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Acetaldehyde

INTRODUCTION

Acetaldehyde (CAS Registry Number 75-07-0, C2H4O,
molecular weight = 44.1) (Figure 1), also known as ethanal,
is ubiquitous in the environment and is a product of
numerous natural, industrial, and combustion processes.

Acetaldehyde is present in many ripe fruits, such as
apples, grapes, and citrus fruits, as well as in roasted coffee
beans, essential oils, wine, and other foods. It is the main
metabolite of ethanol, the alcohol found in alcoholic bev-
erages. Indeed, such beverages are the general population’s
principal source of exposure to acetaldehyde.

Acetaldehyde is used extensively as a chemical interme-
diate in the production of plastics and resins, the manufac-
ture of paper, and the synthesis of organic chemicals. It is
released into the environment by numerous industrial
sources as well as the combustion of hydrocarbons found, for
example, in wood, tobacco, and fossil fuels used in vehicles.

At one atmosphere pressure and 25�C, 1 ppm acetalde-
hyde is equivalent to 1.82 mg/m3.

BENCHMARK LITERATURE

The following evaluation of research literature on ace-
taldehyde is based on data and source tables listed in
Appendices B and D (available on the HEI Web site) of this
report. Additional information was obtained from two
large studies (Kinney et al. 2002; Weisel et al. 2005). Per-
sonal-exposure data also came from these two studies
(Kinney et al. 2002; Weisel et al. 2005). Data summaries
from the EPA Air Quality System database were used to
calculate rural, suburban, and urban concentrations of ace-
taldehyde (EPA 2004a). Data used to assess exposures to
acetaldehyde in ambient, outdoor, and indoor air were
extracted from publications identified in Appendices B
and D of this report. Evaluations of health endpoints were
based on information from the International Agency for
Research on Cancer (IARC 1999a), U.S. National Toxi-
cology Program (NTP 2005), EPA (1999b, 2000b), and Euro-
pean Commission Scientific Committee on Cosmetic
Products and Non-food Products Intended for Consumers

(European Commission 2004) as well as various published
papers cited as the findings are presented.

EXPOSURE

SOURCES AND EMISSIONS

Acetaldehyde is ubiquitous in the environment. It is
formed as a product of many processes, including the
incomplete combustion of wood in fireplaces and wood-
stoves, the roasting of coffee beans, the combustion of gas-
oline and diesel fuel in motor vehicles, refining and waste
processing in coal plants, the combustion of fossil fuels in
power plants, the photochemical oxidation of hydrocar-
bons in the atmosphere, and (as an intermediate product)
in respiration in plants (EPA 1994a, 2000b; Lakes Environ-
mental Software 1998).

The National Air Toxics Assessment (NATA), conducted
by the EPA, estimated that 32.4% of acetaldehyde emis-
sions nationwide are from on-road mobile sources
(including automobiles, trucks, and other vehicles) and
that 40.8% and 19.1% of emissions are from on-road
mobile sources in urban and rural areas, respectively (EPA
2006b). Acetaldehyde can also be produced photochemi-
cally in the atmosphere. It is estimated that 56% of
ambient concentrations of acetaldehyde in California (in
1987) were from photochemical oxidation of organic pre-
cursors and that 44% were from direct-source emissions
(California Environmental Protection Agency [California
EPA] 1993). It is not known whether these findings are rep-
resentative of other parts of the U.S.

Indoor sources of acetaldehyde are generally associated
with combustion, such as smoke from tobacco or wood
fires. Other indoor sources include building materials (e.g.,
polyurethane foams), cooking, certain consumer products
(e.g., adhesives and nail-polish remover), volatilization
from certain foods, and infiltration from ambient air sources
(California EPA 1993; Lakes Environmental Software 1998).

A glossary of terms appears on page 17; a list of abbreviations and other
terms appears at the end of this report.

Figure 1. Structure of acetaldehyde. 
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AMBIENT, OUTDOOR, AND INDOOR 
CONCENTRATIONS AND PERSONAL EXPOSURES

Table 2 and Figure 2 show the range of mean and max-
imum concentrations of acetaldehyde in µg/m3 measured
in outdoor (including in-vehicle) locations, in indoor
environments, and by personal monitoring. The literature
on ambient and outdoor concentrations reports acetalde-
hyde measurements in six different environments (urban,
urban roadside, urban in-vehicle, suburban, rural, and

combined urban–suburban–rural). Indoor concentrations
are reported for three environments (residences, schools,
and offices). One study reported personal-exposure con-
centrations among inner-city high school students (Sax et
al. 2004); another reported personal-exposure concentra-
tions for adults and children (Weisel et al. 2005).

Sampling times reported for ambient measurements
ranged from 1 (Grosjean and Grosjean 2002) to 48 hours
(Kinney et al. 2002), with concentration-averaging times

Table 2. Acetaldehyde Measured in Ambient Air, Outdoor and Indoor Areas, and Personal Exposuresa 

Sample
Location 
and Type

Observations
(n)

 Averaging
Sampling

Time

Concentration
(µg/m3)

Citations CommentsMean Maximum

Outdoor Areas
Urban

91 averages* Yearly 2.8 25.5** EPA 2004a 
68 Yearly 1.5 3.8 California Air Resources Board 2003
73 Yearly 2.8 8.5 California Air Resources Board 2003 
82 Yearly 0.7 2.7 California Air Resources Board 2003 
67 Yearly 2.9 10.0 California Air Resources Board 2003 
76 Yearly 1.2 3.6 California Air Resources Board 2003
71 Yearly 1.8 6.1 California Air Resources Board 2003 
36 8 wk 4.2 — Kinney et al. 2002 Summer 
36 8 wk 2.8 — Kinney et al. 2002 Winter

~ 60 Yearly 3.2 — South Coast Air Quality Management 
District 2000 

~ 60 Yearly 5.2 — South Coast Air Quality Management 
District 2000 

395 Yearly 6.9 25.9 Weisel et al. 2005 2 seasons
— — 1.58 — EPA 2006b Model 

~ 350  � 2 months 1.9–5.4 12.0 Zielinska et al. 1998 
Urban in-vehicle

20 Travel time 2.8–63.0 — Riediker et al. 2003 Bus runs
50 Travel time 9.0 31.0 Riediker et al. 2003 Car

115 Travel time 25.2 — Weisel et al. 2005 Car
Urban roadside

8 2 hr 1.5–5.5 — Grosjean and Grosjean 2002 Tunnel
10 2 hr 1.1–2.3 — Grosjean and Grosjean 2002 Tunnel

Suburban
33 averages* Yearly 2.6 19.4** EPA 2004a

Rural
— Yearly 0.71 — EPA 2006b Model 

33 averages* Yearly 2.0 15.6** EPA 2004a 
Urban–suburban–rural combined

1875 Yearly 2.5 17.0 EPA 2004d
2479 Yearly 1.1 8.8 Pratt et al. 2000 

Table continues on next page

a Data extracted from published studies.

* = Mean number of reported average concentrations derived from the full dataset of 10,515 measurements in EPA Air Quality System database (EPA 2004a); 
** = maximum average.
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ranging from a few days (e.g., Fitz et al. 2003) to 9 years
(Pratt et al. 2000). The number of individual measure-
ments per study ranged from a low of 20 for an in-vehicle
study (Fitz et al. 2003) to a high of 10,515 for the combined
urban–suburban–rural category (EPA 2004a). The 10,515
individual measurements contained in the largest com-
bined data set (EPA 2004a) were acquired and concentra-
tions were calculated for separate urban, suburban, and

rural categories. The number of averages were then arranged
as urban, suburban, and rural, and reported as the mean of
the number of reported averages for use in this report.

