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	SUMMARY CONCLUSIONS OF THE SIAR

Category Justification

The short chain (C2-C8) unsaturated linear and branched alkyl methacrylates included in this category show Structure Activity Relationship with respect to environmental toxicity, distribution and fate, and mammalian toxicity.  These esters are rapidly metabolized to methacrylic acid  (CAS 79-41-4) and the structurally corresponding alcohol by non-specific carboxylesterases in several tissues.  Methyl methacrylate (MMA) (CAS 80-62-6), the C1 ester, is the largest volume methacrylate ester that has been studied extensively and reviewed in the OECD HPV Chemicals Program.  As such, MMA provides a robust reference chemical for this category.    

Human Health

The members of the category are of low acute toxicity by oral, dermal and inhalation routes. Any possible trend across the category would be masked by the use of limit doses in more recent guideline studies. Median oral lethal dose values (LD50) are greater than 2000 mg/kg. By inhalation the median lethal concentration is likely to be in excess of 29 mg/l (circa 5000ppm). Although acute inhalation data are not available for 2-EHMA this end-point is not considered critical due to its low vapor pressure (<1 hPa @ 20 °C). These chemicals are all typically irritating to the skin of rabbits when applied under occluded conditions and upon   prolonged contact. EMA is slight to moderately irritating to the eyes whereas, i-BMA, n-BMA and 2-EHMA produce, at worst, slight irritation. All four esters appear to give equivocal results in contact sensitizing studies in guinea pigs using adjuvant. Although EMA, n-BMA and i-BMA have been reported to give positive clinical challenge responses in humans, methacrylate esters have been shown to cross-react with other methacrylates esters in both animals and humans so the possibility that the inducing agent in clinical case studies may be another methacrylate ester cannot be excluded. No cross-reactivity with acrylate esters has been reported. These data conclude that the short chain methacrylate esters are weak skin sensitizers. There are no clinical case study reports linking these esters to respiratory allergy.

In a repeat oral exposure study (OECD 422) with n-BMA the NOEL in male rats was 30 mg/kg bw/day based upon reduced splenic weights and atrophy of the splenic red pulp. The NOEL in females was 300 mg/kg bw/day based upon changes in the blood and urine parameters indicative of effects on the kidneys, however, these were not confirmed histopathologically. In a similar repeated oral exposure study (OECD 422) with EHMA, the NOAEL was 100 mg/kg bw/day in male rats and 30 mg/kg bw/day in females, based on organ weight changes in kidney (absolute and relative, without confirmatory histopathology, pituitary gland (relative), and liver (relative) in males and on organ weight changes in both liver (absolute and relative) and kidney (relative only) in females. 

In a subacute inhalation study in rats with n-BMA the lead effect was the development of lesions in the olfactory region of the respiratory tract. The LOEC for this effect was 952 ppm (5626 mg/m3) and the NOEC, 310 ppm (1832 mg/m3). No other relevant repeat dose inhalation studies are available for other members of the category; however, extensive studies have been reported on the inhalation toxicity of MMA, the reference chemical for this category. These studies consistently indicate that the lead effect is local degeneration of the olfactory tissue within the nasal cavity. For this effect a NOAEC of 25 ppm (104 mg/m3) in a two-year inhalation study in rats was identified but only slight effects on the olfactory tissues have been observed at 100 ppm (416 mg/m3). The mechanism of toxicity has been established as hydrolysis of the parent ester by tissue carboxylesterases to release methacrylic acid (MAA). Studies with MMA indicate that there is little or no progression of the effect from acute through to chronic exposures. 

Recent inhalation studies, also in rats, have shown that EMA also produces olfactory lesions comparable to MMA following acute exposure at 200 ppm (948mg/m3), but that alkyl-methacrylate esters larger than EMA do not elicit a toxic response at this dose level, mainly because their physicochemical characteristics prevent significant local uptake of the vapors (Jones, 2002). Based upon the available data a clear trend exists across the short-chain alkyl methacrylate category such that the NOAEC/LOAEC for olfactory nasal lesions increases with increasing ester size.

The NOAEC for olfactory lesions with EMA is, therefore, likely to be comparable to, or slightly higher than, that for MMA, i.e. 25 ppm (119 mg/m3). In the case of i-BMA, the NOAEC is likely to be comparable to that found for n-BMA, i.e. 310 ppm (1832 mg/m3). Considering the low vapor pressure of EHMA and that the saturated vapor concentration at equilibrium would only be 99 ppm (814 mg/m3), it is unlikely that EHMA will cause nasal lesions under normal conditions of use. The methacrylate esters have been tested in vitro and in vivo for gene mutations, chromosome mutations and aneugenic effects over relevant dose ranges. There is no indication that the methacrylate esters in the category cause gene mutations.  

Although there are no carcinogenicity studies available for any member of the category there is no relevant concern on carcinogenicity for MMA in humans and animals. Epidemiology data on increased tumor rates in MMA exposed cohorts are of limited reliability and cannot be related to MMA as the solely causal agent. On the basis of the analogy with MMA and the common, rapid metabolism and clearance of these esters from the body it is unlikely that they will represent a carcinogenic risk.
Some evidence of reproductive toxicity was demonstrated in one-generation rat reproductive toxicity studies conducted by OECD Guideline 422 with n-BMA and 2-EHMA.  In the study of n-BMA, the number of corpora lutea and implantation sites was decreased at the 1000 mg/kg/day level giving a NOEL of 300 mg/kg/day.  Similarly, in the study of 2-EHMA, the gestational period was prolonged and there was a decrease in the number of corpora lutea and implantation sites at the 1000 mg/kg/day level giving a NOEL of 300 mg/kg/day.  In a dominant lethal study with short-term exposure to MMA, no effects on male fertility in mice were observed when animals had been exposed to up to 9000 ppm for a period of 5 days before mating. 

High inhalation exposures to n-BMA and EMA in rats induced developmental toxicity characterized by reduced fetal body weight, but produced no embryolethality or teratogenicity even at concentrations producing overt maternal toxicity.  Likewise, MMA does not cause developmental effects in rats even at inhalation exposure levels that produce maternal toxicity.  With oral exposures, some evidence of developmental toxicity with n-BMA or EHMA was shown by the OECD Guideline 422 screening study (i.e. decreased number of neonates on Day 0 of lactation, decreases in parturition and live birth indices and total number of offspring in the 1000 mg/kg/day dose group), however, protocol limitations in this screen would suggest more weight be applied to definitive teratology studies. In studies of the metabolites of the butyl methacrylates (methacrylic acid and the corresponding alcohol), no effects on development were observed following oral exposure to rats and rabbits with isobutanol or by inhalation to iso-, or tertiary-butanol. Although n-butanol did produce increased rudimentary cervical ribs at 8000 ppm (about 50x the TWA), it occurred only in the presence of maternal toxicity.  It is unlikely that exposure to butyl methacrylate esters with subsequent hydrolysis to methacrylic acid and the corresponding alcohol would produce blood levels of the alcohol high enough to result in developmental toxicity. Although no data are available on the parent ester i-BMA one would anticipate that by analogy with n-BMA, EMA, EHMA, and MMA, this chemical would not pose a developmental toxicity hazard.

A dose-related response was observed with EMA in the Morris Water Maze suggestive of potential for neurotoxicity.  However, the clinical observations are more consistent with general systemic toxicity rather than a specific neurotoxic effect and the reviewing pathologists considered the reported spinal cord vacuolation to be artifact and the lesions reported in peripheral nerve and brain not to be treatment-related.

Environment

The physico-chemical properties of MMA, EMA, i-BMA, n-BMA and 2-EHMA are as follows: boiling point:  100.5 ºC, 118.8 ºC, 155 ºC, 163 ºC and 227.6 ºC, respectively; melting point:  -48ºC, <-75ºC, -35ºC, -50ºC and < 50ºC; vapour pressure:  42, 20, 2.1, 2.1 and 0.065 hPa at 20 ºC, respectively; Log Kow at 20/25 ºC:  1.38, 1.87, 2.95, 2.99 – 3.03 and 4.95 – 5.59, respectively; and water solubility:  16 g/L (20 ºC), 4.69 g/L (20 ºC), 0.47 g/L (20 ºC), 0.36 g/L (25 ºC) and 0.0016 g/L (25 ºC), respectively.

Model calculations indicate that the esters will be rapidly photolyzed in the atmosphere under the influence of atmospheric OH radicals. They are stable under acidic and neutral conditions and hydrolyze rapidly at pH 9 and above.  Based on Mackay Level III calculation, short-chain methacrylate esters will predominantly partition into the air, with the smaller esters below 2-EHMA will have a significant presence in the water phase.  While EMA, i-BMA, and n-BMA do not have a significant presence in soil or sediments, EHMA has a potential to partition into soil sediments when released to the aquatic environment. All esters of the category are readily biodegradable.  Based on the Log Kow values of the short chain methacrylate esters the potential for bioaccumulation is low to moderate for MMA, EMA, i-BMA and n-BMA. In a bioconcentration test with fish, 2-EHMA showed a low bioconcentration factor of 37.  Elimination from the aquatic compartment is expected to be rapid, evaporation and biodegradation being the main processes involved. 

The esters are of low to high toxicity to aquatic organisms as toxicity increases with increasing lipophilicity and molecular size across the category with EMA being the least toxic and 2-EHMA the most toxic. This trend was consistent between all three trophic levels studied (algae, daphnia and fish) as was the general level of toxicity. The acute fish toxicity (96h LC50) ranges from 100 mg/L (EMA) to 2.78 mg/L (2-EHMA).  Similarly, acute invertebrate toxicity (48h EC50) ranges from >66 mg/L for EMA to 4.6 mg/L for 2-EHMA and, acute algal toxicity (72h EC50) ranges from >110 mg/L for EMA to 7.68 mg/L for 2-EHMA.  This general trend was also observed in the long-term and chronic aquatic tests.   No chronic fish studies were available for any member of the category.  Chronic aquatic invertebrate data (21-day) range from a NOEC of 18 mg/L (EMA) to 0.105 mg/L (2-EHMA).  Chronic algae studies (72-hour) range from a NOEC of 110 mg/L (EMA) to 5.8 mg/L (i-BMA).  All data that are considered reliable for chronic aquatic toxicity support the trend of increasing toxicity with increasing molecular weight and lipophilicity.

