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THE ECETOC SCHEME FOR THE JOINT ASSESSMENT OF
COMMODITY CHEMICALS

This report has been produced as part of the ECETOC programme for preparing critical reviews of

the toxicology and ecotoxicology of selected existing industrial chemicals.

In the programme, commodity chemicals, that is those produced in large tonnage by several
companies and having widespread and multiple uses, are jointly reviewed by experts from a number
of companies with knowledge of the chemical. It should be noted that in a JACC review only the
chemical itself is considered; products in which it appears as an impurity are not normally taken into

account.

ECETOC is not alone in producing such reviews. There are a number of organisations that have
produced and are continuing to write reviews with the aim of ensuring that toxicological knowledge
and other information are evaluated. Thus a Producer, Government Official or Consumer can be
informed on the up-to-date position with regard to safety, information and standards. Within
ECETOC we do not aim to duplicate the activities of others. When it is considered that a review is
needed every effort is made to discover whether an adequate review exists already; if this is the
case the review is checked, its conclusions summarised and the literature published subsequent to
the review assessed. To assist ourselves and others working in this field we publish annually a
summary of international activities incorporating work planned, in hand, or completed on the review
of safety data for commodity chemicals. Interested readers should refer to our Technical Report

No. 30 entitled “Existing Chemicals: Literature Reviews and Evaluations".

This document presents a critical assessment of the toxicology and ecotoxicology of n-Butyl acrylate

(CAS No. 141-32-2).
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SECTION 1. SUMMARY AND CONCLUSIONS

n-Butyl acrylate (BA) is an industrial chemical used in the manufacture of polymers and copolymers.
At room temperature it is a clear liquid with a pungent, fruity odour. Production in the USA,

Western Europe and Japan was 440 kt in 1987.

The majority (90%) of BA released into the environment is expected to enter into the atmosphere,
where its half-life has been estimated to be 12.6 hours. In water, any BA which is not volatilised is

expected to biodegrade under aerobic conditions. No data are available on the fate of BA in soils.

The acute toxicity of BA to aquatic organisms is > 1 mg/l, it is readily biodegradable and does not
bioaccumulate. Thus BA need not be classified as dangerous to the environment according to the
7th amendment of Council Directive 67/548/EEC. Because of its distribution into the environment
and biodegradability in aquatic systems, toxic concentrations of BA are unlikely to occur in water

during normal use.

BA is irritant to the skin, eyes and mucous membranes, and may cause skin sensitisation in
susceptible animals and human beings. Cross-sensitisation may also occur to other acrylic acid
esters. Studies in experimental animals have shown that BA is of low oral and dermal toxicity, and
moderately toxic via the inhalation route. Following prolonged or repeated exposure, the most
common effects observed are those associated with the irritating properties of BA. No systemic

toxic effects have been reported.

BA is rapidly absorbed following oral and inhalation exposure. Disposition of BA, as judged by the
distribution of radio-activity, is rapid and widespread throughout the body following oral, i.v., i.p., and
inhalation exposure. Two metabolic routes have been identified for BA; hydrolysis of the ester
linkage to form acrylic acid and 1-butanol, and conjugation with glutathione (non-protein sulphydryl
groups) to form mercapturic acids. Hydrolysis, the major route, is mediated by carboxylesterase.
The end products, acrylic acid and butyl alcohol are further metabolised to carbon dioxide and
water. The irritation produced at the site of first contact, in particular respiratory tissue, is thought to
be related to esteratic hydrolysis liberating acrylic acid. The minor route, glutathione conjugation,
can occur either by direct chemical Michael addition or enzymatically via a glutathione transferase.

The sulphydryl conjugates produced are then rapidly excreted in the urine.

By inhalation, BA is maternally toxic and embryotoxic at concentrations of 135 ppm and above in

the rat; the NOEL is 25 ppm. By the oral route, BA was maternally toxic and embryotoxic in mice at



2 ECETOC Joint Assessment of Commodity Chemicals No. 27

1,000 mg/kgbw/d and above; the NOEL is 100 mg/kgbw/d. At the currently accepted occupational

exposure levels, BA represents no reproductive risk to man.

BA has been tested in a battery of genotoxicity tests, both in vitro and in vivo. No genotoxic
potential was found. Chronic inhalation and dermal assays with BA showed no evidence of

carcinogenic potential. Therefore, BA does not pose a genotoxic or carcinogenic hazard to man.
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SECTION 2. IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, ANALYTICAL METHODS
2.1 IDENTITY
Name: n-Butyl acrylate
IUPAC name: 2-Propenoic acid, n-butyl ester
Synonyms: Butyl acrylate
Acrylic acid, n-butyl ester
D: n-Butylacrylat
2-Propensaure, Butyl-ester
DK: Butylacrylat
F: Acrylate de n-butyle
EL: AxpuALkHG N-BoutuheoTtépag
I: Acrilato de n-butilo
n-Butilacrilato
NL: n-Butylacrylaat
ES: Acrilato di n-butilo
CAS name: 2-Propenoic acid, n-butyl ester

CAS registry No:  141-32-2
EEC No: 607-062-00-3
EINECS No: 205-480-7
Formula: C,H,,0,
Molecular mass: 128.17

Structural formula:

CH,=CH—C~0~—CH,—CH,—CH,—CH,
I

O
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2.2 PHYSICAL AND CHEMICAL PROPERTIES

n-Butyl acrylate (BA) is a clear, flammable liquid with a pungent, fruity odour. It is soluble in water
and miscible with most organic solvents at any ratio. Data on the physical and chemical properties

of BA are given in Table 1.

A typical commercial sample of BA has a purity of = 99.5% (w/w) and may contain the following
specified impurities: water (< 0.05% w/w) and acid (< 0.01% w/w, calculated as acrylic acid) (BASF,
1990).

BA polymerises readily under the influence of heat or light and by catalysis (e.g. metals). This is a
strongly exothermic reaction. To prevent uncontrolled polymerisation, the monomer is stabilised by
the addition of an inhibitor such as the monomethyl ether of hydroquinone (MeHQ) at levels of

15 +5 ppm (BASF, 1990) (Section 3.2).

2.3 CONVERSION FACTORS

Conversion factors for concentrations of EA in air at 20°C and 1,013 hPa are:

= 1ppm =5.33 mg/m®

m 1mg/m’=0.188 ppm

2.4 ANALYTICAL METHODS

2.4.1 Environmental Media

The analysis of BA in workplace air has been undertaken by GC methods (Samimi and Falbo,
1982; Kollar et al, 1987). For trace analysis pre-concentration on activated carbon, then desorption
with ether and GC analysis can give a detection limit of 3.4 ppb (DZzandzannajan, 1988). A lower

limit of detection (0.1 ppb) has been achieved by Yocom et a/ (1984).