The two remaining combined-category studies (EPA
2004d; Pratt et al. 2000), each with more than 1880 obser-
vations, reported data for the combined urban–suburban–
rural category. The mean rural concentration of 0.71 µg/m3

and mean urban concentration of 1.58 µg/m3, shown in

Table 2 (Continued). Acetaldehyde Measured in Ambient Air, Outdoor and Indoor Areas, and Personal Exposuresa 

Sample
Location 
and Type

Observations
(n)

Averaging
Sampling

Time

Concentration
(µg/m3)

Citations CommentsMean Maximum

Indoor Spaces
Residences
 30 100 min 18.0 38.0 Feng and Zhu 2004 75 homes

6 — — 43.0 Fortmann et al. 2001 Test house
14 48 hr 12.1 18.0 Reiss et al. 1995 4 homes
26 48 hr 9.2 30.0 Reiss et al. 1995 9 homes
83 6 days 10.0 24.0 Sawant et al. 2004 Homes
36 6 days 5.3 29.0 Zhang et al. 1994 6 homes
40 2 days 15.0 36.0 Sax et al. 2004 Winter
33 2 days 9.6 23.0 Sax et al. 2004 Fall
41 2 days 15.0 92.0 Kinney et al. 2002; 

Sax et al. 2004
Summer

37 2 days 16.0 54.0 Kinney et al. 2002; 
Sax et al. 2004

Winter

398 Yearly 23.2 119.0 Weisel et al. 2005 2 seasons
Schools
 — School wk 6.8 25.0 Shendell et al. 2004 Heating and 

cooling in 
20 class- 
rooms

 28 6 days 12.0 25.0 Sawant et al. 2004 School 
rooms

Offices
199 6–8 hr 12.0 20.0 Whitmore et al. 2003b 201 class- 

rooms in 67 
schools

 23 2 years 5.0 — Subramanian et al. 2000 Office 
building

Personal Exposures
38 2 days 13.0 — Sax et al. 2004 Winter 
42 2 days 20.2 — Sax et al. 2004 Summer

409 2 days 22.9 86.1 Weisel et al. 2005 Adults
169 2 days 24.9 112.0 Weisel et al. 2005 Children

a Data extracted from published studies.

* = Mean number of reported average concentrations derived from the full dataset of 10,515 measurements in EPA Air Quality System database (EPA 2004a); 
** = maximum average.
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Table 2 and Figure 2, were estimated using the NATA
model (EPA 2006b). Sampling times for indoor measure-
ments ranged from 90 minutes (Feng and Zhu 2004) to
1 school week (Shendell et al. 2004), with comparable con-
centration-averaging times. The number of samples per
study ranged from 6 for a test-house study, in which a house
was rented for the study (which afforded a more controlled
environment) (Fortmann et al. 2001), to 398 for a residen-
tial-home study (Weisel et al. 2005). The personal-moni-
toring study, conducted in New York over a winter and
summer monitoring campaign, focused on inner-city high
school students, with personal samples collected over
48-hour periods (Sax et al. 2004). The largest database on
personal exposures to acetaldehyde was obtained from data
on adults and children in Elizabeth, N.J., Los Angeles,
Calif., and Houston, Tex. (Weisel et al. 2005).

Although there was great variability in the number of
measurements, season of measurement, and geographic
area of measurement, Table 2 and Figure 2 suggest a trend.
Mean concentrations in individual categories of location
types—urban, urban-roadside, suburban, rural, and com-
bined urban–suburban–rural—tended to be similar and to
range from approximately 1 to 7 µg/m3. Average urban in-
vehicle concentrations tended to be higher than those in
ambient air and were highly variable. Average home,
school, and personal mean concentrations tended to be
similar to each other (from 5 to 25 µg/m3) and to range
from approximately 2 to 10 times ambient and outdoor
levels (Zhang et al. 1994; Sax et al. 2004; Weisel et al.
2005). Personal exposures of adults and children were
similar to each other in the one study for which data were
available (Weisel et al. 2005) and were higher than indoor

residential levels. The highest average concentrations were
measured inside vehicles in urban settings and ranged from
10 to more than 60 µg/m3. Residences and personal expo-
sures had the highest maximum concentrations, at 92 µg/m3

(Kinney et al. 2002; Sax et al. 2004). The highest personal
exposure, at 112 µg/m3, was measured for a child. In gen-
eral, peak concentrations of acetaldehyde, independent of
sampling location, were in the 10 to 100 µg/m3 range. Sea-
sonal comparisons, though limited, indicated higher con-
centrations and exposures in summer than in winter. This is
likely to be the result of increased atmospheric photochem-
ical production of acetaldehyde in summer.

The NATA estimated the overall average ambient urban
and rural mean concentrations for acetaldehyde to be 1.58
and 0.71 µg/m3, respectively (EPA 2006b). The one study for
which rural ambient monitoring data were available (EPA
2004d) reported a mean concentration of 2.0 µg/m3. Several
studies (Table 2 and Figure 2) reported mean urban concen-
trations for acetaldehyde in the range of 1 to 7 µg/m3.
Although the available monitoring data were not collected
with the express intention of validating NATA estimates, it
appears that the NATA model slightly underestimates
ambient concentrations in both urban and rural settings.

AMBIENT CONCENTRATIONS IN OTHER COUNTRIES

Average urban concentrations of acetaldehyde measured
in several other countries are generally within the range of
those for U.S. urban areas reported in Table 2 and Figure 2.
Ambient concentrations in China, Japan, Denmark, Finland,
France, Germany, Greece, Italy, and Sweden are in the range
of those seen in the U.S. for urban, urban-roadside, sub-
urban, and rural measurements (Kalabokas et al. 1988; Sat-
sumabayashi et al. 1995; Slemr et al. 1996; Solberg et al.
1996; Granby et al. 1997; Ferrari et al. 1998; Christensen et
al. 2000; Possanzini et al. 2000, 2002; Viskari et al. 2000;
Nguyen et al. 2001; Sin et al. 2001; Ho et al. 2002; Bakeas et
al. 2003; Feng et al. 2004, 2005; Hellén et al. 2004, 2005;
Umweltbundesamt 1998).

Measurements in Mexico City (Baez et al. 1995, 2003)
and Brazil (Tanner et al. 1988), however, show higher con-
centrations of acetaldehyde, in the range of 9.8 to 68 µg/m3

in urban settings and 11 to 439 µg/m3 in roadway tunnels
(Nguyen et al. 2001; Grosjean et al. 2002; Vasconcellos et
al. 2005). In recent years in Brazil, there has been in-
creased use of oxygenated fuels, including hydrated eth-
anol and gasohol (a mixture of gasoline and 24% vol/vol
ethanol), which currently account for more than 83% of
the fuel used by vehicles in this country (Colón et al. 2001;
Corrêa et al. 2003; Corrêa and Arbilla 2005). The use of nat-
ural gas in vehicles has been increasing by 20% per year in
Brazil. The data from Brazil are of particular interest

Figure 2. Concentrations of acetaldehyde (µg/m3) at various locations.
Data for figure are from Table 2.



27

Acetaldehyde

because they demonstrate the effects of changes in fuel
composition on atmospheric concentrations of aldehydes,
such as acetaldehyde and formaldehyde. Montero and col-
leagues (2001) recorded average and peak acetaldehyde
concentrations as high as 36.1 µg/m3 and 103.6 µg/m3,
respectively, for São Paulo. The authors noted that while
direct vehicle emissions appeared to be the primary source
of both acetaldehyde and formaldehyde in the morning,
photochemistry appeared to be the primary source at
midday and in the evening. For Rio de Janeiro, average and
peak acetaldehyde concentrations as high as 55.4 µg/m3 and
83.5 µg/m3, respectively, have been reported (Corrêa et al.
2003; Corrêa and Arbilla 2005). In general, the highest
average and peak urban acetaldehyde concentrations in
major Brazilian cities exceed those in U.S. urban areas by a
factor of five. Recent increases in the use of natural gas in
vehicles in Rio de Janeiro have had little effect on acetalde-
hyde concentrations but have resulted in a fourfold increase
in formaldehyde concentrations and in the formalde-
hyde:acetaldehyde ratio (Corrêa and Arbilla 2005).

TEMPORAL TRENDS

Data that can be used to assess temporal trends in
ambient concentrations of acetaldehyde are limited. Data
on seasonal trends in ambient concentrations were
reported for multiple sites in California’s South Coast Air
Basin from April 1998 through March 1999, as part of the
Multiple Air Toxics Exposure Study (MATES-II) (South
Coast Air Quality Management District 2000). Average con-
centrations were lowest during May (< 1.8 µg/m3), rising to
a maximum in August (approximately 5 µg/m3) and then
gradually tailed off. The seasonal pattern observed for form-
aldehyde closely followed that for acetaldehyde. These sea-
sonal patterns suggest direct-source and photochemically
generated contributions to the atmospheric concentrations
of both acetaldehyde and formaldehyde.

