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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.



5
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

ACUTE
(<14 Days)
>
\(_'P @°& @0
\& o b&‘
O NY
3 5 &2 &
¢ *® S ®
(ppm)
1,000,000
o ®ch
100,000 Wum By
10,000 Om ADs @
1.000 07r ®on
100 077 .Bﬂl .'0"‘\
Dem
10
1
0.1
0.01
0.001
0.0001
0.00001
0.000001
0.0000001 Key
m  Mouse B tcso
t Rat @ LOAEL lor serous effects (animals)
h  Rabbit

(P LOAEL tor tess serlous effacts (animals)
O NOAEL (arimals)
[\ NOAEL (humans)

The number next to each point corresponds to entries In Table 2-1.

Z

S103443 HITVIH

¢t



(ppm)
1,000,000
100,000
10,000
1,000
100
10
1
0.1
0.01
0.001
0.0001
0.00001

0.000001
0.0000001

[

be
-

FIGURE 2-1 (Continued)

INTERMEDIATE
(15-364 Days)

O NOAEL (animatls)
@ CEL - Cancer Effect Lovel
The number next 1o each point corresponds fo entries in Table 2-1,

* Doses reprasent the lowest dose tested per study that produced a tumorigenic

response and do not imply the existence of a threshold for the cancer end point.

Systamic
A
¥ ié@ \6» o \@ >
\0(\ 'bf .c‘& N § X & .
N R o 2° & A &® & &
& g &S & & & & & & & &
9 ¢ (& & Sy <& Q € & ¢!
oumOm Oum O Oum O Oum Oum O1ar Oram Oy Cram Otar Oam Onaxr Orem Q1
12m @i5m Diem
&1om
Key
m  Mouse @ LOAEL for serous effects (animals)
r Rat (@ LOAEL for less serlous effects {animals)

"z

S1odddd HITVIH

€T



(ppm)
1,000,000
100.000
10,000
1,000

100

10

1

01

0.01
0.001
0.0001
0.00001

0.000001
0.0000001

FIGURE 2-1 (Continued)

CHRONIC
(>365 Days)
Systemic
g k\eé 3 ° °

< '5’0) -&é’ & . \oe é‘p o‘§\ :

o & N Y O N O 'Y

£ 4 A Y & & & S £ ¢

® ® lvid e ¥ F® ¢ o * ® il

‘207 023! 0231 Ozav Oz:sr 0231 @ 0237

Doum O*™ Oz Oaum

D2sm
Oa2sm

Oz
Ozrm ®xn ®n &0

@m &m

Key

104
105 Estimated Upper-
Bound Human

i .2""020: ®:24m Oz P2am P2am
i Osm P2sm Dosm
| @z Ozm Osm  Oosm
Qzm
B m  Mouse
4 Rat

@ LOAEL for serous ellacts {animals)

(D LOAEL ot less serious sifects (animals)
O NOAEL (animals)

@ CEL - Cancer Etfect Lavel

The number naxt to each point corresponds 10 entries In Table 2-1.

* Doses reprosent the lowest dose tested per study that produced a tumorigenic
response and do not imply the existence of a threshold for the cancer end point.

10-¢ —| Cancer Risk
Levels
107

"z

S103443 HITVAH

71



15
2. HEALTH EFFECTS

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



20
2. HEALTH EFFECTS

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
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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
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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). Furthernore, when these tunors were cloned, an increased expression
of the c-myc proto-oncogene was found (lrons et al. 1986¢c). MLV
retroviruses, which are expressed only in B6C3FI mice but not in NIH Sw ss
nmce, may play an inmportant role in the | ynphoma-type tunorigenesis. The
extrapol ation of these results to humans is difficult because human | eukem a
retroviruses (HTLV) have been found only in a small part of the popul ation,
and it is not known if their presence in humans woul d af fect susceptibility to
| ynphoma the sanme way MILV appears to affect devel opment of |ynphoma in mce
exposed to 1, 3-butadiene (Turnbull et al. 1988). However, the presence of
other fornms of neoplasns in experinental animals provides |limted evidence for
t he potential carcinogenic nature of 1,3-butadiene in humans. It would
therefore be prudent to consider that 1,3-butadiene or its netabolites have
the potential to induce a carcinogenic response in humans as wel | .

Multisite tunors were found anong B6C3Fl mice after chronic exposure to
1, 3- but adi ene (NTP 1984), i ncludi ng hemangi osarcoma of the heart, malignant
| ymphonmm, al veol ar/bronchi ol ar adenona and carci nona, papilloma and carci hona
of the stomach, hepatocellul ar carci noma, preputial gland carcinoma, Zynbal
gl and carci nona, mamary gl and carci noma, and ovarian tunmors. Miltisite
tunors, including Leydig cell adenomas, exocrine tunors of the pancreas,
thyroid follicular cell adenonma, sarconma of the uterus, manmmary gl and
carci noma, and Zynbal gl and carci noma were al so found anbng Sprague- Daw ey
rats after chronic exposure to 1, 3-butadiene (Onven et al. 1987). On the basis
of the NTP data, |ARC (1985) concluded that there is sufficient evidence for
the carcinogenicity of 1,3-butadiene in experinental aninmals, but inadequate
evi dence for its carcinogenicity in humans. EPA (1985a) has classified
1, 3-but adi ene as a probabl e hunan carci nogen. However, the | ARC and EPA
concl usi ons were not based on the updated epi dem ol ogi cal data, as well as
| at est carcinogenicity and toxicokinetic studies in animals. |nterspecies
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di fferences in netabolismbetween mce and prinmates and resulting higher
susceptibility of mice to 1,3-butadiene toxicity may linit the rel evance of
studies in mce for human risk assessnent.

2.5 BI OVARRERS OF EXPOSURE AND EFFECT

Bi omarkers are broadly defined as indicators signaling events in biologic
systens or sanples. They have been classified as markers of exposure, narkers
of effect, and markers of susceptibility (NAS/ NRC 1989).

A bi omarker of exposure is a xenobiotic substance or its netabolite(s) or
the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is nmeasured within a conpartnent of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific metabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance may
be the result of exposures fromnore than one source. The substance being
measured nay be a netabolite of another xenobiotic substance (e.g., high
urinary levels of phenol can result from exposure to several different
aromati ¢ conpounds). Depending on the properties of the substance (e.g.,
biologic half-life) and environmental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites may have left the body by
the tinme biologic sanples can be taken. It nmay be difficult to identify
i ndi vi dual s exposed to hazardous substances that are commonly found in body
tissues and fluids (e.g., essential nmineral nutrients such as copper, zinc,
and sel eniun). Biomarkers of exposure to 1, 3-butadi ene are discussed in
Section 2.5. 1.

Bi omar kers of effect are defined as any neasurabl e bi ochenical,
physi ol ogic, or other alteration within an organismthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses bi ochem cal or
cellular signals of tissue dysfunction (e.g., increased liver enzyne activity
or pathol ogic changes in fenmale genital epithelial cells), as well as
physi ol ogi ¢ signs of dysfunction such as increased bl ood pressure or decreased
lung capacity. Note that these markers are often not substance specific.

They al so may not be directly adverse, but can indicate potential health
i mpai rnment (e.g., DNA adducts). Biomarkers of effects caused by 1, 3-butadi ene
are discussed in Section 2.5.2.

A bi onmarker of susceptibility is an indicator of an inherent or acquired
limtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. |If
bi omar kers of susceptibility exist, they are discussed in Section 2.7,
"POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "
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2.5.1 Biomarkers Used to ldentify and/or Quantify Exposure to 1, 3-
But adi ene

No studies were |located regarding tissue, fluid, or excreta |levels of
1, 3-butadi ene in humans. For the distribution of 1,3-butadiene and its
nmetabolites in animl tissues see Section 2.3.2. Excretion of 1, 3-butadi ene
nmet abolites was reported to be high in the urine of exposed nonkeys (Dahl et
al. 1990). Detection of urinary netabolites may be possibly used for
bi omar kers of exposure in humans.

A linear accumul ati on of henogl obi n adducts was observed in B6C3F m ce
and Sprague-Dawl ey rats after intraperitoneal adm nistration of radiol abel ed
1, 3-butadi ene (Sun et al. 1989b). The lifetines of these adducts were in
agreenment with the expected lifetines for red blood cells in these aninals.
The determ nation of 1, 3-butadi ene-derived adducts in henogl obin was proposed
as a nmethod to neasure prior exposure(s) to this chemcal. The investigators
used liquid scintillation counting of radioactivity to detect the adducts;
therefore, the assay cannot be used in humans. Furthernore, the formation of
1, 3- but adi ene- henogl obi n adducts has not been denonstrated in humans. DNA
adducts were detected in the livers of mice and rats exposed to radi ol abel ed
1, 3-butadi ene (Kreiling et al. 1986). Because humans are not likely to be
exposed to radiol abel ed 1, 3-but adi ene either under controlled conditions or in
the environment, different nmethods for detecting and identifying the adducts
woul d have to be developed in order to use henbgl obin or DNA adducts as a
bi omar ker of exposure to 1, 3-butadi ene i n hunans.

2.5.2 Biomarkers Used to Characterize Effects Caused by 1, 3-But adi ene

No bi omarkers used to characterize effects caused by 1, 3-butadi ene were
identified. Dermal, ocular, and/or upper respiratory irritation can occur
foll owi ng 1, 3-but adi ene exposure (MCA 1974) and may al ert the exposed
i ndi vi dual. However, the effects are not specific for 1, 3-butadi ene exposure
and may be caused by several other chenicals.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

No studies were |located regarding toxic effects of 1,3-butadiene in
coexposure with other chenmicals. In addition to 1, 3-butadi ene, workers in the
rubber industry are exposed to other chem cals, including styrene and its
net abolite, styrene oxide, which was also found to be mutagenic (Loprieno
et al. 1978; Norppa et al. 1980; Pohlova et al. 1985; Watabe et al. 1978).
Whet her these other chemicals or their active netabolites have a synergistic
harnful effect in humans is not known.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE
Bl ack workers exposed to 1, 3-butadiene in the production area of a

styrene- but adi ene (SBR) factory had a higher risk of nortality from| ynphonas
and | eukem a than white workers (Matanoski et al. 1989). Furthernore, the
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exposure of black workers to 1, 3-butadi ene was al so associated with a hi gher
ri sk of cardi ovascul ar di seases (Matanoski and Schwartz 1987). These limted
dat a suggest that nenbers of the black popul ation may be nore susceptible to
the effects of 1, 3-butadiene, but the reason for the difference is not known.

2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
nmet hods for reducing toxic effects of exposure to 1, 3-butadi ene. This section
is intended to informthe public of existing clinical practice and the status
of research concerning such methods. However, because sonme of the treatnents
di scussed may be experimental and unproven, this section should not be used as
a guide for treatnment of exposures to 1, 3-butadi ene. When specific exposures
have occurred, poison control centers and nedi cal toxicologists should be
consulted for nedical advice.

No specific antidotes for 1, 3-butadiene are avail abl e; however,
recomendat i ons have been nmade for general treatnent of intoxicated persons
(Bronstein and Currance 1988; Stutz and Janusz 1988). First, the exposed
i ndi vi dual should be renobved fromthe contam nated area and cont ami nat ed
cl ot hing should be taken away. It has been suggested that exposed skin should
be washed with soapy water and contam nated eyes flushed with water
I nhal ati on exposure to high 1, 3-butadi ene concentrations may result in
narcosis leading to respiratory paralysis and death. Therefore,
adm ni stration of oxygen has been used and ventilation has been assisted as
needed in cases of 1, 3-butadiene poisoning. Standard procedures have been
used for the treatnent of cardiac arrhythm as and pul nonary edema (Ell enhorn
and Barcel oux 1988).

Al t hough no specific data were | ocated regarding the mtigation of
effects of 1,3-butadiene once it has entered the bl oodstream studies on the
mechani sm of action are available that may provide insight into possible nmeans
of mtigating effects. Great interspecies differences were observed in the
susceptibility to 1, 3-butadi ene-induced toxicity. Toxicity studies found m ce
to be extremely sensitive (Melnick et al. 1989, 1990). Studies on the
nmet abol i sm of 1, 3-but adi ene denonstrated that the chemi cal is converted to its
epoxy derivatives in the presence of NADPH and oxygen in mcrosonmes (Ml voison
and Roberfroid 1982). It was found that nonkeys had the | owest |evels of
epoxy-netabolites in the blood after exposure to | ow 1, 3-but adi ene concentrati ons,
while mice had the highest |levels (Dahl et al. 1990; Sun et al. 1989a). The epoxi des
may be responsible for nbst toxic and carcinogenic effects caused by 1, 3-butadi ene
exposure. The harnful effect of epoxidenetabolites is due to the formation of
al kyl ati on products with DNA; specifically, by the reaction with guanine (Bolt et al
1984; Jellito et al. 1989). The determ nation of DNA adducts found in nmice and rats
was proposed as a neasure of 1, 3-butadi ene exposure (Kreiling et al. 1986a; Sun et
al . 1989b). The epoxi des are detoxified by conjugation with glutathione and by
further enzymatic transformation (Kreiling et al. 1988). A higher rate of
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epoxi de formati on and a greater depletion of hepatic nonprotein sulfhydryl
content in nmice is probably responsible for their higher susceptibility to
1, 3-butadiene toxicity. Since only after a substantial decrease of

gl utat hi one | evel s the macronol ecul ar coval ent binding is enhanced (Kreiling
et al. 1988), sufficient availability of glutathione should nitigate the

ef fects of 1, 3-butadi ene exposure.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended directs the Adninistrator of ATSDR
(in consultation with the Admi nistrator of EPA and agencies and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of 1, 3-butadiene is avail able. Were adequate information is
not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a programof research desi gned
to deternmine the health effects (and techni ques for devel opi ng nethods to
determ ne such health effects) of 1, 3-butadiene.

The follow ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informati onal needs that, if nmet, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Information on Health Effects of 1, 3-Butadiene

The existing data on health effects of inhalation, oral, and derma
exposure of humans and aninmals to 1, 3-butadi ene are sumari zed in Figure 2-3.
The purpose of this figure is to illustrate the existing information
concerning the health effects of 1, 3-butadi ene. Each dot in the figure
i ndi cates that one or nore studies provide information associated with that
particular effect. The dot does not inply anything about the quality of the
study or studies. Gaps in this figure should not be interpreted as "data
needs" i nformation.

As seen from Figure 2-3, information regardi ng acute systenmic effects
(respiratory tract irritation and narcotic effect), chronic systenic effects
(cardi ovascul ar and respiratory effects), genotoxicity and cancer exists for
i nhal ati on exposure in humans. No information was | ocated regardi ng oral or
dermal exposure of humans to 1, 3-butadi ene.

