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FOREWORD

Concise International Chemical Assessment Documents
(CICADs) arethelatest in afamily of publications from the
International Programme on Chemical Safety (IPCS) — a
cooperative programme of the World Health Organization
(WHO), the International Labour Organisation (ILO), and the
United Nations Environment Programme (UNEP). CICADs
join the Environmental Health Criteria documents (EHCs) as
authoritative documents on the risk assessment of chemicals.

CICADs are concise documents that provide summaries
of the relevant scientific information concerning the potentia
effects of chemicals upon human health and/or the
environment. They are based on selected national or regional
evaluation documents or on existing EHCs. Before acceptance
for publication as CICADs by IPCS, these documents undergo
extensive peer review by internationally selected expertsto
ensure their completeness, accuracy in the way in which the
original data are represented, and the validity of the
conclusions drawn.

The primary objective of CICADs is characterization of
hazard and dose—response from exposure to achemical.
CICADs are not asummary of all available dataon a particular
chemical; rather, they include only that information considered
critical for characterization of the risk posed by the chemical.
The critical studies are, however, presented in sufficient detall
to support the conclusions drawn. For additional information,
the reader should consult the identified source documents upon
which the CICAD has been based.

Risks to human health and the environment will vary
considerably depending upon the type and extent of exposure.
Responsible authorities are strongly encouraged to characterize
risk on the basis of locally measured or predicted exposure
scenarios. To assist the reader, examples of exposure
estimation and risk characterization are provided in CICADs,
whenever possible. These examples cannot be considered as
representing all possible exposure situations, but are provided
as guidance only. The reader is referred to EHC 170" for advice
on the derivation of health-based guidance values.

While every effort is made to ensure that CICADs
represent the current status of knowledge, new information is
being developed constantly. Unless otherwise stated, CICADs

! International Programme on Chemical Safety (1994)
Assessing human health risks of chemicals: derivation

of guidance values for health-based exposure limits.
Geneva, World Health Organization (Environmental Health
Criteria 170).

are based on a search of the scientific literature to the date
shown in the executive summary. In the event that a reader
becomes aware of new information that would change the
conclusions drawn in a CICAD, the reader is requested to
contact IPCSto inform it of the new information.

Procedures

The flow chart shows the procedures followed to
produce a CICAD. These procedures are designed to take
advantage of the expertise that exists around the world —
expertise that is required to produce the high-quality
evaluations of toxicological, exposure, and other data that are
necessary for assessing risks to human health and/or the
environment.

Thefirst draft is based on an existing national, regional,
or international review. Authors of thefirst draft are usualy,
but not necessarily, from the institution that developed the
original review. A standard outline has been developed to
encourage consistency in form. The first draft undergoes
primary review by IPCS to ensure that it meets the specified
criteriafor CICADs.

The second stage involvesinternational peer review by
scientists known for their particular expertise and by scientists
selected from an international roster compiled by IPCS through
recommendations from |PCS national Contact Points and from
IPCS Participating Institutions. Adequate timeis allowed for
the selected experts to undertake a thorough review. Authors
are required to take reviewers' comments into account and
revise their draft, if necessary. The resulting second draft is
submitted to a Final Review Board together with the
reviewers' comments.

The CICAD Final Review Board has several important
functions:

- to ensure that each CICAD has been subjected to an
appropriate and thorough peer review;

- to verify that the peer reviewers' comments have been
addressed appropriately;

- to provide guidance to those responsible for the
preparation of CICADs on how to resolve any
remaining issuesif, in the opinion of the Board, the
author has not adequately addressed all comments of the
reviewers, and

- to approve CICADs as international assessments.

Board members serve in their personal capacity, not as
representatives of any organization, government, or industry.
They are selected because of their expertise in human and
environmental toxicology or because of their
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CICAD PREPARATION FLOW CHART
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experience in the regulation of chemicals. Boards are chosen
according to the range of expertise required for ameeting and
the need for balanced geographic representation.

Board members, authors, reviewers, consultants, and
advisers who participate in the preparation of a CICAD are
required to declare any real or potential conflict of interest in
relation to the subjects under discussion at any stage of the
process. Representatives of hongovernmental organizations
may be invited to observe the proceedings of the Final Review
Board. Observers may participate in Board discussions only at
the invitation of the Chairperson, and they may not participate
in the final decision-making process.
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1. EXECUTIVE SUMMARY

This CICAD on azodicarbonamide was based on a
review of human health (primarily occupational) concerns
prepared by the United Kingdom'’s Health and Safety
Executive (Ball et a., 1996). Hence, although this CICAD
includes an assessment of the available environmental data, the
main focusis on risks to human health in the working
environment, including an emphasis on information from
routes that are relevant to occupational settings. Data
identified up to June 1994 were covered in the review. A
further literature search was performed, up to July 1997, to
identify any new information published since this review was
completed. The original source document did not address
environmental concerns; as literature searches have failed to
identify relevant studiesin this area, an environmental risk
assessment has not been attempted. Information on the nature
of the peer review and availability of the source document is
presented in Appendix 1. Information on the peer review of
this CICAD is presented in Appendix 2. This CICAD was
approved as an international assessment at a meeting of the
Final Review Board, held in Tokyo, Japan, on 30 June — 2 July
1998. Participants at the Final Review Board meeting are listed
in Appendix 3. The International Chemical Safety Card (ICSC
0380) for azodicarbonamide, produced by the International
Programme on Chemical Safety (IPCS, 1993), has also been
reproduced in this document.

