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1 PURPOSE

1.1 The purmpse of this report is, for the Environmental Risk Management
Authority New Zealand (ERMA New Zealand) reassessment of methyl
bromide, to:

review the toxicology
review the HSNO Classifications 6 and 8

1.2 The key aspects to extract from the overseas reguleeviews are:

type of study

species/strain

endpoint

remarks findings (adverse effects)
GLP/Test Guideline

reference (including date of original source)
reliability

justification

with any data gaps or endpoints with insufficient data clearly idedhtif

1.3 The scope of the context used to form this assessment is confined to the
documents listed in the Reference section of this document, the time
constraints, the professional experience of the author, and the date this
document was issued.

1.4 The assessment constitutes the whole document and the reference sources,
and should only be used as a whole.

1.5 In spite of all care taken, the reference material should be directly consulted
to check the veracity of data, opinions and other matesed and attributed
in this document.

1.6 No responsibility will be taken for misuse of this document, or use by third
parties.
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2 SUBSTANCE | DENTIFICATION

IUPAC name: Bromomethane

Chemical name (CAS):

Common name: Methyl bromide; Bromomethane; monobromomethane
CAS Registry number: 74-839

Molecular formula: C-H3-Br

Molecular weight: 94.94

Structural formula:
Br— CH,
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3 TOXICOLOGICAL HAZARD PROFILE T INTRODUCTION

Methyl bromide is a gas above 4°C at normal pressures. Human exposure to methyl
bromide is most likely to be via inhalation at the time of use, or through the diet
(primarily to breakdown products) in &ieed foodstuffs.

Metabolism studies with radiolabelled methyl bromide show that it is rapidly
metabolised and excreted. With inhalation exposure, the percentages of the administered
doses absorbed were similar in several species; they were 48% in, the@%ain the

dog, and 52 to 55% in human. With oral and intraperitoneal administration to rats, more
than 90% of the dose was absorbed. Methyl bromide was extensively biotransformed
into unidentified products and via methanol to carbon dioxide and braonde The
primary route of excretion in rats is exhalationCG(3, (30i 50%) or as parent material

(41 20%), with lesser amounts of radioactivity excreted in the uring4(%) and
faeces. In contrast, exposed humans only excreted up to 9€@s After oral
administration, biliary metabolites of methyl bromide were reabsorbed from the gut.
Tissue distribution upon inhalation exposure showed that the liver contained the highest
levels of radiolabel with appreciable amounts found in the lungs, nasalai@®iand
kidneys. Upon oral administration the liver was also the main organ for accumulation of
radiolabel with lesser amounts seen in the kidneys, testes, lung, heart, stomach and
spleen. (Cal DPR, 2002; UNEP, 2001)

Methyl bromide exhibits moderatecute toxicity by the oral and inhalation routes.
Toxicity by the inhalation route is both time and concentration dependent. In mige, LC
values ranged from 1700 ppm (6,630 my/for a 30 minute exposure to 405 ppm
(1,575 mg/m) for a 4hour exposure. Imepeated dose studies (4 weeks to 6 months
duration) NOAELs of § 33 ppm (20° 129 mg/ri) have been established in inhalation
studies using rats, mice, rabbits and dogs. Effects observed included decreased body
weight, neurobehavioural changes and haelogical and clinical chemistry effects.
(UNEP, 2001)

Neurotoxicity is a common toxic effect for methyl bromide inhalation exposure, with
neurotoxic exposure effects seen in all tested mammalian species. Both adayg (1
and 90day inhalation neurotogity studies in rats showed evidence of neurotoxic
effects characterized by decreased activity, tremors, ataxia and paralysis. Neurotoxic
effects were also seen in the chronic/carcinogenicity inhalation study in mice (ataxia,
limb paralysis, degenerativehanges in the cerebellum), the developmental inhalation
study in rabbits (lethargy, right side head tilt, ataxia), and the Developmental
Neurotoxicity Study [DNT] (decreased motor activity). In addition, a subchronic study
(where sukgroups were exposedrf5 or 7 weeks) showed dogs to be the species most
sensitive to the neurotoxic effects of methyl bromide of those that have been studied.
(US EPA, 2008)

The weightof-evidence for all genetic toxicity testing indicates that methyl bromide is
genotoxic,inducing gene mutations, chromosome mutations, DNA effects and other
genotoxic effects botim vitro andin vivo. However, longterm carcinogenicity tests
show no evidence of carcinogenicity. Methyl bromide is not considered to have
produced heritable edtts as no such effects were seen in reproductive studies in rats, or
developmental studies in rats or rabbits at methyl bromide concentrations that did not
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induce maternal toxicity. This conclusion is further supported by negative results seen
in the domnant lethal study in male rats. (UNEP, 2001)

In longterm inhalation bioassays, there were no statistically significant increases in
tumours in rats exposed to concentrations up to 90 ppm (351 rfgin29 months and

mice exposed to concentrations tp100 ppm (390 mg/M for 2 years. The primary
histological changes in both species were degeneration and hyperplasia of the nasal
olfactory epithelium. Further, no evidence of oncogenicity was seen in §eavo
dietary study in rats in which the animalere fed microencapsulated methyl bromide

in order to maintain dietary concentrations. (UNEP, 2001)

In a reproductive study by the inhalation route, no effects on reproductive performance
were seen at exposure concentrations up to 90 ppm (352miyeonate effects were
limited to reduced body weights at day 28 post partum in F2 pups at 30 and 90 ppm
(117 and 351 mg/f) (UNEP, 2001)

No developmental effects were reported in studies at exposure concentrations up to 70
ppm (273 mg/M) in both rats ad rabbits. In one rabbit study, equivocal foetal effects
were seen at a maternally toxic concentration of 80 ppm (312 ng(iNEP, 2001)

The primary effects of methyl bromide in humans are on the nervous system, lung,
nasal mucosa, kidney, eye, andns Effects on the central nervous system include
blurred vision, mental confusion, numbness, tremors, and speech defects. Topical
exposure can cause skin irritation, burns, and eye injury. Inhalation exposure to high
levels of methyl bromide causes pulnaoy oedema. Central nervous depression with
respiratory paralysis and/or circulatory failure is the immediate cause of death generally
preceded by convulsions and coma. (UNEP, 2001)

3.1 Mechanism of Action
The exact mechanism for the toxicity of mdtbyomide via the inhalation route is not
known (ATSDR, 1992; Cal DPR, 2002).

Methyl bromide is an alkylating agent and has been shown to bind irreversibly to
sulfhydryl groupsin vitro (Lewis, 1948; Price, 1985). Gehrirgg al. (1991) suggested
that thedepletion of glutathione (GSH) observed in the study by Alexeeff and Kilgore
(1985) was a result of methyl bromi@SH conjugate formation. However, conjugated
metabolites of methyl bromide have not been repariedvo. The depletion of GSH
may also bealue to the inhibition of glutathione reductase activity (Jaskatl, 1988;
Davenportet al, 1992). (Originals not sighted; ATSDR, 1992; Cal DPR, 2002)

The effect of methyl bromide on brain GSH and GSH transferase has been proposed as
the mechanisnof neurotoxicity (Davenporet al, 1992). Methyl bromidénduced
locomotor effects (tremors, ataxia, and limb paralysis) may be a result of changes in
brain GSH metabolism (Orlowski and Karkowsky, 1976). In a case study of two
workers, methyl bromide camgation with GSH by GSH transferase was hypothesized

to account for the severity of neurotoxicity observed (Gamtiedl, 1996). (Originals

not sighted; Cal DPR, 2002)
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A genetically determined polymorphism in glutathione transferase activity [the eazym
responsible for GSH conjugation] has been reported in humans (Hallier et al. 1993).
Approximately 75% of humans have erythrocytes with a form of this enzyme, which is
selective for the conjugation of methyl bromide with glutathione (fast conjugatats), b
about 25% of the population does not have this enzyme phenotype (slow conjugators).
The specific class of glutathione transferase responsible for conjugating methyl bromide
and its metabolites is thought to be glutathione transferase theta (GE)(Garnier et

al. 1996). Ethnic differences in the prevalence of the genotype have been reported
(Nelson et al. 1995). In the case of sister chromatid exchanges in blood cells erposed
vitro to methyl bromide, cells from fast conjugators appeared to becprdtéom the
production of sister chromatid exchanges, whereas cells from slow conjugators were
not. On the other hand, in a single report involving one fast conjugator and one slow
conjugator, the slow conjugator appeared to have considerably feweesmdelvere
neurological symptoms than did the fast conjugator, indicating that the proximate toxin
might have been one of the metabolites of methyl bromide conjugated with glutathione
(Garnier et al. 1996). These very limited data suggest that the aloiliuickly
conjugate methyl bromide to glutathione might have profound ramifications on whether
or not an exposed individual is likely to experience neurotoxic effects or be more
susceptible to genotoxic effects. Animals used in toxicity studies mighthimoic the
polymorphisms seen in the human population. (Originals not sighted; NCR, 2000)

