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PREFACE

This report has been prepared by ECETOC for use by the Commission of the EU (DG V) and its

standing Scientific Committee for Occupational Exposure Limits to Chemical Agents (SCOEL), in

accordance with guidance provided (CEC, 1992). It contains a review and assessment of toxicological

data to provide a scientific basis for an occupational exposure limit for two isomers of butyl

methacrylate, n-butyl methacrylate (CAS No. 97-88-1; n-BMA) and isobutyl methacrylate (CAS

No. 97-86-9; i-BMA). Because of the close similarity of their chemical structure, production methods

and use pattern, the two isomers are considered together. The abbreviation n-BMA/i-BMA is used

whenever the text is applicable to both isomers.  A summary evaluation of the health significance and a

recommendation for an occupational exposure limit are presented in Section 11.3 and 11.4.

Reference is made to the extensive database on methyl methacrylate because of its close structural

analogy with n-BMA/i-BMA and the common metabolism to the corresponding alcohol and free

methacrylic acid.  A summary of the data on methyl methacrylate is contained in Appendix A.

This review has been based on an earlier report on n-BMA/i-BMA (ECETOC, 1996), supplemented by

data that have since become available.
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1.  SUBSTANCE IDENTIFICATION

1.1  n-BUTYL METHACRYLATE

Common name: n-Butyl methacrylate (n-BMA)

CAS name: 2-Propenoic acid, 2-methyl-, butyl ester

CAS registry No. 97-88-1

EEC No. 607-033-00-5

EEC classification: Irritant

EEC labelling: Symbol irritant (Xi), R10-36/37/38-43, nota D

RTECS No. OZ 367 5000

IUPAC name: Butyl 2-methyl-2-propenoate

EINECS name: 2-Propenoic acid, 2-methyl-, butyl ester

EINECS No. 202-615-1

Synonyms and trade names: Butyl 2-methacrylate

2-Methyl-2-propenoate, butyl-

Methacrylic acid, butyl ester

2-Methylbutylacrylate

Chemical group: Organic acids and their derivatives

Formula: C8H14O2

Structure:

O
C

CH3

O

CH3

H2
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Molecular mass: 142.20

Purity: ≥ 99.0 % (w/w)

Stabilisers: 2−(1,1-dimethylethyl)-4,6-dimethylphenol (10-100 ppm, maximum

< 0.1 % w/w), hydroquinone (HQ) (10-100 ppm, maximum

< 0.1 % w/w) and the monomethyl ether of hydroquinone (MeHQ,

synonym p-methoxyphenol) (10-100 ppm, maximum < 0.1 % w/w)

Impurities: The identity of impurities will vary depending on the production

process and may include water (0.05 % w/w) traces of methacrylic

acid and methyl methacrylate and other trace impurities.

1.2  ISOBUTYL METHACRYLATE

Common name: Isobutyl methacrylate (i-BMA)

CAS name: 2-Propenoic acid, 2-methyl-,  2-methylpropyl ester

CAS registry No. 97-86-9

EEC No. 607-113-00-X

EEC classification: Irritant

EEC labelling: Concentration ≥ 20 %: symbol irritant (Xi), R 10-36/37/38-43;  S 24-

37, nota D

1 %  ≤ concentration < 20 %: symbol irritant (Xi), R43

RTECS No. OZ 490 000

IUPAC name: Isobutyl 2-methylpropenoate

EINECS name: 2-Propenoic acid, 2-methyl-,  2-methylpropyl ester

EINECS No. 202-613-0
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Synonyms and trade names: Butyl 2-methacrylate

Butyl 2-methyl-2-propenoate

Methacrylic acid, butyl ester

2-Methylbutylacrylate

Isobutyl 2-methylacrylate

Isobutyl 2-methyl-2-propenoate

Methacrylate, 2-methylpropyl ester

Methacrylic acid, isobutyl ester

2-Methyl-2-propenoic acid, 2-methylpropyl ester

2-Methylpropyl methacrylate

Propenoic acid, 2-methyl, isobutyl ester

Chemical group: Organic acids and their derivatives

Formula: C8H14O2

Structure:

O
C

O

CH3

H2

CH3

CH3

Molecular mass: 142.20

Purity: ≥ 98.5 % (w/w)

Stabilisers: 2-(1,1-dimethylethyl)-4,6-dimethylphenol (10-100 ppm, maximum

< 0.1 % w/w), hydroquinone (HQ) (10-100 ppm, maximum

< 0.1 % w/w) and the monomethyl ether of hydroquinone (MeHQ,

synonym p-methoxyphenol) (10-100 ppm, maximum < 0.1 % w/w)

Impurities: The identity of impurities will vary depending on the production

process and may include water (≤ 0.01-0.02 %, maximum

0.1 % w/w)  traces of methacrylic acid and methyl methacrylate and

other trace impurities.
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2.  PHYSICAL AND CHEMICAL PROPERTIES

At room temperature, n-BMA and i-BMA are clear, colourless, flammable liquids with a faint characteristic

ester odour.  Both compounds have a low solubility in water and are soluble in most organic solvents.

Data on the physical and chemical properties of n-BMA/i-BMA are given in Table I and II.

Table I:  Physical and Chemical Properties of n-BMA

Parameter, units Value Reference
Melting temperature, °C, approximately –25

–75
Company data sheetsa

HSDB, 1994

Boiling temperature, °C at 1,013 hPa 160-163

163.5-170.5

Company data sheetsa; Weast et al, 1989;
Bauer, 1993
Nemec and Kirch, 1981

Relative density D4
20 0.896-0.8975

0.895
0.8948
0.8936

Company data sheetsa

Degussa, 1989
Bauer, 1993
HSDB, 1994; Weast et al, 1989b

Vapour pressure, hPa at 20 °C 2.6-2.7
6.1-6.5

Company data sheetsa

Deichman, 1981; Rohm and Haas, 1993;
HSDB, 1994

Vapour density at 20 °C (air=1) 4.8 Deichman, 1981; HSDB, 1994

Threshold odour concentration, ppm 0.015-0.06
0.025

Company data sheetsa

Shepel’skaya, 1978

Solubility in water, g/kg at 20 °C < 0.45
0.882c

Company data sheetsa

Lissi et al, 1983

Miscible with most organic solvents Yes Company data sheetsa; HSDB, 1994

Fat solubility, mg/100 g at 37 °C No data

Partition coefficient, log Pow (octanol/water),
measured at 20 °C

2.6c

2.88c

3.01c

2.26d

Fujisawa and Masuhara, 1981;  Dillingham
et al, 1983
Tanii and Hashimoto, 1982
Morris et al, 1992
Fujisawa and Masuhara, 1981

Flash point, °C, closed cup 46
49

Röhm, 1995a
Degussa, 1968

Explosion limits, % at 65-96 °C and 1,000 hPa 2-8 Company data sheetsa; HSDB, 1994

Auto-flammability, ignition temperature, °C 315
400-496

Degussa, 1990
Degussa, 1968

a  ICI Acrylics, 1994a; Degussa, 1995a; Röhm, 1995a
b  The stated value of 0.9836 presumably contains a typing error
c  Shake flask method
d  High performance liquid chromatography (HPLC) method
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Table II:  Physical and Chemical Properties of i-BMA
Parameter, units Value Reference
Melting temperature, °C, approximately –37 - –34 Hommel, 1994;  Company data sheetsa

Boiling temperature, °C at 1,013 hPa 155 Deichman, 1981; Weast et al, 1989;
Richter et al , 1961; Company data
sheetsa

Relative density D4
20 0.882-0.888 Degussa, 1989; Nemec and Kirch,

1981; Rehberg and Fisher, 1948;
Richter et al, 1961; Weast et al, 1989;
Company data sheetsa

Vapour pressure, hPa at 20 °C 4
2.4-2.6

Company data sheetsa

Deichman, 1981; ICI Acrylics, 1994b

Vapour density at 20 °C (air=1) 4.9 Deichman, 1981

Threshold odour concentration, ppm 0.016-0.069 ICI Acrylics, 1994b

Solubility in water, g/kg at 20 °C 0.133 Mao, 1995

Miscible with most organic solvents Yes Weast et al, 1989; ICI Acrylics, 1994

Partition coefficient, log Pow (octanol/water),
measured at 20 °C

2.66b

2.01c
Tanii and Hashimoto, 1982
Fujisawa and Masuhara, 1981

Flash point, °C, closed cup (DIN 51755) 42.5-45.5 Degussa, 1968; ICI Acrylics, 1994;
Röhm, 1995b; Company data sheetsa

Explosion limits, % at 25 °C and 1,013 hPa 1-7.4
2-8

DIPPR, 1995
Degussa, 1995a,b

Auto-flammability, ignition temperature, °C 367-400 Company data sheetsa; Degussa, 1994
a  Elf Atochem, 1993; Degussa, 1995b,c; Röhm, 1995b
b  Shake flask method
c  High performance liquid chromatography (HPLC) method

2.1  CONVERSION FACTORS

Conversion factors for concentrations of n-BMA and/or i-BMA in air at 20 °C and 1.013 hPa are:

! 1 ppm = 5.91 mg/m3

! 1 mg/m3 = 0.169 ppm

2.2  CHEMICAL REACTIVITY

n-BMA/i-BMA polymerises readily under the influence of heat, light or by catalysis (e.g. metals and

radical forming substances such as peroxides), this being a strongly exothermic reaction.  To prevent

polymer formation, the monomer is stabilised by the addition of inhibitors.
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3.  OCCURRENCE

3.1  SOURCES

3.1.1  Industrial Sources

n-BMA/i-BMA may be released into the environment via fugitive and stack emissions, and via

wastewater during its production and use in the manufacture of large volume resins and polymers.

Estimates of the overall quantities emitted in the EU are given in Table III.

Table III:  Emissions from Monomer and Polymer Production in
the EU in 1994  (CEFIC, 1996)

Emission n-BMA
(t/y)

i-BMA
(t/y)

To air < 0.3 < 0.15

To water < 0.15 < 0.05

To soil 0 0

For n-BMA/i-BMA processing (polymerisation) only very limited data are available.  These indicate

losses to air of 15 g/t monomer and to water 10 g/t monomer (CEFIC, 1996).

n-BMA was detected in pottery kiln emissions at concentrations between 1.2 and 151 µg/m3 (Bradley

and Morgan, 1989).

3.1.2  Domestic Sources

Residual levels of n-BMA/i-BMA monomers in solid polymers and polymer dispersions are always

< 1 %, typically in the range 0.1-0.5 % for solid polymers and ≤ 0.01-0.1 % for polymer dispersions

(CEFIC, 1996). Migration of residual unpolymerised n-BMA/i-BMA from polymer articles is very low as

typified by migration into food simulants.  Both isomers are listed on the positive list of monomers and

other starting substances for plastics and coatings intended to come into contact with foodstuffs (CEC,

1990a,b).  The European Commission has suggested a group maximum total daily intake of

0.1 mg/kgbw (calculated as methacrylic acid) (CEC, 1994b).