I nhal ation studies in aninmals provide data on death, systemi c effects,
i mmunol ogi c effects, neurologic effects, genotoxicity, and carcinogenicity.
I nformati on concerni ng devel opnental and reproductive effects was al so
| ocated. No information was |ocated regarding effects in aninals after ora
or dermal exposure to 1, 3-butadi ene.
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FIGURE 2-3. Existing Information on Health Effects of
1,3-Butadiene
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2.9.2 Data Needs

Acut e-Durati on Exposure. Acute inhalation exposure to very high
concentrations of 1,3-butadiene may |lead to narcosis and to death by
respiratory paralysis in both humans and aninmals (Carpenter et al. 1944,
Shugaev 1969). No studies were located that correlated the | evel of exposure
with the first signs of toxicity in humans or aninals. No NOAEL | evels were
identified in the avail abl e acute exposure studi es. Devel opnental effects
were seen in animals after exposure to the | owest concentration tested in
acute studies (Hackett et al. 1987; Irvine 1981). A NOAEL val ue for
devel opnmental as well as systemic effects would be the nbst appropriate basis
for the derivation of an acute inhalation MRL. No studies were |ocated
regarding effects followi ng oral or dernmal exposure, and no pharmacoki netic
studies by the oral or dermal routes were located; therefore, it is not
possible to predict if effects following oral or dermal exposure would be
simlar to those follow ng inhal ati on exposure. Because 1, 3-but adi ene has
been detected in soil off-gases at hazardous waste sites, inhalation exposure
appears to be the greatest concern. However, it is not known if 1, 3-butadi ene
is present in groundwater or soil at these hazardous waste sites because it is
difficult to analyze these nedia for the conpound. 1, 3-Butadi ene has been
detected in industrial waste water and drinking water, and is quite soluble in
water (735 ppm). Therefore, oral and dernmal routes of exposure cannot be
ruled out. Therefore, information concerning 1, 3-butadiene toxicity by these
routes of exposure would be useful. Because people living at or near these
hazardous waste sites may be exposed for brief periods of tine, nore dose response
data for acute exposures by all routes is considered to be inportant.

I nt ernedi at e-Duration Exposure. No information is avail able regarding
effects of 1, 3-butadi ene during internediate-durati on exposure in humans. No
studi es were | ocated regarding effects in humans or animals follow ng oral or
dermal exposure to 1, 3-butadi ene, and pharnmacoki netic data for these routes of
exposure are insufficient to predict whether the disposition or toxicity of
1, 3-but adi ene follow ng oral or dermal exposure would be simlar to that
foll owi ng inhal ati on exposure. Therefore, information regarding the toxicity
of 1,3-butadiene by the oral and dermal routes of exposure would be useful.
Several studies on internmediate duration inhalation exposure to 1, 3-butadi ene
have been conducted in animals (Crouch et al. 1979; lrons et al. 1986a; NIP
1984). Al though NOAEL val ues for several systemc effects were recorded from
t hose studies, an MRL was not derived, because 1, 3-butadi ene-rel ated aneni a
was found in mce exposed to a | ower concentration of 1,3-butadiene (lrons
et al. 1986a). The observed changes were simlar to those found in human
prel eukem ¢ syndrone (Biener 1983). The experinental results suggested that
1, 3- but adi ene exposure night interfere with normal bone nmarrow cell
devel opment. Further investigation of this topic could be val uabl e since
epi dem ol ogi cal studies in hunans indicate that hematopoietic tissue nay be a
possible target for 1,3-butadiene toxicity. This information is inportant in
identifying sensitive subpopul ati ons surroundi ng hazardous waste sites.
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Chroni c-Durati on Exposure and Cancer. Possible risk for hematol ogi cal
di sorders was reported in humans after chronic inhalation exposure to
1, 3-but adi ene i n occupational settings, but exposure |evels are |acking, and
exposure to other chemicals occurs in these settings (Checkoway and WIlians
1982; McM chael et al. 1976). Well-conducted inhal ation studies identified
respiratory effects, liver necrosis, gonadal atrophy, and increased nortality
in mce (Mlnick et al. 1989, 1990; NTP 1984) and renal pathol ogy and
increased nortality in rats (Onen et al. 1987). Although NOAEL val ues were
identified for systenmic effects in nmice exposed to |ow |l evels of 1, 3-butadiene
(Melnick et al. 1989, 1990), increased nortality was found at the sanme
exposure | evels. Therefore, no chronic MEL has been derived. Oral and derma
studi es are | acking, and toxicokinetic data are insufficient to predict
toxicity across routes of exposure. Therefore, information concerning the
possible toxicity of 1,3-butadiene by these routes would be useful to identify
the target organs and the thresholds for toxic effects. Further chronic
i nhal ati on studies in species other than m ce using | ower exposure |evels
m ght provide a NOAEL from which to derive a chronic inhalation MRL. This
information is inportant because popul ati ons surroundi ng hazardous waste sites
nm ght be exposed chronically.

Epi denmi ol ogi cal studies in humans i ndicate a possible increase in
carcinogenic risk fromoccupati onal exposure to 1, 3-butadi ene (Downs et al
1987; Matanoski et al. 1982, 1989, 1990; MM chael et al. 1974, 1975, 1976;
Mei nhardt et al. 1982). This is supported by the information about nutagenic
activity of 1,3-butadiene netabolites (De Meester et al. 1988) and by wel | conducted
chroni c inhal ation studies that provide information on carcinogenic effects of 1, 3-
butadiene in mce and rats (Melnick et al. 1989; NTP 1984; Owen et al. 1987). On the
basis of the NTP data, | ARC (1985) and EPA (1985a) concluded that there is sufficient
evi dence for the carcinogenicity of 1,3-butadiene in aninmals. | ARC has classified
1, 3-butadiene in group 2B, that is, as a possible human carci nogen. EPA has
classified 1, 3-butadi ene as a probabl e human carci nogen. Further epidemn ol ogi cal
i nvestigation regarding the possible risk to humans woul d be useful.

No chronic oral or dermal carcinogenicity studies in animals were
| ocat ed, and pharmacokinetic data are insufficient to predict a carcinogenic
potential of 1,3-butadiene by these routes.

Genotoxicity. Increased incidences of chronmobsonal aberrations and sister
chromati d exchanges were found anbng petrochem cal workers; however, the
exposure was not solely to 1, 3-butadi ene (Zhou et al. 1986). 1, 3-Butadi ene
has been tested in a nunber of in vivo studies using rats and mice foll ow ng
i nhal ati on exposure (Cunninghamet al. 1986; Tice et al. 1987). I|nconcl usive
results froma dominant lethality study with rats (Hackett et al. 1988a)
suggest that a repeat study should be perfornmed. Information on the genotoxic
effects of 1,3-butadiene is also obtained fromin vitro studies in prokaryotic
organi sns (De Meester et al. 1980). These data sufficiently characterize the
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genot oxi ¢ potential of 1,3-butadiene netabolites. However, reliable
cytogeneti c studi es anong exposed workers woul d be useful. These studies

woul d provide the opportunity to determine if a correlation exists between the
i nduction of chronpsonmal aberrations and sister chromatid exchanges in an

i ndi vidual and the concentration of 1,3-butadiene to which he is exposed.

Reproductive Toxicity. The atrophy of gonads in mce after chronic
i nhal ati on exposure to 1, 3-butadi ene was reported (Melnick et al. 1989; NTP
1984). The fertility of rats, guinea pigs, or rabbits was reported to be
unal tered by internediate-duration inhalation exposure to 1, 3-butadi ene
(Carpenter et al. 1944), but the age of these studies should be taken into
consi deration. Sperm head abnormalities were found in nmale mce exposed to
1, 3-but adi ene by inhalation (Hackett et al. 1988a, 1988b).

No studies were |ocated regarding reproductive toxicity of 1,3-butadiene
by the oral or dermal routes in humans or aninmals, and pharnmacokinetic data
were insufficient to suggest the potential for 1, 3-butadiene to cause
reproductive effects by these routes of exposure. The potential for exposure
of humans by the oral and dermal routes, however, is not known. Further
i nformation regarding the reproductive effects of 1,3-butadiene in animals
such as nultigeneration studies would be useful to estimate the possible risk
for reproductive effects in humans. An epi dem ol ogi cal study anpong exposed
popul ati ons concentrating on reproductive effects would be useful.

Devel opnental Toxicity. No information on devel opnental toxicity in
hunmans was | ocated. A devel opnental study by the inhalation route in rats
i ndicated growh retardation in the rat fetuses and an increase in major
skel etal abnormalities at a concentration of 1,000 ppm of 1, 3-butadi ene
(I'rvine 1981). Furthernore, fetotoxicity was observed in nice at
concentrations as |low as 40 ppm 1, 3-but adi ene (Hackett et al.1987). More data
on devel opnental toxicity in other species (at |east one of them nonrodent)
woul d be useful to identify possible devel opmental risk for humans. The
devel opnental effects follow ng other routes of exposure have not been
studi ed, and pharnmacokinetic data are insufficient to predict that responses
woul d be simlar to those by the inhalation route. Therefore, studies in
animals to determ ne the possible devel opnental effects of 1, 3-butadi ene and
the thresholds for these effects follow ng oral and dermal exposure woul d
strengt hen confidence in the database obtained for these routes of exposure in
other toxicity studies.

| munotoxi city. No persistent inmunol ogical defects were detectable
after the internedi ate-duration exposure of mice to 1, 3-butadi ene (Thurnond
et al. 1986). The indications of disturbances in hemato- and | ynphat opoietic
stem cell regul ati ons were observed after inhalation exposure of mce to
1, 3-but adi ene (Liederman et al. 1986). The high incidence of |ynphona anong
mce after the chronic exposure (NTP 1984) also indicates that the inmune
systemis a target. A battery of immune function tests has not been perforned
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in humans or in animals. Mre data regardi ng humans and ani mal s woul d be
useful for deternmining potential human i mmunotoxicity of, 1,3-butadiene.
Studi es regardi ng skin sensitization with 1, 3-butadi ene are | acking.

Neur ot oxi city. Narcosis has been reported in humans (Sandneyer 1981) and
denmonstrated in animals after acute inhalation exposure to very high | evel s of
1, 3- but adi ene (250,000 ppn) (Carpenter et al. 1944; Shugaev 1969). No
reliable information was | ocated regardi ng neurotoxicity due to chronic
i nhal ati on exposure or to oral or dernmal exposure for any duration.
Informati on regarding early, subtle signs of possible neurological effects
with correlation to the exposure levels is lacking. A battery of neurol ogical
and neur obehavi oral tests would be useful to better define the neurol ogica
endpoi nt s.

Epi denmi ol ogi cal and Human Dosi netry Studies. Several epidem ol ogica
studi es on health effects of 1, 3-butadi ene have been conducted (Case and
Hosker 1954; Fox et al. 1974; Matanoski and Schwartz 1987; Matanoski et al.
1989; McM chael et al. 1974, 1975, 1976; Meinhardt et al. 1982). The serious
limtation of these studies is that the cohorts of exposed workers were found
in the rubber industry, in which the people were exposed to a m xture of
various chemicals. Mre studies simlar to the Dows et al.(1987) study,
whi ch was conducted anbng workers in a 1, 3-butadi ene manufacturing pl ant,
woul d be useful. Reliable dosinetry data on the exposed popul ati ons woul d be
useful for good epideni ol ogi cal conparisons. Efforts to inprove estimates of
past exposures and to nore accurately define current exposure levels to
1, 3- but adi ene woul d be val uabl e. Epi deni ol ogi cal studies should concentrate
on the possible carcinogenic effect of 1,3-butadiene in humans and on changes
in hemat o- and | ynphat opoi etic systens as possible targets for 1, 3-butadiene
i nduced toxicity. The data obtai ned from workers exposed occupationally to
| ow concentrations of 1, 3-butadi ene could possibly be extrapolated to
popul ations living near hazardous waste sites.

Bi omar kers of Exposure and Effect. The determ nation of 1, 3-butadiene
derived adducts in henogl obin of rats and nmice exposed to “C 1, 3-but adi ene
has been proposed as a nethod to neasure repeated exposures to this chenical
(Sun et al. 1989). The investigators used liquid scintillation counting of
radi oactivity to detect the adducts. Because humans are not likely to be
exposed to radiol abel ed 1, 3-butadiene in the environment, a different nethod
for detecting adducts formati on woul d have to be devel oped in order to use
henogl obi n adducts to assess exposure in humans. Continued efforts to devise
nore specific early bionmarkers of disease, especially hematol ogical and
oncol ogi cal, woul d be val uabl e.

No bi omarkers of effects of 1, 3-butadi ene have been identified.

Absorption, Distribution, Metabolism and Excretion. In vitro studies
have characteri zed sone of the netabolismdynam cs of 1,3-butadiene in aninmals
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(Mal voi sin and Roberfroid 1982; Ml voisin et al. 1979): Several toxicokinetic
studi es on 1, 3-butadi ene netabolismin vivo have been conducted in rats and
mce follow ng inhal ation exposure (Bolt et al. 1983; Bond et al. 1987;
Kreiling et al. 1986b; Shugaev 1969), but not followi ng exposure by other
routes. Thus, further studies in animals by the oral and dermal routes to
determ ne possible target organs by these routes could be useful. Ethical
considerations limt the testing of humans, but the devel opnment of nethods to
determne urinary and breath excretion of 1,3-butadiene and its netabolites by
hunmans wi th known exposure to 1, 3-butadi ene nay provide a neans of nonitoring
humans for exposure.

Conmpar ati ve Toxi cokinetics. The study by Schmi dt and Loeser (1985)
indicated that there is a difference between the capability of npbuse and rat
liver postmitochondrial fractions to produce 1,2-epoxybutene-3 after
i ncubation with 1, 3-butadi ene. Furthernore, nonkey and human
postm tochondrial |iver preparations catalyzed the formation of only a snall
anount of the epoxide. H gher levels of the toxic epoxides were found in
bl ood of nmice follow ng 1, 3-but adi ene exposure as conpared to nonkeys (Dahl et
al . 1990; Sun et al. 1989a). Species differences in the toxicokinetics of a
chem cal may account for differences in toxic responses. Analysis of the
bl ood, breath, and urine of hunmans exposed to 1, 3-butadi ene for parent
conmpound and netabolites over tine would provide a greater know edge of the
human netabolic pathways. Qualitative and quantitative conpari son of human
nmetabolites with those of animals could help identify the nost appropriate
species to serve as a nodel for predicting toxic effects and nmechani sns of
action in humans.

Mtigation of Effects. No specific informati on was | ocated regarding
mtigation of effects in 1, 3-butadi ene exposed individuals. The
characteristic effects of 1,3-butadiene toxicity are known and nonspecific
treatnments for rescuing intoxicated persons have been recommended (Bronstein
and Currance 1988; Stutz and Janusz 1988). The mechani sm of toxicity involves
a depletion of glutathione pool in the organs and bi ndi ng of epoxi de-netabolites
to DNA (Bolt et al. 1983; Kreiling et al. 1988). The investigation of possible
prevention of toxicity by obstruction of binding of active netabolites to DNA
(possibly by increasing glutathione availability) would be useful.

