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FOREWORD

The Superfund Anmendnents and Reaut hori zation Act (SARA) of 1986
(Public Law 99-499) extended and anmended the Conprehensive Environmenta
Response, Conpensation, and Liability Act of 1980 (CERCLA or Superfund).
This public | aw directed the Agency for Toxic Substances and Di sease Registry
(ATSDR) to prepare toxicological profiles for hazardous substances which are
nmost commonly found at facilities on the CERCLA National Priorities List and
whi ch pose the nost significant potential threat to human health, as
determ ned by ATSDR and the Environnental Protection Agency (EPA). The lists
of the 250 nost significant hazardous substances were published in the
Federal Register on April 17, 1987, on COctober 20, 1988, on Cctober 26, 1989,
and on Cctober 17, 1990.

Section 104(i)(3) of CERCLA, as anended, directs the Adm nistrator of
ATSDR to prepare a toxicological profile for each substance on the list.
Each profile nmust include the follow ng content:

(A) An exam nation, sumary, and interpretation of avail able

t oxi col ogi cal information and epi dem ol ogi cal eval uati ons on the
hazardous substance in order to ascertain the |evels of significant
human exposure for the substance and the associ ated 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

devel opnent to determ ne | evels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects, and

(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
devel oped by ATSDR and EPA. The origi nal guidelines were published in the
Federal Register on April 17, 1987. Each profile will be revised and
republi shed as necessary, but no | ess often than every three years, as
requi red by CERCLA, as amended.

The ATSDR toxicological profile is intended to characterize succinctly
t he toxicol ogi cal and adverse health effects information for the hazardous
subst ance bei ng described. Each profile identifies and reviews the key
literature (that has been peer-reviewed) that describes a hazardous
substance's toxicol ogical properties. O her pertinent literature is also
presented but described in |less detail than the key studies. The profile
is not intended to be an exhaustive docunent; however, nore conprehensive
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 significant health effects associated with exposure
to the substance. The adequacy of information to determine a substance'’s
health effects is described. 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 federal agencies. It -has also been reviewed by a panel of
nongovernment peer reviewers and is being made available for public
review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

William L. Roper, .

Administrator

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

This Statement was prepared to give you information about acrol ein and
to enphasi ze the hurman health effects that may result from exposure to it.
The Environnental Protection Agency (EPA) has identified 1177 sites on its
National Priorities List (NPL). Acrolein (pronounced: acre |ean) has been
found at 7 of these sites. However, we do not know how many of the 1177 NPL
sites have been evaluated for acrolein. As EPA evaluates nore sites, the
nunber of sites at which acrolein is found may change. The information is
i mportant for you because acrolein may cause harnful health effects and
because these sites are potential or actual sources of human exposure to
acrol ein.

VWhen a chemical is released froma |large area, such as an industrial
plant, or froma container, such as a drumor bottle, it enters the
environment as a chem cal enission. This enission, which is also called a
rel ease, does not always |ead to exposure. You can be exposed to a cheni cal
only when you cone into contact with the chenical. You may be exposed to it
in the environment by breathing, eating, or drinking substances containing
the chenmical or fromskin contact with it.

If you are exposed to a hazardous substance such as acrolein, 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 ncl ude the dose (how ruch), the duration (how long), the route or pathway
by which you are exposed (breathing, eating, drinking, or skin contact), the
other chemicals to which you are exposed, and your individual
characteristics such as age, sex, nutritional status, famly traits, life
style, and state of health.

1.1 WHAT IS ACROLEI N?

Acrolein is a clear or yellowliquid with a disagreeable odor. It
burns easily. It changes into a vapor nuch faster than water does at
normal tenperatures. When heated to high tenperatures, it can change into a
vapor very qui ckly. Near hazardous waste sites in which acrolein is not
properly stored, acrolein mght be found in the air, water, or soil.
Acrol ein does not stay in the air or water for very long. Acrolein that
enters the air as a vapor changes into other chenicals wthin days.

Acrol ein dissolves easily in water. Wthin days, sonme of the acrolein in
wat er changes into a vapor and enters the air. The acrolein left in the
water is changed into other chemicals, which are rapidly broken down.
Acrolein that enters the soil is washed out in water and changes into a
vapor, and it is oxidized; we do not know how |l ong this takes.

Acrolein is used to nmake other chenicals and pesticides and is found in
some |ivestock feeds and pesticides. Small ampunts of acrol ein can be
fornmed and can enter the air when organic matter such as trees and ot her
pl ants, including tobacco, are burned and al so when fuels such as gasoline
and oil are burned. Please refer to Chapters 3, 4, and 5 for nore
i nformati on.
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1.2 HOWMGHT | BE EXPOSED TO ACROLEI N?

If you live near a hazardous waste site in which acrolein is not
stored properly, you could be exposed to acrolein frombreathing air or
drinking water. Because acrolein easily changes into a vapor, you are nore
likely to be exposed frombreathing air than fromdrinking water. A child
playing in this hazardous waste site could be exposed by drinking water
that contains small anounts of acrolein, by eating soil that contains
acrolein, or by getting soil on his or her skin.

You coul d be exposed to acrolein in many ot her ways that have not hing
to do with hazardous waste sites. Acrolein can be formed by the breakdown
of many pollutants found in outdoor air. Burning tobacco and other plants
forms acrolein, and you breathe acrol ein when you snoke tobacco or are near
someone who i s snoking. You al so breathe acrol ein when you are near
aut onobi | es, because burning gasoline forms acrolein, which enters the air.
If you live near an oil or coal power plant, you breathe small anounts of
acrolein. Acrolein is formed when fats are heated. Small anounts of
acrolein may al so be found in foods such as fried foods, cooking oils, and
roasted coffee. You could breathe acrolein if you work in an industry that
uses acrolein to nake other chem cals.

There is very little information on the |levels of acrolein that are
usually in outside air, but they are probably | ow However, in severa
large cities acrolein has been neasured at levels of 9 parts acrolein in one
billion parts air (9 ppb). The levels in inside air can be nuch higher if
you snoke tobacco. For exanple, in a car with three people snoking and the
wi ndows cl osed, you could breathe in 300 ppb.

Acrol ein has not been found in drinking water and is not comonly
found in surface waters such as | akes and streans. The background | evel s of
acrolein in these waters or in soil are not known. Although we know
acrolein is in certain foods, the anbunt that is in the foods that you eat
i s not known.

Pl ease refer to Chapter 5 for nore information on how you m ght be
exposed to acrolein.

1.3 HOW CAN ACROLEI N ENTER AND LEAVE WY BODY?

If you breathed acrolein, nost of it would enter your body within
mnutes. If you swallowed acrolein or spilled it on your skin, sone of it
woul d probably enter your body, but we do not know how nmuch or how fast.
Once in your body, acrolein changes into other chem cals called nmetabolites.
This probably occurs within m nutes or hours. Some of these netabolites
| eave your body in your urine. It is not known how |l ong this takes. For
further informati on on how acrolein can enter and | eave your body, see
Chapter 2.
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1.4 HOW CAN ACROLEI N AFFECT MY HEALTH?

How a chenical affects your health depends on how nmuch you are exposed
to and for how long. As the level and length of your exposure increase,
the effects are likely to becone nore severe. If you breathed | ow | evel s of
acrolein for a short tinme, your eyes mght water and your nose and throat
m ght becone sore. These effects disappear within mnutes after the
exposure stops. However, if you were exposed to higher levels, your |ungs
m ght be affected nore severely and for a longer tine. Breathing very high
| evel s of acrolein nmight affect your lungs so severely that you m ght die.
We do not know if eating food or drinking water containing acrolein affects
your health. No one knows if breathing or eating acrolein or spilling it on
your skin causes birth defects, affects fertility, or causes cancer. For
further information on the health effects of acrolein in aninmals and humans,
see Chapter 2.

1.5 WHAT LEVELS OF EXPOSURE HAVE RESULTED | N HARMFUL HEALTH EFFECTS?

The levels of acrolein in air, drinking water, and food associ ated
wi th known hunan and ani nal health effects other than cancer are summari zed
in Tables | -1 through I-4. As shown in Table I-1, acrolein irritates your
eyes, nose and throat as the exposure | evel increases fromO0.17 parts
acrolein in one mllion parts air (0.17 ppm= 170 ppb) to 0.43 ppm As
shown in Table |I-2, exposure to higher levels of acrolein can cause death in
animals. |If the animal does not die, severe changes in the lungs and | ower
airways will occur. Lung effects also occur in aninmals exposed to | ow
| evel s of acrolein. You can snell acrolein at |evels above 0.16 ppm So,
you woul d probably smell acrolein and notice eye, nose, and throat
irritation before it harms your lungs. Mninal R sk Levels (MRLs) are al so
included in Tables I-1 and |-3. These MRLs were derived from human and
ani mal data for both short-term and | ong-term exposure, as described in
Chapter 2 and in Tables 2-1 and 2-2. The MRLs provide a basis for
conparison to | evels that people night encounter in air or in food or
drinking water. If a person is exposed to acrolein at an ampunt bel ow t he
MRL, it is not expected that harnful (noncancer) health effects will occur
Since these levels are based on information currently available, there is
al ways sonme uncertainty associated with them Also, since the nmethod for
deriving MRLs does not use any information about cancer, an MRL does not
i mply anythi ng about the presence, absence, or levels of risk of cancer.
Tables |-3 and | -4 show how little we know about how acrolein in water or
food affects your health. Further information on |evels of acrolein
associated with effects is in Chapter 2.

1.6 IS THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPCOSED TO
ACROLEI N?

We know of no test to determ ne whether you have been exposed to
acrolein. For nore detailed information, see Chapters 2 and 6.
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Human Health Effects from Breathing Acrolein*

Short-term Exposure

(less than or equal to 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects**
0.00005 Minimal Risk Level (see
Section 1.5 for discussion).
0.17 40 minutes Eye irritation.
0.26 40 minutes Nose irritation.
0.43 40 minutes Throat irritation.
Long-term Exposure
(greater than 14 days)
Levels in Air (ppm) Length of Exposure Description of Effects
0.000009 Minimal Risk Level (based on

animal studies; see Section
1.5 for discussion).

The health effects of long-
term exposure of humans
to air containing specific
levels of acrolein are not
known.

*See Section 1.2 for a discussion of exposures encountered in daily life.
**These effects are listed at the lowest level at which they were first

observed.

They may also be seen at higher levels.
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TABLE 1-2. Animal Health Effects from Breathing Acrolein

Short-term Exposure
(less than or equal to 14 days)

Levels in_Air (ppm) Length of Exposure Description of Effects*

0.1 5 days Increased risk of infec-
tion in mice.

1.7 5 days Changes in the appearance
of the lower airway in
mice.

3.7 9 days Death in monkeys.

4.0 10 days Death in male rats.

Long-term Exposure
(greater than 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects¥*

0.4 13 weeks Changes in the appearance
of the upper airway in
rats.

0.7 6 weeks Changes in the lungs of
guinea pigs.

0.7 6 weeks Changes in the lungs of
monkeys.

4.0 9 weeks Severe changes in the

lower airway of rats.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.
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TABLE 1-3. Human Health Effects from Eating or Drinking Acrolein*

Short-term Exposure
(less than or equal to 14 days)

Levels in Food Length of Exposure Description of Effects
The health effects of
short-term exposure of
humans to food
containing acrolein
are not known.

Levels in Water The health effects of
short-term exposure of
humans to water
containing acrolein are
not known.

Long-term Exposure
(greater than 14 days)

Levels in Food Length of Exposure Description of Effects
The health effects of long-
term exposure of humans
to food containing
acrolein are not known.

levels in Water (ppm)
0.02 Minimal Risk Level (based

on animal studies; see
Section 1.5 for
discussion).

*See Section 1.2 for a discussion of exposures encountered in daily life.
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TABLE 1-4. Animal Health Effects from Eating or Drinking Acrolein

Short-term Exposure
(less than or equal to 14 days)

Levels in Food Length of Exposure Description of Effects*
The health effects of
short-term exposure of
animals to food
containing acrolein are
not known.

Levels in Water (ppm)

80 3 days Death in rats.

9 13 days Miscarriages in rabbits.
36 13 days Stomach ulcers in rabbits.
72 13 days Birth defects in rats.

Long-term Exposure
(greater than 14 days)

Levels in Food Length of Exposure Description of Effects
The health effects of
long-term exposure of
animals to food
containing acrolein are
not known.

Levels in Water (ppm)

4 24 months Decreased number of blood
cells in rats.
24 18 months Death in mice.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.
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1.7 WHAT RECOMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN
HEALTH?

The Environnental Protection Agency (EPA) recommends that the |evel of
acrolein in |lakes and streans be limted to 0.32 parts of acrolein per
mllion parts of water for the prevention of possible human health effects
fromdrinking water or eating fish or shellfish contam nated with acrolein.
The EPA has restricted the use of all pesticides containing acrol ein and has
also identified acrolein as a toxic waste. The EPA requires that conpanies
that nake, transport, treat, store, or dispose of acrolein conply with the
regul ations of a federal hazardous waste nmanagenment program The EPA has
al so proposed standards that linit the amobunt of acrolein put into publicly
owned wastewater treatnent plants. EPA requires that releases or spills of
1 pound or nore be reported to the National Response Center. The Food and
Drug Administration (FDA) has determined that |levels of acrolein used to
prepare nodified food starch nust not be nore than 0.6%

The Cccupational Safety and Health Administration (OSHA) has set a
limt of 0.1 ppmacrolein in workroomair to protect workers during an
8- hour shift over a 40-hour workweek. The National Institute for
Cccupational Safety and Health (N OSH) recomends that the concentration in
workroomair be limted to 0.1 ppm averaged over an 8-hour shift.

1.8 WHERE CAN | CGET MORE | NFORMATI ON?

If you have any nore questions or concerns not covered here, please
contact your State Health or Environnmental Departnent or:

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

1600 difton Road, E-29

Atl anta, Georgia 30333

Thi s agency can al so give you infornation on the |ocation of the
near est occupational and environnmental health clinics. Such clinics
specialize in the recognizing, evaluating, and treating ill nesses that
result from exposure to hazardous substances.



2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

This chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
acrolein. Its purpose is to present |evels of significant exposure for
acrol ei n based on toxicol ogi cal studies, epidem ol ogical investigations,
and environnmental exposure data. This information is presented to provide
public health officials, physicians, toxicologists, and other interested
i ndividuals and groups with (1) an overall perspective of the toxicology of
acrolein and (2) a depiction of significant exposure |levels associated with
vari ous adverse health effects.

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 data in this section are
organi zed first by route of exposure--inhalation, oral, and dernal--and
then by health effect--death, system c, inmunol ogical, neurol ogical,
devel oprnental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods--acute, internediate,
and chronic.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in figures.
The points in the figures show ng no-observed-adverse-effect |evels (NOAELS)
or | owest-observed-adverse-effect |evels (LOAELs) reflect the actual doses
(level s of exposure) used in the studies. LOAELs have been classified into
"l ess serious" or "serious" effects. These distinctions are intended to
hel p the users of the docunent identify the |evels of exposure at which
adverse health effects start to appear, determ ne whether or not the
intensity of the effects varies with dose and/or duration, and place into
perspective the possible significance of these effects to human heal th.

The significance of the exposure | evels shown on the tables and graphs
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to devel op such
di sease may be interested in |levels of exposure associated with "serious”
effects. Public health officials and project managers concerned with
response actions at Superfund sites nmay want information on |evels of
exposure associated with nore subtle effects in humans or aninmals (LOAEL) or
exposure | evels bel ow which no adverse effects (NOAEL) have been observed.

Esti mates of levels posing minimal risk to humans (minimal risk
| evel s, MRLs) are of interest to health professionals and citizens alike.
Esti mates of exposure |l evels posing mnimal risk to humans (MRLs) have
been made, where data were believed reliable, for the nost sensitive
noncancer end point for each exposure duration. MRLs include adjustnents to
reflect human variability and, where appropriate, the uncertainty of
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extrapolating fromlaboratory aninal data to humans. Al though nethods have
been established to derive these levels (Barnes et al. 1987; EPA 1989),
uncertainties are associated with the techniques. Furthernore, ATSDR

acknowl edges additional uncertainties inherent in the application of these
procedures to derive less than |ifetinme MRLs. As an exanple, acute

i nhal ati on MRLs may not be protective for health effects that are delayed in
devel opnent or are acquired followi ng repeated acute insults, such as
hypersensitivity reactions, asthma, or chronic bronchitis. As these kinds

of health effects data becone avail abl e and nethods to assess | evel s of
significant human exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

The only available information regarding |ethal effects in humans after
i nhal ati on exposure to acrolein was provided by Gosselin et al. (1979), who
descri bed a case of a 4-year-old boy exposed to snoke containing acrol ein
froman overheated fryer for 2 hours; the boy's 2-year-old brother also died;
however, no details were reported. After 24 hours, death occurred by
asphyxi a. The autopsy reveal ed nassive cellul ar desquanmati on of the
bronchial |ining and niscell aneous debris in the bronchial |unen. Al so,
mul tiple pul monary infarcts were observed. The information provided by this
case report nust be considered qualitative only, since snoke conponents
other than acrolein may have contributed to the pathol ogy.

Exposure of rats to concentrations of acrolein in the air higher than
7 ppm for short periods of tine (<l hour) caused death in approxinately |-11
days (Ballantyne et al. 1989; Catilina et al. 1966; Crane et al. 1986; Skog
1950). In all cases, death was attributed to severe effects on the
respiratory tract including obstruction of trachea and bronchi, and
pul ronary edema and henorrhage. A single exposure to a | ow concentration of
acrol ein and repeated exposures to |ower concentrations (3-4 ppn) caused
death in rats and nonkeys before the 10th day of exposure (Carpenter et al.
1949; Kutzman et al. 1984, 1985; Lyon et al. 1970). The cause of death was
not reported for the rats, but in nonkeys it was attributed to respiratory
congestion. The data in experinmental animals clearly indicate that the
respiratory systemis a primary target of acrol ein exposure follow ng
i nhal ati on and show an inverse rel ationshi p between the exposure
concentration and the tinme it takes for death to occur after acute duration
exposures. Furthermore, the information provided by ani mal data regarding
cause of death is in good agreenent with observations nade in humans after
acci dental exposure (Chanpeix et al. 1966; CGosselin et al. 1979). Reliable
values for lethality in experinmental aninmals after inhalation exposure to
acrolein are presented in Table 2-1 and Figure 2-1.



TABLE 2-1.