Standard charcoal tubes have been used for adsorption of BA, at levels of approximately 50 mg/m®
(9.4 ppm), followed by desorption with CS, and GC analysis (Samimi and Falbo, 1985). Passive

dosimeters can also be used for the measurement of worker exposure (Samimi and Falbo, 1983;
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Table 1 Physical and Chemical Properties

Parameter, units Value Reference
Melting temperature, °C, -64 BASF, 1990
approximately
Boiling temperature, °C at 1,013 hPa, 148 BASF, 1990
approximately
Heat of polymerisation, kJ/kg 278.9 BASF, 1990
Relative density D,*° (density of water 0.898 BASF, 1990
at 4°C is 1,000 kg/m?)
Viscosity, mPa- s at 20°C 0.75 BASF, 1990
Refractive index n, at 20°C 1.415 BASF, 1990

1.418 EIf Atochem, 1990
Vapour pressure at 20°C 4.3 BASF, 1990
Vapour density at 20°C (air=1) 4.4 Elf Atochem, 1990
Threshold odour concentration, ppm 0.1-0.12 ACGIH, 1980

0.035 Amoore and Hautala, 1983

Surface tension, mN/m at 20°C 26.5 BASF, 1986

20 Weiss, 1986
Solubility in water, g/kg at 25°C 2 BASF, 1990
Solubility of water in BA, g/kg at 25°C 7 BASF, 1990
Miscible with most organic solvents Yes BASF, 1990
Fat solubility, mg/100 g at 37°C No data
Partition coefficient, log P, 2.36 Tanii and Hashimoto, 1982 (measured)
(octanol/water) at 20°C 2.38-2.44 BASF, 1988 (measured)
Partition coefficient, log K . (organic No data
carbon/water) at 20°C
Henry's Law constant, Pa: m*mol at 39 BASF, 1993 (calculated)
20°C
Flash point, °C, closed cup 36.5 BASF, 1990

41 Elf Atochem, 1990
Explosion limits, % at 35-73.4°C 1.1-7.8 BASF, 1990

1.6-9.9 EIf Atochem, 1990
Auto-flammability, ignition 267 BASF, 1990

temperature, °C
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Kollar and Kemka, 1983; Kollar et a/, 1987; Samimi, 1987). Qualitative determination of BA in air
can be undertaken with Draeger tubes (Kihn and Biret, 1986).

No methods are available for the determination of EA in water, soil and sediments.

2.4.2 Biological Media

A high-pressure liquid chromatography (HPLC) method for the determination of BA and its
metabolites in animal tissues and urine has been described by Sanders et al (1988). No detection

limit was given for this method.
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SECTION 3. PRODUCTION, STORAGE, TRANSPORT AND USE

3.1 PRODUCTION
The most common BA production method is direct esterification of acrylic acid with n-butanol.

The quantities produced in the USA, Western Europe and Japan increased from 330 kt/y in 1984
(SRI International, 1987) to approximately 440 kt in 1987 (SRI International, 1990).

3.2 STORAGE AND TRANSPORT

To prevent polymer formation during storage and shipping, a stabiliser such as MeHQ is added
(Section 2.2). The effectiveness of phenolic inhibitors requires the presence of oxygen, and the
monomer must therefore be stored in the dark, under air (not under inert gases) and at a

temperature below 25°C if peroxide and polymer formation is to be minimised.
BA is normally stored or shipped in containers made of mild or stainless steel, or aluminium.

3.3 USE

BA is used to prepare homopolymers and copolymers with other monomers such as acrylic acid
and its salts, amides and esters; methacrylates, acrylonitrile, maleic acid esters, vinyl acetate, vinyl
chloride, vinylidene chloride, styrene, butadiene, unsaturated polyesters and drying oils. These
polymers and copolymers are used in a variety of products as dispersions or solutions. As BA
readily enters into addition reactions with numerous organic and inorganic compounds, it is a

valuable starting product for chemical synthesis (BASF, 1990).

The quantities of BA consumed in 1988 were 254 kt in the USA and 50 kt in Japan. The
consumption in Western Europe was not reported, but was estimated to be 165 kt in 1987 (SRl

International, 1990).

The consumption pattern of acrylates in Western Europe in 1984 for different applications is shown
in Table 2.
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Table 2 Consumption Pattern of Acrylates in 1984 in Western Europe
(SRI International, 1990)

Application %
Surface coatings 35 - 40
Textiles, non-wovens, leather 10 - 15
Adhesives 15
Paper coatings 15 - 20
Fibres and plastics comonomer 10
Other 10
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SECTION 4. EMISSIONS, ENVIRONMENTAL DISTRIBUTION
AND TRANSFORMATION

4.1 EMISSIONS

411 Emissions During Production

BA is normally manufactured in a closed plant. BA vapours from vented equipment and tanks are
destroyed by flaring, as are vapours resulting from processing. Quantitative information is not

available.

Waste-water produced during manufacture and processing of BA is handled in waste-water

treatment plants (Section 4.3.4).

41.2 Emissions During Use

BA is used in large quantities for the manufacture of polyacrylates, as dispersions, solutions and
resins. Polyacrylates are used in different applications such as paints, lacquers and adhesives.
Emissions of BA from the use of these products has been estimated at 25 t/y in Western Europe,
based on a residual monomer content of 500 ppm. There is no estimate of the amount of residual

monomer escaping into the hydrosphere from the use of polyacrylates.

BA may enter the geosphere from dumped industrial waste sludge although there are no data to

support this assumption (Legiec and Kosson, 1988).

4.2 ENVIRONMENTAL DISTRIBUTION

Data on the envircnmental distribution of BA are not available.

Using the fugacity model of Mackay and Patterson (1981), a theoretical distribution can be
calculated indicating that the majority (90.2%) of EA released into the environment will enter the
atmosphere. Most of the remainder will be found in the water-phase, with negligible amounts in soil

and sediment (Table 3).
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Table 3 Estimated Partitions Between Environmental Compartments at 25°C

Compartment %

Air 90.2
Water 9.5
Soil 0.2
Sediment 0.1

4.3 ENVIRONMENTAL FATE AND BIOTRANSFORMATION

4.3.1 Atmospheric Fate

BA is susceptible to photodegradation in the presence of hydroxyl radicals (- OH) and ozone
molecules (O,). An atmospheric half-life of 12.6 hours was estimated at an atmospheric

concentration of 5x10° - OH/cm® and 7x10"" O /cm® (Atkinson, 1987).

4.3.2 Aquatic Fate

BA is moderately soluble in water at ambient temperature (Table 1). Based on a Henry’s Law
constant of 39 Pa'm®mol, BA is likely to volatiise from the aquatic environment into the

atmosphere.

BA hydrolyses slowly at pH < 7, whereas under alkaline conditions hydrolysis is rapid (Table 4).

Table 4 Hydrolysis Half-life of *C-BA at 25°C (Walsh, 1990)

pH t, Units
3 2,800 d
7 1,100 d
11 243 min

4.3.3 Terrestrial Fate

No data are available.

Under normal conditions, BA can be assumed to evaporate into the atmosphere.
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4.3.4 Biodegradation

The BOD; of BA has been determined to be 900-920 mg O,/g. The degree of mineralisation, i.e.
the ratio BOD/COD, was 50-56% (Fiaherty, 1989; BASF, 1991). Thus, BA can be considered as
readily biodegradable according to the 7th amendment of Council Directive 67/548/EEC (EEC,
1992).

4.3.5 Bioaccumulation

Log P,,-values of between 2.36-2.44 (Table 1) indicate a low bioaccumulation potential for BA.
Using the equation: log BCF = 0.76 log P, - 0.23 (Lyman et al, 1990), a theoretical

bioaccumulation factor of 37-42 can be estimated.

4.3.6 Evaluation

The majority (90%) of BA released into the environment is expected to enter into the atmosphere,
where its half-life has been estimated to be 12.6 hours. In water, any BA which is not volatilised is
expected to biodegrade under aerobic conditions. No data are available on the fate of BA in soils.

BA is not expected to bioaccumulate.
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SECTION 5. ENVIRONMENTAL LEVELS AND HUMAN
EXPOSURE

5.1 ENVIRONMENTAL LEVELS

51.1 Air

BA was detected in ambient air samples at 108 locations near industrial sites in New Jersey and
Staten Island, NY. The BA concentration in the air near an industrial site of Newark NJ was
8.2 ppb (Pellizzari, 1977).