2.9.3 On-going Studies

The Board Draft of toxicology and carcinogenesis studies of 1, 3-butadiene
in B6C3FI nice (NTP 1991) has been peer reviewed. However, the final draft
i ncorporating the peer reviewers' coments has not yet been published. The
results showed cl ear evidence of 1, 3-butadiene carcinogenicity in mce exposed
at 6.25, 20, 62.5, or 200 ppmfor 2 years (6 hours/day, 5 days/week).
Car ci nogeni ¢ findings included neoplasns in the hematopoietic system heart,
| ung, forestomach, liver, and Harderian gland in both sexes. Furthernore,
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neopl asns were found in the preputial gland, brain, and ki dneys of nales and
in the ovary and mammal i an gl ands of females. Prelim nary results fromthe

NTP study were already published (Melnick et al. 1990) and were discussed in
Sections 2.2.1.1, 2.2.1.2, 2.2.1.6, and 2.2.1.8. In addition, genotoxicity
studi es were perforned by NTP (1991). 1, 3-Butadi ene induced gene nmutations in
Sal nonel | a typhi murium TA1535, but not in TA100, TA97, or TA98 strains.
Negative results were al so obtained in the nouse | ynphoma assay. In contrast,
chronbsomal aberrations were i nduced at 625 ppm and sister chromati d exchanges
at 62.5 ppmin bone nmarrow cells of mce exposed to 1, 3-butadi ene for 2 weeks
(6 hours/day, 5 days/week).

Several other studies on 1, 3-butadiene were reported to be in progress
(CVA 1991). Species differences in the netabolism between rodents and
primates and the fate of toxic and/or nutagenic netabolites will be
investigated. Simlar information will be obtained in in vitro human studi es.
The nmechani sm of 1, 3-butadi ene toxicity to the bone marrow and henmat opoi etic
systemwi ||l be investigated in mce and humans. Furthernore, studies of the
interaction of 1,3-butadiene and its netabolites with DNA will be perforned.
An abstract fromthe neeting of the Society of Toxicol ogy reported
i nterspecies differences in 1, 3-butadi ene toxicokinetics (Sabourin et al.
1991). Two mmjor urinary netabolites of 1,3-butadiene were N-acetyl-S-(I(or
2)-[3-butene-2(or 1)-ol)cysteine (1) and Nacetyl-S-(4-butane-1,2-diol)-
cysteine (I1) in all species tested. However, nonkeys exposed to
1, 3- but adi ene produced predoninantly netabolite |1, while rodents produced |-4
times as much of nmetabolite |I as II.
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3.1 CHEM CAL | DENTITY

Data pertaining to the chenmical identity of 1,3-butadiene are listed in
Tabl e 3-1

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chem cal properties of 1,3-butadiene are presented in
Tabl e 3-2.
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TABLE 3-1. Chemical Identity of 1,3-Butadiene

Characteristic Information Reference

Chemical name 1,3-Butadiene CAS 1989

Synonyms Butadiene; SANSS 1989;
buta-1,3-diene; Chemline 1989;
biethylene; bivinyl; HSDB 1989;
vinylethylene; CAS 1989
erythrene;

a,a-butadiene;

trans-butadiene;

divinyl; pyrrolylene
Trade name(s) No data

Chemical formula C,Hg CAS 1989

Chemical structure

Identification numbers:

CAS registry 106-99-0 CAS 1989
NIOSH RTECS EI19275000 SANSS 1989
EPA hazardous waste RO377-0754 Miller 1978
OHM/TADS No data

DOT/UN/NA/IMCO shipping No data

HSDB 181 Chemline 1989
NCI C50602 Chemline 1989

CAS = Chemical Abstracts Service

NIOSH = National Institute for Occupational Safety and Health

RTECS = Registry of Toxic Effects of Chemical Substances

EPA = Environmental Protection Agency

OHM/TADS = 0il and Hazardous Materials Technical Assistance Data Base

DOT/UN/NA/IMCO = Department of Transportation/United Nations/North America/
International Maritime Consultive Organization

HSDB = Hazardous Substance Data Bank

NCI = National Cancer Institute

SANSS = Structure and Nomenclature Search System
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CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-2. Physical and Chemical Properties of 1,3-Butadiene
Property Information Reference
Molecular weight 54.09 Weast et al. 1988
Color Colorless Sax and Lewis 1987
Physical state Gas Sax and Lewis 1987
Melting point -108.9°C Weast et al. 1988
Boiling point

at 1 atm <4 .4°C Weast et al. 1988

at 5 atm 47°C Windholz et al. 1983

at 10 atm 76°C Windholz et al. 1983
Density (liquid) at 20°C 0.6211 g/mL Weast et al. 1988

Odor

Odor threshold
Water
Air

Solubility
Water at 25°C
Organic solvents

Partition coefficient
Log octanol/water
Log K,. (calculated

from K_,)

Vapor pressure at 25°C

Henry's law constant
at 25°C (calculated)

Autoignition temperature

Flashpoint

Flammability limits
in air

Conversion factors
ppm (v/v) to mg/m® in

air (20°C)
mg/m® to ppm (v/v) in
air (20°C)

Bioconcentration factor
(calculated from K

Explosive limits

OW)

Mildly aromatic

0.0014 mg/L
1.0-1.6 ppm (recognition)
0.025 ppm (detection)

735 ppm
Alcohol, ether,
acetone, benzene,

polar and nonpolar
organic solvents

1.99
2.46

2.59
2100 mmHg

7.05%x1072 atm-m3®/mol
414°G

-76°C

Extremely flammable
2.21

0.445

19

2-11.5%

Sax and Lewis 1987
Amoore and Hautula 1983
Amoore and Hautula 1983
Verschueren 1983
McAuliffe 1966

Weast et al. 1988
Windholz et al. 1983

Hansch and Leo 1985
Lyman et al. 1982

Verschueren 1983
Daubert and Danner 1985

Hine and Mookerjee 1975
Sax and Lewis 1987

Sax and Lewis 1987
Miller 1978
IARC 1986
IARC 1986
Lyman et al. 1982

Kirshenbaum 1978
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4.1 PRODUCTI ON

In 1985, 1, 3-butadi ene was the 36t h hi ghest-volunme chenical produced in
the United States (Sax and Lewis 1987). Donestic production of rubber-grade
1, 3-but adi ene in 1988 was approximately 3.2 billion pounds. Rubber grade
nononer typically nmakes up 37% of the 1.8 billion pounds of the so-called
1, 3-but adi ene and butyl ene m xture produced in 1988 (Kirshenbaum 1978; USI TC
1989). Sinilar data for 1987 were 2.9 and 1.2 billion pounds, respectively
(USI TC 1988). Total U.S. capacity for this conmpound stands at about
3.8 billion pounds (SRI 1991), although production capacity is highly
dependent on the type of feedstock used (Chem cal Marketing Reporter 1980).
1, 3-Butadiene is currently produced by 11 nanufacturers in Texas and
Loui si ana. These data are included in Table 4-1. 1, 3-Butadiene is avail abl e
as a liquified gas, with a stabilizer added for shipnment (Kirshenbaum 1978).

According to the Toxic Chenmical Release Inventory (TRl 1989), 146
facilities manufactured or processed 1, 3-butadiene in 1987. O these, 142
facilities reported the maxi mum anount of 1, 3-butadi ene that they woul d have
on site. A sunmary of these data is presented in Table 4-2. The quality of
the TRl data nust be viewed with caution because the 1987 data represent
first-tine reporting by these facilities. Only certain types of facilities
were required to report. This is not an exhaustive |ist.

Exam nati on of the key chenical profiles on 1, 3-butadi ene (Chem cal and
Engi neeri ng News 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1985, 1986)
reveals that, during this time period, production volume, capacity, and prices
have fluctuated in response to nmarket pressures, which are outside of donestic
use patterns. Descriptions such as "the odd world of 1, 3-butadi ene" (Chenica
and Engi neering News 1982), and "the maverick of the petrochem cal business"
(Chem cal and Engi neering News 1983) attest to the unpredictability of the
1, 3-but adi ene market. Recent estimates put the growth of donestic production
at 0% 1% annual |y through 1992 (Chemi cal Marketing Reporter 1988).

Except for a small anmount of 1, 3-butadi ene produced by the
oxydehydr ogenati on of n-butene, all the 1, 3-butadi ene produced in the United
States is a co-product of ethylene manufacture, due in part to an increased
demand for ethyl ene (Chem cal and Engi neeri ng News 1985; Chenical Marketing
Reporter 1988; | ARC 1986; SRI 1991). In this process, feed streanms ranging
fromlight hydrocarbons to heavy gas oils (hydrocarbon fractions boiling in
t he approxi mate range of 315-480°C) are cracked in the presence of steam at
700-900°C (Cheni cal and Engi neeri ng News 1986; Kirshenbaum 1978). The
fraction of 1, 3-butadi ene produced by this process varies widely with the type
of feedstock used and is lowest with I owboiling input streans (I ARC 1986;
Ki r shenbaum 1978) .

The oxi dative dehydrogenati on of n-butene, used in the production of
1, 3-butadiene, is a highly selective, irreversible process that involves
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TABLE 4-1.

Current U.S. Producers of 1,3-Butadiene?

Company

Location

Amoco Corp.
Lyondell Petrochemicals
Exxon Corp.
Exxon Corp.
Mobil Corp.

Occidental Petroleum Corp.
Occidental Petroleum Gorp.

Shell 0il Co.
Shell 0il Co.
Texaco, Inc.
Texas Olefins Co.

Alvin, TX
Channelview, TX
Baton Rouge, LA
Baytown, TX
Beaumont, TX
Chocolate Bayou, TX
Corpus Christi, TX
Deer Park, TX
Norco, LA

Port Neches, TX
Houston, TX

2Derived from SRI 1991; USITC 1989
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TABLE 4-2. Facilities That Manufacture or Process 1,3-Butadiene?

Range of maximum

Number of amounts on site
facil- in thousands Activities

StateP ities of pounds® and usesd

AL 1 100-999 7

AR 1 1-9 1, 3

CA 12 0-9,999 1, 3, 4, 5, 6, 7,
8, 9

ofe} 2 1-99 3, 6, 7

CT 1 1,000-9,999 7

DE 2 100-999 1, 6, 7

GA 3 100-9,999 7

HI 1 10-99 1, 3, 6, 7

IA 2 100-9,999 1, 3, 7

IL 7 1-9,999 1, 3, 5, 6, 7

IN 3 0.1-99 1, 3, 4, 6, 7, 8

KS 3 0.1-99 1, 3, 5, 6, 7

KY 6 10-9,999 1, 4, 5, 6, 7

LA 16 1-49,999 1, 2, 3, 4, 5, 6,
7, 13

MI 1 100-999 7

MN 1 1,000-9,999 1, 6

MO 1 100-999 7

MS 2 1-999 3, 5,7

MT 2 0.1-9 1, 3, 6, 7

NC 2 0-999 7, 8

NE 1 0-0.09 3, 9, 12

NJ 2 0-9 1, 3, 5, 6, 7

NY 3 1-99 2, 4, 6, 7

OH 15 0-9,999 1, 3, 5, 6, 7, 8, 9

OK 3 (1)e® 100-999 1, 3, 6, 7, 13

PA 4 (1) 0.1-99 1, 3,6, 7, 9

-SC 1 10-99 7

TN 3 0-9,999 5, 6, 7

TX 49 (1)e 0-99,999 1, 2, 3, 4, 5, 6,

7, 8, 9, 10, 13
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TABLE 4-2 (Continued)

Range of maximum

Number of : amounts on site
facil- in thousands Activities

StateP ities of pounds® and uses?
VA 1 0.1-0.9 1, 4
WA 2 10-99 1, 5, 6
wv 2 100-9,999 7, 9
aTRI 1989
PPost office state abbreviations
°Data in TRI are maximum amounts on site at each facility.
dactivities/Uses:

1. synthesis 8. as a formulation component

2. import 9. as an article component

3. for on-site use/processing 10. for repackaging only

4, for sale/distribution 11. as a chemical processing aid

5. as a byproduct 12. as a manufacturing aid

6. as an impurity 13, ancillary or other use

7. as a reactant

fNumber in parentheses indicates facilities reporting "no data" regarding
maximum amount of the substance on site.
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heating the starting material, air, and a suitable catal yst together at
400- 450°C (1 ARC 1986; Kirshenbaum 1978). The hydrogen rel eased in the
dehydr ogenati on step combi nes with oxygen, producing |arge anmounts of heat,
whi ch nmakes this process energy-efficient. Other products of this process

i nclude isobutyl ene, 1-butene, 2-butene, and n-butane.

Purification of the crude C streamresulting fromthese processes cannot
be achieved by a sinple distillation due to the close boiling point of the
various products (Kirshenbaum 1978). 1, 3-Butadi ene can be renoved fromthe
hydr ocar bon stream by sel ective extraction with various solvents. These
sol vents include agueous cupric amoni um acetate, acetonitrile, furfural
di met hyl f or mam de, N, N-di net hyl acet am de, N-nethyl pyrrolidi none and
e - et hoxypropionitrile (I ARC 1986; Kirshenbaum 1978).

4.2 | MPORT/ EXPORT

Large anounts of 1, 3-butadiene are inported into the United States. The
anmount of 1, 3-butadiene inported in 1987 represented 27% of the donestic
production, a rise of 82% over the previous year (Chem cal Marketing Reporter
1988). In 1986, approxinately 500 mllion pounds were inported after a high
of 900 million pounds in 1983 (Chenical and Engi neering News 1983, 1986). As
wi th production volumes, no clear inport trends can be deduced. Export
volunes of 1, 3-butadiene fromthe United States are |ow, about 125 million
pounds in 1986 (Chem cal and Engi neering News 1986), or about 4% of donestic
production in 1987 (Chenical Marketing Reporter 1988). Exports nay decrease
with the expected increase in production of |ight hydrocarbons from petrol eum
sources in the North Sea, the Mddle East and northern Africa.

4.3 USE

1, 3-Butadiene is used as a nmonomer in the production of rubber and
plastics, with approximately 75% going into the production of synthetic
rubbers (Chem cal and Engi neering News 1986). 1, 3-Butadi ene uses can be
broken down into the follow ng categories: styrene butadi ene rubber (SBR),
35% pol ybut adi ene, 22% adi ponitril e/ hexanmet hyl ene di ami ne (HVDA), 12%
styrene- but adi ene | atex, 10% neoprene rubber, 6% ABS resins, 6% exports,
4% nitrile rubber, 3% and other, 2% (Chemi cal Marketing Reporter 1988). It
is also used extensively in copolyners including acrylics (MIler 1978).