Levels of Significant Exposure to Acrolein - Inhalation

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
ACUTE EXPOSURE
Death
1 Rat 1d 130 (LCgqp) Skog 1950
30 min/d
2 Rat 62 d 1.4 4.0° Kutzman et at.
5 d/wk 1985
6 hr/d
3 Rat 1d 8 Carpenter
4 h/d et al. 1949
4 Rat id 327 (LCgq) Catilina et al.
10 min/d 1966
5 Monkey 6 wk 0.7 3.7 Lyon et al.
5 d/wk 1970
8 hr/d
Systemic
6 Human 1d Derm/Oc 0.175'c (eye irrit) Weber-Tschopp
40 min/d Resp 0.26 (nose irrit) et al. 1977
Resp 0.43° (throat irrit)
7 Human 1d Derm/Oc 0.81 (eye irrit) 1.22 (eye irrit) Sim and Pattle
5-10 min 1957
8 Human 1d Resp 0.3 (decr resp rate) Weber-Tschopp
1 hr/d Derm/Oc 0.3 (eye irrit) et al. 1977
9 Rat 5d Hepatic 4.0 (decr rel wt) Murphy et al.
4 hr/d Other 4.0 (decr body wt) 1964
10 Rat 1d Resp 327 (epithelial Catitina et al.
10 min/d destruction) 1966
11 Rat 9 d Hepatic 3.9 (decr rel wt) Murphy et al.
4 hr/d 1964

'
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TABLE 2-1 (Continucd)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Systemic
12 Rat 1d Resp 12 (resp irrit) Murphy et al.
4 hr/d 1964
13 Rat 1d Resp 130 (lung hemorrhage) Skog 1950
30 min/d Derm/0Oc 130 (sev irrit)
14 Rat 20-81 hr Hepatic 1.0 2.19 (incr wt) Murphy et al.
1964
15 Mouse 1d Resp 2.9 (RDg5q) Nielsen et al.
30 min/d 1984
16 Mouse 1d Resp 1.41 (RDgq) Steinhagen and
10 min/d Barrow 1984
17 Mouse 5d Resp 1.7% (RDgq) Buckley et al.
6 hr/d 1984
18 Mouse 1d Resp 1.03 (RDSO) Steinhagen and
10 min/d Barrow 1984
19 Mouse 4 d Resp 1.7 (RDgq? Kane and Alarie
3 hr/d 1977
20 Gn pig 1d Resp 0.6 Murphy et al.
2 hr/d 1963
21 Gn Pig 1d Resp 17 (decr resp rate) Davis et al.
60_ min/d 1967
Immunological
22 Mouse 5d 0.12 (decr resistance) Aranyi et al.
3 hr/d 1986
23 Mouse 1d 3 (decr resistance) Astry and Jakab
8 hr/d 1983

4
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TABLE 2-1 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
INTERMEDIATE EXPOSURE
Death
24 Rat 90 d 1.8 Lyon et al.
7 d/wk 1970
24 hr/d
25 Mouse 5 wk 44 Watanabe and
1 hr/d Aviado 1974
26 Gn Pig 6 wk 3.7 Lyon et al. 1970
5 d/wk
8 hr/d
27 Hamster 13 wk 4.9 Feron et al.
5 d/wk 1978
6 hr/d
28 Monkey 90 d 1.8 Lyon et al. 1970
7 d/wk
24 hr/d
Systemic
29 Rat 13 wk Resp O.Ioa'd (metaplasia) 4.9 (lung hemorrhage) Feron et al.
5 d/wk Cardio 1.4 4.9 (incr hrt wt) 1978
6 hr/d Hemato 4.9
Renal 4.9 (incr kdy wt)
30 Rat 6 wk Resp 0.7 (lung inflammation) Lyon et al. 1970
5 d/wk Renal 3.7
8 hr/d Derm/Oc 3.7
Other 3.7 (decr bw gain)
31 Rat 3 wk Resp 3.0 (epithelial teach et al.
5 d/wk dysplasia) 1987
6 hr/d Other 3.0 (decr bw gain)

"

SIDEAAT HITVIH

€l



TABLE 2-1 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Systemic
32 Rat 62 d Resp 0.4 (inflammation) 4.09 (squamous metaplasia) Kutzman et al.
5 d/wk Cardio 1.4 4.0 (incr heart wt) 1984
6 hr/d Hepatic 1.4 4.0 (incr liver wt)
Other 4.0 (decr bw gain)
33 Rat >60<180d Resp 0.55 (incr lung wt) Bouley et al.
7 d/wk Other 0.55 (decr bw gain) 1975
24 hr/d
34 Rat 62 d Resp 1.4 (lung hyperplasia) 4.0 (lung edema and decr func) Costa et al.
5 d/wk Other 4.0 (decr bw gain) 1986
6 hr/d
35 Rat 62 d Resp 1.4 (bronchiolar 4.0 (bromchiolar necrosis) Kutzman et al.
5 d/wk inflammation) 1985
6 hr/d Cardio 4.0 (incr heart wt)
Renal 4.0 (incr kdy wt)
Other 4.0 (decr bw gain)
36 Gn Pig 90 d Resp 0.22 1.0 (lung inflammation) Lyon et al. 1970
7 d/wk Cardio 1.8
24 hr/d Hepatic 0.22 1.0 (liver inflammation)
37 Gn Pig 6 wk Resp 0.72 (lung inflammation) Lyon et al. 1970
5 d/wk Hemato 3.7
8 hr/d Renal 3.7
Derm/0Oc 3.7
Other 3.7
38 Hamster 13 wk Resp 0.4 1.6 (epithelial 4.9 (tracheal metaplasia) Feron et al.
inflammation) 1978
5 d/wk Cardio 1.4 4.9 (incr hrt wt)
6 hr/d Hemato 4.9 (incr PCV)
Hepatic 4.9
Renal 1.4 4.9 (incr kdy wt)
berm/Oc 4.9 (sens irrit)
Other 1.4 4.9 (decr bw gain)

'z
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TABLE 2-1 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Systemic
39 Monkey 6 wk Resp 0.72 (lung inflammation) 3.7 (lung hemorrhage) Lyon et al. 1970
5 d/wk Hemato 3.7
8 hr/d Hepatic 3.7
Renal 3.7
Derm/Oc 0.7 3.7 (eye irrit)
Other 3.7 (decr bw gain)
40 Monkey 90 d Resp 1.8 (tracheal hyperplasia) Lyon et al. 1970
7 d/wk Cardio 1.8
24 hr/d Derm/Oc 1.0 (eye irrit) 1.8 (sev eye irrit)
Other 1.8
Immunological
41 Rat 3wk 3.0 Sherwood et al.
5 d/wk 1986
6 hr/d
42 Rat 3 wk 3.0 Leach et al.
5 d/wk 1987
6 hr/d
Neurological
43 Rat 62 d 4.0 (incr brain wt) Kutzman et al.
5 d/wk 1984
6 hr/d
44 Rat 90 d 1.8 Lyon et at. 1970
7 d/wk
24 hr/d
45 Gn Pig 90 d 1.8 Lyon et al. 1970
7 d/wk
24 hr/d
46 Hamster 13 wk 4.9 Feron et al.
5 d/wk 1978

6 hr/d

"
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TABLE 2-1 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Duration Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Neurological
47 Monkey 90 d 1.8 Lyon et al. 1970
7 d/wk
24 hr/d
Reproductive
48 Rat >60<180d 0.55 Bouley et al.
7 d/wk 1975
24 hr/d
CHRONIC EXPOSURE
Death
49 Hamster 52 wk 4 Feron and
5 d/wk Kruysse 1977
7 hr/d
Systemic
50 Rat 10-18 mo Resp 8 (hyperplasia) Le Bouffant
7 d/wk Other 8 et al. 1980
1 hr/d
51 Hamster 52 wk Resp 4 (epithelial metaplasia) Feron and
S d/wk Other 4 (decr bw gain) Kruysse 1977
7 hr/d

Ipresented in Table 1-2.

resented in Table 1-1.
Cused to derive an acute inhalation MRL of 0.00005 ppm, which is presented in Table 1-1; dose adjusted for intermittent exposure and
glijvided by an uncertainty factor of 100 (10 for human variability and 10 for use of a LOAEL).

sed to derive an intermediate inhalation MRL of 0.000009 ppm, which is presented in Table 1-1; dose adjusted for intermittent
exposure and divided by an uncertainty factor of 1000 (10 for extrapolation from animals to humans, 10 for human variability, and 10
for use of a LOAEL).

bw = body weight; Cardio = cardiovascular; d = day; decr = decreased; Derm/Oc = dermal/ocular; func = function; Gn Pig = guinea pig;
Hemato = hematological; his = histology; hr = hour; hrt = heart; incr = increased; irrit = irritation; kdy = kidrey;
LCen = concentration in the air that caused death to 50% of the animals; mo = month; PCV = packed cell volume; RDgq = concentration in
the air that caused 50% reduction in respiratory rate; rel = relative; Resp = respiratory; sens = sensory; sev = severe; wk = week;
Wt = weight.
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2. HEALTH EFFECTS

2.2.1.2 Systemic Effects

No studi es were | ocated regardi ng cardi ovascul ar, gastrointestinal,
hemat ol ogi cal , muscul oskel etal, hepatic, or renal effects in humans after
i nhal ati on exposure to acrolein.

Respiratory Effects. Chanpeix et al. (1966) reported that a 36-year old
mal e was accidentally exposed to acrolein vapors in the workpl ace
(duration of exposure was not reported, but is presuned to be less than 1
day). The nobst rel evant signs and synptons noticed were high fever,
dyspnea, coughi ng, foany expectoration, cyanosis, and pul nonary edena.
Ei ghteen nonths after the exposure, the chronic pneunopathy, bronchitis, and
enphysema persisted. Sinmlar respiratory effects were observed by Bauer
et al. (1977) on a 21-year-old nale exposed to snobke from an overheated pan
for 6 hours. It was assuned that acrolein was the nmain conponent of the
snoke, although other conponents nay have contributed to the synptons.

In a study conducted with volunteers, a 20% decrease in respiratory
rate was seen after an acute exposure to a |lowlevel concentration of
acrolein; throat irritation occurred after 10 m nutes (Weber-Tschopp et al
1977). In the sanme study, the concentration of acrolein in the air was
gradually increased fromO to 0.6 ppmduring 35 nminutes and was kept at that
| evel for an additional 5 mnutes. In this case, there was a 25% decr ease
in respiratory rate at 0.6 ppm and throat irritation was noticed at 0.43
ppm The significance of the decrease in respiratory rate is not clear, but
in animals; particularly rodents, it is considered to represent a reflex
response to protect the respiratory tract fromtoxicants (Alarie 1973). In
the case reported by CGosselin et al. (1979), death was presunably caused by
i nhal ati on of acrolein froman overheated fryer. Cellular desquamation of
the bronchial Iining and m scell aneous debris in the bronchial |unmen were
observed.

Several studies reported acute effects of acrolein in experinental
animals; generally, the results confirminformation provided by the
lethality studies that acrolein is a highly selective respiratory toxicant.
Exposure of rodents to |l ow concentrations of acrolein for several m nutes
i nduced a reflex decrease in respiratory rate by activation of the sensory
nerve endings in the nasal nucosa (Alarie 1973; Davis et al. 1967; Kane and
Alarie 1977; Nielsen et al. 1984; Steinhagen and Barrow 1984). In all
speci es exam ned (nice, rats, guinea pigs, hansters, and dogs), exposure to
concentrations of 1.7 ppmor nore induced noderate to severe histol ogical
alterations of the respiratory epithelium (Buckley et al. 1984; Catilina et
el . 1966; Dahlgren et al. 1972; Feron et al. 1978; Hales et al. 1988;

Kil burn and Mackenzie 1978; Murphy et al, 1964; Skog 1950). In addition,
|l ow | evel s of exposure to 0.1-2.5 ppm caused biochenical alterations in the
nasal respiratory nmucosa of rats, but the toxicological significance of this
finding is unclear (Lamet al. 1985). Bronchial responsiveness, assessed by
changes in pul nobnary resistance, was increased in guinea pigs exposed to
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0.3-1.3 ppmacrolein for 2 hours (Lei kauf et al. 1989). This increase,
however, was not acconpani ed by a sinultaneous increase in neutrophi
infiltration, which the authors took to suggest that cells other than
neutrophils are responsible for the increase in bronchial responsiveness.

Studi es regarding respiratory effects after internmedi ate duration
exposure of humans to acrolein were not |ocated in the avail able
l[iterature. In experinmental animals, histological alterations in the
respiratory tract appear to be common. Repeated exposures to acrolein
concentrations between 0.2 and 5.0 ppmfor up to 180 days caused noderate to
severe epithelial damage in the bronchi and lungs of rats (Costa et al.
1986; Kutzman et al. 1984, 1985; Lyon et al. 1970), nobnkeys, guinea pigs,
and dogs (Lyon et al. 1970), and rabbits and hansters (Feron et al. 1978).
In general, as indicated in Table 2-1 and Figure 2-1, the severity of the
effects increased as the concentration of acrolein increased. An
internmediate MRL was derived fromthe | ess serious LOAEL identified in the
Feron et al. (1978) study.

Studi es regarding the respiratory effects of chronic exposure to
acrolein in humans were not located in the literature. In the chronic
exposure study in rats (Le Bouffant et al. 1980), occasional enphysemnatous
areas were seen in the alveoli after 18 nonths of exposure to 8 ppm
acrol ein; however, the aninals were only exposed to acrol ein vapors for
1 hour/day, 7 days/week. Hanmsters exposed to 4.0 ppm acrol ein 7 hours/day,
5 days/week for 52 weeks devel oped inflammation and epithelial metaplasia in
the nasal cavity, with a few aninmals exhibiting exudation in the |unen
(Feron and Kruysse 1977). Approxi mtely 20% of the animals killed at week
81, after a recovery period of about 6 nonths, still showed treatnent-

8 , related effects in the nasal cavity.

The overall evidence from acute, internedi ate, and chronic duration
studies in experinmental aninmals indicates that the respiratory systemis a
target for acrolein. These results agree with the clinical picture observed
in a case of accidental human exposure to acrolein, in which the respiratory
effects were preval ent and persisted for several nonths after exposure
(Chanpei x et al. 1966). Furthernore, fromthe animal data avail able, no
speci es appears to be especially sensitive to acrolein since simlar
effects were seen in all species tested with conparable acrolein
concentrations. The hi ghest NOAEL values and all reliable LOAEL val ues for
respiratory effects in each species and duration category are recorded in
Table 2-1 and plotted in Figure 2-1.

Cardi ovascul ar Effects. As previously indicated, studies regarding

cardi ovascul ar effects in humans after intentional inhalation exposure to
acrolein were not located in the literature. No cardi ovascul ar effects we
observed in a case of accidental exposure to acrolein vapors (the
concentration of acrolein or the duration of exposure was not reported)
(Chanpei x et al. 1966).
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In experinmental aninmals, the cardi ovascul ar system does not appear to
be a target for acrolein. Nonspecific inflamatory | esions in the heart
were reported in rats, dogs, nonkeys, and guinea pigs after internediate
duration exposure to simlar concentrations of acrolein (Lyon et al. 1970).
Al so, an increase in relative heart wei ght was observed in hansters and rats
exposed to 4.9 ppmof acrolein (Feron et al. 1978).

Gastrointestinal Effects. No studies were | ocated regarding
gastrointestinal effects in aninals or humans after inhal ati on exposure to
acrol ein.

Hemat ol ogi cal Effects. As previously nentioned, no studies regarding
hemat ol ogi cal effects in humans after inhal ati on exposure to acrolein were
located in the literature. No remarkabl e hematol ogical alterations were
described in a case of accidental exposure to acrol ein vapors (Chanpeix et
al . 1966).

The wei ght of evidence indicates that the hematol ogical systemis not
asensitive indicator of acrolein toxicity in laboratory animals. In general,
i ntermedi ate duration exposure had no adverse hematol ogical effects in rats,
gui nea pi gs, dogs, nale hansters, and nonkeys (Feron et al. 1978; Lyon
et al. 1970). Increased nunbers of erythrocytes, henogl obin, and
| ynphocytes were observed in fenmale hansters exposed at 4.9 ppm (Feron et
al . 1978). No acute or chronic studies were | ocated regardi ng hemat ol ogi cal
effects of acrolein. The highest NOAEL values and all reliable LOAEL val ues
for hematol ogical effects in each species and duration category are recorded
in Table 2-1 and plotted in Figure 2-1.

Muscul oskel etal Effects. No studies were |ocated regarding
muscul oskel etal effects in humans or aninmals after inhalation exposure to
acrol ei n.

Hepatic Effects. No studies regarding hepatic effects in humans after
i nhal ati on exposure to acrolein were located in the literature. No hepatic
alterations were described in a case of accidental exposure to acrolein
vapors (Chanpeix et al. 1966).

In general, the liver does not appear to be a target organ for acrolein
in experinmental aninals. Effects reported in rats after acute exposure to | ow
concentrations (4-8 ppm of acrolein consisted of increases in enzyne
activities and changes in |iver/body weight ratio; however, these changes
coul d represent adaptive responses (Mirphy 1965; Miurphy et al. 1964). One
report was found describing liver necrosis (mnute foci without a specific
pattern) in 3 of 9 rats after internediate duration exposure to 1.0 ppm
acrolein, but this effect was not noticed at a higher concentration (Lyon et
al. 1970). As seen in Table 2-1 and Figure 2-1, no adverse liver effects were
seen in hansters, rabbits, nonkeys, dogs, and gui nea pigs exposed to 4.9 ppm
acrolein or less. The highest NOAEL values and all reliable LOAEL
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val ues for hepatic effects in each species and duration category are
recorded in Table 2-1 and plotted in Figure 2-1.

Renal Effects. No studies regarding renal effects in humans after
i nhal ati on exposure to acrolein were located in the literature. A norma
urinalysis was reported in a case of accidental exposure to acrolein vapors
(Chanpei x et al. 1966).

Renal effects in guinea pigs, dogs, and nonkeys were described as
nonspecific (Lyon et al. 1970). An increase in anorphous material in the
urinary sedi ment was observed in rats, hansters, and rabbits after
i ntermedi at e-durati on exposure to 4.9 ppmacrolein (Feron et al. 1978).
However, without further characterization of the sedinent, the significance
of this finding is unclear. The overall evidence suggests that the kidney
is not a target for acrolein. The highest NOAEL val ues and all reliable
LOAEL values for renal effects in each species and duration category are
recorded in Table 2-1 and plotted in Figure 2-1.

Dermal / Ocul ar Effects. Volunteers had eye irritation after exposure to
0.6 ppmacrolein for 7.5 mnutes or to 0.17 ppmfor approximtely 1 hour
(Weber - Tschopp et al. 1977). Lacrimation occurred within 20 seconds in
i ndi vidual s exposed to 0.81 ppm and within 5 seconds at 1.22 ppm (Si mand
Pattl e 1957). Human data summari zed by Kane and Alarie (1977) show that
concentrations of acrolein between 0.5 and 5 ppm caused | acrimation and
vari ous degrees of eye irritation in exposure periods of 10 m nutes or |ess.
Rel i abl e LOAELs for dermal/ocul ar effects in hunans are presented in Table
2-1 and Figure 2-1. Data fromthe Wber-Tschopp et al. (1977) study were
used as a basis for an acute inhalation MRL.

The dermal /ocul ar effects observed in experinental animals are

qualitatively simlar to those described in humans. Concentrations of

acrol ein higher than 1.0 ppm (1.8-3.7 ppn) caused eye irritation in dogs and
nonkeys, but guinea pigs and rats appeared to be | ess sensitive, since 3.7
ppm had no noticeable effect (Lyon et al. 1970). No histol ogi cal eval uation
of the eye was conducted, but other reports indicate that ocul ar di scharges
are commonly seen (Murphy et al. 1964; Skog 1950). The hi ghest NOAEL val ues
and all reliable LOAEL val ues for dermal/ocular effects in each species and
duration category are recorded in Table 2-1 and plotted in Figure 2-1.

O her Systemic Effects. Data regarding other systemc effects in
hurmans after inhal ati on exposure to acrolein were not located in the
literature. Decreased body weights and increased adrenal weights after
acute exposures were reported in rats (Mirphy et al. 1964). In
i ntermedi ate duration studies, depressed body wei ght gains were reported in
rats, hansters, nonkeys, and rabbits (Bouley et al. 1975; Feron et al. 1978
Kutzman et al. 1985; Leach et al. 1987; Lyon et al. 1970). In the absence
of information regarding food intake, the significance of these findings is
uncl ear.
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2.2.1.3 I'mmunol ogi cal Effects

No studi es were | ocated regardi ng i munol ogi cal effects in humans
after inhalation exposure to acrol ein.

Short-term exposures to acrol ein reduced bactericidal activity of the
respiratory tract in experinental animals (Aranyi et al. 1986; Astry and
Jakab 1983; Bouley et al. 1975). It is conceivable, however, that this is
not a true immnol ogical effect but results fromthe destruction by acroleir
of the respiratory epitheliumand its inherent defense nmechanisns. The
i mmunotoxicity of acrolein after inhalation exposure was tested in rats
usi ng several immunoassays (Leach et al. 1987; Sharwood et al. 1986).
Negative results were obtained with exposures up to 3 ppmfor 3 weeks in
bot h studi es. The hi ghest NOAEL val ues and all reliable LOAEL val ues for
i mrunol ogi cal effects in each species and duration category are recorded in
Table 2-1 and plotted in Figure 2-1.

2.2.1.4 Neurol ogical Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
i nhal ati on exposure to acrol ein.

Concentrations of acrolein between 22 and 249 ppm for 10 m nutes
i nduced a dose-rel ated decrease in substance P and cal citonin gene-rel ated
peptide in nerve terminals innervating the trachea of rats (Springall et al.
1990). No change was seen in total nerve distribution and nunber or in
vasoactive intestinal peptide. Springall et al. (1990) indicate that
acrolein may induced rel ease of peptides that could play a role in the
physi ol ogi cal response to irritants.

In internmediate duration studies (Feron et al. 1978; Kutzman et al.
1984, 1985; Lyon et al. 1970), the neurol ogical effects identified consisted
of increases in the brain/body weight ratio and nonspecific inflammtory
responses in sections of the brain (it is not clear fromthe original papers
whet her sections refer to anatom cal areas or to histol ogical preparations).
These effects were noticed in rats, guinea pigs, dogs, and nonkeys at
compar abl e concentrations of acrolein. Based on the evidence available, it
does not appear that the nervous systemis a target for acrolein.

2.2.1.5 Devel opnental Effects

No studies were |ocated regarding devel opnental effects in humans or
animal s after inhal ati on exposure to acrol ein.

2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in hunmans after
i nhal ati on exposure to acrol ein.
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A single study was identified regarding the reproductive effects of
i nhal ed acrolein. Bouley et al. (1975) exposed nale and fermale rats to 0.55
ppm acrol ein continuously for 26 days and reported that exposure did not
af fect the nunber of pregnancies or the nunber and wei ghts of the fetuses.
Al t hough Boul ey et al. (1975) exam ned the nost rel evant indices and an
adequat e nunber of animals were tested, the use of only one dose |evel
di mi ni shes the inpact of the reproductive assessnent derived fromthis
st udy.

2.2.1.7 CGenotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans or
animal s after inhal ati on exposure to acrol ein.
2.2.1.8 Cancer

No studies were | ocated regardi ng carcinogenic effects in hunans after
i nhal ati on exposure to acrolein.

Only two studies in animals were | ocated that exam ned the carcinogenic
potential of acrolein after inhalation exposure. Feron and Kruysse
(1977) exposed hanmsters to a single acrolein concentration of 4.0 ppmfor 7
hour s/ day, 5 days/week for 52 weeks and found no evidence of respiratory
tract tunors or tunors in other tissues and organs. However, this study is
consi dered to be of too short duration to determ ne carcinogenicity. Le
Bouffant et al. (1980) exposed rats for 10-18 nonths to 8 ppmacrolein for 1
hour/day, 7 days/week and reported no evidence of tunors in the respiratory
tract or in other tissues and organs.

2.2.2 Oral Exposure
2.2.2.1 Death

No studies were located regarding lethality in hunans after oral
exposure to acrol ein.

