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
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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)
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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
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)
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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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2.2.1.2 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.
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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



50

2. HEALTH EFFECTS

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



51

2. HEALTH EFFECTS

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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