3.1.3  Natural Sources

i-BMA was found in abundance (6.07 % or 1.85 mg/kg) in fresh beli (Aegle marmelos), a tropical fruit

native to India but commonly grown in Sri Lanka; no n-BMA was found in canned, processed beli

cream or puree (MacLeod and Pieris, 1981).  Traces of i-BMA occur in the essential oil from Roman

camomile (Anthemis nobilis L.) (Klimes and Lamparsky, 1984).
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4.  PRODUCTION AND USE DATA

4.1  PRODUCTION METHODS

The majority of n-BMA or i-BMA is produced in closed systems by catalytic trans-esterification of

methyl methacrylate with n-butanol or isobutanol or via the acetone cyanohydrin (methacrylamide

sulphate) route using the appropriate alcohol.  Another process uses methacrylic acid and alcohol as

raw materials (Richter et al, 1961; Bauer, 1993).

4.2  HANDLING, STORAGE AND TRANSPORT

The use of personal protective equipment is recommended to avoid n-BMA/i-BMA’s irritating action on

the skin and mucous membranes. The following protective clothing must be worn when handling

n-BMA/i-BMA: 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.

n-BMA/i-BMA should be used only in well ventilated areas. Suitable respiratory equipment must be

worn on occasions when exposure to n-BMA/i-BMA vapour above the recommended exposure limit is

likely.

n-BMA/i-BMA vapour is denser than air and will accumulate in pits and confined spaces.

To prevent polymer formation, the n-BMA/i-BMA monomer is stabilised by the addition of an inhibitor

such as MeHQ.  The effectiveness of phenolic inhibitors depends on the presence of oxygen.  To

prevent polymer formation, the monomers must therefore be stored under air (not under inert gases),

in the dark and at a temperature below 30 °C.  During prolonged storage, stabiliser levels should be

checked routinely.

n-BMA/i-BMA is stored or shipped in containers lined with polyethylene, or made of glass, stainless

steel or aluminium.   Both isomers are shipped in containers with pressure relief valves.

Stabilised n-BMA/i-BMA is transported by road, rail and sea in bulk tanks and drums.  Quantities up to

1 kt are regularly transported by sea.
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4.3  USES

4.3.1  Quantities Produced

In EU countries, 32 kt of n-BMA and 8 kt of i-BMA were produced in 1994. Production in 1995 was

12 % higher than 1994 (CEFIC, 1996).

4.3.2  Usage

n-BMA/i-BMA is used as a monomer or co-monomer for the industrial production of acrylic polymers.

n-BMA/i-BMA is used as a co-monomer in acrylic surface coatings, in the production of resins, solvent

coatings, adhesives and oil additives, emulsions for textiles and leather and paper finishing.

n-BMA/i-BMA is also used in the manufacture of contact lenses, in dental technology (both as a

monomer and comonomer) and as copolymers, for example, in paraffin embedding media.  Resins

containing less than 1 % n-BMA/i-BMA as polymers are found in dental and other applications

Approximately 13 % of the Western European n-BMA/i-BMA production was exported in 1994 (CEFIC,

1996). The distribution of n-BMA/i-BMA consumption remaining in the EU in 1994 is depicted in

Table IV.

Table IV:  Use Pattern in the EU in 1994
(CEFIC, 1996)

Type of use  n-BMA
(%)

i-BMA
(%)

Solid polymers, coatings, ionomers 48 50

Dispersions (aqueous based polymers) 45 45

Sales (comanufacturers, industrial users) 4 4

Oil additives 2 -

Reactive resins/adhesives (industrial applications) 1 -
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5.  QUANTITATIVE INFORMATION ON EXPOSURE AND UPTAKE

5.1  EXPOSURE LEVELS AT THE WORKPLACE

As with other volatile methacrylate esters, workplace concentrations of n-BMA/i-BMA are lower in

closed or semi-closed manufacturing processes than in down-stream user operations where monomer

or syrup is often handled in open systems. The available workplace exposure data have almost

exclusively been generated in larger companies representing the former group.  The only data

available on downstream user activities are those published by Froines and Garabrant in 1986 (see

below) and collected at a manicure salon where short-term high exposures would have contributed to

the higher background levels.  It is unusual to monitor the workplace of these small industries and

these data may not be typical.

n-BMA

The available data on occupational exposure levels of n-BMA during monomer production and

polymerisation are summarised in Table V.

Table V:  Occupational Exposure Levels of n-BMA during Monomer Production and
Polymerisation  (CEFIC, 1996)

Work place Year of
measurement

Sample typea Concentration  (mg/m3)

TWAb Short-term levelc

Production
Laboratory 1992-93 Area 0.2 < 0.5-3.77
NS 1992 Area 0.9 -
Filling 1992-93 NS - NDd - 0.37
Other operations 1992-94 NS 0.09-0.16 -
Pump house 1992 NS - 7.6

Polymerisation
Block polymerisation 1992-94 NS 0.13 1.21
Bead polymerisation 1992-94 NS 0.05 0.45
Storage and distribution 1992-94 NS 0.04 0.99
a    Area = background monitoring at the work place; NS = not stated; there are no data on personal

monitoring in the worker’s breathing zone
b  TWA = time-weighted average exposure concentration (4 to 8-h working period)
c Short-term level = exposure concentration during short period (5 min - 1 h)
d ND = not detectable (detection limit not stated)

Workplace concentrations of n-BMA and other vapours during the extrusion of acrylic sheets ranged

between < 0.1 and 8 ppm (< 0.6-47 mg/m3) under normal conditions and between < 0.1 and 16.5 ppm

(< 0.1-97.5 mg/m3) under degradation conditions (600 °F or 315 °C) (Rohm and Haas, 1989).
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i-BMA

The available data on occupational exposure levels of i-BMA during production and polymerisation are

summarised in Table VI.

Table VI:  Occupational Exposure Levels of i-BMA during Monomer Production and
Polymerisation (CEFIC, 1996)

Work place Year of
measurement

Sample typea Concentration  (mg/m3)

TWAb Short-term levelc

Production
Laboratory 1992-93 NS/Area 0.06 < 0.5 - 0.14
NS 1992 Area 0.4 -
Filling 1992-93 NS 0.05 NDd - < 0.11
Other operations 1992-94 NS 0.02 -

Polymerisation
Block polymerisation 1992-94 NS 0.29 1.49
Storage and distribution 1992-94 NS 0.32 -
a  Area = background monitoring at the work place; NS = not stated; there are no data on personal

monitoring in the worker’s breathing zone
b  TWA = time-weighted average exposure concentration (4 to 8-h working period)
c Short-term level = exposure concentration during short period (5 min - 1 h)
d ND = not detectable (detection limit not stated)

Froines and Garabrant (1986a,b) have reported on workplace concentrations of i-BMA during the

preparation of synthetic nails (Table VII).

Table VII:  Exposure of Manicurists to i-BMA during Preparation  of
Synthetic Nails (Froines and Garabrant, 1986a,b)

Nail shop Number of Exposure concentration  (mg/m3)
measurements Intermittent a Continuousb

Mean Median Mean Median
1 3 30.7 29.6 5.3 4.7

2 2 45.5 - 16.0 -

Overall 5 36.6 29.6 9.5 7.7
a  Exposure to i-BMA alone
b  Exposure mixed with ethyl methacrylate, 8-h TWA

n-BMA/i-BMA

Workplace concentrations between < 0.03 and 0.29 ppm (0.18 and 1.71 mg/m3) of n-BMA/i-BMA

(isomer not specified) were reported by a polymer company; no further data are available (Hi-Tek

Polymers, 1989).
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Median concentrations of n-BMA/i-BMA (isomer not specified) in the breathing zone of workers in

shipyards (building and outfitting operations) were reported to range between 0.02 and 0.03 mg/m3

with a maximum of 0.14 mg/m3 (10 measurements) (Engström et al, 1990).

5.1.1  Biomonitoring

No methods for biological monitoring have been established, and data on levels in human tissues,

secreta or excreta are not available.

5.2 LEVELS IN FOOD AND DRINKING WATER, AND EXPOSURE RELATED TO
LIFESTYLE

No data are available.

5.3  ENVIRONMENTAL LEVELS

No data are available on n-BMA/i-BMA levels in air, water, soil and biota.

5.4  SUMMARY AND EVALUATION

Environmental releases during production and major industrial uses are very low.

Occupational exposure in downstream user industries is anticipated to be higher but hygiene

monitoring is uncommon.
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6.  MEASUREMENT TECHNIQUES AND ANALYTICAL METHODS

A number of different analytical methods for the determination of n-BMA/i-BMA in various media have

been described in the literature (ECETOC, 1996).

6.1  WORKPLACE AIR

n-BMA/i-BMA in workplace air can be determined by means of NIOSH method 1450 (esters I),

involving adsorption on activated carbon by active sampling (4 l/h) followed by desorption with carbon

disulphide and analysis by GC/FID.  Detection limits are 0.06 mg/m3 for an 8-hour sample and 6 mg/m3

for short-term measurements (5 min) (NIOSH, 1984; Röhm, 1996). Using a similar method Degussa

(1992) achieved a detection limit of 1 µg/sample (17 µg/m3).

6.2  BIOLOGICAL TISSUES AND FLUIDS

No standardised method for assaying n-BMA/i-BMA and its metabolites in biological tissues, secreta or

excreta is available.

Kuznetsova et al (1991) have described a GC method for the determination of n-BMA/i-BMA in

biological fluids (blood, urine, amniotic fluid) and tissues (liver, lungs).  No further details are available

from the literature abstract.

GC/FID was used to quantify n-BMA in extracts of in vitro incubation mixtures with carboxylesterases

(McCarthy and Witz, 1991).

Although HPLC methods have been used for the analysis of n-BMA/i-BMA in biological media, GC

analysis combined with extraction or headspace pre-concentration is expected to be more useful.
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7.  TOXICOLOGY

7.1  TOXICOKINETICS

7.1.1  Uptake

From the physico-chemical data (Table I) and by analogy with methyl methacrylate (ECETOC, 1995a;

Appendix A) it is anticipated that n-BMA/i-BMA is rapidly absorbed after oral, dermal and inhalation

exposure.

7.1.2  Distribution

Male rats received 6.7 mmol/kgbw of [1-14C-butyl]methacrylate (equivalent to 10 mBq/kgbw) by

intraperitoneal (i.p.) injection 2, 12, 24 or 48 hours before they were killed. Radioactivity was rapidly

distributed to all major organs The initial half-life of radioactivity in the blood was 10 hours.  A small

amount (3.5 %) of the radioactivity was tightly associated with plasma proteins after 48 hours.

Maximum levels of radioactivity were observed in liver, kidney, heart, brain and plasma after 2-

12 hours; the highest activity in liver and kidneys, the lowest amounts were found in the brain.  The

half-life of radioactivity in the kidney was 24 hours.  After 48 hours 38 % of the administered

radioactivity remained in these organs; the nature of this radioactivity was not determined (Svetlakov et

al, 1989).

Due to the predicted hydrolysis of n-BMA to n-butanol and methacrylic acid it is uncertain whether the

distributed radioactivity was attributable to intact n-BMA, n-butanol or its metabolites.  In vitro data do

not substantiate the authors’ claim that n-BMA/i-BMA covalently binds to plasma protein. Cytochrome

P450-binding of n-BMA in rat liver microsomal preparations revealed a type I spectrum.  Substances

leading to type I spectra are normally considered to be substrates of the cytochrome P450-dependent

mono-oxygenases (Kotlovskii et al, 1985). The respective binding constants of n-BMA and i-BMA to

bovine serum albumin were determined to be 2.16 and 1.99 (I/Avogrado No of binding) at pH 5.0 and

21 °C (Fujisawa and Masuhara, 1980).