Toxicokinetic data on azodicarbonamide (CAS No. 123-
77-3) are limited, but the chemical appears to be well absorbed
by the inhalation and oral routes in rodents. Substantial
quantities of the substance remain unabsorbed from the
gastrointestinal tract and are passed out in the faeces. Azodi-
carbonamide is readily converted to biurea, the only
breakdown product identified, and it is likely that systemic
exposure is principaly to this derivative rather than to the
parent compound. Elimination of absorbed azodicarbon-
amide/biureaisrapid, occurring predominantly viathe urine,
and thereis very little systemic retention of biurea.

Azodicarbonamide is of low acute toxicity and does not
cause skin, eye, or respiratory tract irritation in experimental
animals. Results from a poorly conducted skin sensitization
study were negative, and there was no evidence of an
asthmati c-type response in guinea-pigs in one study. No
adverse effects were observed in experimental animalsinhaling
up to 200 mg/m® for up to 13 weeks. Repeated oral exposures
resulted in the appearance of pyelonephritis with casts and
crystalline depositsin renal tubuli in several species. However,
the dose levels required to induce these effects were high (>200
mg/kg body weight per day in studies of up to 1 year’s
duration). Although azodicarbonamide was found to be a
mutagen in bacterial systems, there is no evidence that this

effect would be expressed in vivo. The carcinogenicity and
reproductive toxicity of azodicarbonamide have not been
examined in detail, but no tumorigenic or antifertility effects
were observed in early studies in which animals were treated
with the breakdown product biurea. Developmental toxicity
has not been studied.

Studies in humans have concentrated solely on the
ability of azodicarbonamide to induce asthma and skin
sensitization. Evidence that azodicarbonamide can induce
asthma in humans has been found from bronchia challenge
studies with symptomatic individuals and from health
evaluations of employees at workplaces where azodicarbon-
amideis manufactured or used. There are also indications that
azodicarbonamide may induce skin sensitization.

On the basis that azodicarbonamide is a human
asthmagen and that the concentrations required to induce
asthmain a non-sensitive individual or to provoke aresponse
in asensitive individua are unknown, it is concluded that there
isarisk to human health under present occupational exposure
conditions. The level of risk is uncertain; hence, exposure
levels should be reduced as much as possible.

Data have been identified that indicate ethyl carbamate
formation in consumer products such as bread and beer
following the addition of azodicarbonamide. Exposure of the
general public to azodicarbonamide could not be evaluated
because of the lack of available data.

Azodicarbonamide released to surface waters would
partition to the hydrosphere with no significant sorption to
particulates. The half-life for reaction with hydroxyl radicalsin
the atmosphere is cal culated to be 0.4 days. Azodicarbonamide
was readily biodegradable in two out of three tests with
sewage sludge and was degraded in soil by 20-70% over 14
days. No-observed-effect concentrations (NOECS) for fish and
the water flea have been reported at $50 and 5 mg/litre,
respectively. Lack of information on release to the environ-
ment precludes a quantitative risk assessment.

2. IDENTITY AND PHYSICAL/CHEMICAL
PROPERTIES

Azodicarbonamide (CAS No. 123-77-3) is a synthetic
chemical that exists at ambient temperature as a yellow-orange
crystaline solid. It is poorly solublein water at 20 °C (<50
mg/litre), although it is dlightly soluble in hot water. It is
insoluble in many organic solvents, but it is solublein
N,N-dimethyl formamide and dimethy! sulfoxide. It has avery
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low vapour pressure (2.53 x 10! kPa at 20 °C). Additional
physical/chemical properties are presented in the International
Chemical Safety Card reproduced in this document.

Common synonyms for azodicarbonamide are ADA,
ADC, azobiscarbonamide, azobiscarboxamide,
azodicarbodiamide, azodicarboxamide, azodiformamide,
azobisformamide, 1,1'-azobisformamide, diazene-
dicarboxamide, and diazenedicarbonic acid amide. Trade names
arelisted in the International Chemical Safety Card appended
to this document.

Azodicarbonamide's structural formulais shown below:

H H

N /
/

H

N—C—N=—N—C—N
o o)

The conversion factors for azodicarbonamide at 20 °C
and 101.3 kPa are as follows:

1 mg/m® = 0.21 ppm
1 ppm = 4.8 mg/m®

3. ANALYTICAL METHODS

Two methods can be used to measure levels of azodi-
carbonamide in workplace air. In the first, samples are
collected on 37-mm Teflon filters backed with polyethylene,
which in turn is backed with a cellulose pad (Ahrenholz &
Neumeister, 1987). Sampling takes place at 2 litres/min for
periods from 7 to 486 min. After sampling, azodicarbonamide
isrecovered from the filter with dimethyl sulfoxide and
analysed by high-performance liquid chromatography. The
limit of quantification isgiven as5 - g per sample. For a15-
min sample at 2 litres/min, thisis equivalent to a quantification
limit in air of 0.167 mglm3; over 8 h, it isequivalent to 0.005

mg/m®.

In the second method, azodicarbonamide is collected on
37-mm glassfibre filters at 15-20 litres/min (Vainiotalo &
Pfaffli, 1988). It is then eluted from the filter with dimethyl
sulfoxide. Following the addition of sodium hydroxide and
glucose solutions, the azodicarbonamide is reduced to
hydrazine. Thisis reacted with 4-dimethylaminobenzal dehyde,
and the resulting aldazine is measured spectrophotometrically
at 460 nm. The lower detection limit is given as 0.001 mg/m®
for a4-m° air sample (equivalent to 4 - g per sample). Thisisa
considerably larger volume than would normally be collected

for assessing personal exposure samples. At amore typical
flow rate of 2 litres’min for 8 h, 960 litres of air would be
sampled, resulting in a detection limit of about 0.005 mg/m®.
Sampling over 15 min at the same rate would give a detection
limit of about 0.16 mg/m®,

Although there are published methods for measuring
azodicarbonamide and its metabolite biureain rats (Bechtold et
al., 1989; see d'so Mewhinney et a., 1987), there are no
reports describing their measurement in human body fluids.