4.4 DI SPCSAL

1, 3- But adi ene nmay be di sposed of by incineration in a suitable conbustion
chanmber or in a safe area. Gaseous 1, 3-butadi ene can be burned directly in
nost states; however, liquified 1,3-butadiene (in a conpressed cylinder) nust
be converted to the gaseous state before burning (HSDB 1989).
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5.1 OVERVI EW

1, 3-But adiene is a high-volune, volatile hydrocarbon used in the
production of conmercial plastics and rubbers. The chemi cal reactivity of
this nononmer is utilized in its transformation into polyneric naterials.
1, 3-Butadiene is al so present in gasoline.

1, 3-But adi ene may be released to the environnent as an intentional or
fugitive em ssion during its production, use, storage, transport, or disposal
Large anounts of this hydrocarbon are released to the atnosphere from
commer ci al processes. According to the SARA Section 313 Toxi c Rel ease
Inventory (TRI), an estinmated total of 9.2 million pounds of 1, 3-butadiene
were rel eased to the atnosphere from manufacturing and processing facilities
inthe United States in 1987 (TRl 1989). This total conpares to a tota
rel ease of approximately 9.6 mllion pounds to air, soil, water, public
treatnment works, and off-site areas during the same year. TRl data can be
found in Table 5-1. The quality of the TRl data must be viewed with caution
because the 1987 data represent first-time reporting by these facilities.
Only certain types of facilities were required to report. This is not an
exhaustive list. 1,3-Butadiene is also released to the atnosphere in notor
vehi cl e exhaust, cigarette snpoke, the snmoke of brush fires, the thernal
breakdown or burning of plastics, and by volatilization from gasoli ne.

Large anmounts of 1, 3-butadiene are released to the atnosphere. Data on
the detection of 1,3-butadiene in soil and water are scarce due to the | ack of
a reliable analytical nethod to detect this conpound in these nedia. It has
been qualitatively detected in drinking water. 1, 3-Butadi ene has been
detected at three hazardous waste sites (View 1989). The states in which
t hese hazardous waste sites are | ocated can be found in Figure 5-1.

1,3-Butadiene is a highly volatile gas; therefore, it is expected to
partition predomnantly to the atnosphere. In the atnosphere, 1, 3-butadiene
is expected to undergo rapid destruction, primarily by photo-initiated
reacti ons. The reaction wth photochenically produced hydroxyl radicals has a
calculated half-life of approximtely 6 hours and is expected to be the
dom nant pat hway for atnospheric renpoval. Destruction of atnospheric
1, 3-but adi ene by the gas-phase reaction with ozone and by the night-tine
reaction with nitrate radicals in urban areas is also expected to be
significant.

Limted data have been |located on the fate of 1,3-butadiene in soil or
wat er. Based on its physical properties, rapid volatilization of
1, 3-butadi ene fromeither soil or water to the atnobsphere is expected to
dom nate over all other potential environnental processes. Studies perforned
with pure cultures indicate that 1, 3-butadiene nay be susceptible to mcrobial
attack. Based on estinmated values, 1,3-butadiene is not expected to adsorb
significantly to soil or sedinent, nor is it expected to bioconcentrate in



TABRLE 5-1. Relecases to the Fovironment from Facilities
That Manufacture or Process 1,3-Butadicne?

Range of reported amounts

released in thousands of poundsb

No. of Off-site
facil- Underground Total POTWE waste
State ities Air injection Water Land environment® transfer transfer

AL 1 3.4-3.4 0-0 0.3-0.3 0-0 3.7-3.7 0-0 0.3-0.3
AR 1 0.3-0.3 0-0 0-0 0-0 0.3-0.3 0-0 0-0
CA 12 0-2.1 0-0 0-0.3 0-0 0-2.4 0-0 0-0.3
co 2 0.3-0.8 0-0 0-0 0-0 0.3-0.8 0-0 0-0
CT 1 41.3-41.3 0-0 0.1-0.1 0-0 41.3-41.3 0-0 17-17
DE 2 24-78.3 0-0 0-0 0-0 24-78.3 0-0 0-0
GA 3 105-403.5 0-0 0-0 0-0 105-403.5 0-0 0-93
HI 1 0.5-0.5 No Data 0-0 0-0 0.5-0.5 0-0 0-0
1A 2 175-278 0-0 0-0.1 0-0 175-278 0-0 0-0
L 7 0.1-113.8 0-0 0-0.3 0-0 0.1-113.8 0-0 0-0
IN 3 0.4-40.2 0-0 0-0 0-0 0.4-40.2 0-0 0-0
KS 3 0.2-0.4 0-0.1 0-0 0-0 0.2-0.4 0-0 0-0.1
KY 6 1.7-161 0-0 0-0.1 0-0.1 1.8-161 0-0.3 0-1.3
LA 16 0.1-150 0-0 0-0.2 0-0.1 0.1-150 0-0 0-181.7
MI 1 63.5-63.5 0-0 0-0 0-0 63.5-63.5 0-0 0-0
MN 1 0-0 0-0 0.1-0.1 0-0 0.1-0.1 0-0 0-0
MO 1 0.2-0.2 0-0 0-0 0-0 0.2-0.2 0.1-0.1 0.2-0.2
MS 2 0.5-2.2 0-0 0-0 0-0 0.5-2.2 0-0 0-0
MT 2 0.3-0.9 0-0 0-0 0-0 0.3-0.9 0-0 0-0
NC 2 0-8.6 0-0 0-0 0-0 0-9.6 0-0.1 0-0
NE 1 0-0 0-0 0-0 0-0 0-0 0-0 0-0
NJ 2 0.1-0.1 0-0 0-0 0-0 0.1-0.1 0-0 0-0
NY 3 0.1-65.8 0-0 0-0.1 0-0 0.1-65.8 0.1-0.1 0-0.3
OH 15 0-146.8 0-0 0-0.3 0-0.1 0.1-146.8 0-36 0-65.5
oK 3 0.1-1.9 0-0 0-0 0-0 0.1-1.9 0-0 0-0
PA 4 0-115.6 0-0 0-0.3 0-0 0.2-115.6 0-0 0-0
sC 1 14-14 0-0 0-0 0-0 14-14 0-0 0-0
™ 3 9.9-640.2 0-0 0-0 0-0 9.9-640.2 0-0.1 0-0
X 49 0-960 0-0 0-430 0-2.9 0-1,392 0-0 0-1,802
VA 1 0.1-0.1 0-0 0-0 0-0 0.1-0.1 0-0 0-0
WA 2 4.2-5.7 0-0 0-0.1 0-0 4.2-5.7 0-0 0-0
wv 2 6.1-700 0-0 0-0.1 0-0 6.1-700 0-0 0-0
ATRI 1989

PData in TRI are maximum amounts released by each facility. Quantities reported here have been rounded to the nearest
hundred pounds, except those quantities ™1 mjllion pounds, which have bheen rounded to the nearest thousand pounds.
CPublicly owned treatment works

Post. office state abbreviation
€The sum of all releases of the chemical to air, Jand, water, and underground injection wells by a given facility.
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fish or aquatic organi sns; however, experinmental data is necessary to verify
t hese concl usi ons.

Al t hough 1, 3-but adi ene undergoes rapid destruction in the atnosphere, it
is al nbst al ways present at very | ow concentrations in urban and suburban
areas. Autonobile exhaust is a constant source of 1, 3-butadiene release to
t he atnmosphere. Because of the conpound's presence in the atnosphere, the
general population is exposed to ppb | evels of 1, 3-butadi ene through
i nhal ati on. Exposure to 1, 3-butadiene may al so occur fromthe inhalation of
gasoline funmes, cigarette snoke, or possibly the snpke from wood fires.
Possi bl e ingestion of contaminated drinking water may also lead to low |l evel s
of exposure, although we do not know the concentration of this conpound in
wat er sanples, nor do we have a good understanding of its frequency of
detection. The levels of 1,3-butadiene in soil are not known. Derna
exposure to low |l evels of 1, 3-butadi ene may occur for nmenbers of the general
popul ation if they spill gasoline on thenselves. Elevated | evels of exposure
for the general population may occur for those near its site of manufacture or
facilities where it is made into polyneric nmaterials.

Cccupati onal exposure to 1, 3-butadiene is expected to be limted to those
working at facilities that manufacture 1, 3-butadi ene or convert it into
comrerci al polyners. Exposure by inhalation is expected to be the dom nant
pat hway for exposure. Theoretically, dermal exposure to liquified
1, 3- but adi ene could occur during an explosion of a pressurized storage tank or
sone ot her catastrophic event; however, no such accidents have been reported
in the available literature.

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Air

The dom nant sources for the release of 1, 3-butadiene to the atnosphere
are fugitive or accidental em ssions during its manufacture, use, transport,
and storage. Low levels of 1,3-butadiene are constantly emtted to the
at nrosphere from many sources includi ng exhaust from notor vehicle engines
usi ng petrol eum based fuel s.

A correlation of data fromthe EPA Air Toxic Emi ssion Inventory with
i ndustrial source codes (SIC) indicates that volatile em ssions of
1, 3-but adi ene are associated with 14 different industrial classifications,
whi ch are doni nated by rubber and chem cal products (Pacific Environnenta
Services 1987). Fugitive em ssions of 1,3-butadiene fromseals, valves,
vents, flanges, and the like in petrochenical plants manufacturing this
compound were estimated to be 1,112 netric tons/year (Hughes et al. 1979).
The authors believed that this |evel of release was | ower than that rel eased
by refineries. Enissions of 1,3-butadiene fromequipnment |eaks and process
vents in 1984 were estimated at 3.8 million pounds/year during its production,
5 mllion pounds/year during the synthesis of styrene-butadi ene copol yners,
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900, 000 pounds from pol ybut adi ene production, and 86, 000 pounds from
neopr ene/ chl oroprene production (Milling 1990).

According to the TRI (1989), 155 facilities that manufacture or process
1, 3-but adi ene rel eased an estinmated 9, 205,532 pounds of this conpound to the
at nosphere in 1987. The largest air em ssion froma single facility was
960, 000 pounds. The quality of the TRl data must be viewed with caution
because the 1987 data represent first-tine reporting by these facilities.
Only certain types of facilities were required to report. This is not an
exhaustive list. TRl data can be found in Table 5-1.

1, 3-But adi ene is a conponent of motor vehicle exhaust; this is a constant
source of release to the atnosphere (Stunp and Dropkin 1985). In high-traffic
areas, the release of 1,3-butadiene to the atnosphere occurs continually. In
a recent study, it was nmeasured in the exhaust of typical autonobiles and
light trucks using both winter and sunmer gasoline formulati ons and account ed
for up to 0.12% of total hydrocarbon em ssions (Stunp et al. 1989). An
earlier study determined that the concentration of 1,3-butadiene in autonobile
exhaust was 20-60 ppb (Neligan 1962). 1, 3-Butadi ene has al so been detected in
t he exhaust of diesel engines (Hayano et al. 1985) and high-altitude jet
aircraft engines operating under sinulated conditions (Katzman and Li bby
1975). 1, 3-But adi ene has al so been identified in nodern formul ations of
unl eaded gasolines (Sigsbhy et al. 1987) and nay be rel eased to the atnosphere
by direct volatilization fromthe fuel.

There are several minor sources for the release of 1,3-butadiene to the
at mosphere; all involve the thermal breakdown of other materials.
1, 3- But adi ene has been detected as a conponent of the sidestream snoke from
cigarettes (Bartle et al. 1969; Blonberg and Wdnmark, 1975). The average

anmount of 1,3-butadiene in sidestreamcigarette snoke is 205-361 ug/cigarette

(Brunnemann et al., 1990), with an average airborne yield of 400 ug/cigarette
(Lofroth et al. 1989). The burning of plastics or rubber has been shown to

rel ease snmall anmounts of 1,3-butadiene (MIler 1978). In a test designed to
simulate a real-life electrical overload condition, 1,3-butadiene was detected
when pol yuret hane coated wire was heated to 250°C for 40 m nutes, (Ri gby 1981).
1, 3- But adi ene has al so been neasured as a conponent of the snobke froma brush
fire (Stephens and Burleson 1969), and as a stack em ssion from waste

i ncinerators (Junk and Ford 1980). The concentrations of 1, 3-butadi ene were
not presented in these studies.

5.2.2 Water

Very limted data on release of 1,3-butadiene to environnmental waters
were located in the available literature. According to the TRl (1989), 155
facilities that manufacture or process 1, 3-butadi ene di scharged an esti nated
total of 432,857 pounds of 1, 3-butadiene to surface water in 1987. A single
facility was responsible for 430,000 pounds of this discharge.



64
5. POTENTI AL FOR HUVMAN EXPOSURE

Transfer of 1,3-butadiene to publicly owned treatment works (POTW)
anmounted to 56,490 pounds in 1987 (TRl 1989). The quality of the TRl data
must be viewed with caution because the 1987 data represent first-time
reporting by these facilities. Only certain types of facilities were required
to report. This is not an exhaustive list.

5.2.3 Soi

Limted data on rel eases of 1, 3-butadiene to soil were located in the
available literature. According to the TRl (1989), 155 facilities that
manuf acture or process 1, 3-butadi ene rel eased an estinmated total of
3,672 pounds of 1,3-butadiene to land in 1987. However, the quality of the
TRl data nmust be viewed with caution because the 1987 data represent firsttine
reporting by these facilities. Only certain types of facilities were
required to report. This is not an exhaustive |ist.

5. 3 ENVI RONMENTAL FATE
5.3.1 Transport and Partiti oning

Experinmental data on the partitioning of 1,3-butadiene in the environnent
were not located in the available literature. The follow ng discussion on the
partitioning of 1,3-butadiene in the environnent is based on the physical and
chemi cal properties of this conmpound. The estination techniques used in this
di scussion are well-established in the literature; however, w thout adequate
experinental data, we do not know exactly how this conpound will behave in the
envi ronment .

The high volatility of this conpound suggests that it will partition
predom nantly to the atnospheric conpartnment, where it is not expected to be
adsorbed to particulate matter to any significant extent (Ei senreich et al.
1981).

An estimated Henry's |law constant of 7.05x10° atm mi-nol at 25°C can be
obt ai ned using the nmethod of Hi ne and Mbokerjee (1975). Based on this val ue,
the half-life for volatilization of 1,3-butadiene froma nodel river 1 m deep
flowwng at 1 nmset, with a wind velocity of 3 nfset is 2.2 hours (Lyman et al
1982). Based on an experinental |og octanol/water partition coefficient of
1.99 (Hansch and Leo 1985), a calculated soil adsorption coefficient of 288
(Lyman et al. 1982) suggests that adsorption to sedi nent and suspended organic

matter will not be a significant fate process. Fromthe | og octanol/water
partition coefficient, a calcul ated bioconcentration factor of 19 (Lynan
et al. 1982) indicates that 1, 3-butadiene will not bioconcentrate in fish and

aquatic organisns to any significant extent. However, no experinmental data
have been located to verify these theoretical val ues.