Other investigators suggested that methyl broamdeced neurotoxicity was due to the
decrease of catecholamine (norepinephrine and dopamine) levels and th@imbib
tyrosine hydroxylase activity in the brain (Honretal, 1982, 1987, and 1991). The
decrease in catecholamine levels may cause reductions in presynaptic neuronal activity,
feeding, and body temperature. This effect would be consistent with theaded
locomotor activity and weight loss observed in rats. In addition, an increase in the
sensitivity of dopamine receptors after methyl bromide exposure has been suggested as
the mechanism for the neurotoxicity symptoms (hallucination, insomnia, &rsiates)
(Honmaet al, 1994). Other indications of neurotoxicity observed in the rats were
conditioned taste aversion (Miyagawa, 1982) and increased thicpmhiabd sleep

time (Honmaet al, 1985). (Originals not sighted; Cal DPR, 2002)

The toxicity observed in human and animal studies with low concentrations of methyl
bromide is likely due to methyl bromigeer seand not bromide. First, methyl bromide

is more toxic than bromide. The rat oral LD50 (3,500 mg/kg) for sodium bromide is
more than 15old higher than that (214 mg/kg) for methyl bromide (Smith and
Hambourger, 1935; Danst al, 1984). For acute exposure, the lowest level of bromide
in the blood that caused toxicity is 125 mg bromide/100 ml (Gossetlah, 1976). A
no-effect level of 4 m/kg based on electroencephalograph changes and increased
thyroid activity in human volunteers and an average daily intake (ADI) of 1 mg/kg of
sodium bromide has been proposed for humans (van Geleleaén1993). For chronic
exposure to bromide, centnaérvous system effects (drowsiness, bizarre behavior, and
hallucinations) were observed in a-g€arold woman who ingested a bromide elixir
daily for 7 years. The serum bromide level was 44.6 mEg/L (or 215 mg/100 ml based
on 1 mEg=48 mg) (Blumberg and INeL967). (Originals not sighted; ATSDR, 1992;

Cal DPR, 2002)
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Second, bromide level in the plasma, serum or urine is not an indicator of the severity of
methyl bromide intoxication. The diet and past medicinal use of bromides contribute to
the endogeous level of bromide (Harvey, 1985). Human studies and accidental
poisoning cases showed that the bromide levels of affected individuals did not always
correlate with the symptoms (Drawneetkal, 1964; Marraccinet al, 1983; Squieet

al., 1992; Kishiet al, 1991; Tanakat al.,1991). Haemodialysis did not alleviate the
neurotoxic effects of methyl bromide in a worker accidentally exposed to methyl
bromide while cleaning a rice silo (Moostal, 1994). Hustinxet al. (1993) suggested

that the sevety of clinical signs is correlated more with previous exposures than serum
bromide levels. (Originals not sighted; Cal DPR, 2002)

The toxicity of methyl bromide might result from the toxic metabolites methanethiol,
formaldehyde, or hydrogen sulphide (NRZDOO), or a combination of their effects.
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4 ABSORPTION, DISTRIBUTION , METABOLISM AND_ELIMINATION (ADME)

4.1 Absorption:

Oral

For oral administration in rats, the absorption was >90% when determined 72 hours
after exposure (Medinskgt al, 1984). (Originals not sighted; Cal DPR, 2002)

Inhalation

Methyl bromide was rapidly absorbed when rats, beagles, and humans were exposed by
inhalation. Rats are believed to be more efficient than humans at absorbing methyl
bromide by inhalation exposure @®, 1995), absorbing 50% of the dosage up to
approximately 180 ppm (ATSDR, 1992). Also in this species, absorption was found to
be directly proportional to air concentrations up to about 300 ppm.

Fischer344 rats were exposed to methyl bromide (14C, %98ure; nominal
concentrations of 1.6, 9.0, 170, or 310 ppm) by nose only inhalation for 6 hours
(Medinsky et al, 1985). For 1.6, 9.0, and 170 ppm, the percentages of the absorbed

dose (the ratio of radioactivity in the whole body homogenate after 6 houirse

amount inhaled x 100%) were 48%, 48%, and 38%, respectively. At 310 ppm, there
were significant (p O 0.05) decreases in t
absorption of only 27% of the total inhaled. (Originals not sighted; Cal DPR) 200

In beagle dogs, the calculated steatbte fractional, systemic uptake of the total
inhaled methyl bromide (14°C, > 98% pure, 174 to 361 ppb) was 39.5% after exposure
for 3 hours by nose only, (Raabe, 1986). (Originals not sighted; Cal DPR, 2002)

In a human study, four volunteers (2 male and 2 female adults) were exposed to methyl
bromide (14°C, >98% pure, 18 £ 6 ppb) for 2 hours by nose breathing and by mouth
breathing (Raabe, 1988). Each subject was equipped with estédge demand
regulatorbasel inhalation system that separated inhaled and exhaled air. The calculated
steadystate, fractional systemic uptake of the total inhaled methyl bromide during nasal
breathing and mouth breathing were 55.4% and 52.1%, respectively. (Originals not
sighted;Cal DPR, 2002)

Dermal
Exclusively dermal exposure has only been observed in human incidents. There are no
data dealing exclusively with dermal exposure in animals (WHO, 1995).

4.2 Distribution:

After inhalation exposure to methyl bromide, radioatti was found in the liver,
kidneys, adrenal glands, lungs, thymus, brain, testes, and nasal turbinates in the rat
(Medinskyet al, 1985; Bondet al, 1985; Jaskoet al, 1988). The peak radioactivity
levels in the tissues occurred immediately afterosmype. The tissues with high
radioactivity included the lungs, liver, and the nasal turbinates. In the study by daskot

al. (1988), the haltives of tissue radioactivity were 2.71 hours (lung), 1.58 hours
(liver), 0.58 hours (kidney), 1.37 hour (spleeB)54 hours (brain), and 5.29 hours
(testes). In another study, the Ri#ié of the radioactivity in the liver was 33 hours,
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while the halflives were shorter in blood (7.7 hours), and in testes, small intestine, and
brain (6 hours) (Bondt al, 1985). (Originals not sighted; Cal DPR, 2002)

In a poisoning case, a man ingested and inhaled an unknown amount of methyl bromide
for approximately 1.5 hours and died 4 hours later (Michalodimitrekial, 1997).
Tissues were sampled 1 hour after death dutire autopsy. Except for the spleen,
methyl bromide was found in all tissues. The methyl bromide levels were: subclavian
blood (3.8ug/ml), brain (3.5pg/g), adrenal gland (3.4g/g), peripheral blood (3.3
pg/ml), lung (2.9u9/9), testis (2.819/g), kidne (2.6 ug/g), liver (1.9ug/g), bile (1.2

Hg/g), and epididymis (1.Ag/g). The inorganic bromide levels were: subclavian blood
(530 pug/mL), brain (30ug/mL), peripheral blood (48Qg/ml), lung (410ug/g), kidney
(310pug/kg), and bile and epididymis (noneg)Originals not sighted; Cal DPR, 2002)

After intraperitoneal or oral administration of methyl bromide (14°C, >98% pure,
250umol/kg b.w. or 23.7 mg/kg b.w.) to Fischer 344 rats, the concentrations of
radioactivity found in tissues were greatest in liwer, then (in decreasing order):
kidney, testes > lung, heart, stomach > spleen (Mediatly, 1984). (Originals not
sighted; Cal DPR, 2002)

4.3 Metabolism & Elimination:

The metabolic pathways of methyl bromide have not been fully establighedknown

to be partially converted to inorganic bromide in man. The contribution of this
metabolite to the toxicity of the parent is not clear but it is felt that methyl bromide itself
is the primary toxic agent (Baselt, 1982). (Original not sightéldO, 1996)

In rats exposed to methyl bromide by inhalation, 47 to 50% of the absorbed dose was
exhaled as CO2 and 0.4 to 4% as methyl bromide (Medieis&l, 1985). Excretion in

the exhaled air was biphasic with a H## of 4.1 hours in the initiaphase and 17

hours in the second phase. Approximately 20% of the absorbed radioactivity was
excreted in the urine, while only about 1% was found in the faeces. The urinalifehalf

for radioactivity was 9.9 hours. In another inhalation study with ragshyhbromide

was rapidly biotransformed and readily excreted in rats after inhalation exposure (Bond
et al, 1985). In all tissues examined, over 90% of the radioactivity was present in
metabolites. The elimination hdlfe of radioactivity from the tisses was 1.5 to 8
hours. Nearly 75% of the absorbed dose was excreted by 65 hours with exhalation as
the primary route. The excretion Y€0; in the exhaled air was biphasic with the initial
half-life at 3.9 hours, and a later hdife of 11.4 hours. Thdalf-lives of radioactivity

were 9.6 hours and 16.1 hours in the urine and faeces, respectively. The percentages of
the absorbed dose excreted in the expired air was 47% asai@O1% as methyl
bromide, while the percentages excreted in urine and faeces 8% and 2%
respectively. The percentage retained as biotransformation products in the body was
28%. A similar excretion pattern was reported by Jaskatl. (1988). (Originals not
sighted; Cal DPR, 2002)