The oral LDs, for rats was reported as 46 ng/ kg, with a range of

39-56 ng/ kg (Snyth et al. 1951). However, a single oral dose of |0-25 ng/kg
inrats was lethal to over 40% of the aninmals (Dram nski et al. 1983; Sakata
et al. 1989; Sprince et al. 1979). Loss of reflexes occurred after 3 hours,
and increased | ethargy gradually led to death. Mst of the animals died 3-8
hours after dosing (Sprince et al. 1979). Furthernore, increased naternal
nortality was observed in rats treated with 10 ng/kg/d and in rabbits
treated with 4 ng/kg/d during gestational days 7-19 (Hoberman 1987; King
1982). In contrast, no increase in deaths was observed in a two-generation
reproductive study, in which rats were treated by gavage with 7.2 ng/kg/d
(King 1984). Simlarly, the overall survival rate was not affected in rats
chronically exposed to 2.5 ng/kg/d and in dogs exposed to 2 ng/kg/d (Long
1987; Long and Johnson 1988). Decreased survival was, however, reported in
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male mice chronically treated with 4.5 ng/kg/d acrol ein by gavage (Long and
Johnson 1989). Chronic exposure of rats to 36 ng/kg/d or less of acrolein
via the drinking water did not affect nortality (Lijinsky and Reuber 1987).
Fromthese linited data, presented in Table 2-2 and Figure 2-2, it appears
that acrolein is nore lethal if adm nistered via gavage than via drinking
water. This is probably the result of the dose being adm nistered all at
once rather than throughout the day. although intubation errors or
aspiration of the injected bolus cannot be ruled out. Another factor that
must be considered is the stability of acrolein in drinking water.

2.2.2.2 Systemc Effects

No studies were |located regarding respiratory, cardiovascul ar,
gastroi ntestinal, hematol ogical, nuscul oskeletal, hepatic, renal, and
dermal / ocul ar effects in hunans after oral exposure to acrol ein. However,
studies were | ocated regardi ng these endpoints in several species of
ani mal s. The hi ghest NOAEL val ues and all reliable LOAEL val ues for
systenic effects in each species and duration category are recorded in Table
2-2 and plotted in Figure 2-2.

Respiratory Effects. No hi stopathol ogi cal changes were observed in the
respiratory systens of rats after internediate-duration exposure to
7.2 ng/kg/d (King 1984). Simlarly, no changes were observed during
hi st opat hol ogi cal exani nation of respiratory tract tissues fromrats (Long
and Johnson 1988), mice (Long and Johnson 1989), or dogs (Long 1987)
chronically exposed to 2.5, 4.5, or 2 ng/kg/d, respectively.

Car di ovascul ar Effects. Histopathol ogi cal exam nation of the
cardi ovascul ar systemreveal ed no effects after internedi ate-duration
exposure to acrolein in rats or after chronic exposure in rats (Long and
Johnson 1988), mce (Long and Johnson 1989), or dogs (Long 1987).

Gastrointestinal Effects. Rats adm nistered a single gavage dose of 25
ng/ kg of acrolein in saline showed severe gastrointestinal effects that
i ncluded rmultifocal ulceration of the forestomach and gl andul ar st omach
48 hours after dosing. The areas of ulceration showed severe inflammtion
focal henorrhage, and edema (Sakata et al. 1989). Gastric nucosa
ul cerations were al so observed in rabbits exposed to 4 ng/kg/d during
gestational days 7-19 (Hoberman 1987). Simlar findings were reported in
rats after an internedi ate-duration exposure to 5.4 ng/kg/d (King 1984). No
significant gastrointestinal effects of acrolein exposure, however, were
reported in rats (Long and Johnson 1988), mice (Long and Johnson 1989), or
dogs (Long 1987) after chronic dosing with 2.5, 4.5, or 2 ng/kg/d,
respectively.

Hemat ol ogi cal Effects. No hematol ogi cal effects were observed in rats
after internedi ate-duration exposure to 7.2 ng/kg/d acrolein (King 1984). In
contrast, hematocrit values were decreased in rats exposed to 0.05
ng/ kg/ d acrolein or nore for 6 nonths (Long and Johnson 1988). The val ues



TABLE 2-2. Levels of Significant Exposure to Acrolein - Oral

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species  Route Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/d) (mg/kg/d) (mg/kg/d)
ACUTE EXPOSURE
Death
1 Rat (G) Gd 7-19 6 10 (14740 died) King 1982
1x/d
2 Rat (W) ND 46 (LDSO) Smyth et al.
1951
3 Rat (G) 1x 11.2° Sprince et al.
1979
4 Rat (G) 1x 25 Sakata et al.
1989
5 Rabbi t (G) Gd 7-19 2 4 Hoberman 1987
1x/d
Systemic
6 Rat (G) 1x Gastro 25 (stomach ulceration) Sakata et al.
1989
7 Rat (G) Gd 7-19 Other 3.6 6 (decreased body King 1982
1x/d wt gain)
8 Rabbi t (G) Gd 7-19 Gastro 2 4b (gastric ulceration) Hoberman 1987
1x/d Other 0.5 (decreased body
Wt gain)
Developmental
9 Rat (G) Gd 7-19 ) 10¢ (decreased litter wt, King 1982
1x/d increased skeletal
anomalies)
10 Rabbi t (G) Gd 7-19 0.5 1 (fetal resorptions) Hoberman 1987

1x/d
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TABLE 2-2 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species Route Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/d) (mg/kg/d) (mg/kg/d)
Reproductive
1 Rat (G) Gd 7-19 10 King 1982
1x/d
12 Rabbit (G) Gd 7-19 0.5 1d (fetal resorptions) Hoberman 1987
ix/d
INTERMEDIATE EXPOSURE
Death
13 Rat (G) 115 d 7.2 King 1984
1x/d
Systemic
14 Rat (G) 115 d Resp 7.2 King 1984
1x/d Cardio 7.2
Gastro 4 5.4 (stomach
ulcerations)
Hemato 7.2
Musc/skel 7.2
Hepatic 7.2
Renal 7.2
Derm/Oc 7.2
Other 5.4 7.2 (decreased body
wt in F
generation)
Reproductive
15 Rat €)) 15 d 7.2 King 1984
1x/d
CHRONIC EXPOSURE
Death
16 Rat ()] 104-124 wk 36 Lijinsky and
5 d/wk Reuber 1987
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TABLE 2-2 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species  Route Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/d) (mg/kg/d) (mg/kg/d)
Death
17 Rat (G) 24 mo 2.5 Long and
7d/wk Johnson 1988
1x/d
18 Mouse (G) i8 mo 2.0 4.5 Long and
7d/wk Johnson 1989
1x/d
19 Dog (C) 12 mo 2.0 Long 1987
7d/wk
1x/d
Systemic
20 Rat (G) 24 mo Resp 2.5 Long and
7d/wk Cardio 2.5 Johnson 1988
1x/d Gastro 2.5
Hemato 0.05f 0.59 (decreased
monocytes
in females)
Musc/skel 2.5
Hepatic 2.5
Renal 2.5
Derm/Oc 2.5
Other 2.5
21 Mouse (G) 18 mo Resp 4.5 Long and
7d/wk Cardio 4.5 Johnson 1989
1x/d Gastro 4.5
Hemato 4.5
Musc/skel 4.5
Hepatic 4.5
Renal 4.5
Derm/Oc 4.5
Other 0.5 2.0 (decreased body

Wt gain)
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TABLE 2-2 (Continued)

Exposure
Figure Frequency/ LOAEL (Effect)
Key Species  Route Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/d) (mg/kg/d) (mg/kg/d)
22 Dog (C) 12 mo Resp 2.0 Long 1987
7d/wk Cardio 2.0
1x/d Gastro 2.0
Hemato 2.0
Musc/skel 2.0
Hepatic 2.0
Renal 2.0
Derm/Oc 2.0
Other 2.0
Reproductive
23 Rat (G) 24 mo 2.5 Long and
7d/wk Johnson 1988
1x/d
24 Mouse (G) 18 mo 4.5 Long and
7d/wk Johnson 1989
1x/d
25 Dog ) 12 mo 2.0 Long 1987
7d/wk
1x/d
Cancer
26 Rat W) 104-124 wk 36 (CEL) Lijinsky and
5d/wk Reuber 1987

3converted to an equivalent concentration of 80 ppm in water for presentation in Table 1-4.
Converted to an equivalent concentration of 36 ppm in water for presentation in Table 1-4.
Ctonverted to an equivalent concentration of 72 ppm in water for presentation in Table 1-4.
dconverted to an equivalent concentration of 9 ppm in water for presentation in Table 1-4.
CConverted to an eguivalent concentration of 24 ppm in water for presentation in Table 1-4.
fused to derive a chronic oral Minimal Risk Level (MRL) of 0.0005 mg/kg/day; dose adjusted for intermittent exposure and divided by an
uncertainty factor of 100 (10 for extrapolation from animals to humans, and 10 for human variability). This MRL has been converted
to an equivalent concentration in water (0.02 ppm) for presentation in Table 1-3.
Converted to an equivalent concentration of 4 ppm in water for presentation in Table 1-4.

(C) = capsule; Cardio = cardiological; CEL = cancer effect level; d = day; Derm/oc = dermal/ocular; (G) = gavage; Gastro =
gastrological; Gd = gestation day; Hemato = hematological; mo = month; Musc/skel = musculoskeletal; ND = no data; Resp = respiratopy;
(W) = water; wk = week.
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returned to normal at 24 nonths when the study was term nated.

Furt hernore, decreased nonocytes were reported in fermale rats after 24
nont hs of exposure to 0.5 ng/kg/d acrolein. The NOAEL val ue was 0. 05

ng/ kg/ d and was used for the derivation of a chronic oral MRL of 0.0005
mg/ kg/ d as described in the footnote to Table 2-2. No pathol ogi cal changes
were found after hematol ogi cal analysis of blood frommice or dogs
chronically exposed to 2.5, 4.5, or 2 ng/kg/d acrolein, respectively (Long
and Johnson 1988, 1989).

Muscul oskel etal Effects. Extensive histopathol ogical exam nation in
rats after internedi ate-duration exposure also included the muscul oskel et al
system (King 1984). No changes were found. Simlar results were obtained
in rats (Long and Johnson 1988), mice (Long and Johnson 1989), and dogs
(Long 1987) chronically exposed to acrolein.

Hepatic Effects. Snmyth et al. (1951) administered acrolein to rats in
drinking water at concentrations ranging between 0.17 and 1.5 ppm for
30 days. The authors reported that altered liver or kidney weights occurred
with all concentrations of acrolein; however, the investigators did not
i ndi cate whether the alterations were increases or decreases. Furthernore,
it is unclear if the altered organ weight occurred in the liver and/or
ki dneys. No liver effects were observed upon gross pathol ogi cal or
hi stol ogi cal exam nations in rats after internedi ate-duration exposure to
7.2 ng/kg/d acrolein (King 1984). Simlarly, no changes were found in rats
(Long and Johnson 1988), m ce (Long and Johnson 1989), or dogs (Long 1987)
after chronic exposure to 2.5, 4.5, or 2 ng/kg/d acrolein, respectively.

Renal Effects. Altered kidney weights were reported by Smyth et al
(1951) in rats given acrolein in doses that ranged between 0.17 and 1.5 ppm
in the drinking water. It is unclear fromthe report whether there was an
alteration in kidney weight or liver weight or both. The investigators did
not indicate whether the effects were increases or decreases in organ
wei ghts, No histopathol ogi cal changes were reported in kidneys of rats
after internedi ate-duration exposure to 7.2 ng/kg/d (King 1984) or in rats
(Long and Johnson 1988), mice (Long and Johnson 1989), and dogs (Long 1987)
after chronic exposure to 2.5, 4.5, or 2 ng/kg/d acrolein, respectively.
Negative results were al so obtained fromthe urinalysis of exposed aninals.

Dermal / Ocul ar Effects. No treatnment-rel ated dermal /ocul ar effects were
reported in rats (Long and Johnson 1988), nice (Long and Johnson 1989), or
dogs (Long 1987) chronically exposed to acrol ein.

O her Systemic Effects. Decreased body wei ght gains were reported in
rats treated with 6 ng/kg/d (King 1982) and in rabbits treated with
4 nmg/ kg/ d acrolein during gestation days 7-19 (Hobernman 1987). In a
prelimnary study, decreased body wei ght gain was al so observed in rabbits
treated with 0.5 ng/kg/d acrol ein.
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Statistically significant decreases in total serum protein, albumn,
and cal ci um were observed in dogs given 2 ng/kg/d acrolein for 12 nonths
(Long 1987). However, the toxicological significance of this finding is not
clear, since no effects were observed in any organs or tissues upon gross
pat hol ogi cal or histol ogi cal exam nati on.

2.2.2.3 I'mmunol ogi cal Effects

No studi es were | ocated regarding i munol ogi cal effects in humans or
animal s after oral exposure to acrolein.

2.2.2.4 Neurol ogical Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
oral exposure to acrolein.

Sl ow response to stinmuli, body sag, |oss of elevation reflexes, and
poor body tone were observed in rats exposed to a single oral dose of
11.2 ng/ kg acrolein (Sprince et al. 1979). The usefulness of this study in
assessing the neurotoxic effects of oral exposure to acrolein is |imted.
It is difficult to determ ne whether these observed effects are direct
toxi col ogical effects attributed to acrolein treatnent or nonspecific
responses of animals in extrems.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
oral exposure to acrolein.

Devel opnent al effects have been observed in aninals after ora
exposure. Increased incidences of skeletal anonmalies and del ayed
ossification and decreased nean fetal weight and total litter weights were
observed in the offspring of rats exposed to 10 ng/kg/d (King 1982). This
dosage, however, was toxic to the danms, resulting in maternal deaths. In a
prelimnary dose-range finding study, exposure of rabbits to 1 ng/kg/d or
nmore resulted in dose-related i ncreased incidences of fetal resorption
(Hoberman 1987); however, fetal nortality was not affected in the primary
study, in which rabbits were exposed to 2 ng/kg/d or |ess during gestation.
No expl anation for the discrepancy was provided. The hi ghest NOAEL val ues
and all reliable LOAEL val ues for devel opnental effects in each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.6 Reproductive Effects

No studies were |ocated regardi ng reproductive effects in hunans after
oral exposure to acrolein.

Exposure of rats to 10 ng/kg/d acrolein during pregnancy had no effect
on the nunber of inplantations or resorptions or on the ratio of |ive/dead
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fetuses per litter (King 1982). No evidence of acrolein reproductive
toxicity was found in a two-generation study in which rats of each
generation were exposed to 7.2 ng/kg/d for 100-120 days prior to nmating and
then for 15 days during mating (King 1984). Simlarly, no effects on
fertility were found in rabbits exposed to 2 ng/kg/d acrol ein during
pregnancy (Hoberman 1987). However, in the prelimnary dose-range study, a
dose-rel ated increase in enbryonal resorptions was observed after exposure
of dans to 1 ng/kg/d or nore. No explanation for this discrepancy was given
in the study. No fetuses were alive in the litters of danms that were
admi ni stered 4 ng/kg/d acrol ein. The hi ghest NOAEL val ues and all reliable
LOAEL val ues for reproductive effects in each species and duration category
are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studi es were | ocated regardi ng genotoxic effects in humans or
animal s after oral exposure to acrolein.

2.2.2.8 Cancer

No studies were |ocated regardi ng carcinogenic effects in hunans after
oral exposure to acrolein.

Limted evidence of the carcinogenicity of acrolein in animals is
provi ded by the long-term study of Lijinsky and Reuber (1987). In this
study, groups of nmale rats were given acrolein in the drinking water at
concentrations that provided doses of 0, 5.6, 14, or 36 ng/kg/day, 5
days/week for 104-124 weeks. A control group of fenales was al so kept. One
group of fenales was al so given the highest dose on the sanme schedul e as the
mal es. The only indication of a carcinogenic effect of acrolein was the
i nci dence of neoplasns of the adrenal cortex in female rats. Five of 20
rats treated with the highest acrol ein dose had adenonas and two had
hyper pl asti ¢ nodul es of the adrenal cortex. According to the authors, this
type of tunor is rare in untreated fenale rats of the strain used (F344);
the historical incidence is approximately 5% (there was one reported in
concurrent controls). The increased incidence of adrenocortical tumors was
only marginally significant as judged by the Fisher Exact Test. Because
only 20 rats per group were used, this study cannot be considered a
definitive bioassay for carcinogenicity, but the results do suggest a
carci nogeni ¢ potential. Extensive histopathol ogi cal exami nation did not
reveal any carcinogenic effects in rats (Long and Johnson 1988), mce (Long
and Johnson 1989), or dogs (Long 1987) after oral exposure to 2.5, 4.5, or 2
nmg/ kg/ d acrol ein, respectively, for 12-24 nonths. However, it must be
mentioned that the duration of two of these studies, 18 nonths in mce and
12 nmonths in dogs, nmay have precluded the devel opment of neoplasns. It
shoul d al so be noted that the doses used in these three studies are
considerably smaller than those used by Lijinsky and Reuber (1987). The
dose of 36 ng/kg/d is presented as a tentative CEL in Table 2-2 and Figure
2-2.
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2.2.3 Dermal / Ccul ar Exposure
2.2.3.1 Death

No studies were located regarding lethality in humans after derna
exposure to acrol ein.

In rabbits adninistered several dilutions of acrol ein percutaneously,
the LDsos ranged from 160- 1000 ng/ kg body wei ght, depending on the vehicle
and concentration (Al bin 1962). Salaman and Roe (1956) painted the backs of
mce with 5 ppmacrolein (in sesane oil) for 10 weeks for a total dose of
12.6 ng and reported that acrolein did not cause nortality.

2.2.3.2 Systemic Effects

No studies were located regarding respiratory, gastrointestinal,
hemat ol ogi cal , muscul oskel etal, hepatic, or renal effects in hunans or
animal s after dermal exposure to acrol ein.

Cardi ovascul ar Effects. No studies were | ocated regarding
cardi ovascul ar effects in humans after dernal exposure to acrolein. Wen
applied locally to the eyes of rabbits, acrolein (dose not reported)
i ncreased the heart rate (Basu et al. 1971). However, this effect is nost
likely due to the painful stinulation of the eye.

Dermal / Ocul ar Effects. Schonning (1966) described a case of a
57-year-old nan who accidentally spilled acrolein over his genital area.
Swel ling of the penis and scrotum occurred, and after 15 days the genital
area was deeply ul cerated and gangrenous. No follow up information was
provided. Lacroix et al. (1976) applied a solution of 10% acrolein in
ethanol to 12 volunteers; the skin was biopsied 48 hours later. Al
subj ects exhibited irritation and had papillary edema, and 11 had
pol ynor phonucl ear infiltrates. In addition, five cases of epidernal
necrosis occurred. No further information was provided.

Acci dental exposure to vapors of acrolein produced burns of the cheeks
and eyelids in a nmale subject (Chanpeix et al. 1966).

Ef fects such as eye and nose irritation produced by exposure to
acrol ein vapors are discussed in Section 2.2.1.2.

2.2.3.3 Immunol ogi cal Effects

Rappaport and Hof frman (1941) reported the case of a mal e snmoker who
devel oped a severe skin reaction on the fingers of his right hand (which he
used to hold the cigarette) and on his upper and | ower |ips. The patient
was subjected to nunmerous allergy tests and found to be sensitive to
acrolein fromthe cigarette.
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No studies were |ocated regarding i munol ogi cal effects in animals
after dermal exposure to acrol ein.

No studies were located regarding the following effects in humans or
animal s after dermal exposure to acrolein:

2.2.3.4 Neurol ogical Effects
2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 CGenotoxic Effects
2.2.3.8 Cancer

No studies were |ocated regardi ng carcinogenic effects in hunmans after
dermal exposure to acrol ein.

Sal aman and Roe (1956) applied acrolein (in sesane oil) to the backs of
m ce once a day for 10 weeks. The total dose applied was 12.6 ng (5%
solution). The authors reported no tunors at the site of application or at
renote sites. These results should be interpreted with caution, since the
duration of the study was too short to eval uate carcinogenic potential, and
only 15 mce were used.

Level s of significant exposure by the dernmal route associated with
effects are presented in Table 2-3.

2. 3 TOXI COKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No studies were located regarding the rate and extent of absorption in
humans after inhal ati on exposure to acrol ein.

Egl e (1972) exposed anesthetized dogs to concentrations of acrolein
bet ween 172 and 262 ppmfor a brief period of tinme (1-3 mnutes) and
observed that acrolein uptake by the total respiratory tract at ventilatory
rates of 6-20 respirations/m nute averaged 80-85X of the inhal ed dose.
Retenti on was i ndependent of the respiratory rate. The author estinated
that only about 20% of the inhal ed dose reached the | ower respiratory tract.
Exposure of the lower respiratory tract alone resulted in 65-70%
concentration-i ndependent retention, but decreased slightly with increases
intidal volune from100 to 160 nmL. Although the study by Egle (1972) does
not provide information on the disposition of the retained acrolein or on



TABLE 2-3. Levels of Significant Exposure to Acrolein - Dermal

Exposure
Frequency/ LOAEL (Effect)
Species Duration Effect NOAEL Less Serious Serious Reference
ACUTE EXPOSURE
Systemic
Human 1d Derm/Oc 10% (severe skin irritation) Lacroix et al.
1976
INTERMED IATE EXPOSURE
Death
Mouse 10 wk 42 mg/kg/d Salaman and Roe
1 d/wk 1956
d = day; Derm/Oc = dermal/ocular; wk = week.
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whet her the uptake rates represent steady-state values, it indicates that
acrolein at relatively high concentrations is effectively renoved from
i nhal ed air by both the upper and | ower respiratory tracts.