7.1.3  Biotransformation

n-BMA

n-BMA is rapidly hydrolysed by liver esterases yielding methacrylic acid and n-butanol in vitro. n-BMA

(at a concentration of 36 mmol/l) was incubated with rat liver microsomes at pH 7.4 and 37 °C for

5 minutes.  n-Butanol was determined in the supernatant by GC analysis. n-Butanol was formed at a
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rate of 55 nmol/g protein per minute of incubation.  The reaction rate was greater than that of the

hydrolysis of methyl methacrylate determined in the same test system (0.5 nmol/mg protein/min) and in

the same range as that of n-butyl acrylate (50 nmol/mg protein/min).  When the incubation mixture was

inactivated by heating to 100 °C prior to the addition of n-BMA, no butanol was generated indicating

that microsomal hydrolysis of the ester was enzyme catalysed (Kotlovskii et al, 1988).

The kinetic constants of the enzymatic hydrolysis of n-BMA using a porcine liver carboxyl esterase

were determined to be Km = 72 ± 28 µmol/l and Vmax = 1.84 nmole/min (incubation for 20 min with 5-

250 µmol/l n-BMA at 37 °C at pH 8).  The constants were comparable to those of butyl acrylate.

Compared with ethyl methacrylate n-BMA had lower Km and Vmax values indicating an increase in

substrate affinity, but a decrease in turnover for the enzymatic hydrolysis with increasing chain length

of the alcohol residue (McCarthy and Witz, 1990, 1991, 1997; McCarthy, 1995).

There are no data available on reaction kinetics in vivo.

Hydrolysis Data on Analogous Substances

Hydrolysis of methyl methacrylate has been extensively studied and may provide some insight into the

hydrolysis of n-BMA/i-BMA.

Hydrolysis of methyl methacrylate occurs at the site of first contact, as demonstrated in the upper

airways of rats when methyl methacrylate was administered by inhalation (Morris and Frederick, 1995).

Ester hydrolysis of methyl methacrylate is known to occur within minutes in human peripheral blood in

vivo with a half-life of about 5 minutes (Crout et al, 1979).  In vitro studies with the n-butyl ester indicate

that hydrolysis will occur with n-BMA/i-BMA but that the rate could be slower than that for methyl

methacrylate due to the increased chain length of the alcohol (McCarthy and Witz, 1991).

Glutathione Conjugation

Conjugation with GSH does not appear to play an important role for n-BMA/i-BMA biotransformation as

evidenced in in vitro experiments. Rate constants for the reaction of different acrylates and

methacrylates with GSH (pH 7.4, 37 °C), and with cellular GSH in rat red blood cells (pH 7.4, 37 °C,

1 h) were determined by McCarthy and Witz (1994).  n-BMA did not react with GSH to any measurable

extent. Incubation of n-BMA with a solution of reduced GSH at 37 °C did not result in a decrease in

GSH within 120 minutes, while with n-butyl acrylate a 50 % reduction of GSH was observed after 5

minutes (Svetlakov et al, 1989).



n-Butyl methacrylate and isobutyl methacrylate OEL Criteria Document 15

Further Metabolism of Hydrolysis Products

Bratt and Hathway (1977) and ICI (1977b) conducted studies with radiolabelled methyl methacrylate

administered in corn oil by gavage to male Wistar rats.  It was shown that the methacrylic acid arising

from the primary hydrolysis step was metabolised via methylmalonyl-CoA and succinyl-CoA, which are

substrates of the citric acid cycle, with the majority being exhaled as carbon dioxide.

n-Butanol is a substrate of alcohol-dehydrogenase (Von Rietbrock and Abshagen, 1971; Saito, 1975).

The main metabolic pathway in rats following oral administration of radiolabelled n-butanol to rats was

rapid oxidation to ultimately carbon dioxide. A minor part was excreted was urine as glucuronide or

sulphate (Di Vincenzo and Hamilton, 1979). After repeated ingestion of n-butanol (saturated solution in

drinking water) by rabbits small amounts of the following urinary metabolites were identified:

acetaldehyde, acetic acid, n-butyraldehyde and unchanged n-butanol (Saito, 1975).

When rabbits received oral doses of 2 ml isobutanol/kgbw the blood level of isobutanol reached

0.8 mg/ml after 30 minutes. Elimination from the blood was almost complete 5 hours after

administration (Saito, 1975).

7.1.4  Excretion

It can be anticipated that if hydrolysis constitutes a major pathway of n-BMA/i-BMA metabolism in vivo

the resulting reaction products will be rapidly eliminated by the body using physiological oxidation

pathways.

7.1.5  Biological Monitoring

No data are available.

7.1.6  Summary and Evaluation

From the physico-chemical data and by analogy with methyl methacrylate it is anticipated that

n-BMA/i-BMA is rapidly absorbed after oral and inhalation exposure.

n-BMA is rapidly hydrolysed by carboxyl esterases yielding methacrylic acid and n-butanol. By analogy

with methyl methacrylate it is anticipated that hydrolysis of n-BMA/i-BMA with further metabolism of the

respective cleavage products (methacrylic acid and n-butanol or isobutanol) by normal physiological

pathways (to ultimately CO2) will be the main route of metabolism for n-BMA/i-BMA.
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7.2  TOXICODYNAMICS

7.2.1  Acute Toxicity

7.2.1.1  Inhalation

The acute toxicity following administration of n-BMA/i-BMA vapour is low as judged by LC50 values

available for several animal species (Tables VIII-X).

Table VIII:  Acute Inhalation Toxicity of n-BMA/i-BMAa

Species Duration
(h)

LC50

(ppm)
Reference

Rat 4 > 4,901 b Kelly, 1993

Rat 4 4,910c Oberly and Tansey, 1985

Rat 4 > 1,014 Shepel’skaya, 1975

Rat 8 > 4,900d Smyth et al, 1969

Mouse 4 > 1,041 Shepel’skaya, 1975

Mouse 2 4,410 Danishevskii, 1957
a  Isomer not specified
b  Reported as 29 mg/l
c  Over subsequent 24-h period
d  Saturated vapour

Table IX:  Acute Inhalation Toxicity of n-BMA

Species Duration
(h)

LC50

(ppm)
Reference

Rat 4 3,330a Kustova et al , 1979

Rat 8 > 880 Autian, 1975

Rat 8 > 845 Deichmann, 1941

Rabbit 8 > 845 Deichmann, 1941

Guinea pig 8 > 845 Deichmann, 1941

Mouse 7.6 > 2,874 Lawrence et al, 1974
a  Reported as 19.7 mg/l

Table X:  Acute Inhalation Toxicity of i-BMA

Species Duration
(h)

LC50

(ppm)
Reference

Rat 6 > 3,600 Autian, 1975

Mouse 4.8 > 5,026 Lawrence et al, 1974
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Where clinical signs of exposure were reported in these studies, they are consistent with exposure to a

material that is irritant to the eyes and respiratory tract, e.g. lung noise, irregular respiration, nasal and

ocular discharge, eyes closed or squinted.

Inhalation of 19.7 mg n-BMA/l (3,330 ppm) by rats for 4 hours caused hypervolemia of organs

(unspecified), emphysematous swelling and point haemorrhages of the lungs, and decreased

lymphocyte levels.  Circulatory disturbances in the organs persisted for 2 weeks but lung effects

persisted for 1 month (Kustova et al, 1979). In accordance with the vapour pressure of n-BMA,

exposures at concentrations above 1,000 ppm would have been to a mixture of vapour and aerosol.

7.2.1.2  Oral

The acute oral toxicity of n-BMA/i-BMA following oral administration  is low as judged by LD50 values

available for several animal species (Table XI and XII).

Table XI:  Acute Oral Toxicity n-BMA

Species LD50

(mg/kgbw)
Reference

Rat > 2,000 Sarver, 1993a

Rat 16,000 Kustova et al , 1979

Rat 18,020 Shepel’Skaya, 1974

Rat 18,561 Smyth et al , 1969

Rat 17,900 Deichmann, 1941

Rat > 3,200 Eastman Kodak, 1984

Mouse > 3,200 Eastman Kodak, 1984

Mouse 15,800 Kustova et al , 1979

Mouse 12,900 Klimkina et al, 1976

Mouse 13,515 Shepel’Skaya, 1974

Mouse 14,416 Lawrence et al, 1974

Rabbit 25,000 Klimkina et al , 1976

Rabbit > 6,300 Deichmann, 1941

Rabbit 5,370 Deichmann, 1941
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Table XII:  Acute Oral Toxicity i-BMA

Species LD50

(mg/kgbw)
Reference

Rat 9,600 Röhm, 1977a

Rat 6,400-12,800 Autian, 1975

Mouse   11,824 Tanii and Hashimoto, 1982

For both n-BMA/i-BMA the clinical signs described in these studies are slight weakness, hypoactivity,

inco-ordination, hypotonia, diarrhoea and cyanosis.

7.2.1.3  Dermal

The acute dermal toxicity of n-BMA/i-BMA is judged to be low.  LD50 values following dermal

administration of n-BMA in rabbits and guinea pigs are detailed in Table XIII.

Table XIII:  Acute Dermal toxicity of n-BMA

Species LD50

(mg/kgbw)
Reference

Rabbit     > 2,000 Sarver, 1993b

Rabbit     10,181 Smyth et al,  1969

Guinea pig > 20 ml/kg Eastman Kodak, 1984

There are no data on clinical signs reported in these studies.

7.2.1.4  Evaluation

n-BMA/i-BMA is of low acute toxicity via the oral, dermal or inhalation routes of exposure. Where

clinical signs were reported they are consistent with exposure to an irritant material.

A skin notation (for systemic toxicity following dermal absorption) is not warranted (ECETOC, 1993).

7.2.2  Irritation, Sensitisation and Immunotoxicity

7.2.2.1  Skin Irritation

n-BMA

Application of undiluted n-BMA to the skin of rabbits produces slight to strong primary irritation. Key

studies are listed in Table XIV.



n-Butyl methacrylate and isobutyl methacrylate OEL Criteria Document 19

Table XIV:  Skin Irritation Studies with n-BMA

Species Contact
time (h)

Method Observations Reference

Rabbits 24 Draize Slight irritation, PII 1.92 Röhm, 1977b
Rabbits 24 Draize Well-defined to moderate erythema,

barely-perceptible to moderate
oedema and induration of the skin
(2/6), PII 3.79

Elf Atochem, 1980a

Rabbits 1, 4 Not stated Slight erythema and slight oedema
(4 h only), 4/6 animals recovered by
day 7,  PII  1-1.9

Degussa, 1982

Rabbits 4 Not stated Mild to moderate erythema, slight to
mild oedema (3/6), desquamation and
superficial necrosis (2/6), areas of
necrosis (1/6)

Sarver, 1993b

i-BMA

Application of undiluted i-BMA to the skin of rabbits has been shown to produce slight to moderate

irritation (Table XV).

Table XV: Skin Irritation Studies with i-BMA

Species Contact
time (h)

Method Observation Reference

Rabbits 24 Draize Well defined erythema and
barely perceptible to moderate
oedema, PII 4.16

Elf Atochem, 1980b

Rabbits 24 Draize Slight irritation. PII 1.83 Röhm, 1977c

7.2.2.2  Gastric Irritation

No data are available.