In dogs, the excretion of radioactivity wa%o (of the total inhaled dose) in the urine,
0.04% in the faeces, and 9.86% in the lungs when measured O to 21 hours after
exposure to methyl bromide (Raabe, 1986). At 69 hours after exposure, 5.7% and 0.7%
of the total amount inhaled were excreted in whee and faeces (Raabe, 1986). The
estimated total clearance héfe was 41 hours. (Originals not sighted; Cal DPR, 2002)
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In humans, the amount exhaled"430, ranged from 0.2 to 1.0% of the dose for mouth
breathing, and 0.2 to 0.4% of the doseriose breathing exposure when measured at
the end of 2 hours of exposure and after 0.5 hour for clearance (Raabe, 1988).
Radioactivity levels excreted in the urine ranged from 0.08 to 0.24% for mouth
breathing, and from nedetected to 0.32% for nose bti@ag. The determination of
urinary clearance was complicated by the variability in the urinary volume. The net
body retention of“C for both exposure routes was 51.1% [of the total amount inhaled]
with a clearance halife of 72 hours based on the amtsim the exhaled air and in the
urine at 0.5 hour after inhalation exposure. (Originals not sighted; Cal DPR, 2002)

In rats after oral exposure, the distribution of radiolabel (as % of an absorbed dose) was
32% as*CO, and 4% as intact methyl bromiireexhaled air, 43% in the urine (H€),

and 14% (as’C) in the carcass at 72 hours after exposure to methyl broffide (
>98% pure, 25mol/kg or 23.7 mg/kg) (Medinskgt al, 1984). Only 2% of the dose
was found in the faeces. In cannulated railgarip excretion was a major pathway as
46% of the dose was found in the bile and only 12% and 7% in the exhaledn@O
urine, respectively, at 24 hours after dosing. With intraperitoneal administration, the
cumulative percentages of the doses of rad@labrats measured after 72 hours were:
45% as*CO, and 20% as intact methyl bromide in exhaled air, 16% in the urine (as
14C), 1% in the faeces (8£C), and 17% in the carcass (4€) (Medinskyet al, 1984).
(Originals not sighted; Cal DPR, 2002)

The studies on the excretion BfC following the inhalation of radiolabelled methyl
bromide are consistent with the hypothesis that the methyl group of methyl bromide
joins the ZXcarbon pool after metabolism. Following absorption, conjugation with
glutahioned a common detoxification mechani§nappears to be the primary
metabolic pathway for monohalomethanes, including methyl bromide (Hallier et al.
1990; Peter et al. 1989; Bonnefoi et al. 1991). Methylglutathione is then metabolized to
S-methylcysteine bytranspeptidases. In turn,-rBethylcysteine is metabolized to
methanethiol through methylthioacetic acid. Methanethiol is oxidised to formaldehyde
and hydrogen sulphide and then to formate and sulphate (Kornburst and Bus 1983).
(NRC, 2000)
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5 AcCUTE ORAL 6.1

5.1 HSNO Classification
CLASS 6.1 (oral)
Classification: Acute orali 6.1C

KEY STUDY:

A Type of study:  LDsg;

A Species: Rat;

A Strain: No information;

A Test Material: MeBr in vegetable oil (purity/source unstated);

A Endpoint: Mortality;

A Remarks: No information;

A LDso= 86 mg/kg b.w. (females); 1260 mg/kg b.w. (males);

A GLP: No information;

A Test Guideline  US EPA 870.1100;

A Reference source MRID 43510301. (Original not sighted; US EPA, 2005a);
A Reliability: Klimisch sore2 = reliable with restrictions

Justification for Classification MRID 43510301is stated to have been conducted
to TestGuidelines, and the Ligvalue is in line with other reports. pP= 86 mg/kg
bwis in Category 6.1C as stated in Table 10.thetUser Guide to the Thresholds
and Classifications in the HSNO AERMA, 2008)

BACKGROUND:
Based on the results of the study MRID 43510301, the US EPA gave methyl bromide a
Toxicity Category Il (USEPA, 2005a).

The UNEP (2001) reported:

i B e c anetByke bromide is a gas above 40C, determination of an oral
lethal dose is problematic in experimental animals. Moreover, toxicity by
this route of exposure is not likely in humans. Nonetheless, methyl bromide
was determined to have an acute oral LD5€ais of 214 mg/kg in a study

by Danse et al. (1984) and approximately 100 mg/kg in a study by
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Kipplinger et al. (1994) indicating moderate toxicity by this route of
exposure. An earlier study revealed an acute oral LD50 -@56g/kg in
rabbits (Dudley etl., 1940). Other acute oral toxicity studies in these and
other species reveal similar lethal doses. In beagle dogs, toxic signs from

or al exposur e included vomiting of
(Originals not sighted; UNEP, 2001)
The WHO (199) reported:
Acute oral toxicity of methyl bromide (WHO, 1995)
Species/ Number of Exposure Dose Effect Reference
strain animals/ time (mg/kg
grougd' b.w.)

Rabbit n.d. Single 56-71 all rabbits given an oral dosg Dudleyet
of 63.9 mg/kg b.w. died; one| al. (1940)
rabbit receiing 56.3 mg/kg Dudley &

b.w. died; all rabbits given | Neal (1942)
56.1 mg/kg b.w. or less
survived; destruction of
superficial layers of stomach
and duodenum with
accompanying haemorrhage
and hyperaemia; minimal
lethal dose: 6@5 mg/kg b.w.
Rat n.d. Single 100 all died in 57 hours Miller &
Haggard
(1943)
Rat n.d. Single 190239 LDsp =214 mg/kg b.w. Danseet al
(1984)
®n.d.= no details given.
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6 AcCUTE DERMAL 6.1

6.1 HSNO Classification
CLASS 6.1 (dermal)

Classification: Acute dermali Not applicable

KEY STUDY:

A None
BACKGROUND:
The US EPA (2005a) reported that there is 0
occurs after acute der mal exposure to MeBr o
sensitsaionpot ent i al studies were not requiredo.

The UNEP (2001) reportedthdtAc ut e der mal toxicity studies
experimental animals. 0
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7 ACUTE INHALATION 6.1

7.1 HSNO Classification
CLASS 6.1 (inhalation)
Classification: Acute inhalationi 6.1B

KEY STUDY:

A Type of study:  LCso (4-hour);

A Species: Mouse;

A Strain: No information;

A Test Material Methyl bromide technical (source and purity, unspecified);

A Endpoint: Mortality;

A Remarks: No information;

A LCso= 405 ppm;

A GLP: No information;

A Test Guideline  No information;

A Reference source Yamano (1991) (Original not sighted; UNEP, 2001 &
WHO, 1995);

A Reliability: Klimisch score2 = reliable with restrictions

Justification for Classification Yamano {1991) was not stated to have been

conducted to GLP or Test Guideline. Howevble LG value is in line with other

reports. LG (4-hour, gas) 05 ppmis in Category 6.1B as stated in Table 10.1 of

the User Guide to the Thresholds and Classificatiamghe HSNO Ac{ERMA,

2008) for classification as a gasThe Yamano (1991) study using mice seems to

have no less merit than Ka&t al (1986) using rats that the US EPA used as the

basis of their toxicity categorisation, but US EPA prefers to used+avr) data

[ Heal t h Effects Test Guideline 870.1300 gi
and Ajustificationo must be provided for

If the US EPA approach were to be followed (using only fabdr data) that wad

give a lower (less highly toxic) classification for methyl bromide as thg WwGuld

be 781 ppm or 3.034 mg/L from Kagb al,, 1986 (Original not sighted; WHO, 1995;

US EPA, 2005a). Comparison of this value with the cut off values for a gas in Table
10.1 would result in classification as 6.1C.
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Based on the range of values for the rat listed by the US EPA (and the WHO below)
the value used is not the lowest LC50 value in the rat, but it is the only value for a 4
hour exposure in rats.

If the Agencyconsiders data for the rat should be used it is noted that a classification
of 6.1C would result. The usual approach is to select the lowest reliabjedcC
classification, so TCL recommends that the mouse data are used resulting in the
classificationof the substance as 6.1B.

BACKGROUND:
The US EPA (2005a) gave methyl bromide a Toxicity Category 1V, based onsn LC
(rat, 4 h) = 3.03 mg/L from Kato, N. ; Mo r |

i nhal ation Experiment f o.r24: 8% a@r (Ofigmal At s. 0 |
sighted; US EPA, 2005a) [Note: 3.03 mg/L or 3,034 nighHO, 1995) is equivalent
to 781 ppm, as quoted in UNEP (2001) below]

The UNEP (2001) reported:
Al nhal at i@ nmnge flomn 781 @& @4 hr) to 302 ppm (8 hr) (Ka1e86;
Honma, 1985). In mice, thelbur LC50 was determined to be 405 ppm by Yamano
(1991). Methyl bromide exhibits a steep dossponse curve for mortality in many
experimental animals (Hayes, 1991; IPCS, 1995). Signs and symptoms of methyl
bromide expeure in mice exposed for 4 hours, at concentrations of 338 ppm and
greater, included: decreased locomotor activity, ataxia, nasal discharge, lacrimation,
diarrhea, irregular breathing, and bradypnea (Japanese Ministry of Labor, 1992). In
mice exposed to B0ppm and higher, autopsy revealed necrosis in the liver, kidneys,
and olfactory epithelium, as well as keryorrhexis (disruption of the nuclei) in cells of
the thymus and lymph nodes (ibid.). Also at lethal concentrations, findings were
similar in rats bytin addition, included myocardial hemorrhage and adrenal gland
hemorrhage and necrosis and excluded chan
not sighted; UNEP, 2001)