2.3.1.2 Oal Exposure

No studies were |ocated regarding absorption in humans after oral
exposure to acrol ein.

Very little information is known about the absorption of acrolein
followi ng oral exposure. Based on toxicological effects observed after ora
admi ni stration of acrolein, it is assunmed to be absorbed through the
gastrointestinal tract. However, the rate and extent of absorption are not
known.

2.3.1.3 Dermal Exposure

No studies were |ocated regarding absorption in humans after dernal
exposure to acrolein. In cases of accidental dermal exposure (described in
Section 2.2.3), effects were restricted to the exposed regi on of the body,
presumabl y because of the high reactivity of acrolein.

Limted information is avail abl e regardi ng dermal absorption of
acrolein in animals. The percutaneous LDs, for rabbits ranged from 160 to
1000 ng/ kg, depending on the vehicle (A bin 1962). Fromthese limted data,
it appears that acrolein is nore efficiently absorbed when mneral spirits
are used as a vehicle, rather than water.

2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies were |located regarding distribution in humans or ani mals
after inhalation exposure to acrol ein.

2.3.2.2 Oal Exposure

No studies were located regarding distribution in humans after oral
exposure to acrol ein.

In a study conducted by Dram nski et al. (1983), the acrolein
conj ugat ed netabolite S-carboxyethyl mercapturic acid was identified in the
urine of rats after oral adm nistration of a single dose of 10 ng/ kg of
acrol ein. This study provides indirect evidence of distribution of acrolein
to the liver or kidney, where conjugation nost |ikely occurred.



43

2. HEALTH EFFECTS

2.3.2.3 Dermal Exposure

No studies were located regarding distribution in humans or animals
after dermal exposure to acrol ein.

2.3.3 Metabolism

Because of the limted information avail able regarding the netabolism
of acrolein in humans and animals after inhalation, oral, and dernal
exposures, relevant data are presented bel ow.

I n nonbi ol ogi cal cell-free systens, acrol ein has been shown to form
thiol ethers within seconds when reacted with gl utathione or cysteine
(Esterbauer et al. 1975, 1976). In cell systems in vitro, such as cultured
human bronchial cells and isolated cell preparations fromrat |iver and
ki dneys, acrol ein has been shown to form conjugates wi th gl utathione,
cysteine, and/or N acetylcysteine (Dawson et al. 1984; Dupbukt et al. 1987;
GQurtoo et al. 1981; zitting and Hei nonen 1980). The formati on of these
conjugates greatly dimnished the cytotoxic effects of acrolein, indicating
that conjugation may be an inportant detoxication nechanism In addition to
t he evi dence provided by the nunerous in vitro studies, two reports fromthe
literature denonstrated that acrolein also reacts with glutathione in vivo.
In these studies, the acrolein netabolite 3-hydroxynmercapturic acid was
identified in the urine of rats after a subcutaneous dose of acrolein
(Al'arcon 1976; Kaye 1973).

Based on experinental results, Patel et al. (1980) proposed an in vitro
nmet abol i ¢ schene for acrolein in rat liver and lung preparations. In this
schene, free acrolein can interact with proteins and nucleic acids, and/or
with thiol groups such as glutathione. Acrolein can also be transforned into
acrylic acid by liver cytosol or mcrosones, or it can be oxidized to
gl yci dal dehyde by lung or liver mcrosones. Acrylic acid may be
incorporated into anino acids, fatty acids, and sterol. d ycidal dehyde can
be nmetabolized to gl yceral dehyde, which then can enter the glycolitic
pat hways. Fromthe schene proposed by Patel et al. (1980), gl ycidal dehyde
appears to be the only chemical that could represent a risk to hunan health,
since it has shown carcinogenic properties in mce and rats when applied
dermal |y (Shanberger 1974; Van Duuren 1967a, 1967b). The netabolic pat hway
proposed by Patel et al. (1980) is shown in Figure 2-3.

2.3.3.1 Inhal ati on Exposure

No studies were |ocated regarding netabolismin humans after inhalation
exposure to acrol ein.

Lamet al. (1985) found a dose-rel ated depletion of glutathione in the
nasal respiratory nucosa of rats after exposure to 0.1-2.5 ppmof acrolein
for 3 hours. This finding is consistent with a chenical reaction leading to
the formati on of a gl utathione-acrol ein adduct.
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Interaction with Interaction with
proteins and nucleic acids thiols
Acrolein
CH,= CH-CHO
Liver cytosol lung or liver
or microsomes NAD*or microsomes
NADP*
NADPH
AcryLic CH,=CH-COOH CH2 -CH -CHO
ACID \ \o/ GLYCIDALDEHYDE
epoxide hydrase
Amino Acids Sterol
CH,- CH-CHO
Fatty Acids ] |
OH OH GLYCERALDEHYDE
GLYCOLYTIC PATHWAY

FIGURE 2-3. Proposed Metabolic Scheme for Acrolein In Vitro
Source: Patel et al. 1980
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2.3.3.2 Oral Exposure

No studies were | ocated regarding netabolismin humans after oral
exposure to acrol ein.

Dram nski et al. (1983) adm nistered 10 ng/kg of acrolein as a single
oral dose to rats and collected the urine during 3 days. Since the
net abol i te S-carboxyet hyl nercapturic acid was found in the urine, but
S- hydr oxypropyl mercapturic acid (which should have been forned if acrolein
had reacted with glutathione) was not, an alternative pathway was proposed.
In this netabolic schene, acrolein is first metabolized to acrylic acid with
subsequent formation of the nethyl ester, which is then conjugated with
glutathione to form S-carboxyet hyl mercapturic acid nmethyl ester. The
net abol i ¢ pat hway postul ated by Drami nski et al. (1983) is shown in
Fi gure 2-4.

2.3.3.3 Dernal Exposure

No studies were |ocated regarding netabolismin humans or animals after
dermal exposure to acrol ein.

2.3.4. Excretion
2.3.4-1 Inhal ati on Exposure

No studies were |located regarding excretion in hunmans or aninals after
i nhal ati on exposure to acrol ein.

2.3.4.2 Oal Exposure

No studies were |ocated regarding excretion in hunans after oral
exposure to acrol ein.

Draminski et al. (1983) reported the presence of the acrolein
nmet abol i te S-carboxyethylmercapturic acid in the urine of rats after
adm nistration of a single oral dose of 10 ng/ kg of acrolein. The
percent age of the dose recovered as the netabolite in the urine was not
det er m ned.

2.3.4.3 Dermal Exposure

No studies were |ocated regarding excretion in humans or aninals after
dermal exposure to acrol ein.

2.4 RELEVANCE TO PUBLI C HEALTH

The clinical signs common to humans and animals foll ow ng acute
i nhal ati on exposure to acrolein (e.g., lacrimtion, upper respiratory tract
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ACROLEIN
CH,=CH-CHO
liver cytosol or
microsomes
CH,=CH - COOH ACRYLIC ACID
methylase
_0
CH,=CH-C ~ METHYL ACRYLATE
~OCH,
GSH
o
I
0 HN-C-CH,
A\N I 0
C-CHZ-CHz-S-CHz-CH-C’/
/ \
CHO OH

S - CARBOXYETHYLMERCAPTURIC ACID METHYL ESTER

FIGURE 2-4. Proposed Metabolic Scheme for Acrolein In Vivo
Source: Draminski et al. 1983
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irritation and congestion, airway occlusion, and death by asphyxi ati on)
point to the respiratory systemas the major target of toxicity. Even if
death is prevented, sone respiratory effects may persist for nonths. The
respiratory systens of animals are also affected follow ng | onger-term
exposure. Aninmal data do not suggest that acrolein nay have i nmunol ogi cal
ef fects; however, exposure to acrolein vapors may result in a decrease in
bactericidal activity. No other systens or organs have yet been identified
as targets for acrolein, although nonspecific effects have been identified
in the livers, kidneys, and brains of aninals.

Death. No human fatality due specifically to inhalation of acrolein
has been reported. However, based on results obtained with experinmental
animals, it is reasonable to assune that exposure to relatively high doses
of acrolein vapors is lethal to humans. Death has been observed in aninmals
after inhalation, oral, and dernal exposure to acrolein. The cause of
death in experinmental aninmals seened to be respiratory failure caused by the
formati on of cellular debris, which blocked the tracheal and bronchial | unmen
and | ed to asphyxiation. The concentration of acrol ein necessary to induce
death in animals is inversely related to the duration of exposure (see
Table 2-1). The irritative properties of acrolein in the eyes and upper
respiratory tract, seen in both humans and animals, will nost |likely serve
as warning long before | ethal concentrations can be reached.

Systemi c Effects. The only known effects of acrolein exposure in
humans are general respiratory congestion and eye, nose, and throat
irritation. Studies in hunans have shown that eye irritation occurs with
concentrations slightly lower than those that produce either nose or throat
irritation (Wber-Tschopp et al. 1977). Anpore and Hautal a (1983)
cal cul ated an odor safety factor for acrolein of 0.61. This val ue was
derived by dividing the threshold linmt value (TLV) (0.1 ppn) by the odor
threshold (0.16 ppn), and neans that approximately 50% of attentive persons
can detect the TLV concentration in the air. These irritative effects of
acrol ein, also observed in animals (Lyon et al. 1970; Mirphy et al. 1964,
Skog 1950), are tenporary and di sappear rapidly when exposure ceases.
Acrolein stinmulates free nerve endings in the corneal and nasal epithelium
triggering the reflex response of reduction in the respiratory rate (Al arie
1973). This response is particularly pronminent in rodents and is ained at
decreasing the intake of the chemcal irritant. The respiratory congestion
observed in animals foll owing acute inhal ati on exposure to acrolein
(Catilina et al. 1966) probably results fromits irritating properties on
mucous menbranes. Since acrolein is known to be irritating to nucous
menbr anes of humans, inhal ati on exposure woul d probably result in pul nonary
congestion in humans. In fact, the case described by Chanpeix et al. (1966)
clearly supports that view In addition, it shows that serious respiratory
alterations, such as enphysema, can persist for several nonths after the
acci dental exposure.

No information is avail abl e regardi ng cardi ovascul ar effects in hunmans
following inhalation, oral, or dermal exposure to acrolein. Changes in
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bl ood pressure and heart rate reported in rats (Egle and Hudgi ns 1974) were
shown to be synpathetic-nediated, with pressor effects occurring at |ower

i ntravenous doses (0.25 ng/kg), whereas vagal - nedi at ed cardi oi nhi bitory and
depressor effects were seen at higher intravenous doses (5 ng/kg). In
contrast, no cardi ovascul ar effects were observed in rats after

i nternmedi ate-duration oral exposure to acrolein (King 1984). Furthernore,
no effects were reported after chronic oral exposure in rats (Long and
Johnson 1988), mice (Long and Johnson 1989), or dogs (Long 1987). No

i nformati on was | ocated regardi ng cardi ovascul ar effects in aninals

foll owi ng dermal exposure to acrolein. In the absence of further
information, no inference can be nade regardi ng possi bl e cardi ovascul ar
effects in humans.

No information is avail able regarding gastrointestinal effects in
humans followi ng inhalation, oral, or dermal exposure to acrolein. A recent
report by Sakata et al. (1989) showed that in rats acrol ein causes severe
gastroi ntestinal danage when adm ni stered by gavage. This effect is due to
the strong irritant properties of acrolein on mucosal nenbranes, and is in
compl ete agreenent with the effects produced by acrolein in the respiratory
tract when inhaled. This result is supported by sinmlar findings in rabbits
treated orally during pregnancy (Hoberman 1987) and in rats after
i nternedi at e-duration exposure (King 1984). In contrast, no changes in the
gastric mucosa were reported in rats (Long and Johnson 1988), m ce (Long and
Johnson 1989), or dogs (Long 1987) after chronic exposure to | ower
concentrations of acrolein. It is reasonable to assune that if acrolein is
i ngested by humans, it would cause severe gastrointestinal effects.

No studies were | ocated regardi ng hematol ogi cal effects in humans after
acrol ei n exposure, Mstly negative results were obtained in experinenta
animal s after inhalation and oral exposures to acrolein. The only
hemat ol ogi cal changes were recorded in fermale rats (increased number of
erythrocytes, |ynphocytes) after inhalation exposure, but not in nales in the
same exposure group (Feron et al. 1978). Simlarly, fenale rats had an
i ncreased nunber of nonocytes after chronic oral exposure (Long and Johnson
1988). No such changes were found in males. The reason for the apparent sex-
related difference is not clear.

No data were | ocated regarding hepatic effects in humans foll ow ng
i nhal ation, oral, or dermal exposure to acrolein. No serious dose-rel ated
effects were noticed in aninals exposed to acrolein in the air. Sinmlarly,
no toxic effects were observed in the livers of orally exposed aninmals (King
1984; Long 1987; Long and Johnson 1988, 1989). Furthernore, no data were
| ocated regardi ng hepatic effects in animals followi ng dermal exposure to
acrolein. There are insufficient data to predict whether acrolein is
hepat ot oxi ¢ i n hunans.

Cases of accidental dermal contact with acrolein and studies with
volunteers clearly indicate that acrolein is a strong dermal irritant,
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causi ng skin burns. A 10% solution in ethanol applied to the skin caused
epi dermal necrosi s.

Whet her systenic effects, other than respiratory, caused by acrolein in
animals will occur in humans is difficult to ascertain. It is clear that
because of its high chenical reactivity, acrolein will cause damage to al
ti ssues that cone in contact with it. However, because the nobst rel evant
route of exposure is by inhalation, and because of the strong irritant odor,
systenic effects other than respiratory are not likely to be observed in
humans.

I mmunol ogi cal Effects. No data were | ocated regarding i mmunol ogi cal
effects in humans foll owi ng inhalation, oral, or dermal exposure to
acrolein. In experinmental aninmals, the effects of acrolein on the inmne
system have been eval uated by deternining the lethality of bacterial agents
to acrol ei n-exposed animals. The effects have varied, depending on the
concentration of acrolein, duration of exposure, and species used. Although
t he mechani sm by which acrolein alters the i mune response is not known, the
general viewis that it decreases the bactericidal activity of the
respiratory epithelium by destroying nucosal |ayers that contain defense
mechani sns. Acrolein destroyed ciliated cells in the respiratory tract of
rats (Catilina et al. 1966), guinea pigs (Dahlgren et al. 1972), and
hanmsters (Kilburn and McKenzie 1978). This effect was al so induced in
rabbit tracheas by tobacco smoke, and acrolein was identified as one of the
agents having ciliary-depressant activity (Kensler and Battista 1963).

Acrol ein suppressed protein synthesis 50%in rabbit alveolar macrophages in
vitro (Leffingwell and Low 1979). Increased nortality due to bacterial
infection was reported in mce (Astry and Jakab 1983) and rats (Boul ey

et al. 1975) after exposure to acrolein for 8 hours and 3 weeks,
respectively. However, in the study by Bouley et al. (1975), no difference
was seen between control and treated animals after 63 days of exposure to
acrol ein, which probably indicates that imunity can develop after the
initial infection; this should be considered in intermedi ate- and

| ongduration studies. Administration of 5.6 ng/kg acrolein intravenously in
mce prior to sensitization with sheep erythrocytes resulted in enhancenent
of the del ayed-type hypersensitivity and anti body forming cells response to
the sheep erythrocytes (Kawabata and Wiite 1988). The aut hors suggest that
enhancenment of the i mmune response was produced by acrolein binding to the
sul f hydryl groups of cells required for the generation of suppressor T-cells.
Based on studies in experinental animals, it is likely that humans
accidental ly exposed to high concentrations of acrolein by inhalation wll
have an increased risk of contracting respiratory infections. The effects
of long-term exposure to | ow concentrati ons of acrolein on the human i mune
system are not known.

Neur ol ogi cal Effects. No infornation was identified regarding
neurol ogi cal effects in humans foll owi ng exposure to acrolein. The only
data available in experinmental aninmals described nonspecific brain
i nflammation after exposure to acrolein in the air (Lyon et al. 1970). In
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t he absence of further information, no inference regardi ng possible effects
i n humans can be nmade. However, levels in the anbient environnent or in

air, water, and soil surrounding waste sites are probably not high enough to
warrant concern for severe neurol ogi cal effects.

Devel opmental Effects. No evidence exists to indicate that acrolein
causes devel opnental effects in humans. However, several studies have been
conduct ed regardi ng the teratogenic and enbryotoxic properties of acrolein
in aninmals. An increased incidence of skeletal anomalies was reported in
the offspring of rats that were exposed to 10 ng/kg/d acrol ein by gavage
during gestation (King 1982) but not in rabbits that were exposed to
2 ng/ kg/d during gestation (Hoberman 1987). Increased fetal resorptions
were, however, reported in a prelimnary dose-range study in rabbits exposed
orally during pregnancy, and no |live fetuses were found in the group exposed
to 4 ng/kg/d acrol ein (Hoberman 1987). Acrol ein was enbryol et hal when
injected intravenously to pregnant rabbits at doses that had toxic effects
in the maternal animals (C aussen et al. 1980). Wen injected into the yol k
sac, acrolein was enbryol ethal and teratogenic, but at doses considerably
hi gher than intravenous doses. Acrolein induced mal formati ons when injected
into the amiotic fluid of pregnant rats (Hales 1982; Slott and Hal es 1985).
However, when rat enbryos were cultured in vitro, acrolein did not induce
mal formations (Mrkes et al. 1984), but it delayed gromh (Schmid et al
1981). Simlar results were found with nmouse linb buds cultured in vitro
(Stahl mann et al. 1985). Slott and Hal es (1986), however, found that
acrolein was teratogenic to rat enbryos cultured in vitro. Since the range
of concentrations used by Slott and Hal es (1986) was sinmilar to that used by
Schmd et al. (1981), the difference in the results is difficult to
interpret but is probably related to differences in incubation procedures or
the presence of serumat the tinme of exposure (Curren et al. 1988; Smith et
al. 1990). Although it is not known whether acrol ein causes devel opnent al
effects in humans, it is possible that, if free acrol ein reaches the human
enbryo, teratogenic effects nmay devel op

Reproductive Effects. It is not known whether acrolein could cause
reproductive effects in humans. A single study was identified regarding the
reproductive effects of inhaled acrolein in animals. In this study (Boul ey
et al. 1975), exposure of rats to acrolein prior to mating did not affect
t he nunber of pregnancies or nunber and wei ght of the fetuses. Acrolein
treatnent during pregnancy did not affect the reproductive ability of rats
(King 1982). Simlarly, no reproductive effects were found in a
two-generation oral exposure study in this species (King 1984). Increased
fetal resorptions were reported in rabbits exposed orally to 1 ng/kg/d
during pregnancy, but no live fetuses were found in the group exposed to 4
ng/ kg/ d acrol ein (Hoberman 1987). Therefore, the potential of acrolein to
cause reproductive effects in humans cannot be rul ed out.

Cenotoxic Effects. No studies were |ocated regardi ng the genotoxic
effects of acrolein in humans or animals by inhalation, oral, or dermal
routes. Acrolein was not nutagenic in vivo as judged by the dom nant |etha
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assay in the nouse (Epstein et al. 1972) or the sex-linked recessive |ethal
test in Drosophila (Zinmrering et al. 1985).

The in vitro genotoxicity of acrolein has been investigated in
prokaryotic and eukaryotic organisnms and in mammalian cell systens. The
overall evidence, presented in Table 2-4, indicates that acrolein is weakly
mut ageni ¢ wi t hout activating systenms and nonnutagenic in the presence of
activating systens in Salnonella tyohimiriumand Escherichia coli. In the
yeast, Saccharonyces cerevisiae, acrolein was not mnmutagenic w thout
activating systens. In manmmalian cells, acrolein gave positive results
W t hout activating systems. Acrolein inhibited the activity of DNA
pol ynerase as well as DNA and RNA synthesis in rat liver cell nuclei.

Acrol ein al so i nduced chronpbsone breakage and sister-chromati d exchange in
Chi nese hanster ovary cells. DNA damage was seen in human nyeloid cells and
bronchial cells in culture Acrolein was not nutagenic to normal human
fibroblasts in culture, but fibroblasts with a deficient DNA repair system
showed a positive nmutagenic response (Curren et al. 1988). Acrolein was

al so a potent inhibitor of the DNA repair enzyme 0° nethyl guani ne- DNA net hyl
transferase. The mechani sm by which acrol ein induces genotoxicity in
mamal i an cells is not known but it has been shown that acrolein can form
adducts with DNA, such as 1N -propanodeoxyguani ne (Chung et al. 1984; Foiles
et al. 1989) and 1N’-propanodeoxyadenine (Snith et al. 1990). Because of
the limted nunber of in vivo tests, there is insufficient evidence to
predict that acrolein poses a genotoxic threat to humans.