7.2.2.3  Respiratory Tract Irritation

Results from a number of single and repeated exposure inhalation studies demonstrate that n-BMA is

irritant to the respiratory tract.  Exposure of groups of five male and five female Crl:CDBR  rats to 0,

13.8,  18.2,  23.9,  26.6,  28.6 or 36 mg/l (0,  2,332,  3,076,  4,039,  4,495,  4,833 or 6,084 ppm) n-BMA

for 4 hours (Kelly, 1993) evoked clinical signs consistent with marked irritation to the respiratory tract

(nasal discharge, gasping, irregular respiration, lung noise) and eyes (corneal opacity, one rat at 6,091

ppm).

In a 4-week vapour inhalation study in Crl:CDBR rats exposed to 0, 310, 952 and 1,891 ppm n-BMA,

clinical signs, consistent with irritancy to the respiratory tract e.g. laboured breathing, were seen during
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the first day of exposure to 1,891 ppm n-BMA (Hagan et al, 1993; Section 7.2.3.1).  The NOEL was

310 ppm.

Although the above studies were conducted only with n-BMA, it is expected that i-BMA would respond

in a similar manner because of its similar irritant properties and similar vapour pressure.

Sensory irritation potential of n-BMA was assessed using the method of Alarie by exposure of groups

of 4 male Swiss Webster mice to 490, 980, 6,300 and 20,000 ppm n-BMA for 30 minutes.  This test

assesses the ability of a material to stimulate the trigeminal and other nerve endings in the nose and

lung of mice by measurement of the concomitant reflex change in respiratory rate.  Such findings have

been used as a basis for extrapolating the irritancy potential to man.  Breathing patterns of individual

animals were recorded prior to, during and following exposure.  An initial decrease in respiratory rate

occurred in all exposed groups and remained slightly lower (15.4-19.7 %) than pre-exposure levels

throughout the exposure period. No concentration-response relationship was observed. It was

concluded that n-BMA was not a sensory or pulmonary irritant (Stadler, 1993).  However, as clinical

signs of irritancy were present in other inhalation studies, this would suggest that the “Alarie test”

findings are, on this occasion, inappropriate for prediction of the respiratory tract irritancy of

n-BMA/i-BMA in man.

7.2.2.4  Eye Irritation

n-BMA

Instillation of undiluted n-BMA into the eyes of rabbits resulted in slight irritation (Table XVI).

Table XVI:  Eye Irritation Studies with n-BMA

Species Volume
(ml)

Observation Reference

Rabbit 0.1 Slight to well defined conjunctival redness (4/6) Elf Atochem, 1980a

Rabbit 0.1 Very slight conjunctival redness (2/3) regressed by 24 h Röhm, 1988e

Rabbit 0.16  (drop) Slight to mild conjunctival redness regressed by 24 h ICI,1959

Rabbit 0.5 Slight irritation Smyth et al, 1969

Rabbit 0.1 Iritis, palpebral irritation and chemosis. Grade 2 on 0-3 Powell et al, 1970

Eye irritation has also been observed in inhalation studies with n-BMA. Marked irritation of the “mucous

membranes” was seen in rabbits, guinea-pigs and rats exposed to the vapour at concentrations of up

to 5 g/m3 (845 ppm) (Deichmann, 1941).
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In a 4-week  vapour inhalation study in rats, clinical signs consistent with irritancy to the eyes were

seen. Lachrymation was observed twice during the first 3 days of exposure (once at 952 ppm and once

at 1,891 ppm n-BMA) and squinting was observed between days 3 and 20 (excluding day 4) at

1,891 ppm n-BMA (Hagan et al, 1993).

i-BMA

Instillation of undiluted i-BMA into the rabbit eye resulted in slight irritation (Table XVII).

Table XVII: Eye Irritation Studies with i-BMA

Species Volume
(ml)

Observation Reference

Rabbit 0.1 Slight conjunctival redness and chemosis in some animals Elf Atochem, 1980b

Rabbit 0.1 Non-irritating Röhm, 1988f

Rabbit 0.1 Slightly irritating ICI, 1977a

Rabbit 0.016
(drop)

Slightly irritating. Transient conjunctival redness regressed
by 24 h

ICI, 1977a

7.2.2.5  Immunotoxicity (Skin Sensitisation)

n-BMA

Guinea Pig Maximisation Test

n-BMA was not sensitising in a number of Guinea Pig Maximisation (GPM) tests (Table XVIII).

Freund’s Complete Adjuvant Test

No evidence of sensitisation was reported in a standard Freund’s Complete Adjuvant (FCA) test

protocol (Van der Walle et al, 1982) and in a test according to the Polak method (Parker and Turk,

1983) (Table XIX).

In a study performed with 19 male guinea pigs, each animal received 100 mg of FCA in the four foot

pads on day 0.  On days 0, 2 and 5 each animal received topical applications of 0.038 ml n-BMA in

95 % ethanol (volume applied: 0.2 ml).  A first challenge was made on day 25 using a topical

application of 2 or 5 % n-BMA in 95 % ethanol (volume applied: 0.05 ml).  A second challenge was

made on day 60 using either a topical challenge with 10 % n-BMA in olive oil or an intradermal

challenge with either 0.01 ml or 0.1 ml of n-BMA in 0.1 ml saline.  A third challenge was made on day

122 using either 0.4 or 5 % n-BMA in olive oil (volume applied: 0.05 ml).  Macroscopic skin reactions

(erythema and oedema) were evaluated and scored at 24, 48, 72, 96, 144 or 168 hours after each
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challenge.  No reactions were seen after the first challenge which the authors attribute to the rapid

evaporation of n-BMA from the skin surface.  At the second challenge, 38 and 54 % of the animals

challenged by intradermal injection with 0.01 and 0.1 ml n-BMA respectively gave positive reactions at

48 hours.  Topical application at the second challenge resulted in positive reactions in 88 % of the

animals.  At the third challenge, 93 % of animals challenged with either 0.4 or 5 % n-BMA gave positive

results at 72 hours after challenge.  Nine male guinea pigs received 100 mg of FCA in the four foot

pads on day 0.  Each animal received also a single topical application of 0.0077 ml n-BMA in 0.2 ml of

olive oil.  On day 60 each received a topical application of 2 % or 5 % n-BMA in olive oil (volume

applied 0.05 ml).  On day 95 each received a topical application of 10 % n-BMA in olive oil.  All animals

gave positive responses at both application times (Chung and Giles, 1977).  These studies are of

complex design and difficult to evaluate.

Other Sensitisation Tests

In a standardised skin sensitisation test with n-BMA (no details available), one out of 10 guinea pigs

was weakly sensitised while the other nine did not show any sensitisation response (Eastman Kodak,

1984).

n-BMA did not induce contact sensitivity in guinea pigs (referred to as strain 13) in an open

epicutaneous test. The fact that for immunisation syngenetic haptenised macrophages were used

instead of FCA is in this case irrelevant (Von Blomberg-Van der Flier et al, 1984).

Cross-sensitisation

In animals sensitised to ethyl and methyl methacrylates, ethyl, n-butyl, t-butyl, pentyl and neopentyl

acrylates, n-BMA elicited a sensitisation response (Chung and Giles, 1977; Van der Walle and

Bensink, 1982).



Table XVIII:  Guinea Pig Sensitisation Tests
Test method Induction Challenge Resultd Reference
n-BMA
Maximisation d 1:  2 % in liquid paraffin and FCAa i.d.b

d 6: undiluted 24 h occluded
d 21:  10 % in petrolatum 24 h occluded –ve (1/12) Elf Atochem, 1980c

Maximisation Unknown Unknown –ve Lawrence et al , 1974
Maximisation d 1: 0.5 M in liquid paraffin i.d. b

d 6:  1 M in ethanol 24 h occluded
d 21, 35: undiluted 24 h occluded d 21: –ve (0/10)

d 35: –ve (2/10)
Van der Walle et al ,
1982

FCAa d 1-9: 5 x 0.5 M in FCAa d 21, 35: undiluted 24 h occluded –ve (0/8) Van der Walle et al ,
1982

Polak d 0: FCAa, 100 µg into 4 footpads
d 0, 2, 5:  0.038 ml in 95 % ethanol
topical

d 25:  2 or 5 % in 95 % ethanol topical –ve (0/19)e Chung and Giles,
1977

d 60: 10 % in olive oil topical +ve (88 %)f

d 60: i.d.b 0.01 µl in 0.1 ml saline +ve (38 %)f

d 60: i.d.b 0. 1 µl in 0.1 ml saline +ve (54 %)f

d 122: 0.4 or 5 % in olive oil (0.05 ml)
topical

+ve (93 %)e,f

d 0: FCAa, 100 µg into 4 footpads
d 0:  0.0077 ml in olive oil, topical,
0.2 ml

d 60, d95: topical, 2 or 5 % in olive oil +ve (9/9)g

Not stated Unknown Unknown –ve (1/10) Eastman Kodak, 1984
Open epicutaneous
(haptenised macrophages
adjuvant)

Haptenised macrophages into ears,
footpads and flanks

d 12-14:  28 mg in 20 µl Aramekh –ve (0/6) Von Blomberg-Van
der Flier et al, 1984

Polak, FCAa d 0: 0.1 ml of 2 mg/ml in ethanol/ saline
(1:4) in FCAa into 4 footpads and neck

From d 7: 1 x/wk, 12 wk maximum non-
irritant concentration in acetone/olive oil
(4:1) unoccluded

–ve (0/6) Parker and Turk, 1983

i-BMA
Maximisation d 1: 2 % in liquid paraffin i.d. b

d 6:  undiluted 24 h occluded
d 21:  10 % in petrolatum
24 h occluded

–ve (0/10) Elf Atochem, 1980d

Steven’s ear/flank test 10 % in DMFc 10 %, 1 %, 0.1 % in DMFc –ve (0/6) ICI, 1977a
a  FCA, Freund’s complete adjuvant
b  i.d., intradermally
c  DMF, dimethylformamide
d  +ve, positive; –ve, negative
e  both concentrations
f   total number of animals not given
g both concentrations, both application times
h  Aramek, Arachis oil/methyl ethyl ketone 1:2
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i-BMA

i-BMA was not found to be sensitising in a Guinea Pig Maximisation (GMP) test (Elf Atochem, 1980d)

and in a Stevens ear/flank test (ICI, 1977a).

7.2.2.6  Evaluation

n-BMA/i-BMA is irritant to the skin and the eyes of rabbits; n-BMA, under certain test conditions,

produces stronger irritation than i-BMA.

n-BMA/i-BMA is not sensitising according to the results of standard Guinea Pig Maximisation tests,

whilst n-BMA produced weak sensitisation after an additional challenge at day 35.

The results of the FCA test showed that n-BMA is not sensitising at the 21 or 25 or 35 days challenges,

however cutaneous reactions were observed in animals at additional challenges on day 60 and 122

when induction was made in olive oil and at day 60 with intradermal challenges.  Cross-reactions with

other acrylates were also recorded in animals sensitised to n-BMA .

Overall, these results suggest that n-BMA is a weak skin sensitiser.  Based on a limited data base

i-BMA does not appear to be a skin sensitiser.