Measurements of the BA concentration in indoor air of 2 public buildings in the USA yielded very
low levels, between < 0.10 ppb (detection limit) and 3.1 ppb (maximum) (Hijazi et al, 1983; Yocom

et al, 1984). The source of these low BA concentrations could not be identified.

51.2 Water

in the USA, a single finding of 0.234 mg BA/l was reported in the eluate of Soxhlet-extracted core
samples taken in 1986 from a lagoon with deposited industrial sewage sludge at a depth of 1.2-
1.8 m. BA could not be detected in core samples taken at a depth of 2.4-4.3 m (Legiec and

Kosson, 1988). This exceptional finding is not considered to represent normal BA levels in water.

5.1.3 Soil

No data are available.

5.1.4 Biological Media

No data are available.

5.2 OCCUPATIONAL EXPOSURE LEVELS AND HYGIENE STANDARDS

5.2.1 Occupational Exposure

Concentrations of BA in work place areas (Table 5) lie mostly below the occupational exposure
limits (Table 6).
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Table 5 Personal Exposure Levels at the Workplace

Job category Country Number Concentration Reference

of (ppm)

samples
Production CSFR - <9.4° Kuzelova et al,
1981

Production CSFR 32 1-30° Kollar et al, 1988
Production Germany - <0.009-1° BASF, 1992
Production of polymers ~ Germany - <0.009° BASF, 1992
and copolymers
Copolymerisation with USA 5 <0.07 Belanger and Coye,
vinylacetate 3 <0.07-0.92 1981
Copolymerisation with USA 5 <0.1- <0.2 Boxer and Reed,
vinylacetate 1983
Copolymerisation with USA 200 <0.001-0.270 Samimi and Falbo,
styrene 285 <0.001-0.525 1982
Discharging gantry USA 11 <0.001-0.350 Samimi and Falbo,

18 <0.001-0.166 1982

oo oo

Calculated from <50 mg/m?
Calculated from 6-161 mg/m®
Calculated from <0.05-6 mg/m®
Calculated from <0.05 mg/m?

5.2.2 Hygiene Standards

Most industrialised countries have adopted occupational exposure limit values (Table 6).
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Table 6 Occupational Exposure Limit Values

Country TWA?® STEL® Reference
(ppm)  (mg/m’)°  (ppm)  (mg/m’)°

Australia 10 55 - - ILO, 1991
Austria 10 55 - - DFG, 1992
Belgium 10 52 - : ACGIH, 1992
CSFR - 5 - 10 ILO, 1991
Denmark 10 55 - - ILO, 1991
Finland 10 55 20 110 ILO, 1991
France 10 55 B - INRS, 1988
Germany 10 55 - - DFG, 1992
Hungary - 20 - 40¢ ILO, 1991
[taly 10 52 - - ACGIH, 1992
Netherlands 10 55 - - Arbeidsinspectie, 1991
Norway 10 55 - - Arbeidstylsynet, 1990
Sweden 10 50 15 80 AFS, 1990
Switzerland 10 55 20 110 ILO, 1991
UK 10 55 - - UK-HSE, 1992
USA 10 52 - - ACGIH, 1992
- 55 - - NIOSH/OSHA, 1986 as
quoted in ILO, 1991
USSR - - - 10 ILO, 1991
a Time-weighted average concentration (8-h working period)
b Short-term exposure limit (15 min, unless specified otherwise)
¢ Official values; some countries use different conversion factors and/or other ambient temperature
d Ceiling value
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SECTION 6. EFFECTS ON ORGANISMS IN THE
ENVIRONMENT

6.1 MICRO-ORGANISMS

The threshold level for inhibition of bacterial growth (EC,) for Pseudomonas putida was 80 mg BA/I

after exposure for 16 hours (Bringmann and Kihn, 1977).

Blum and Speece (1991) reported 24-h IC_, values of 37.8, 151 and 480 mg BA/I for Nitrosomas,

methanogens and aerobic heterotrophs respectively.

6.2 AQUATIC ORGANISMS

The available data regarding the acute and chronic toxicity of BA are shown in Tables 7, 8 and 9.
Within single cell organisms (Table 7), the saprozoic flagellate Chilomonas paramecium proves to

be the most sensitive organism, displaying a threshold level of 3.5 mg BA/l. Both the holozoic

flagellate and ciliate are less sensitive.

Table 7 Aquatic Toxicity - Single-Cell Organisms

Test species Effect/ Time Concentration  Reference

parameter (h) (mg BA/I)

Growth

inhibition
Chilomonas EC, 48 3.5 Bringmann and Kihn,
paramecium 1980
Entosiphon sulcatum EC, 72 50 Bringmann, 1978
Uronema parduczi EC, 20 21 Bringmann and Kuhn,

1981

Acute tests with higher organisms yielded LC,, (EC,,) concentrations ranging from 5 mg BA/I for the
goldfish (Carassius auratus) to 45 mg BA/I for Daphnia magna. LC, (EC,) values were 7.8 mg BA/I

for D. magna and 9 mg BA/I for the golden orfe (Leuciscus idus melanotus) (Table 8).

Long-term data are available for algae only (Table 9). Scenedesmus quadricauda shows growth

retardation at concentrations of 9 mg BA/l and above when tested during an 8-d period. The blue-
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green alga Microcystis is more sensitive, exhibiting an EC, for growth inhibition of 1.3 mg BA/I after

8 days.

Table 8 Aquatic Toxicity - Higher Organisms

Test species Effect/ Time Concentration Reference
parameter (d) (mg/l)
Immobility
Daphnia magna EC, 1 7.8 Bringmann and Kiihn,
EC,, 1 45 1982
EC, o 1 125
Daphnia magna EC,, 2 8.2 Burgess, 1990
Lethality
Leuciscus idus LC, 2 9 Juhnke and Lidemann,
melanotus LCq, 23 1978
LCu0 45
Carrassius auratus LC,, 3 5 Reinert, 1987
Onkorynchus mykiss LC,, 4 5.2 Bowman, 1990
(Salmo gairdneri)

Table 9 Aquatic Toxicity - Algae and Blue-green Algae

Test species Effect/ Time NOEC Reference

parameter (d) (mg/l)

Growth

inhibition
Scenedesmus EC, 8 9.3 Bringmann and
quadricauda Kuhn, 1977
Selenastrum EC,, 4 5.5 Forbis, 1990
capricornutum
Microcystis aeruginosa EC, 8 1.3 Bringmann and

Kihn, 1978a,b

6.3 TERRESTRIAL ORGANISMS

An acute oral toxicity > 103 mg/kgbw was reported for Redwinged Blackbirds after an 18 hour
exposure. Due to the repellency of BA to birds, there is no potential for acute avian poisoning
(Schafer et al, 1983).
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6.4 EVALUATION

The acute toxicity of BA to aquatic organisms is > 1 mg/l, it is readily biodegradable and does not
bioaccumuiate. Thus BA need not be classified as dangerous to the environment according to the

7th amendment of Council Directive 67/548/EEC.

Because of its distribution into the environment and biodegradability in aquatic systems, toxic

concentrations of BA are unlikely to occur in water during normal use.
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SECTION 7. KINETICS AND METABOLISM

7.1 HUMAN

No data are available.

7.2 EXPERIMENTAL

7.2.1 In Vivo Studies

The metabolism and disposition of radiclabelled BA, butyl (2,3-'“C)acrylate, in male F344 and male

Wistar rats have been studied by oral gavage, by i.v. and i.p. administration, and by inhalation.