Cancer. Acrolein adnministered in the water for 104 weeks induced
neoplasns in the adrenal cortex of female rats (Lijinsky and Reuber 1987).
This type of tunmor is rare in untreated rats. The increased incidence over
controls was only marginally significant according to the Fisher Exact
Test. This study cannot be considered a definitive positive or negative
bi oassay for carcinogenicity. Long-duration inhalation studies provided no
evi dence of carcinogenicity in hansters or rats (Feron and Kruysse 1977; Le
Bouffant et al. 1980). Furthernore, no neoplastic effects of chronic oral
exposure to acrolein were observed in rats (Long and Johnson 1988), nice
(Long and Johnson 1989), or dogs (Long 1987). The sanme results were found
wi th derrmal application and subcut aneous injections of acrolein (Sal aman and
Roe 1956; Steiner et al. 1943). However, several classes of chemcals
structurally or functionally related to acrolein, such as al dehydes and
di enes, are al kyl ating agents and have shown evi dence of being ani nal
carci nogens. There is sone evidence that glycidal dehyde, a proposed
acrol ein netabolite, induces skin cancer in mce and rats (Shanberger 1974;
Van Duuren 1967a,b). Based on the above and on the | ack of epidem ol ogi cal
data, acrolein is considered to have limted ani nal evi dence for
carcinogenicity. Based on the overall avail able evidence, the EPA has
classified acrolein as a Goup C substance: a possi bl e hunman carci nogen
(EPA 1987c). I ARC (1987) has classified acrolein as a Group 3 substance,
i.e., a chemical for which there is inadequate evidence for carcinogenicity
i n humans and ani mal s.



TABLE 2-4. Genotoxicity of Acrolein In Vitro

Result

End Point Species (Test System) With Wi thout Reference
Activation Activation

Prokaryotic organisms:

Gene mutation Salmonella typhimurium (plate incorporation) - - Andersen et alt. 1972
S. typhimurium (plate incorporation) - - Florin et al. 1980
S._typhimurium (plate incorporation) - - Loquet et al. 1981
S. typhimurium (plate incorporation) - - Bignami et al. 1977
S. typhimurium (plate incorporation) - (+) Lijinsky and Andrews 1980
S. typhimurium (plate incorporation) - + Lutz et al. 1982
S. typhimurium (plate incorporation) - + Eder et al. 1982
S. typhimurium (plate incorporation) - - Basu and Marnett 1984
S. typhimurium (plate incorporation) ND - Bartsch et al. 1980
S. typhimurium (plate incorporation) ND +) Khudoley et al. 1987
S. typhimurium (ligquid preincubation test) ND + Marnett et al. 1985
S. typhimurium (liguid incubation method) ND + Foiles et al. 1989
S. typhimurium (liquid incubation method) - +) Waegemaekers and Bensink 1984
Escherichia coli PQ37 (SOS chromotest) - - Von der Hude et al. 1988
E. coli K-12/343/113 (plate incorporation) - ND Ellenberger and Mohn 1977
E. coli WPuvrA (plate incorporation) : ND +) Hemminki et al. 1980
E. coli DNA polymerase deficiency (plate incorporation) ND + Bilimoria 1975
Eukaryotic organisms:
Fungi:
Gene mutation Saccharomyces cerevisiae (plate incorporation) ND - Izard 1973
N123, s211, $138
Chromosomal aberrations S. cerevisiae MB1072-2B (plate incorporation) ND - Fleer and Brendel 1982
Mammalian cells:
DNA, RNA synthesis Rat liver cell nuclei ND + Moule et al. 1971
DNA polymerase activity Rat liver ND + Munsch et al. 1973, 1974
Chromosome breakage Chinese hamster ovary cells + + Au et al. 1980
Sister-chromatid exchange Chinese hamster ovary cells + + Au et al. 1980
DNA damage Human myeloid cells K562 ND + Crook et al. 1986
DNA damage Human bronchial cells (culture) ND + Grafstrom et al. 1988
DNA repair : Human bronchial cells (culture) ND + Krokan et al. 1985
DNA repair Human fibroblasts (culture) ND - Curren et al. 1988
DNA repair Human fibroblasts (xeroderma pigmentation) ND + Curren et al. 1988
Gene mutation Chinese hamster V79 cells ND + smith et al. 1990

T
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+ = positive result; - = negative resutt; (+) = positive or marginal result; ND = no data.
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2.5 BIOMARKI XS OF EXPOSURE AND EFFECT

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

A bi omar ker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and some target
nol ecul e or cell that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific netabolites in readily obtainable
body fluid or excreta. However, several factors can confound the use and
interpretation of bionmarkers of exposure. The body burden of a substance
may be the result of exposures from nore than one source, The substance
bei ng neasured may be a netabolite of another xenobiotic (e.g., high urinary
| evel s of phenol can result from exposure to several different aromatic
conpounds). Depending on the properties of the substance (e.g., biologic
half-1ife) and environnmental 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 may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are conmmonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc
and sel eniun). Biomarkers of exposure to acrolein are discussed in Section
2.5.1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal,
physiologic, or other alteration within an organi smthat, dependi ng on
magni t ude, can be recogni zed as an established or potential health
i npai rment or di sease (NAS/NRC 1989). This definition enconpasses
bi ochemi cal or cellular signals of tissue dysfunction (e.g., increased liver
enzyme activity or pathol ogic changes in fermale genital epithelial cells),
as well as physiologic signs of dysfunction such as increased bl ood pressure
or decreased lung capacity. Note that these narkers are often not substance
specific. They also nay not be directly adverse, but can indicate potential
health inpairnent (e.g., DNA adducts). Biomarkers of effects caused by
acrolein are discussed in Section 2.5.2.

A bi omar ker of susceptibility is an indicator of an inherent or
acquired limtation of an organisnis ability to respond to the chall enge of
exposure to a specific xenobiotic. 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 omarkers 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 or Quantify Exposure to Acrolein

A product of the conjugation of acrolein wth glutathione,
3- hydr oxypropyl mercapturic acid, has been identified in the urine of
i ndi vidual s receiving the drug cycl ophosphani de (Al arcon 1976; Kaye and
Young 1974). Since the sanme product was identified in the urine of rats
admi ni stered acrol ei n subcut aneously (Al arcon 1976), it was thought that
| evel s of 3-hydroxypropyl mercapturic acid in the urine could be used to
identify exposure to acrol ein. However, Alarcon (1976) found no correlation
bet ween t he dose of cycl ophospham de admi ni stered and the anount of
3- hydroxypropyl mercapturic acid in the urine of patients. Methods devel oped
to determine levels of acrolein in human tissues and fluids are described in
Chapter 6.

2.5.2 Biomarkers Used to Characterize Effects Caused by Acrol ein.

No studies were |located regarding |l evels of acrolein or its
met abolites in human tissues and fluids associated with effects. No
bi ocheni cal or histol ogi cal changes specific for acrol ein exposure were
identified. Results froma toxicokinetic study suggested that acrolein can
react with proteins and nucleic acids in the organism (Patel et al. 1980).
After transformation into acrylic acid, incorporation into am no acids,
fatty acids, and sterols can be expected. However, specific effects
associ ated with these bi ochem cal reactions are not known.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

Ansari et al. (1988) showed that acrol ein enhances the inhibitory
effect that certain industrial chem cals, such as styrene and
1, 2-di chl oroet hane, have on the | -proteinase inhibitor of human plasm
in vitro. A decrease in the activity of the <Il-proteinase inhibitor may
result in an increase in the activity of the lung enzynme neutrophi
el astase, which can lead to the devel opnent of enphysenma. Acrol ein has al so
been shown to increase the pentobarbital - and hexobarbital -induced sl eeping
time in rats (Jaeger and Miurphy 1973). The mechani sm according to the
aut hors, could include changes in the absorption and distribution of the
barbiturates, Mre recent information suggests that the nmechani sm may
i nvol ve a coval ent reaction between acrol ein and cytochrone P-450 | eading to
i nactivation of P-450 resulting in prolonged action of the barbiturates
(Larme and Seggal | 1987).

Acrolein fornms adducts with thiols such as gl utathione, cysteine,
N-acetyl cysteine, and others. Such reaction protects tissues and cells from
the cytotoxic effects of acrolein or acrol ein-releasing substances (Brock
et al. 1981; Chaviano et al. 1985; Dawson et al. 1984; Gurtoo et al. 1983;
Chno and Ornstad 1985; Wit ehouse and Beck 1975).

Exposure of mice for 10 mnutes to mxtures of sulfur dioxide and
acrolein showed that either irritant can alter or block the effect of the
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other (Kane and Alarie 1979). Furthernore, when the mce were exposed to

m xtures, recovery was nuch slower than when exposed to the individual
chem cal s. The authors postul ated that a bisulfite-acrol ein adducc may be
fornmed. Wien exposure ceased, this adduct woul d rel ease acrol ein, thus
preventing i medi ate recovery. In addition, Kane and Alarie (1978) exposed
mce to mxtures of acrolein and fornmal dehyde and showed that the
respiratory response to mxtures was |ess pronounced than the response to
either chemical alone. This is consistent with a nmechanismin which both
chem cal s act on the sane type of physiological receptor (free nerve

endi ngs) .

2.7 POPU ATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

In general, individuals whose ventilatory function is conproni sed, such
as those with enphysema, or individuals with allergic conditions such as
asthma, will be at a higher risk of devel opi ng adverse respiratory responses

when exposed to a strong respiratory irritant such as acrol ein.
2.8 ADEQUATY OF THE DATABASE

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

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 informational needs that, if net would reduce or
elimnate the uncertainties of human health assessnent. In the future, the
identified data needs will be evaluated and prioritized, and a
subst ance-specific research agenda will be proposed.

2.8.1 Existing Information on Health Effects of Acrolein

The existing data on health effects of inhalation, oral, and dermal
exposure of humans and animals to acrolein are summari zed in Figure 2-5.
The purpose of this figure is to illustrate the existing infornmation
concerning the health effects of acrolein. Each dot in the figure
i ndi cates that one or nore studies provide information associated with that
particul ar 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 fromFigure 2-5, very little information is avail able regarding
the health effects of exposure of humans to acrol ein. Experinental studies
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FIGURE 2-5. Existing Information on Health Effects of Acrolein
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i n humans have attenpted to determ ne the thresholds for eye, nose, and
throat irritation. Information on humans accidentally exposed to acrolein

al so indicates that acrolein irritates the skin, eyes, nose, and throat, and
that severe respiratory effects can persist |ong after exposure occurs.

Data are available for acute and internedi ate inhal ati on exposures that
resulted in death of animals. For the nbst part, these exposures al so
affected the respiratory tract and the inmmune response to bacterial agents.
An internediate inhal ati on exposure study of rats prior to mating and during
pregnancy did not result in fetotoxic or teratogenic effects. Limted
information is avail able regardi ng chronic inhalation exposure.

Data are available for oral doses associated with death and increased
nortality in acute, internediate, and chroni c exposure. The devel opnent al
and reproductive effects of oral exposure to acrolein have al so been
i nvestigated. Chronic oral exposure of female rats resulted in neoplasns in
t he adrenal cortex.

Acrolein applied to the skin of animals results in skin irritation and
death if applied in high concentration. Acrolein was not carcinogenic when
applied to the skin of mce for 10 weeks.

2.8.2 ldentification of Data Needs

Acut e- Dur ati on Exposure. Acute inhalation exposure to acrolein is
irritating to the upper respiratory system and eyes in humans and ani mal s.
The respiratory tract is the primary target of acrolein toxicity via
i nhal ati on exposure. Desquanation of the respiratory epitheliumfollowed by
ai rway occlusion and asphyxiation was the main reason for acrolein-induced
nortality in animals. An MRL for acute inhalation exposure was derived from
human data for respiratory effects. No data were | ocated regardi ng acrolein
toxicity in humans after oral exposure. Information regarding acute oral
exposure of animals is linted to devel opmental toxicity studies. These
studi es have found decreased body wei ght gain and gastric ulceration in
mat ernal ani mal s, but endpoints of acute oral exposure in nonpregnant
ani mal s have not been identified. Therefore, the acute oral data are not
sufficient to derive an MRL. Skin contact with acrolein caused irritation,
burns, and epidernmal necrosis in humans. It is evident, therefore, that the
necrotic effects of acrolein occur at the site of primary contact regardl ess
of routes of exposure. The acute |lethal levels of acrolein were established
after inhalation and oral exposure in rats. Target organs for acrolein
toxicity other than at the site of contact, however, were not identified and
phar macoki netic data are insufficient to identify target organs across
routes of exposure. Further studies in this direction after exposure via
all three routes would be useful. The information is inportant for
popul ati ons |iving near hazardous waste sites who m ght be exposed to
acrolein for brief periods of tine.
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I nt ermedi at e- Durati on Exposure. No studies were |ocated regarding
i nternedi ate-durati on exposure to acrolein in humans. I|nhal ati on exposure
studies in animals provided infornmati on on doses and treatnent schedul es
that are lethal and that produce respiratory tract toxicity. The
informati on was sufficient for derivation of an inhalation MRL. Two
i ntermedi ate-duration oral studies were conducted in rats. One of the
studies was limted in size and scope, the other one (two-generation
reproductive study) has shown sone differences between the first and second
generation in clinical signs of acrolein toxicity. Furthernore, the
nortality, though attributed to injuries from gavagi ng, was increased in all
exposure groups. The study seened, therefore, unreliable for MRL
derivation. No system c toxicity was reported in mice after internediate
duration dermal exposure to acrolein. The pharnmacokinetic data were
insufficient to identify the target organs of acrolein toxicity. Further
studies regarding acrolein toxicity especially after oral and dernmal routes
woul d be useful. The results would be useful for possible extrapolation to
humans and protection of popul ati ons around hazardous waste sites who m ght
be exposed to acrolein for prolonged periods of tine.

Chroni c-Duration Exposure and Cancer. No studies were | ocated
regarding toxicity in humans foll owi ng chronic exposure by any route of
exposure. Respiratory toxicity was observed in rats and hansters after
i nhal ati on exposure. However, the design of these inhalation studies was
poor (short daily exposure or only one exposure |evel used), and the data
were insufficient for MRL derivation. Chronic oral studies were perforned
inrats, mice, and dogs. Extensive histopathol ogi cal exami nation reveal ed
no effects in any organs, and a chronic oral MRL was derived fromthe
results of hematol ogical analysis in rats. No studies were | ocated
regarding acrolein toxicity after dermal exposure in animls. The
phar macoki netic data are insufficient to specul ate on possible target organs
of acrolein toxicity across routes of exposure. Acrol ein has been sel ected
for a general toxicology study by the National Toxicol ogy Program ( NTP
1990). This study could provide inportant information that is needed for
the eval uation of health hazards of populations |iving near hazardous waste
sites for a long period of tine.

No studies were |located regarding the carcinogenicity of acrolein in
humans. No carcinogenicity of acrolein was observed in two limted (see
above) chronic inhalation studies in animals. Derrmal application of
acrolein to nice for ten weeks did not induce cancer. However, the |ength
of the study is considered too short for proper evaluation. No carcinogenic
effect was found in rats, mce, and dogs follow ng extensive
hi st opat hol ogi cal exani nations after chronic oral exposure to acrolein. An
i ncreased incidence of adrenocortical adenomas was observed in fermale rats
after oral exposure to acrolein in another study. However, the study was
limted in the nunber of exposed aninmals and the use of only one dose in
exposed fermal es. The carcinogenic potential of acrolein will be eval uated
in the NTP study (NTP 1990).
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Genotoxicity. No studies were |ocated regarding acrol ein genotoxicity
in humans. Dominant |lethality of acrolein observed in mce indicated a
genotoxic potential in manmmals. The result is supported by in vitro data
t hat showed mut agenic potential of acrolein in bacterial and manmmalian cells
wi t hout netabolic activation. Further studies in animals would be useful to
determine the ability of acrolein to induce chronosomal aberrations after
exposure. Cytogenetic analysis of peripheral |ynphocytes of workers exposed
to acrolein would provide an opportunity to assess its genotoxicity in
humans.

Reproductive Toxicity. No studies were |ocated regardi ng reproductive
effects of acrolein in humans. No changes in reproductive organs of rats
after internediate and chronic oral exposures or in mce or dogs after
chroni ¢ exposures were found during histopathol ogi cal examni nation
Conflicting results were obtained in reproductive toxicity studies in
animals. No reproductive effects were observed in rats after inhalation
exposure or in rats after oral exposure to acrolein. The results of a
mul ti generation oral exposure study in rats were al so negative. Although
not reproduced in the main study, the results of a pilot dose-range study
i ndi cated increased fetal resorptions in rabbits after oral exposure to
acrol ein. Furthernore, dominant lethality was induced in mce exposed to
acrol ein by inhalation. These data indicated possible reproductive effects
of acrolein exposure in animals, and further studies would be useful to
support these results. No data were |ocated regarding reproductive effects
in animal s after dermal exposure, and the pharnacokinetic data are
insufficient to draw any conclusion. Further studies in animls would be
useful for extrapolating the results to hunman exposure.

Devel opnental Toxicity. No studies were | ocated regarding
devel opnental effects of acrolein in humans after any route of exposure.
The devel opnental toxicity of acrolein was studied after oral exposure in
rats and rabbits. Increased incidences of skeletal anomalies and del ayed
ossification were observed in rats, and increased fetal resorptions were
found in rabbits. Furthernore, the results from parenteral administration
i ndicate that acrolein can cross the placenta, causing mal fornations and
enbryolethality in experinmental animals. This information is particularly
rel evant to individuals who are receiving the drug cycl ophosphani de, of
which acrolein is a nmetabolite. The devel opnental effects after inhalation
or dermal exposure in aninmals were not studied. Pharnacokinetic data are
insufficient to predict devel opnental effects after these routes of
exposure. Further studies regarding information on devel opnmental toxicity
of acrolein after inhalation and dermal exposure woul d be useful. The
information is inportant for possible extrapolation of results to human
exposure.

I mmunot oxi city. Information regardi ng i munol ogi cal effects of
acrolein in humans is not avail able. Acute and subchronic inhalation
studies indicate that acrolein may increase the risk of bacterial infections
in the respiratory tract, but a battery of immnotoxicity tests has not been
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perfornmed. Such tests provide a nore sensitive assessnent of possible

i mmunot oxi ¢ effects than does histol ogi cal exam nation of tissues and organs
of the inmmune system Since a case of an allergic response to acrolein
derived fromcigarette snoke was described in hunans, sensitization tests
could help identify agents causing allergic responses in individuals exposed
to tobacco smoke. No information regardi ng i munol ogical effects in aninals
after oral or dermal exposure to acrolein were |ocated.

Neurotoxicity. No information was | ocated regardi ng neurol ogi cal
effects of acrolein in humans. Synptons of central nervous system
depression were observed in rodents after oral exposure to acrolein, but
only after lethal concentrations. No such effects were observed in aninmals
after inhalation exposure; the aninmals died from asphyxi a caused by
epi thelial desquanmati on and, consequently, respiratory obstruction. No
behavi oral changes were observed in animals exposed to acrolein by any
route. Nonspecific histopathol ogical effects on the brains of animls were
found in subchronic inhalation studies. No histopathol ogi cal changes were
observed after oral exposure. No studies regarding neurotoxicity of acrolein
after dermal exposure were |ocated. However, the avail able data do not
i ndicate that the central nervous systemis the major target of acrolein
toxicity.

Epi denmi ol ogi cal and Human Dosinetry Studies. The only information
avail abl e concerning effects of acrolein in humans conmes froma linmted
nunber of cases of accidental exposure by the inhalation and dermal routes.
In these cases, severe effects were observed in the eyes and respiratory
tract nmucosa, sone effects persisting for several nonths after the exposure
occurred. However, epidem ol ogical studies are not available. Chronic
human exposure is not likely to occur because of the strong irritating
effects of acrolein. This nmeans that individuals exposed to acrolein would
nost likely |leave the polluted area before acrolein reaches a dangerous
concentration. Anpore and Hautala (1983) calcul ated that the odor safety
factor for acrolein is such that |0-50% of attentive persons can detect the
TLV concentration (0.1 ppm) in the air. Neverthel ess, epideni ol ogy studies
of individuals who live in areas where acrol ein has been detected, such as
pol l uted urban centers and of workers occupationally exposed to acrol ein,
even at | ow doses, would provide information regarding the effects of
| ongt erm exposure to tol erable concentrations. This information wuld be
useful for nonitoring individuals near hazardous waste sites for preventive
pur poses.

Bi omar kers of Exposure and Effect. No reliable biomarkers of acrolein
exposure have been identified. The finding of 3-hydroxypropyl mercapturic acid
in the urine after exposure to acrolein or cycl ophosphani de seenmed to be
prom sing for use as an exposure identifier. However, further studies found
no correl ati on between the amount of 3-hydroxypropyl mercapturic acid in the
urine and the dose of parent conpound adm nistered. Further identification of
acrolein netabolites in the urine and their correlation with | evel s of
exposure woul d be useful. Recently, lype et al. (1987)
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presented prelimnary results in an abstract regarding the devel opnent of an
anti body- nedi at ed assay to nonitor subjects exposed to acrolein. This assay
exploits the possible formati on of acrol ei n-adducted DNA in cells, or the
formati on of anti bodi es agai nst such adducts in serum Such assays could
eventually be used for the early detection of respiratory di seases such as
enphysema, to which acrolein nay be a contributor. Further studies

regardi ng possi bl e bi ocheni cal changes after acrol ein exposure woul d be
useful .