WHO (1995) reported:

Species Concentration (mg/m®) Exposure Time Reference
Mouse 6,600 30 min Bakhishev (1973)
Mouse 4,680 1h Alexeeff et al. (1985)
Mouse 1,540 2h Balander & Polyak (1962)
Mouse 1,575 4 h Yamano (1991)
Rat 11,000 30 min Bakhishev (1973)

Zwart (1988); Zwart et al.
Rat 7,300 1lh (1992)
Rat 3,034 4 h Kato et al.(1986)
Rat 1,175 8h Honma et al. (1985)

The ATSDR (1992) reported similar studies.
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8 SKIN _|RRITATION 6.3& CORROSION 8.2

8.1 HSNO Classification
CLASS 6.3 (skin irritation) /8.2 (skin corrosive)
Classification: Skin corrosivei 8.2C

KEY STUDY:

A Type of study: Primary dermal irritation;

A Species: Human;

A Strain Not applicable;

A Test Material Methyl bromide (source and purity, unspecified);

A Endpoint: Skin reactions (erythema and oedema)

A Remarks: Workers have incurred skinritation (including severe,

second degree burns with large blisters that do not completely penetrate the
dermis) when methyl bromide was confined under shoes, gloves, or other such
items of clothing;

[Seconddegree (partial thickness) burnsaffect boththe outer and
underlying layer of skin. (Medline Plus Medical Encyclopedia, online)]

A GLP: Not applicable;
A Test Guideline  Not applicable;

A Referencesource Tor kel son, T. R. , 1994. AHal
Hydrocarbons containing Chlorine, Brorein and |l odine, 6 Chap
40224030) in Pattgs Industrial Hygiene and Toxicology: Toxicology Volume
Il Part E., Fourth Edition (G.D. Clayton, F.E. Clayton, eds), John Wiley &

Sons, New York.. (Original not sighted; UNEP, 2001);

A Reliability: Klimisch score2 = reliable with restrictions

Justification for Classification Torkelson (1994) is a scientific review. The main
hazard appears to lie with liquid methyl bromide and/or situations where liquid
methyl bromide can accumulate in contadhwhe skin at sufficient concentrations

and time periods [vesicant and freezing effects common to liquefied gases suddenly
contacting and rapidly evaporating from tissue]. The described damage is greater
than the minimum threshold as stated in Sectitr? Iof theUser Guide to the
Thresholds and Classifications in the HSNO AERMA, 2008). Human data is
used, as incident reports seem to have prevented formal animal studies from being
conducted.

Reassessment ofethyl bromide applidéon November 2009 Page20
Appendix D



ERMA New Zealand Report ID:MeBr_RA_Class

The US EPA (2005a) gave methyl bromide a Toxicity Gaite |, based on severe

irritation following accidental exposure to humans (Alexeef, G.; Kilgore, W. (1983)

and HezemanBoer et al (1988); Originals not sighted; USEPA, 2005a). [Skin

i rritancy ToQoirasivetGa uGeets 1s ki fMewmwMasualo Label
(LRM)]

BACKGROUND:
The UNEP (2001) reported:
ANo information was found evaluating

bromide in experimental animals. In humans, Torkelson (1994) reports that
workers have incurred skin irritation (including se®, second degree burns

with large blisters that do not completely penetrate the dermis) when methyl
bromide was confined under shoes, gloves, or other such items of clothing.

Methyl bromide has a vesicant effect on skin as well as a freezing effect
comma to liquefied gases suddenly contacting and rapidly evaporating

from tissue. In addition, methyl bromide is considered an alkylating agent

capable of reacting with cellular proteins. All three effects, but especially its

intense vesicant effect, would ddbute to the irritating effect of methyl
bromi de on skin.o (Originals not sigh

The ATSDR (1992) reported:

ADi rect der mal contact with bromomet ha
skin. Symptoms usually do not appear immediately dewelop a few hours

after exposure. Early signs typically include a burning or itching sensation,

with erythema, edema, and large blisters that resemble sdegnele burns

developing somewhat later (Butler et al. 1945; HezerBmes et al. 1988;
Watrous1942; Wyers 1945). Injury is usually mild on exposed skin areas

where rapid evaporation can occur and is more severe in moist or covered

regions where evaporation is retarded (Watrous 1942; Zwaveling et al.

1987). Effects generally begin to subside witb#i0 days after exposure

(Watrous 1942), and recovery is usually complete within about 1 month

(Butler et al. 1945; Zwaveling et al
1992)
Reassessment ofethyl bromide applidéon November 2009 Page21

Appendix D



ERMA New Zealand Report ID:MeBr_RA_Class

9 EYE IRRITATION 6.4& CORROSION 8.3

9.1 HSNO Classification

CLASS

64 (eye irritation)/8.3 (eye corrosive)

Classification: Eyecorrosivei 8.3A

KEY STUDY: Note this Classification is based on crosterence to the primary

A

A

A
A
A
A

A
A

A

A

dermal irritation information.
Type of study: Primary dermal irritation;

Species: Human;

A Strairn Not applicable;

A Test Material Methyl bromide (source and purity, unspecified);

Endpoint: Skin reactions (erythema and oedema)

A Remarks: Workers have incurred skin irritation (including severe,

second degree burns with large blistérat do not completely penetrate the
dermis) when methyl bromide was confined under shoes, gloves, or other such
items of clothing;

[Seconddegree (partial thickness) burnsaffect both the outer and
underlying layer of skin. (Medline Plus Medical Enloyzedia, online)]

GLP: Not applicable;
Test Guideline  Not applicable;

Reference source Alexeef, G.; Kilgore, W. (1983) and HezemaBger et al
(1988); (Originals not sighted; USEPA, 2005a);

Reliability: Klimisch score2 = reliable wih restrictions

Justification for Classification Torkelson (1994) is a scientific review. The main
hazard appears to lie with liquid methyl bromide and/or situations where liquid methyl
bromide can accumulate in contact with the skin at sufficientesdrations and time

periods.
Section

The described damage is greater than the minimum threshold as stated in
11.2 and, by inference, the minimum threshold as stated in Section 12.2 of the

User Guide to the Thresholds and Classifications in the HSNQERMA, 2008)

Human

data is used, as incident reports seem to have prevented formal animal studies

from being conducted.
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The US EPA (2005a) gave methyl bromide a Toxicity Category |, also-@tesenced

to the severe dermal irritation following @dental exposure to humans (Alexeef, G.;

Kilgore, W. (1983) and HezemaiBoer et al (1988); Originals not sighted; USEPA,
2005a) . [ Ski n i r €drrose@en@ayu sTeosx i sckiitny BCuartn sl. &= LA
Manual (LRM)]

BACKGROUND:
The UNEP (200Lreported:

AGrant (1993) reports t he resul ts of
bromide gas directly to rabbit eyes. This exposure resulted in severe
irritation that began to clear within five days. In older inhalation studies,
lacrimation was observed rats exposed to concentrations of 2570 ppm and
undefined irritation was observed in mice at concentrations of 823 ppm

(Irish, 1940; Balander and Polyak, 1962). In humans, splashes or direct
exposure to vapors has not been reported to cause severeitayienrr

Severe acute inhalation exposure in humans has resulted in neurological
sequelae that include visual impairment that is delayed in onset and usually
reversible (Grant, 1993). 0 (Original s

The WHO (1995) reported:

i | I etsl (1940) noticed lacrimation in rats after inhalation of methyl

bromide levels above 10 000 md/nirritation of the eye membranes in

mice at concentrations of 3200 mg methyl bromidefas described by

Bal ander & Pol yak (Hed,6NHD,1905) ( Or i gi nal s
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10 RESPIRATORY SENSITISATION 6.5A

10.1 HSNO Classification
CLASS 6.5 (respiratory sensitisation)

Classification: Respiratory sensitisationi Insufficient data
KEY STUDY:

None.

BACKGROUND:

No appropriate studies or otheelevant data were reported by UNEP (2001) WHO
(1995), US EPA (2005a) or ATSDR (1992) in their reassessments of methyl bromide.
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11 CONTACT SENSITISATION 6.5B

11.1 HSNO Classification
CLASS 6.5 (contact sensitisation)
Classification: Contactsensitisationi Insufficient data

KEY STUDY:
None.

BACKGROUND:

No appropriate studies or other relevant data were reported by UNEP (2001) WHO
(1995), US EPA (2005a) or ATSDR (1992) in their reassessments of methyl bromide.
Severe dermal irritatio precludes testing using animal models.
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12 MUTAGENICITY 6.6

12.1 HSNO Classification
CLASS 6.6 (mutagenicity)
Classification: Mutagenicity 1 6.6B

As the classification for mutagenicity is based on the total weight of evidence available,
thereis no single key study.

The minimum degrees of hazard criteria for mutagenicity lists a hierarchy of evidence
(study types): mutagenic effects as a result of mammaliaivo exposure; genotoxic
effects as a result of mammaliamvivo exposure, with mtagenic effects as a result of

in vitro exposure; and, mutagenic effects as a resuft witro exposure of mammalian
cells, and the substance has a strueagtevity relationship to known germ cell
mutagens.