Exposure

EMA, i-BMA, n-BMA and 2-EHMA are used by industry to make polymers. Polymers based upon EMA are used to make automotive coatings, nail sculpturing, inks and dental products; polymers based on i-BMA/n-BMA are used the manufacture of automotive coatings, lacquers and enamels, adhesives, oil additives (lubricants), emulsions for textile, leather and paper refinishing and dental products; polymers based upon n-BMA are also used in the manufacture of  toners,  architectural paints, , powder coatings and floor polishes; polymers based on 2-EHMA are used in lubricants, automotive coatings, paints, printing ink, additive agents, adhesives, leather, paper, lacquer and textile industries. Estimated Global production is EMA (10 kt/y); n-BMA (100 kt/y); i-BMA (10 kt/y) and 2-EHMA (2.5 kt/y) (based upon US figures, comparable production in Europe and an estimated production of 1.7kt/y 2-EHMA in Japan). N-BMA/i-BMA may be released into the environment in fugitive and stack emissions or in wastewater during its production and use in the manufacture of resins and polymers. Estimated releases into the environment from monomer and polymer production in the EU are < 0.3 t/yr n-BMA and < 0.15 t/yr i-BMA to air; < 0.15 t/yr n-BMA and < 0.05 t/yr i-BMA to water and none to soil. For n-BMA/i-BMA processing (polymerization) limited available data indicate losses of 15 g/t monomer to air and 10 g/t monomer to water. The potential for exposure to workers occupationally involved in the production of these monomers and in the subsequent manufacture and use of polymers made from these monomers is low. These monomers are used almost exclusively in the production of polymers for use by industry or consumers. Since end-use consumer products contain only trace levels of esters (as a result of polymerization), consumer exposure to methacrylate monomers is likely to be extremely low. Small quantities of EMA, and to a lesser extent i-BMA, are used in the manufacture and repair of artificial nails. Published data on occupational exposure in nail salons indicates that inhalation exposures can occur but typical levels are relatively low and below current exposure limits. The potential for dermal exposure in this use scenario cannot be excluded. Methacrylate monomers are also used in the manufacture of polymer-based dentures and prosthetics by trained dental technicians. Levels of residual monomers in these devices are controlled under an ISO standard; hence exposure via the oral mucosa will be very low. 

	

	RECOMMENDATIONS AND NATURE OF FURTHER WORK RECOMMENDED

Health:  These chemicals possess properties indicating a hazard for human health (skin sensitization, skin and eye irritation).  Based on data presented by the Sponsor country, exposure to humans is anticipated to be low, and therefore these chemicals are currently a low priority for further work. Countries may desire to investigate any exposure scenarios that were not presented by the Sponsor country.
Environment:  The category members possess properties indicating a hazard for the environment (acute toxicity between 1 and 100 mg/L).  However, the chemicals in this category are of low priority for further work because of their rapid biodegradation and their limited potential for bioaccumulation.


SIDS Initial Assessment Report

1 identity

Identification of the Substances

	Chemical Name
	Synonyms
	CAS Number
	Structure
	Color, Odor and  Physical State

	Methyl Methacrylate

(Reference chemical for category)
	MMA; Methacrylic Acid, Methyl Ester; Methyl Methacrylate Monomer; Methyl, 2-methyl-2-Propenoate 
	80-62-6
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	Colorless, fruity, liquid

	Ethyl Methacrylate
	EMA; Methacrylic Acid, Ethyl Ester; Ethyl Methacrylate Monomer; Ethyl, 2-methyl-2-Propenoate
	97-63-2
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	Colorless, fruity, liquid

	Iso-Butyl Methacrylate
	i-BMA; Methacrylic Acid, I-Butyl Ester; Iso-Butyl Methacrylate Monomer; Iso-Butyl, 2-methyl-2-Propenoate
	97-86-9
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	Colorless, sweet, liquid

	n-Butyl Methacrylate
	n-BMA; Methacrylic Acid, n-Butyl Ester; n-Butyl Methacrylate Monomer; n-Butyl, 2-methyl-2-Propenoate
	97-88-1
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	Colorless, sweet, liquid

	2-Ethylhexyl Methacrylate
	2-EHMA; Methacrylic Acid, 2-Ethylhexyl Ester; 2-Ethylhexyl Methacrylate Monomer; 2-Ethylhexyl-2-methyl-2-Propenoate
	688-84-6
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	Colorless, sweet, liquid


1.1 Purity/Impurities/Additives

Typical impurities include Methyl Acrylic Acid (MAA) (CAS 79-41-4) or MMA (CAS 80-62-6) (depending whether the direct esterification or trans-esterification route is used), the unreacted alcohol and water. In the case of EMA produced by the trans-esterification route, methyl- and ethyl acetate are present as minor impurities rather than ethanol.

1.2 Physico-Chemical properties

Table 1
Summary of physico-chemical properties

	Chemical
	Melting point (ºC)
	Boiling point (ºC)
	Relative Density
	Vapour pressure     (hPa @ 20 C)
	(log10)

octanol-water PC (20/25ºC)
	Water solubility (gL-1 @20ºC)
	Purity*

	MMA
	-48
	100.5
	0.94
	42
	1.38
	16.0
	>99.9

	EMA
	<-75
	118.2
	0.912
	20
	1.87
	4.69
	>99.5

	i-BMA
	-35
	155
	0.883
	2.1
	2.95
	0.47
	>99.5

	n-BMA
	-50
	163
	0.896
	2.1
	2.99-3.03
	0.36 (25ºC)
	>99.5

	2-EHMA
	<-50
	227.6
	0.8847
	0.065
	4.95-5.59
	0.0016 (25ºC)
	>98.0


As a rule, boiling point and Octanol/water partition coefficient increase, and vapor pressure and water solubility decrease, with increasing molecular weight/volume (i.e. alkyl ester group) within the series. Methacrylate esters up to and including 2-EHMA may be considered to exert a significant vapor pressure and are sparingly soluble in water.  Methacrylate esters with side chain groups larger than 2-EHMA are practically insoluble in water and exert little or no vapor pressure and are therefore excluded from this category. 

1.3 Category Justification

Due to trends observed in environmental toxicity, distribution and fate, mammalian ADME (absorption, distribution, metabolism and excretion), and toxicology between short chain (C2-C8) unsaturated linear and branched alkyl methacrylates, a category approach was used for these compounds.  The category is defined as methacrylate esters of straight and branched C2 to C8 alcohols. This submission presents testing of commercial products that are typically greater than 98.0% purity. 

Short-chain alkyl-methacrylate esters are very rapidly metabolized by non-specific carboxylesterases to methacrylic acid and the structurally corresponding alcohol in several tissues (ECETOC 1995, 1996b). The half-life for disappearance of the parent esters from the body is in the order of minutes (Jones, 2002). Methacrylic acid and the corresponding alcohol are subsequently cleared predominantly via the liver (by their respective pathways).

Methyl methacrylate (MMA), the C1 ester, is the largest volume methacrylate ester that has been studied extensively and reviewed in numerous regulatory processes including the OECD HPV Chemicals Program (SIAM 11).  As such MMA acts as a robust reference chemical for the category. 

DATA AVAILABILITY FOR THE SHORT-CHAIN ALKYL METHACRYLATE CATEGORY

There are adequate data for the compounds in this category to satisfy the OECD SIDS requirements under the ICCA Program as described in the attached IUCID dossiers for each compound and summarized in Table 2.  Therefore, no testing is proposed.

Table 2
Matrix of Available Data for the Short-Chain Alkyl Methacrylate Category
	
OECD SIDs Endpoint

	Results of Data Review

	Physicochemical Properties
	Adequate Data on All Four Compounds

	Biodegradation
	Adequate Data on All Four Compounds

	Bioaccumulation
	n-BMA, i-BMA, and EMA: Calculation; 2-EHMA: Adequate Test Data

	Photodegradation
	Calculation

	Hydrolysis
	Adequate Data on n-BMA, EMA and 2-EHMA

	Fugacity
	Calculation

	Acute Fish Toxicity
	Adequate Data on All Four Compounds

	Acute Daphnia Toxicity
	Adequate Data on All Four Compounds

	Algae Toxicity
	Adequate Data on All Four Compounds

	Acute Toxicity*
	Adequate Oral and Dermal Data on All Four Compounds

Adequate Inhalation Data on n-BMA, i-BMA, and EMA

	Repeated Dose Toxicity*
	Adequate OECD 422 Data on n-BMA and 2-EHMA

Adequate Inhalation Data on n-BMA and 2-EHMA

	Genotoxicity, In Vitro
	Adequate Data on All Four Compounds

	Genotoxicity, In Vivo
	Adequate Data on n-BMA and i-BMA

	Reproductive Toxicity*
	Adequate OECD 422 Oral Data on n-BMA and 2-EHMA

	Developmental Toxicity*
	Adequate OECD 422 Oral Data on n-BMA and 2-EHMA

Adequate Inhalation Data on n-BMA and EMA


* For all acute toxicity endpoints data are available for all members of the category. For the repeated toxicity endpoint on 2-EHMA, data on sub-acute oral exposure to 2-ethyl-1-hexanol has been used as supporting evidence. For the developmental endpoints for EMA and i-BMA, data on the metabolites MAA, n-butanol and i-butanol has been used in addition to the category justification and analogy to MMA. For carcinogenicity and toxic to reproduction endpoints data on MMA has been used as no data was available on any member of the category.
2 general information on exposure

The two principal commercial routes for the manufacture of Methacrylate esters are in closed industrial-systems by the catalytic trans-esterification of methyl methacrylate (MMA) with the corresponding alcohol and by direct esterification (the acetone cyanohydrin (methacrylamide sulphate) route) using the appropriate alcohol. The unsaturated alkyl-methacrylate esters, which include both straight and branched chained, are some of the most commercially important members in the series. Their identities are defined according to the alkyl chain group derived from the alcohol and molecules from C1 (methyl) to C8 (ethylhexyl) are high production volume chemicals. 

2.1 Production Volumes and Use Pattern

Estimated US production in 2003 is EMA (5 kt/y); n-BMA (50 kt/y); i-BMA (5 kt/y) and 2-EHMA (0.4 kt/y) (Skeist, 1999).  These figures represent projected volumes rather than estimates of actual volumes.  However, these are considered the best data to date.  European industry estimates similar production volumes as confirmed by data reported by the EU in 2000. The estimated production volume of 2-EHMA in Japan in 2001 was 1.7 kt/y (JCIA-MG, 2003).

Table 3
2001 Typical Uses (Skeist, 2002)

	Compound
	End Use (as copolymer)
	Percent

	EMA
	automotive coatings 

nail sculpturing

inks

dental products 

others 
	
63%


16%


11%


7%


3%

	i-BMA
	automotive coatings 

other lacquers and enamels 
	
63% (13% is after market)


37%

	n-BMA
	automotive coatings 

toners 

lubricants

architectural paints 

other lacquers and enamels

powder coatings

floor polishes
	
46% (9.5% is after market)


28%


11%


2%


   2.6%


   9.6%


1%

	2-EHMA*
	lubricants

automotive coatings 

adhesives 
	
47%


42%


11%


*1998 data from Skeist, 1999.