It has been proposed that acrolein can be transformed netabolically
into acrylic acid, which may be incorporated into amno acids, fatty acids,
and sterol. However, specific biomarkers of effect for acrolein have not
been identified. Studies regarding identification of these biomarkers
woul d be usef ul

Absorption, Distribution, Metabolism Excretion. The only
toxi cokinetic data of acrolein are fromthe in vivo absorption study in
dogs by Egle (1972) and the oral exposure study in rats by Dram nski et al
(1983), from which a possible metabolic pathway was proposed. However,
dermal and inhal ati on exposures may |lead to different netabolic pathways and
patterns of distribution and excretion, which could account for differences
in the degree of toxicity exhibited by different routes of exposure. The
nmet abol i sm of acrolein in vitro seens to be well understood, especially the
reaction with thiol groups. This reaction represents an inportant mechani sm
for the protection of cells and tissues fromthe cytotoxic effects of
acrolein. Determning the urinary excretion of acrolein conjugates in
control volunteers and in individuals known to have been exposed to polluted
environments coul d provide informati on concerning absorption and excretion
of the xenobiotic. The use of human cell systens in culture mght be
consi dered a useful alternative to studying the netabolic fate of acrol ein.

Conpar ati ve Toxi cokinetics. No studies were |ocated regarding
conparative toxicokinetics of acrolein in vivo. Differences in the
t oxi coki netics of a chemi cal anobng species may account for differences in
toxi c responses. The potential for acrolein to produce toxic effects has
been investigated in rats, mce, dogs, guinea pigs, hansters, rabbits, and
nmonkeys, but the aninmal species that serves as the best nodel for
extrapol ating results to humans remai ns unknown. Al though virtually no
information is avail able regardi ng the toxicokinetics of acrolein in humans,
anal ysis of the urine of individuals accidentally exposed to the chemnical or
living in polluted urban areas woul d provide val uable information on
absorption and excretion rates if the exposure to acrol ein was known.

2.8.3 On-going Studies

Several on-going studies regarding acrol ein have been identified from
the National Technical Information Service (NTIS 1988).
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S. Cohen and R Smith, University of Nebraska, Omaha, NE, are
i nvestigating the mechani sm by which acrol ein induces danage in the bl adder
epitheliumof rats, in vivo and in vitro. Their studies include short-term
and | ong-term bi oassays. Sinilar studies are being perfornmed by C. Irving
and co-workers, Veterans Adm nistration Medical Center, Memphis, TN At
Massachusetts CGeneral Hospital, Boston, MA, C. Hales is conducting research
on the mechani sm by which acrol ein produces pul nonary edenma and how it
interacts with skin burns to induce lung injuries. The experinental animals
i ncl ude dogs and sheep.

At the Anmerican Health Foundati on, New York, NY, P. Foiles and
S. Hecht, sponsored by the NCI, are attenpting to develop sensitive
i mmunoassays in mce for the detection of acrol ei n-DNA adducts in animals
and eventually in humans exposed to the chemical. Dr. Foiles and his
col | aborators are pursuing 32, post-Ilabeling nethods for the detection of
acrolein nodified DNA. C. Sevilla, Proteins International, Rochester, M\
is attenpting to devel op nonocl onal antibodi es for acrol ei n- DNA adducts.
These antibodies will be used in clinical and research nonitoring of |evels
of the adduct in human DNA sanpl es.

P. Mrkes, University of Washington, Seattle, WA, is continuing his
i nvestigation on the teratogenic properties of the netabolites of the drug
cycl ophospham de, of which acrolein is one. The studies are being perfornmed
in rat enbryos cultured in vitro. R Ckita, Medical College of Wsconsin,
M | waukee, W, is studying the effects of acrolein on the activity of the
enzyme NAD+- dependent prostagl andi n dehydrogenase in the lungs of rabbits
and gui nea pigs. His studies are ained to better characterize this enzyne
and the function of prostaglandi ns and other eicosanoid derivatives in
pul nonary function. Acrolein has been selected for a general toxicology
study by the National Toxicology Program (NTP 1990).
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3.1 CHEMICAL IDENTITY

Data pertaining to the chemical identity of acrolein are listed in
Table 3-1.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of acrolein are presented in
Table 3-2.
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TABLE 3-1. Chemical Identity of Acrolein

Value Reference

Chemical name Acrolein
Synonyms Acraldehyde SANSS 1988

acrylaldehyde

allyl aldehyde

2-propenal

propylene aldehyde
Trade names Aqualin, Bennett 1981,

MAGNACIDE H® 1982
Chemical formula CaH40 CAS 1988
Chemical structure SANSS 1988

CH, = CH- CHO

TIdentification numbers:

CAS Registry 107-02-8 CAS 1988
NIOSH RTECS AS1050000 RTECS 1988
EPA Hazardous Waste P0O0O3 HSDB 1988
OHM-TADS 7216793 OHM-TADS 1988
DOT/UN/NA/IMCO UN 1092 HSDB 1988
IMCO 3.1 HSDB 1988
HSDB 177 HSDB 1988

NCI Not available

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of
Transportation/United Nations/North America/International Maritime Dangerous
Goods Code; EPA = Environmental Protection Agency; HSDB = Hazardous
Substance Data Bank; NCI = National Cancer Institute; NIOSH = National
Institute for Occupational Safety and Health; OHM/TADS = 0il and Hazardous
Materials/Technical Assistance Data System; RTECS = Registry of Toxic
Effects of Chemical Substances.
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Physical and Chemical Properties of Acrolein

Property Value Reference
Molecular weight 56.06 Hess et al. 1978
Color Colorless or yellowish Hess et al. 1978
Physical State Liquid Hess et al. 1978
Melting point -86.9°C Weast 1983

Boiling point 52.5-53.5°C Weast 1983

Density at 20°C 0.8389 g/m> Riddick et al. 1986
Specific gravity, 20/4°C 0.8410 Weast 1983

Odor

Odor threshold:
Water
Alr

Solubility:
Water at 20°C
Organic solvents

Partition coefficients:

Log octanol/water
Log Kye

Vapor pressure at 20°C:

Henry’s law constant:
at 20°C

Autoignition temperature

Flashpoint

Flammability limits in air

Conversion factors:
ppm (v/v) to mg/m3
in air at 25°C
mg/m3 to ppm (v/V)
in air at 25°C

Disagreeable, choking
odor, pungent

0.11 ppm
0.16 ppm

206,000 mg/L

Miscible with lower
alcohols, ethers,
hydrocarbons, acetone,
benzene

-0.01
51-270
220 mmHg

3.06 x 107° atm-m3/mol

234°C

-18°C (open cup)
-26°C (closed cup)
2.8-31 volume %

1 ppm (v/v) = 2.29 mg/m3

1 mg/m3 = 0.44 ppm (v/v)

Hawley 1981;
Windholz 1983

Amoore and
1983

Hess et al.

Tweedy and
Houseworth

Hansch and
Irwin 1988

Hess et al.

Snider and
1985

Hess et al.
Hess et al.
Hess et al.
Hess et al.

Hautala

1978

1976

Leo 1985

1978

Dawson

1978
1978
1978
1978
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4.1 PRODUCTI ON

Acrol ein is manufactured as an end-use product and as an uni sol at ed
internmediate in the production of acrylic acid. Acrolein is manufactured by
air oxidation of propylene via the follow ng reaction (Hess et al. 1978):

CH;CH=CH, + 0, -> CH,=CHCHO + H,0

Conpani es that currently produce acrol ein as an unisol ated
i nternmedi ate are: BASF Corp., Freeport, TX; Hoechst Cel anese Corp., C ear
Lake, TX; Rohm and Haas, Deer Park, TX; and Union Carbide, Taft, LA (Nenec
and Bauer 1978; SRI 1988; USITC 1988). During 1988, these conpanies
produced a conbined total of 1.1 billion pounds of acrylic acid (USITC
1988). Based on this figure, the production volunme of unisolated acrolein
in the United States during 1988 has been estinmated to be 0.9 billion
pounds, assum ng 100% vyield of acrylic acid fromacrolein. Were |ess than
100% vyield of acrylic acid is achieved, the unreacted acrolein is probably
recycl ed back into the reaction chanber. Between 1959 and 1980, Shell
Chem cal Co. in Norco, TX, produced acrolein for captive consunption in the
manuf acture of glycerin. Production of acrolein at this facility ceased
when the plant was shut down (CVMR 1981). A 4-5%increase in the production
of acrylic acid is expected through 1991 (CVR 1987), and a correspondi ng
increase in the production of unisolated acrolein is expected. In 1978,
domesti ¢ manufacturing plants produced approximately 354 million pounds of
acrol ein (Anderson 1983). Approxinmately 308 mllion pounds were produced as
an uni solated internmediate in acrylic acid production, 24 mllion pounds
were used in the manufacture of glycerin, 20 nillion pounds were used in the
manuf act ure of nethionine and rel ated conpounds, and 2 nillion pounds were
used for m scel |l aneous purposes.

4.2 | MPORT

During 1972, United States inports and exports of acrolein were
negligible (HSDB 1988). No further information regarding the inport or
export of this conmpound was | ocat ed.

4.3 USE

The largest single use for acrolein is as an unisolated internmediate in
t he manufacture of acrylic acid, nost of which is converted to its | ower
al kyl esters. Acrolein is also used as a herbicide and algicide in
irrigation waters and drai nage ditches; as a biocide in cooling water towers
and water treatnment ponds; in the control of al gae, weeds, and nollusks in
recircul ating process water systens; to control mcrobial growh in feed
lines used in subsurface wastewater injection; as a slinicide in the paper
i ndustry; as a biocide in oil wells and |iquid petrochenical fuels; in the
cross-linking of protein collagen in |leather tanning; as a tissue fixative
in histological sanples; as a starting material in the nmanufacture of Union
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Car bi de's ERL-4221 bis-epoxide (which is used to make el ectri cal

insulators); in the manufacture of colloidal fornms of nmetals; in the
production of perfunes; as a warning agent in nethyl chloride refrigerant;
and as an internediate in the manufacture of nmethionine and its hydroxy

anal ogue, gl utaral dehyde, allyl al cohol, <-picoline, and

t etrahydrobenzal dehyde (Hawl ey 1981; Hess et al. 1978; | ARC 1985; W ndhol z
1983). Isolated, refined acrolein is used mainly as a biocide and
internmediate in the production of nethionine and its nethoxy anal ogue, which
are protein supplenents used in poultry feed. Acrolein has been used to

make nodified food starch, synthetic glycerine, acrolein honopol yner,

several copolyners (e.g., with acrylic acid, acrylonitrile, and acrylic
esters), as well as polyners formed by reaction with fornmal dehyde, guani di ne
hydrochl ori de, and ethylene diamne. It has also been used in mlitary

poi son gas m xtures (|1 ARC 1985).

4.4 DI SPCSAL

Prior to inplenenting | and di sposal of waste residues (including waste
sl udge), environmental regulatory agencies should be consulted for guidance
on accept abl e di sposal practices (HSDB 1988). Materials containing
concentrated acrolein may be incinerated by: rotary kiln incineration, with
a tenmperature range of 820-1,600°C and a residence tinme of seconds;
fluidized bed incineration, with a tenperature range of 450-980°C and a
residence tine of seconds; and liquid injection', with a tenperature range of
650- 1600°C and a residence tinme of 0.1-2 seconds (HSDB 1988). Materials
containing snall anobunts of acrolein may be di sposed of by neutralization
(if needed), followed by secondary biological treatnment or by subnerged
conmbustion (to concentrate the waste) followed by incineration (Hess et al
1978; OHM TADS 1988). On-site conmbustion is an option for disposal if the
spill siteis in a very renote, inaccessible area, and there is danger of
subsequent discharge if other nethods of disposal are attenpted. Local
state, and federal (RCRA) approval nust be obtained before burning on site
(OHM TADS 1988) .

Acrol ein has been identified as a hazardous waste by the Environnental
Protecti on Agency, and the disposal of this conpound is regul ated under the
federal Resource Conservation and Recovery Act (RCRA). Specific information
regardi ng federal regulations concerning disposal of hazardous wastes
through land treatnent, landfilling, incineration, thermal treatnent,
chem cal / physi cal / bi ol ogi cal treatment, underground injection, and deep sea
injection are provided in the Code of Federal Regulations (40 CFR 190 to
399). Release of acrolein in wastewater is regul ated under the C ean Water
Act by the National Pollutant D scharge Elinination System ( NPDES)
Information regarding effluent guidelines and standards for acrolein may be
found in 40 CFR 122, 40 CFR 125, 40 CFR 413, 40 CFR 4.23, and 40 CFR 433.
Pursuant to RCRA Section 3004(9g)(5), EPA has proposed to restrict the | and
di sposal of acrolein (Federal Register 1989b). Acrolein nay be | and
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di sposed only if prior treatnment standards have been net, or if disposal
occurs in units that satisfy the statutory no nigration standard (Federal
Regi ster 1989b). Proper guidelines and standards are outlined in the
Federal register (1989b).
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5.1 OVERVI EW

Acrolein nay be released to the environnent in emissions and effluents
fromits manufacturing and use facilities, in em ssions from conbustion
processes (including cigarette snoking and conmbusti on of petrocheni cal
fuels), fromdirect application to water and wastewater as a slimcide and
aquati c herbicide, as a photooxidation product of various hydrocarbon
pollutants found in air (including propylene and 1, 3-butadi ene), and from
| and di sposal of sone organic waste nmaterials. Acrolein is a reactive
compound and is unstable in the environnent.

In anbient air, the primary renoval nechanismfor acrolein is predicted
to be reaction with photochem cally generated hydroxyl radicals (half-life
15-20 hours). Products of this reaction include carbon nonoxide,

f or mal dehyde, and gl ycol al dehyde. In the presence of nitrogen oxides,
peroxynitrate and nitric acid are also forned. Snmall amunts of acrolein
may al so be renoved fromthe atnosphere in precipitation. Insufficient data
are available to predict the fate of acrolein in indoor air. In water,

smal | anpunts of acrolein may be renpoved by volatilization (half-life 23
hours froma nodel river 1 m deep), aerobic biodegradation, or reversible
hydration to f hydroxypropi onal dehyde, whi ch subsequently bi odegrades.

Hal f-1ives less than | -3 days for small amounts of acrolein in surface

wat er have been observed. When highly concentrated anobunts of acrolein are
rel eased or spilled into water, this conmpound may pol ynerize by oxidation or

hydrati on processes. In soil, acrolein is expected to be subject to the
sane renoval processes as in water. This conpound can be highly nobile in
soil; however, volatilization and degradati on processes are expected to

attenuat e novenent through soil

Data regarding the nonitoring of acrolein in the environment are
limted. During the 196Cs, acrolein was detected at concentrations
averagi ng between 5 and 8 ppb in air sanples collected in Los Angeles, CA
These data provide insight regardi ng naxi num at nospheric |levels of acrolein
in urban areas during this period. During 1976, acrolein levels in air
sanples collected in Edison, NJ, were not detectable in 14 of 19 sanples and
averaged 0.31 ppb in the 5 positive sanmples. No data indicated that
acrolein is a contaminant of drinking water supplies. The EPA STORET data
i ndicate that acrolein occurs at a | ow frequency in wastewater streans,
anbi ent surface water, and groundwater in the United States. In the only
report of acrolein occurrence in rmunicipal landfill |eachate, 170 ppb
acrolein was detected in | eachate fromone site in Wsconsin. The contract
| aboratory statistical database indicates that acrolein has been found in
soil sanples at 1 of 357 sites at a nmean concentration of 6.5 ppb, and in
wat er sanples at 3 of 357 hazardous waste sites at concentrations ranging
bet ween 10.3 and 51, 000 ppb; however, no distinction was nade between
groundwat er and surface water sanples. The National Priority List
Techni cal Data Base indicates that acrolein has been detected at 7 of 1177
National Priority List (NPL) sites; the frequency of these sites within the
United States can be seen in Figure 5-1 (View 1989). However, the |evel of
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contam nation or the nmedia in which this conmpound was found was not

reported. Acrolein is a gaseous constituent of cigarette snoke and has been

detected at |evels equivalent to 3-220 ug per cigarette. Acrolein is formed

when fats are heated. It has al so been found in foods and food products

such as raw cocoa beans, volatiles from cooked nackerel and white bread, and
vegetabl e oils, w ne, whiskey, and | ager beer. Sufficient data are not

avail able to establish the I evel of acrolein typically found in these itens.

Moni toring data indicate that the general popul ation nay be exposed to
acrol ein through inhalation of contaminated air and through ingestion of
certain foods. One of the nost inportant sources of acrolein exposure my
be via the heating of fats contained in all living matter. Because of the
| ack of recent, conprehensive nonitoring data, the average daily intake of
acrolein and the relative inportance of each source of exposure cannot be
determ ned. Estimating the typical |evel of exposure to acroleinis
conpl i cated because acrolein is a common contani nant of tobacco snoke, and
there is wide variation anong individuals regarding the frequency and | evel
of exposure to tobacco snoke.

There is potential for exposure to acrolein in many occupati onal
settings as the result of its varied uses and its formation during the
conmbustion and pyrolysis of materials such as wood, petrochemnical fuels,
and plastics. As a result, it would be difficult to list all the
occupations in which work-rel ated exposure to acrolein occur. It appears
t hat occupati onal exposure can occur via inhalation and dermal contact.

5.2 RELEASES TO THE ENVI RONMENT
5.2.1 Ar

Potenti al sources of atnospheric release of acrolein include:
em ssions fromfacilities involved in the manufacture or use of products
containing acrolein; volatilization fromtreated waters and contam nat ed
waste streans; formation as a photooxi dation product of various hydrocarbon
pol lutants such as propyl ene, 1, 3-butadi ene, and other diolefins (G aedel
et al. 1978; Maldotti et al. 1980); and em ssions from conbustion processes.
Speci fi c conmbusti on sources include exhaust gas from engi nes powered by
gasol i ne, diesel or other petrochem cal fuels, power plants, burning
vegetation (i.e., forest fires), conbustion of cellulose materials such as
wood, cotton, tobacco, and marijuana, and conbustion of polyethyl ene
pl astics (Hodgkin et al. 1982; Jonsson et al. i985; Lipari et al. 1984).
Acrolein is also a pyrolysis product of polyethylene, animal fats and
vegetabl e oils, cellophane, plastics, and paraffin wax (Boettner and Bal
1980; EPA 1980; Potts et al. 1978; Tanne 1983; Warton 1978). The
concentrations of acrolein in em ssions fromvarious conmbustion and
pyrolysis processes are listed in Table 5-1.

Recent estimates of the atnospheric |oading rate of acrolein from
sources in the United States were not |ocated. Anderson (1983) estimated



TABLE 5-1.

Acrolein in Emissions from Combustion

Source

Concentration

References

Auto exhaust gas:
Gasoline engine

Diesel engine

Ethanol engine

Cigarette smoke

Marijuana smoke

Smoke from burning:
Wood
Cotton
Kerosene

Emissions from woodburning
fireplaces

Emissions from power plants:
Coal - fueled
Gas-fueled
Oil-fueled

Pyrolysis of polyvinyl chloride
food-wrap film during hot wire
cutting

Emissions from the combustion of
polyethylene foam

Pyrolysis of polyethylene foam

15 cm above heated cooking oil

Not detected to 12.1 ppm
(detection Llimit 0.01 ppm)
0-7.79% of total aldehydes,
excluding acetone

0.05-0.3 ppm

Not detected (detection limit
0.01 ppm)

3-220 pg/cigarette
92-145 ug/cigarette

50 ppm
60 ppm
<1 ppm

21-132 mg/kg wood

0.002 lb aldehydes/1000 ibs fuel
0.2 b aldehydes/1000 ths fuet
0.1 b aldehydes/1000 lbs fuel

27-151 ng/cut

2-23 ppm
76-180 ppm

2.5-30 mg/m>

Lipari and Swarin 1982;
Nishikawa et al. 1987a;
Seizinger and Dimitriades 1972;
Sigsby et al. 1987;

Zweidinger et al. 1988

IARC 1985; Seizinger and
Dimitriades 1972

Lipari and Swarin 1982

Hoffman et al. 1975; Horton and
Guerin 1974; Magin 1980;
Manning et al. 1983

Hoffman et al. 1975; Horton and
Guerin 1974

Einhorn 1975

Lipari et al. 1984

Natusch 1978

Boettner and Ball 1980

Potts et al. 1978
Potts et al. 1978

EPA 1980b
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the total loading rate of acrolein in 1978 to be 91, 450 pounds from
facilities involved in its production and use as a chem cal internediate.
Loading rates fromvarious industrial sources were as follows: acrylic acid
manuf acturers, 15,175 pounds; refined acrolein and glycerin manufacturers,
55, 660 pounds; nmethi oni ne manufacturers, 18,150 pounds; and m scel | aneous

i nternmedi ate uses, 2420 pounds. These | oading rates were based on a total
production volume of 350 million pounds for acrolein in 1978, with 87% of
this volune consunmed in the production of acrylic acid and its derivatives.

5.2.2 Water

Acrolein may be released to water in effluents fromits manufacturing
pl ants and use facilities (see Section 4.3 for specific information
regardi ng uses) and fromits direct application to water as an aquatic
her bi ci de (1 ARC 1985; Lue-Hing et al. 1981; WSSA 1983). Data regarding the
amount of acrolein released to United States waters were not | ocated.