4. SOURCES OF HUMAN AND
ENVIRONMENTAL EXPOSURE

The principa end use of azodicarbonamideisasa
blowing agent in the rubber and plasticsindustries. It isused in
the expansion of awide range of polymers, including
polyvinyl chloride, polyolefins, and natural and synthetic
rubbers. The blowing action occurs when the azodicarbon-
amide decomposes on heating (process temperatures ~190-230
°C) to yield gases (nitrogen, carbon monoxide, carbon dioxide,
and ammonia), solid residues, and sublimated substances.
Decomposition accelerators, in the form of metal salts and
oxides, may aso be added to bring about decomposition at
lower temperatures.

Azodicarbonamide has in the past been used in the
United Kingdom and Eire (but not other European Union
member states) as a flour improver in the bread-making
industry, but this use is no longer permitted. It is not known
how common this practice is worldwide. Azodicarbonamideis
not used in other consumer products.

Azodicarbonamide is manufactured by the reaction of
dihydrazine sulfate and urea under high temperature and
pressure. The product of this reaction is then oxidized using
sodium chlorate and centrifuged to yield alurry containing
azodicarbonamide. The dlurry is washed to remove impurities
and dried to obtain the azodicarbonamide powder. Thisisthen
micronized to afine powder (95% of particles <10 -m, which
isin the respirable range for humans) before packaging.

Very limited information is available on production
volumes. The Hazardous Substances Data Bank (HSDB, 1996)
gives US production figures of “greater than 4.54 tonnes.”

Until recently, azodicarbonamide was produced in the United
Kingdom; however, this production has now stopped, and all
azodicarbonamide used in the United Kingdom isimported,
predominantly through one large company. Approximately
2500 tonnes are supplied to the United Kingdom market each
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year. Both pure azodicarbonamide (approximately 2200
tonnes) and pre-mixed formulations (300 tonnes) are supplied,
the latter containing between 10 and 95% azodicarbonamide,
depending on the end use application. “Masterbatch”
products, in which the azodicarbonamide is pelletized with
polyolefins, and blended pastes (azodicarbonamide and
plasticizer) are also supplied to the rubber and plastics
industries. In addition to the main importer, there are some
firms that process azodicarbonamide into dust-suppressed
powders, pastes, and “Masterbatch” formulations before
selling the processed azodicarbonamide to the end users.

Recent studies have examined the contribution of azodi-
carbonamide to the levels of ethyl carbamate in bread and beer
(Canaset al., 1997; Denniset d., 1997a,b). It is not clear if
unreacted azodicarbonamide is present in these products;
therefore, it is not possible to assess the contribution that
consumption of such products might make to the overall body
burden of azodicarbonamide.

5. ENVIRONMENTAL TRANSPORT,
DISTRIBUTION, AND TRANSFORMATION

A calculated half-life of 0.4 daysfor reaction with
hydroxyl radicalsin air has been reported.t

Azodicarbonamide added to five different soil types at
200 mg nitrogen/kg soil (dry weight) was degraded (measured
as recovery of inorganic nitrogen) by between 21.1% and
66.1% over 14 days (Frankenberger & Tabatabai, 1982).

Degradation of azodicarbonamide by sewage sludge
organisms has been investigated in three modified Sturm tests
(Organisation for Economic Co-operation and Devel opment
[OECD] Guideline 301B). The compound was “readily
biodegradable” in two out of the three tests and was degraded
by 21% over 30 days in the third test (Uniroyal, 1992).2

1 Bayer, unpublished calculated value (1988) based on the
method of Atkinson; value presented in [UCLID (European
Union database), version dated 7 February 1996.

2 Bayer, unpublished value (1991) presented in IUCLID
(European Union database), version dated 7 February 1996; no
details available.

According to Mackay Level | fugacity modelling, azodi-
carbonamide released to surface waters will partition to the
hydrosphere with no significant sorption to particul ates.®

6. ENVIRONMENTAL LEVELS AND
HUMAN EXPOSURE

6.1 Environmental levels

There are no data available on levels of azodicarbon-
amide in ambient air, water, soils, or sediment.

6.2 Human exposure

The data available to the authors of this CICAD are
restricted to the occupational environment. It is estimated that
several thousand persons are exposed to azodicarbonamide in
the workplace in the United Kingdom. Of thistotal, it is
estimated that only afew hundred persons are exposed as part
of their main work activity (i.e., those involved in
compounding, mixing, or raw material handling).

Data obtained by the United Kingdom’'s Health and
Safety Executive at a plant milling azodicarbonamide powder
in micronizing mills (four samples were collected in total)
showed average personal exposures during the day shift to be
11.8 and 9.8 mg/m® and during the night shift to be 2.3 and 2.8
mg/m® because of the lower throughput at night. Samples were
collected over 4 h. The operators’ tasks involved bagging,
weighing, and packaging the milled product.

In the published literature, Slovak (1981) reported time-
weighted average total dust levels in the range 2-5 mg/m? for
azodicarbonamide manufacturing operations. However, no
details were given concerning occupational groups or tasks. A
US National Institute for Occupational Safety and Health
study (Ahrenholz et al., 1985) examined personal exposures of
workers handling azodicarbonamide in a flooring factory. The
work involved the formulation of pastes or paints and required
the blending of azodicarbonamide powder with plasticizers,
resins, pigments, and other additives. Exposures to azodi-
carbonamide occurred primarily while the workers were
weighing and tipping the powder. Short-term (sample duration
<70 min) personal exposures were in the range 0.15-12 mg/m®
(median 2.7 mg/m®). A second study (Ahrenholz & Anderson,
1985) focused on the use of azodicarbonamide in the injection
moulding of plastics. The process involved blending azodi-
carbonamide powder with resins. Two sets of full-shift

3 Bayer remark in lUCLID (European Union database), version
dated 7 February 1996.
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measurements were reported, with median 8-h time-weighted
average levels of 6.2 -g/m® (range, not detectable to 280
Zgint) and 25 - g/m® (range, trace to 752 - g/m°), respectively.