After oral administration of '“C-labelled BA (4, 40 and 400 mg/kgbw) to male F344 rats, it was
rapidly absorbed from the gastrointestinal tract and quickly metabolised. No parent compound was
detected in any urine, bile or tissue extract examined. The majority (75%) of radioactivity was
exhaled as 'CO, within 24 hours. Respective elimination in urine and faeces accounted for
approximately 10% and 2% of the dose. Two major metabolites in urine were identified as
N-acetyl-S-(2-carboxyethyl)cysteine and N-acetyl-S-(2-carboxy-ethyl)cysteine-S-oxide.
Gastrointestinal absorption and metabolism were largely unaffected by dose in the range studied.
Some minor saturation was observed at 400 mg BA/kgbw, as evidenced by the appearance of
chromatography of 3 minor urinary peaks, one of these peaks was tentatively identified as acrylic
acid (Sanders et al, 1988).

Similar results were obtained in male Wistar rats after oral and i.p. administration of '“C-BA
(100 mg/kgbw) (Sapota and Jakubowski, 1990; Sapota, 1991). The half-life in plasma after oral
administration was 24 hours. After i.p. administration the loss of '*C in plasma was biphasic. The
first fast phase (t, = 1.7 h) correlated with the exhaled “CO,, followed by a slow phase (t, = 44 h).
At 48 hours after oral and i.p. administration almost 100% of '“C had been eliminated and hence
only smail amounts of radioactivity were found in various tissues. Initially, the highest
concentrations were found in liver, kidneys and lungs 2 hours after oral and 0.5 hours after i.p.
administration of BA. After remaining constant for several hours, 'C levels decreased substantially
between 24 and 48 hours after administration in all tissues except erythrocytes, adipose tissue and

sciatic nerve (Sapota and Jakubowski, 1990; Sapota, 1991).
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After i.v. administration of '*C-BA (40 mg/kgbw) to male F344 rats, radioactivity derived from BA
was rapidly distributed to all major organs examined. Elimination of the radioactivity from the
organs and tissues was biphasic. A rapid elimination phase was observed for the first 2 hours after
dosing, followed by a slow elimination phase which persisted until the end of the study (at
70 hours). An exception to this pattern was adipose tissue where the concentration increased
during the first 24 hours. These results probably represent the incorporation of radiolabelled acetyl
coenzyme A (acetyl-SCoA) into de novo synthetised lipids, proteins, and other biochemical
intermediates. The amount of radioactivity in the blood was greater after i.v. than after oral
administration. More than 55% of the radioactivity found in blood after 24 hours was 'covalently
bound’ to the membranes of erythrocytes. Approximately 45% of the radioactivity was exhaled as
1“002 within 24 hours, whilst 15% and 1.2% were excreted in urine and faeces respectively

(Sanders et al, 1988). The proposed metabolic pathway for BA is shown in Figure 1.

Figure 1 Metabolic Pathway in Rats (after Sanders et al, 1988)

CH,=CHCO,C H,
BA

carboxylesterase glutathione

/

C,H,OH + CH,=CHCO,H GSCH,CH,CO,C H,

glutathione carboxylesterase

/

Co, GSCH,CH,COH C,H,OH

HOZC?HCHZSCHZCHZCQH
HNCOCH,

N-acetyl-S-(2-carboxyethyl)cysteine

0
[ .
HOZC(EHCHZSCHZCHzcozH
HNCOCH,

N-acetyl-S-(2-carboxyethyl)cysteine-S-oxide
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In a recent paper, Linhart et al (1994) confirmed the presence of the urinary mercapturate and its
S-oxide and reported the identification of 3-hydroxypropionate, citrate and isocitrate. These findings
further support the hypothesis that the released acrylic acid is metabolised by the propionate
pathway. The authors found no metabolites consistent with the metabolic activation of BA to

1-butyloxiranecarboxylate and subsequent hydrolysis or reaction with giutathione (GSH).

Administration of 90 mg BA/kgbw (0.7 nmol/kgbw) to Wistar rats by the i.p. route, resuited in
excretion of 6% of the administered dose as mercapturic acids in the urine within 24 h. Inhibition of
carboxyl| esterases with tri-o-tolyl phosphate (TOTP) increased the mercapturic acid excretion from

6% to 38% (Delbressine et al, 1981). Similar findings were reported by Kopecky et al (1985).

Svetlakov et al (1989) reported covalent binding of BA to plasma proteins after i.p. administration to

rats.

Vodicka et al (1990) studied the effect of inhaled BA (0, 1,000, 2,000 and 4,000 mg/m® for 6 h) on
tissue total (T-SH) and non-protein (NBH) SH-groups and urinary thioether excretion of male Wistar
rats. While the total amount of thioethers excreted in urine increased with the administered
concentration, the proportion of the dose excreted as thioether conjugates remained constant at 2.2-
2.6 %. The concentration of BA in the inhaled air which caused a 50% reduction in NBH after a
6 hours exposure was estimated as, blood 68.6 m mol/m®, liver 39.4 mmol/m® lungs 104.1 mmol/m?

and brain 140.2 mmol/m°.

7.2.2 In Vitro Studies

The rate of butanol formation by hydrolysis of BA catalysed carboxylase obtained from rat liver
microsomes was 4 times greater than methanol formation by hydrolysis of methyl acrylate and

methyl methacrylate in the same in vitro system (Kotlovsky et al, 1988).

Non-enzymatic reaction of BA with GSH (5 mM) resulted in a half-life of 16 minutes as determined

by the depletion of free SH-groups (Vodicka et al, 1990).

The half-life of BA in rat blood was 7.7 minutes following the addition of 1 umol/ml BA. Only small
amounts of acrylic acid, far lower than the corresponding amount of BA, were found after
20 minutes. As in the case of methyl and ethyl acrylates, binding to sulphydryl groups may play a
role in the degradation of BA in blood. When BA was incubated with rat liver, kidney or lung
homogenates in vitro, it was hydrolysed by non-specific carboxylesterases to acrylic acid and

n-butanol. Similar rates of hydrolysis have been reported for methyl and ethyl acrylate with liver,
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kidney, and lung homogenates. Degradation occurred more rapidly in the liver homogenate than in
blood (Miller et al, 1981).

These findings were corroborated by Wiegand (1990), who compared the in vitro metabolism of BA
in tissues from different species (rat, mouse, guinea pig, rabbit and man). In blood, the respective
half-lives for BA were found to be 3.7, 4.3, 1.6, 2.3 and 37.6 minutes for rat, mouse, rabbit, guinea
pig and man respectively. Further analysis revealed that in rat and mouse plasma, BA was rapidly
hydrolysed by alkyl ester specific carboxylesterases (t, = 2.0-13.4 min), whereas human plasma
does not contain these enzymes. Only minor hydrolysing activity was observed in human blood
(t,, = 89.3 min), probably due to the action of butyryl cholinesterase. In suspensions of erythrocytes
t, was 4.5, 10.0, 8.9, 5.0 and 29.9 minutes for rat, mouse, guinea pig, rabbit and man respectively.
In the liver, all species exhibited high carboxylesterase activity without major species differences.
Based on the above, the author concluded that following inhalation exposure to BA, a higher
steady-state blood concentration may be attained in man (Wiegand, 1990). These in vitro studies
cannot really provide much quantitative information on tissue concentrations in human beings or

animals (Frederick, 1993).

In vitro studies of the nasal mucosa of B6C3F,/CreBR mice, were used to determine the ratio
V /K., (unsaturated state, first order kinetics). It was demonstrated that BA was hydrolysed by
carboxylesterase in the nasal mucosa to a greater extent than methyl or ethyl acrylate. At saturated
substrate concentrations, both ethyl and methyl acrylate were hydrolysed to a greater extent than
BA. From these in vitro studies, it was suggested that extensive hydrolysis of BA would occur in
the nasal mucosa in exposed animals, yielding acid metabolites which are capable of producing

lesions in the olfactory epithelium (Stott and McKenna, 1985).