5.2.3 Soil

The occurrence of acrolein in soil at one hazardous waste site in the
United States and | eachate fromone nunicipal landfill in Wsconsin provides
evi dence that this conmpound has been released to soil as the result of |and
di sposal of sone organic wastes. No data were | ocated regarding the anount
of acrolein released to soil

5. 3 ENVI RONVENTAL FATE
5.3.1 Transport and Partitioning

Acrolein is relatively unstable in the atnosphere; therefore, transport
within the atnosphere is expected to be limted. The relatively high vapor
pressure of acrolein [220 mm Hg at 20°C (Ei senreich et al. 1981; Hess et al
1978)] suggests that this compound will not partition fromthe vapor phase
to particulates in the atnosphere. Qccurrence of acrolein in rainwater
(Grosjean and Wight 1983; N shikawa et al. 1987b) indicates that this
compound may be renoved fromthe atnosphere by washout.

Vol atilization is expected to be a significant renoval process for any
acrolein released to surface waters. Based on a neasured Henry's Law
constant of 3.06 x 10”° atmm/nol at 20°C, the volatilization half-life
froma nodel river 1 mdeep, flowing 1 niset with a wind speed of 3 m sec
was estimated to be 23 hours using the nmethod of Thomas (1982). Veith
et al. (1980) neasured a bioconcentration factor (BCF) of 344 for acrolein
in bluegill sunfish; however, this may be an overestimate, since total 14C
was neasured in the fish, which nay have resulted in the neasurenent of
acrolein netabolites. A BCF of 0.6 was estimted for acrolein using a
linear regression equation based on a | og octanol /water partition
coefficient (K,) cf -0.01 (Bysshe 1982; Hansch and Leo 1985). These BCFs,
as well as the relatively high water solubility of this conmpound, suggest
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t hat acrol ein does not bioconcentrate significantly in aquatic organi sns.
Using a |linear regression equation based on |og K, data (Lyman 1982), an
adsorption coefficient (K,) of 24 was estimated, which suggests that
adsorption of acrolein to suspended solids and sedinents in water woul d not
be significant. Irwin (1988) reports a range of experinmental K., of 51-270
for adsorption of acrolein to two soils. The relatively | ow experinental
and estimated K, val ues suggest that acrolein will be highly to noderately
nmobile in soil and that this conpound has the potential to | each
significantly (Swann et al. 1983). However, the adsorption of acrolein to
soil has been shown to be irreversible (Irwin 1988). Irreversible
sorption, biodegradation, hydration, and volatilization of acrolein in soi
can be expected to significantly retard the | eaching of acrolein through
soi |

The relatively high vapor pressure of acrolein and its volatility from
wat er suggest that this conpound will evaporate rapidly fromsoil surfaces
and that volatilization is probably a major renpoval process fromsoil. The
relatively low K, value for acrolein indicates high nobility in soil and
suggests that this conmpound has the potential to |each significantly (Swann
et al. 1983). Degradation processes and volatilization, however, are
expected to significantly retard novenent of acrolein through soil.

5.3.2 Transfornmati on and Degradati on
5.3.2.1 Air

The domi nant renoval process for acrolein in anbient air is predicted
to be reaction with photochem cally generated hydroxyl radicals in the
troposphere. The atnospheric half-life for acrolein is estinated to be
15-20 hours, based on experinmentally deternined hydrox 1 reaction rate
constants rangi ng between 1.90 x 10" and 2.53 x | 0" cni/ nol ecul es-sec at
25-26°C and an average ambi ent hydroxyl radical concentration of 5.0 x 10’
mol ecul es/ cmi (At ki nson 1985). Products of this reaction include carbon
nonoxi de, formal dehyde, and gl ycol al dehyde. In the presence of nitrogen
oxi des, products include peroxynitrate and nitric acid (Edney et al. 1986).
Direct photolysis in the anbient atnosphere occurs but is expected to be of
m nor inportance. Gardner et al. (1987) reported that the quantum yields
for irradiation of acrolein at Iow air pressures were 0.0066 at 313 nm and
0.0044 at 334 nm The authors used a conputer analysis of their
phot odi ssoci ation data to estimate the half-life of acrolein to be 10 days
in the | ower troposphere and |l ess than 5 days in the upper troposphere.
Experinental data indicate that reaction of acrolein with ozone
(k = 2.8 x 10" cm/ nol ecul es-see at 25°C, half-life = 59 days) or nitrate
radicals (k = 5.9 + 2.8 x 10" cni/ nol ecul es-seC at 25°C;, half-life -

16 days) in the troposphere would be too slow to be environnentally
significant (Atkinson 1985; Atkinson et al. 1987). The fate of acrolein in
i ndoor air is expected to be different fromits fate in outdoor air because
of differences in the concentrations of oxidants in indoor air conpared to
outdoor air and the possibility of other mechani sns of renoval.
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5.3.2.2 \Water

Low concentrations of acrolein may degrade in natural water by either
aer obi ¢ bi odegradati on or reversible hydration to A hydroxypropi onal dehyde,
whi ch subsequently under goes aerobi ¢ bi odegradati on (Bowrer and Hi ggi ns
1976; Callahan et al. 1979; Tabak et al. 1981). Acrolein applied to surface
waters at application rates suggested for herbicidal use can persist up to 6
days (WSSA 1983). Bowrer and Higgins (1976) neasured acrolein renmoval in
both laboratory water and in field experinments using irrigation channels.
In buffered | aboratory water, acrolein reached its equilibriumapparently
wi th £ hydroxypropi onal dehyde in approxi mately 300 hours (92%

S hydr oxypropi onal dehyde, 8% acrolein); in irrigation channels, acrolein
renoval was conplete. Half-lives were reportedly less than 1 to 3 days in
surface water, but values were for the conbined effect of degradation and
vol atilization (Bowrer and Hi ggins 1976; Bowrer et al. 1974). Kissel et al.
(1978) neasured acrolein renoval in buffered | aboratory water and natural
river water using both chem cal analysis nethods and bi oassays. Conplete
hydrol ysis (which according to the authors includes hydration to

3- hydr oxypropanol ) occurred within 150 hours, 120-180 hours, and 5-40 hours
in buffered solutions at 22°C and pH 5, 7, and 9, respectively. Based on
fish kill bioassays in natural river water at pH 8.1, greater than 93%
degradati on of acrolein occurred within 6 days.

Jacobson and Smth (1990) studied the dissipation of acrolein, applied
at the highest recommended rate according to the label, to achieve a 15 ppm
concentration for a 2-hour duration in an irrigation canal and a | ateral of
t he canal which was infested with aquatic plants. The dissipation halflives
for acroleinin the irrigation and |ateral canals were 275 and 64
m nutes, respectively. No acrolein residues were detected (detection limt,
0.01 ppm. No residues of 3-hydroxypropanol were detected (detection limt,
2.0 ppm in any of the water sanples fromeither canal. These data suggest
that acrolein will not persist for noderate or long periods of tine in
aerobi ¢ aquatic environnments and that hydration of acrolein may not be an
i mportant degradation pathway for acrolein (Jacobson and Smith, 1990).

The ultraviolet (UV) spectrum of acrolein in hexane shows noderate
absorption of W light in the environnentally significant range (wavel engths
greater than 290), suggesting that acrolein nmight undergo photolysis in
natural waters; however, hydration of acrol ein destroys the chronpphores
that absorb WIlight (Callahan et al. 1979), and the equilibrium appears to
be far on the side of the hydration product. Thus, the potential for direct
photolysis of acrolein in natural waters is probably slight. Oxidation of
smal | anobunts of acrolein in natural waters would not be environnentally
significant; however, highly concentrated acrolein solutions (i.e., spills)
may be polynerized by oxidation or hydration processes (Callahan et al.
1979). Insufficient data are avail abl e regardi ng anaerobi ¢ bi odegradati on
to establish the significance of this process as a renoval nechanismor to
determ ne the rate at which such a process would proceed. This information
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woul d be particularly useful in determning the fate of acrol ei n under
conditions frequently encountered in groundwater and in landfills,

5.3.2.3 Soil

Experinmental data specifically pertaining to the degradati on or
transformati on of acrolein in soil were not |ocated. Results of studies in
aquatic systens suggest that acrolein, at |ow concentrations, may be subject
to aerobi c biodegradation in soil or transformation via hydration foll owed
by aerobi c bi odegradati on of the hydrated product (see Section 5.3.2.2).
Since acrolein is a very reactive conpound, abiotic processes, such as
oxi dation, may be the nost inportant degradati on processes.

5.4 LEVELS MONI TORED OR ESTI MATED | N THE ENVI RONVENT
5.4.1 Ar

The at nospheric concentrations of acrol ein have been neasured in
several |ocations, and the nost conprehensive nmonitoring studies are
di scussed bel ow. Altshuller and McPherson (1963) and Renzetti and Bryan
(1961) determ ned that acrolein levels in air sanples collected in Los
Angel es, CA, during 1960-61 averaged between 5 and 8 ppb. Air sanples
collected in the Los Angel es Basin over a 12-week period during 1968
contai ned | evel s rangi ng between none detected to 18 ppb, although nobst
val ues ranged between 0.9 and 9 ppb (1 ARC 1985). Since Los Angeles is a
hi gh-density popul ation center with a variety of em ssion sources and a
snog problemrelated to high traffic density, air nonitoring data fromthis
area may provide insight regarding the maxi mum at nospheric | evels of
acrolein in urban areas. However, these data are considered too old to
provi de useful information on current anbient |evels of acrolein. In a
somewhat nore recent survey (although still very outdated), acrolein was
detected in 5 of 19 air samples collected in Edison, NJ, during 1976.
Positive sanples contai ned acrolein at |evels between 0.19 and 0. 44 ppb,
with a nean concentration of 0.31 ppb (Brodzinsky and Singh 1982). These
data are insufficient for determning the level at which acrolein typically
occurs in anmbient air.

5.4.2 Water

Data fromthe EPA STORET Data Base indicate that acrolein has a | ow
frequency of occurrence in wastewater streanms, ambient surface water, and
groundwater in the United States (EPA 1988b; Staples et al. 1985). Acrolein
has not been found as a contam nant of drinking water (EPA 1980; Krill and
Sonzogni 1986; Otson 1987). Grosjean and Wight (1983) detected acrol ein,
in conmbination with acetone, at a concentration of 0.05 ppt in rainwater
collected in Los Angel es, CA, however, these conpounds were not detected in
rai nwater sanples collected in four |ess densely populated sites in
California. The Contract Laboratory Statistical Database reports that
acrol ein has been detected in water at 3 of 357 hazardous waste sites in
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the United States at mean concentrations ranging from 10. 3-51, 000 ppb (VI AR
1987). However, this database nmade no distinction between groundwater and
surface water nonitoring data. In the only report of acrolein occurrence in
muni ci pal landfill |eachate, acrolein was detected at a concentration of
170 ppb in 1 of 5 | eachate sanples collected fromsites in Wsconsin (Sabel
and Cl ark 1984).

5.4.3 Soil

The Contract Laboratory Statistical Database reports that acrol ein was
detected in soil at 1 of 357 hazardous waste sites in the United States, at
a mean concentration of 6.5 ppb (VIAR 1987). The National Priority List
Techni cal Data Base (View 1989) indicates that acrolein was detected at 5
of 1177 National Priority List (NPL) sites; however, the database does not
contain nedia concentration data. Acrolein was identified in sedinment/
soi | /water sanples collected fromLove Canal in N agara Falls, NY (Hauser
and Bronberg 1982); however, no quantitative data were avail abl e.

5.4.4 O her Media

Acrol ein has been identified in foods and food conponents such as raw
cocoa beans, chocolate liquor, souring salted pork, fried potatoes and
oni ons, raw and cooked turkey, and volatiles from cooked mackerel, white
bread, raw chicken breast, ripe arctic branble berries, heated animal fats
and vegetable oils, and roasted coffee (Cantoni et al. 1969; EPA 1980, 1985;
| ARC 1985; Umano and Shi banpto 1987). Sufficient data are not available to
establish the | evel of acrolein typically encountered in these foods. Trace
i evel s of acrol ein have been found in w ne, whiskey, and | ager beer (IARC
1985). Further information regarding the occurrence of acrolein in food and
rel ated products is provided by EPA (1980).

Acrolein is a gaseous constituent of tobacco and marijuana snoke,
occurring in both mainstream and si destream snoke (Ayer and Yeager 1982;
Hof f mann et al. 1975; Hol zer et al. 1976; Ryl ander 1974; Wber-Tschopp
et al. 1976). The level of acrolein in sidestream snoke has been found to
be notably higher (12 times higher) than in mainstream snoke (Triebig and
Zober 1984). The ampunt of acrolein enmitted in tobacco snoke varies
dependi ng upon the kind of cigarette, snoking conditions, puff volune, puff
rate, nature, and type of tobacco, as well as a nunber of other extraneous
factors (Hol zer et al. 1976). Snoke fromvarious cigarettes have been found
to contain 3-220 pg acrolein per cigarette (Hoffrmann et al. 1975; Horton and
Guerin 1974; Magin 1980; Manning et al. 1983). Snpke froma marijuana
cigarette was also found to contain 92-145 ug/cigarette (Hof Emann et al.
1975; Horton and Guerin 1974). Studies perfornmed to deternine the
concentration of acrolein in snoke-filled roonms (Rylander 1974; Triebig and
Zober 1984; \Weber-Tschopp et al. 1976) indicate that the concentrati on of
acrolein in indoor air is highly dependent upon such factors as the nunber
of cigarettes snoked, rate at which the cigarettes are snoked, size of the
room nunber of people in the room and type of ventilation. Acrolein
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| evel s measured in various settings where people were snoking are: cafe,
30-100 ppb; train, 10-120 ppb; car with three snokers (w ndows open), 30 ppb
(avg.); car with three snokers (w ndows cl osed), 300 ppb (avg.);

restaurant, 3-13 ppb; tavern, 5-18 ppb; and cafeteria, |-10 ppb (Triebig

and Zober 1984).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

The general population may be exposed to acrol ein through inhal ation of
contam nated air, inhalation of cigarette snoke, and through ingestion of
certain foods. Wdespread exposure occurs due to the fornmation of acrolein
during the heating of fats. Because of the lack of recent conprehensive
monitoring data, the average daily intake of acrolein and the relative
i mportance of each source of exposure cannot be deternmined. Primary factors
i nfluencing the level of exposure to acrolein via inhalation are: |ocation
(urban versus rural), duration and frequency of exposure to tobacco snoke,
concentration of tobacco snoke, duration and frequency of exposure to high
concentrations of vehicle exhaust (e.g., in parking garages, in heavy
traffic), occupational exposure, and downw nd di stance of residence or work
site relative to stationary point sources. Primary factors influencing the
| evel of exposure to acrolein via ingestion are diet and vol une of intake,
which is typically related to age and sex.

According to a National Occupational Exposure Survey (NOES) by N OSH
bet ween 1981 and 1983, an estimted 1300 workers in the United States are
occupationally exposed to acrolein (NIOSH 1988). This is a tentative
estimate and is subject to change as further information regarding trade
nane conmpounds becones avail able. There is potential for exposure to
acrolein in many occupational settings as the result of its varied uses and
its formation during the conbustion and pyrolysis of materials such as wood,
petrochem cal fuels, and plastics. As a result, it would be difficult to
list all the occupations in which work-rel ated exposure to acrol ein occurs.
Acrol ein has been detected in workplace air at a nunber of |ocations
(Ahrenhol z and Egil man 1983; Apol 1982; | ARC 1985; Tharr and Si ngal 1986;
Trietman et al. 1980; Wskie et al. 1988). Acrolein concentrations of
0.057-0.085 ppm were detected during systemtesting conducted as part of a
submari ne overhaul in Portsnmouth Naval Shipyard in Portsnouth, NH (Tharr and
Singal ). Ahrenholz and Egil man (1983) reported | ess than 0.0044-0.18 ppm
acrolein in the wire line departnment of Rubbernmaid Inc. in Woster, OH and
Apol (1982) reported less than 0.06 ppmin nolding areas of Gerlinger
Casting Corp in Salem OR

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURE

Those segnents of the general population with potentially high exposure
to acrolein from exogeni ¢ sources include people who cone in frequent or
prol onged contact with tobacco or marijuana snoke, people who are
occupational |y exposed, and people who live or work near dense traffic
areas, in snoggy areas (e.g., Los Angeles), or downw nd from stationary
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poi nt sources. Patients ingesting the drug cycl ophosphani de are at risk for
exposure to acrolein, a netabolite of the drug. It is not known, however,

if such patients would be at risk for potentially high exposure to acrolein
as a result of taking the drug.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of the
Public Health Service) to assess whet her adequate infornmation on the health
effects of acrolein is available. Were adequate infornmation is not
avail able, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a programof research designed to determ ne the health effects
(and techni ques for devel oping nmethods to determi ne such health effects) of
acrol ein.

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 assessnent. In the future, the
identified data needs will be evaluated and prioritized, and a
subst ance-specific research agenda will be proposed.

5.7.1 ldentification of Data Needs

Physi cal and Chemical Properties. Physical and chemnical property data
are essential for estimating the partitioning of a chemical in the
envi ronment. Physical and chenical property data are avail able for
acrol ein, but extensive experinmental descriptions necessary for eval uating
the accuracy of the data are | acking.

Production, Use, Release, and D sposal. Data regarding the production
nmet hods for acrol ein are adequate; however, data regarding current
production volumes and use patterns are |acking. Production data may be
difficult to obtain, since many conpanies desire to maintain their
confidentiality. Use, release, and disposal information is useful for
det erm ni ng where environnental exposure to acrolein may be high.
Determining the percentage of acrolein used as a captive internediate
(i.e., consuned in closed processes in which the conpound is not isol ated)
rather than as an isolated, refined product is inportant in estimating the
anount of release to the environnment from stationary, nonconbustion-rel ated
sources. An estimate of the ampunt of acrolein released fromstationary
sources woul d be useful in establishing the relative inportance of each
source of acrolein. Even if information on the production, use, and
di sposal of acrolein were avail able, the anounts rel eased would be difficult
to estinmate, since major factors contributing to its occurrence in the
environnment are its formation as a product of the photochem cal degradation
of other atnospheric pollutants and its release in em ssions froma w de
vari ety of conbustion processes.
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According to the Emergency Planning and Community Ri ght-to-Know Act of
1986 (EPCRTKA), (8313), (Pub. L. 99-499, Title Ill, 8313), industries are
required to submit release information to the EPA. The Toxics Rel ease
Inventory (TRI), which contains release infornmation for 1987, becane
available in May of 1989. This database will be updated yearly and shoul d
provide a nore reliable estimate of industrial production and emni ssion.

Envi ronnmental Fate. Experinental data pertaining to the persistence of
acrolein in soil and groundwater are |lacking. Studies on volatilization
fromsoil surfaces, anaerobic biodegradation in soil and sinmul ated
groundwat er, and aerobi c bi odegradation in simulated groundwater would be
useful in establishing the |ikelihood of exposure near hazardous waste
di sposal sites resulting fromvolatilization fromsoil surfaces or from
groundwat er cont amni nati on

Bi oavailability from Environnental Media. No studies were | ocated
regardi ng the bioavailability of acrolein fromenvironnental nedia. Since
acrol ein has been detected in anbient air and in food and beverages (ppb
levels), it is inportant to determine if acrolein can be absorbed by humans
fromenvironmental sanples. However, the chemical structure of acrolein
makes it a highly reactive nolecule, which presumably is why its effects
are, for the nost part, restricted to the area of exposure (i.e.,
respiratory systemfor inhalation exposure or |ocalized skin danage for
dermal exposure). The limted information avail abl e regardi ng absorption
paraneters of acrolein in experinmental animals indicates that acrolein is
easily retained in the respiratory airways; however, virtually no
information is avail abl e regardi ng absorption by the gastrointestinal tract
or skin. Therefore, based on the data available, it is likely that
i nhal ati on of contamnated air will result inirritation of the eyes and
respiratory tract.

Food Chai n Bi oaccumul ati on. A bioconcentration factor (BCF) was
measured for acrolein that indicates that this conpound woul d not
bi oaccunmul ate significantly in fish. This conclusion is supported by
monitoring data that indicate that acrolein is not a commobn contam nant of
biota in United States waters. No information was avail able on the
bi oaccurul ati on of acrolein in organisns at other trophic |evels.
Monitoring for the accunulation of acrolein in organisns fromsevera
trophic levels would be useful in estimating the levels of acrolein to which
humans are exposed through dietary intake.

Exposure Levels in Environnmental Media. Limted, nostly outdated, data
were avail able regarding the detection of acrolein in the environnent.
Informati on on exposure to acrolein in air in urban areas, rural areas, near
hazardous waste disposal sites, as well as in water (specifically, drinking
wat er supplied from groundwat er downgradi ent from hazardous waste di sposa
sites and contam nated surface waters) and soil at waste disposal sites
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woul d be useful. Mnitoring air and water over a |-year period would
provi de sone indication of seasonal variations.

Exposure Levels in Humans. The dat abase for both workpl ace exposure
and anbi ent exposure i s neither conprehensive nor current. Therefore, it is
not possible to calculate a reliable estimate of average daily intake or
i ntake resulting from occupati onal exposure. Even if this information was
avail abl e, determ nation of the average daily intake of acrolein would be
complicated by the variability in the frequency and anount of exposure to
cigarette snoke and other acrolein sources. The devel opnent of a program
for nonitoring environnental nedia would provide information for estinmating
exposure levels in humans. Market basket surveys or total diet studies
simlar to those conducted by the United States Food and Drug
Adm ni stration woul d provide data on typical |evels of exposure via dietary
i ntake. These kinds of studies are designed to determine the dietary intake
of 16- to 19-year-old nales, toddlers (2-year-old), and infants. In
addition to workplace nonitoring data, occupational exposure nmay be
estimated from detail ed exam nation of the uses of acrolein and the various
processes in which acrolein is formed. For instance, since acrolein is a
product of the conmbustion of wood, polyethylene, and petrochenical fuels,
fire fighters could be exposed to elevated | evel s of acrolein. However,
determ ning typical |evels of exposure in this occupation would be
difficult because of the variability in e kinds of naterials consuned in
fires.