If released to soil, 1,3-butadiene is expected to volatilize rapidly from
either noist or dry soil to the atnosphere. This follows fromthe estimated
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| ack of any appreciable adsorption to soil, and consideration of

1, 3-but adi ene' s cal cul ated Henry's | aw constant for noist soil or its vapor
pressure, 2,100 nmHg at 25°C (Daubert and Danner 1985), for dry soil. Both
val ues suggest a rapid rate of volatilization fromtheir respective nedia.

The cal cul ated soil adsorption coefficient of 288 (Hansch and Leo 1985;
Lyman et al. 1982) suggests that 1, 3-butadi ene nay display noderate nobility
in soil (Swann et al. 1983). However, the expected rapid rate of
vol atilization and the possibility of rapid degradation in soil suggest that
there is little potential for 1,3-butadiene to | each into groundwater. But
until adequate groundwater nonitoring for 1, 3-butadi ene has been perforned,
the partitioning of 1,3-butadiene in soil cannot be adequately addressed.

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

But adi ene is a reactive, electron-rich chem cal that is expected to
undergo rapid reactions with the electrophilic oxidants typically present in
t he at nosphere: ozone, photochenically produced hydroxyl radicals, nitrate
radi cal s, and nol ecul ar oxygen. Anpbng these, the nobst rapid reaction in the
at mosphere is with photochenically produced hydroxyl radicals.

The at nospheric destruction of 1, 3-butadi ene by photo-initiated processes
has been established enpirically by early studies. These studies typically
i nvol ved irradiating urban air sanples in atnospheric chanbers of varying
compl exity and nonitoring the di sappearance of each constituent. Using this
techni que, 1, 3-butadi ene, at an average concentration of 12.4 ppb, disappeared
in 6 hours when irradiated with natural sunlight during October (Kopczynsk
et al. 1972). In another study, a half-life of 2 hours was determ ned for the
at mospheric renoval of 1, 3-butadiene using natural sunlight in October or
Novenber (Altshuller et al. 1970). In snog chanber studies, the sunlight
oxi dation of 1,3-butadiene led to the fornation of fairly potent eye
irritants, suggesting destruction of this conpound with conconmitant formation
of oxygenated species (Dinmtriades et al. 1975; Heuss and G asson 1968). It
is believed that the destruction of 1, 3-butadi ene occurs by photo-initiated
bi nol ecul ar processes rather than direct photochem cal degradati on (Kopczynsk
et al. 1972). It is inportant to note that the rate of destruction of
1, 3-but adi ene when it was irradiated with natural |ight depended on the tine
of day in which the irradiation occurred. Furthernore, these studies were
perfornmed in Cctober and Novenber, when the anmount and the intensity of
avai l abl e sunlight is dimnished over that of sunmer nonths; thus, these
val ues probably represent the high end of the conpound' s atnospheric lifetine.
The i ndividual processes responsible for the destruction of 1,3-butadiene in
t he at nosphere are di scussed bel ow.

Nunerous studi es have determned the rate constant for the gas-phase
reacti on of 1, 3-butadiene with photochem cally produced hydroxyl radicals
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(At ki nson 1985; Atkinson and Aschmann 1984; Atkinson et al. 1977, 1979;

Mal dotti et al. 1980). The experinental rate constant 6.85x10 " cni/

nol ecul e-sec at 26°C (Atkinson et al. 1977) is representative. Gven an
average hydroxyl radical concentration of 5x10° nol ecul e/ cni (At ki nson 1985),
the half-life for this second-order process is 5.6 hours. In an attenpt to
classify the potential for atnospheric destruction of organic conpounds by
hydroxyl radicals, a rating system based on nonreactive nethane (class |I) to
hi ghly reactive conpounds (class V) was established (Darnall et al. 1976). In
this classification system 1, 3-butadi ene was assi gned between classes |1V and
V, signifying its high reactivity towards photochenically produced hydroxyl
radi cal s.

Gas- phase 1, 3-butadi ene also reacts with ozone in the atnosphere. Rate
constants ranging from6.7x10'® to 8.4x10"'® cni/ nol ecul e-sec at 25°C have
appe,ared in the literature (Atkinson and Carter 1984; Jaspar et al. 1974).
Usi ng an average atnospheric ozone concentration of 7x10" nol ecul es/ cni
(Atkinson and Carter 1984), half-lives ranging from1.4 to 1.7 days can be
calcul ated for this second-order process. Therefore, the reaction of
1, 3-but adi ene with ozone is expected to contribute to the overall destruction
of atnospheric 1, 3-butadi ene. The initial products fromthe reaction of
1, 3-but adi ene with ozone are acrol ein, formal dehyde, acetyl ene, ethylene, and
form c anhydride (N ki et al. 1983). Al of these products are susceptible to
secondary reactions with ozone and ot her atnospheric oxidants.

1, 3-But adi ene can al so be destroyed in the atnosphere by the reaction
wi th ground-state, triplet oxygen. Rate constants for this addition reaction
range from1.9x10™ to 2.07x10 ™ cni/ nol ecul e-sec (Atkinson and Pitts 1977;
Gaffney and Levine 1979; Nip et al. 1979), in a reaction that appears to be
essentially independent of tenperature (Nip et al. 1979). G.ven the average
at nospheric concentration of oxygen of 2.54x10' nol ecul es/cmi (G aedel et al.
1986), the half-life for the destruction of 1,3-butadiene by this process can
be cal cul ated as 15-16 days. Although this reaction will not be significant
under conditions where the facile pathways descri bed above are operating, it
may occur under conditions where they are not.

The night-tinme degradation of 1,3-butadiene is also expected to occur via
t he gas-phase reaction with nitrate radicals; this tends to be significant in
urban areas, where the concentration of this oxidant is typically higher than
in rural areas (Altshuller and Cohen 1964; Gay and Bulfalini 1971; Mal dotti
et al. 1980). A rate constant of 5.4x10" cni/nol ecul e-sec at 22°C has been
determned for this reaction. This corresponds to a half-life of 14.9 hours
usi ng an average atnospheric nitrate radi cal concentration of
2. 4x10° nol ecul e/ cni (Atki nson et al. 1984), typical of mildly polluted urban
centers. Acrolein has been identified as a primary product of this reaction.

In sunmary, there are four gas-phase pathways that can destroy
1, 3-but adi ene in the atnosphere. Depending on |ocal conditions, any one or
all of these reactions may occur. Destruction of atnospheric 1, 3-butadi ene by
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t he gas-phase reaction with photochenically produced hydroxyl radicals is
expected to be the dominant photo-initiated pathway. Destruction by nitrate
radicals is expected to be a significant night-tinme process in urban areas.

5.3.2.2 Wter

Data on the degradation of 1,3-butadiene in aquatic systens are linited.
Experinental data are restricted to mcrobial degradation studies perforned
under aerobic conditions. The bul k of these data were obtained fromisol ated
Bacterial strains, not with m xed mcrobial populations typically found in
natural systens. 1, 3-Butadi ene bi odegraded when i nocul ated wi th net hane-
utilizing,or nethanotrophic, organi sns under aerobic conditions. Cell suspensions
of these bacteria oxidized 1, 3-butadi ene to 3, 4-expoxybutene (Hou et al. 1979,
1980; Patel et al. 1982a). None of the authors reported further degradation of the
epoxi de to the correspondi ng di ol

Bacteria isolated from| ake water and rai sed on propane al so oxidi zed
1, 3-but adi ene to 3, 4-expoxybutene (Hou et al. 1983). 1, 3-Butadi ene was |isted
as a synthetic organic chemical that should degrade in a biological sewage
treatnent system provided that suitable acclimation could be achieved,
al t hough no experinental details were provided (Thorn and Agg 1975).

A Nocardi a species isolated fromwater and soil conpletely degraded
1, 3-but adi ene to acetic acid under aerobic conditions (Wtkinson and
Somerville 1976). The proposed route for this degradation involves initial
st ereospeci fic epoxidation to but-3-ene-1, 2-epoxide foll owed by ring opening
to but-3-ene-1,2-diol, oxidation to the corresponding *-keto acid
(2-ketobutyrate-3-ene), loss of CQ to acrylic acid, hydroxylation to
2- hydr oxypropi oni c acid, oxidation to pyruvic acid, and loss of CQ to acetic
acid. This pathway is described in Figure 5-2 (Verschueren 1983; Watki nson
and Sonerville 1978). Although this pathway is reasonabl e, experinental
evi dence establishing the fornmation of all the key internediates was not
provi ded. Most inportantly, cleavage of the initially formed epoxi de was not
rigorously established. No data were | ocated on the bi odegradati on of
1, 3- but adi ene under anaerobic conditions.

5.3.2.3 Soi

As is the case for the degradation of 1,3-butadiene in water, very
limted data on the destruction of this conpound in soil could be located in
the available literature. The experinental data obtained frompure culture
studi es on the nicrobial degradation of 1, 3-butadi ene suggest that this
compound can bi odegrade in soil.

Met hane-utilizing bacteria isolated fromthe soil of an oil refinery
epoxi di zed 1, 3-but adi ene under aerobic conditions (Hou et al. 1979; Patel
et al. 1979, 1982a, 1982b). Cell suspensions of Mcobacterium obtained from
soi |l and raised on ethyl ene oxidized 1, 3-but adi ene under aerobic conditions;
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FIGURE 5-2. Catabolic Pathway for the Biodegradation of 1,3-B.
by Norcardia Cultures in Aqueous Media*

NADH + O, O
VAN
CH,=CH-CH=CH 2 \ CH,-CH-CH - CH,
1,3-butadiene > but-3-enn-1,2-epoxide
$|) (')H
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2-ketobutyriate-3-ene but-3-ena-1,2-diol
CO,
OH
|
CH,= CH - COOH CH4- CH - COOH
P
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i
CH,COOH \ CH,- C - COOVH
g . .
acetic acid ’ pyruvic acid

*Source: Verschueren 1883; Watkinson and Sometrville 1976
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however, cultures raised on ethane or succinate did not (DeBont et al. 1979).
M croorgani sns isolated fromsoil (Nocardia, Mcobacterium Xanthobacter, and
Pseudononas) and rai sed on gaseous al kenes oxi di zed 1, 3-butadiene to the
correspondi ng epoxi de under aerobic conditions (VanG nkel et al. 1987). These
bacteria nay convert the initially fornmed epoxide to the diol, although no
evi dence was presented to support this point.

A Nocardi a species isolated fromsoil and water degraded 1, 3- butadi ene
under aerobic conditions to acetic acid (Watki nson and Sonerville 1976). The
proposed sequence for this transformation is described in Section 5.3.2.2 and
presented in Figure 5-2. No data on the degradation of 1, 3-butadi ene under
anaerobic soil conditions were located in the available literature.

5.4 LEVELS MONI TORED COR ESTI MATED | N THE ENVI RONMENT
5.4.1 Air

In an anal ysis of the anbient air nonitoring data for the United States
contai ned in published and unpublished experinmental reports from 1970 to 1987,
Shah and Heyerdahl (1988) conpiled nedian daily concentrations for volatile
organi ¢ conpounds. For 1, 3-butadiene, the nedian concentrations are 0.29 ppb
in urban areas, 0.32 ppb in suburban areas, and 0.10 ppb in rural areas. The
value for rural areas nmust be interpreted carefully, as it is based on only
two data points. The suburban and urban val ues are based on 196 and 385 data
poi nts, respectively. Representative data on the concentration of
1, 3-but adi ene in urban and renpte areas can be found in Table 5-2. Reports on
the detection of 1, 3-butadiene in urban areas have al so been published from
areas nonitored in the Netherlands (Guicherit and Schulting 1985), Australia
(Mul cahy et al. 1976), and South Africa (Louw et al. 1977).

On a nonitoring trip in 1986, the Texas Air Control Board (1990) neasured
anmbi ent air concentrations within a nile of a petrochenical conplex in
Al |l endal e, Texas, suspected of exceeding air quality limts. The average
concentration of 1,3-butadi ene was 100 ppb, with the highest daily and hourly
average neasured at 143 and 905 ppb, respectively. A 1989 nonitoring trip to
Port Neches, Texas, found that air sanples within 1 mle of another
pet rochem cal conplex had a highest 1 hour average 1, 3-butadi ene concentration
of 642 ppb and a highest 12-hour average concentration of 240 ppb. This
manuf acturi ng plant was al so suspected of exceeding air quality limts. The
hi ghest single value for 1, 3-butadi ene neasured in this study was 1, 740 ppb.
Resi dential areas were | ocated near the nonitoring stations used in these two
st udi es.

1, 3- But adi ene has been detected in indoor air sanples. The
concentrations of 1,3-butadiene in a tavern were 11 and 19 pg/ m (4.98 and
8.60 ppb) in two separate studies, while the outside air concentrati on was
| ess than or equal to 1 pg/mni (0.45 ppb) at the sane time (Lofroth et al
1989). The difference in the indoor versus outdoor concentration nay be



TABLE 5-2. Detection of 1,3-Butadiene in Air

Sampling No. of Concentration (ppb)
Media type/location dates samples Range Mean Reference
Urban
Houston, TX 1973 9 ND-150° 33.4? Lonneman et al. 1979
1974 7 8.0-57 27.2
1974 4 ND-8.4 3.0
Los Angeles, CA 1968 NS NS 12.47 Kopczynski et al. 1972
Riverside, CA 1965-66 8 ND-2.0 NS Stephens and Burleson 1967
Los Angeles, CA 1960 16 ND-9 3.1 Neligan 1962
Boone, NC 1981-82 3 ND-0. 34 0.11 Seila et al. 1984
Boone, NC (downtown) 3 0.34-5.0 4.2
Boone, NC (outskirts) 3 0.11-0.22 0.15
Remote
Roan Mt., NC 1981-82 3 ND-0.22% 0.74 Seila et al. 1984
Grandfather Mt., NC 3 ND-0.15 0.37
Linville Gorge, NC 3 ND-0.45 0.19

Apata reported in ppbC (parts per billion carbon). Converted to ppb using the conversion factor
1 ppb = 1.12 ppbC (54.1 ppb/48.4 ppbC)

ND = below detection limit
NS = not stated
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ascribed to the presence of 1,3-butadiene in cigarette snoke. The
concentration of 1,3-butadiene in a snoke-filled bar was 2.7-4.5 pug/
(1.2-2.0 ppb) (Brunnemann et al. 1990). 1, 3-Butadiene was al so detected in a
public building in Riverside, California, in 1965 at a concentration of

9.0 ppb, although its source was not specified (Stephens and Burl eson 1967).