7.3 SUMMARY

BA is rapidly absorbed following oral and inhalation exposure. Disposition of BA, as judged by the
distribution of radio-activity, is rapid and widespread throughout the body following oral, i.v. and i.p.

exposure.

In common with other simple acrylate esters there are 2 basic metabolic pathways, both are
detoxifying. The primary result is carboxylesterase hydrolysis of the ester bond, resulting in the
formation of acrylic acid and n-butanol, both of which are further metabolised to CO,. There is no

evidence for the formation of an epoxide during the metabolism of BA.
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The secondary route is conjugation with glutathione which occurs either spontaneously (Michael
addition) or catalysed by glutathione transferases. The mercapturic acids and derivatives are

rapidly excreted in the urine.
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SECTION 8. EFFECTS ON EXPERIMENTAL ANIMALS AND IN
VITRO TEST SYSTEMS

8.1 ACUTE TOXICITY

8.1.1 Oral

Acute oral LD, values are detailed in Table 10.

Table 10  Acute Oral Toxicity

Species LD, (g/kgbw) Reference

Mouse 54 Tschernikowa et al, 1979
Mouse 7.6 Tanii and Hashimoto, 1982
Rat 3.7 Smyth et al, 1951

Rat 9.1 Carpenter et al, 1974

Rat 6.2 Tschernikowa et al, 1979
Rat, o 6.2 Vernot et al, 1977

Rat, ¢ 4.9

Rat 3.2 (approximately)? Oettel and Hofmann, 1958
Rabbit 1.8 (approximately)? Oettel and Hofmann, 1960a,b

1 58.98 mmol/kgbw
2 Only 2 animals used

The published oral LD, values for BA following administration to mice, rats and rabbits are detailed
in Table 10. The only publications which report clinical observations are those of Oettel and
Hofmann (1958, 1960a) which show that oral administration of BA to rats and rabbits produced
diarrhoea, reduced bodyweight gain and thickening of the gastric mucosa with diffuse or local

erythema in the presence and absence of haemorrhage.

8.1.2 Dermal

A number of investigators have reported acute lethal doses for BA administered dermally to rabbits
and rats (Table 11).
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Table 11 Acute Dermal Toxicity

Species LD, (g/kgbw)  Reference
Rat 1.72 Sokal et al, 1980
Rabbit 3.1 Smyth et al, 1951; Fassett, 1963
Rabbit 2.0 Carpenter et al, 1974
Rabbit 57 Vernot et al, 1977
Rabbit 1.7 Sokal et al, 1980
1 3.4 mi/kgbw
2 Lowest lethal dose

8.1.3 Inhalation

Acute inhalation LD, values are detailed in Table 12.

Table 12  Acute Inhalation Toxicity

Species Time LC,, Reference

(h) (ppm)
Rat Not specified 2,595°2 Tschernikowa et al, 1979
Rat' 4 2,540 Zeller and Klimisch, 1979
Rat 4 1,970 Hofmann and Klimisch, 1980
Rat 4 2,730° Oberly and Tansy, 1985
Mouse' 4 1,380 Zeller and Klimisch, 1979
Mouse 4 1,290 Zeller and Klimisch, 1979
Chinese hamster' 4 1,681 Zeller and Klimisch, 1979
Chinese hamster' 4 1,220 Zeller and Kiimisch, 1979

1 The LC,, values are in the same range for animals fasted before exposure or for non-fasted animals
2 13.8 mg/i

3 Confidence limits at 95% were 2,430-3,067 ppm

Clinical signs exhibited by rats on the day of exposure included increased ocular and nasal
discharge (sanguineous in some cases), agitation, dyspnoea, hyperaemia of the nasal and ocular
mucosa, pulmonary haemorrhages, pulmonary oedema, and emphysema (Tschernikowa et al,

1979; Zeller and Klimisch, 1979; Hofmann and Klimisch, 1980). Animals that died exhibited
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discoloration of the lungs and liver at necropsy. Those that survived the 14 day observation period

showed no macroscopic lesions {(Nachreiner and Dodd, 1989).
Variability of the LC,, values (Table 12) may be the result either of using nominal rather than
analytically determined concentrations, or of using different strains of animals or different

experimental conditions (nose only or whole body) and possibly the use of samples of different

grades of purity.

Data for lethality, not adequate for calculating LC,, values, are shown in Table 13.

Table 13  Acute Inhalation Lethality Data

Species Time Concentration Deaths/animals Reference
(h) {ppm) used
Rat 1 4,398 3/10 Nachreiner and Dodd, 1989
Rat, & 1 6,360 2/5 Vernot et al, 1977
Rat, ¢ 1 5,100 4/5
Rat 4 1,000 1/6 Carpenter et al, 1974
Rat 4 1,000 5/6 Smyth et al, 1951; Fassett,
1963

Nachreiner and Dodd (1989) reported clinical observations in male and female rats during and after
inhalation exposure to BA; these included blepharospasm, lacrimation, perinasal and perioral
wetness and erythema of the paws during exposure, blepharospasm on removal from exposure and

mouth breathing, perinasal and periocular encrustation and unkempt fur for 4 days after exposure.

8.1.4 Summary

Acute toxicity studies in experimental animals have shown that BA is of low oral and dermal toxicity,

and to be moderately toxic via the inhalation route.

8.2 SKIN, RESPIRATORY TRACT AND EYE IRRITATION, SENSITISATION
8.2.1 Skin Irritation

Dermal exposure of various laboratory animals elicited a wide range of irritation responses

depending upon the duration and frequency of contact. Unoccluded application of 10 pl undiluted
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BA to the shaved dorsal skin of 1 albino rabbit for 24 hours resuited in mild to severe capillary

injection without the formation of cedema (Smyth et al, 1951; Carpenter et al, 1974).

Signs of local inflammation were seen after exposure to undiluted BA, with occluded application to
rabbits. Erythema, mild oedema and desquamation of the surface skin layer occurred after brief
treatments of 1, 5 and 15 minutes. Allowing the occiuded undiluted BA to remain on the skin for
20 hours caused a definite to very severe erythema and oedema. In concurrent studies with methyl
and ethyl acrylates, it was shown that the degree of irritation caused by BA was less severe than

that caused by the other two esters (Oettel and Zeller, 1958; Gelbke, 1978).

No information on clinical observations is given in any of the references quoted above.

822 Respiratory Tract Irritation

In acute inhalation studies, a number of clinical signs were seen in fasted or non-fasted animals
(rats, mice, guinea pigs) exposed to LC,, concentrations (Table 12). The most common signs, in all
species, were ocular and nasal discharge, pulmonary hyperaemia and dyspnoea.  Non-fasted
Chinese hamsters also developed cardiac dilation, probably as a consequence of lung irritation
(Zeller and Klimisch, 1979).

In a sub-chronic study using Sprague-Dawley rats, 20 male and 20 female animals were exposed to
BA at concentrations of 21, 108, 211 and 546 ppm. Exposures were conducted for 6 h/d, 5 d/wk
for 13 weeks. Between the 3rd and 13th weeks, 31 of the 40 animals exposed to 546 ppm died.
These rats exhibited sanguineous ocular and nasal discharges, rhinitis, hyperaemic nasal mucosa,
oedematous nasal epithelium, metaplasia of the olfactory epithelium, and extensive and advanced
necrosis of the lungs associated with gram positive bacteria. Cornification of the epithelium of the
trachea and bronchi, pulmonary hyperaemia and pneumonia were also reported at this dose. At
211 ppm all the animals survived but irritation occurred in both the ocular and nasal mucosa along
with atrophy of both the olfactory mucosa and Bowman's glands. Only minor effects occurred in the
nasal mucosa with exposure to 108 ppm; at 21 ppm no toxic effects were noted (Klimisch et al,

1978).