No data are available relating to dermal exposure levels.

7. COMPARATIVE KINETICS AND
METABOLISM IN LABORATORY ANIMALS
AND HUMANS

No information is available on the toxicokinetics of azo-
dicarbonamide in humans.

Most of the toxicokinetic data available for azodicarbon-
amide come from animal studies (Mewhinney et a., 1987).
Absorption of azodicarbonamide has been demonstrated
following both a single inha ation exposure of up to 6 h (34%
of dose) and a single oral administration (10-33% of dose) of
radiolabelled azodicarbonamide to rats. In contrast,
approximately 90% of a single intratracheally instilled dose
was apparently absorbed. The difference in absorption
between inhaled and intratracheally ingtilled azodicarbonamide
could be related to the fact that much of the inhaled azodi-
carbonamide did not reach the lower respiratory tract. Half an
hour after a 6-h nose-only exposure of rats to 25 mg/m® of a
dry aerosol (average mass aerodynamic diameter 3.4 Zm), 78%
of the calculated total intake was located in the gastrointestinal
tract.

Following exposure by both inhalation and oral routes,
substantial quantities of the substance remain unabsorbed from
the gastrointestinal tract and are passed out in the faeces. Azo-
dicarbonamide is readily converted to biurea, the only
breakdown product identified, and it islikely that systemic
exposure is principally to this derivative rather than to the
parent compound. Elimination of absorbed azodicarbon-
amide/biureaisrapid, occurring predominantly viathe urine,
and thereis very little systemic retention of biurea.

8. EFFECTS ON LABORATORY
MAMMALS AND IN VITRO TEST SYSTEMS

It is noted that some of the available toxicological
studies were conducted using biurea. Azodicarbonamide
readily undergoes reduction in the presence of thiol groupsto
form the stable compound biurea. Given that thiol groups are
also present in many biological molecules, thereisthe
potential for this reaction to take place wherever azodicarbon-

amide encounters thiol groupsin biological systems. This has
been demonstrated in an experiment in which radiolabelled azo-
dicarbonamide was added to fresh rat blood (Mewhinney et a.,
1987). All radioactivity was in the form of biureawithin 5 min
when untreated blood was used. Radioactivity associated with
azodicarbonamide was detected only in blood to which 5 mg
unlabelled azodicarbonamide/ml blood was added. Thislevel is
very much greater than the levels that humans are likely to
encounter.

8.1 Single exposure

Azodicarbonamide is of low acute toxicity by all
relevant routes of exposure. The LCy, was greater than 6100
mg/m® in rats and mice exposed to a dry aerosol (median mass
aerodynamic diameter 5.8 + 2.25 - m [geometric standard
deviation]) of azodicarbonamide for 4 h (IRDC, 1982a,b). No
mortality was observed in rats given oral doses of up to 5000
mg/kg body weight (Loeser, 1976). The dermal LD 5, was
>2000 mg/kg body weight in rabbits following application of
this substance under an occlusive dressing for 24 h (MB
Research Laboratories Inc., 1986). Few specific toxic effects
were observed in any single exposure study.

8.2 Irritation and sensitization

Although most studies were of uncertain quality and in
many cases would not comply with modern regul atory
standards, results of several skin and eyeirritation studies
indicate that azodicarbonamide should not be regarded as a skin
or eyeirritant (Kimmerle, 1965; Conning, 1966; Mihail, 1977,
MB Research Laboratories Inc., 1986). In a study of
respiratory irritation, in which guinea-pigs were exposed head
only to azodicarbonamide in plethysmography tubes, either no
changes or effects of doubtful significance were reported for
various lung function parameters, indicating that irritation was
minimal at concentrations up to 97 mg/m® for 1 h (Shopp et al.,
1987).

Owing to the poor quality of the only available skin
sensitization study (the concentration used for induction and
challenge — a 1% solution in dimethyl formamide — was very
low; only four guinea-pigs were used in the test group; and test
sites were not occluded), it was not possible to draw any
conclusions regarding the ability of azodicarbonamide to induce
skin sensitization in animals (Stevens, 1967). No evidence of
pulmonary irritation or asthmatic-type reactions (no changes
in specific airways conductance, no evidence of histopatho-
logical effects on the upper or lower respiratory tract, and no
evidence of circulating antibodies) was obtained in one study in
which groups of 10 guinea-pigs were repeatedly exposed by
inhalation to unconjugated azodicarbonamide at 0, 51, or 200
mg/m?® for 6 h/day, 5 days/week, for 4 weeks (Gerlach et al.,
1989).
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8.3 Short-term exposure

Azodicarbonamide s of relatively low toxicity to
animals repeatedly exposed by the inhaation or oral routes. In
well-conducted 2-week inhalation studies, groups of 10 male
and 10 female F344/N rats or B6C3F,; mice were exposed to
dry aerosols (median mass aerodynamic diameter 2 Zm) at 0,
2, 10, 50, 100, or 200 mg/m3 for 6 h/day, 5 days/week
(Medinsky et al., 1990). Investigations included analyses of
methaemoglobin and blood cholinesterase and extensive
macroscopic and microscopic pathology; no changes of
toxicological significance were seen.