5.4.2 Water

Limted data on the occurrence of 1,3-butadiene in water were |located in
the available literature. 1,3-Butadiene was found in 1 of 204 water sanples
taken in 1975-76 from surface waters near known industrialized areas across
the United States. The single positive sanple was obtained in the Carquinez
Strait, Posta Corta, California, at an approxi mate concentration of 2 ppb
(Ewi ng et al. 1977).

No specific data on its presence in drinking water, such as nonitoring
dates or concentration, were |ocated; however, 1, 3-butadi ene has been;
gqualitatively detected in U S. drinking water (EPA 1978; Kraybill 1980).

5.4.3 Soi

No data on the occurrence of 1,3-butadiene in soil were located in the
available literature.

5.4.4 O her Environnental Media

1, 3-But adi ene is used to, manufacture synthetic rubber and plastics that
are frequently used for food packagi ng. Because residual 1, 3-butadi ene may be
present in the polymers used to nake the containers, both the packagi ng and
the food contained therein have been anal yzed. In one study, 1, 3-butadi ene at
a concentration of 8-9 ng/g (ppb) was detected in 3 of 3 brands of olive oi
packaged in 1, 3-butadi ene rubber-nodified acrylonitrile-acrylic bottles
(McNeal and Breder 1987). Analysis of the bottles thensel ves found
1, 3- but adi ene residues as high as 6600 ng/g (ppb). Soft-plastic packaging
tubs used as containers for potato salad, cottage cheese, and yogurt had
residual 1, 3-butadiene levels in the range 21-1700 ng/g (ppb). However, no
1, 3-but adi ene was detected in any of the food packed in these containers
(detection limt 1 ppb). Chewing gumnade with a 1, 3-butadi ene rubber base
did not show residual traces of this diene (McNeal and Breder 1987). Soft
plastic margarine tubs fromfive nmgjor nanme brands in the United Ki ngdom
contai ned 1, 3-but adi ene residues ranging fromb5 to 310 pg/ kg (ppb), but none
of the nononer was detected in the margarine sanpl es thensel ves (detection
limt 0.2 ug/kg) (Startin and Gl bert 1984). The authors concl uded that
m gration of the 1, 3-butadi ene nononmer from plastic packaging to food is
unlikely to present a problem Residual |evels of 1,3-butadiene in food
containers are closely regulated by the Food and Drug Admi ni stration.
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5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

1, 3-But adi ene is al nost always present in the air at low levels due to
its em ssion fromnotor vehicles. Therefore, the general population is
probably routinely exposed to ppb levels of this conpound, although adverse
health effects have not been noted at this |level of exposure. Exposure to
1, 3-but adi ene by the general population is expected to be dom nated by
i nhal ati on. Low | evel exposure by ingestion of contam nated drinking water
may al so occur as 1, 3-butadi ene has been qualitatively detected in U S
drinking water supplies (EPA 1978; Kraybill 1980).

I nhal ati on of 1, 3-butadi ene by the general population nmay al so occur due
to other sources. 1, 3-Butadiene has been identified in cigarette snoke;
t herefore, snokers and those nearby are exposed to this conpound (Lofroth
et al. 1989; Bartle et al. 1969; Blonberg and Wdmark 1975; Brunnemann et al.
1990). Linmted data suggest that 1,3-butadiene is present in the snoke from
brush fires (Stephens and Burl eson 1969), suggesting that inhalation of the
snoke fromwood fires will lead to low | evel exposure to 1, 3-butadiene. Its
presence in waste incinerator em ssions (Junk and Ford 1980) suggests that
exposure to the general population may occur for those |iving nearby. Due to
its presence in gasoline fornulations (Sigsby et al. 1987; Stunp et al. 1989),
menbers of the popul ati on who punp their own gasoline may inhale small anounts
of 1, 3-butadi ene. The concentration of 1, 3-butadiene in gasoline vapor is
4.4 ppb (1 ARC 1986). Small anopunts of 1, 3-butadi ene are produced by the
t hermal degradation of pol yurethane-coated wire, an event that may occur
during an electrical overload (Rigby 1981). The thermal degradation of other
1, 3- but adi ene- based pl astics or rubbers may produce 1, 3-butadiene (Ml er
;9%8?, al so leading to I owlevel exposure of the general population by
i nhal ati on.

If the nean daily urban air concentration of 1,3-butadiene is 0.29 ppb,
as determined in an analysis and conpilation of experinental reports of
anbi ent nonitoring data obtained from 1970 to 1987 (Shah and Heyerdahl 1988),

a nonoccupational daily intake of 12.8 pug per person can be obtai ned based on
an average human intake of 20 ni air/day.

No data are available that quantify general popul ation exposure to
1, 3-but adi ene by other routes of intake, such as ingestion of contani nated
drinking water. G ven that residues of 1, 3-butadi ene have been found in
pl astic and rubber food containers and in a few sanples of the food contained
in these containers (McNeal and Breder 1987), very |lowlevel exposure to the
general popul ation may occur by ingestion of contam nated foods packaged in
t hese containers. 1, 3-Butadi ene has been identified as a constituent of
nodern gasoline formul ations, and the general popul ation may receive derna
exposure to 1, 3-but adi ene upon contact with gasoline (Sigsby et al. 1987),
al t hough the rate of absorption of 1,3-butadiene through the skin has not been
i nvesti gat ed.
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According to the National Cccupational Exposure Survey (NCES) conducted
by N OSH between 1980 and 1983, 9, 456 workers, of which 286 are wonen, were
estimated to be exposed to 1, 3-butadi ene (NIOSH 1989). The NOES dat abase does
not contain information on the frequency, concentration, or duration of
exposure of workers to any chemicals listed therein. These surveys provide
only an estimate of the nunmber of workers potentially exposed to chemicals in
t he wor kpl ace. Cccupational exposure to 1, 3-butadiene is expected to be
limted to inhalation of this conpound, although dermal contact with liquified
1, 3-but adi ene may occur during a large spill, tank expl osion, pipeline
rupture, or simlar catastrophic event, although no reports of this type have
been reported in the available literature. Specific industrial
classifications or job descriptions involving exposure to 1, 3-butadiene are
provi ded bel ow.

A field study conducted in the process control room of a styrenebutadi ene
rubber plant using 12 different sanpling |ocations concluded that
t he 1, 3-but adi ene concentration ranged fromO0.044 to 6.5 ppm over a 3-day
testing period (Jones and Harris 1983). Health hazard eval uati on surveys
conducted by NTOSH at six facilities utilizing 1, 3-butadi ene found that the
air concentration ranged from0.06 ppmto 39 ppm These facilities
manuf act ured hel nets, visors, synthetic rubber, rubber tires and tubes,
aut onoti ve weat her stripping, braided hoses, or plastic conponents for
aircraft. According to this NIOSH report, workers involved in the industrial
classifications listed in Table 5-3 have been potentially exposed to
1, 3-but adi ene (NI OSH 1984). A wal k-t hrough survey of 11 nononers,
17 polynmers, and 2 end-user plants found that personal exposures ranged from
| ess than 0.006 ppmto 374 ppm (Fasen et al. 1990).

Envi ronnental sanpling at two Texas styrene butadi ene rubber plants had
ti me-wei ghted average concentrations of 1, 3-butadi ene ranging from
0.11 to 4.17 ppm (nean, 1.24 ppm and 0.34 to 174 ppm (nean, 13.5 ppm for
sanpl es taken in 1977 (Meinhardt et al. 1982). The range of 1, 3-butadi ene
concentrations for individuals at the plant is given in Table 5-4.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

H gh | evel s of exposure to 1,3-butadiene are likely to be limted to
those resulting froman occupationally related use of this conpound.
Inhal ation is the nost likely route of high exposure to 1, 3-butadi ene.
1, 3-Butadiene is stored and transported in pressurized tanks, and it is
possi bl e that high | evels of exposure by inhalation or dernal contact with the
liquified gas may occur during the | oading and unl oadi ng of these tanks, or by
the accidental rupture of these tanks. However, no such accidents have been
reported in the available literature.
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TABLE 5-3. Industrial Workers Potentially

Exposed to 1,3-Butadiene?®

Industry

Number of workers exposed

Paper and allied products
Chemicals and allied products
Petroleum and coal products
Rubber and plastic products
Primary metal industries
Fabricated metal products
Machinery, except electrical
Electrical equipment and supplies
Transportation equipment
Instruments and related products
Miscellaneous manufacturing industries
Miscellaneous business services
Medical and other health services

1,221
44,980
84
9,086
55

96
1210
121
175
145
2244
5339
493

aDerived from NIOSH 1984
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TABLE 5-4.

Styrene Butadiene Rubber Plant?

Alr Concentrations of 1,3-Butadiene in a

Affected individuals Concentration
(ppm)
Technical services personnel 0.21-114.6
Production foreman 1.16 (1 sample)
Head production operator 0.25-69.61
Production operator 0.23-33.21
Operator helper 0.26-1.81
Pipefitter 0.18-1.78
Electrician 0.18-0.34
Maintenance mechanic 0.19-44 .38
Carpenter 0.20-30.60
Common laborer 0.17-8.22
Instrument man 0.17-174.14

2Derived from Meinhardt et al.

1982
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5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended directs the Adm nistrator of ATSDR
(in consultation with the Admi nistrator of EPA and agencies and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of 1, 3-butadiene is avail able. Were adequate information is
not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research designed
to deternine the health effects (and techni ques for devel opi ng nethods to
determ ne such health effects) of 1, 3-butadiene.

The follow ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informati onal needs that, if met, would reduce or elimnate
the uncertainties of human health assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. The physical and chenical properties
of 1,3-butadiene are well documented (Sax and Lewis 1987; Wndholz et al.
1983), and its environnmental fate can be estimated fromthese properties
(Lyrman et al. 1982). Experinental verification of these cal cul ated val ues
used to determine the partitioning of 1,3-butadiene in the environnent are
necessary to establish accurate | evels of hunan exposure.

Production, |nport/Export, Use, and D sposal. The trends in the
production and use of 1, 3-butadi ene are well docunented (Kirshenbaum 1978;
Chem cal Marketing Reporter 1980; USITC 1988), and there do not appear to be
any critical information gaps. 1, 3-Butadi ene nononmer does not occur in nost
products used in the hone, although residues of this conpound in conmerci al
packages, especially food containers (McNeal and Breder 1987), are not well
described. Although it is clear that the najority of 1,3-butadiene is
rel eased to the atnosphere (TRl 1989), data on the rel ease of 1, 3-butadi ene
are not well correlated with specific sources. The disposal of 1, 3-butadiene
appears to be a straightforward process (HSDB 1989); however, the anmpunt of
1, 3-but adi ene rel eased or destroyed annually is not well docunented. As the
TRl programis inproved, this type of information will becone nore readily
avai | abl e.

According to the Emergency Pl anning and Community Ri ght-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to subnmit chenica
rel ease and off-site transfer information to the EPA. The Toxi c Rel ease
Inventory (TRI'), which contains this information for 1987, becane available in
May of 1989. This database will be updated yearly and should provide a |i st
of industrial production facilities and em ssions.
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Envi ronnental Fate. The fate of 1,3-butadiene in the atnosphere is well
under st ood (Atkinson 1985; Atkinson and Carter 1984; Atkinson et al. 1984;
Kopczynski et al. 1972). The fate of 1,3-butadiene in soil and water is not
wel I understood, and partitioning fromthese nmedia has to be determ ned from
t he physical and chem cal properties of this conmpound (Lyrman et al. 1982). A
reliable nethod capable of detecting 1, 3-butadiene in soil and water was not
located in the available literature, and it is not clear whether 1, 3-butadiene
is absent fromthese nedia or sinply not yet detected. The persistence of
1, 3-butadiene in soil and water is not known, and the degree of partitioning
fromone environmental conpartnent to another can only be estinmated. Exposure
via ingestion or dermal contact to popul ati ons surroundi ng hazardous waste
sites cannot, therefore, be accurately determ ned. Experinmental data that
addresses the partitioning of 1,3-butadiene in the environnent, its potenti al
to enter drinking water supplies, and its lifetinme in soil and water are
necessary to conpletely characterize the environmental fate of this conpound.

Bi oavailability from Environnental Media. Nunerous toxicokinetic and
toxicity studies in hunmans and ani mal s have denpnstrated the bioavailability
of 1,3-butadiene fromair. No data on the bioavailability of 1, 3-butadi ene
fromother sources (water or soil, for exanple) were located in the available
literature. In conjunction with the data needs for determining 1, 3-butadi ene
in environmental nedia, bioavailability studies fromenvironnental nedia would
be useful.

Food Chai n Bioaccurul ation. In theory, 1,3-butadiene is not believed to
bi oconcentrate significantly in fish and aquatic organisnms; thus, it is not
expected to biomagnify in the food chain (Hansch and Leo 1985; Lynman et al.
1982). No data addressing this point, however, were |located in the available
literature. Validation of these theories by valid experimental studies will
aid in establishing a quantitative determ nation of 1, 3-butadi ene exposure to
t he general public.

Exposure Levels in Environnental Media. Data on the |evels of
1, 3-butadi ene in environmental nedia are limted. Extensive data on the
occurrence of 1,3-butadiene in anbient air sanples are avail able (Shah and
Heyerdahl 1988), but recent data appear to be |acking. Further, current
correl ations between the levels of 1,3-butadiene in the atnosphere and its
sources of release are not available. Levels of 1, 3-butadiene at hazardous
waste sites are not available. Data on the occurrence of 1,3-butadiene in
water sanples are limted (Ewing et al. 1979). The presence of 1, 3-butadiene
in drinking water has been noted in the literature, but no concentrations or
frequency of detection are available (EPA 1978; Kraybill 1980). The
concentration of 1,3-butadiene in soil, water, and air at hazardous waste
sites is not known (CLPSD 1989); therefore, the potential for exposure to
popul ati ons residing nearby cannot be established. The devel opnent of
reliable analytical techniques for the analysis of 1,3-butadiene in soil and
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water will establish unanbi guously the levels at which this conmpound is found
in environnmental media.

Exposure Levels in Hunmans. Limted data on |levels of occupational
exposure to 1, 3-butadi ene were available in the literature; however,
occupati onal exposure to this conpound appears to be linmted to a readily
definabl e group of industrial classifications (N OSH 1984, 1989). Exposure
| evel s for the general population are not well defined. No data on its
presence in human tissue were located. Studies that correl ate persona
exposure with daily activities are necessary to establish adequately exposure
| evel s for 1, 3-butadi ene. Biological nonitoring studies cannot be perforned
until acceptabl e experinental techniques are devel oped. Exposure |levels for
those |living near hazardous waste sites are not available and shoul d be
est abl i shed.