7.2.3  Subchronic Toxicity

7.2.3.1  Inhalation

Ten young adult male rats were exposed (6 h/d, 5 d/wk) to 0 and 1,246 ppm n-BMA vapour for

2 weeks.  Compared with the controls, rats exposed to n-BMA had moderately high red blood cell

counts and slightly higher haemoglobin and haematocrit values.  Following a 2-week recovery period

values had returned to control levels.  No other effects attributable to inhalation of n-BMA were

observed (Kelly, 1977).

Three rats were exposed (6 h/d) to a nominal atmospheric concentration of n-BMA of 2,250 ppm for

20 days.  No deaths occurred.  Animals were lethargic, incontinent and gained less weight than

unexposed rats.  Histologically there was congestion of blood vessels in liver, lungs and kidneys but no

evidence of cell injury (ICI, 1959).

Groups of 5 male and 5 female Crl:CDBR rats were exposed (6 h/d, 5 d/wk) to 0, 310, 952 and

1,891 ppm n-BMA for 4 weeks (Hagan et al, 1993). The only treatment-related signs of toxicity

observed were inactivity, lachrymation, eye squinting and laboured breathing. These signs were
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observed sporadically during exposure throughout the study in rats exposed to 952 or 1,891 ppm

n-BMA. Body weights and food consumption were unaffected by exposure. No toxicologically

significant effects were seen at necropsy in haematological and clinical chemistry parameters or in

organ weights. The only treatment-related histopathological findings were in the olfactory epithelium of

the nasal cavity. These were reported as slight and localised bilateral degeneration of olfactory

epithelium lining the dorsal meati of all rats exposed to 1,891 ppm n-BMA, and one rat only of each sex

exposed to 952 ppm. No effects were observed in the nasal passages of rats exposed to 310 ppm.

The no-observable effect level (NOEL) was considered to be 310 ppm n-BMA.

7.2.3.2  Oral

Mice (numbers and sex not stated) were administered n-BMA orally at doses of 1,290 and

2,580 mg/kgbw/d for 30 days (Klimkina et al, 1976).  The authors concluded from a general condition

of the animals and a number of functions (histamine levels, SH groups, enzyme activities) that n-BMA

was of relatively low toxicity and had a moderate capacity to accumulate in mammals.

7.2.3.3  Dermal

No data are available.

7.2.3.4  Evaluation

n-BMA/i-BMA is of low toxicity via the oral and inhalation routes in repeated exposure studies up to

28 days.

The critical health effect in a 28-day inhalation study in rats was the formation of lesions indicative of an

irritant effect in the olfactory region of the nasal cavity, the NOEL being 310 ppm with no evidence for

systemic toxicity. In two older, more limited, repeat-exposure inhalation studies transient increases in

red blood cell values (above 1,000 ppm) and congestive effects on liver, lungs and kidneys (above

2,000 ppm) were reported.

This lesion in the olfactory region of the nose is consistent with subchronic and chronic inhalation studies

with methyl methacrylate and with other volatile esters that are cleaved by non-specific tissue

carboxylesterases.



26 ECETOC Special Report No. 14

7.2.4  Genotoxicity

7.2.4.1  In Vitro

n-BMA/i-BMA has been tested in a number of bacterial gene mutation assays using standard plate

incorporation or liquid pre-incubation protocols in the presence and absence of auxiliary metabolic

activation (S9-mix) which have reproducibly shown that n-BMA/i-BMA is not mutagenic to bacteria

even when tested up to cytotoxic concentrations.

n-BMA

Waegemaekers and Bensink (1984) reported negative results when n-BMA was tested at a range of

doses from 40-2,500 mg n-BMA/plate in Salmonella typhimurium strains TA 1535, TA 1537, TA 1538,

TA 98 and TA 100 in the presence and absence of Aroclor 1254-induced or phenobarbital-induced rat

liver S9-mix in a standard plate incorporation assay. To minimise the evaporation of volatile materials

the treated plates were sealed in glass air-tight exposure jars.  The same authors also reported n-BMA

to be negative when tested in TA 100 in a liquid pre-incubation assay at concentrations of 100, 1,000

and 10,000 mg/2 ml incubation volume in the presence and absence of Aroclor 1254-induced S9-mix.

A pre-incubation screening assay with S. typhimurium strain TA 1538 at doses between 0.0028 and

10 ml n-BMA/plate showed a positive response at 3.1 and 10 ml/plate with metabolic activation

(Aroclor-induced rat liver S9) (McGoldrick et al, 1990).  This rapid screening test was followed by a

definitive pre-incubation assay (McGoldrick et al, 1991).  In the definitive study, doses ≥ 0.094 ml/plate

produced signs of toxicity consisting of precipitation, reduced or absent background lawns and/or

microcolonies in the preliminary toxicity assay with TA 1537 and TA100.  At concentrations of 0.0028 to

0.3 ml/plate, n-BMA was found to be negative both with and without metabolic activation (Aroclor-

induced rat liver S9).  The investigators concluded that n-BMA was not a mutagen in this test system.

A standard plate incorporation assay with and without metabolic activation by Aroclor-induced rat liver

S9 was negative at doses between 60 and 300 mg/plate in the strains TA 98, TA 100, TA 1535, TA

1537, and TA 1538 (Du Pont, 1976).

Zeiger et al (1987) reported n-BMA as non-mutagenic in 2 pre-incubation assays using S. typhimurium

strains TA1535, TA1537, TA98 and TA100. The compound (purity 99 %) was tested over a range of

doses from 1-10,000 mg n-BMA/plate in the presence and absence of Aroclor-1254 induced rat and

Syrian hamster liver S9-mix. No significant increases in the numbers of revertant colonies were

observed at doses which also resulted in cytotoxicity.
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i-BMA

Zeiger et al (1987) reported i-BMA (purity 98 %) as non-mutagenic between 100 to

10,000 mg i-BMA/plate under otherwise similar conditions as detailed above in the presence and

absence of Aroclor-1254 induced rat and Syrian hamster liver S9-mix. No significant increases in the

numbers of revertant colonies were observed at doses which also resulted in cytotoxicity.

7.2.4.2  In Vivo

i-BMA

A micronucleus test has been performed with i-BMA in mouse bone marrow cells according to OECD

Guideline 474. Dose groups of 5 female and 5 male NMRI mice were treated by gavage with a single

dose of 5,000 mg/kgbw (MTD) in carboxymethyl cellulose (1 %). The animals were sacrificed 24, 48

and 72 hours after administration. A cytotoxic effect was evidenced by a reduction in number of

polychromatic erythrocytes (PCE) in relation to the normochromatic erythrocytes (NCE).  A score of

1,000 PCE was determined for each animal revealing no indication for a genotoxic activity of i-BMA in

vivo (Röhm, 1989).

7.2.4.3  Evaluation

Neither n-BMA nor i-BMA were mutagenic in a number of bacterial gene mutation assays. i-BMA was

not clastogenic in a mouse micronucleus assay. There is no alert for genotoxicity although it must be

noted that the database is limited and relies, in part, on the close structural similarity of the two

isomers.

7.2.5  Chronic Toxicity and Carcinogenicity

7.2.5.1  Chronic Toxicity

No data are available for carcinogenicity and no reliable data are available for chronic toxicity of

n-BMA/i-BMA.

A limited chronic study is available.  Aqueous solutions of n-BMA were administered orally (5 x/wk) to

groups of 10 rats (0, 0.05, 0.5 and 5.0 mg/kgbw) and 8-9 rabbits (0, 0.5 and 5.0 mg/kgbw) for 9-

10 months.  A number of haematological, serum chemistry, liver and brain parameters were measured

in one or both species together with histopathological examination of organs (unspecified but which

included the liver). The authors state that the liver is a target organ for toxicity but claim the

erythrocytes become more acid resistant and that some biochemical/physiological changes occur in

the brain.  The minimum dose was considered to be 0.5 mg/kgbw with a no-effect level of
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0.05 mg/kgbw (Klimkina et al, 1976). The study as reported lacks essential detail, such as nature and

severity of the changes which would be required to determine the significance of the findings.  Due to

these limitations this study is of questionable validity and relevance.

7.2.5.2  Evaluation

n-BMA/i-BMA

By discounting the study of Klimkina et al (1976), the longest duration repeat dose study available on

n-BMA is the 28-day inhalation toxicity study in rats (Hagan et al, 1993).   In this study the most

sensitive endpoint was irritation of the olfactory epithelium in the nasal cavity.  This lesion has also

been observed in acute and subchronic inhalation studies conducted with methyl methacrylate and

other volatile esters, and has been confirmed in chronic inhalation studies as the critical health effect

by this route of exposure (ECETOC, 1995a; see further below).

Recent subchronic studies with methyl methacrylate in rats (Zeneca, 1997) have demonstrated that the

olfactory lesions arise rapidly and that by 28 days adaptation of the tissue occurs, a normal

phenomenon observed following exposure to many other chemicals. Consequently, the NOEL of

110 ppm for the onset of olfactory lesions in this study is comparable to the NOEL of 25 ppm reported

by Rohm and Haas (1979) and Lomax et al (1994) following acute and subchronic exposure to methyl

methacrylate.  (In the latter two studies, the next dose level of 100 ppm showed only mild effects in a

proportion of the animals.)  Therefore, the 28-day study for n-BMA is regarded as a reliable indicator of

the effects of chronic exposure. It is anticipated that i-BMA will have  similar toxicity.

Further information on the toxicity of n-BMA/i-BMA may be gained by direct analogy to methyl

methacrylate, for which there are more extensive relevant data. These data have been extensively

reviewed by ECETOC (1995a) and the toxicological profile provides little cause for concern (Appendix

A). Perhaps the key studies worthy of further consideration in this context are a chronic drinking water

study and two chronic inhalation studies.

Administration for 2 years of methyl methacrylate to male and female Wistar rats via their drinking

water up to a concentration of 2,000 mg/l gave no indication of the development of treatment-related

tumours. The only significant finding was a increase in relative kidney weight in the females (Borzelleca

et al, 1964).

In a chronic inhalation study, F344/N rats and B6C3F1 mice (male and female animals in both cases)

were exposed to methyl methacrylate concentrations between 250 and 1,000 ppm for 102 weeks. The

main toxic effects were inflammation in the nasal cavity and degeneration of the olfactory sensory
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epithelium (NTP, 1986; Chan et al, 1988). These effects were probably caused by methacrylic acid,

which is derived from methyl methacrylate cleavage catalysed by the carboxyl esterases in the upper

respiratory tract (Morris and Frederick, 1995).

In another two-year inhalation study, F344/N rats were exposed to methyl methacrylate at

concentrations between 25 and 400 ppm.  A NOEL of 25 ppm for irritation of the olfactory epithelium

was determined (the next dose level of 100 ppm showed only mild effects in a proportion of the

animals). (Rohm and Haas, 1979; Lomax  et al, 1994)

For further discussion of the chronic toxicity of methyl methacrylate, see ECETOC (1995a) which

concluded that there is no concern with regard to carcinogenic potency.  A similar judgement was

reached by the International Agency for Research on Cancer  in 1994 when it concluded that there is

evidence suggesting lack of carcinogenicity of methyl methacrylate in experimental animals and

inadequate evidence in humans (IARC, 1994).

Considering the likely rapid hydrolysis of n-BMA/i-BMA and the potential for exposure to the free acid

and alcohol during chronic toxicity studies, toxicity data on the hydrolysis products may provide further

insight into the chronic toxicity of n-BMA/i-BMA.