The SPIN (Substances in Preparations in Nordic Countries) database (2003) of the Nordic countries in Europe, in addition reports the use of polymers based on i-BMA in the manufacture of paints and other coatings, and polymers based on n-BMA/2-EHMA in binding agents for adhesives and in paints. European industry reported the use of polymers based on nBMA, i-BMA and 2-EHMA by the leather, paper, lacquer and textile industries (Röhm,1997). Japanese industry reports 2-EHMA is used to make polymers for use in the manufacture of paints, printing ink, adhesive and additive agents (JCIA-MG, 2003).
2.2 Environmental Exposure and Fate

2.2.1 Sources of Environmental Exposure

Sources of Potential Releases
These esters may be released into the environment in fugitive and stack emissions or in wastewater during its production and use in the manufacture of resins and polymers. Estimated releases into the environment from monomer and polymer production in the EU are summarized in Table 4.

Table 4
Releases from Production into the Environment in the EU in 1994 
(ECETOC, 1996b)

	Emissions
	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 (polymerization) only very limited data are available. These indicate losses of 15 g/t monomer to air and 10 g/t monomer to water (ECETOC, 1996b). More recent, limited data from emulsion polymerization processes report levels of residual nBMA (1 to 24ppm), iBMA (10 to 20ppm) and EMA (28 to 33ppm) in waste-water from the reaction vessels immediately after the polymerization reaction and prior to treatment and/or release (CEFIC, 2001). 
Other Releases to the Environment

n-BMA was detected in pottery kiln emissions at concentrations between 1.2 and 151 µg/m³ (Bradley and Morgan, 1989). Migration of unpolymerized methacrylate monomers from methacrylate polymers into the environment is anticipated to be low based upon data on low migration into food simulants (see 2.3.2, Consumer Exposure).
Natural Occurrence 

There are no known major natural sources of methacrylate esters. EMA is a minor component identified in the peel of Quince fruit, Cydonia oblonga Miller (Umano et al., 1986). i-BMA was found in fresh beli (Aegle marmelos), a tropical fruit native to India but commonly grown in Sri Lanka. Traces of i-BMA occur in the essential oil from Roman camomile (Anthemis nobilis L.) (Klimes and Lamparsky, 1984).

2.2.2 Photodegradation

Photodegradation in the atmosphere is expected to occur either by reaction with photo-chemically produced hydroxyl radicals or by reaction with ozone. Half-lives for these reactions have been estimated with EPI Suite™ ver. 3.10 as provided by US EPA (Müllerschön, 2004). The reaction half-lives for the atmospheric oxidation of the methacrylate esters by hydroxyl radicals range between 6.5 h (EMA), 5.7 h (n-/i-BMA) and 4.4 h (2-EHMA) with a slight trend of shorter half-lives with increasing molecular weight. For the reaction with ozone an atmospheric half-life of approximately one day has been calculated for all esters. The methacrylate esters do not possess UV-absorbing structures. Therefore, direct photolysis is not expected to occur to any significant degree.
2.2.3 Stability in Water

Table 5
Summary of Hydrolysis Data

	
	Half-life at
	
	

	Ester
	PH 3/4
	pH 7
	pH 9/11
	 Test Type
	Reference

	EMA
	~4800 d

(at pH 3)
	~2400 d
	0.3 d

(at pH 11)
	OECD 111
	Miller, 1989

	   n-BMA
	Stable*

(at pH 4)
	Stable*
	34 d**

(at pH 9)
	OECD 111
	CERI, 1998a

	2-EHMA
	Stable*

(at pH 4)
	Stable*
	59 d**

(at pH 9)
	OECD 111
	CERI, 1998c



* no hydrolysis at all test temperatures



** at 25 °C

Methacrylate esters are stable at neutral and acidic pH. Under alkaline conditions at pH 9 or 11 significant hydrolysis is observed with a trend to a decrease of the hydrolysis rate with increasing chain length and branching. This is partly due to increased steric hindrance and partly due to decreasing alkoxide stability during ester cleavage.  Under normal environmental conditions, abiotic degradation by hydrolysis is not expected to play an important role in the degradation of methacrylates in the environment.

2.2.4 Transport between Environmental Compartments

A Mackay level III distribution was calculated using the EPI Suite™ ver. 3.10 (US-EPA, 2000) for releases of the methacrylate esters to air and water. The Mackay III calculations result in the following theoretical partitioning into the standard compartments (Table 6):

Table 6
Partitioning According to a Mackay level III Calculation (Müllerschön, 2004)

	
	Ester 
	Air

(%)
	Water 

(%)
	Soil

(%)
	Sediment

(%)

	Release to air
	EMA
	95.9
	3.6
	0.5
	0.0

	
	i-BMA
	96.2
	2.9
	0.9
	0.0

	
	n-BMA
	97.6
	1.8
	0.6
	0.0

	
	2-EHMA
	98.6-98.8
	0.2
	0.9
	0.1-0.3

	
	Ester 
	Air

(%)
	Water 

(%)
	Soil

(%)
	Sediment

(%)

	Release to water
	EMA
	1.8
	98.0
	0.0
	0.3

	
	i-BMA
	1.8
	97.3
	0.0
	1.0

	
	n-BMA
	1.9
	97.4
	0.0
	0.7

	
	2-EHMA
	0.6-1.3
	35.1-65.7
	0.0
	33.0-64.3


In summary, most of the short-chain methacrylate esters will predominantly remain in the environmental compartment in which they are released.  While EMA, i-BMA and n-BMA do not have a significant presence in soil or sediments, EHMA has a potential to partition into sediments when released to the aquatic environment.

2.2.5 Biodegradation

A series of aerobic biodegradation tests has been performed with the short-chain alkyl methacrylate esters. All esters are difficult substances to study in those tests because of their high volatility, limited water solubility and/or high vapor pressure. 

Table 7
Summary of Biodegradation Data

	Ester
	Final Bio​degradation

(%)
	10 Day Window Criteria
	 Test Type
	Reference

	EMA
	79 (21d)
	criteria met
	OECD 301 D

Closed Bottle Test
	Thiébaud & Moncel , 1995a

	   i-BMA
	74 (28 d)
	criteria met
	OECD 301 D

Closed Bottle Test
	Thiébaud & Moncel, 1995b

	  n-BMA
	88 (28 d)
	criteria met
	OECD 301 C

Modified MITI (I) Test
	CERI, 1998a

	2-EHMA
	88 (28 d)
	criteria met
	OECD 301 C

Modified MITI (I) Test
	CERI, 1998b


The test data indicate that the esters of the category are rapidly biodegraded and completely mineralized.  Additional studies with n-BMA showed ready biodegradability but two other tests (a modified MITI and a 301D test) showed only 38 and 32.8% biodegradation at 28 days.  The lower degradation is likely due to volatilization.  Therefore, it is concluded that n-BMA is readily biodegradable. 

2.2.6 Bioaccumulation

LogKow values of 1.87 for EMA, 2.95 for i-BMA and 2.99-3.03 for n-BMA indicate a low to moderate bioaccumulation potential for those esters while a LogKow of 4.95-5.59 for 2-EHMA would indicate a high bioaccumulation potential (Table 8).  Data from a fish bioconcentration test, (similar to OECD TG 305 but of shorter duration) however, indicates a low bioconcentration factor  (BCF) of 37 for 2-EHMA (Schäfers, 2006).

Table 8
Calculated BCF values

	Ester
	Molecular weight
	Octanol-water partition coefficient (log10 and 20/25ºC)
	BCF*
	Reference (LogPow)

	EMA
	114.12
	1.87
	8
	Jones, 2002

	   i-BMA
	142.2
	2.95
	64
	Jones, 2002

	   n-BMA
	142.2
	2.99-3.03
	69-75
	CERI, 1998a; Jones, 2002

	2-EHMA
	198
	4.95-5.59
	3217-11259
	      CERI, 1998c; Jones, 2002

	2-EHMA
	198
	---
	37**
	Schäfers, 2006


* Calculated according to Veith et al. (1979) with LogBCF = 0.85 x LogKow – 0.7

** Measured BCF in a fish bioconcentration test similar to OECD guideline 305, with duration of uptake equal to 56 hours and a depuration phase of 30 hours, which is shorter than suggested in Guideline 305.
Metabolism studies with the alkyl methacrylate ester series (Jones, 2002; see mammalian toxicology; metabolism) have demonstrated rapid metabolism for all members of the category indicating elimination by ubiquitous metabolic pathways (carboxyl esterases, tricarboxylic acid cycle, CoA aliphatic alcohol pathway).  Further, the citric acid and fatty acid cycles are biotransformation pathways present in many species.  Finally, as noted above, the measured BCF for 2-EHMA (the most lipophilic category member) is low, which suggests a low potential for bioaccumulation.
2.2.7 Other Information on Environmental Fate

No information.

2.3 Human Exposure

2.3.1 Occupational Exposure

Occupational exposure to short chain alkyl methacrylates is most likely to occur through inhalation and dermal contact during the production, transportation, or use of these compounds.   

Table 9
Occupational Exposure Levels of n-BMA and i-BMA 

During Monomer Production and Subsequent Polymerization (ECETOC 1996)

	Ester
	Activity
	Sample period
	ppm
	mg/m3 

	n-BMA
	Monomer production             Pumphouse
	TWA
	0.015 - 0.027
	0.09 - 0.16

	
	
	STEL
	0.084 - 0.637
	<0.5 - 3.77

	
	
	Excursion
	1.28
	7.6

	
	Polymerization
	TWA
	0.0067 - 0.022
	0.04 - 0.13

	
	
	STEL
	0.076 - 0.204
	0.45 - 1.21

	i-BMA
	Monomer production
	TWA
	0.0034 - 0.067
	0.02 - 0.4

	
	
	STEL
	0.024 - 0.084
	ND - 0.5

	
	Polymerization
	TWA
	0.05
	0.30

	
	
	STEL
	0.25
	1.49





ND: Not detectable.