Groups of five male and five female mice received O,
625, 1250, 5000, or 10 000 mg azodicarbonamide/kg body
weight per day by oral gavagein corn oil, 5 days/'week for 2
weeks.! Mortalities were observed at 1250 mg/kg body weight
per day and above (presumably treatment related).
Histopathologically, at 1250 mg/kg body weight per day and
above, pyelonephritis with casts was seen in renal tubuli, and
crystalline deposits were observed in renal tubuli and the
urinary bladder.

A similar study was conducted in rats; again, there was
adose-related increase in mortality at 1250 mg/kg body weight
per day and above and asimilar profile of renal lesions,
athough effects were seen at 1250 mg/kg body weight per day
and above in males and at 2500 mg/kg body weight per day and
abovein females?

In one early and very briefly reported study, signs of
toxicity, the nature of which was not reported, were seen in
male rats given 300 mg azodicarbonamide/kg body weight per
day for 5 days but not in rats given 200 mg/kg body weight per
day (Kimmerle, 1965).

In another study designed to look for adverse effectsin
the thyroid (but only investigating the uptake of iodinein the
thyroid gland and serum protein-bound iodine), no clear
evidence of thyroid toxicity was found in rats given low-iodine
diets containing 1, 5, or 10% azodicarbonamide or 5 or 10%
biurea for periods ranging between 1 and 4 weeks (Gafford et
a., 1971).

There are no data relating to the effects of repeated
dermal exposures.

8.4 Long-term exposure
8.4.1 Subchronic exposure

Groups of 10 male and 10 female F344/N rats or
B6C3F, mice were exposed to dry aerosols (median mass

1IRDC, unpublished data; cited in BG Chemie (1995).

aerodynamic diameter 2 Zm) at 0, 50, 100, or 200 mg/m3 for 6
h/day, 5 days/week, for 13 weeks (Medinsky et al., 1990).
Investigations included analyses of various enzyme activities
in urine, haematology, blood cholinesterase, serum
triiodothyronine and thyroxine, vaginal cytology, sperm
morphology, levels of azodicarbonamide and biureain lungs
and kidneys (Mewhinney et a., 1987), and extensive
macroscopic and microscopic pathology; no changes of
toxicologica significance were seen.

Groups of 10 male mice received 1, 78, 156, 312, 625, or
1250 mg azodicarbonamide/kg body weight per day and groups
of 10 female mice received 0, 156, 312, 625, 1250, or 2500 mg
azodicarbonamide/kg body weight per day by ora gavagein
corn ail, 5 days/week for 13 weeks.! In contrast to the 2-week
study (see section 8.3), there were no mortalities and no
histopathological abnormalities.

Groups of 10 malerats received 1, 100, 500, or 2500 mg
azodicarbonamide/kg body weight per day and groups of 10
femae mice recelved 0, 200, 1000, or 5000 mg
azodicarbonamide/kg body weight per day by ora gavagein
corn ail, 5 days/week for 13 weeks.! Mortality was observed
only at 2500 mg/kg body weight per day in males and at 5000
mg/kg body weight per day in females. Histopathologically,
pyelonephritis and crystalline deposits were observed in males
at 2500 mg/kg body weight per day and in females at 5000
mg/kg body weight per day only.

8.4.2 Chronic exposure and carcinogenicity

The effects of long-term exposure to azodicarbonamide
have not been well studied, and no conventional
carcinogenicity studies are available. The only data come from
I- and 2-year studies in which rats and dogs received diets
containing various amounts of biurea. In the 1-year study, rats
and dogs ate diets containing 5 or 10% biurea (Oser et d.,
1965). One high-dose rat died, and body weight gain was
slightly depressed in high-dose males. No other signs of
toxicity were observed in rats at necropsy. Most dogs from
both dose groups died. Necropsy revealed massive, multiple
renal calculi, bladder calculi, and chronic pyelonephritis.
However, the dogs that were selected for this study were of
uncertain and variable origin; hence, no useful results could be
obtained from them. The main constituent (comprising
80-100%) of the calculi was identified as biurea.

In the 2-year study, rats and dogs ate diets containing
either bread baked with untreated flour but supplemented with
750, 2370, or 7500 mg biurea’lkg or bread baked with flour
containing 100 mg azodicarbonamide/kg (Oser et al., 1965).
Controls received diets containing bread baked with untreated
flour. Given that azodicarbonamide is readily converted to
biurea (Joiner et d., 1963), it islikely that the animals
receiving the bread baked with azodicarbonamide-treated flour
were actually exposed to biurea. Aswith the previous
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investigations, the dogs that were selected for this study were
of uncertain and variable origin; hence, no useful results could
be obtained from them. For rats, no treatment-related deaths
occurred, and no adverse effects were observed that were
considered to be treatment related. Assuming food
consumption of 20 g/day and a mean body weight of 350 g, the
dietary inclusion levels correspond to approximately 45, 140,
and 450 mg biurea’kg body weight per day.

8.5 Genotoxicity and related end-points

Azodicarbonamide is mutagenic in vitro, inducing
base-pair mutations in bacteria with and without metabolic
activation (Pharmakon Research International, 1984a;
Mortelmans et al., 1986; Hachiya, 1987).! In contrast, several
standard in vitro assaysin mammalian cell systems have
yielded negative results; gene mutation assaysin Chinese
hamster ovary cells, using the hypoxanthine guanine
phosphoribosyl transferase locus, and in mouse lymphoma
cells, using the thymidine kinase locus, have been conducted,
adong with aninvitro liver unscheduled DNA synthesis assay
and asister chromatid exchange assay in Chinese hamster
ovary cells (Pharmakon Research International, 1984b,c).12
A positive result was obtained in a chromosomal aberration
assay in Chinese hamster ovary cells, but the result was not
reproducible.? Negative results were obtained in a sex-linked
recessive |ethal assay in Drosophila (Yoon et a., 1985). Two
in vivo bone marrow micronucleus assays in mice conducted
by the intraperitoneal route (0 or 150 mg azodicarbonamide/kg
body weight) were available, both giving negative results
(Pharmakon Research International, 1984d; Hachiya, 1987).