KEY STUDY:
A Type of study: Micronucleug(peripheral erythrocytes) & Sister Chromatid

Exchange (bone marrow) assay (by inhalation);
A Species: Mouse;

A Strain: B6C3F;:

A Test Material Methyl bromide technical (Matheson Gas Products, batch
E21-101200; purity, 99.8%);

A Dose levels 0, 12 25, 50, 100 or 200 ppm (up to 778 mg)® h/day, 5
days/week for 10 days exposure over 14 days;

A Endpoint: Twice daily mortality and clinical sign examinations.
Body weights were taken. Necropsy at termination
included histopathology for 100 and ®(ppm groups.
Micronuclei frequency, sister chromatid exchange (SCE)

frequency;
A Remarks: At 200 ppm 9/10 males and 6/10 females died during the
study. No mortalities or body weight changes were noted waerlo
concentrations. At O50 ppm neurobehav

trembling, jumpiness and paralysis. Necropsy revealed minimal lung, liver and
kidney hyperaemia in surviving females at 200 ppm. No significant brain or
sciatic nerve lesions we reported.

In bone marrow, increased SCEs were noted in all treated groups of females,
but only with a distinct doseesponse at 100 and 200 ppm. In males there was
a slight i ncrease I n SCEs at 025 ppm,
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200ppm, no a@seresponse was apparent. Bone marrow cell cycle kinetics
(average cell generation time) appeared unaffected, even at 200 ppm.

In peripheral erythrocytes, increased micronuclei were noted in all treated

groups of females, but only with a distinct dessponse at 100 and 200 ppm.

I n males there was an increase in micro
surviving at 200 ppm, no dosesponse was apparent;

[Note: NTP (1992) also conducted tests in the same mouse strain of up to
13weeks duratior{0, 10, 20, 40, 80 or 120 ppm; 6 h/day, 5 days/week), with
SCEs assessed at termination and micronuclei at 4, 8 and 12 weeks. No
increases in SCE or micronuclei frequencies were reported for either sex at any
concentration. The authors suggested thet dmscrepancy may be due to
metabolic changes or changes in target sensitivity.]

A GLP: No information;

A Test Guideline  NTP protocols;

A Reference source NT P, 1992. AToxicology and <car
methyl bromide (CAS No. 7839) n B6GAF1 mice (inhalati on
Research Triangle Park, North Carolina, National Toxicology Program, 212 pp
(Technical Report Series No. 385). (UNEP, 2001);

A Reliability: Klimisch score2 = reliable with restrictions

KEY STUDY:
A Type of study: DNA alkylation assay (by oral or inhalation);

A Species: Rat;
A Strain: F344;
A Test Material “C radiolabelled methyl bromide technical (source,

unstated; purity, 96%);

A Dose levels inhalation: 131 ppm for males; 263 ppm females for 6
gg\lg;,e: 0.58 mg/kg b.w. for males; 0.8 mg/kg b.w.
females;

A Endpoint: DNA alkylation;

ARemarks: Found the DNA adducts, *C]3-methyladenine,

[1*C]7-methylguanine, and"{C]0°-methylguanine in liver, lung, stomach, and
forestomach cells after oral onhalation exposure. Following exposure by
either route, the levels of adducts were higher in female than in male rats and
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the guanine adducts were particularly prominent in the stomach and

_ forestomach, which the authors considered to be systemic geneffext

A GLP: No information;

A Test Guideline  No information;

A Reference source Gansewendt, B., Foest, U., Xu, D., Hallier, E., Bolt, H.M.,
Peter, H. , 1991. i For me44i rath aftey foral DN A
administration of inhalation of'{Clmet hyl bromi de. o Food
29:557563. (Original not sighted; WHO, 1995; UNEP, 2001; CalDPR, 2002);

A Reliability: Klimisch score2 = reliable with restrictions

KEY STUDY:
A Type of study: Sister Chromatid Exchange assay\(tro);

A Secies: Human;
A Strain: Not applicable;

A Test Material Methyl bromide technical (source, unstated; purity, 99%);

A Dose levels Aqueous solutions of 19.5 pg MeBr per milliliter (5,000
ppm);
A Endpoint: SCE frequency in peripheral lymphocytesiitgthioneS-

transferase (GSTT) activity in erythrocyte cytoplasm;

A Remarks: Measurement of methyl bromide disappearance in-head
space vials containing whole human blood cultures in an atmosphere of 19,460
mg/nt (5,000 ppm) at 37 °C indicated that thethyé bromide concentration
had fallen to zero within 1 h, in the presence of blood from glutathione
conjugators (75% of the individuals studied), whereas it had fallen to
approximately 5,836 mg/fr(1,500 ppm) at 1 h, in the presence of blood from
non-conjugators. Further reduction was slow, the methyl bromide
concentration being about 3,890 mgAh000 ppm) after 6 hours.

Sister chromatid exchanges in the peripheral lymphocytes otomugators

were increased by approximately twofold (range of 10.1913®7) over
untreated control levels. Under identical testing conditions, lymphocytes from
conjugators showed little or no increase (range of 6.51 to 7.95) in sister
chromatid exchanges. The lower level of SCEs in the conjugators, compared
to the norconjugators, was attributed by the authors to the reduced amount of
methyl bromide available to interact with lymphocyte DNA because of reaction
with erythrocyte proteins mediated by GSTT,;

A GLP: No information;

A Test Guideline No information;
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A Referecge source Hallier, E., Langhof, T., Dannappel, d., Leutbecher, M.,
Schroder, K., Goergens, H. W. , Mul | er , £
of glutathione conjugation of methyl bromide, ethylene oxide and
dichloromethane in human blood: influence on timeluction of sister
chromati d exchanges (SCE) i n 17§ mphocyt
(Original not sighted; WHO, 1995; UNEP, 2001; CalDPR, 2002);

A Reliability: Klimisch score2 = reliable with restrictions

The UNEP (2001), ATSDR (1997), WH@995) and CCRIS (2006) have reported
manyin vivoandin vitro assay.

Justification for Classification

Weight of evidence There is arextensive genotoxicity database for methyl bromide.
Negative results were reported in tinevivo sexlinked recessive assay iDrosophila
melanogasteland the dominant lethal assay in rats. However, methyl bromide gave
positive results in the mouse micronucleus, sister chromatid exchange (SCE) and DNA
alkylation assays indicating a potential for clastogeniwiggt@nd other ways to disrupt
DNA. In what is seen as the key study by some authorities (McGregor, 1981 in UNEP,
2001), only 70 ppm was used as the maximum concentration in the dominant lethal
assay in rats to give the negative result. (To put this idosentext, 200 ppm induced
micronuclei and SCE in mice, while 120 ppm did not (NTP, 1992)).

Methyl bromide was mutagenic in bacteria and other microorganiswigro, in both

the presence and absence of exogenous metabolic activation. Methyl bveasidéso
mutagenic and clastogenic in mammalian cells expasedtro, including the mouse
lymphoma and SCE assayslowever, methyl bromide was shown neitheetthance
transformation in aell transformation assay, using Syrian hamster embryo cells, nor
induce unscheduled DNA synthesis (UDS) in rat primary hepatocytes or human
fibroblasts.

Methyl bromide is an alkylating agent capable of reacting with cellular DNA and
proteins. Methyl bromide is structurally related to ethyl bromide, which has shown
clear evidence of carcinogenicity in some and equivocal other cases when tested by the
NTPin mice and rats of both sexes.

In summary, methyl bromide is mutagenic and clastogenic ipottivo and in vitro.

Methyl bromidés inherent potential appearseadiately demonstrated, even if the risks
during use may be assessed as low. Methyl bromide should be classified as 6.6B, as the
evidence meets the criteria in Section 14.2.2 ofuker Guide to the Thresholds and
Classifications in the HSNO A@ERMA, 2008).
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BACKGROUND:
The UNEP (2001) summarised the genotoxicity of methyl bromide thus:

A Many b iawvitroetests ol genotoxicity have been conducted with
methyl bromide. Several Ames assays have shown that methyl bromide
induces reverse mutahs in Salmonella typhimuriunwith or without
metabolic activation. Mutagenic responses also have been found using
Escherichia colias the test organisrn vitro tests using mammalian cells in
culture, such as the mouse lymphoma assay, and the Sistemair
Exchange assay, also have shown positive genotoxic responses. A cell
transformation assay, using Syrian hamster embryo cells, showed no
enhanced transformation to the malignant state when incubated with methyl
bromide and methyl bromide did not irmuUnscheduled DNA Synthesis in

rat primary hepatocytes or human fibroblasts.

il n tesis,swuch as the Mouse Micronucleus Assay, the Sister Chromatid
Exchange Assay and the Mouse DNA Alkylation Assay have yielded
positive responses indicating thatetimyl bromide is clastogenic and
otherwise able to disrupt DNA. Methyl bromide however was negative in
the sexlinked recessive assayDrosophila melanogasteand the dominant
lethal assay in rats. The weight of evidence for all genetic toxicity studies
shows that the overall genotoxicity potential for methyl bromide is
equivocal. Positive and negative studies were bothisegmo andin vitro.