Exposure of rats to 13 mg/l (2,598 ppm) BA for an unspecified time resulted in hyperaemia of nasal
mucosa, eyes and the skin of the ears and paws (Tschernikova et al, 1979). The same authors
also reported that similar signs were exhibited by mice exposed to air concentrations > 5,750 ppm,

again without specifying the exposure time.
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Oberly and Tansy (1985) reported that Sprague-Dawley rats exposed to BA vapour ranging from
1,990 to 3,041 ppm (4 hours, observation period 24 hours) demonstrated irritation of the eyes,

nose, and respiratory tract. Laboured breathing occurred for at least some of the exposure period.

8.2.3 Gastrointestinal Tract Irritation

Qettel and Hofmann (1958; 1960a) administered solutions of BA (10-20%) in water and gum
tragacanth to rats by gavage. The macroscopic pathological examination revealed gastric

perforation in several animals.

Administration of a single dose of 520 mg/kgbw BA by gavage in corn oil to male F344 rats did not
produce gastric oedema. When the same dose was administered in water, gastric cedema
occurred. Comparison with other acrylic esters showed that methyl and ethyl acrylates produce a
more severe gastric irritation in rats than BA or acrylic acid. In the rat, the forestomach is more

prone to the irritating effects of acrylic esters than the glandular stomach (Ghanayem et al, 1985).

8.2.4 Eye Irritation

Eye irritation can result from liquid or vapour contact and may consist of tissue damage and/or
sensory effects. Undiluted BA applied to the eyes of rabbits, in amounts of 0.05 mi and 0.1 ml,
caused the production of small opacous plagues on the cornea which could only be seen with the
use of fluorescein (Smyth et al, 1951; Oettel and Zeller, 1958; Carpenter et al, 1974). The mucosal

damage decreased in severity within 24 hours (Oettel and Zeller, 1958).

In a 2-year rat inhalation study, 30% of the animals in the high exposure group (135 ppm) showed
evidence of corneal stippling, parenchymal degeneration and parenchymal neovascularisation.
Other exposure groups were comparable to controls. During a 6 month recovery period, a partial

regression of the corneal neovasularisation was observed (Reininghaus et al, 1991).

8.2.5 Sensitisation

Studies with guinea pigs using a variety of protocols (Pollack method, Split Adjuvant technique,
Magnusson and Kligman assay, epicutaneous methods and intradermal maximisation test) have
shown that dermal exposure to BA and other acrylates causes a delayed contact hypersensitivity.
Cross-sensitisation to other monoacrylates and diacrylates may occur (Draize et al, 1944; Levine,
1960; Magnusson and Kligman, 1970; Maguire and Chase, 1972; Parker and Turk, 1977, 1983;
Van der Walle et al, 1982a,b).
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8.2.6 Summary

BA is irritant to the skin, gastrointestinal tract and respiratory tracts. BA can cause skin

sensitisation in susceptible animals. BA may cross-react with other acrylic acid esters.

8.3 SUBCHRONIC TOXICITY

8.3.1 Oral

Gavage

Three rabbits (strain not specified) received 1 mi/kgbw (equivalent to 898 mg BA/kgbw) applied
9 times over a 2 week period as a 10% aqueous emulsion in tragacanth via stomach tube. No
signs of intoxication were observed other than a transient lack of appetite, tachypnoea and mild
diarrhoea. The substance was tolerated with no evidence of liver (Bromsulphalein) and kidney
{blood urea nitrogen) disfunction and with no haematological changes in the blood count (Hb, red
and white cells). Necropsy yielded no treatment related pathological findings {Oettel and Hofmann,
1960b).

A group of male and femaie rats (group size not specified) was dosed with 150 mg BA/kgbw/d for
13 weeks by gavage. All rats showed increased relative liver weights. No histopathological

changes were observed (Gorzinski et al, 1982).

Drinking Water

Groups of male and female rats were given BA in their drinking water at concentrations equivalent
to 0, 12, 73 or 84 mg/kgbw/d for males and 0, 15, 91 or 111 mg/kgbw/d for females, for 13 weeks.
Water consumption was slightly reduced at all dose levels., Decreased body weight gain was
observed in males receiving 84 mg/kgbw/d. No histological changes were observed in the tissues
(Gorzinski et al, 1982).

8.3.2 Dermal

In a 2-week test the dermal toxicity of BA was studied in 5 male C3H/Hed mice per group with
cutaneous application of 25 pl/d of 1% BA in acetone for 10 days. Neither irritation nor fatalities
were observed. By contrast, concentrations of 5, 10, 50, and 100% BA produced skin irritation

using the Draize procedure (Peterson, 1979),
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8.3.3 Inhalation

In a 13-week inhalation study, Sprague-Dawley rats were exposed to 0, 21, 108, 211 and 546 ppm
(6 h/d, 5 d/wk, 20 male and 20 female rats per concentration). At 546 ppm, 31 out of 40 animals
died between weeks 3 and 13. No mortalities were observed in the 3 lowest dose groups. Bloody
ocular and nasal discharges and a significantly lower body weight gain were observed in the 546
and 211 ppm groups. Hyperaemic nasal mucosa, oedematous epithelium and frequently extensive
and advanced necrosis of the lungs associated with gram positive bacteria were observed
histologically; metaplastic changes of the olfactory epithelium and in the epithelium of the trachea
and bronchi (cornification) as well as pulmonary hyperaemia and pneumonia also occurred in the
546 ppm group. At 211 ppm, BA produced only slight oedema and erosion of the nasal mucosa in
a few individuals of this group. The relative liver weights in female rats were dose-dependently
elevated whereas only the thyroid, adrenal and lung weights were increased in the 546 ppm group.
Exposure to the 108 ppm concentration led to relatively minor influences of the test substance
(body weight gain, relative liver weight) but no histopathological changes were observed (Klimisch

et al, 1978). The NOEL in this study was 21 ppm.

8.3.4 Summary

Following prolonged or repeated exposure, the most common effects observed are those associated

with the irritating properties of BA. No unusual systemic toxic effects have been reported.

8.4 GENETIC TOXICITY

In vitro genetic toxicity assays are used routinely as the first screen for assessing the genotoxic
activity of chemicals. These assays, however, provide information only on the intrinsic potential of
these chemicals to cause damage to the DNA. To determine whether or not this intrinsic potential
is expressed in the whole animal it is necessary to conduct in vivo genetic toxicity assays which
take into account absorption, distribution, metabolism and excretion of the test material. The results

of in vivo assays are more relevant to human hazard.

8.4.1 In Vitro Gene Mutation in Bacteria

BA has been reported as non-mutagenic in several in vitro bacterial gene mutation assays. Oesch
(1977) tested BA in a plate incorporation assay at concentrations of 2.8-900 ug/plate using
Salmonella typhimurium strains TA1535, TA1537, TA98 and TA100 in the presence or absence of

an auxiliary metabolic activation system (rat liver S9-mix). No mutagenic or bacteriotoxic effect was
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observed. Based on the hypothesis that BA may be metabolised via an epoxide metabolite, BA
was retested in Salmonella typhimurium strain TA98 in the presence of an epoxide hydrolase

inhibitor, 1,1,1-trichloropropene-2,3-oxide. No mutagenic effect was observed (Oesch, 1977).