Mohamed and colleagues (2002), using data collected as
part of the EPA urban air toxics monitoring program at
13 urban locations in the U.S., reported no common sea-
sonal trend for carbonyls (including acetaldehyde, acrolein,
and formaldehyde) at all locations. They noted that the
variations in trends from location to location might be a
function of complex sources, photochemical processes,
and anthropogenic processes that vary by location. Sea-
sonal trend results, however, were not reported specifi-
cally for acetaldehyde but for carbonyls as a class. Weisel
and colleagues (2005) reported average concentrations of
acetaldehyde in Houston that were twice as high in fall
and winter (approximately 9 µg/m3) as in spring and
summer. In this study, average concentrations measured in
Elizabeth, N.J., were twice as high in spring, summer, and
fall (increasing to approximately 10 µg/m3) as in winter.

No clear pattern was observed for Los Angeles. Sax and
colleagues (2004) reported only a slight seasonal trend for
acetaldehyde measured in New York and Los Angeles,
where average concentrations were approximately 4 µg/m3

or lower.

TOXICOLOGY

BIOCHEMISTRY AND METABOLISM

The data on the biochemistry and metabolism of acetal-
dehyde were reviewed and summarized by Morris (1997),
Health Canada (2000), and the European Commission
(2004). Acetaldehyde is a highly reactive electrophilic
compound and thus reacts readily with amino and sulfhy-
dryl moieties of proteins and DNA to form DNA–protein
crosslinks. After exposure and absorption via respiratory
or oral routes, acetaldehyde is rapidly oxidized to acetic
acid in the respiratory tract and liver by the enzyme NAD+-
dependent aldehyde dehydrogenase (Figure 3). The
reported half-life of acetaldehyde in circulating blood is
less than 15 minutes. Acetic acid is either further metabo-
lized to carbon dioxide and water or enters the body’s two-
carbon pool for molecular synthesis reactions.

Aldehyde dehydrogenase–mediated metabolism of ace-
taldehyde in nasal tissue is of particular importance in the
toxicity of inhaled acetaldehyde. In the rat, aldehyde dehy-
drogenase is present in all epithelial cells of the respiratory
mucosa except the olfactory mucosa, where it is present
only in the basal cells and Bowman’s glands (Bogdanffy et
al. 1986). This distribution correlates with the suscepti-
bility of the epithelial region to the toxic effects of acetal-
dehyde. In general, the activities of rat olfactory enzymes
are equivalent to those of humans (Bogdanffy et al. 1998).

Acetaldehyde is also produced endogenously in humans
during sugar metabolism and thus occurs in trace quantities
in human blood. It is the major metabolite of ethanol (Figure
3) and can reach relatively high concentrations in the blood
of people who drink alcoholic beverages, especially if they
are deficient in certain isoenzymic forms of aldehyde
dehydrogenase 1.

Figure 3. Metabolic pathway of acetaldehyde from ethanol. ADH =
Alcohol dehydrogenase. ALDH = Aldehyde dehydrogenase.
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NONCANCER HEALTH EFFECTS

Acute Effects 

Data on acute toxicity summarized by the American
Industrial Hygiene Association (AIHA 2004) show that
acetaldehyde has low acute toxicity when inhaled or
ingested. The 4-hour LC50 of acetaldehyde in rats was
reported to be 24,200 mg/m3 (AIHA 2004).

The primary effect of exposure to acetaldehyde through
the air is irritation of the eyes, skin, and respiratory tract. In
controlled exposure studies, a 15-minute exposure to
91 mg/m3 caused eye irritation in most human subjects;
some more sensitive subjects experienced irritation at
45 mg/m3. At 364 mg/m3, red eyes and transient conjunc-
tivitis were observed. Concentrations greater than
364 mg/m3 caused irritation of the nose and throat in most
subjects (AIHA 2004). In susceptible persons with asthma,
acetaldehyde can cause bronchial constriction (AIHA 2004).

Data on skin irritation and sensitization (the process in
which a person becomes, over time, increasingly allergic
to a substance through repeated exposure to that sub-
stance) were reviewed by the European Commission
(2004). Exposures to concentrations of acetaldehyde
greater than 1% in solution were found likely to be irri-
tating to the skin. There is no clear evidence that acetalde-
hyde sensitizes skin in humans, although animal studies
have demonstrated such a response.

Repeated-Dose Toxicity 

Repeated-dose toxicity studies were reviewed and sum-
marized by the AIHA (2004), Health Canada (2000), Euro-
pean Commission (2004), and EPA (1991). Whether
acetaldehyde was inhaled or ingested, its toxic effects
were limited principally to the sites of initial contact.

The no observed adverse effect level (NOAEL) for respi-
ratory effects was 270 mg/m3 in rats exposed by inhalation
(6 hours/day, 5 days/week) for 4 weeks and 700 mg/m3 in
hamsters exposed for 13 weeks. At the lowest observed
adverse effect levels (LOAEL), degenerative changes were
observed at concentrations of 437 mg/m3 in the olfactory
epithelium in rats and 2400 mg/m3 in the trachea in ham-
sters. Degenerative changes in the respiratory epithelium
and larynx were observed at higher concentrations.

In a 28-day study in which acetaldehyde was adminis-
tered to rats in drinking water to achieve an exposure of
675 mg/kg body weight/day, effects were limited to slight
localized thickening of cells of the forestomach (NOAEL of
125 mg/kg body weight/day). After acetaldehyde was
administered to rats at a concentration of 0.05% in drinking
water for 6 months (yielding exposure of approximately
40 mg/kg body weight/day) synthesis of liver collagen was
detected, an observation that was supported by in vitro data.

Reproductive and Developmental Effects 

No information was found in the literature about the
reproductive or developmental effects of acetaldehyde in
humans.

No developmental studies in which acetaldehyde expo-
sure was by the inhalation route were found. Numerous
intraperitoneal and intravenous studies have been con-
ducted in animals, mainly as part of investigations of the
effects of ethanol, and were reviewed and summarized by
the AIHA (2004), Health Canada (2000), and the World
Health Organization (WHO 1995). These data suggest that
acetaldehyde should probably be considered a potential
developmental toxicant at high exposure concentrations or
high metabolic-production levels. In fetal rats and mice
exposed to acetaldehyde by intravenous or intraperitoneal
injections of 50 to 400 mg/kg body weight between days 6
and 15 of gestation, skeletal malformations, reduced birth
weight, and increased postnatal mortality have been
reported. In the majority of these studies, maternal toxicity
was not evaluated.

GENOTOXICITY

The genotoxicity of acetaldehyde was reviewed by Del-
larco (1988), Feron and associates (1991), the IARC (1999a),
and the WHO (1995). Acetaldehyde was not mutagenic in
standard bacterial test systems (Ames test) with or without
an exogenous metabolic activation system; it was, however,
mutagenic in human lymphocytes and mouse lymphoma
cells in the absence of an exogenous metabolism system.
Chromosomal aberrations, sister-chromatid exchanges, and
micronuclei were induced in in vitro test systems in the
absence of exogenous metabolic activation. After intraperi-
toneal injection, acetaldehyde induced sister-chromatid
exchanges in the bone marrow of Chinese hamsters and
mice. However, acetaldehyde did not increase the fre-
quency of micronuclei in early mouse spermatids. Acetal-
dehyde also induced protein–DNA crosslinks but only at
concentrations that resulted in cell death (Lambert et al.
1994; Costa et al. 1997; WHO 1995). No conclusions can be
drawn from the study’s finding of acetaldehyde–DNA
adducts in the peripheral white blood cells of alcoholics
(Fang and Vaca 1997) in view of the lack of control for the
effects of smoking in the study group and the well-known
metabolic abnormalities observed in alcoholics. No con-
clusions can be drawn from the available studies in Droso-
phila either.

CANCER

An increased incidence of nasal tumors in rats and laryn-
geal tumors in hamsters was observed after inhalation of
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acetaldehyde. In experiments in which rats were exposed
to 0, 1365 mg/m3, 2730 mg/m3, or 5460 mg/m3 acetalde-
hyde (reduced to 2730 mg/m3 at 11 months because of tox-
icity) for 6 hours/day, 5 days/week for up to 27 months,
dose-related increases in nasal adenocarcinomas and squa-
mous-cell carcinomas (significant at all doses) were
observed. All concentrations of acetaldehyde administered
in these studies induced chronic tissue damage in the res-
piratory tract; the nasal olfactory mucosa was more sensi-
tive than respiratory mucosa (Feron et al. 1982; Woutersen
and Feron 1987). Increases in total malignant tumors,
malignant mammary tumors, and hemolymphoreticular
neoplasias were observed in rats administered acetalde-
hyde at concentrations between 50 and 2500 mg/L in
drinking water (Soffritti et al. 2002). The overall incidence
of carcinomas of the Zymbal gland, external ear ducts,
nasal sinuses, and oral cavity increased only in animals
treated with the highest concentration. The lack of a dose–
response and limitations in reporting (e.g., no details on
the methodology were available) make it impossible to
draw firm conclusions from these data.