US Methacrylate Producers collected short term and time weighted average personal monitoring data for workers exposed to short chain methacrylates during the period 1998 to 2000 (Vos, 2001). Only 11 TWA values were submitted for ethyl methacrylate covering distribution, maintenance and production operations. All exposures were below 1.3ppm (6mg/m3). No data were collected for 2-EHMA.  Japanese industry reported workplace exposure at one production site to n-BMA during daily activities including sampling (0.03-0.86ppm (0.19-5.27mg/m3)), drum filling (<0.03ppm (0.19mg/m3)), Lorry filling (<0.03ppm (<0.19mg/m3)), analysis work (<0.03 ppm (0.19mg/m3)), and maintenance activities (<0.19mg/m3 (0.03ppm)). The highest daily intake for an average worker (body weight; 70 kg, respiratory volume; 1.25 m3/hr) without respiratory protection (respiratory EHEinh) was calculated as 0.0047mg/kg/day for the sampling activity (JISHA, 2003).
Table 10
Occupational exposure data for use of EMA and i-BMA monomers

During the Application of Sculptured Nails in Nail Salons

	Ester
	Mean exposure (ppm*)
	n
	Reference 

	EMA
	13.4 + 1.5 (intermittent)

7.3 + 0.2 (continuous)
	15

32
	Froines and Garabrant, 1986

	EMA
	4.5 + 4.6
	17
	Hiipakka and Samimi, 1987

	EMA
	2.6ppm (general work area)

16.1ppm (breathing zone)**
	6

3
	Almaguer and Blade, (NIOSH), 1992

	EMA
	≤ 7 ppm
	1
	Decker and Beasley, (NIOSH), 1992

	EMA
	10.6 + 1.4 (intermittent, unventilated), 

0.8 + 2.1 (intermittent, ventilated)

9.4 + 1.4 (entire day, unventilated)

0.7 + 2.0 (entire day, ventilated)
	10

8

3

3
	Spencer et al., (NIOSH), 1994

	i-BMA
	6.2 + 1.4 (intermittent)

1.6 + 0.3 (continuous)
	5

5
	Froines and Garabrant, 1986


* Intermittent infers short term exposures (ref STEL); Continuous infers time weighted average or shift exposures (ref TWA, ca. 8hr)

** 7 and 14 minute “grab” samples

2.3.2 Consumer Exposure

Polymers
The majority of methacrylate esters produced goes into the industrial manufacture of copolymers (see section 2.1) for subsequent use in industrial and, to a smaller extent, consumer, polymer-based, products. End-use consumer products contain low levels of methacrylic acid esters as a result of polymerization (MMA levels in Cast sheets in range 0.5 - 1.1%, in extruded polymers 0.1 - 0.3% and aqueous dispersions 0.005 - 0.05% (MMA SIAR); n/iBMA levels in solid polymers and polymer dispersions are always <1%, for solid polymers in the range 0.1-0.5% and for polymer dispersions< 0.01-0.1% (ECETOC 1996b)), Migration of unpolymerized MMA from PMMA based articles (containing 0.03-1% residual MMA) into water and acetic acid was not detected (detection limit 0.05 ppm) and into 20% ethanol (solvent extraction) was 1 ppm after 1 day and 10 ppm after 90 days (Inoue et al., 1981) indicate that consumer MMA exposure by skin contact with PMMA or oral intake from use of PMMA articles can be regarded as being negligible (MMA SIAR).  There is no available published data for migration of other methacrylate esters, however, by analogy to MMA, and by consideration of physical-chemical properties lower migration could be inferred. 
Exposure to BMA (isomer not specified) during use of methacrylate polymer based toners in facsimile machines has been reported as 0.045ppm (0.21mg/m3) (Fannick (NIOSH), 1981) and between 0.02 and 0.1ppm (0.14 and 0.6 mg/m3) (Raymond, 1996).

Monomers
Trained manicurists use small quantities of EMA in the application of artificial acrylic fingernails. Artificial fingernail and nail-repair kits are also sold to the general public.  In this application there is potential for inhalation exposure (see representative data given in Table 10) and for direct contact between liquid monomer and the nail, and sometimes the skin.

Small quantities of methacrylate esters are also used in the manufacture and repair of dental prosthetics by trained technicians. Polymeric dental products (dentures and denture prosthetic devices) will contain low levels (typically below 1%; ISO Standard 1567 specifies less than 2.2% for dentures) of total methacrylate monomers; hence consumer exposure to low levels of migrant monomers, via the oral mucosa, may occur.

3 human health hazards

The exposure routes of concern for human health are considered to be dermal and inhalation. Data presented in the SIAR are considered the key studies to describe the hazard of these compounds. All other data may be found in each individual chemical’s respective dossier.

3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

Methyl Methacrylate and other short chain alkyl-methacrylate esters are initially hydrolyzed by non-specific carboxylesterases to methacrylic acid and the structurally corresponding alcohol in several tissues (ECETOC 1995, 1996b). 
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Figure 1:  Carboxylesterase mediated hydrolysis of a methacrylate ester to MAA and the structurally corresponding alcohol

Methacrylic acid and the corresponding alcohol are subsequently cleared predominantly via the liver (valine pathway and the TCA (TriCarboxylic Acid) cycle, respectively). The carboxylesterases are a group of non-specific enzymes that are widely distributed throughout the body and are known to show high activity within many tissues and organs, including the liver, blood, GI tract, nasal epithelium and skin (Satoh & Hosokawa, 1998; Junge & Krish, 1975; Bogdanffy et al., 1987; Frederick et al., 1994). Those organs and tissues that play an important role and/or contribute substantially to the primary metabolism of the short-chain, volatile, alkyl-methacrylate esters are the tissues at the primary point of exposure, namely the nasal epithelia and the skin, and systemically, the liver and blood.

Methacrylate esters can conjugate with glutathione (GSH) in vitro, although they show a low reactivity, since the addition of a nucleophile at the double bond is hindered by the alpha-methyl side-group (McCarthy & Witz, 1991, McCarthy et al., 1994, Tanii and Hashimoto, 1982). Hence, ester hydrolysis is considered to be the major metabolic pathway for alkyl-methacrylate esters, with GSH conjugation only playing a minor role in their metabolism, and then possibly only when very high tissue concentrations are achieved.

Recent studies have confirmed that alkyl-methacrylate esters are rapidly hydrolysed by ubiquitous carboxylesterases (Table 11, adapted from Jones; 2002). First pass (local) hydrolysis of the parent ester has been shown to be significant for all routes of exposure. For example, no parent ester can be measured systemically following skin exposure to EMA and larger esters, as the lower rate of absorption for these esters is within the metabolic capacity of the skin (Jones, 2002). Parent ester will also be effectively hydrolysed within the G.I. tract and within the tissues of the upper respiratory tract (particularly the olfactory tissue). Systemically absorbed parent ester will be effectively removed during the first pass through the liver (%LBF; Table 11) resulting in their relatively rapid elimination from the body (T50%; Table 11).

Table 11
Rate Constants for ester hydrolysis by rat-liver microsomes and predicted systemic fate kinetics for a following IV administration

	Ester
	Rat liver microsomes 
(100 (g ml-1)

Vmax                Km     (nM min-1 mg-1)       ((M)
	CL

(%LBF)
	T50% (min)
	Cmax (MAA)

(mg L-1)
	Tmax (MAA)

(min)

	MAA
	-
	-
	51.6%
	-
	-
	-

	MMA
	445.8
	164.3
	98.8%
	4.4
	14.7
	1.7

	EMA
	699.2
	106.2
	99.5%
	4.5
	12.0
	1.8

	i-BMA
	832.9
	127.4
	99.5%
	11.6
	7.4
	1.6

	n-BMA
	875.7
	77.3
	99.7%
	7.8
	7.9
	1.8

	HMA
	376.4
	34.4
	99.7%
	18.5
	5.9
	1.2

	2EHMA
	393.0
	17.7
	99.9%
	23.8
	5.0
	1.2

	OMA
	224.8
	11.0
	99.9%
	27.2
	5.0
	1.2


HMA – hexyl methacrylate; OMA – octyl methcrylate. Fate kinetics determined using the “well-stirred” model; CL%LBF – Clearance as percentage removed from liver blood flow i.e. first pass clearance; T50% - time taken for 50% of parent ester to have been eliminated from the body; Cmax – maximum concentration of MAA in circulating blood; Tmax – time in minutes to peak MAA concentration in blood.

Source:  Jones, 2002

Conclusion

Methacrylate esters are readily absorbed by all routes and rapidly hydrolyzed by carboxylesterases to methacrylic acid (MAA) and the respective alcohol. Clearance of the parent ester from the body is in the order of minutes.

3.1.2 Acute Toxicity

Studies in Animals

Tables on acute toxicity summarize those studies considered critical to the assessment and not necessarily all the available data.

Inhalation

Table 12
Summary of Acute Inhalation Toxicity Data

	Ester
	Method
	Species/duration
	LC50
	Reference 

	EMA
	OECD 403
	Rats/4hrs
	11605 ppm (55 mg/l)
	Kelly, 1993

	i-BMA
	Pre-guideline
	Mice/290 min
	5026 ppm (29.74 mg/l)
	Lawrence et al., 1974

	n-BMA
	OECD 403
	Rats/4hrs
	ALC 4901 ppm (29 mg/l)*
	Kelly, 1993

	2-EHMA
	-
	-
	-
	No valid data


*ALC: Approximate Lethal Concentration (LC50 could not be determined).

Recent inhalation studies, in rats, using specialist histopathology techniques to study the nasal tissues have shown that EMA produces lesions in the olfactory region of the nasal cavity following exposure at 200ppm for 6 hrs, but that alkyl-methacrylate esters larger than EMA do not elicit a toxic response at this dose level, mainly because their physicochemical characteristics prevent significant local uptake of the vapors (Jones, 2002).

Dermal

Table 13
Summary of Acute Dermal Toxicity Data

	Ester
	Method
	Species
	LD50
	Reference 

	n-BMA
	OECD 402
	Rabbits
	>2,000 mg/kg
	Sarver, 1993b


Oral

Table 14
Summary of Acute Oral Toxicity Data

	Ester
	Method
	Species
	LD50
	Reference 

	EMA
	Pre-guideline
	Rats
	13,424 mg/kg
	Deichmann, 1941

	  i-BMA
	US FDA
	Rats
	9,590 mg/kg
	Sterner and Stiglic, 1977d

	  n-BMA
	OECD 401
	Rats
	>2000 mg/kg
	Sarver, 1993a

	2-EHMA
	OECD 401
	Rats
	>2000 mg/kg
	Furuhashi et al., 1998a


Conclusion

By oral and dermal routes in rats and rabbits, respectively, the median lethal dose values (LD50) are greater than 2000 mg/kg. By inhalation the median lethal concentration for EMA and n-BMA is in excess of 29 mg/l (6118-4901 ppm). For i-BMA the LC0 is greater than 2 mg/l (338 ppm) and a screening study in mice indicates the LC50 is approximately 30 mg/l (5076 ppm). 

3.1.3 Irritation

Skin Irritation

Studies in Animals

Table 15
Summary of Skin Irritation Data

	Ester
	Method
	Species/duration
	Result
	Reference 

	EMA
	FDA, Draize

EPA, FHSA
	Rabbits/2hrs

Rabbits/24hrs
	Slight

Moderate
	Sterner and Stiglic, 1977a

Poole, 1980a

	i-BMA
	FDA, Draize

EPA, FHSA
	Rabbits/2hrs

Rabbits/24hrs
	Slight

Moderate
	Sterner and Stiglic, 1977b

Poole, 1980b

	n-BMA
	OECD 404

EPA, FHSA
	Rabbits/4hrs

Rabbits/24hrs
	Slight

Moderate
	Sarver, 1993

Poole, 1980c

	2-EHMA
	FDA, Draize
	Rabbits/24hrs
	Moderate
	Sterner and Stiglic, 1977c


Eye Irritation

Studies in Animals

Table 16
Summary of Eye Irritation Data

	Ester
	Method
	Species
	Result
	Reference

	EMA
	EPA FHSA
	Rabbits
	Slight
	Poole, 1980a

	i-BMA
	EPA FHSA
	Rabbits
	Slight
	Poole, 1980b

	n-BMA
	EPA, FHSA
	Rabbits
	Slight
	Poole, 1980c

	2-EHMA
	FDA, Draize
	Rabbits
	Non-irritating
	Sterner and Chibanguza, 1978


Respiratory Tract Irritation

Studies in Animals

Recent acute (6hr) inhalation studies have demonstrated that EMA, but not BMA and larger esters, produces lesions in the olfactory region of the nasal cavity at 200ppm (948 mg/m3) (Jones, 2002).
Conclusion

The available skin irritancy data in animals is somewhat variable for most members of the category possibly reflecting differences between the protocols used and difficulties in maintaining skin contact with the volatile test chemicals. Based upon the primary references, the members of the category can be considered slightly irritating to the skin of rabbits when applied under semi-occlusive conditions for short durations, with moderate irritation developing with prolonged contact.