Waegemaekers and Bensinck (1984) tested BA in the presence and absence of both Aroclor 1254
and phenobarbital-induced rat liver S9-mix using the Salmonella typhimurium strains TA1535,
TA1537, TA1538, TA98 and TA100. Concentrations of 30-2,000 ug/plate were tested in a standard
plate incorporation assay whereas concentrations of 15-1,500 ug/plate were tested in a liquid
preincubation assay using Aroclor 1254 induced S9 and strain TA100. BA was prevented from
evaporating during the treatment period. No mutagenic effect was observed in any of the strains

tested.

Similarly, Zeiger et al (1987) report BA as non-mutagenic in a pre-incubation assay using
Salmonella typhimurium strains TA100, TA1535, TA1537 (or TA97) and TAS8 in the presence or
absence of Aroclor 1254 induced rat and Syrian hamster S9-mix, when tested at a range of

concentrations between 3.3 and 10,000 pg/plate.

McCarthy (1984), citing both BASF and US-NTP results, reported BA as non-mutagenic in the

Ames test but no supporting data were provided.

8.4.2 In Vitro Gene Mutation in Mammalian Cells

No data are available.

8.4.3 In Vitro Chromosome Aberrations

Wiegand et al (1989) tested BA in an in vitro micronucleus assay using Syrian Hamster Embryo
(SHE) fibroblasts. BA was reported as non-clastogenic when tested up to 10 ug/ml in the absence
of S9-mix; SHE cells are reported to possess intrinsic metabolic capacity. However no measure of
cytotoxicity was provided in the data and so the top concentration tested may not have been high

enough to provide an adequate test.

BA was reported to induce chromosomal aberrations following treatment of Chinese Hamster Ovary
(CHO) cells in the absence of metabolic activation, but these increases in aberrant cells were
observed only at excessively cytotoxic concentrations of BA (US-NTP, 1991) and therefore these
increases are considered to be of no biological significance. In the presence of metabolic

activation, small increases in the incidence of chromosomal aberrations were reported but these
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increases were generally less than twice the concurrent controi value and were not concentration-

related (US-NTP, 1991). The biological significance of such increases is therefore questionable.

8.4.4 Other In Vitro Genotoxic Endpoints

BA was reported to induce small increases in the frequency of sister chromatid exchanges (SCEs)
following treatment of Chinese Hamster Ovary (CHO) cells (US-NTP, 1991). The increases were
generally less than twice the concurrent control values and the biological significance of such

increases is therefore questionable.

Wiegand et al (1989) tested BA in in vitro UDS and cell transformation assays in the SHE cells
detailed in Section 8.4.3. Although both assays showed no genotoxic activity of BA, they were

conducted to inadequate protocols and add little to our knowiedge of the genotoxicity of BA.

8.4.5 In Vivo Chromosome Damage Assays

Engelhardt and Klimisch (1983) tested BA in an in vivo chromosomal aberration assay using rats
and Chinese hamsters. Male and female animals were exposed to BA via inhalation at
concentrations of 817 ppm (Chinese hamsters) or 820 ppm (rats}, 6 h/d for 4 consecutive days. A
positive control was not included in the assay. Significant adverse reactions were observed at
these concentrations in both species and included dyspoena, disequilibrium and bloody discharge
from the eyes and nose. In addition, 4 of the 10 Chinese hamsters died following exposure. The
surviving animals were killed 5 hours after the end of the 4th exposure and 100 metaphases per
animal from bone marrow preparations were analysed for chromosomal damage. No depression in
mitotic activity or increase in chromosomal aberrations were observed in the BA treated hamsters or
rats indicating that BA is non-clastogenic in vivo when tested up to the Maximum Tolerated Dose

based on lethality.

8.4.6 In Vivo DNA-Binding

No data are available.

8.4.7 Evaluation of Genotoxicity

BA shows no evidence of in vitro or in vivo genotoxicity in the assays.
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8.5 CHRONIC TOXICITY AND CARCINOGENICITY

8.5.1 Oral

No data are available.

8.5.2 Dermal

Forty male C3H/HeJ mice were exposed to topical applications of 25 ul of a 1% solution of BA in
acetone (approximately 0.2 mg BA/mouse/application). Applications were performed 3x/week for
the entire lifespan of the mice. Control groups were exposed to acetone alone or to 0.1%
3-methylcholanthrene in acetone (positive control). Mice exposed to BA survived an average 503
days compared to 484 days for the control group. Early deaths due to tumour development
occurred in the positive control group. Necropsy inciuded the histological examination of all dorsal
skin and all lesions. In the BA group, no treatment-related tumours were found. Thirty-nine of
40 mice exposed to 3-methylcholanthrene developed skin tumours, the majority of which were

squamous cell carcinomas (De Pass et al, 1984).

8.5.3 Inhalation

In a 2-year inhalation study with a 6-month recovery sub-group, 86 male and 86 female Sprague-
Dawley rats (35 day old at the start of the study) were exposed during the first 3 weeks to 0, 5, 15
and 45 ppm and thereafter to 0, 15, 45 and 135 ppm BA. The exposure regime was 6 h/d, 5 d/wk
for 24 months. After 12, 18, and 24 months, 10 or 15 male and female rats per treatment group
were killed for interim examination. All rats that had died or were killed were subjected to necropsy
and organ weights were determined. Clinical signs, mortality, food consumption, body weight gain,
and results of blood tests in the exposed animals were similar to control. Lower weights (5-17%)
were recorded for kidneys, thyroid, heart and liver in some of the exposed rats. These were not
considered to be of toxicological significance due to inconsistent dose-dependence and lack of
correlation with histological changes. Centrally localised or diffused stippling of the corneal
epithelium and cloudiness of the corneal parenchyma with various degrees of neovascularisation
was observed in animals exposed to 135 ppm. The effects were similar in male and female rats
and increased with the length of exposure and concentration. Within the nasal mucosa of all
exposed animals, atrophy of the neurogenic epithelial cells and hyperplasia of reserve cells was
observed. The changes were dose-related and mainly affected the anterior part of the olfactory
epithelium. Both corneal and olfactory epithelial effects were attributed to the irritancy of BA. In the

6 month recovery groups, reconstructive effects such as replacement of altered olfactory and
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respiratory epithelium, and partial regression of corneal neo-vascularisation was observed. A full
analysis of all neoplastic lesions showed a heterogeneous spontaneous tumour distribution
unrelated to treatment. The incidence of sarcomas varied significantly in all tissues or sites, but
exhibited no dose-dependency. Similarly, the incidence of all malignant mesenchymal tumours
(mainly soft tissue sarcomas) did not indicate an exposure-related tumour increase. In summary,
there was no evidence of chronic systemic toxicity or a carcinogenic effect of BA under these

experimental conditions (Reininghaus et al, 1991).

8.5.4 Summary

Chronic inhalation and dermal assays with BA showed no evidence of chronic systemic toxicity nor

of carcinogenic potential.

8.6 REPRODUCTIVE TOXICITY, EMBRYOTOXICITY AND TERATOGENICITY

8.6.1 Oral

Marks and Jones-Prince (1982) administered BA, dissolved in cotton-seed oil, to pregnant CD1
mice using doses of 0, 100, 1,000, 2,000, 2,500, 3,000 and 4,000 mg/kgbw by oral gavage
(stomach tube) daily from day 6 to 15 post coitum. The dose of 4,000 mg/kgbw was lethal for all
pregnant dams; 2 of 30 died at 3,000 and 2,500 mg/kgbw, 1 of 29 at 2,000 mg/kgbw, 1 of 27 at
1,500 mg/kgbw, and 1 of 30 animals at 1,000 mg/kgbw. All animals survived the 100 mg/kgbw
dose level. Maternal toxicity was noted at dose levels of > 1,500 mg/kgbw in the form of a slower
body weight gain although at 1,000 mg/kgbw a significant increase in relative maternal liver weight
was observed. Embryolethality and embryotoxicity (cleft palates exencephaly, open eyes, fused
arches, fused ribs) were observed at 2,500 mg/kgbw and higher doses. Embryotoxic, but not
embryolethal, effects were noted at 1,000, 1,500 and 2,000 mg/kgbw. No evidence of maternal
toxicity, embryolethality or embryotoxic effects was found in the 100 mg/kgbw group (NOEL). The
authors considered that the increase in maternal liver weight observed at 1,000 mg/kgbw did not
reflect maternal toxicity and concluded that the embryotoxic effects seen at this dose level constitute

a true teratogenic effect.