Although acetaldehyde is genotoxic in both in vitro and in
vivo test systems, tumors were observed only at inhaled con-
centrations that produced significant cytotoxicity. Thus, it is
likely that both the genotoxicity and irritancy of acetalde-
hyde play a role in its carcinogenicity. Acetaldehyde would,
therefore, be expected to have in vivo activity only at sites
such as the olfactory epithelium, where it is not rapidly
metabolized to acetic acid and where cytotoxicity occurs.

HUMAN HEALTH

CANCER

Two epidemiologic investigations have examined the
possible relationship between occupational exposure to
acetaldehyde and cancer (Bittersohl 1974; Ott et al.
1989a,b). Bittersohl (1974) reported a fivefold higher than
expected incidence of cancer among 200 German factory
workers exposed to 1 to 7 mg/m3 acetaldehyde as well as
to other aldehydes. The workers had squamous-cell can-
cers of the bronchi (N = 5) and mouth (N = 2) and adeno-
carcinoma of the stomach (N = 1) and cecum (N = 1). All of
the affected workers were smokers. No detailed informa-
tion on the study design and population was reported. The
interpretation of this study is also hampered by the fact
that workers were exposed to other chemicals.

Ott and colleagues (1989a,b) conducted a nested case–
control study of cancers of the lymphatic and hematopoietic
tissues among chemical manufacturing workers. Subjects

were identified from a review of the death certificates of
male employees who had died between 1940 and 1978.
They included 52 with non-Hodgkin’s lymphoma, 20 with
multiple myeloma, 39 with nonlymphocytic leukemia,
and 18 with lymphocytic leukemia (Ott et al. 1989b). Five
control subjects for each case subject were selected from
the same group of workers. The investigators used sub-
jects’ job histories to classify them as ever- or never-
exposed to acetaldehyde and 20 other agents and according
to duration of exposure (less than 5 years or 5 or more years)
(Ott et al. 1989a). The odds ratios associated with ever
having been exposed to acetaldehyde were 2.5 for non-
Hodgkin’s lymphoma (7 cases), 2.3 for multiple myeloma
(3 cases), and 1.3 for nonlymphocytic leukemia (3 cases).
No subject with lymphocytic leukemia was classified as
having been exposed. None of these results was statistically
significant. Analysis of non-Hodgkin’s lymphoma by dura-
tion of exposure found that the increased risk associated
with acetaldehyde was concentrated in the subgroup with
less than 5 years of exposure to this compound.

The cancer studies of Bittersohl (1974) and Ott and col-
leagues (1989a,b) have severe limitations for assessing the
possible carcinogenic effect of acetaldehyde in humans.
These limitations include (1) lack of exposure estimates
and of exposure–response data, (2) possible confounding
and effect modification by exposures to other agents
present in the work environment and by age and smoking in
the Bittersohl study (1974), and (3) inadequate statistical
precision. Epidemiologic findings about the possible carci-
nogenic effects of acetaldehyde (Bittersohl 1974; Ott et al.
1989a,b) were not used in the latest EPA risk assessment for
acetaldehyde (EPA 1991). The EPA judged the findings as
weakly suggesting a possible association between acetal-
dehyde and various types of cancer but as inadequate for
evaluating carcinogenic potential (EPA 1991, 1999b).

NONCANCER HEALTH EFFECTS

Acute health effects of acetaldehyde include eye irrita-
tion at 91 mg/m3 (and occasionally at 45 mg/m3) as well
as bloodshot eyes and reddened eyelids at 364 mg/m3

(Silverman et al. 1946). Irritation of the skin, mucous
membranes, throat, and respiratory tract have also been
reported (EPA 1993a).

Acetaldehyde exposure via ingestion and metabolism of
alcohol has been reported to cause bronchoconstriction in
Japanese adults with asthma (Shimoda et al. 1996; Takao et
al. 1998). A polymorphism of the aldehyde dehydro-
genase 1 gene, present in up to 50% of Asian populations
and 40% of South American Indian populations, appears
to contribute to racial variation in the susceptibility of
individuals with asthma to bronchoconstriction after
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ingestion of alcohol. After consuming alcoholic beverages,
persons with a variant form of alcohol dehydrogenase 2
are also less able to metabolize acetaldehyde to acetic acid
and are therefore susceptible to intolerance reactions,
including bronchoconstriction and exacerbation of
asthma. This alcohol-induced asthma is believed to be due
to histamine release stimulated by abnormally high levels
of metabolic acetaldehyde. These studies of exposure to
acetaldehyde through ingestion of alcohol have limited
relevance to the issue of the human health effects of expo-
sure to acetaldehyde as an air pollutant.

Several studies have evaluated the effects of inhalation
of aerosolized acetaldehyde on bronchoresponsiveness in
individuals with asthma. A series of small, randomized,
double-blind clinical studies in Japan, each including 9 to
18 subjects, found that inhalation of aerosolized acetalde-
hyde caused bronchoconstriction in adults with asthma
(Myou et al. 1993, 1994a,b, 1995); no such effects were
reported in nonasthmatic adults (Myou et al. 1993).

Only one investigation has evaluated the relationship
between concentrations of acetaldehyde in outdoor air and
the occurrence of asthma symptoms (Delfino et al. 2003).
This panel study, conducted in California from November
1999 through January 2000, included 22 Hispanic chil-
dren, ages 10 to 16 years, with physician-diagnosed
asthma, living in an area of Los Angeles County character-
ized by high traffic density. The subjects were nonsmokers
who lived in nonsmoking households. The investigators
analyzed daily outdoor concentrations of acetaldehyde
and 19 other pollutants in relation to the severity of
asthma as self-reported daily in subjects’ diaries. Acetalde-
hyde concentrations ranged from 1.9 to 10.5 µg/m3, with a
mean of 5.66 µg/m3 (standard deviation [SD] = 1.82 µg/m3)
and an interquartile range of 2.38 µg/m3. The concentra-
tions strongly correlated with the concentrations of a
number of other pollutants. The odds ratios for moderate
asthma symptoms were 1.39 (95% confidence interval
[CI], 0.80–2.41) for the interquartile range increase in ace-
taldehyde measured on the same day as the symptoms and
1.48 (95% CI, 1.16–1.87) for the interquartile range
increase in acetaldehyde measured on the previous day.
The odds ratios for more severe asthma symptoms were
1.57 (95% CI, 0.70–3.54) for the interquartile range
increase in acetaldehyde measured on the same day as the
symptoms and 1.36 (95% CI, 0.87–2.14) for the interquar-
tile range increase in acetaldehyde measured on the pre-
vious day. Exposure to acetaldehyde was statistically
correlated significantly and positively with exposure to
other pollutants. For example, the Spearman correlation
coefficient for exposure to acetaldehyde in addition to

exposure to another pollutant was 0.79 for formaldehyde,
0.50 for benzene, 0.63 for ethylbenzene, 0.68 for toluene,
and 0.65 for xylene. The effects of acetaldehyde were
attenuated after adjustment for 8-hour maximum SO2 con-
centration or 8-hour maximum NO2 concentration. The
study had a number of limitations, including small sample
size and the resulting imprecision, the potential for inac-
curate reporting of asthma symptoms resulting from the
use of diaries, and the possibility of confounding by other
pollutants as well as by other factors.

A single-blind study in patients from a clinic in Spain
investigated differences in airway responsiveness to
inhaled acetaldehyde and methacholine in 61 nonsmoking
adult clinic patients with mild asthma and 20 nonsmoking
healthy volunteers (Prieto et al. 2000). The study found
that 56 (92%) of the 61 asthmatic patients showed evi-
dence of bronchoconstriction. In the 56 asthmatic patients,
FEV1 (forced expiratory volume in 1 second) declined by
at least 20% after inhalation of acetaldehyde (the geo-
metric mean concentration that resulted in more than a
20% decline in FEV1 was 17.55 mg/mL). None of the
healthy subjects had bronchoconstriction after exposure.