Eye irritancy data in animals is also equally variable. There is a suggestion of a trend of decreasing irritancy across the category from EMA to EHMA although the data is too limited to provide any confidence. EMA produced slight to moderate irritation, i- and n-BMA and 2-EHMA produced, at worst, slight irritation.

3.1.4 Sensitisation

Studies in Animals - Skin

Table 17
Summary of Skin Sensitization Data

	Ester
	Method
	Species
	Result
	Reference 

	EMA
	OECD 406 GPMT

OECD 406 GPMT

OECD 406 FCAT
	Guinea pig
	Negative (0/12)

Negative (1/10)

Positive (2/6)
	Poole, 1980d

Van der Walle et al, 1982

	   i-BMA
	OECD 406 M&K
	Guinea pig
	Negative (0/12)
	Poole, 1980f

	   n-BMA
	OECD 406 GPMT

OECD 406 GPMT

 OECD 406 FCAT
	Guinea pig
	Negative (0/12)

Negative (2/10)

Negative (0/8)
	Poole, 1980e

Van der Walle et al, 1982

	2-EHMA
	OECD 406 M&K
	Guinea pig
	Negative (0/20)

Positive (3/10)
	Allen, 1999

Poole, 1981b


GPMT: Guinea Pig Maximization Test; FCAT: Freund’s Complete Adjuvant Test

Cross-reactivity with other methacrylate esters has been reported in animals (Chung & Giles, 1977; Van der Walle and Bensink, 1982).

Studies in Humans

Skin

Maibach et al., reported that in 542 dermatitis patients given covered patch tests with 1% EMA or 1% nBMA in petrolatum, one individual responded to EMA and another to both EMA and nBMA (Maibach et al. 1978).  No reactions were seen in 22 contact dermatitis patients given 24-hr covered patch tests with esters within the category at a concentration of 1% in petrolatum (Kanerva et al. 1988). The contact dermatitis of many of the tested individuals was attributed to (meth)acrylate exposure (Jordan, 1975; Kanerva et al. 1988). Schnuch reported the prevalence of positive clinical challenge responses in dental clinicians that had been referred with dermatitis and suspected of having allergy to (meth)acrylates as 1.2% (51/4221) for MMA, 0.7% (16/2323) for EMA and 0.3% (1/347) for BMA (IVDK (Information Network of Dental Clinics) database; Schnuch, 1997). This author also reported the prevalence in a similar, pre-selected clinical cohort as 0.8% (9/1161) for MMA and 0.3% (2/625) for EMA (Schnuch, 1997). The prevalence of positive clinical challenge tests in patients referred with dermatitis with previous contact with (meth)acrylates was reported as 4.8% (17/352) for MMA, 4.4% (11/246) for EMA and 0.6% (2/331) for BMA (Tucker and Beck, 1999). Marks et al., reported a case of cross-reactivity between methacrylate esters when a patient reportedly sensitized to EMA reacted upon challenge with n-BMA (Marks et al., 1979). Cross-reactivity with common acrylates (i.e. between methacrylates and acrylates) has not been observed (ECETOC, 1996b) and Methacrylic acid, the common hydrolysis product for these methacrylate esters, is not a contact allergen (ECETOC, 1996a).
Respiratory Tract

No cases of respiratory allergy due to the members of this category have been reported in the literature.

Conclusion

All four esters appear to give equivocal results in adjuvant studies in guinea pigs and, on balance, they may be regarded as weak contact sensitizers. EMA and BMA have been reported to cross react with other methacrylate esters, but not with acrylate esters. 

Methacrylate esters are generally regarded by dermatologists as skin sensitizing and consequently EMA and n-BMA are often included in dermatological patch tests when exposure to (meth)acrylates is suspected. Despite this, very few cases of confirmed contact allergy to EMA or BMA esters have been reported in the literature appearing to confirm that the contact sensitizing potential of these esters is low. As in animals, methacrylate esters can cross-react with other methacrylates but not with acrylates in humans. There is no evidence that exposure to these esters has been associated with respiratory allergy.

3.1.5 Repeated Dose Toxicity

OECD Guideline 422 Combined Repeat Dose and Reproductive/Developmental studies by oral gavage have been conducted with both n-BMA and EHMA. An OECD Guideline 412 Repeated Dose 28-day inhalation study in rats has been conducted with n-BMA and a limited 3-week inhalation study in rats with EHMA. No repeated dosing studies have been performed on EMA or i-BMA.

Studies in Animals

Inhalation

In an OECD Guideline 412 Repeated Dose 28-day inhalation study, 10 male and 10 female rats were exposed by whole body to 0, 310, 952 and 1891 ppm (0,1832, 5626, 11175 mg/m3) n-BMA for 6 hr/day, 5 days/week for 4 weeks. Treatment-related effects included lacrimation, eye squinting, and labored breathing in the 952 and 1891 ppm (5626 and 11175 mg/m3) concentration groups throughout the study. There were no treatment-related effects on body weight or feed consumption, and no deaths occurred.  Hematological measurements and clinical chemistry values generally were unaffected by treatment. Despite increased relative kidney weights at the high concentration (1891 ppm/11175 mg/m3) in both sexes, and slight increases in serum BUN values (resulting in increased BUN:creatinine ratio), histopathology of the kidneys was normal. The only treatment-related histopathological finding was localized bilateral degeneration of olfactory epithelium lining the dorsal meatus of the nasal cavity at 952 and 1891 ppm (5626 and 11175 mg/m3) in both sexes. The Lowest Observed Adverse Effect Level (LOAEL) for n-BMA was 952 ppm (5626 mg/m3) and the No Observed Adverse Effect Level (NOAEL) was 310 ppm (1832 mg/m3) (Hagan et al.,1993).

No overt (clinical) signs of toxicity were observed in a screening study in which groups of eight rats (4 males and 4 females) exposed to EHMA vapour at concentrations of 60 and 25 ppm (486 and 203 mg/m3) for 6 hr/day, five days per week, over 3 weeks. Gross examination of the major organs revealed no adverse effects, but microscopic examination showed some changes (increased cellularity) to the lungs of the rats exposed to the higher concentration (Gage, 1970).  Only limited details are available for this study.
There are numerous repeat and chronic studies available on the methyl ester, the reference chemical for the category. MMA has been studied in several sub-chronic and life-time inhalation studies in rats, mice, and hamsters, and in oral studies in rats and dogs (Battelle, 1980; Pinto, 1997; NTP, 1986a). These reports are outlined in the SIDS Initial Assessment Report (SIAR) on MMA (see SIAM 11, January, 2001). In summary, these studies consistently indicate that the lead effect is local degeneration of the olfactory tissue within the nasal cavity (e.g. Lomax et al., 1997; Hext et al., 2001, Andersen et al., 2002). The mechanism of toxicity has been established as hydrolysis of the parent ester by tissue carboxylesterases to release methacrylic acid (MAA). Although, occasionally, rodent studies report irritation of the trachea (at 116 ppm/ 483 mg/m3)), these findings were not confirmed by other studies. Furthermore, this is consistent with the relatively higher levels of carboxylesterases in this tissue when compared with other respiratory tissues (Mainwaring et al., 2001). In rats and mice the NOEL for this effect has been established as 25ppm (104 mg/m3) for MMA (LOEL 100ppm). Studies with MMA also indicate that there is little or no progression of the effect from acute (6 hrs; Hext et al., 2001) through to chronic (2 years; Lomax et al., 1997) exposures. 
Dermal
No data available.
Oral

In an OECD Guideline 422 study to assess repeat-dose, reproductive, and developmental toxicity potential, n-BMA was given in sesame oil by oral gavage to 10 male and 10 female rats at 0, 30, 100, 300, or 1000 mg/kg/day.  The No Observed Adverse Effect Levels (NOAELs) for repeat dose toxicity of n-BMA are 30 mg/kg/day for males and 300 mg/kg/day for females. Treatment-related decreases in body weight and food consumption were observed at 1000 mg/kg/day only.  At 1000 mg/kg/day, ketone bodies and occult blood were increased in urine, while prothrombin time and urea nitrogen were increased in blood of male rats.  Absolute and relative weights of the spleen were decreased at 100 mg/kg/day or higher and relative kidney weights were increased at 1000 mg/kg/day in males. In females, organ weight changes were found at 1000 mg/kg/day.  Histopathological examination revealed atrophy of the splenic red pulp at doses of 100 mg/kg/day or higher in males, and 1000 mg/kg/day in females. The kidneys showed no histopathological abnormalities attributable to the test substance (Ito et al., 1998).

In a similar OECD Guideline 422 study, EHMA in corn oil was administered by gavage to 10 male and 10 female rats at dose levels of 0, 30, 100, 300, or 1000 mg/kg/day. The NOAEL for EHMA was 100 mg/kg/day in male rats and 30 mg/kg/day in females. One high-dose (1000 mg/kg/day) female died during the study. Treatment-related decreases in body weight and food consumption occurred in high dose animals only. Salivation was observed after administration in both male and female animals at doses of 30 mg/kg/day or higher appeared not to be treatment related.  Male rats in the 300 and 1000 mg/kg/day groups had significantly high absolute and relative kidney weight and increased relative weights of the pituitary gland, and liver. The 300 mg/kg/day level was considered a LOAEL for males based on organ weight changes despite lacking histopathology because of corresponding changes at the high dose (1000 mg/kg/day) in serum BUN (kidney); protein, enzymes and A/G ratio (liver), and hematology (spleen and pituitary). In high dose females, there were significantly high absolute kidney weights and increased relative weights of thyroid gland, liver and brain. There was increased relative (but not absolute) kidney weights in females at both 100 and 300 mg/kg, however the effect at 100 mg/kg value was considered biologically insignificant based on the magnitude of the change compared to controls (test: 0.608±0.032* c.f control: 0.566±0.033 versus mean historical controls from 10 test in same lab: 0.62±0.06, range 0.57 - 0.73).  The LOAEL for females is considered to be 300 mg/kg/day based on organ weight changes in both liver (absolute and relative) and kidney (relative only).  Blood samples were not taken from the pregnant females, unlike males.  Gross findings included yellowish white nodules in the tail of the right epididymis in one male animal at 300 mg/kg/day and atrophied thymus in one female of the 1000 mg/kg/day dose group. Treatment-related microscopic changes were observed in the liver and spleen of high dose males and in the thymus, spleen and brain of high dose females.  These changes consisted of mild focal necrosis of the liver in two male rats, mild decreased extramedullary hematopoiesis in the spleen of three male rats and four female rats, mild atrophy of the thymus in four female rats, and a softened lesion of the medulla oblongata in two female rats at 1000 mg/kg/day (Furuhashi et al. 1998b).  