8.6.2 Inhalation

Groups of pregnant rats were exposed to atmospheres containing, nominally, 0, 25, 135 and
250 ppm BA, for 6 h/d, on days 6 to 15 of gestation. Signs of maternal toxicity were observed only

in animals exposed to 135 or 250 ppm and consisted of nasal and ocular discharges and a
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statistically significant reduction in body weight gain. Increases in post-implantation losses and an
apparent dose related decrease in the number of live foetuses were also reported at these vapour
concentrations, although only the former were statistically significant. There was no evidence of
retarded foetal growth or increases in the incidence of skeletal or soft tissue abnormalities. At
25 ppm, neither maternal toxicity nor embryolethality occurred. BA was not teratogenic under the

conditions of this assay (Merkle and Klimisch, 1983).

8.6.3 Summary

By inhalation, BA was maternally toxic and embryotoxic in rats at concentrations of 135 ppm and
above. The NOEL was 25 ppm. By the oral route, BA was maternally toxic and embryotoxic in
mice at 1,000 mg/kgbw/d and above. The NOEL of 100 mg/kgbw/d. It is concluded that, at the

currently accepted occupational exposure levels, BA represents no reproductive risk to man.
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SECTION 9. EFFECTS ON HUMANS

9.1 SKIN IRRITATION AND SENSITISATION

In a study to investigate the cause of dermatitis in dental workers, 46 subjects were patch tested
with BA (0.5 or 1.0% in petrolatum). One subject gave an allergic response, whilst 11 others
showed signs of irritation (Kanerva et al, 1988). BA has also been shown to cross react in patients

sensitised to ethylhexyl acrylate and n-tert-butylmaleic acid monoamide (Jordan, 1975).

A case of skin sensitisation, manifest by eczema on the bridge of the nose and attributed to BA in

spectacle frames, was reported by Hambly and Wilkinson (1979).

9.2 CHRONIC TOXICITY

Thirty three workers (20 women and 13 men) were exposed for 5 years during developmental
research to an atmosphere containing concentrations of up to 50 mg/m® (9.4 ppm) of BA,
4-58 mg/m°® (1-14 ppm) of ethyl acrylate and 0.11-2 mg/m® (0.05-0.9 ppm) of acrylonitrile. The
clinical and laboratory investigations diagnosed disturbances of the autonomous nervous system
and ‘neurotic’ disturbances in 14 individuals which were ‘functional in nature as indicated by
corresponding EEG recordings’ (Kuzelova et al, 1981). Because of mixed exposures and in the

absence of further data it is impossible to evaluate this study.

9.3 SUMMARY

With the exception of evidence that BA may give rise to skin sensitisation in human beings, there

are no relevant data available.
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SECTION 10. FIRST AID AND SAFE HANDLING ADVICE

10.1 FIRST AID AND MEDICAL TREATMENT

There is no specific treatment or antidote for over-exposure to BA. Supportive medical treatment as

indicated by the patient’s condition is recommended.

10.1.1  Skin and Eye Injuries

Clothing contaminated with BA should be removed. Affected areas of skin must be washed with
copious quantities of water. The skin must be rinsed for at least 10 minutes. If the eyes are
splashed, they should be irrigated immediately with eye-wash solution or clean water, holding the

eyelids apart for at least 10 minutes. A physician should then be consulted.

10.1.2 Inhalation

The patient must be taken into fresh air, kept warm and at rest if he experiences difficulty in
breathing after inhaling BA fumes. If the patient stops breathing, artificial respiration should be
administered until qualified medical personnel is able to take over. Medical aid should be

summoned immediately.

10.1.3 Ingestion

If BA has been swallowed, do not induce vomiting. Never give anything by mouth to an

unconscious person. A physician should be consulted immediately.

10.2 SAFE HANDLING

10.2.1  Safety at Work

The main risk of injury stems from BA's irritating action on the skin and mucous membranes.
Contact with the skin and eyes should therefore be avoided as should inhalation of high
concentrations of BA vapour. BA should be used only in well ventilated areas. BA vapour is

denser than air; pits and confined spaces should be avoided.

Suitable respiratory equipment must be worn on occasions when exposure to BA vapour above the

recommended exposure limit is likely.
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The following protective clothing must be worn when handling BA: eye-face protection and rubber
gloves (preferably nitrile) which should be changed regularly to avoid permeation. Rubber boots

should also be worn when handling large quantities.

10.2.2 Storage Safety

BA is stable in the presence of a polymerisation inhibitor. It is susceptible to polymerisation initiated
by prolonged heating or a catalyst. Therefore, the following precautions must always be observed

when storing BA:

= BA must be stored under air as the stabiliser (hydroquinone monomethylether) is only effective

in the presence of oxygen,

u heat and direct sunlight must be excluded, as these promote polymerisation,

L BA must be stored at temperatures preferably not exceeding 25°C,

[ ] care should be taken to prevent contamination, as contaminants can render the stabiliser

ineffective or can react with BA and promote polymerisation.

10.2.3 Fire Safety and Extinguishants

BA is classified as a highly flammable liquid. It can form an explosive mixture in air; adequate
ventilation should be provided and smoking prohibited. Precautions should be maintained to
eliminate all sources of ignition of BA when in contact with air., BA may polymerise on heating.
Sealed containers may rupture if hot. Heat, UV-light, peroxide, azo-compounds, alkalis and
oxidising agents may cause rapid polymerisation resulting in explosion. Fires can be extinguished

with water, alcohol-resistant foam, dry powder or CO,,.

If fire does break out, neighbouring tanks and pipelines must be kept cool with plenty of water,

otherwise the heat generated by the fire will cause their contents to polymerise.
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10.2.4  Protection against Fire and Explosion

To avoid ignition, the following precautions are recommended:

n all plant and equipment should be explosion-proof as faid down in national standards,

| all containers must be earthed,

u all sources of ignition must be excluded,

n no smoking is allowed,

u no welding should be done until all tanks and pipelines have been drained and thoroughly

flushed with water or hot caustic soda.

10.3 MANAGEMENT OF SPILLAGE AND WASTE

In all cases of spillage naked flames should be extinguished. Smoking and sparks must be
avoided. Small spills of a few litres can be soaked up with suitable absorbent materials such as
sand or earth. BA should not be absorbed onto sawdust or other combustible materials. Larger
spills must be prevented from spreading by the use of earth or sand and the material should be

pumped into containers.

Surfaces contaminated with BA should be washed well, first with alcohol and then with soap and

water. All wastes should be sealed in vapour-tight plastic bags for eventual disposal.

BA should not be allowed to drain into domestic sewers as serious explosion hazards could result.

Local authorities should be informed immediately if spilt liquid BA has entered surface water drains.

Waste quantities of BA can be incinerated in accordance with local, state or national regulations.

Empty storage drums must be decontaminated before recycling.

When aqueous waste containing BA is discharged to adapted biological waste-water treatment
plants it is expected to be mineralised. No disturbance of the bacterial activity of sewage treatment

plants is expected if BA is properly diluted.
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