A second study in clinic patients in Spain evaluated the
effect of inhaled acetaldehyde (at concentrations up to
40 mg/mL) and methacholine on airway responsiveness
(Sanchez-Toril et al. 2000). The main purpose was to deter-
mine whether challenge with acetaldehyde is a more spe-
cific test than challenge with methacholine for differ-
entiating chronic bronchitis from asthma. The subjects were
62 clinic patients with asthma and 59 smokers with chronic
bronchitis either alone (N = 32) or in combination with
chronic obstructive pulmonary disease (N = 27). In 57 (92%)
of the 62 asthmatic patients—compared with only 3 (5%) of
the patients with chronic bronchitis—FEV1 declined at least
20% after inhalation of acetaldehyde.

A third study in Spain examined the effect of inhaled
acetaldehyde on lung function in 16 patients with asthma,
43 nonasthmatic patients with allergic rhinitis, and
19 healthy volunteers (Prieto et al. 2002b). All subjects
were nonsmokers, and the study was single-blind. The
study found that in 13 (81%) of the 16 patients with
asthma, 8 (19%) of the 43 patients with allergic rhinitis,
and none of the 19 healthy subjects, FEV1 declined at least
20% after inhalation of acetaldehyde (the geometric mean
concentration that resulted in a greater than 20% decline
in FEV1 was 35.5 mg/mL for asthmatic patients and
67.7 mg/mL for those with allergic rhinitis). The difference
in the prevalence of a positive airway response between
patients with allergic rhinitis and the healthy subjects was
not statistically significant (P = 0.09). Bronchoconstriction
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in response to acetaldehyde exposure depended on the
presence of airway hyperresponsiveness to methacholine.

A fourth study in Spain investigated the relationship
between airway responsiveness to inhaled acetaldehyde
(up to 80 mg/mL), methacholine, and adenosine 5�-mono-
phosphate and determined the repeatability and side
effects of acetaldehyde challenge (Prieto et al. 2002a). All
subjects were clinic patients, nonsmokers with mild, inter-
mittent asthma. The study was single-blind. The first
study component included 16 subjects and found that
12 (75%) of them experienced bronchoconstriction after
exposure to acetaldehyde, that the geometric mean con-
centration producing a greater than 20% decline in FEV1
was 38.9 mg/mL, and that responsiveness to the three
agents was correlated. The second component, which
included 14 subjects, found that the response to inhaled
acetaldehyde was moderately repeatable; that the side
effects of exposure included cough, dyspnea, and throat
irritation; and that acute bronchoconstriction due to ace-
taldehyde inhalation was reversed within 15 minutes after
the administration of inhaled salbutamol.

The findings in these studies of lung-function changes
in response to inhaled acetaldehyde are limited in their
generalizability to the human health effects of exposure to
acetaldehyde as an air pollutant because of the special
exposure settings and the focus on acute effects. Also, the
procedures used to select subjects from clinic populations
were not described in detail, and thus selection bias in
these studies was possible.

REGULATORY SUMMARY

Acetaldehyde is classified by the National Institute of
Occupational Safety and Health as “a potential human car-
cinogen,” by the EPA (1991) as Group B2 (“a probable human
carcinogen”), and by the U.S. NTP (2005) as “reasonably
anticipated to be a human carcinogen via inhalation expo-
sure,” based on sufficient evidence in laboratory animals and
inadequate evidence in humans. It is classified by the IARC
(1999a) as Group 2B (“possibly carcinogenic to humans”).

The reference concentration (RfC) for acetaldehyde is
9 µg/m3 (EPA 1991), based on a NOAEL (human equiva-
lent concentration, HEC) of 8.7 � 103 µg/m3 for degenera-
tion of olfactory epithelium in male rats after a 4-week
inhalation exposure (Appelman et al. 1982, 1986) and an
uncertainty factor of 1000.

A search of the literature and published regulations for
North America, Asia, Australia, and Europe did not reveal
any exposure standards for acetaldehyde.

SUMMARY AND KEY CONCLUSIONS

EXPOSURE

Sources of acetaldehyde exist outdoors and indoors.
Outdoor concentrations are the result of both direct emis-
sions from mobile sources and photochemical reactions in
the atmosphere. On-road mobile sources account for
approximately 30% of total nationwide acetaldehyde
emissions. Although potentially limited in numerous
respects (sample collection and analysis methods, number
and type of environments sampled, number of samples
collected, methods of accounting for presence or absence
of sources, extent of geographic and seasonal variability,
representativeness of residences and populations sam-
pled, extent of sampling for sensitive populations, and
other factors), available data provide some general insights
into acetaldehyde exposures. Concentrations tend to be
lowest outdoors, ranging from 1 to 7 µg/m3, and from 2 to
10 times higher in indoor spaces and inside vehicles. Per-
sonal-exposure concentrations tend to be higher than con-
centrations in residences and to be similar for adults and
children. Overall, average and peak concentrations, inde-
pendent of sampling location, appear to be below
100 µg/m3. The highest average and peak ambient concen-
trations of acetaldehyde in São Paulo and Rio de Janeiro,
Brazil, where over 83% of vehicles use either hydrated
ethanol or a mixture of gasoline and 24% vol/vol ethanol,
were higher by a factor of approximately 5 or more than
those measured in U.S. urban areas.

TOXICOLOGY

In humans, acetaldehyde is an irritant of the eye, skin,
and respiratory tract starting at concentrations of about
45 mg/m3. In subchronic inhalation studies in animals,
the NOAEL for respiratory effects is about 455 mg/m3.
Higher concentrations lead to degenerative changes in the
olfactory and respiratory epithelia. These concentrations
are generally several orders of magnitude higher than
those typically observed in ambient, outdoor, or indoor
air. In the body, acetaldehyde is formed from alcohol by
alcohol dehydrogenase and is then metabolized to acetic
acid. It is a clastogen both in vitro and in vivo. The nasal
tumors observed in animals in inhalation experiments
occurred at cytotoxic concentrations only, and it is likely
that acetaldehyde’s genotoxicity and irritating properties,
with the consequent increased cell proliferation, both play
a role in its carcinogenicity.
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HUMAN HEALTH

The data on the possible carcinogenicity of acetalde-
hyde in humans are inadequate, and the data on respira-
tory effects are limited mainly to small  cl inical
investigations using exposure challenges with aerosols of
acetaldehyde in asthmatic patients. There has been only
one epidemiologic study of environmental exposure to
acetaldehyde. This was a study of children with asthma,
and it was small and was unable to distinguish the effects
of acetaldehyde from those of other pollutants. The effect
of environmental exposure on other respiratory conditions
has not been investigated. Indoor sources of acetaldehyde
account for most environmental exposure, and both
ambient and indoor air concentrations at present appear to
be well below those that are known to produce adverse
health effects. Thus, there is no conclusive evidence that
acetaldehyde in ambient air, at current levels, adversely
affects human health.

KEY CONCLUSIONS

1. To what extent are mobile sources an important
source of acetaldehyde?

Mobile sources are an important, but not the only
important, source of acetaldehyde. Urban concentrations
of acetaldehyde measured in Brazil, where ethanol is
widely used in motor vehicles as an alternative to conven-
tional fuels, suggest that acetaldehyde concentrations else-
where might increase in the future if the use of alcohols in
fuels increases.

2. Does acetaldehyde affect human health?

Acetaldehyde is an irritant in humans at concentrations
greater than 10 mg/m3.

3. Does acetaldehyde affect human health at environ-
mental concentrations?

There is no evidence to suggest that current ambient
concentrations of acetaldehyde adversely affect human
health.

RESEARCH GAPS AND RECOMMENDATIONS

EXPOSURE

Data from studies in Brazil suggest that increased use of
alcohols as alternative fuels and in fuel blends might
increase ambient concentrations of acetaldehyde. The
effect of such emissions on ambient air quality is
unknown, as is whether such emissions increase the risk

of adverse effects on human health. Research recommen-
dations for acetaldehyde include the following:

• Continue to update, critically evaluate, and compare
the NATA model to actual measurements to improve
its usefulness in predicting the effects of increased use
of alcohols in motor-vehicle fuels on ambient acetal-
dehyde concentrations.

• Average and peak concentrations of acetaldehyde are
highest inside urban vehicles, in homes, schools, and
personal exposures. Therefore studies are needed to
better characterize the sources and factors associated
with acetaldehyde concentrations in these settings.