In a study using the primary metabolite, 2-ethyl-1-hexanol, groups of 5 male and 5 female Alderley Park rats and mice were gavaged with 0, 143, 351, 702, 1053, or 1750 mg/kg/day for 14 days.  Dose-related increases in relative liver weights of rats and mice were observed; the increases were statistically significant in rats at 700 and 1050 mg/kg/day, in male mice at 700, 1050, and 1750 mg/kg/day, and in female mice at 1750 mg/kg/day. 2-Ethyl-1-hexanol administrations resulted in a nearly linear dose-related induction of peroxisomal B-oxidation (measured as palmitoyl CoA oxidation activities) in both rats and mice (Keith et al., 1992).  

Conclusion

Repeated oral exposure of male rats to n-BMA resulted in reduced splenic weights and atrophy of the splenic red pulp at 100 mg/kg/day. Although changes in clinical chemistry indicative of effects on the kidneys were observed in males and females dosed at 1000 mg/kg/day no histopathological changes were apparent. The NOEL was 30 mg/kg/day in males and 300 mg/kg/day in females. 

Repeated oral exposure of rats to EHMA at 1000 mg/kg/day resulted in treatment-related microscopic changes in the liver, spleen, thymus, and brain. The NOAEL for was 100 mg/kg/day in male rats and 30mg/kg/day in females. Interestingly, comparable effects on liver and kidneys were also observed in repeat dose gavage studies using 2-ethyl hexanol in mice and rats 330 mg/kg/day and greater suggesting that this effect could be due to the alcohol formed by hydrolysis of the parent ester.

Sub-acute/chronic inhalation exposure of rats and mice to n-BMA or MMA, showed the primary target tissue was the olfactory epithelium of the nasal turbinates, with olfactory epithelial degeneration/necrosis with n-BMA concentrations of greater than 310 ppm (1832 mg/m3). This lesion is also observed in acute inhalation studies with EMA and from acute through to chronic inhalation studies with MMA indicating that this end-point is characteristic of all volatile methacrylate esters within the category.

Although no repeat dose dermal studies are available methacrylate esters are generally weakly irritating to the skin and although they tend to be rapidly absorbed and are of low systemic toxicity by acute dermal exposure and upon repeat exposure by other routes. Hence, they are unlikely to represent any greater hazard than that posed by other routes.

3.1.6 Mutagenicity

The alkyl-methacrylate esters have been tested in a series of bacterial and mammalian tests in vitro and in vivo. Tables 18 (gene mutations) and 19-21 (chromosome mutations) summarize the results of these tests. Tables summarize those studies considered critical to the assessment and not necessarily all the available data.

Studies in Animals

In vitro Studies

Gene Mutation Tests

All esters have been tested over a relevant dose range in the Salmonella reverse mutation test (Ames test) with and without metabolic activation by S9-mix. (Zeiger et al. 1987, Nakajima et al., 1998a, Miyagawa et al., 1998) (See Table 18). In no study was there an indication of a mutagenic effect. 

EMA was weakly positive at concentrations of >1000 (g/mL in a mouse lymphoma gene mutation assay in vitro in a study consistent with OECD Guideline 476 (Moore et al., 1989).  Primarily small-colony mutants were observed, which indicates that chromosome aberrations (deletions) rather than gene mutations were the reason for the mutant colonies (Table 18).

Chromosome mutations

The methacrylate esters were negative in chromosome aberration assays in vitro (see Table 19: NTP, 1986b; Nakajima et al, 1998b; Ohta et al. 1998) There was a borderline positive result with EMA in an in vitro test with a mouse lymphoma cell line that was consistent with OECD Guideline 476 (Moore et al., 1988) however, this cell line is of limited usefulness for this end point, the effects were not clearly concentration-related and occurred only at concentrations with overt cytotoxicity, well below 50 % survival.

Aneugenic effects

Neither the two chromosome aberration tests in vitro (Nakajima et al., 1998; Ohta et al., 1998) indicated that these methacrylate esters have aneugenic potential (See Table 19).

Table 18
Summary of Gene Mutation Data

	Ester
	Type of test
	Test system
	Doses
	Metabolic activation
	Result
	Reference

	Bacterial gene mutation tests

	   EMA
	OECD 471, Salmonella reverse mutation test, pre-incubat​ion method
	S. typh. (strains TA98, TA100, TA1535, TA1537)
	33 – 10,000 µg/plate
	Aroclor-induced rat and hamster S9-mix
	negative
	Zeiger et al., 1987

	  i-BMA
	OECD 471, Salmonella reverse mutation test, pre-incubat​ion method
	S. typh. (strains TA98, TA100, TA1535, TA1537)
	100 – 10,000 µg/plate
	Aroclor-induced rat and hamster S9-mix
	negative
	Zeiger et al., 1987

	  n-BMA
	Similar to OECD 471, Salmonella reverse mutation test, pre-incubat​ion method
	S. typh. (strains TA98, TA100, TA1535, TA1537)
	100 – 10,000 µg/plate
	Aroclor-induced rat and hamster S9-mix
	negative
	Zeiger et al., 1987

	
	OECD 471/472  Salmonella reverse mutation test, pre-incubat​ion method
	S. typh. (strains TA100, TA1535, TA98, TA1537)

E. coli WP2 uvr A
	9.8 – 625 µg/plate
	PB/5,6-BFa-induced rat S9-mix
	negative
	Nakajima et al., 1998a

	2-EHMA
	OECD 471/472  Salmonella reverse mutation test, pre-incubat​ion method
	S. typh. (strains TA100, TA1535, TA98, TA1537)

E. coli WP2 uvr A
	0.6 – 5000 µg/plate
	PB/5,6-BFa-induced rat S9-mix
	negative
	Miyagawa et al., 1998

	Mammalian in vitro gene mutation tests

	  EMA
	Mouse Lymphoma Assay 
	Mouse lymphoma cell line L5178Y heterozygous TK+/- 
	700 – 2298 µg/ml
	none
	Weakly positive at cytotoxic concsb
	Moore et al. 1988


aPhenobarbital and 5,6-benzoflavone

bBased on other findings of that study, the authors conclude that this effect is due to clastogenic effects rather than gene mutations.

Table 19
Summary of Chromosome Mutation Data

	Ester
	Type of test
	Test system
	Dose
	Metabolic activation
	Result
	Reference

	Mammalian in vitro chromosome mutation tests

	  EMA
	In vitro chromo-some aberration assay 
	Chinese hamster ovary (CHO) cell line
	1000-3000 µg/ml

(4.4-26 mM)
	Aroclor-induced rat S9-mix
	negative
	NTP, 1986b

	 n-BMA
	OECD 473, In vitro chromo-some aberration assay 
	Chinese hamster lung (CHL) cell line
	178 - 1420 µg/ml
	PB/5,6-BFa-induced rat S9-mix
	negative
	Nakajima et al., 1998b

	2-EHMA
	OECD 473, In vitro chromo-some aberration assay 
	Chinese hamster lung (CHL) cell line
	10 – 80 µg/ml;

with S9: 625-5000 µg/ml
	PB/5,6-BFa-induced rat S9-mix
	negative
	Ohta et al., 1998


aPhenobarbital and 5,6-benzoflavone

In vivo Studies

Neither of the two-micronucleus tests in vivo (Völkner 1989, Ciliutti, 1999) indicated that these methacrylate esters have neither aneugenic nor clastogenic potential (See Table 20).

Table 20
Summary of Chromosome Mutation Data (in vivo)

	Ester
	Type of test
	Test system
	Dose
	Metabolic activation
	Result
	Reference

	Mammalian in vivo chromosome mutation tests

	  i-BMA
	OECD 474, Mouse bone marrow micro​nucleus test
	Mouse bone marrow cells
	5000 mg/kgbw
	implicit
	negative
	Völkner, 1989

	  n-BMA
	OECD 474, Mouse bone marrow micro​nucleus test
	Mouse bone marrow cells
	500 – 2000 mg/kgbw
	implicit
	negative
	Ciliutti, 1999


In addition, a dominant lethal assay is available for MMA (Anderson and Hodge, 1976). In this study groups of 20 male CD-1 mice were exposed via inhalation to MMA at 100, 1000, or 9000 ppm (416, 4160 and 37440 mg/m3) for 6 h/day for 5 days. Each male was subsequently mated with 2 different unexposed female mice weekly over a period of 8 weeks. MMA did not induce dominant lethal mutations as indicated by no adverse effect on total implants and early or late post-implantation death in the offspring of treated males compared to controls. 

Conclusion

The results of the available, fully valid test data indicate, covering all relevant endpoints, that the members of the category are not mutagenic or genotoxic.

3.1.7 Carcinogenicity

No data available.

Conclusion

No carcinogenicity studies have been conducted on EMA, n-BMA, i-BMA or EHMA. However, none of the esters are genotoxic in in-vitro​ or in-vivo assays. No epidemiological (cancer mortality) studies have been reported in the literature on any members of the category. Several cancer mortality studies have been reported on the reference chemical, MMA, and these, together with the negative genotoxicity and cancer bioassays in rodents, indicate a low concern for cancer in humans.
3.1.8 Toxicity for Reproduction

Studies in Animals

Effects on Fertility/Reproductive Organs

OECD Guideline 422 studies for rat reproductive performance and toxicity have been conducted for n-BMA and EHMA (see Section 4.5, Repeated Dose Toxicity).  Histopathological examination of male or female reproductive organs was also made in a 28-day inhalation toxicity study in rats with n-BMA. Reproductive toxicity studies have not been conducted with i-BMA or EMA. Although no Guideline generation or fertility studies are available for any member of the category, some limited information can be obtained from the dominant lethal study and two-year inhalation studies with MMA.