8.6 Reproductive and developmental
toxicity

The only study that has been conducted® isa
three-generation study in which rats were given diets

1T, Cameron, unpublished Ames and mouse lymphoma test
results (1990) from the short-term test program sponsored by
the Division of Cancer Aetiology, National Cancer Institute
(cited in Chemical Carcinogenesis Research Information
System [CCRIS] database, US National Cancer Institute).

2 NTP, unpublished data on chromosome aberration and sister
chromatid exchange assays in Chinese hamster ovary cellsfor
azodicarbonamide, submitted to the National Toxicology
Program, National Institutes of Health, US Department of
Health and Human Services, Research Triangle Park, NC.

% The authors of this CICAD have been informed that arepro-
ductive toxicity screening test is being conducted according to
OECD test method 421.

containing up to 7500 mg biurealkg (equivalent to
approximately 450 mg/kg body weight per day) (Oser & Oser,
1963; Oser et a., 1965). For each generation, rats were mated
twice, and the first litter was sacrificed at weaning. From the
second litter, 10 males and 10 females were chosen at random
to form the parents for the next generation. The study finished
with the weaning of the F; generation. For each generation,
fertility index (percentage of matings resulting in pregnancy),
gestation index (number of pregnancies resulting in live litters),
viability index (numbers of pups surviving 4 or more days),
and lactation index (numbers of pups alive at 4 days surviving
to weaning) were determined. No reproductive effects were
observed.

The only other information available is that no organ
weight or histological changes were observed in the
reproductive organs of rats and mice repeatedly exposed for 13
weeks to up to 200 mg azodicarbonamide/m?® by inhalation (see
section 8.4.1, Medinsky et a., 1990).

The developmental toxicity of azodicarbonamide has not
been studied.

8.7 Immunological and neurological
effects

No studies are available that specifically investigate
these end-points, and there is no relevant information from
toxicity studiesin animals.

9. EFFECTS ON HUMANS

The effects of exposure to azodicarbonamide in humans
have not been fully evaluated. There are no data detailing the
effects of single exposures by any route. The most frequently
reported effects of repeated exposure to azodicarbonamide are
respiratory symptoms as well as, to alesser extent, skin
sensitization reactions. There are no reports relating to the
potential for azodicarbonamide to produce other systemic
adverse effects. The potential genotoxic, carcinogenic, and
reproductive effects of azodicarbonamide in exposed humans
have not been studied.

9.1 Case reports

A number of reports have been published of individual
azodicarbonamide workers aleging asthma induced by
exposure to azodicarbonamide. The strongest evidence comes
from a study of two individuals (one atopic and one
non-atopic) who worked at the same plastics factory for about
4years(Mao et a., 1985; Pineau et al., 1985). Both were
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intermittently exposed (1-2 weeks' duration, 3—4 times per
year) to azodicarbonamide at work. A few months after their
first encounter with azodicarbonamide, both developed
symptoms described as “eye/nose irritation” at work, followed
afew hours later by nocturnal asthmatic symptoms. After a 1-
month period free from exposure, both subjects underwent
lung provocation studies. Baseline values for forced expiratory
volumein 1s(FEV,), forced vital capacity (FVC), and the
concentration of histamine required to produce a 20% drop in
FEV, (PC,H) were obtained by spirometry. Both subjects
performed a control challenge using lactose and then a 50:50
mixture of |lactose and azodicarbonamide for 15 s on the next
day. On both days, lung function was monitored to follow the
time course of any response. It was reported that the trial was
not carried out blind.

No effects on lung function were observed following
challenge with lactose alone. After the azodicarbonamide
challenge, however, the atopic individual developed alate
respiratory response starting 3 h after challenge and reaching a
maximum 24% drop in FEV, 6 h &fter challenge. A dropin
PC,,H was aso reported, demonstrating increased airway
hyperreactivity, and this parameter did not return to the
baseline vaue until 6 weeks after challenge. The non-atopic
individual showed adual response to azodicarbonamide. Peak
reductionsin FEV, of greater than 20% were recorded 30 min
and 5-6 h after exposure. No significant reduction in PC,,H
was reported for the second individual. A control atopic
subject with underlying asthmawho worked in the same
industry but did not experience work-related respiratory
effects was also tested. His baseline PC,,H was similar to that
of the atopic subject, but no change in lung function was
observed following a 15-min exposure to azodicarbonamide
under similar conditions (as this subject had less reactive
airways, a much longer exposure duration was utilized). Owing
to the insolubility of azodicarbonamide, skin prick tests were
not performed.

Six other cases have been reported in the literature, but
in each case the evidence that azodicarbonamide was the cause
of the respiratory symptomsis less strong. In some cases,
there had been previous exposure in industries associated with
potential exposure to other asthmagenic substances; for others,
the bronchial challenge test was either poorly conducted or not
conducted at all (Vaentino & Comai, 1985; Alt & Diller, 1988;
Normand et a., 1989).