• Establish a monitoring network capable of tracking
long-term acetaldehyde concentrations because an
increase in the use of alcohols as motor-vehicle fuels
is likely.

• Assess acetaldehyde exposures of subpopulations that
might be at especially high risk for adverse health
effects (e.g., people with asthma).

TOXICOLOGY

The mechanisms of the induction of cancer by acetalde-
hyde are not yet understood. Data on the carcinogenic
potency of acetaldehyde in animals have not been extrapo-
lated to humans. Data on reproductive and developmental
toxicity are inconclusive. Research recommen-dations for
toxicology studies of acetaldehyde include the following:

• Extrapolate the data on acetaldehyde cancer potency
across exposures and species.

• Clarify the mechanism of carcinogenicity in humans,
including the quantitative relationship between
DNA–protein crosslinks and mutations and the time
course of the removal of these crosslinks.

HUMAN HEALTH

The simultaneous exposure of humans to acetaldehyde
and other upper-respiratory-tract toxicants, such as
acrolein, formaldehyde, crotonaldehyde, furfural, glutaral-
dehyde, and ozone, might lead to additive or synergistic
effects, particularly sensory irritation and possibly cyto-
toxic effects on the nasal mucosa. Research recommenda-
tions for human-health studies of acetaldehyde include
the following:

• Identify additive or synergistic effects on human
health from simultaneous exposure to acetaldehyde
and other upper-respiratory-tract toxicants, including
other air toxics and particulate matter.



33

Acetaldehyde

ACETALDEHYDE REFERENCES

American Industrial Hygiene Association. 2004. Acetalde-
hyde. In: Emergency Response Planning Guidelines. AIHA
Press, Fairfax, VA.

Appelman LM, Woutersen RA, Feron VJ. 1982. Inhalation
toxicity of acetaldehyde in rats: I. Acute and subacute
studies. Toxicology 23(4):293–307.

Appelman LM, Woutersen RA, Feron VJ, Hooftman RN,
Notten WR. 1986. Effect of variable versus fixed exposure
levels on the toxicity of acetaldehyde in rats. J Appl Tox-
icol 6(5):331–6.

Baez A, Padilla H, Garcia R, Torres M del C, Rosas I,
Belmont R. 2003. Carbonyl levels in indoor and outdoor
air in Mexico City and Xalapa, Mexico. Sci Total Environ
302(1-3):211–26.

Baez AP, Belmont R, Padilla H. 1995. Measurements of
formaldehyde and acetaldehyde in the atmosphere of
Mexico City. Environ Pollut 89(2):163–7.

Bakeas EB, Argyris DI, Siskos PA. 2003. Carbonyl com-
pounds in the urban environment of Athens, Greece.
Chemosphere 52(5):805–13.

Bittersohl G. 1974. Epidemiologic investigations on cancer
incidence in workers contacted by acetaldol and other ali-
phatic aldehydes (author's translation). Arch Geschwulst-
forsch 43(2):172–6.

Bogdanffy MS, Randall HW, Morgan KT. 1986. Histochem-
ical localization of aldehyde dehydrogenase in the respira-
tory tract of the Fischer-344 rat. Toxicol Appl Pharmacol
82(3):560–7.

Bogdanffy MS, Sarangapani R, Kimbell JS, Frame SR,
Plowchalk DR. 1998. Analysis of vinyl acetate metabolism
in rat and human nasal tissues by an in vitro gas uptake
technique. Toxicol Sci 46(2):235–46.

California Air Resources Board. 2003. Assessment of Cali-
fornia's Statewide Air Monitoring Network for the Chil-
dren's Environmental Health Protection Act (SB 25).
California Environmental Protection Agency, Sacramento,
CA. Available from www.arb.ca.gov/ch/programs/
sb25/adequacyreport.pdf.

California Environmental Protection Agency. 1993. Acetal-
dehyde as a Toxic Air Contaminant. Office of Environ-
mental Health Hazard Assessment, Sacramento, CA.
Available from www.oehha.ca.gov/air/toxic_contaminants/
pdf1/Acetaldehyde.pdf. Accessed November 1, 2005.

Christensen CS, Skov H, Nielsen T, Lohse C. 2000. Tem-
poral variation of carbonyl compound concentrations at a
semi-rural site in Denmark. Atmos Environ 34(2):287–296.

Colón M, Pleil JD, Hartlage TA, Guardani ML, Martins MH.
2001. Survey of volatile organic compounds associated
with automotive emissions in the urban airshed of São
Paulo, Brazil. Atmos Environ 35(23):4017–4031.

Corrêa SM, Arbilla G. 2005. Formaldehyde and acetalde-
hyde associated with the use of natural gas as a fuel for
light vehicles. Atmos Environ 39(25):4513–4518.

Corrêa SM, Martinsa EM, Arbilla G. 2003. Formaldehyde
and acetaldehyde in a high traffic street of Rio de Janeiro,
Brazil. Atmos Environ 37(1):23–29.

Costa M, Zhitkovich A, Harris M, Paustenbach D, Gargas
M. 1997. DNA-protein cross-links produced by various
chemicals in cultured human lymphoma cells. J Toxicol
Environ Health 50(5):433–49.

Delfino RJ, Gong H Jr, Linn WS, Pellizzari ED, Hu Y. 2003.
Asthma symptoms in Hispanic children and daily ambient
exposures to toxic and criteria air pollutants. Environ
Health Perspect 111(4):647–56.

Dellarco VL. 1988. A mutagenicity assessment of acetalde-
hyde. Mutat Res 195(1):1–20.

Environmental Protection Agency (U.S.). 1991. Integrated
Risk Information System: Acetaldehyde (CASRN 75-07-0)
(last updated October 1, 1991). Available from www
.epa.gov/iris/subst/0290.htm. Accessed June 6, 2006.

Environmental Protection Agency (U.S.). 1993a. Motor
Vehicle-Related Air Toxics Study. Final Report. EPA
420/R-93/005. NTIS PB93-182590. U.S. EPA, Ann Arbor,
MI. Available from www.ntis.gov.

Environmental Protection Agency (U.S.). 1994a. Chemical
Summary for Acetaldehyde. EPA 749-F-94-003a. Office of
Pollution Prevention and Toxics, Washington, DC. Avail-
able from www.epa.gov/chemfact/s_acetal.txt.

Environmental Protection Agency (U.S.). 1999b. Toxico-
logical Review of Acetaldehyde. In Support of Summary
Information on the Integrated Risk Information System.
Draft. CAS No. 75-07-0. National Center for Environmental
Assessment, Washington, DC.

Environmental Protection Agency (U.S.). 2000b. Tech-
nology Transfer Network Air Toxics Website. Hazard Sum-
mary: Acetaldehyde. Available from www.epa.gov/ttn/
atw/hlthef/acetalde.html. Accessed February 7, 2005.



34

Mobile-Source Air Toxics: A Critical Review of the Literature

Environmental Protection Agency (U.S.). 2004a. Air
Quality System. Available from www.epa.gov/air/data/
index.html. Accessed December 2004.

Environmental Protection Agency (U.S.). 2004d. 2003
Urban Air Toxics Monitoring Program (UATMP). Final
Report. EPA-454/R-04-003. EPA, Research Triangle Park,
NC. Available from www.epa.gov/ttn/amtic/files/ambient/
airtox/2003doc.pdf.

Environmental Protection Agency (U.S.). 2006b. Tech-
nology Transfer Network: 1999 National-Scale Air Toxics
Assessment. Available from www.epa.gov/ttn/atw/
nata1999. Accessed January 26, 2006.

European Commission. 2004. Scientific Committee on
Cosmetic Products and Non-food Products Intended for
Consumers (SCCNFP). Opinion of the Scientific Committee
on Cosmetic Products and Non-food Products Intended for
Consumers Concerning Acetaldehyde. SCCNFP/0821/04.
European Commission.  Available  f rom http://
ec.europa.eu/health/ph_risk/committees/sccp/documents
/out275 _en.pdf.

Fang JL, Vaca CE. 1997. Detection of DNA adducts of ace-
taldehyde in peripheral white blood cells of alcohol
abusers. Carcinogenesis 18(4):627–32.

Feng Y, Wen S, Chen Y, Wang X, Lü H, Bi X, Sheng G, Fu J.
2005. Ambient levels of carbonyl compounds and their
sources in Guangzhou, China. Atmos Environ 39(10):
1789–1800.