While repeated-exposure studies exist for methacrylic acid and isobutanol, extrapolation of their

findings to the toxicity of i-BMA should be undertaken with circumspection owing to the uncertainties

associated with the rates of hydrolysis of the ester and subsequent release of the acid and alcohol.

Some concern with regard to carcinogenicity is implied by the studies of Gibel et al (1974, 1975) who

reported carcinomas occurring in Wistar rats after chronic oral and s.c. administration of isobutanol

during their lifetime (oral: single dose of 0.2 ml/kgbw, 2 x/wk, average survival time 495 days; s.c.:

single dose 0.06 ml/kgbw, 2 x/wk; average survival time 544 days). Carcinomas were reported in 3 of

19 treated animals (0 of 25 controls) after oral administration, including 2 forestomach carcinomas, 1

liver carcinoma and 2 leukemias.  After s.c. administration 8 of 24 animals (0 of 25 controls) had

carcinomas, including 2 forestomach carcinomas, 2 liver sarcomas, 1 mesenthelioma, 1 spleen

sarcoma and 2 retroperitoneal sarcomas. These studies are poorly reported, lack sufficient detail to

evaluate the data and are considered not to be in accordance with current standards (IPCS, 1987).

The US Environmental Protection Agency has added isobutanol to the Priority Testing List requesting

an oncogenicity study (US-EPA, 1991) but no further data are presently available.

In summary, the lead health effect seen in a 28-day inhalation study with n-BMA was lesions in the

olfactory region of the nasal passage with a NOEL of 310 ppm. This lesion is common to methyl

methacrylate and other volatile esters for which localised metabolism results in the liberation of free
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acid which in turn evokes tissue toxicity.  As the lesion is not anticipated to progress significantly this

study is judged relevant for assessment of the effects of the chronic exposure. A possible carcinogenic

effect of isobutanol at present cannot be completely excluded. Therefore once reliable data on

metabolism of the esters and the carcinogenicity of the alcohols are available the hazard assessment

of n-BMA/i-BMA will have to be reconsidered.

7.2.6  Reproductive Toxicity

7.2.6.1  Fertility and Effects on Reproductive Organs

No specific data are available.

In the 28-day inhalation toxicity study (Section 7.2.3.1) there was no evidence for an effect of n-BMA on

male or female reproductive organs of rats (Hagan et al ,1993).

7.2.6.2  Teratology

n-BMA/i-BMA

n-BMA/i-BMA was administered undiluted by the i.p. route. to groups of 5 female Sprague-Dawley rats

at doses equating to 1/10, 1/5 and 1/3 of the acute LD50 value i.e., 205, 411 and 686 mg n-BMA/kgbw

or 124, 248, 414 mg i-BMA/kgbw,  on day 5, 10 and 15 of gestation. The following observations were

reported for both esters. A significant increase of resorptions was observed in the high dose group and

a dose related increase of gross abnormalities in the foetuses.  No significant increases in skeletal

abnormalities were observed above controls.  A dose-dependent decrease in foetal weight was

reported by the author, but the data does not support this claim.  Maternal toxicity of the dams was not

reported (Singh et al, 1972a,b).

The studies by Singh et al suggest  that n-BMA/i-BMA may possess teratogenic potential in the rat by

the i.p. route. However, the study design is flawed as it did not exclude recognised confounding factors

such as maternal toxicity and local irritation, both of which could have been predicted as being

unavoidable using this protocol.  Since this study was published it has become widely accepted that the

i.p. route is not an appropriate route of administration for the assessment of developmental hazard of

industrial chemicals and particularly for chemicals that are contact site irritants.

7.2.6.3  Evaluation

Whilst the data available on n-BMA/i-BMA are limited and of dubious quality, reliable data are available

for the close structural analogue methyl methacrylate and butanol.
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A series of studies conducted on methyl methacrylate have shown no teratogenic effects following

inhalation exposure of rats and mice (ECETOC, 1995a).  Of these studies the most definitive study,

conducted in accordance with current OECD and EPA guidelines, is that of Solomon et al (1991) in

which no teratogenicity, embryotoxicity or foetotoxicity was observed in Crl:CDBR rats at exposure

levels up to 2,028 ppm which were maternally toxic.

Singh et al (1972a,b) also conducted developmental toxicity studies on methyl methacrylate using the

same protocol as reported in Section 7.2.6.2 for n-BMA/i-BMA and again reported positive findings.

The study findings of Solomon et al demonstrated that this protocol is perhaps inappropriate for hazard

assessment under relevant exposure conditions.

While no data are available for methacrylic acid, n-butanol did not show developmental toxicity in

doses that were not maternally toxic when Sprague-Dawley rats were exposed (7 h/d) by inhalation to

0,  3,500,  6,000 and 8,000 ppm from day 1 to 19 of gestation. The NOAEL for maternal and

developmental toxicity was 3,500 ppm (Nelson et al, 1989a, 1990).

Similarly no effects on embryo- or foetotoxicity or development of the foetus were observed in Wistar

rats or Himalayan rabbits receiving oral doses (6 h/d) of 0.5, 2.5 or 10 mg/l of isobutanol from day 6 to

15 of gestation. In rats no maternal toxicity was observed; in rabbits a slightly reduced maternal body

weight gain was reported in the high dose animals (BASF, 1990a,b).

Taken together, the data available for methyl methacrylate and butanol do not suggest a concern for

possible developmental effects of n-BMA/i-BMA administered by inhalation at non-maternally toxic

concentrations.

In the 28-day inhalation toxicity study there was no evidence for an effect of n-BMA on male or female

reproductive organs of rats. Limited information on relative hazard can be found in the literature on

methyl methacrylate, methacrylic acid and n-butanol.

No effects on reproductive organs were observed in two-year inhalation studies with methyl

methacrylate in rats and mice (NTP, 1986; Rohm and Haas, 1979) and in 90-day inhalation studies in

rats and mice with methacrylic acid (CIIT, 1984).

In a fertility study of n-butanol in male rats exposed (7 h/d) to 3,000 and 6,000 ppm, for 6 weeks and

mated with unexposed females no influence on pregnancy rate was observed, indicating that fertility

was not affected (Nelson et al, 1989a,b).
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Taken together, the limited available data on n-BMA, methyl methacrylate, methacrylic acid and

n-butanol do not suggest a concern for possible reproductive effects arising from routes of

administration relevant to occupational exposure.

7.3  EFFECTS ON HUMANS

7.3.1  Short-term Exposure

No data are available.

7.3.2  Irritation, Sensitisation and Immunotoxicity

7.3.2.1  Skin Sensitisation

One of 542 dermatitis patients gave a positive patch test result with n-BMA (technical grade, 1 % in

petrolatum) (Maibach et al, 1978).

One case of a positive patch test reaction to n-BMA (1 % solvent not mentioned) in a patient not

working with acrylates was reported by Mikulecky et al (1962), who did not differentiate between an

irritant and a contact allergic effect.

One case of contact dermatitis with a positive patch test reaction after 48 and 96 hours with n-BMA

(1 % in ethanol) was reported from the use of artificial fingernails (Marks et al, 1979).  The authors

report that the sensitising agent in these preparations was ethyl methacrylate and the patient’s reaction

to n-BMA represents cross-sensitisation.

Kanerva et al (1992) reported a case of a dentist exposed to acrylic denture materials who experienced

pharyngitis but no asthmatic symptoms or symptoms of rhinitis or conjunctivitis at work. Patch tests

with 18 of 30 acrylates or methacrylates, including n-BMA (2 % in petrolatum) were positive.

7.3.3  Long-term Exposure

No data are available.

7.3.4  Evaluation

Despite the use of n-BMA/i-BMA for many years, no adverse health effects have been reported.  The

sensitisation potential of n-BMA to humans seems to be low.
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8.  GROUPS AT EXTRA RISK

No groups of workers have been identified that would be at extra risk from occupational exposure to

n-BMA/i-BMA.
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9.  GAPS IN KNOWLEDGE AND ONGOING RESEARCH

9.1  ACUTE TOXICITY

None.

9.2  IRRITATION AND SENSITISATION

None.

9.3  REPEATED EXPOSURE

The critical health effect in a 28-day inhalation study in rats is the development of lesions in the olfactory

region of the nasal cavity. It is anticipated that this localised lesion would be present in chronic studies

with n-BMA/i-BMA and that the NOEL would be comparable.

Following systemic absorption n-BMA is relatively rapidly hydrolysed to methacrylic acid and n-butanol.

Chronic studies with methyl methacrylate, which also liberates methacrylic acid upon hydrolysis, indicate

that there is little concern for chronic toxicity due to systemically derived methacrylic acid. The chronic

toxicity of n-butanol and isobutanol is well characterised.  No further studies are considered necessary.

9.4  CARCINOGENICITY

No carcinogenicity studies are available on n-BMA/i-BMA.

By analogy with methyl methacrylate there is no concern for the carcinogenicity of the parent esters

n-BMA/i-BMA or for the primary metabolite methacrylic acid. Whilst there is no concern for the

carcinogenicity of the n-butanol metabolite the same cannot be said for isobutanol. The carcinogenic

potential of isobutanol is currently under investigation (US-EPA, 1991) and the outcome of these

investigations will be of relevance to  the hazard assessment of i-BMA.

9.5  GENOTOXICITY

Only bacterial mutagenicity data exist for n-BMA.  In addition, only i-BMA has been assessed in a

mammalian micronucleus study.  Current approaches to the assessment of genotoxicity would suggest

that a mammalian chromosomal aberration study is lacking for n-BMA.  However, as i-BMA did not show

clastogenic activity in the mouse micronucleus test, there is no immediate concern with regard to

genotoxicity for n-BMA due to the close structural similarity of both molecules.
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9.6  DEVELOPMENTAL TOXICITY AND TERATOGENICITY

No developmental toxicity or teratogenicity studies are available with n-BMA/i-BMA.  A teratology study

in rat is performed by INRS (1997).

As n-BMA/i-BMA is rapidly hydrolysed into methacrylic acid and the corresponding butanol it is

assumed that the blood level of methacrylic acid is high and that it is methacrylic acid that

predominantly reaches the placenta. It follows that the results of the studies performed with methyl

methacrylate, that also liberates methacrylic acid upon hydrolysis, could be used for the assessment of

the developmental toxicity hazard of  n-BMA/i-BMA.

Methyl methacrylate has been shown to be not teratogenic, embryotoxic or foetotoxic in a teratology

study by the inhalation route of exposure (Solomon et al, 1991).  Furthermore, methyl methacrylate did

not reveal an effect on male fertility in mice exposed up to 9,000 ppm over a period of 5 days.

The negative results in the developmental toxicity studies with n-butanol and isobutanol (Nelson et al,

1989a, 1990; BASF, 1990a,b) suggest that there is no concern with regard to the other product of

n-BMA/i-BMA hydrolysis for this endpoint.
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10.  EXISTING OCCUPATIONAL EXPOSURE LIMITS

Three industrialised countries have adopted occupational exposure limit values (Table XIX).