Exposure Registries. No exposure registries for 1, 3-butadi ene were
| ocated. This conpound is not currently one for which a subregistry has been
established in the National Exposure Registry, but it will be considered in
the future when chemical selection is nmade for subregistries to be
established. The information that is amassed in the National Exposure
Regi stry facilitates the epideniol ogi cal research needed to assess adverse
heal th outconmes that nmay be related to the exposure to the conpound.

5.7.2 On-going Studies

On-goi ng atnospheric nonitoring studies for 1, 3-butadiene perforned by
S. Sigsby have been identified (EPA 1989b), although no other specific
i nformati on was provided.

Renedi al investigations and feasibility studies conducted at the NPL
sites known to be contaninated with 1, 3-butadi ene could add to the avail abl e
dat abase on exposure levels in environnental nedia, exposure |levels in humans,
and exposure registries, and nay increase know edge regarding the fate of
1, 3-butadiene in the environnent. No other |long-termresearch studies
pertaining to the environnental fate of 1,3-butadiene or to occupational or
general popul ati on exposures to 1, 3-butadi ene were identified.
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The purpose of this chapter is to describe the anal ytical nethods that
are avail able for detecting and/or measuring and nonitoring 1, 3-butadiene in
environmental media and in biological sanples. The intent is not to provide
an exhaustive list of analytical nethods that could be used to detect and
quantify 1, 3-butadiene. Rather, the intention is to identify well-established
nmet hods that are used as the standard nethods of analysis. Many of the
anal ytical nethods used to detect 1, 3-butadiene in environmental sanples are
t he net hods approved by federal agencies such as EPA and the Nati onal
Institute for Cccupational Safety and Health (NICSH). O her methods presented
in this chapter are those that are approved by groups such as the Association
of Oficial Analytical Chemists (AOAC) and the Anerican Public Health
Associ ation (APHA). Additionally, analytical nethods are included that refine
previously used nethods to obtain |ower detection linmts, and/or to inprove
accuracy and precision.

6.1 BI OLOG CAL MATERI ALS

No standardi zed nethod to test for the presence of 1, 3-butadiene in
bi ol ogi cal materials presently exists. Only a |imted nunber of techniques
have been enployed to determi ne this conpound in biological materials.

An early nmethod for the determnination of 1,3-butadiene in blood was
developed in 1944 (MIller 1978). It involves heating a bl ood sanple

containing iodine pentoxide to 200 °C, foll owed by determ ning the anmount of
1, 3-but adi ene present by titrating any free iodine (produced during the
reduction of iodine pentoxide) with sodiumthiosulfate. This method is not
specific to 1, 3-butadiene; thus, its usefulness in obtaining an accurate

i ndi cati on of hunman exposure to 1, 3-butadi ene is unlikely.

Techni ques for the deternination of “Clabeled 1,3-butadiene in rat or
m ce blood and tissue after experinmental exposure to enriched material have
appeared in the literature (Bond et al. 1986, 1987). 1, 3-Butadiene is renpbved
fromthe sanple matrix by vacuumdistillation or by sparging with an inert
gas. The desired material is recovered by collection in a cryogenic trap.
The anmobunt of 1, 3-butadi ene can then be ascertai ned by neasuring the activity
in the traps by scintillation counters. This technique cannot be applied to
nmeasur e 1, 3-but adi ene exposure for the general population. However, the
sanpl e preparation step may be amenable to standardi zed gas chronmat ography
(GC) techniques presently used in the determ nation of other organic
conmpounds.

A technique for the determ nation of 1,3-butadiene in nmargarine sanpl es
was reported by Starting and Gl bert (1984). The nmargarine sanple is placed
in a vial, sealed, and heated to 70°C where it is allowed to equilibrate for
1 hour. The amobunt of 1,3-butadiene in the sanple is determ ned by
wi t hdrawi ng a headspace sanple, and injecting it directly into a GC equi pped
with a mass spectroneter (MS) detection system Quantitation is obtained by
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conmpari son of the peak height to that of a standard of known concentrati on.
The sensitivity of this nethod allows quantitation dowmn to 0.001 ng/kg

(1 ppb). A simlar headspace techni que was used to test for the presence of
buta?iene inolive oil, vegetable oil, and yogurt sanmples (MNeal and Breder
1987) .

6. 2 ENVI RONMENTAL SAMPLES

St andar di zed net hods for determ ning 1, 3-butadiene in environnmenta
sanples are limted to air sanples, as no nethodol ogy has been described for
anal yzing this conpound in water or soil sanples (EPA 1982, 1986, 1988a). A
representative list of the nethods available for the deternination of
1, 3-butadiene in air sanples can be found in Table 6-1. The determ nation of
1, 3-but adi ene in personal air can be obtained using the procedure outlined in
NI OSH Met hod 1024 (NI OSH 1987), which is described bel ow.

The air sanple is obtained by passing a known volune of air (3-25 L)
t hrough a set of tandem coconut charcoal tubes, which adsorb 1, 3-butadi ene and
remove it fromthe air stream The collected 1, 3-butadiene is then renoved
fromthe adsorption tube by extraction with methyl ene chloride. Injection of
the nmethylene chloride solution into a GC equi pped with a flane ionization
detector (FID) separates 1, 3-butadiene fromany interfering conpounds that may
be present. The choi ce of chronmatography colum for this determnation is not
crucial, as long as it cleanly separates 1, 3-butadi ene from ot her conpounds.

The estinmated quantitation linit of this nmethod is 0.02 ppm wth an

applicable range of 1-480 ug per sanple (approximately 0.02-8.7 ppm for a

25 L sanple. The precision of this nethod appears to change as a function of

t he concentration being neasured, due to desorption efficiencies changing as a
function of sanple concentration. Wth increasing concentration, the
preparation of a standard becones nore difficult.

In Nl OSH Met hod 1024, quantitation of 1,3-butadiene is acconplished by
comparing the area under the sanple's response signal to that of a known
anmount of 1, 3-butadi ene. The preparation and injection of a gaseous.

1, 3-but adi ene standard is a difficult procedure; it nmust be perforned
carefully or erroneous results will occur. Sanple storage appears to
dramatically affect the results of the neasurenent. Sanples stored at -4°C
di spl ayed an average recovery of between 93% and 98% over a 21-day period,
whil e sanples stored at roomtenperature ranged from61%to 95% Literature
nmet hods for the determ nation of 1,3-butadiene in personal air sanples
overcone sone of these problens (Hendricks and Schultz 1986; Lunsford 1987,
Lunsford and Gagnon 1987).

1, 3-But adi ene, along with other volatile hydrocarbons, has been found in
anbi ent air sanples by a technique that uses cryogeni c concentrati on before GC
anal ysis. This technique is perforned by collecting a large volume of air in



TABLE 6-1. Analytical Methods

for Determining 1,3-Butadiene in Environmental Samples

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Personal air Pass air through charcoal tube GC/FID 0.02 ppm No data NIOSH 1987
CHyCl, desorption
Air Collect air in Tedlar bag, GC/FID No data No data Stump and Dropkin 1985
concentrate on Tenax cartridge,
thermal desorption
Air Pass air through charcoal tube, GC/MS No data No data Texas Air Control Board
solvent desorption 1980
Air Draw air into 12 foot sampling GC/MS No data No data Texas Air Control Board

(real time)

loop, direct injection

1990

FID = flame ionization detector
GC = gas chromatography
MS = mass spectrometry

9
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a specially designed bag or other sanpling container and concentrating the

vol atil e conponents by condensation at |ow tenperatures. The sanple is
separated into its conponents by GC and quantified with an internal standard.
Nunerous variations of this nmethod were found in the literature (Lonnenan

et al. 1979; Neligan 1962; Stephens and Burl eson 1967, 1969; Stunp and Dropkin
1985) .

6. 3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended directs the Adninistrator of ATSDR
(in consultation with the Admi nistrator of EPA and agencies and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of 1, 3-butadiene is avail able. Were adequate information is
not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a programof research desi gned
to deternmine the health effects (and techni ques for devel opi ng nethods to
determ ne such health effects) of 1, 3-butadiene.

The follow ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informati onal needs that, if nmet, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6.3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. No
st andar di zed net hod for the determ nation of biomarkers of exposure and effect
for 1, 3-butadiene was | ocated. A recent paper has denonstrated that
1, 3-but adi ene fornms a henogl obin adduct in mice and rats (Sun et al. 1989h).
However, the 1, 3-butadiene used in this study was tagged with a radi oactive
tracer, a technique which is only rarely utilized in the determ nation of
envi ronment al exposure in humans. In conjunction with the data needs
di scussed in Chapter 2, a nmethod to nonitor the formation of a 1, 3-butadiene
adduct with human henogl obin needs to be established. The devel opnent of an
anal ytical technique to nmeasure this biomarker of exposure can then be
achi eved. Once a uni que bi onmarker has been identified and an experi nental
technique to detect it has been established, a quantitative assessnent of
routes and | evel s of human exposure to 1, 3-butadi ene can be undert aken.

No known bi onarkers of effect specifically for 1,3-butadi ene have been
reported, but recent advances have been made (Gallagher 1989; Weston et al.
1989) in *P-post labelling and other DNA adduct assays.
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Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnental Media. Data on the determ nation of 1,3-butadiene in
environmental media were linmted. 1,3-Butadiene in air sanples has been
detected by techniques routinely used for detecting volatile hydrocarbons
(Stunp and Dropkin 1985; Texas Air Control Board 1990). Procedures accepted
for the determ nation of volatile hydrocarbons in other environnmental nedia
(soil, water, sedinent, plants, etc.) may also be suitable for 1, 3-butadiene.
This question can be answered only by the data obtained from properly designed
experinents. The information will assist in determning the preval ence of
this compound in the environment and aid in a quantitative determ nation of
hunman exposure to 1, 3-but adi ene.

6.3.2 On-going Studies

On-goi ng studies performed by J. Pau at EPA s Atnospheric Research and
Exposure Assessment Laboratory in Research Triangle Park, NC, on new
anal ytical nmethods for the determination of 1,3-butadi ene have been identified
(EPA 1989b), although no other specific information was provided.
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The I nternational Agency for Research on Cancer (IARC) and national and
state regul ati ons and gui delines pertinent to human exposure to 1, 3-but adi ene

are summari zed in Table 7-1

1, 3- But adi ene has been del eted fromthe list of extrenely hazardous
subst ances (EPA 1988b).
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TABLE 7-1. Regulations and Guidelines Applicable to 1,3-Butadiene

Agency Description Information References
INTERNATIONAL
IARC Carcinogenic classification Group 2B? JIARC 1985,1987
NATIONAL
Regulations:
a. Air:
EPA 0AQPS Intent to list under Section 112 Yes EPA 1985b
of Clean Air Act (40 CFR 61.01)
OSHA PEL 1000 ppm OSHA 1989 (29 CFR
(transitional limit; 1910.2926)
in process of 6(b)
rulemaking)
PEL 2 ppm (proposed) OSHA 1990 (29 CFR
STEL 10 ppm (proposed 1910.32736)
b. Nonspecific media:
EPA OERR Reportable quantity (statutory) 11 EPA 1987 (40 CFR
Threshold planning quantity 10,000 1b 300 and 355)
Guidelines:
a. Air:
ACGIH TLV 10 ppm (suspected ACGIH 1989
human carcinogen)
NIOSH REL Carcinogen; lowest NIOSH 1988
feasible concentration
b: Other:
EPA Carcinogenic classification Group B2b EPA 1985a
Inhalation slope factor 1.8 (mg/l(g/day)'l IRIS 1991
Inhalation unit risk® 6.2x104 (ppb)-!
2.8x10"4 (ug/m3)!
STATE

Regulations and

Guidelines:
a. Air: Acceptable ambient air concentrations
Connecticut 22,000 pg/m? (8-hr avg) NATICH 1988
Kentucky 11 mg/m3 (8-hr avg) State of
Kentucky 1986

Massachusetts 0.0350 ug/np (24-hr avg) NATICH 1988
Michigan 0.0030 #S/n@ (annual) NATICH 1988
North Carolina 0.0350 #S/nﬁ (annual) NATICH 1988
Nevada 52.40 mg/m3 (8~hr avg) NATICH 1988
Virginia 220.0000 pg/m> (24-hr avg) NATICH 1988

8Group 2B: Possible human carcinogen

bGroup B2: Probable human carcinogen

®The unit risk should not be used if the air concentration exceeds 7.2 ppb, since above this concentration, the
slope factor may differ from that stated (IRIS 1991).

ACGIH = American Conference of Governmental Industrial Hygienists; EPA = Environmental Protection Agency;
IARC = International Agency for Research on Cancer; IRIS = Integrated Risk Information System; NATICH = National
Air Toxics Information Clearinghouse; NIOSH = National Institute for Occupational Safety and Health; OAQPS =
Office of Air Quality Planning and Standards; OERR = Office of Emergency and Remedial Response;
OSHA = Occupational Safety and Health Administration; PEL = Permissible Exposure Limit; REL = Recommended
Exposure Limit; STEL = Short-Term Exposure Limit; TLV = Threshold Limit Value; TWA = Time-Weighted Average
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K, -- The ratio of the ampbunt of a chenical adsorbed per
unit weight of organic carbon in the soil or sedinment to the concentration of the
chem cal in solution at equilibrium

Adsorption Ratio (K,) -- The anpbunt of a chenical adsorbed by a sedinent or
soil (i.e., the solid phase) divided by the anbunt of chemical in the solution
phase, which is in equilibriumw th the solid phase, at a fixed solid/solution
ratio. It is generally expressed in mcrograns of chem cal sorbed per gram of
soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chemi cal in aquatic organisns at a specific tine or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the same time or during the sanme period.

Cancer Effect Level (CEL) -- The | owest dose of chemcal in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed population and its appropriate control.

Carci nogen -- A chemical capabl e of inducing cancer.

Ceiling Value -- A workplace concentration of a substance that should not be
exceeded, even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nobre, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chemical prior to conception
(either parent), during prenatal devel opment, or postnatally to the tinme of
sexual maturation. Adverse devel opnental effects may be detected at any point
inthe Iife span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemical; the distinguishing feature between
the two terns is the stage of devel opment during which the insult occurred.
The terms, as used here, include nal formations and variations, altered growh,
and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water |evels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and |l ocal officials.
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| medi atel y Dangerous to Life or Health (IDLH) -- The naxi num environnent al

concentration of a contam nant from which one could escape within 30 nin without any
escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chem cal for a duration of 15-364 days

as specified in the Toxicol ogical Profiles.

| munol ogi ¢ Toxicity -- The occurrence of adverse effects on the i Mmune systemt hat
may result from exposure to environmental agents such as chem cal s.

In Vitro -- Isolated fromthe living organismand artificially maintained, as

in a test tube.

In Vivo -- Cccurring within the living organism

Let hal Concentrationo,,(LC,) -- The lowest concentration of a chemcal in air which

has been reported to have caused death in hunmans or ani nal s.