Feng Y, Wen S, Wang X, Sheng G, He Q, Tang J, Fu J. 2004.
Indoor and outdoor carbonyl compounds in the hotel ball-
rooms in Guangzhou, China. Atmos Environ 38(1):103–112.

Feng YL, Zhu J. 2004. Separation and determination of car-
bonyl compounds in indoor air using two-step gradient
capillary electrochromatography. Anal Sci 20(12):1691–5.

Feron VJ, Kruysse A, Woutersen RA. 1982. Respiratory
tract tumours in hamsters exposed to acetaldehyde vapour
alone or simultaneously to benzo(a)pyrene or diethylnitro-
samine. Eur J Cancer Clin Oncol 18(1):13–31.

Feron VJ, Til HP, de Vrijer F, Woutersen RA, Cassee FR, van
Bladeren PJ. 1991. Aldehydes: Occurrence, carcinogenic
potential, mechanism of action and risk assessment. Mutat
Res 259(3-4):363–385.

Ferrari CP, Kaluzny P, Roche A, Jacob V, Foster P. 1998.
Aromatic hydrocarbons and aldehydes in the atmosphere
of Grenoble, France. Chemosphere 37(8):1587–1601.

Fitz D, Winer A, Colome S, Behrentz E, Sabin L, Lee S,
Wong K, Kozawa K, Pankratz D, Bumiller K, Gemmill D,
Smith M. 2003. Characterizing the Range of Children's

Pollutant Exposure During School Bus Commutes. Cali-
fornia Air Resources Board, Sacramento, CA.

Fortmann R, Kariher P, Clayton R. 2001. Indoor Air Quality:
Residential Cooking Exposures. Final Report. California Air
Resources Board, Sacramento, CA. Available from www.arb
.ca.gov/research/abstracts/97-330.htm#Ch.

Granby K, Christensen CS, Lohse C. 1997. Urban and semi-
rural observations of carboxylic acids and carbonyls.
Atmos Environ 31(10):1403–1415.

Grosjean D, Grosjean E. 2002. Airborne carbonyls from
motor vehicle emissions in two highway tunnels. In: Emis-
sions from Diesel and Gasoline Engines Measured in
Highway Tunnels. Research Report 107. Health Effects
Institute, Boston, MA.

Grosjean D, Grosjean E, Moreira LF. 2002. Speciated
ambient carbonyls in Rio de Janeiro, Brazil. Environ Sci
Technol 36(7):1389–95.

Health Canada. 2000. Canadian Environmental Protection
Act, 1999: Priority Substances List Assessment Report.
Acetaldehyde. Minister of Public Works and Government
Services, Ottawa, Ontario, Canada.

Hellén H, Hakola H, Reissell A, Ruuskanen TM. 2004. Car-
bonyl compounds in boreal coniferous forest air in
Hyytiälä, Southern Finland. Atmos Chem Physics 4(7):
1771–1780.

Hellén H, Kukkonen J, Kauhaniemi M, Hakola H, Laurila T,
Pietarila H. 2005. Evaluation of atmospheric benzene con-
centrations in the Helsinki Metropolitan Area in 2000–
2003 using diffusive sampling and atmospheric dispersion
modelling. Atmos Environ 39(22):4003–4014.

Ho KF, Lee SC, Louie PKK, Zou SC. 2002. Seasonal varia-
tion of carbonyl compound concentrations in urban area of
Hong Kong. Atmos Environ 38(8):1259–1265.

International Agency for Research on Cancer. 1999a. Re-eval-
uation of Some Organic Chemicals, Hydrazine and Hydrogen
Peroxide. IARC Monographs of the Evaluation of Carcino-
genic Risks to Humans, Vol 71. World Health Organization,
Lyon, France. Summary available from http://monographs
.iarc.fr/ENG/Monographs/vol71/volume71.pdf.

Kalabokas P, Carlier P, Fresnet P, Mouvier G, Toupancet G.
1988. Field studies of aldehyde chemistry in the Paris area.
Atmos Environ 22(1):147–155.

Kinney PL, Chillrud SN, Ramstrom S, Ross J, Spengler JD.
2002. Exposures to multiple air toxics in New York City.
Environ Health Perspect 110 Suppl 4:539–46.



35

Acetaldehyde

Lakes Environmental Software. 1998. Air Toxics Index:
Acetaldehyde. Available from www.weblakes.com/toxic/
ACETALDEHYDE.HTML. Accessed July 11, 2005.

Lambert B, Andersson B, Bastlova T, Hou SM, Hellgren D,
Kolman A. 1994. Mutations induced in the hypoxanthine
phosphoribosyl transferase gene by three urban air pollut-
ants: acetaldehyde, benzo[a]pyrene diolepoxide, and ethy-
lene oxide. Environ Health Perspect 102 Suppl 4:135–8.

Mohamed MF, Kang D, Aneja VP. 2002. Volatile organic
compounds in some urban locations in United States.
Chemosphere 47(8):863–82.

Montero L, Vasconcellos PC, Souza SR, Pires MA,
Sánchez-Coyllo OR, Andrade MF, Carvalho LR. 2001. Mea-
surements of atmospheric carboxylic acids and carbonyl
compounds in São Paulo City, Brazil. Environ Sci Technol
35(15):3071–81.

Morris JB. 1997. Dosimetry, toxicity and carcinogenicity of
inspired acetaldehyde in the rat. Mutat Res 380(1-2):113–24.

Myou S, Fujimura M, Kamio Y, Bando T, Nakatsumi Y,
Matsuda T. 1995. Repeated inhalation challenge with
exogenous and endogenous histamine released by acetal-
dehyde inhalation in asthmatic patients. Am J Respir Crit
Care Med 152(2):456–60.

Myou S, Fujimura M, Nishi K, Matsuda M, Ohka T, Matsuda
T. 1994a. Potentiating effect of inhaled acetaldehyde on
bronchial responsiveness to methacholine in asthmatic
subjects. Thorax 49(7):644–8.

Myou S, Fujimura M, Nishi K, Ohka T, Matsuda T. 1993.
Aerosolized acetaldehyde induces histamine-mediated
bronchoconstriction in asthmatics. Am Rev Respir Dis
148(4 Pt 1):940–3.

Myou S, Fujimura M, Nishi K, Ohka T, Matsuda T. 1994b.
Inhibitory effect of a selected thromboxane synthetase
inhibitor, OKY-046, on acetaldehyde-induced bronchocon-
striction in asthmatic patients. Chest 106(5):1414–1418.

National Toxicology Program (US). 2002. Acetaldehyde.
In: Report on Carcinogens, Tenth Edition. CAS No. 75-07-
0. US Department of Health and Human Services, Research
Triangle Park, NC.

National Toxicology Program (U.S.). 2005. Report on Car-
cinogens, Eleventh Edition. U.S. Department of Health and
Human Services, Research Triangle Park, NC. Available
from http://ntp.niehs.nih.gov.

Nguyen HT-H, Takenaka N, Bandow H, Maeda Y, de Oliva
ST, Botelho MMf, Tavares TM. 2001. Atmospheric alco-
hols and aldehydes concentrations measured in Osaka,
Japan and in São Paulo, Brazil. Atmos Environ 35(18):
3075–3083.

Ott MG, Teta MJ, Greenberg HL. 1989a. Assessment of
exposure to chemicals in a complex work environment.
Am J Ind Med 16(6):617–30.

Ott MG, Teta MJ, Greenberg HL. 1989b. Lymphatic and
hematopoietic tissue cancer in a chemical manufacturing
environment. Am J Ind Med 16(6):631–43.

Possanzini M, Di Palo V, Brancaleoni E, Frattoni M,
Ciccioli P. 2000. A train of carbon and DNPH-coated car-
tridges for the determination of carbonyls from C1 to C12
in air and emission samples. Atmos Environ 34(29-
30):5311–5318.

Possanzini M, Di Palo V, Cecinato A. 2002. Sources and
photodecomposition of formaldehyde and acetaldehyde in
Rome ambient air. Atmos Environ 36(19):3195–3201.

Pratt GC, Palmer K, Wu CY, Oliaei F, Hollerbach C, Fenske
MJ. 2000. An assessment of air toxics in Minnesota.
Environ Health Perspect 108(9):815–25.