Table XIX :  Occupational Exposure Limit Values for n-BMA/i-BMA

Country             TWA             STEL (15min) Reference
(ppm) (mg/m3)a (ppm) (mg/m3)a

Norway 50b 300 75 450 Arbeidstilsynet, 1995

Sweden 50c 300 75 450 AFS, 1996

Netherlands 10 59  -  - Arbeidsinpectie, 1996

TWA Time-weighted average concentration (8-h working period)
STEL Short-term exposure limit (15 min, unless specified otherwise)
a Official values; some countries use different conversion factors and/or other ambient temperature
b “A” (allergenic)
c “S” (sensitising)

Several n-BMA/i-BMA monomer and polymer producing companies have adopted internal OEL’s for

n-BMA/i-BMA at or around 50 ppm with a STEL of 75 ppm.
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11.  SUMMARY EVALUATION AND RECOMMENDATION FOR A
SCIENTIFICALLY-BASED OCCUPATIONAL EXPOSURE LIMIT

11.1  SUBSTANCE IDENTIFICATION

11.1.1  n-Butyl Methacrylate

Common name: n-Butyl methacrylate (n-BMA)

CAS registry No. 97-88-1

EEC No. 607-033-00-5

EEC classification: Irritant

EEC labelling: Symbol irritant (Xi), R10-36/37/38-43, nota D

EINECS name: 2-Propenoic acid, 2-methyl-, butyl ester

EINECS No. 202-615-1

Formula: C8H14O2

Structure:

O
C

CH3

O

CH3

H2

Molecular mass: 142.20

11.1.2  Isobutyl Methacrylate

Common name: Isobutyl methacrylate (i-BMA)

CAS registry No. 97-86-9

EEC No. 607-113-00-X
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EEC classification: Irritant

EEC labelling: Concentration ≥ 20 %: symbol irritant (Xi), R 10-36/37/38-43;  S 24-

37, nota D

1 %  ≤ concentration < 20 %: symbol irritant (Xi), R43

EINECS name: 2-Propenoic acid, 2-methyl-,  2-methylpropyl ester

EINECS No. 202-613-0

Formula: C8H14O2

Structure:

O
C

O

CH3

H2

CH3

CH3

Molecular mass: 142.20

11.2  OCCURENCE AND USE

11.2.1  Chemical and Physical Properties

At room temperature, n-BMA and i-BMA are clear, colourless, flammable liquids with a faint characteristic

ester odour.  Both compounds have a low solubility in water and are soluble in most organic solvents.

n-BMA/i-BMA has a low vapour pressure of 2.4 and 2.4-4 hPa at 20 °C respectively.

n-BMA/i-BMA polymerises readily under the influence of heat, light or by catalysis (e.g. metals and

radical forming substances such as peroxides), this being a strongly exothermic reaction.  To prevent

polymer formation, the monomer is stabilised by the addition of inhibitors such as hydroquinone.

Conversion factors for concentrations of n-BMA and/or i-BMA in air at 20 °C and 1,013 hPa are:

! 1 ppm = 5.91 mg/m3

! 1 mg/m3 = 0.169 ppm
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11.2.2  Occurrence and Use

n-BMA/i-BMA is used as a monomer or co-monomer for the industrial production of acrylic polymers,

acrylic surface coatings, in the production of resins, solvent coatings, adhesives and oil additives,

emulsions for textile, leather and paper finishing, concrete treatment, the manufacture of contact

lenses, in paraffin embedding media and dental polymers.

In EU countries, 32 kt of n-BMA and 8 kt of i-BMA were produced in 1994. Production in 1995 was

12 % higher than 1994.  Approximately 13 % of the Western European n-BMA/i-BMA production was

exported in 1994 (CEFIC, 1996).

11.2.3  Exposure Levels at the Workplace

Workplace concentrations of n-BMA/i-BMA during monomer production and polymerisation in the EU

in 1994 were less than 1 mg/m3 (0.2 ppm), expressed as a 4-8 hour time-weighted average (TWA).

Short-term levels were higher during certain operations, e.g. during block polymerisation, in the

laboratory up to 3.77 mg/m3 (0.63 ppm) or in a pump house 7.6 mg/m3 (1.29 ppm) (CEFIC, 1996).

Workplace concentrations of n-BMA and other vapours during the extrusion of acrylic sheets ranged

between < 0.1 and 8 ppm (< 0.6-47 mg/m3) under normal conditions and between < 0.1 and 16.5 ppm

(< 0.1-97.5 mg/m3) under degradation conditions (600 °F or 315 °C) (Rohm and Haas, 1989).  Limited

data on dispersive down-stream uses suggests that workplace concentrations are appreciably higher,

i.e. up to 8 ppm (45.5 mg/m3) (Froines and Garabrant, 1986a,b).

11.2.4  Exposure Levels in the Environment

No data are available on n-BMA/i-BMA levels in air, water, soil and biota. Environmental releases

during production and major industrial uses are low.

11.2.5  Measuring methods

n-BMA/i-BMA in workplace air can be determined by means of NIOSH method 1450 (esters I),

involving adsorption on activated carbon by active sampling (4 l/h) followed by desorption with carbon

disulphide and analysis by GC/FID.  Detection limits are 0.06 mg/m3 for an 8-hour sample and 6 mg/m3

for short-term measurements (5 min) (NIOSH, 1984; Röhm, 1996). Using a similar method Degussa

(1992) achieved a detection limit of 1 µg/sample (17 µg/m3).

11.3  HEALTH SIGNIFICANCE

From the physico-chemical data and by analogy with methyl methacrylate it is anticipated that

n-BMA/i-BMA is rapidly absorbed after oral and inhalation exposure.
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n-BMA is rapidly hydrolysed by carboxyl esterases yielding methacrylic acid and n-butanol (Kotlovskii et

al, 1988; McCarthy and Witz, 1990, 1991, 1997; McCarthy, 1995). By analogy with methyl methacrylate

it is anticipated that hydrolysis of n-BMA/i-BMA with further metabolism of the respective cleavage

products methacrylic acid and n-butanol or isobutanol by normal physiological pathways (to ultimately

CO2) will be the main route of metabolism for n-BMA/i-BMA (Von Rietbrock and Abshagen, 1971;

Saito, 1975; Bratt and Hathway, 1977; ICI, 1977b; Di Vincenzo and Hamilton, 1979; McCarthy and

Witz, 1991).

n-BMA/i-BMA possesses a low order of acute oral, dermal and inhalation toxicity in experimental animals.

Where symptoms were reported they are consistent with exposure to an irritant material (for references,

see Table VIII to XIII).   A skin notation (for systemic toxicity following dermal absorption) is not warranted

(ECETOC, 1993).

n-BMA/i-BMA is irritant to the rabbit skin (Röhm, 1977b,c;  Elf Atochem, 1980a,b;  Degussa, 1982;

Sarver, 1993b) and rabbit eye (ICI, 1959, 1977a; Smyth et al, 1969; Powell et al, 1970; Elf Atochem,

1980a,b; Röhm, 1988e,f;  Hagan et al, 1993).  n-BMA appears to be a weak skin sensitiser whilst i-BMA

is not (references in Table XVIII).

Neither n-BMA nor i-BMA were mutagenic in a number of bacterial gene mutation assays (Du Pont,

1976; Waegemaekers and Bensink, 1984; Zeiger et al ,1987; McGoldrick et al, 1990, 1991).  i-BMA

was not clastogenic in a mouse micronucleus assay (Röhm, 1989). The limited data on n-BMA/i-BMA

indicate that neither compound is mutagenic.

No data are available for carcinogenicity and toxicity to reproduction.  However, information concerning

potential hazards of n-BMA/i-BMA can be inferred from studies with methyl methacrylate which is

metabolised to the same metabolic product, methacrylic acid, as n-BMA/i-BMA in animals and

humans. The data on methyl methacrylate have been extensively reviewed by ECETOC (1995a). In

particular, a chronic drinking water study with methyl methacrylate in rats (Borzelleca et al, 1964), an

inhalation study in rats and mice (NTP, 1986; Chan et al, 1988) and an inhalation study in rats (Rohm

and Haas, 1979; Lomax et al, 1994) suggest that n-BMA/i-BMA is unlikely to possess carcinogenic

potential.  According to a teratogenicity study by Solomon et al (1991) and teratogenicity studies with n-

butanol and isobutanol (Nelson et al, 1989a, 1990; BASF, 1990a,b), n-BMA/i-BMA, by relevant

exposure routes, is not expected to cause adverse effects to the developing embryo or foetus.

No effects on the reproductive organs were observed in a repeated dose study with n-BMA (Hagan et

al, 1993) as well as in two-year inhalation studies with methyl methacrylate in rats and mice (NTP,

1986; Rohm and Haas, 1979) and in 90-day inhalation studies with methacrylic acid in rats and mice
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(CIIT, 1984).  In a fertility study of n-butanol in male rats exposed by the inhalation route no effects on

fertility were observed (Nelson et al, 1989a,b).  Therefore n-BMA/i-BMA is not expected to cause

significant adverse effects to the reproductive organs by relevant occupational exposure routes.

The lead health effect seen in a 28-day inhalation study with n-BMA in rats was irritation of the olfactory

region of the nasal cavity with a NOEL of 310 ppm (Hagan et al, 1993). This lesion has also been

observed in acute and subchronic inhalation studies conducted with methyl methacrylate and other

volatile esters (ECETOC, 1995a), and has been confirmed in two chronic inhalation studies with MMA

as the critical health effect by this route of exposure (NTP,1986 and Chan et al, 1988; Rohm and Haas,

1979; Lomax et al, 1994). Recent studies with methyl methacrylate have demonstrated that the

olfactory lesions arise rapidly and do not progress significantly beyond 28 days and up to 2 years

(Zeneca, 1997). Therefore, the 28-day study for n-BMA is regarded as a reliable indicator of the effects

of chronic exposure. It is anticipated that i-BMA will exhibit similar toxicity to that of n-BMA.

11.4  FINAL EVALUATION AND RECOMMENDATION

Because of the close similarity of n-BMA/i-BMA and the comparability of their toxicity data, they will be

considered jointly.

11.4.1  Hazard Identification

The major route of occupational exposure is the inhalation route, even though exposure is limited by the

low vapour pressure of n-BMA/i-BMA.

The critical health effect of n-BMA/i-BMA identified in acute and subchronic inhalation studies is the

development of a localised lesion in the olfactory region of the nasal passage.  The NOEL for this effect

is 310 ppm in the rat. The NOEL for chronic exposure is not anticipated to differ markedly.

The lesion in the olfactory tissue is believed to be the result of hydrolysis of the inhaled ester by tissue

carboxyl esterase enzymes resulting in the formation of cytotoxic levels of methacrylic acid. Human

olfactory tissue contains carboxyl esterase enzymes capable of hydrolysing n-BMA/i-BMA and therefore

the lesion is of relevance to man. However, it is generally accepted that the rat is more sensitive than

man to the effects of nasal irritants due to physiological and anatomical differences. The specific

activity of carboxyl esterases responsible for the hydrolysis of methyl methacrylate in rat olfactory

tissue is approximately 6-fold higher than the corresponding activity in human olfactory tissue (Zeneca,

1996).  In addition, the rat is an obligate nose breather with significantly more complex nasal passages

than man. The relative surface area per unit volume in the nose of the rat is 8 times that of man
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(DeSesso, 1993) and this should be taken into consideration when establishing a health-based

Occupational Exposure Limit  value (OEL).

11.4.2  Risk Assessment

The main populations likely to be exposed to n-BMA/i-BMA are workers involved in production of the

monomers and in industrial manufacture of polymers for use in products such as coatings, oil additives

and adhesives, and workers in small down-stream user industries.  Consumer exposure and indirect

exposure to the monomer via the environment are considered negligible because of low levels of

release and lack of persistence.