AAs these studies may be predictive
effects, it is important to evaluatiee appropriatén vivo studies. Longerm

studies in mice and rats showed no evidence of a carcinogenic response.
Methyl bromide is not considered to have produced heritable effects as no
such effects were seen in reproductive studies in rats, or dewaitgim

studies in rats or rabbits at methyl bromide concentrations that did not
induce maternal toxicity. This conclusion is further supported by negative
results seen in the dominant | et hal

The WHO (1995) reported:

ADNA adde beersdenmoastrated in F344 rats, following oral or
inhalation administratiort*C-methyl bromide. The adducts were isolated
from liver, lung, stomach, and forestomach and identified as
3-methylguanine, -fethylguanine, and0 °-methylguanine. Following
exposure by either route, the levels of adducts were higher in female than in
male rats and the guanine adducts were particularly prominent in the
stomach and forestomach (Gansewendt et al., 1991).

AAl Kyl at i oN-7 io the ONA afrfivemaead spleewas observed
after treatment of male CBA mice with'C-labelled methyl bromide
(4.95.0 mCi/mmol) by inhalation (340 mCi/kg body weight for 4 h) or i.p.
injection (4.4 pumol/kg body weight) (DjalaBehzad et al., 1981). They
noted that the extent of DNAkglation in the liver and spleeim vivo was

200 and 20 times lower, respectively, than expected from the extent of the
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alkylation of haemoglobin and from the relative reactivities of DNA and
haemoglobin towards methyl bromigtevitro.

i A im vitro asay for unscheduled DNA synthesis (UDS) was carried out in
human diploid fibroblasts with exposures of 3 h and concentrations up to
70% in air. No increase in UDS was found (McGregor, 1981).

nASs measured by autoradiography, m ¢
10-30 mg/litre) did not induce unscheduled DNA synthesis in primary
cultures of rat hepatocytes treated intaght bottles (Kramers et al., 1985a).

AMet hyl br omi deSawanslla typhitmarigneAn100cwhen o
tested at concentrations of 0:02%, n desiccators, in the absence of an
exogenous metabolizing system (Simmon et al., 1977).

APositive results were also obtained i
at 161000 mgl/litre) and a plate assay (tested in closed containers at
concentratios of 50650 000 mg/r). Methyl bromide was mutagenic at
concentrations of 1900 mg?rand higher (plate tests), and concentrations of

285 mg/litre (medium) and higher (suspension test). The activity in the plate

assay was unaffected by the presence of lieenogenates from Arocl&-

induced rats (Kramers et al., 1985a).

AMet hyl br omi-BgnT i a aoset! eodtainar} wa® mufagenic
to S. typhimuriumTA 1535 and TA 100 and t&. coli WP2 her, in the
absence of an exogenous metabolic systemifidet al., 1983).

AAn aqueous solution o446 umollitrehigducedor o mi d e
mutations to streptomycin independenceEincoli Sd-4 (Djalali-Behzad et
al., 1981).

AMet hyl bromi de showed no mutagenic a
usng the impingementin situ) test system, but, with the SQ@&wutest, this

compound induced a significant SOS response, even with onigir80
impingement (Ong et al., 1987). The SOS function induced by genotoxic

agents was detected by a colorimetric measent of betagyalactosidase

activity encoded by th&acZgene, which is regulated by the Umu operon.

A A -selated recessive lethal assay was carried outDoosophila
melanogaster(McGregor, 1981). Male strain Oregon Brosophila were
exposed to 78r®272 mg methyl bromide/frior 5 h and were mated on days
1,3, or 8 following exposure. The F1 progeny from these matings were then
mated brother to sister-4L days after emergence from pupae and the F2
generation was eamined for the absence of witgpe males. At 78 mg
methyl bromide/ the frequencies of lethal mutations in the F2 generations
from one of the stocks were elevated, but this was not thought by the authors
to be compoundelated as these were higher than those at the higher
concentratiomange.
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il n -Bnked mocessive lethal test @rosophila melanogastefflies of

the Berlin K strain were exposed to methyl bromide at concentrations of
70750 mg/m for increasing periods; mutation frequencies were
significantly increased at the Igst nontoxic concentrations. At a
concentration of 600 mgfinall flies died within a short time during the
fourth day of exposure (Kramers et al., 1985a). Prolongation of the exposure
time permitted lower concentrations to be detected as mutagenic;g87 m
for 5 x 6 h and 200 mgffrfor 15 x 6 h were effective exposures whereas
treatment with up to 750 mghfor 6 h was not sufficient to produce
significantly increased mutation frequencies. The mutagenic effect of
methyl bromide was most pronounced insfpoeiotic germ cell stages
(Kramers et al., 1985b).

ATreat ment of L5178Y mou-80emglmgthyp homa ¢
bromide/litre, in aittight bottles, resulted in a doselated increase in
6-thioguanine and bromodeoxyuridineesistant mutants (Knaers et al.,

1985a).

8.6.3 Chromosomal effects

8.6.3.1 In vitro studies

AExposure of human | ymphocyte cultur es
seconds increased the frequency of sister chromatid exchanges (SCEs) from
10.0 to 16.8 per cell (Tucker ak, 1985, 1986).

A Hu ma lympBocytes were treated with methyl bromide2®ug/ml) for

30 min with, and without, addition of rat liver homogenate. After culture,
the prepared slides were studied and detsted sister chromatid exchanges
(SCEs) andchromosome aberrations (CAs) were found. Methyl bromide
significantly induced chromosome aberrations in the presenc®dfGarry

et al., 1990).

Al nhal ation of methyl bromi de gas i ndu
cells (somatic wingspot assaypf Drosophila melanogastefKatz, 1985,

1987). Third instar larvae trambhybrid for two recessive winbair

mutations were exposed via inhalation to methyl bromide

(0-20 000 mg/m) for 1 h. Wings of surviving adults were scored for the

presence of clazs of cells possessing malformed wimgrs. Small and

large, single (indicating a variety of genetic alterations) as well as twin spots

(from mitotic recombination) were found.

8.6.3.2 In vivo studies
iThe r dansvivd ntammaliah tests for chromm®al aberrations in rat
bone marrow were negative (McGregor, 1981).

AMi cronucl ei f or m-844irats mand B@FE misetexpdsede d o n
to 0, 600, 778, 1011, 1314, or 1712 mg methyl bromidlém 154, 200,
260, 338, or 440 ppm) for 6 h/day and 5 slaxeek for 14 days (Ikawa et al.,
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1986). In the surviving mice, polghromatic erythrocytes with micronuclei

in the bone marrow increased-fdd in males (778 mg/f and 6fold in
females (600 mg/f) and those in peripheral blood increasedf@@ in
males (778 mg/m) and 3fold in females (600 mg/f In rats, poly
chromatic erythrocytes containing micronuclei in the bone marrow increased
10-fold in males and-3old in females (both 1314 mgfin

Al ncreases in SCEs and minemaoowcels e i
of male and female B6C3F1 mice exposed via inhalation to a concentration
of 778 mg methyl bromidefin (200 ppm) for 14 days (6 h/day,

5 days/week), the increases were more pronounced in female mice. In
contrast, no significant increases iither SCEs or micronuclei were
observed in male or female mice exposed via inhalation to a concentration
of 467 mg methyl bromide/in(120 ppm) for 13 weeks (NTP, 1992).
(Originals not sighted; WHO, 1995)

The ATSDR (1992) reported:

Al n a n i mraduengy oft boe mharrow cells with chromosomal
aberrations was not increased in rats exposed to 70 ppm for 5 days
(McGregor 1981), but was increased sevéshll in rats exposed to 140 ppm

for 14 days (lkawa et al. 1986). Djaldehzad et al. (1981) founthat
inhalation exposure of mice to bromomethane for 4 hours led to alkylation
of DNA in liver and spleen, although the levels were quite low. In contrast
to these positive findings, no genotoxic effects could be detected in sperm
from rats or mice expodeo 70 ppm bromomethane for 5 days, using either
the dominant lethal or recessive lethal tests, or by direct examination of the
sperm (McGregor 1981). These studies indicate that bromomethane does
have genotoxic potential, but that effects may be miniamal difficult to

measure following brief or |l ow dose e

ATSDR, 1992)

UNEP (2001) Genotoxicity summary (overleaf):
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Study

Test Type Test System Dose Results Reference

In Vitro Assays for Gene Mutation — Bacterial

Bactenal reverse  Salmonella fyphimurium skrains Asagas, 0505 Mutagenic to strains TATOD and Koriya et al.,

mutation (Ames)  TAS8, TA100, TA1535, TA1527, grams/m3 inaclosed TA1535 but not others without 1983
TA1538 with & without metabolic  container metabolic activation.
activation

Bactenal reverse  Salmonella fyphimurium strain As aliquid, 1010 Positive in both Tiquid and gas Kramers ef al.,

mutation (Ames)  TA100 with & without metabaolic 10,000 mg/; As a assays. As liquid, mutagenic at 285  1985a
activation gas, 0.5t0 50 mg/l and higher. As gas, mutagenic

grams/m3 in a closed  at 1900 mg'm3 (plate assay) with or
container without metabolic activation. Megative
with TASE (with or w/o activation).