Prieto L, Gutierrez V, Cervera A, Linana J. 2002a. Airway
obstruction induced by inhaled acetaldehyde in asthma:
repeatability relationship to adenosine 5'-monophosphate
responsiveness. J Investig Allergol Clin Immunol 12(2):91–8.

Prieto L, Sanchez-Toril F, Brotons B, Soriano S, Casan R,
Belenguer JL. 2000. Airway responsiveness to acetalde-
hyde in patients with asthma: relationship to methacho-
line responsiveness and peak expiratory flow variation.
Clin Exp Allergy 30(1):71–8.

Prieto L, Sanchez-Toril F, Gutierrez V, Marin MJ. 2002b.
Airway responsiveness to inhaled acetaldehyde in sub-
jects with allergic rhinitis: relationship to methacholine
responsiveness. Respiration 69(2):129–35.

Reiss R, Ryan PB, Tibbetts SJ, Koutrakis P. 1995. Measure-
ment of organic acids, aldehydes, and ketones in residen-
tial environments and their relation to ozone. J Air Waste
Manag Assoc 45(10):811–22.

Riediker M, Williams R, Devlin R, Griggs T, Bromberg P.
2003. Exposure to particulate matter, volatile organic com-
pounds, and other air pollutants inside patrol cars.
Environ Sci Technol 37(10):2084–93.

Sanchez-Toril F, Prieto L, Peris R, Perez JA, Millan M,
Marin J. 2000. Differences in airway responsiveness to ace-
taldehyde and methacholine in asthma and chronic bron-
chitis. Eur Respir J 15(2):260–5.

Satsumabayashi K, Chang Y, Carmichael GR, Ueda H.
1995. Photochemical formations of lower aldehydes and
lower fatty acids under long-range transport in central
Japan. Atmos Environ 29(2):255–266.



36

Mobile-Source Air Toxics: A Critical Review of the Literature

Sawant AA, Na K, Zhu X, Cocker K, Butt S, Song C, Cocker
DR III. 2004. Characterization of PM2.5 and selected gas-
phase compounds at multiple indoor and outdoor sites in
Mira Loma, California. Atmos Environ 38(37):6269–6278.

Sax SN, Bennett DH, Chillrud SN, Kinney PL, Spengler JD.
2004. Differences in source emission rates of volatile
organic compounds in inner-city residences of New York
City and Los Angeles. J Expo Anal Environ Epidemiol 14
Suppl 1:S95–109.

Shendell DG, Winer AM, Stock TH, Zhang L, Zhang JJ,
Maberti S, Colome SD. 2004. Air concentrations of VOCs
in portable and traditional classrooms: results of a pilot
study in Los Angeles County. J Expo Anal Environ Epide-
miol 14(1):44–59.

Shimoda T, Kohno S, Takao A, Fujiwara C, Matsuse H,
Sakai H, Watanabe T, Hara K, Asai S. 1996. Investigation of
the mechanism of alcohol-induced bronchial asthma. J
Allergy Clin Immunol 97(1 Pt 1):74–84.

Silverman L, Schulte HF, First MW. 1946. Furthur studies
on sensory response to certain industrial solvent vapors. J
Ind Hyg Toxicol 28(6):262–266.

Sin DWM, Wong Y-C, Louie PKK. 2001. Trends of ambient
carbonyl compounds in the urban environment of Hong
Kong. Atmos Environ 35(34):5961–5969.

Slemr J, Junkermann W, Volz-Thomas A. 1996. Temporal
variations in formaldehyde, acetaldehyde and acetone and
budget of formaldehyde at a rural site in Southern Ger-
many. Atmos Environ 30(21):3667–3676.

Soffritti M, Belpoggi F, Lambertin L, Lauriola M, Padovani
M, Maltoni C. 2002. Results of long-term experimental
studies on the carcinogenicity of formaldehyde and acetal-
dehyde in rats. Ann N Y Acad Sci 982:87–105.

Solberg S, Dye C, Schmidbauer N, Herzog A, Gehrig R.
1996. Carbonyls and nonmethane hydrocarbons at rural
European sites from the Mediterranean to the Arctic. J
Atmos Chem 25(1):33–66.

South Coast Air Quality Management District. 2000. Multiple
Air Toxics Exposure Study in the South Coast Air Basin.
MATES-II. Final Report. SCAQMD, Diamond Bar, CA. Avail-
able from www.aqmd.gov/matesiidf/matestoc.htm.

Subramanian P, Breuer GM, Reynolds SJ. 2000. Low
molecular weight carbonyls in large Midwestern office
buildings. Int J Environ Anal Chem 76(3):215–239.

Takao A, Shimoda T, Kohno S, Asai S, Harda S. 1998. Cor-
relation between alcohol-induced asthma and acetalde-
hyde dehydrogenase-2 genotype. J Allergy Clin Immunol
101(5):576–80.

Tanner RL, Miguel AH, De Andrade JB, Gaffney JS, Streit
GE. 1988. Atmospheric chemistry of aldehydes: Enhanced
peroxyacetyl nitrate formation from ethanol-fueled vehic-
ular emissions. Environ Sci Technol 22(9):1026–1034.

Umweltbundesamt. 1998. Air Pollution from Motor Vehicle
Traffic (last updated May 11, 1998). www.umweltbunde
samt.de/uba-info-daten-e/daten-e/air-pollution-from-
motor-vehicle-traffic.htm. Accessed January 23, 2006.

Vasconcellos PC, Carvalho LRF, Pool CS. 2005. Volatile
Organic Compounds Inside Urban Tunnels of São Paulo
City, Brazil. J Braz Chem Soc 16(6A):1210–1216.

Viskari E-L, Vartiainen M, Pasanen P. 2000. Seasonal and
diurnal variation in formaldehyde and acetaldehyde con-
centrations along a highway in Eastern Finland. Atmos
Environ 34(6):917–923.

Weisel CP, Zhang J, Turpin BJ, Morandi MT, Colome S,
Stock TH, Spektor DM. 2005. Relationships of Indoor, Out-
door, and Personal Air (RIOPA). Part I. Collection Methods
and Descriptive Analyses. Research Report 130. Health
Effects Institute, Boston, MA.

Whitmore R, Clayton A, Phillips M, Akland G. 2003b. Cal-
ifornia Portable Classrooms Study, Phase One: Mailed
Survey. California Air Resources Board, California Envi-
ronmental Protection Agency, Sacramento, CA. Available
f rom www.arb .ca .gov/research/ indoor/pcs/pcs-
fr/pcs_v1_ph1_main_03-23-04.pdf.

World Health Organization. 1995. International Pro-
gramme on Chemical Safety. Acetaldehyde. In: Environ-
mental Health Criteria, Series 167. World Health
Organization, Geneva, Switzerland.

Woutersen RA, Feron VJ. 1987. Inhalation toxicity of ace-
taldehyde in rats. IV. Progression and regression of nasal
lesions after discontinuation of exposure. Toxicology
47(3):295–305.

Zhang J, Lioy PJ, He Q. 1994. Characteristics of aldehydes:
concentrations, sources, and exposures for indoor and out-
door residential microenvironments. Environ Sci Technol
28(1):146–152.

Zielinska B, Fujita E, Sagebiel J, Harshfield G, Uberna E,
Hayes T, Keene F. 1998. Arizona hazardous air pollutants
monitoring program. J Air Waste Manage Assoc 48:1038–
1050.


	HEI Special Report 16. Section on Acetaldehyde
	INTRODUCTION
	BENCHMARK LITERATURE
	EXPOSURE
	SOURCES AND EMISSIONS
	AMBIENT, OUTDOOR, AND INDOOR CONCENTRATIONS AND PERSONAL EXPOSURES
	AMBIENT CONCENTRATIONS IN OTHER COUNTRIES
	TEMPORAL TRENDS

	TOXICOLOGY
	BIOCHEMISTRY AND METABOLISM
	NONCANCER HEALTH EFFECTS
	GENOTOXICITY
	CANCER

	HUMAN HEALTH
	CANCER
	NONCANCER HEALTH EFFECTS

	REGULATORY SUMMARY
	SUMMARY AND KEY CONCLUSIONS
	EXPOSURE
	TOXICOLOGY
	HUMAN HEALTH
	KEY CONCLUSIONS

	RESEARCH GAPS AND RECOMMENDATIONS
	EXPOSURE
	TOXICOLOGY
	HUMAN HEALTH

	ACETALDEHYDE REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