When deriving an OEL from the NOEL of 310 ppm observed in the 28-day rat inhalation study the

following considerations may be made.

In terms of extrapolation from subchronic to chronic exposure to n-BMA/i-BMA, the adjustment factor

to be used can be based on the effects observed with the closely related compound methyl

methacrylate which hydrolyses to the same metabolite (methacrylic acid) and for which it has been

shown that hydrolysis is a key step in the development of the nasal lesion (Zeneca, 1996).  Indeed, the

nasal effects observed with n-BMA/i-BMA in the 28-day inhalation study in rats are the same as those

observed with methyl methacrylate, albeit at a higher exposure concentration. With both materials, the

critical effect consists of localised lesion in the olfactory region of the nasal passages.  Studies on

methyl methacrylate (Zeneca, 1997), using the same strain of rat as used in the chronic studies, have

demonstrated that the exposure level that produced olfactory lesion remained constant from acute to

subchronic and to chronic exposure conditions. In these studies, the lesions developed within 6 hours

of the onset of acute exposure with a LOEL of 110 ppm.  After continuous exposure for 28 days the

LOEL was still 100 ppm and after 2 years exposure the LOEL was 100 ppm; the NOEL was 25 ppm.

Based upon what is observed with methyl methacrylate, no adjustment factor would be needed to

extrapolate from short to long-term exposure to n-BMA/i-BMA. However, because there are no specific

data on the kinetics and metabolism of n-BMA/i-BMA in rat nasal tissue, an adjustment factor of 3, to

reflect this limitation of the database, is proposed as an overall adjustment factor for study duration

(ECETOC, 1995b) .

Both toxicodynamic and toxicokinetic elements must be considered when establishing an overall factor

for inter-species extrapolation, i.e. from rodents to humans.

In terms of toxicodynamic differences between rodents and humans, it is believed that as the tissue

damage is caused by the localised production of MAA within the tissue and the mechanism of cellular
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toxicity will be essentially the same in both species, no adjustment for toxicodynamic differences is

justified.

In terms of toxicokinetic differences, the olfactory tissue was identified as the most sensitive tissue in

the rat study. This is confirmed in the studies with methyl methacrylate in which histological

examination in the 2-year inhalation study in the rat showed that the LOEL for lesion development in

the olfactory tissue was 100 ppm, whereas the LOEL for the next most sensitive tissue, the respiratory

epithelium, was 400 ppm.

Whilst it may be expected that these effects will occur in humans, it must be recognised that humans,

unlike rodents, breath through the mouth as well as the nose and therefore it is not possible to judge

with certainty whether the olfactory epithelium is the primary target or whether damage occurs in other

regions of the respiratory system. Whilst there is no data for relative sensitivity of tissues in humans, a

recent publication using acyclovir 2'-esters in rats has shown that esterase activity within the

respiratory system is highest in nasal (combined olfactory and respiratory) tissue with the order of

activities: nasal; pulmonary parenchymal (lower alveolar); trachea (Shao et al, 1994).  This strongly

suggests that the olfactory epithelium is the most sensitive epithelium of the respiratory tract (US-EPA,

1991) in both rats and humans and that an NOEL for effects on this tissue will protect against damage

occurring in other less sensitive tissues.

Although the olfactory tissue will be the most sensitive tissue in the human respiratory system the level

at which the effect will occur may vary due differences in regional dosimetry and metabolism. It is

becoming increasingly recognised that physiological and morphological differences between the nasal

passages of rats and humans favour significantly higher (up to 8 times) deposition in the rats than

humans (DeSesso, 1993).  Similarly, recent studies with methyl methacrylate and other esters indicate

that there are other toxicokinetic differences between rodents and humans which also have bearing.

Recent studies with methyl methacrylate indicate that there is significantly less carboxylesterase

activity in human than rodent olfactory tissue (Zeneca, 1996). This would result in a lower rate of

conversion of ester to free acid and a reduced "metabolic draw" (concentration gradient across the

tissue as a result of removal of intracellular ester by metabolism) into the olfactory tissue of humans

when compared to that of rodents. Other aspects that may also have bearing, such as partitioning of

the volatile ester into mucous, absorption into the olfactory tissue and clearance, may also vary

between rodents and humans but probably to a lesser extent. Hence, no adjustment factor for

toxicokinetic differences is considered justified.

As the available data suggest that the rat is likely to be the more sensitive species, and therefore

provides an inherent safety factor when evaluating risk to man, no additional factor for inter-species
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extrapolation is considered necessary.  Consequently, an overall adjustment factor of 1 is judged

appropriate.

There are no data on intra-species variation in regard to the potential development of this type of lesion

in humans other than it is known that carboxylesterase enzymes are ubiquitous and hypersensitivity

due to the dysfunction of this family of enzymes has not been reported.  Hence, intra-species variation

would be expected to be low. In the absence of relevant data, a default factor of 2 has been

recommended for intra-species variation in occupational situations (ECETOC, 1995b).

Thus by applying an overall assessment factor of 6 (3x1x2) to the NOEL of 310 ppm a health based

OEL of approximately 50 ppm is derived.

A STEL (15 min) of approximately 150 ppm is recommended, based on the NOEL in the 28-day

inhalation study in rats and the intra-species adjustment factor of 2.

Based on the physico-chemical data it is anticipated that n-BMA/i-BMA can be absorbed through the

skin.  However, n-BMA/i-BMA is of low systemic toxicity following single dermal exposure (and by other

routes).  Therefore, a skin notation is not required (ECETOC, 1993).

11.4.3  Recommendation

An OEL  of  50 ppm (300 mg/m3) (8-h TWA) is recommended for n-BMA/i-BMA.

A STEL (15 min) of approximately 150 ppm (890 mg/m3) is recommended.

A skin notation is not warranted.

At present, no method for biological monitoring can be recommended.

In workplace air, n-BMA/i-BMA can be determined by means of NIOSH method 1450 (esters I) or

similar.
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APPENDIX A.  METHYL METHACRYLATE (ECETOC, 1995a)

Methyl methacrylate (MMA) is a clear, colourless, highly flammable liquid with a pungent fruity odour.  It is

used extensively as a monomer in the production of high molecular weight polymers.

MMA is rapidly absorbed and distributed in experimental animals following oral and inhalation exposure.

In vitro absorption studies with human skin indicate that MMA may be absorbed through the skin and that

absorption may be enhanced by occlusion.  However, the small amount of the applied dose absorbed

under non-occluded conditions suggests that under normal exposure conditions, the contribution of

dermal absorption to the overall body burden will be small, inhalation being the major exposure route.

Metabolism appears similar in man and experimental animals, and the elimination of MMA is dependant

on the route of exposure.  Following inhalation exposure of rats, 10 to 20 % of the compound is deposited

in the upper respiratory tract where it is metabolised by local tissue esterases and, to a minor extent, by

conjugation with tissue non-protein sulphydryl (NPSH) groups.  Activities of local tissue esterases of the

nasal epithelial cells may be lower in man than in rodents.  After oral or parenteral administration, rapid

hydrolysis to methacrylic acid and methanol is observed, both of the hydrolysis products being further

metabolised by physiological pathways.  The methacrylic acid is metabolised via methylmalonyl-

coenzyme and the tricarboxylic acid pathway.  Conjugation with glutathione (GSH) or NPSH plays only a

minor role, occurring when the tissue concentrations of MMA are high and the hydrolytic pathway reaches

saturation.  In common with the other esters of acrylic and methacrylic acid, both metabolic pathways are

detoxifying.

MMA has a low order of acute toxicity via the oral, dermal and inhalation routes of exposure.  It is not

absorbed in lethal quantities through the skin even under occluded conditions.  It is mildly irritating to the

skin, eyes and mucous membranes of the respiratory tract.  It is a skin sensitiser in experimental animals,

however its sensitisation potency is low.  Cross-reaction has been demonstrated to other esters of

methacrylic acid.

Subchronic exposure of rats and mice to MMA by oral, dermal and inhalation routes produced effects

consistent with its irritative properties.  In inhalation toxicity studies, dose related lesions were seen in the

upper respiratory tract, including rhinitis, inflammation associated with necrosis and loss of olfactory

epithelium in the nasal turbinates, and lung congestion.  After exposure to high atmospheric

concentrations of MMA (> 1,000 ppm), the body weight gain was reduced and degenerative and necrotic

changes were seen in liver, kidney, brain, spleen and bone marrow.  Changes in the activities of liver

enzymes were observed in animals exposed to relatively low concentrations.  Inconsistent data were

reported on effects of MMA on the cardiovascular system.  Single studies have indicated that exposure to

high doses of MMA via the oral and inhalation routes may induce behavioural and neurochemical
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changes.  Central nervous system effects have not been reported in chronic studies with exposure levels

up to 1,000 ppm.

MMA is not mutagenic to bacteria even at cytotoxic concentrations.  In in vitro systems MMA shows

clastogenic activity, but it is not clastogenic in vivo when animals are exposed via an appropriate route.

Chronic oral exposure to rats and dogs produced no histopathological changes and no treatment- related

lesions, neither neoplastic nor non-neoplastic.  Following chronic exposure of mice, rats and hamsters to

atmospheres containing MMA no neoplastic or pre-neoplastic changes were produced.  Non-neoplastic

changes were essentially restricted to the upper respiratory tract and included rhinitis, serous and

suppurative inflammation, epithelial hyperplasia and degeneration of the olfactory epithelium.  These

changes are consistent with the hydrolytic cleavage of the MMA giving rise to methacrylic acid which is

deposited in the upper respiratory tract.  The primary involvement of the olfactory rather than the

respiratory epithelium is also consistent with the tissue distribution of esterases and flow parameters in

the rodent respiratory system.  Due to the differences in anatomy and probably local tissue esterase

activities between human and rodent respiratory system, it is expected that human beings are less

sensitive to the observed changes in the upper respiratory tract than rodents.

MMA shows no carcinogenic potential in experimental animals.

MMA is not expected to have an adverse effect on fertility and is not teratogenic in rats and mice exposed

by the inhalation route.

No deaths or serious adverse health effects have been reported in man exposed to acute doses of MMA,

the pungent, characteristic odour acting as a warning of exposure.  MMA is a dermal irritant after

prolonged or repeated contact.  In certain individuals it may induce contact allergic dermatitis, with

possible cross-reactions to other esters of methacrylic acid.  Mild eye and respiratory tract irritation have

been reported but there is no convincing evidence that MMA causes respiratory sensitisation.

Epidemiological studies of workers exposed to MMA show no evidence of excess of respiratory disease

or any evidence of respiratory sensitisation.

Several publications in the literature have inferred that MMA has neurotoxic/central nervous system

effects in occupationally exposed human beings.  These effects are, however, non-specific and it cannot

be concluded that they represent neurotoxicity.  In most cases it is not possible to draw conclusions on

the contribution, if any, of MMA to the symptoms.

There is no evidence to suggest that MMA is genotoxic to man. No reproductive or teratogenic effects of

MMA in exposed populations have been reported.
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Epidemiological studies showed no evidence for any carcinogenic effects causally related to MMA

exposure which is in agreement with the lack of genotoxic or carcinogenic activity in experimental

animals.  It is concluded that MMA does not present a carcinogenic hazard to man.
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