ati onship between the deaths from nali gnant
neopl asns and occupational exposure (MM chael et al. 1974). Significant
i ncreases of nortality due to nalignancies of the stonmach (SMR=187), prostate
(SMR=142) and henat o-| ynphopoi eti c system (SMR=226) were observed in the
cohort. A subsequent study suggested an association between nortality from
| ynphatic |l eukemia with a history of working in nmultiple solvent-exposure jobs
(McM chael 1975). However, in a foll owup case-control study an eval uation
was made of the relationship of nortality excesses to specific jobs within the
plant (McM chael et al. 1976). A clear association was found between the
| ength of exposure to 1, 3-butadi ene and the occurrence of |ynphatic and
henmat opoi eti c malignancy. The age-adjusted ratios of rates of exposure were
4.4 for those exposed for nore than 2 years and 5.6 for those exposed for nore
than 5 years.

An increased incidence of neoplasns of the |ynphatic systemwas al so
found in other rubber workers studies (Matanoski et al. 1982, 1988, 1989,
1990). This finding was confirned by Downs et al. (1987) in an
epi dem ol ogi cal study of nortality anmong workers in a 1, 3-butadi ene nononer
manufacturing facility that supplied 1, 3-butadi ene to two styrene-butadi ene
rubber plants. No significant excesses were observed for any cause of death
except |ynphosarcoma and reticulumcell sarcoma. Wen the cohort was
subdi vided into routine, nonroutine, and | ow exposure groups, the standard
nortality ratios (SMRs) were consistently elevated for these causes of death
inall three groups. In an update of this study, the observation period of
t he cohort was extended for another 6 years (Divine 1989; 1990). The
i ncreased SMR for | ynphosarcoma and reticul osarcoma was confirned; however
there was an absence of an association between | ength of exposure and cancer
ri sk, because all deaths occurred in those enployed fewer than 10 years.
These data are particularly inportant because the workers were reported not to
be significantly exposed to other chenicals as was the case in the styrene-
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but adi ene rubber plant studies. The | ack of exposure duration and
concentration data is a major deficiency of all epideniological studies on
1, 3- but adi ene.

As for evidence of the carcinogenicity of 1,3-butadiene in |aboratory
ani mal s, 1, 3-butadi ene was shown to cause an altered regul ation of stem cel
devel oprment in B6C3FI mce after an internedi ate inhal ati on exposure
(Leiderman et al. 1986). The changes in proliferation and differentiation of
henmat opoi etic cells were simlar to those usually preceding the onset of the
expressi on of |ynphona in B6C3FI mice. These data were supported by the
i ncreased i ncidence of malignant |ynphoma in mice after chronic exposure to
1, 3-but adi ene (NTP 1984). An increased incidence (57% of thym c |ynphoma in
B6C3FI mce was reported after exposure to 1,250 ppm 1, 3-butadi ene for 1 year
(Irons 1989). This result agrees with the 60% i nci dence found previously in
this strain after simlar exposure (NTP 1984). In contrast, these tunors were
found only in 14%of treated NIH Swiss mice (Irons 1989). There were no
hi st opat hol ogi cal differences in the tunors induced in these two strains of
nm ce, but increased anpbunts of murine | eukemia retrovirus (MILV) envel ope
antigens were observed only in |ynphomas from B6C3FI nice (lrons et al
1987b)