Bacteral reverse  Salmonella typhimurium strain Significant SOS response ater 20 Ong et al., 1987

mutation (Ames)  TA1535. Modffied Ames using minutes impingement. SOS function
impingement (in situ) systerm with detected by colorimetry of beta-
S0OS umudest, galactosidase activity encoded by the

lacZ gene regulated by the Umu
operon.

Bacterial mutation  Salmonelia fyphimurium skrains As a gas at Positive response af concentrations JETOC, 1987
TAS8, TA100, TA1535 with and concentrations of 0.1 of 0.1% atm in strains TA100
without metabolic activation o 0.5% atm. &TA1535 with and without metabalic

activation.

Bacterial mutation  Salmonella fyphimuniim strain Tested as a liquid. Positive response in TATOD without — Simmon ef al.,
TA100 without metabolic activation at concentrations of 0.4 1977
activation. ug/ml and higher.

Bacteral reverse  Escherichia colil WP2her with and  Asagas, 05105 Slight positive mutagenic response.  Djalali-Behzad

mutation (Ames)  without metabolic activation. gram/m3 etal, 1981

Bacterial mutation  Eschenchia coll WEZ har. 0.510 G umolel Fosfive response Moriya et al.,

1983

Bacterial mutafion Fiebsiella pneumoniae mutafionio As agas, 0.9510 19 Posilive response af concenirafions Kramers ef al.,
streptococcus resistance, gram/m3 of 4.75 gram/m3 and higher with 1985a
fluctuation test activation (not tested without

activation).

Bacteral mutafion Eschenchia coll WPZ UVIA feverse A a gas at Posiive response at concentrations JETOC, 1997
mutation with or without metabolic  concentrations of 0.1 of 0.2% atm with or without metabolic
activation. o 0.5% atm. activation.

In Vitro Assays for Gene Mutation - Mammallan Cells
Maouse Lymphorma LE178Y-TK+-cells -gaseous 30 to 30,000 mgym3  Positive response. Dose -related Kramers et al.,
Assay methyl bromide in airtight increase in Gthioguanine- and 19853
bottles. bromodeoxyuridine resistant mutants.
Unscheduled DMA Primary cultures of rat 10,000 to 30,000 Mo unscheduled DNA synthesis Kramers et al.,
Synthesis hepatocytes - gaseous methyl  ma/m3 found. 19853
bromide in airtight bottles -
autoradiography.
Unscheduled DMA Primary cultures of rat 70% MeBrin air for 3 No unscheduled DNA synthesis MeGregor,
Synthesis hepatocytes - gaseous methyl — hr (700,000 ppm) faund. 1981
bromide aver culture media
Sister Chromatid Human lymphocytes inculture  As a gas at 4.3% SCE increased from 1010 16.8 per Tucker et al.,
Exchange - gaseous exposure for 100 cell. 1981
seconds.
Sister Chromatid Human Go lymphocytes in Agueous solutions of  Increased SCEs and chromosome Garry et al.,
Exchange culture - agueous solution 0- 24 ul MeBr per aberrations with metabaolic activation. 1990
exposure liter.
Sister Chromatid Human lymphocytes inculture  Aguecus solutions of  Increased SCEs without metabolic Hallier et al.,
Exchange - agueous solution exposure 19.5 ug MeBr per activation in glutathione non-
milliliter. conjugators. Negative response in
ymphocytes from glutathione
conjugators.
DMA Binding Binding to calf thymus DMNA /n - Aguecus solutions of  Increased covalent binding without Starratt and

vitro 48 ug MeBr per metabolic activation (not tested with  Bond, 1988,
milliliter. metabolic activation).
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In Vitro Assays for Transformation

el ransiomnanan - SyTan Hanser Smbryo Cens - a.0u0 10 h000 M0 ENTENGCED TansIonmanon. =E
transformation by mg'm3 for 2 or 20 1983
ASladenovirus in sealed hours.
chambers - exposure to methyl
bromide as a gas.

In Vivo Assays for Genetic Toxlcity

Bone marrow Rat {(Sprague-Dawley) 0, 20, 70, ppm 7 hrid Mo significant increases in MeGregor,

cytogenetics for 1 1o & days. chromosomal aberrations. 1281

Micronucleus Assay Mice (BEC3F1) exposead to 10 to 200 ppm & hid, At 200 ppm for 14 days, SCEs and NTP, 1992,
gaseous MeBr. 5wk for 14 days or - micronuclei were increased in bone

10to 120 ppm for 13 marrow cells of male and female

WS, mice (more marked in females). No
increases in SCEs or micronuclel at
120 ppm far 13 weeks.

Micronucleus Assay Mice (BDF1) exposed to 0, 154, 200, 260, At 200 ppm for 14 days, SCEs and lkawa et al.,
gaseous MeBr. 338, or 440 ppm 6 micronuclei were increased inbone 1986,

hrfd, 5 diwk for 14 marrow cells of male and female

days mice (more marked in females). No
increases in SCEs or micronuclei at
120 ppm far 13 weeks.

Micronucleus Assay F-244 rats exposed to 0, 154, 200, 260, At 200 ppm for 14 days, SCEs and lkawa et al.,
gaseous MeBr. 338, or 440 ppm & micronuclei were increased inbone 1986,

hrid, 5 diwk for 14 marrow cells of male and female

days mice (more marked in females). No
increases in SCEs or micronucle at
120 ppm for 13 weeks.

Micranucleus Assay Humans: 32 MeBr fumigation Exposure: 4 or more  Trend observed toward increased Calvert et al.,
workers (28 non-exposed hr fumigation work micronuclei in peripheral lynphooytes 1998
referents) - Micronuclei wilMeBr during that was nct statistically significant
measured in lymphocytes and  previous 2 wks and which did not show a dose-
oropharyngeal cells. (assumed cone. 16 response,

pprm).

Hprt frequency Humans: 32 MeBr fumigation Exposure: 4 or more  In non-smokers, trend toward Calver et al,,
workers (28 non-exposed hr fumigation work increased hprt varant requencies 1998
referents) - hprt measured in wilMeBr during found in peripheral ymphocytes that
peripheral lymphocytes, previous 2 wks was not statistically significant and

(assumed conc. 16 which did not show a dose-response.
ppm).

Dominant Lethal Sprague-Dawley (CD) male 0, 20, 70 ppm 7 hrid, Negative - no effect on 1) requency  McGregor,
rats exposed to gaseous 5 diwk for 5 days. of pregnancy, 2) number of corpora 1981
MeBr. lutea or implantations per pregnancy,

or 3) frequency of early deaths in
offspring.

Sexlinked Recessive  Drosophiia mefanogaster T0-750ma'm3, 5 Negative. Kramers et al.,

Lethal Assay diwl, 3 wks 1985b

Drosophila Somatic  Drosophia melanogaster third 0 - 20,000 mgimator  Small & [arge, single & Twin spot Fatz, 1985787

Wing-spot Assay instar larvae 1hr. alterations found. Single spot

alterations included several types
and twin spot afterations occurred
from mitatic recombination.
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DMA damage Rat {SpragueDawley) 0,75, 150, 250 ppm Damage to testicular DMA at 250
(testicular DA 6 hrid for 5 days ppm; negative at 75 and 150 ppm.
alkaline elution)

DMA alkylation Mouse (CBA) - both 14 Cradiolabeled Puositive response. Covalent binding

intraperitoneal and inhalation  MeEBr for 4 hr. of DMA in spleen and liver cells and
hemoglobin alkylation.

DMA alkylation F-344 rat oral or inhalation 14 Gradiolabelad Positive response. Covalent binding
MeBr orally or by of DA in liver, lung, stomach, and
inhal. for & hr. forestomach cslls.

DMA alkylation Rat 14 Gradiolabeled Methylated DMA adducts (NT- andfor
MeBr orally single or  O&-methylguaning) found in
repeated doses glandular stomach, forestomach,

liver, and other tissues at comparable
levels. Repeated dosing caused
marked decrease in Og-alkylguanine-

DMA alkyltransferase (repair
ernzyme).
DMA alkylation Mouse (lambda lacZ 14 Cradiolabeled Methylated DMA adducts (NT- andfor
fransgenic) MeBr orally single or  O&-methylguaning) found in
repeated doses glandular stomach, forestomach,

liver, and other tissues at comparable
levels. No mutagenesis found in lacZ
transgene in any tissue up fo 14 days
post-treatment with up to 50 ma/kg
(single dose) or 25 mg/kg MeBr (up
fo 10 daily doses).

Bentlay, 1994

Djalali-Behzad
etal., 1981

Gansewendt et
al., 1991

Plesta et al,,
1999

Plesta et al.,
1999
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13 CARCINOGENICITY 6.7

13.1 HSNO Classification
CLASS 6.7 (carcinogenicity)
Classification: Carcinogenicity T No

KEY STUDY:

A Type of study: Rat ®mbined (chronic toxicity and carcinogenicity),
whole-body inhalation

A Species: Rat;
A Strain Wistar; Cpb:WU;

A Test material Methyl bromide (Air Products, gas; >98.8% (<10 ppm
hydrogen bomide));

A Dose levels 0, 3, 30 or 90 ppm (0, 12, 117 or 350 mg/m3); 6 h/day,
5 day/week, 29 months;

A Endpoint: Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight, grossfroscopic abnormalities
and tumour incidences; behavioural battery test at 41 wk;

A Remarks:
Clinical signs No differences were noted between control and methyl bremide
treated animals regarding behavioural or clinical signs.