Three case reports on skin sensitization have been
published. In the most recently reported investigation, amale
textile worker exposed to azodicarbonamide in foam ear-plugs
was patch tested to discover the cause of arecurrent dermatitis
of theear (Navaet a., 1983; Bonsall, 1984; Y ates & Dixon,
1988). No response was elicited with a number of standard
(International Contact Dermatitis Research Group standard
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series) allergens. However, the individual gave a strong
positive reaction to the ear-plugs at 48 and 96 h and also to
azodicarbonamide (a component of the ear-plugs) at a
concentration of 1 and 5% in petrolatum but not at 0.1% in
petrolatum. Ten control subjects patch tested with 1 and 5%
azodicarbonamide in petrolatum did not respond, and the
individual reported no further symptoms upon discarding the
ear-plugs.
9.2 Epidemiological studies

Workplace health surveys have also been carried out
where azodicarbonamide was either manufactured or used to
investigate the presence of respiratory symptoms in azodi-
carbonamide workers.

A prevalence study of occupational asthmawas carried
out among a group of 151 workers at a factory manufacturing
azodicarbonamide (Slovak, 1981). Diagnosis of asthmawas
made on the basis of an administered questionnaire and a
detailed occupational history taken by the author. The
population was divided into three groups: those classified as
potentially sensitized, on the basis of questionnaire results;
those with daily exposure but without symptoms; and those
with no exposure to azodicarbonamide or any other known
sensitizer. On one day, pre- and post-shift spirometry was
performed, and FEV,, FVC, and the FEV,/FVC ratio were
determined. Skin prick tests were also attempted using both
common allergens to determine atopic status and azodi carbon-
amide at concentrations of 0.1, 1, and 5% in dimethyl
sulfoxide. Concurrent personal sampling measurements were
made to determine the levels of airborne azodicarbonamide to
which individuals were exposed.

Personal sampling indicated that, at the time of the
investigation, airborne concentrations of azodicarbonamide
ranged between 2 and 5 mg/m?®, as 8-h time-weighted averages.
From the questionnaires and occupational histories, 28
individuals (18.5%) were diagnosed as having asthma
apparently related to azodicarbonamide exposure. Twelve
further cases of occupational asthmawere identified from
company records of past employees. Skin prick tests with
azodicarbonamide could not be adequately performed owing to
the insolubility of the substance.

Of the 28 current workers classified as sensitized, over
half developed symptoms within 3 months of first exposure
and 21/28 (75%) within 1 year. Symptoms and signs included
shortness of breath, chest tightness, wheezing, cough, rhinitis,
conjunctivitis, and rash. Reactions were of an immediate type
for 6/28 (21%) individuals, late onset for 16/28 (57%), and
dual onset for 6/28 workers. Of those showing a dual response,
al but one had initially shown alate onset pattern. A total of
13/28 (46%) workers reported worsening of symptoms with
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continuing exposure to azodicarbonamide and a shortening of
the time between returning to work and reappearance of
symptoms. Eight out of 13 workers exposed to azodicarbon-
amide for more than 3 months after development of symptoms
also developed sensitivity to previously well-tolerated
irritants (e.g., sulfur dioxide and tobacco smoke), which
persisted for over a month after removal from exposure to azo-
dicarbonamide. In five individuals, this airway hyperreactivity
persisted for over 3 years. There were no changesin FEV, or
FV C over the work shift in any group. In view of the latency
in development of effects, late or dual onset of symptomsin
12/28 (43%) symptomatic workers, increase in sensitivity
with repeated exposure, and the persisting lung
hyperreactivity in workers with prolonged exposure after
developing symptoms, it seems likely that these individuals
had become sensitized to azodicarbonamide.

Ahrenholz & Anderson (1985) and Whitehead et al.
(1987) conducted detailed investigations of the workforce at a
plastics factory employing about 325 workers. Lung function
tests and interviews to gather information on occupational
history, smoking habits, past illnesses, and respiratory, nasal,
eye, and skin irritation, including the time course of any
symptoms, were carried out with alarge percentage of the
workforce. There were no clear differencesin the results of
lung function studies between those exposed to azodicarbon-
amide and non-exposed individuals. However, responsesto the
questionnaire revealed a significant association between
symptoms of irritation, cough, wheezing, shortness of breath,
and headache and present or previous employment as an
injection mould operator. There was aso a slight but not
statistically significant increase in the reporting of skin rash
among those with current or previous work in the injection
moulding department. The prevalence of all the above
symptoms was reduced among those whose employment in
this department was limited to the period before azodicarbon-
amide was introduced or after a change in the process
significantly reduced the use of azodicarbonamide at the plant.

Personal sampling showed that concentrations of
airborne azodicarbonamide ranged from below the limit of
detection (0.001 mg/m®) to 0.32 mg/m® (median 0.006 mg/m®;
geometric mean 0.004 mg/m®) averaged over the full shift. The
highest concentration of azodicarbonamide recorded (for an
injection mould operator) was 0.01 mg/m®. Toluene, styrene,
phenols, and triphenyl phosphate were also detected at
concentrations at or below the odour threshold for each
substance.

Other personal sampling data for agroup of 17
individuals revealed levels of azodicarbonamide ranging from
traces to 0.8 mg/m® (median 0.03 mg/m®; geometric mean 0.02
mg/m®) averaged over the full shift. The second highest value
recorded was 0.4 mg/m®, and the next highest, 0.06 mg/m°. A
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moderate although statistically significant reduction in FEV;
(mean reduction of 64 ml) and FVC (mean reduction of 77 ml)
occurred following shifts in which workers were exposed to
azodicarbonamide. Coughing at work, wheeze, and chest
tightness were also reported, and symptoms were apparently
worse during the week than on Sunday.