Oral

In an OECD Guideline 422 study, n-BMA in sesame oil was given by oral gavage to 10 male and 10 female rats at doses of 0, 30, 100, 300, or 1000 mg/kg/day.  Male rats were dosed for 44 days and female rats were dosed from 14 days prior to mating through Day 3 of lactation. Treatment-related decreases in body weight and food consumption were observed in high dose (1000 mg/kg/day) animals only. Relative to reproductive performance, there were no treatment-related effects on any endpoint of mating or fertility at any dose level.  There were no treatment-related effects on gestation index, gestation length or number of pups per litter. There were no treatment-related deaths during delivery, nor treatment-related effects on offspring viability or the ratio of male to female pups.  There were no adverse effects on the reproductive organs at any dose of male (testes, epididymides, prostate, seminal vesicles) and female (ovaries, uterus, cervix, vagina) rats shown by gross and histopathological examination. Observed decreases in numbers of corpora lutea and implantations in parental females in the high dose group were the only effects ascribed to treatment. Thus, based on effects observed in parental females in the 1000 mg/kg/day dose group, the NOAEL for reproductive toxicity is considered to be 1000 mg/kg/day for parental males and 300 mg/kg/day for parental females (Ito et al, 1998).

In an OECD Guideline 422 study, EHMA in corn oil was administered by oral gavage to 10 male and 10 female rats at 0, 30, 100, 300, or 1000 mg/kg/day.  Male rats were dosed for 49 days and female rats were dosed from 14 days prior to mating through Day 3 of lactation. Only one high-dose female rat died during the study. Treatment-related decreases in body weight and food consumption were observed in high dose animals only. Relative to reproductive parameters, treatment-related effects observed primarily at 1000 mg/kg/day included: significantly low number of estrus cycles, prolonged gestation period, decreased number of corpora lutea and implantation sites, and decreased parturition index [77.8%].  Maldevelopment of the mammary gland was observed in one animal, and three dams’ neonates all died during the lactation period in the 1000 mg/kg/day dose group. There was a significantly low number of total offspring in the high dose group compared to controls. In the 300 mg/kg/day dose group, there was a significantly low number of neonates on Day 0 of lactation compared with the control group.  At 1000 mg/kg/day, there were significantly low body weights of male and female neonates on Day 0 of lactation compared to controls.  However, no gross abnormalities were observed in neonates at any dose level. Based on effects observed in parental females in the 1000 mg/kg/day dose group (i.e. decreases in the number of corpora lutea and the number of implantation sites), the NOAEL for reproductive toxicity is considered to be 300 mg/kg/day EHMA; and 100 mg/kg/day for development of offspring since a low value of the number of neonates on Day 0 of lactation was observed after administration at a dose of 300 mg/kg (Furuhashi et al., 1998b).

Inhalation

In an OECD Guideline 412 repeated dose 28-day inhalation toxicity study no adverse histopathologic effects were observed in 5 male or 5 female reproductive organs of rats exposed to up to 1891 ppm (11176 mg/m3) n-BMA (Hagan et al., 1993). 

While no Guideline generation or fertility studies are available for any member of the category, some limited information can be obtained from the dominant lethal study and two year inhalation studies with MMA.  

In the dominant lethal assay, groups of 20 male CD-1 mice were exposed via inhalation to MMA at 100, 1000, or 9000 ppm (416, 4160 and 37440 mg/m3) for 6 h/day for 5 days. Each male was mated with 2 different unexposed female mice weekly over a period of 8 weeks. MMA had no adverse effect on male survival or male fertility as determined by total implants and early or late post-implantation death in the offspring of treated males compared to controls (Anderson and Hodge, 1976). However, the exposure period of 5 days is too short, in view of the length of the spermatogenesis cycle in mice (35 days).

In 2-year inhalation studies in rats and mice with up to 5000 ppm (20800 mg/m3) MMA no effects on reproductive organs were observed (NTP, 1986a; Reno et al., 1979).

Developmental Toxicity

Developmental studies have been conducted in rats with n-BMA and EMA by inhalation exposure. OECD Guideline 422 Combined Repeat Dose and Reproductive/Developmental toxicity screening studies in rats using the oral route have been conducted with n-BMA and EHMA. As no developmental toxicity studies have been reported for i-BMA, data on the methyl analogue (MMA) and the primary metabolites (MAA and butanols) are included. 

Oral

In an OECD Guideline 422 study to assess repeated-dose toxicity, reproductive toxicity, and developmental toxicity potential, n-BMA in sesame oil was given by oral gavage to groups of 10 male and 10 female rats at doses of 0, 30, 100, 300, or 1000 mg/kg/day. Male rats were dosed for 44 days and female rats were dosed from 14 days prior to mating through Day 3 of lactation. Treatment-related decreases in body weight and food consumption were observed in high dose (1000 mg/kg/day) animals only. Relative to developmental toxicity, there were no treatment-related effects on fetal body weight and no gross abnormalities observed at any dose level. The only treatment-related effect observed was decreases in numbers of corpora lutea and implantation sites in parental females in the high dose group. Thus, based on effects observed in parental females in the 1000 mg/kg/day dose group, the NOEL for developmental toxicity is considered to be 300 mg/kg/day (Ito et al., 1998).

In a similar OECD 422 study, EHMA was administered by gavage to 10 male and 10 female rats at dose levels of 0, 30, 100, 300, or 1000 mg/kg/day. Male rats were dosed for 44 days and female rats were dosed from 14 days prior to mating through Day 3 of lactation. Only one high-dose female rat died during the study. At 1000 mg/kg/day, maternal toxicity (decreased body weight and feed consumption) and developmental toxicity (significantly low body weights of male and female neonates on Day 0 of lactation), were observed. At 300 mg/kg/day, a decrease number of live fetuses was observed. There were no treatment-related gross abnormalities observed at any dose level. Thus, based on effects observed at doses of 300 mg/kg/day or higher, the NOEL for developmental toxicity is considered 100 mg/kg/day (Furuhashi, 1998b).

Inhalation

Groups of 19-25 pregnant female rats were given whole-body inhalation exposures to n-BMA at concentrations of 0, 100, 300, 600 or 1200 ppm (0, 591, 1773, 3546 or 7092 mg/m3) for 6 hr/day, during days 6 to 20 of gestation (GD). Maternal toxicity (decreased body weight gain) was shown at 300 to 1200 ppm (3546 to 7092 mg/m3). Feed consumption was decreased at 1200 ppm (7092 mg/m3). No dam died during the test and there were no adverse effects on the average number of implantations and live fetuses, incidence of non-live fetuses, or on resorptions. Fetal body weights of male pups were significantly reduced at 1200 ppm (7092 mg/m3), and females at 600 and 1200 ppm (3546 or 7092 mg/m3) n-BMA. There were no significant differences between control and treated groups for external, visceral, or skeletal malformations. A significant increase in the skeletal variations per litter occurred at 1200 ppm (7092 mg/m3) n-BMA, compared to controls. The authors concluded that NOAEL for developmental toxicity was 300 ppm (3546 mg/m3) n-BMA. There was no evidence of embryolethality or teratogenicity with n-BMA (Saillenfait et al., 1999).  

Similarly, EMA was studied, using a method equivalent to OECD Guideline 414, in groups of 19-25 pregnant female rats (whole-body inhalation exposure for 6 hr/day, during days 6 to 20 of gestation), at exposure concentrations of 0, 600, 1200, 1800 or 2400 ppm (0, 2844, 5688, 8532 or 11376 mg/m3). No maternal deaths were observed.  Maternal toxicity (decreased body weight gain) was shown at 1200 ppm (5688 mg/m3) and above. Feed consumption was decreased at 600 ppm (2844 mg/m3) and above. There was no significant effect of treatment on the mean number of implantations and live fetuses, or on the fetal sex ratio. Fetal body weight was significantly reduced at 1200 ppm (8532 mg/m3) (males only) and higher concentrations (both sexes). Single cases of malformations were seen in all groups (including controls) with no indication of adverse effects due to EMA exposure. There were no significant differences between the control and treated groups for external (morphological), visceral (primarily distended ureter), or skeletal variations (primarily incompletely ossified sternebrae and/or vertebrae, and/or supernumerary ribs).  EMA produced no embryo/fetal lethality or fetal malformations at exposure concentrations producing overt maternal toxicity. The NOAEL for developmental toxicity was considered to be 600 ppm (2844 mg/m3) EMA (Saillenfait et al., 1999). 

The developmental toxicity of MMA was studied in rats after whole-body inhalation exposure for 6 hr/day, during days 6-15 of gestation (GD) at 0 (control), 99, 304, 1178, and 2028 ppm (0, 412, 1265, 4900 and 8436 mg/m3). No treatment-related deaths were noted at any concentrations tested. Only scant feces were noted at 2028 ppm (8436 mg/m3) . MMA was maternally toxic at all exposure levels (decreased maternal body weight gain and feed consumption). No developmental toxicity was evident and no increase in malformations or variations noted at any exposure level up to and including 2028 ppm MMA, despite overt maternal toxicity (Solomon et al., 1993). 

Methacrylic acid (MAA), the common metabolite for all the esters, also was tested in groups of 19-25 pregnant female rats (whole-body inhalation exposure for 6 hr/day, during days 6 to 20 of gestation), at 0, 50, 100, 200, and 300 ppm (0, 179, 358, 716 and 1076 mg/m3) and produced no embryo- or fetal lethality, nor fetal malformations after exposure with MAA at any concentration, despite overt maternal toxicity (decreased body weight and feed consumption) at 300 ppm (1076 mg/m3).  The NOAEL for developmental toxicity was considered 300 ppm (1076 mg/m3) MAA (Saillenfait et al.,1999).  

The metabolite, n-Butanol, was tested at concentrations from 0, 3500, 6000, and 8000 ppm (0, 10780, 18480 and 24640 mg/m3) for 7 hr/day from DG 1 to 19 in groups of approximately 15 female rats.  The other isomers, iso-butanol and tert-butanol, were tested up to 7000 or 5000 ppm, respectively.  Only the highest concentration (8000 ppm/24640 mg/m3) of n-butanol produced developmental effects (skeletal malformation, rudimentary cervical ribs). All isomers of butanol produced maternal toxicity (decreased weight gain and feed consumption) at the highest concentration given.  For n-butanol, fetal weights were reduced at 6000 and 8000 ppm (18480 and 24640 mg/m3).  The NOAEL for maternal and developmental toxicity for n-butanol was 3500 ppm (10780 mg/m3) (Nelson et al., 1989, 1990). 

Similarly, no developmental toxicity was observed in Wistar rats or Himalayan rabbits receiving inhalation doses (6 h/d) of 0.5, 2.5, or 10 mg/L (162, 812 or 3247 mg/m3) 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).

Conclusion

While data on effects on reproduction are limited, the consolidated data on n-BMA, EHMA, and MMA suggest that oral exposure to these methacrylic acid esters do not pose a significant reproductive hazard. Although no data are available for iBMA and EMA, by analogy these are also unlikely to pose a significant reproductive hazard.

High inhalation exposures to n-BMA and EMA in rats induced low fetal weight, but produced no embryolethality or teratogenicity even at concentrations producing overt maternal toxicity. With oral exposures, the OECD Guideline 422 screening study showed some evidence of developmental toxicity with BMA or EHMA, however, protocol limitations in this screen would suggest more weight be applied to definitive teratology studies. 