Exposure Registries. An exposure registry is not available for
acrol ein. The devel opnment of an exposure registry would provide a useful
reference tool in assessing exposure levels and frequency of exposure. In
addition, a registry would allow an assessnent of the variations in exposure
concentrations due to such variable factors as geography, season, regul atory
actions, presence of hazardous waste landfills, or manufacture and use
facilities. These assessnents, in turn, would provide a better
under st andi ng of the needs for research or data acquisition related to
current exposure |evels.

5.7.2 On-going Studies

The U. S. Departnent of Energy is sponsoring a study which is being
perfornmed by R Zinskind and J. Stoheley at Science Applications, Inc. in
La Jolla, CA to determine the concentration of acrolein in exhaust gas from
di esel tractors and other vehicles (NTIS 1988). NIOSH is updating its
estimates of occupational exposure in the National COccupational Exposure
Survey (NOCES) by taking into account additional information concerning
exposure to trade nane conpounds. No other pertinent on-going studies were
identified.
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or measuring and nonitoring acrolein in
environmental nedia and in biological sanples. The intent is not to provide
an exhaustive |ist of analytical nethods that could be used to detect and
quantify acrolein. Rather, the intention is to identify well-established
met hods that are used as the standard net hods of analysis. Many of the
anal yti cal nmethods used to detect acrolein in environmental sanples are the
met hods approved by federal agencies such as EPA and the National Institute
for COccupational Safety and Health (NIOSH). Other nethods presented in this
chapter are those that are approved by a trade association such as the
Associ ation of Oficial Analytical Chem sts (AOAC) and the Anerican Public
Heal th Association (APHA). Additionally, analytical methods are included
that refine previously used nethods to obtain |ower detection l[imts, and/or
to i nprove accuracy and precision.

6.1 BI OLOd CAL MATERI ALS

Data regarding the anal ytical nethods used in the determnation of
acrolein in biological sanples are |limted. Boor and Ansari (1986)
devel oped a net hod capabl e of detecting nanogram (ng) quantities of
acrolein in biological sanmples. In this method, a derivatizing agent,
2, 4-di ni trophenyl hydrazine (DNP), is incubated with |iver or kidney
honogenate for a short period of time. The acrol ein-DNP adduct is then
extracted fromthe sanple with chloroform Analysis for acroleinis
accomplished by elution on a reverse phase col um using hi gh perfornmance
liquid chromat ography (HPLC), and detection of the adduct by UV absorbency.
Interferences due to the coincidental elution of DNP adducts of ketones or
al dehydes other than acrolein are not ruled out by this nethod of analysis.

Derivati zati on nethods for the neasurenent of acrolein levels in
bi ol ogi cal medi a should be used with caution based upon data for analysis
for acrolein in aqueous solutions (Kissel et al. 1978). Methods that
utilized derivatives (DNP and 7-hydroxyqui noline) conbined with
calorimetric or fluorinmetric detection were not specific for acrolein and
consistently did not correlate with those obtained from bi oassays. Certain
di rect nmethods of detection (nuclear magnetic resonance (NWVR), fluorescence,
and differential pul se pol arography) gave the best correlation to the
bi oassay results (see discussion of analysis of environnental sanples in
Section 6.2).

Al arcon (1976) devel oped a nethod for quantitifying
3- hydr oxypropyl mercapturic acid (MCA), a known netabolite of acrolein, in
urine. This nethod involves acidification of the urine to convert MCAto
S- (3- hydroxypropyl)-L-cysteine. The anount of S-(3-hydroxypropyl)-L-cysteine
can then be quantitated using an automated anino acid anal yzer.

Acrolein in biological sanples can be detected using a techni que
devel oped to determ ne volatile organic conpounds in fish (Hiatt 1983). In
this nethod, honogenized fish are transferred to a special vessel and the
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vol atil e organi c conpounds are vacuumdistilled into a cold trap. The

sanple is introduced into a cryogenic focusing trap, and the acrolein in the
sanple is detected by a nass spectronmeter (MS). This method can be used in
conjunction with HPLC or gas chronatography (GC) to determ ne the anount of
acrolein in the sanple.

6. 2 ENVI RONMVENTAL SAMPLES

Acrol ein can be determined in air sanples using N OGSH nmet hod 2501
(NIOSH 1984). In this nmethod, a known volune of air is punped through a
tube containing a support coated with the derivatizi ng agent
2- (hydr oxynet hyl ) pi peri dine. The derivative is eluted fromthe tube with
tol uene, and anal yzed by GC using a nitrogen specific detector (NSD)
Variations of this procedure have al so been reported. R etz (1985) used DNP
as a derivatizing agent on the adsorbent tube, and made a final analysis
usi ng HPLC coupled to a WV detector. Acrolein has al so been trapped for
anal ysis by bubbling air through an aliquot of ethanol, adding nethoxyl am ne
hydrochl oride to forma derivative, and then brom nating the resulting
adduct to allow increased detector sensitivity. Quantitation is achieved by
GC using an electron capture detector (ECD) (N shikawa et al. 1986). A
sumary of these techniques, along with nmethods for other environnental
sanples, are presented in Table 6-1. Interferences due to coincidenta
elution of derivatives of the conpounds is a potential problemof these
t echni ques.

Derivati zation nethods for the nmeasurenent of acrolein levels in
environment al nedi a should be used with caution based upon data for anal ysis
for acrolein in aqueous solutions (Kisel et al. 1978). In a conparison of
chem cal anal ytical nmethods to bioassays, results obtained using nethods
utilizing derivatives (DNP and 7-hydroxyqui noline) conbined with
calorimetric or fluorinetric detection were not specific for acrolein and
consistently did not correlate with those obtai ned from bi oassays. Certain
di rect nmethods of detection (nuclear magnetic resonance (NWR),
fluorescence, and differential pulse polarography) gave the best correlation
to the bioassay results (see Table 6-1).

The analysis of acrolein in wastewater and water-m sci ble wastes or
soils with low levels of contam nation can be perforned using EPA net hods
603 and 8030, respectively (EPA 1982a, 1986b). In closely rel ated
techni ques, an aliquot of water is subjected to a purge and trap protocol
and the sanple is thermally desorbed onto a GC for anal ysis and
guantitation. For waste sanples not miscible with water or for soil sanples
with high levels of contam nation, the sanple can first be extracted with
ethanol. The extract is diluted with water and then subjected to the purge
and trap anal ysis descri bed above (EPA 1986b). Coi ncidental elution of
compounds with acrolein may lead to interferences in these nethods.

Ogawa and Fritz (1985) devel oped a nmethod for the identification of
acrolein in water. A known volune of water is passed over a colum of



TABLE €-1. Analytical Methods for Determining Acrolein in Envirormental Samples

Method/Sample Matrix

Sample Preparation

Analytical Method

Detection
Limit

Accuracy?

Reference

NIOSH 2501/Air

EPA 603/Hasteuaterd

EPA 8030/Solid Waste®

Air

Water

Collection on tubg with 2-(hydroxy-
methyl)piperidine” coated on XAD-2
resin, desorbed by toluene extraction.

Purge at 85°C and trap onto methyl
silicones2,6-diphenylene oxide
adsorbent, thermal desorption.

Purge and trap onto adsorbent, rapid
adsorbent, rapid heating desorption

Trap in ethanol solution, gdd
methoxylaminehydrochloride”,
brominate.

Trap on XAD-2 resin coated with 2-
(hydroxymethyl)piperidine™, desorb
with toluene.

Trap on XAD-2 resin coated with
2,4-DNP”, elute adduct with aceto-
nitrile.

Trap on Zeolite ZSM-5 colum, elute
with acetonitrile, derivatize with
2,4-DNP.

Nondirect measurement of aldehyde
signal compared to signal for a
calibrated sealed external TMS
standard.

Dilution of sample with deionized
water.

Dilution of sample with deionized
water, addition of phosphate
buffer and EDTA.

GC - Nsp©

GC - FID

GC - FID

Gc - ECD®

GC - NSD®

HPLC - WVE

HPLC - ULVC

NMR

Fluorescence
spectrometer

Differential
pulse polarography

2 ug

0.6 pg/L

NS

<4 ppb

NS

0.01 mg/m

<10 ug

5000 ppm

>20 ppm

>30 ppb

NS

96%

NS

81-96%

NS

5 mg/m°

98%

NS

NS

NS

NIOSH 1984

EPA 1982a

EPA 1986

Nishikawa et al. 1986

Kennedy et al. 1984

Rietz 1985

Ogawa and Fritz 1985

Kissel et al. 1978

Kissel et al. 1978

Kissel et al. 1978
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TABLE 6-1 (Continued)

Method/Sample Matrix Sample Preparation Analytical Method Detection Accuracy? Reference
Limit

Personal Air Trap on carbon coated with hydro- GC 0.02 ppb >75% Hurley and Ketcham
quinone, desorb with 1,2-dichloro- 1978
ethane.

Rain Add to collected sgmple methoxyl - GC - ECD® 0.4 ng/mL 90-101% Nishikawa et al. 1987b
aminehydrochloride”, brominate.

a

bDerivatizing agent.

Cperivative analyzed.

Defined as the percent recovery of a blank sample.

9epa method 603 is the preferred method for quantitative analysis; method 624 can be used to screen samples for acrolein.
eIncorporates EPA method 5030.

2,4-DNP = 2,4-dinitrophenylhydrazine; ECD = electron capture detector; EDTA = ethylenediaminetetraacetic acid; FID = flame jonization
detector; GC = gas chromatography; HPLC = high performance liquid chromatography; NMR = nuclear magnetic resonance; NS = not stated;
NSD = nitrogen specific detector; TMS = tetramethylsilane; UV = ultraviolet.

9
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zeolite that traps the acrolein. The colum is then eluted with
acetonitrile, and derivatization using DNP follows. By followi ng this
procedure, a sanple that can be analyzed by HPLC is obtained. O her
derivatizing agents that have been used successfully for the nonitoring of
acrolein in the environnment include di medon, phenyl hydrazone,

4- hexyl resorci nol, and 3-nethyl - 2- benzot hi azol one (Al tshull er and MPherson
1963; Peltonen et al. 1984).

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of the
Public Health Service) to assess whet her adequate information on the health
effects of acrolein is available. Were adequate information is not
avail able, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determ ne the health effects
(and techni ques for devel opi ng nethods to determ ne such health effects) of
acrol ei n.

The foll owi 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 informational needs that, if met would reduce or
elimnate the uncertainties of human health assessnent. In the future, the
identified data needs will be evaluated and prioritized, and a
subst ance-specific research agenda will be proposed.

6.3.1 ldentification of Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. No
bi omarker that can be associated quantitatively with exposure of acrolein
has been identified (see Section 2.5). There are nmethods that can detect
acrolein as well as its nmetabolite 3-hydroxypropyl nercapturic acid. The
nmet hods used for the analysis of acrolein, however, can be susceptible to
interferences. Methods that positively identify acrolein or one of its
derivatives would elimnate the problens associated with specificity of the
t echni que.

No bi omarker that can be associated quantitatively with effect has been
identified (see Section 2.5). Thus, there are no anal ytical nmethods for the
determ nation of biomarkers of effect for acrolein.

Met hods for Parent Conpound and Degradation Products in Environnent al
Medi a. Suitable nmethods for the determination of acrolein in environnental
sanpl es exist. Neverthel ess, new nethodol ogi es for the determ nation of
acrol ein have been reported. These nethods can offer increased sensitivity
and greater ease of performance. Further testing and eval uation of these
met hods woul d be useful in establishing the nost powerful and practical
techni ques for routine analysis of acrolein in environnental sanples.
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6.3.2 On-going Studies

No on-goi ng studies concerning the determ nation of acrolein in
environnmental nedia or biological materials were identified.
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Nati onal and international guidelines, as well as state regul ations,
pertinent to human exposure to acrolein are summarized in Table 7-1.

Acrolein is regulated by the Cean Water Effluent Cuidelines for the
followi ng industrial point sources: electroplating, steamelectric,
asbestos, tinber products processing, netal finishing, paving and roofing,
paint formul ating, ink formulating, gum wood, and carbon bl ack.
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TABLE 7-1. Regulations and Guidelines Applicable to Acrolein

Agency Description Value Reference
WHO Carcinogenic classification Group 3@ 1ARC 1987
National

Regulations:
a. Air:

OSHA PEL ceiling 0.1 ppm (0.25 mg/m3) 29 CFR 1910.1000
b. Water:

EPA OSW Hazardous waste constituent No data EPA 1982b

49 CFR 261

c. Nonspecific media:

EPA Extremely hazardous substances 1 pound EPA 1987a
emergency planning and release 40 CFR 300 and 355
notification requirements

Threshold planning quantity 500 pounds EPA 1987a
49 CFR 300 and 355
FDA Food starch limitation 0.6% FDA 1988
21 CFR 172.892
EPA Pesticide classification Restricted use EPA 1982c
40 CFR 162.31
Guidelines:
a. Air:
ACGIH TLV TWA 0.1 ppm (0.25 ma/g>) ACGIH 1988-89
STEL 0.3 ppm (0.8 mg/m ACGIH 1988-89
NIOSH IDLH 0.1 ppm (0.25 mg/m) NIOSH 1985
b. Water:

EPA OWRS Ambient water quality criteria EPA 1987b
Ingesting water and organisms 0.32 mg/L EPA 1980b
Ingesting organisms only 0.78 mg/L EPA 1980b

c. Other:
EPA Carcinogenic classification Group cb EPA 1987c
State
Regulations:
a. Air:

Connecticut Acceptable ambient air concentrations 5 ug/m3 8 hr) NATICH 1987

Florida-Tampa 2.5 pg/m_(8 hr) NATICH 1987

North Carolina 80.0 ug/g> (15 min)  NATICK 1987

North Dakota 2.5 pg/m;, (8 hr) NATICH 1987

North Dakota 8.0 pg/mg, (1 hr) NATICH 1987

Nevada 6.9 pug/m’_(8 hr) NATICH 1987

New York 0.83 ug/ms (1 yr)  NATICH 1987

South Carolina 1.25 pg/p” (24 hr) NATICH 1987

Virginia 4.0 ugé (24 hr) NATICH 1987

Kentucky 1 mg/m” (8 hr) State of Kentucky 1986

a

bGroup 3: Inadequate evidence for carcinogenicity in humans and animals.

Group C: Possible human carcinogen.

ACGIH = American Conference of Governmental Industrial Hygienists; EPA = Environmental Protection Agency;
IARC = International Agency for Research on Cancer; IDLH = Immediately Dangerous to Life or Health Level;
NIOSH = National Institute for Occupational Safety and Health; OSHA = Occupational Safety and Health
Administration; OSW = Office of Solid Wastes; OWRS = Office of Water Regulations and Standards;

PEL = Permissible Exposure Limit; STEL = Short-Term Exposure Limit; TLV = Threshold Limit Value;

TWA = Time-Weighted Average; WHO = World Health Organization.
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9. CGLOSSARY

Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |ess,
as specified in the toxicol ogical profiles.

Adsorption Coefficient (K,) -- The ratio of the anbunt of a chem cal
adsor bed per unit weight of organic carbon in the soil or sedinment to the
concentration of the chem cal in solution at equilibrium

Adsorption Ratio (Kd) -- The anount of a chemical adsorbed by a sedinment or
soil (i.e., the solid phase) divided by the anount of chemical in the

sol ution phase, which is in equilibriumw th the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrograns of chem ca
sorbed per gram of soil or sedinent.

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

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

Carci nogen -- A chenical capable of inducing cancer.

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

Chroni ¢ Exposure -- Exposure to a chem cal for 365 days or nore, as
specified in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the

devel opi ng organismthat nmay result from exposure to a chemcal prior to
conception (either parent), during prenatal devel opnent, or postnatally to
the time of sexual nmaturation. Adverse devel opnental effects nmay be
detected at any point in the Iife span of the organism

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chenical; the distinguishing feature
between the two terns is the stage of devel opnment during which the insult
occurred. The terns, as used here, include mal fornmati ons and vari ati ons,
altered grow h, and in utero death.

EPA Health Advisory -- An estinate of acceptable drinking water levels for a
chem cal substance based on health effects information. A health advisory

is not a legally enforceabl e federal standard, but serves as technical

gui dance to assist federal, state, and |ocal officials.
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| medi at el y Dangerous to Life or Health (IDLH) -- The maxi num environmnent al
concentration of a contami nant from which one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.

I nt ernedi at e Exposure -- Exposure to a chemical for a duration of 15-364
days as specified in the Toxicol ogical Profiles.

I munol ogi ¢ Toxicity -- The occurrence of adverse effects on the imune
systemthat may result from exposure to environnental 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 organi sm

Let hal Concentration(LO (LGyp) -- The |l owest concentration of a chemical in
air which has been reported to have caused death in hunmans or ani nmals.

Let hal Concentration(50) (LGsxp) -- A calculated concentration of a chenica
in air to which exposure for a specific length of time is expected to cause
death in 50% of a defined experinental animal popul ation.

Let hal Dose(LO (LDm) -- The | owest dose of a chenical introduced by a
route other than inhalation that is expected to have caused death in humans
or ani mals.

Let hal Dose(50 (LDs) -- The dose of a chemical which has been calculated to
cause death in 50% of a defined experinental aninmal popul ation.

Lethal Time(50) (LTs) -- A calculated period of time within which a
specific concentration of a chenical is expected to cause death in 50% of a
defined experinental animal population.

Lowest - Qbserved- Adverse- Ef fect Level (LOAEL) -- The | owest dose of chen ca
in a study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between

t he exposed popul ation and its appropriate control.

Mal f ormati ons -- Permanent structural changes that nay adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chem ca
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 nmutations. A nutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
m scarriages, or cancer.
Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to chemni cal
No- Qbserved- Adver se- Ef fect Level (NOAEL) -- The dose of chemi cal at which

there were no statistically or biologically significant increases in
frequency or severity of adverse effects seen between the exposed

popul ation and its appropriate control. Effects nay be produced at this
dose, but they are not considered to be adverse.

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

Per m ssi bl e Exposure Limt (PEL) -- An allowable exposure level in
wor kpl ace air averaged over an 8-hour shift.

gl* -- The upper-bound estimate of the | ow dose sl ope of the dose-response
curve as deternmined by the nultistage procedure. The gl* can be used to

cal cul ate an estimate of carcinogenic potency, the increnmental excess cancer
risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
pg/nB for air).

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

ani ml and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimte RfDs and an additi onal
nodi fying factor, which is based on a professional judgnent of the entire
dat abase on the chenmical. The RfDs are not applicable to nonthreshold
effects such as cancer.

Reportable 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 anount established by regul ation
ei ther under CERCLA or under Sect. 311 of the Clean Water Act. Quantities
are measured over a 24-hour period.

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

nmodi fications in other functions that are dependent on the integrity of
this system
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Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are all owed per day, and there nust be at | east 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 physiol ogical systens (e.g., renal, cardiovascul ar)
extending fromthose arising through a single |linmted exposure to those
assunmed over a lifetime of exposure to a cheni cal

Terat ogen -- 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 nost
wor kers can be exposed without adverse effect. The TLV may be expressed as a
TWA, as a STEL, or as a CL.

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

Toxi ¢ Dose (TDsx) -- A calcul ated dose of a chem cal, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental aninmal popul ation.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
fromexperinental data. UFs are intended to account for (1) the variation
in sensitivity anmong the nenbers of the human popul ation, (2) the
uncertainty in extrapolating animal data to the case of human, (3) the
uncertainty in extrapolating fromdata obtained in a study that is of |ess
than lifetime exposure, and (4) the uncertainty in using LOAEL data rather
than NOAEL data. Usually each of these factors is set equal to 10.
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APPENDI X:  PEER REVI EW

A peer review panel was assenbled for acrolein. The panel consisted of
the followi ng nmenbers: Dr. John Egle, Departnent of Pharnacol ogy and
Toxi col ogy, Medical College of Virginia; Dr. Raynond Snith, Departnent of
Pat hol ogy and M crobi ol ogy, University of Nebraska Medical Center; and Dr.
Samuel Cohen, Departnent of Pathol ogy and M crobi ol ogy, University of
Nebraska Medi cal Center. These experts collectively have know edge of
acrol ein's physical and chenical properties, toxicokinetics, key health end
poi nts, nmechani sns of action, human and ani mal exposure, and quantification
of risk to humans. Al reviewers were selected in conformty with the
conditions for peer review specified in Section 104(i)(13) of the
Conpr ehensi ve Environnental Response, Conpensation, and Liability Act, as
anmended.

A joint panel of scientists from ATSDR and EPA has revi ewed the peer
reviewers' coments and determ ned which comrents will be included in the
profile. Alisting of the peer reviewers' comrents not incorporated in the
profile, with brief explanation of the rationale for their exclusion, exists
as part of the administrative record for this conpound. A list of databases
reviewed and a list of unpublished docunents cited are also included in the
admi ni strative record.

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 Agency for Toxic Substances and
Di sease Registry.
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