A detailed investigation of the workforce at a plant
making floor coverings was conducted after nosebl eeds,
mucous membrane irritation, and skin rashes were reported in
workers handling azodicarbonamide (Ahrenholz et a., 1985).
Two surveys were carried out. Theinitial survey revealed, in
decreasing order of prevalence, symptoms of eye irritation,
nose irritation, cough, nocturnal cough, shortness of breath,
wheeze, and chest tightness. The more extensive follow-up
survey was conducted 6 weeks later. Pre- and post-shift
auscultation, lung function tests, and respiratory symptoms
(recorded by questionnaire) were recorded. Blood samples
were aso taken for immunological investigations.

Responses to the questionnaire revealed 15/30 regularly
exposed workers experiencing occupationally related lower
respiratory tract symptoms (cough, wheeze, and shortness of
breath) compared with 1/16 never-exposed workers. No
significant differencesin pre- and post-shift FEV, and FVC
measurements were found. For those workers apparently not
exposed to azodicarbonamide or exposed indirectly (working in
the vicinity but not directly handling azodicarbonamide), levels
(8-h time-weighted average) ranged from <0.001 to 0.1 mg/m?®.
However, during weighing and charging operations, peaks of
between 0.15 and 12 mg/m® (median 2.7 mg/m®) were measured
for individuals directly involved.

10. EFFECTS ON OTHER ORGANISMS IN
THE LABORATORY AND FIELD

Azodicarbonamide has been tested under OECD
Guideline protocols in one species of fish and in the water flea
(Daphnia magna); results are in an unpublished industry
report, which has not been peer-reviewed (see Table 1). A
second study, not conducted to a protocol or under Good
Laboratory Practices, showed no effect of an azodicarbon-
amide solution analysed at 8 mg/litre on the zebra fish
(Brachydanio rerio).! There was no effect on oxygen
consumption of sewage sludge organisms exposed over 3 hto
azodicarbonamide at

1 IUCLID (European Union database), version dated 7
February 1996.
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Table 1: Acute studies on toxicity to aquatic organisms.

Concentration

Organism Protocol End-point (mg/litre) Reference
Fathead minnow OECD 203 96-h NOEC $50 Uniroyal (1992)
(Pimephales promelas)
Water flea (Daphnia OECD 202 48-h NOEC 4.8 (measured) Uniroyal (1992)
magna) ~16 (nominal)

48-h ECs 11 (measured)

immobilization

29 (nominal)

>10 000 mg/litre (this is substantially greater than the
solubility of the compound, and no information is available on
how this concentration was achi e\/ed).1 Overdl, it is not
possible to draw firm conclusions from these studies.

11. EFFECTS EVALUATION

111 Evaluation of health effects

11.11 Hazard identification and dose-response
assessment

Some of the available toxicological studies have been
conducted using biurea rather than azodicarbonamide.
However, azodicarbonamide is readily converted to biureain
vivo. Hence, similar toxicologica propertieswould be
expected.

Azodicarbonamideis of low acute toxicity by all routes,
and, although the animal studies are of uncertain quality, solid
azodicarbonamide would not be regarded as a skin or eye
irritant. With respect to respiratory tract irritation, no changes
of toxicological significance were seen in guinea-pigs exposed
to azodicarbonamide aerosol at concentrations up to 97 mg/m®
for 1 h.

No conclusions could be drawn regarding skin
sengitization potential from the available, poor-quality animal
studies. Although there are currently no validated animal
studies investigating asthmagenic potential, there was no
evidence of pulmonary irritation or asthmatic-type reactionsin
guinea-pigs exposed to up to 200 mg azodicarbonamide
aerosol/m® for 6 hiday, 5 days/week, for 4 weeks.

Similarly, there were no changes of toxicological
significance seen among rats or mice exposed by inhalation to

! Bayer, unpublished value (1988) presented in [UCLID
(European Union database), version dated 7 February 1996; no
details available.
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up to 200 mg azodicarbonamide aerosol/m? for 6 h/day, 5
days/week, for up to 13 weeks.

For repeated-dose studies using the oral route, data were
inconsistent. In 2-year studies in which rats received up to 450
mg biurea/lkg body weight per day, there were no adverse
effects seen. Unpublished information suggests that no adverse
effects were seen in male mice exposed to up to 1250 mg
azodicarbonamide/kg body weight per day and in female mice
exposed to up to 2500 mg/kg body weight per day for 13
weeks. However, shorter-term studies (2 weeks, also unpub-
lished) indicated histological lesionsin the kidneys of rats and
mice of both sexes at 1250 mg/kg body weight per day or
more. A 13-week study in ratsindicated kidney lesionsin
males at 2500 mg/kg body weight per day, with no adverse
effects observed at the next lowest exposure level, 500 mg/kg
body weight per day. For femalerats, kidney lesions were
observed at 5000 mg/kg body weight per day, and no adverse
effects were observed at 1000 mg/kg body weight per day.
There were no datain relation to repeated dermal exposure.

Azodicarbonamide has been identified as a mutagen in
bacterial systems, but it was not mutagenic in mammalian cell
invitro test systems or in two mammalian assaysin vivo
using bone marrow. It is therefore unlikely that the mutagenic
properties displayed by azodicarbonamide in bacterial
systems will be expressed in vivo. However, it is considered
that a confirmatory in vivo study in a second tissueis
desirable.

There are no adequate data available relating to
carcinogenic, reproductive, or developmental effects; hence, it
is not possible to evaluate the risk to human health for these
end-paints.

Several bronchial challenge studies have been reported,
but only one provides reasonable evidence that the
work-related asthmatic symptoms were due specifically to
azodicarbonamide. Thisreport is considered to show an
asthmatic response and not an irritant response to azodi-
carbonamide on challenge. Animal studies suggest that airborne
concentrations of up to 200 mg/m® can be tolerated with little