Let hal Concentration,,(LC,) -- A calculated concentration of a chemical in air to
whi ch exposure for a specific length of tine is expected to cause death in 50% of a
defi ned experinental animal popul ation.

Let hal Dose ,(LD,) -- The | owest dose of a chem cal introduced by a route other than
i nhal ation that is expected to have caused death in humans or

ani mal s.

Let hal Dose,(LD, -- The dose of a chem cal which has been cal cul ated to cause death

in 50% of a defined experinental ani mal popul ation.

Lethal Tine,,(LT,) -- A calculated period of time within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinental ani mal popul ation.

Lowest - Cbserved- Adverse- Ef fect Level (LOAEL) -- The | owest dose of chemical in a
study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control.

Mal formations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function.

M nimal Risk Level -- An estimate of daily human exposure to a chenical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mut agen -- A substance that causes nutations. A nmutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
nm scarriages, or cancer.
Neurotoxicity -- The occurrence of adverse effects on the nervous system

foll owi ng exposure to chem cal

No- Qbserved- Adver se- Ef fect Level (NOAEL) -- The dose of chemical at which
there were no statistically or biologically significant increases in frequency
or severity of adverse effects seen between the exposed population and its
appropriate control. Effects may be produced at this dose, but they are not
consi dered to be adverse.

Cctanol -Water Partition Coefficient (K,) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute sol ution.

Perm ssi bl e Exposure Limt (PEL) -- An allowabl e exposure |evel in workplace
air averaged over an 8-hour shift.

g,* -- The upper-bound estimte of the | ow dose slope of the dose-response
curve as determined by the nultistage procedure. The g,* can be used to
cal cul ate an estimate of carcinogenic potency, the incremental excess cancer

risk per unit of exposure (usually pg/L for water, ng/kg/day for food,
and pg/ni for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps an
order of magnitude) of the daily exposure of the human popul ation to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetine. The RFD is operationally derived fromthe NOAEL (from

ani mal and hunman studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire

dat abase on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer

Reportabl e Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are (1) 1 Ib or
greater or (2) for selected substances, an anobunt established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities are
neasured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive system
that may result from exposure to a chemical. The toxicity may be directed to the
reproductive organs and/or the rel ated endocrine system The manifestation of such
toxicity may be noted as alterations in sexual behavior, fertility, pregnancy

out cones, or nodifications in other functions that are dependent on the integrity of
this system
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Short - Term Exposure Limt (STEL) -- The maxi mum concentrati on to whi ch workers can be
exposed for up to 15 min continually. No nore than four excursions are allowed per
day, and there nust be at |least 60 min between exposure periods. The daily TLV-TWA
may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiological systens (e.g., renal, cardiovascular) extending
fromthose arising through a single limted exposure to those assuned over a
lifetinme of exposure to a chem cal

Teratogen -- A chemical that causes structural defects that affect the
devel oprment of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which nopst
wor kers can be exposed without adverse effect. The TLV nmay be expressed as a
TWA, as a STEL, or as a CL.

Ti me- Wei ght ed Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal 8-hour workday or 40-hour workweek.

Toxi c Dose (TD,,) -- A calculated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experimental aninmal popul ati on.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
fromexperinmental data. UFs are intended to account for (1) the variation in
sensitivity anmong the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating animal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL dat a.
Usual Iy each of these factors is set equal to 10.
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Chapter 1
Public Health Statenent

This chapter of the profile is a health effects sunmary witten in nontechnica
| anguage. Its intended audience is the general public especially people living
in the vicinity of a hazardous waste site or substance release. |If the Public
Heal th Statement were renoved fromthe rest of the document, it would stil
comuni cate to the lay public essential information about the substance.

The maj or headings in the Public Health Statenent are useful to find specific
topics of concern. The topics are witten in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide nore information on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summari ze health
effects by duration of exposure and endpoint and to illustrate graphically levels of
exposure associated with those effects. Al entries in these tables and figures
represent studies that provide reliable, quantitative estinmates of No-Cbserved-
Adverse- Ef fect Levels (NOAELS), Lowest-Cbserved- Adverse-Effect Levels (LOAELs) for
Less Serious and Serious health effects, or Cancer Effect Levels (CELs). In addition,

these tables and figures illustrate differences in response by species, Mninml R sk
Level s (MRLs) to humans for noncancer end points, and EPA' s estinmated range
associ ated with an upper-bound individual lifetine cancer risk of 1 in 10,000 to 1 in

10, 000, 000. The LSE tables and figures can be used for a quick review of the health
effects and to locate data for a specific exposure scenario. The LSE tables and
figures should always be used in conjunction with the text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Table 2-1
(1) Route of Exposure One of the first considerati ons when review ng the

toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,
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(4).
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(6).

(7).

(8).
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three LSE tables and two LSE figures are presented in the docunent. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internmediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

Health Eff ect The major categories of health effects included in
LSE tables and figures are death, system c, inmunol ogical,
neur ol ogi cal, devel opnental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemic effects are further defined in the "System' col um
of the LSE table.

Key to Figure Each key nunber in the LSE table Iinks study information
to one or nore data points using the same key nunber in the correspondi ng
LSE figure. In this exanple, the study represented by key number 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
"18r" data points in Figure 2-1).

Speci es The test species, whether animal or hunan, are identified in this
col um.

Exposure Freauency/Duration The duration of the study and the weekly and
daily exposure reginmen are provided in this colum. This pernits

conmpari son of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber 18), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This colum further defines the system c effects. These systens

i nclude: respiratory, cardiovascul ar, gastrointestinal, henatol ogical
nmuscul oskel etal, hepatic, renal, and dernal/ocular. "Qther" refers to any
system c effect (e.g., a decrease in body weight) not covered in these
systens. I n the exanple of key nunber 18, one systemnic effect
(respiratory) was investigated in this study.

NCAEL A No- Cbserved- Adverse-Effect Level (NOAEL) is the hi ghest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key nunber 18 reports a NOAEL of 3 ppmfor the respiratory system which

was used to derive an internedi ate exposure, inhalation MRL of 0.005 ppm
(see footnote “c”).

LOAEL A Lowest - (Cbserved- Adverse-Effect Level (LOAEL) is the | owest
exposure |l evel used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the | evels of exposure at which
adverse health effects first appear and the gradation of effects with

i ncreasing dose. A brief description of the specific end point used to
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guantify the adverse effect acconpanies the LOAEL. The "Less Serious"
respiratory effect reported in key nunber 16 (hyperplasia) occurred at a
LOAEL of 10 ppm

Ref erence The conplete reference citation is given in Chapter 8 of the
profile.

CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associated
with the onset of carcinogenesis in experinental or epidemn ol ogica
studi es. CELS are al ways consi dered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a neasurabl e increase in cancer

Foot not es Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NOAEL of 3 ppmin key nunber 18 was used to derive an MRL of 0.005 ppm

LEGEND

(13).

(14).

(15.)

(16.)

(17.)

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the correspondi ng LSE
tables. Figures help the reader quickly conpare health effects according to
exposure |l evels for particular exposure duration.

Exposure Duration The same exposure periods appear as in the LSE table.
In this exanple, health effects observed within the internedi ate and
chroni ¢ exposure periods are illustrated.

Heal th Eff ect These are the categories of health effects for which
reliable quantitative data exist. The same health effects appear in the
LSE t abl e.

Level s of Exposure Exposure |levels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
mg/ M or ppm and oral exposure is reported in ng/kg/ day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternmedi ate inhal ation exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key number 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow i ndi cates the extrapol ation fromthe
exposure |l evel of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key number 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianond synbol refers to a CEL for the test
species (rat). The nunber 38 corresponds to the entry in the LSE table.
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Esti mat ed Upper - Bound Hunman Cancer Risk Levels This is the range
associated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived from EPA' s Human Heal th
Assessnent Group's upper-bound estinmates of the slope of the cancer dose
response curve at | ow dose |levels (q,*).

Key to LSE Figure The Key explains the abbreviations and synbols used in
the figure.



'-'o’o'o.o'o'o'c'o'o’o'c‘o'o::.ofcfo'o'o'ofnf

E + TABLE 2-1. Levels of Significant Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key to frequency/ NGCAEL Less serious Serious
figure Species duration System (ppm) (ppm) (ppm) Reference
E]—» INTERMEDIATE EXPOSURE
7
18 Rat 13 wk Resp 3P 10 (hyperplasia) Nitschke et al.
5d/wk 1981
6hr/d
CHRONIC EXPOSURE
Cancer @
38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
7hr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
5d/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

@ Yhe number corresponds to entries in Figure 2-1.

@———* b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10'3 ppm; dose adjusted for intermittent exposure

and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)
Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uations of existing toxicological, epidemological, and toxicokinetic
information. This summary i s designed to present interpretive,

wei ght - of - evi dence di scussions for human health end points by addressing the
fol |l owi ng questi ons.

1. What effects are known to occur in hunmans?

2. What effects observed in animals are likely to be of concern to
humans?

3. What exposure conditions are likely to be of concern to hunmans,
especi al | y around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation,
oral, and dernmal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are |ocated in the
scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively eval uated,
when appropriate, using existing toxicokinetic, genotoxic, and carci nogeni c dat a.
ATSDR does not currently assess cancer potency or perform cancer risk
assessnents. MRLs for noncancer end points if derived, and the end points from
whi ch they were derived are indicated and di scussed in the appropriate
section(s).

Limtations to existing scientific |iterature that prevent a satisfactory
eval uation of the relevance to public health are identified in the Identification of
Dat a Needs secti on.

Interpretation of Mnimal Risk Levels

Where sufficient toxicologic informati on was avail able, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, internediate,
or chronic) of exposure. ldeally, MRLs can be derived fromall six exposure
scenarios (e.g., Inhalation - acute, -internediate, -chronic; Oal - acute, -
intermedi ate, - chronic). These MRLs are not meant to support regulatory action,
but to aquaint health professionals with exposure |levels at which adverse health
effects are not expected to occur in humans. They shoul d hel p physicians and
public health officials determne the safety of a community |iving near a
substance em ssion, given the concentration of a contamnant in air or the
estimated daily dose received via food or water. MRLs are based largely on

t oxi col ogical studies in animals and on reports of human occupati onal exposure.
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MRL users should be famliar with the toxicological information on which the
nunber is based. Section 2.4, "Relevance to Public Health," contains basic

i nformati on known about the substance. Other sections such as 2.6, "lnteractions
with Gher Chem cals" and 2.7, "Popul ations that are Unusually Suscepti bl e"
provi de i nportant supplenental information.

MRL users shoul d al so understand the MRL derivation met hodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by the
Envi ronnental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for lifetinme exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

j udgenent, represents the nost sensitive humanheaith effect for a given exposure
route and duration. ATSDR cannot make this judgenment or derive an MRL unl ess
information (quantitative or qualitative) is available for all potential effects
(e.g., systemc, neurological, and developnental). In order to conpare NOAELs

and LOAELs for specific end points, all inhalation exposure |evels are adjusted

for 24hr exposures and all intermittent exposures for inhalation and oral routes

of internediate and chronic duration are adjusted for continous exposure (i.e.,

7 days/week). If the information and reliable quantitative data on the chosen

end point are avail able, ATSDR derives an MRL using the nost sensitive species
(when information fromnultiple species is available) with the highest NOAEL t hat
does not exceed any adverse effect |evels. The NOAEL is the nobst suitable end point
for deriving an MRL. When a NOAEL is not available, a Less Serious LOAEL can be used
to derive an MRL, and an uncertainty factor (UF) of 10 is enployed. MRLs are not
derived from Serious LOAELs. Additional uncertainty factors of 10 each are used for
human variability to protect sensitive subpopul ati ons (people who are npst
susceptible to the health effects caused by the substance) and for interspecies
variability (extrapolation fromaninmals to humans). In deriving an MRL, these

i ndi vi dual uncertainty factors are nmultiplied together. The product is then divided
into the adjusted inhalation concentration or oral dosage selected fromthe study.
Uncertainty factors used in devel oping a substance-specific MRL are provided in the
f oot notes of the LSE Tabl es.
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ACRONYMS, ABBREVIATIONS, AND -SYMBOLS

American Conference of Governmental Industrial Hygienists
Absorption, Distribution, Metabolism, and Excretion
Agency for Toxic Substances and Disease Registry
bioconcentration factor

Board of Scientific Counselors

Centers for Disease Control

Cancer Effect Level

Comprehensive Environmental Response, Compensation, and Liability
Act

Code of Federal Regulations

Contract Laboratory Program

centimeter

central nervous system

Department of Health, Education, and Welfare
Department of Health and Human Services

Department of Labor

electrocardiogtram

electroencephalogram

Environmental Protection Agency

see ECG

Food and Agricultural Organization of the United Nations
Federal Emergency Management Agency

Federal Insecticide, Fungicide, and Rodenticide Act
first generation

feet per minute

foot

Federal Register

gram

gas chromatography

high performance liquid chromatography

hour

Immediately Dangerous to Life and Health
International Agency for Research on Cancer
International Labor Organization

inch

adsorption ratio

kilogram

octanol-soil partition coefficient

octanol-water partition coefficient

liter

liquid chromatography

lethal concentration low

lethal concentration 50 percent kill

lethal dose low

lethal dose 50 percent kill
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LOAEL lowest-observed-adverse-effect level
LSE Levels of Significant Exposure
m meter
mg milligram
min minute
mL milliliter
mm millimeters
mmol millimole
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectroscopy
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health

NIOSHTIC NIOSH’s Computerized Information Retrieval System
nm nanometer

ng nanogram

NHANES National Health and Nutrition Examination Survey
nmol nanomole

NOAEL no-observed-adverse-effect level

NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPL National Priorities List

NRC National Research Council

NTIS National Technical Information Service
NTP National Toxicology Program

OSHA Occupational Safety and Health Administration
PEL permissible exposure limit

PE picogram

pmol picomole

PHS Public Health Service

PMR proportional mortality ratio

ppb parts per billion

ppbC parts per billion carbon

PpPM parts per million

ppt parts per trillion

REL recommended exposure limit

RfD Reference Dose

RTECS Registry of Toxic Effects of Chemical Substances
sec second

SCE sister chromatid exchange

SIC Standard Industrial Classification
SMR standard mortality ratio

STEL short-term exposure limit

STORET STORAGE and RETRIEVAL

TLV threshold limit wvalue

TSCA Toxic Substances Control Act

TRI Toxic Release Inventory

TWA time-weighted average
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U.S. United States
UF uncertainty factor
WHO World Health Organization
> greater than
> greater than or equal to
= equal to
< less than
< less than or equal to
% percent
[ alpha
B beta
s delta
Y gamma
Rpm micron
RE microgram
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comrents will be included in the profile. Alisting of the peer reviewers
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this compound. A list of databases reviewed and a |ist of unpublished
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The citation of the peer review panel should not be understood to inply

its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR
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