3.1.9 Neurotoxicity

Sprague-Dawley rats were administered EMA in two studies of different designs (Abou-Donia et al, 2000). In the first study, groups of 10 rats were given 100, 200, 400 or 800 mg/kg/day by i.p. injection for 60 days.  Control rats received daily injections of saline (1 ml/kg).  The animals were assessed for clinical observations, motor activity and Morris Water Maze performance.  Clinical observations were seen only at the 800 mg/kg dosage and included lethargy, impaired breathing, decreased weight gain and death.  Decreased motor activity was observed in animals dosed at 100-400 mg/kg/day.  A dose-dependent decrease in escape latency spanning five days of testing was observed.  

In a second study, groups of eight rats received EMA in drinking water at concentrations of 0.1, 0.2 or 0.5%.  The controls were given tap water (water consumption was not measured).  At the 0.2% concentration rats appeared to be lethargic while those at the 0.5% concentration displayed gait alterations.  Enlarged axons were reported in the dorsal ventral and lateral columns of the spinal cord in treated animals. Spongiform alterations in myelin and enlarged axons were also observed of the white matter tracts in the brainstem and forebrain. Axonal effects were also noted in EMA treated animals.  The findings were observed at all three doses in a non-dose-related fashion.

A peer-review of the nervous system tissues collected in the study above was performed by a separate group of pathologists (Garman, 2002).  All slides of rat spinal cords and peripheral nerves, as well as representative sections of brain were reviewed. Two reviewing pathologists concluded the spinal cord vacuolation was most consistent with foci of myelin artifacts.  They also observed no treatment-related lesions in the sections of peripheral nerve and brain.  

Conclusion

A dose-related response was observed with EMA in the Morris Water Maze.  Clinical observation of lethargy, impaired breathing and decreased motor activity observed at 800 mg/kg-bw/day were observed, but it is not clear whether this is related to general systemic toxicity or a specific neurotoxic effect.  A separate group of pathologists considered the reported spinal cord vacuolation to be artifact and lesions reported in the peripheral nerve and brain was not considered treatment-related. 

4 hazards to the environment

4.1 Aquatic Effects

Acute Toxicity Test Results

Fish

Table 21
Summary of Acute Fish Toxicity Data

	Ester
	Study Type
	Exposure time
	Fish Species
	LC50 (mg/l)
	Reference

	EMA
	OECD 203 

(flow-through)
	96 h
	Rainbow Trout (Oncorynchus mykiss)
	100a, b
	Sousa, 1995a

	   i-BMA
	OECD 203 

(flow-through)
	96 h
	Rainbow Trout (Oncorynchus mykiss)
	 20a, b
	Sousa, 1995b

	   n-BMA
	OECD 203 

(flow-through)
	96 h
	Fathead Minnow (Pimephales promelas)
	 11a
	Morris, 1993

	   n-BMA 
	OECD 203

 (semi-static 24 h) 
	96 h
	Medaka
 (Oryzias latipes)
	5.57a, b
	MoE, 1998a

	2-EHMA 
	OECD 203 

(semi-static 24 h)
	96 h
	Medaka
 (Oryzias latipes)
	> w.sol.

(2.78 a, b, c)
	MoE, 1998b


a : based on measured concentrations; b dispersant used; c most test concentrations, including the LC50 were above the limit of solubility. 

The acute fish toxicity of the methacrylate esters (96 h LC50) ranges from 100 mg/l for EMA to 2.78 mg/l for 2‑EHMA. The results of flow-through and semi-static tests are of comparable reliability because the exposure conditions were analytically monitored, the tests were performed in closed vessels and the test media were exchanged each day.

For n-BMA and 2-EHMA prolonged, acute 14 day fish studies are available. For n-BMA an LC50 of  1.67 mg/l was found (with dispersant, MoE 1988a), while the LC50 for 2-EHMA was 2.28 mg/l (with dispersant, at the limit of solubility, MoE 1998b).
Invertebrates

Table 22
Summary of the Acute Aquatic Invertebrate (Daphnid) Toxicity Data

	Ester
	Study Type
	Exposure time
	Invertebrate Species
	EC50 (mg/l)
	Reference

	EMA
	OECD 202 (flow-through)
	48 h
	Daphnia magna
	 >66a, c *
	Putt, 1995a

	i-BMA
	OECD 202 (flow-through)
	48 h
	Daphnia magna
	 >29a, c **
	Putt, 1995b

	n-BMA
	TSCA 797.1300 (equiv. to OECD 202; static, closed vessels)
	48 h
	Daphnia magna
	 32a
	Kent et al., 1993

	n-BMA
	OECD 202 (static, closed vessels) 
	48 h
	Daphnia magna
	25.4b, c
	MoE, 1998a

	2-EHMA
	OECD 202 (static, closed vessels) 
	48 h
	Daphnia magna
	> w.sol.

(4.6a, c, d)
	MoE, 1998b


* Only 25 % of the test organisms were immobilised at the highest achievable concentration

**only 20 % of the test organisms were immobilised at the highest achievable concentration

a based on measured concentrations; b based on analytically confirmed nominal concentrations; c dispersant used; d most test concentrations, including the EC50 were above the limit of solubility. 

The acute aquatic toxicity to invertebrates (daphnids) of the methacrylate esters (48h EC50) ranges from >66 mg/l for EMA (highest concentration which could be achieved under flow-through conditions) to 4.6mg/l for 2‑EHMA (static experiments). The two key studies for n-BMA used similar test protocols and are of comparable reliability.
Table 23

Summary of Acute Algae Toxicity Data
	Ester
	Study Type
	Exposure time
	Alga Species*
	EC50 (mg/l)

(Growth Rate)
	Reference

	EMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	>110a
	Smyth and Long, 1999

	
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	>72b
	Hoberg, 2002a

	i-BMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	44a
	Smyth and Long, 1999

	
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	16a
	Hoberg, 2002b

	n-BMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	130a
	Smyth et al., 1993

	
	OECD 201 (static, closed vessels) c
	72 h
	Pseudokirchneriella subcapitata
	31.2a
	MoE, 1998a

	2-EHMA
	OECD 201 (static, closed vessels) c
	72 h
	Pseudokirchneriella subcapitata
	3.97 d
	MoE, 1998b


* Former name: Selenastrum capricornutum; a based on measured concentrations; b based on initial measured concentrations; c dispersant used, d most test concentrations, including the EC50 were above the limit of solubility.

Algae
The EC50 72 hour acute aquatic toxicity of the methacrylate esters to algae ranges from >110 mg/l for EMA (EC50 higher than highest concentration tested) to 7.8 mg/l for 2‑EHMA (static experiments).  The toxicity increases with increasing molecular weight and lipophilicity.  For EMA, iBMA and n-BMA two key studies exist that used similar test protocols and are of comparable reliability.

Earlier studies for EMA and iBMA, where algae toxicity had been observed which was higher by two orders of magnitude, were found to be unreliable: The results were not reproduced in any of the subsequent studies and were inconsistent with the general trend across the category from a QSAR perspective.

Chronic Toxicity Test Results

Fish

There are no chronic aquatic toxicity to fish studies for any member of the category.  Chronic fish studies (early lifestage) are available for the reference chemical, MMA (Schäfers, 2004a), and the primary metabolite, methacrylic acid (Schäfers, 2002).  This limited data would suggest that fish may not be any more sensitive than Daphnia upon chronic exposure.

Invertebrates

Table 24
Summary of Chronic Invertebrate Toxicity Data

	Ester
	Study Type
	Exposure time
	Invertebrate Species
	NOEC (mg/l)
	LOEC (mg/l)
	Reference

	EMA
	OECD 202 p. 2 (flow-through)
	21 days
	D. magna
	18a
	31a
	Putt, 1995c

	n-BMA
	OECD 202 p. 2 (flow-through)
	21 days
	D. magna
	2.6a
	4.9a
	Putt, 1995d

	n-BMA
	OECD 202 p. 2

(semi-static, closed vessels) c
	21 days
	D. magna
	1.1a
	3.4a
	MoE, 1998a

	2-EHMA
	OECD 202 p. 2 (semi-static, closed vessels) c
	21 days
	D. magna
	0.29a
	0.64a
	MoE, 1998b

	2-EHMA
	OECD 211 (semi-static, closed vessels)
	21 days
	D. magna
	0.105a
	0.219a
	Schäfers, 2004b


a based on measured concentrations; b based on analytically confirmed nominal concentrations; c dispersant used, but NOEC and LOEC within the range of solubility
Chronic invertebrate test data are available for all esters of the category. As a general trend, the NOEC decreases with increasing molecular weight, ranging from 18 mg/l for EMA to 0.12 mg/l for 2-EHMA.

Chronic Algae Studies

Table 25
Summary of Chronic Algal Toxicity Data

	Ester
	Study Type
	Exposure time
	Alga Species
	NOEC (mg/l)

(Growth rate)
	LOEC (mg/l)

(Growth rate)
	Reference

	MMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	110a
	>110a
	Smyth and Long, 1999

	EMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	110a
	>110a
	Smyth and Long, 1999

	
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	10b
	27b
	Hoberg, 2002a

	  i-BMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	9.5a
	20a
	Smyth and Long, 1999

	
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	5.8a
	14a
	Hoberg, 2002b

	  n-BMA
	OECD 201 (static, closed vessels)
	72 h
	Pseudokirchneriella subcapitata
	26a
	54a
	Smyth et al., 1993

	
	OECD 201 (static, closed vessels) c
	72 h
	Pseudokirchneriella subcapitata
	24.8a
	47.0a
	 MoE, 1998a

	2-EHMA
	OECD 201 (static, closed vessels) c
	72 h
	Pseudokirchneriella subcapitata
	0.28a, d
	0.54a, d
	 MoE, 1998b


* former name: Selenastrum capricornutum; a based on measured concentrations; b based on initial  measured concentrations; c dispersant used; d reliability unclear, see comment below. 

As in the case of the EC50, a complete and consistent set of data is available for all esters. In several cases more than one key study is available, which show good reproducibility of the test data in recent tests. Similar to the other endpoints, the NOEC decreases with increasing lipophilicity and molecular weight from 110 mg/l for EMA to 14 mg/l for i-BMA. For EHMA the reliability of NOEC and LOEC is unclear, because the growth kinetics of the solvent control was different from the untreated negative control and lower test concentrations.

As in the case with the acute data, earlier studies for EMA and iBMA, where algae toxicity had been observed which was higher by two orders of magnitude, were found to be unreliable: The results were not reproduced in any of the subsequent studies and were inconsistent with the general trend across the category from a QSAR perspective.

4.2 Terrestrial Effects

Based upon distribution modeling using Mackay Level III the amount that would be distributed to soil is negligible. Therefore, the absence of data on terrestrial effects is not of concern.

4.3 Other Environmental Effects

No data available.
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