Morbidity/Mortality: Increased in 90 ppm group toward end of second year in
both males and females. Increased mortality was associated with increased
incidence of heart thrombi, which the study authors speculated might be
causative.

Body weights In the 90 ppm group, male andniale body weights were
slightly less than controls after four weeks of exposure. Differences were not
always statistically significant in males but were always so in females.

Organ weights At 53 weeks, average absolute kidney weights were
significantly lower in 90 ppm males and 30 and 90 ppm females. Expressed
relative to total body weight, kidney weights were significantly lower for
30and 90 ppm males and these decreases exhibited aredpemse
relationship. Brain weights were decreased comparectotarols on an
absolute but not relative basis in 90 ppm females at 53 and 104 weeks. While
not statistically significant for males the same pattern held for absolute brain
weights (also no difference relative to body weight).
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Haematology Random differeces were found at week 13 and week 52 that
reached statistical significance in some groups, however, they were not
considered treatmemélated.

Clinical chemistry BUN was decreased in a dose related manner in 30 and
90 ppm males at 53 weeks. Althougbtrseen with females, this finding may

be related to methyl bromide exposure. Other changes the authors did not
attribute to methyl bromide exposure.

Urinalyses No changes were found that could be attributed to methyl bromide
exposure.

Gross pathologylncreased incidence of haemothorax in males and females
from the 90 ppm group.

Histopathology Regarding nomeoplastic lesions, a concentrati@tated
increase in irritation of the nasal epithelia was found in methyl bromide
exposed rats of both sexat all exposure levels and all four sacrifice times.
These lesions occurred in the demedial part of the nasal cavity and were
characterized by basal cell hyperplasia and degeneration of the overlying
epithelium. While concentratierelated, these lems did not increase
appreciably with exposure time. An increased incidence also was seen of
thrombi in the heart at various exposure times after 53 weeks and was most
pronounced in the 90 ppm group for both males and females. Controls did not
exhibit this heart lesion. Hyperkeratosis of the oesophagus and stomach was
found in both sexes exposed to 90 ppm methyl bromide but was statistically
higher only in males.

No higher incidence of neoplastic lesions occurred that could be attributed to
methyl bromie exposure.

Chronic toxicity

A NOAEL = none, the chronic toxicity LOAEL was the lowest
concentration tested,;

A LOAEL = 3 ppm (12 mg/r), based on degeneration and hyperplastic
lesions in nasal epithelium at all doses;

Oncogenicity

A NOAEL = 90ppm (350 mg/m);

A LOAEL = >90 ppm (>350 mg/f), no increase in tumours seen at the
highest concentration tested.

A GLP; Yes;

A Test Guideline No information;
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A Reference source Reuzel, P.G.J., C.F. Kuper, H.C. Drein der Meulen,
and V. M. H. Ho | Craamid €29month) 1 9 8 7 .

A Reliatlity:

KEY STUDY:

A Type of study:

A Species:
A Strain

A Dose levels

A Endpoint:

A Remarks:

inhalation toxicity and carcinogenicity study of methyl

bromide in rats.o Civo08 nstitut

#59184; 123147 #116337; 12348 #120402; 12348
#120406; and 12366 #133417.

Reuzel, P.G.J., Dreé&fan der Meulen, H.C.Hollanders,
V.M.H., Kuper, C.F., Feron, V.J. Van der Heijden, C.A.

1991. AChroni c i nhal ati on t oxi

study of met hyl bromide in
Toxicol., 29: 3139. (Originals not sighted; UNEP, 2001;
CalDPR, 2002);

Klimisch score2 = reliable with restrictions;

Mouse combined (chronic toxicity and carcinogenicity),
whole-body inhalation;

Mouse;
B6C3F1;

Methyl bromide (Matheson Gas Produdisit No. E2%
101200; 99.8%) at 0, 10, 33 or 100 ppm (0, 39, 128 or
389 mg/m3); 6 h/day, 5 day/week, 24 months;

Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight,ogs/microscopic abnormalities
and tumour incidences; neurobehavioural tests and
neurohistopathology;

Note: exposure at 100 ppm ceased after 20 weeks due to
excessive mortality, indicating that the Maximum
Tolerated Dose (MTD) had been exceedmd the animals
were maintained to Week 104.

Clinical signs No differences were noted between control and methyl bremide
treated animals regarding behavioural or clinical signs.

Morbidity/Mortality: Increased in 100 ppm group toward end of secaaa yn

both males and females. Increased mortality was associated with increased
incidence of heart thrombi, which the study authors speculated might be
responsible for the deaths.

Body weights In the 100 ppm group, male and female body weights were
slightly less than controls after four weeks of exposure and the reductions
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persisted to the end of the study, even though exposure ceased after 20 weeks.
Differences were not always statistically significant in males but were always
so in females.

Organ wéghts At 53 weeks, average absolute kidney weights were
significantly lower in 100 ppm males and 33 and 100 ppm females. Expressed
relative to total body weight, kidney weights were significantly lower for
33and 100 ppm males and these decreases exhilatedosaesponse
relationship. Brain weights were decreased compared to controls on an
absolute but not relative basis in 100 ppm females at 53 and 104 weeks.

Haematology Random differences were found at week 13 and week 52 that
reached statistical sificance in some groups, however, they were not
considered treatmemnélated.

Histopathology In the high exposure group only, an increased incidence over
controls was observed of lesions in the central nervous system that was largely
associated with aly deaths in this group. Lesions of the cerebrum included
focal, cortical neuronal necrosis occasionally with mild oedema, congestion
and gliosis. Cerebellar lesions included focal to diffuse nuclear pyknosis of
cells from the internal granular layer tdtut involvement of Purkinje cells.

A concentratiorrelated increase in irritation of the nasal epithelia was found in

methyl bromide exposed rats. Olfactory epithelial necrosis and metaplasia were
statistically increased in both sexes from the high rit lower exposure

groups. Necrosis consisted of focal cell death and loss of olfactory epithelium
(nerve <cells and sustentacul ar <cell s) i
mucosal surface. 0 This finding was ass
within the first 20 weeks of exposure in the 100 ppm group. Metaplastic

changes were associated more with surviving mice and was characterized by

focal areas were olfactory epithelium was replaced by ciliated columnar
epithelium, similar to respiratory epitiain.

Chronic cardiomyopathy occurred in a doesponse manner, although this

finding was statistically significant only in the high exposure group when
compared to controls. Myocardial degeneration was also seen but only in the

high exposure group. Myordial degeneration, seen in 30 of 33 male mice

dying prematurely from exposure to 100 ppm methyl bromide, was
characterized by fAmyofiber sarcopl as mi
and by variation in nuclear size accompanied by mild interstitial

hypec el | ul arity. o Myocardi al degeneratic
associated in female mice dying early in the 100 ppm methyl bromide group.
Chronic cardiomyopathy included Afocal

to diffuse mononandwasalesion selerl with farfgredtet r at e s
frequency in mice surviving exposure to ther@dnth final sacrifice. Sternal

dysplasia was detected at a statistically increased incidence in the 100 ppm

group and was observed in lower dose groups, suggestingeaedpsnse

relationship. This noh et h al | esi on may be descri
ventrolateral deviation of the manubrium with subluxation of other sternebrae.
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Irregular proliferative protuberances composed of diferentiated mature
cartilage and bone ave often present along the sternebral articular surfaces
causing aippingébe f f ect . 0

No increase in tumour incidence was associated with methyl bromide
exposure.

Neurobehavioral testing Decrements were found in behavioural test
parameters in the higéxposure group males after 3 months exposure. Because
of high mortality in this group, males were not tested thereafter for behavioural
changes. Findings at 3 months in hifise males and females included: lower
activity, higher startle response, higheat plate latency, and lower hindlimb
grip strength. At six months in the female high exposure group (males not
tested), activity scores were reduced and increased startle response had
disappeared. The female 100 ppm subjects showed no differences from
cortrols at 9 months or thereafter until final sacrifice. At thenf@hth final
sacrifice, females from the 100 ppm exposure group again exhibited lower
activity and heightened startle response. No changes from controls were
evident in the lower exposure gpsiregarding behaviour.

Chronic toxicity

A NOAEL = none, the chronic toxicity LOAEL was the lowest
concentration tested;

A LOAEL = 10 ppm (39 mg/m3), based on a dogpendent increase
in chronic cardiomyopathy in all treated groups;

Oncogenicity

A NOAEL = 33 ppm (128 mg/f);

A LOAEL = >33 ppm (128 mg/f), no increase in tumours seen at the

highest concentration tested for the full 24 months.

The NTP Peer Revi ew cnomrwdengedod carcinogeait t her

activitydo by met hyl lelofrffesnaié RBE3FX noice (N 1992)

A GLP: US FDA 21CFR58;

A Test Guideline  No information;

A Reference source NT P, 1992. AToxicology and Car
Methyl Bromide (CAS No. 7839 ) in B6C3F1 Mice (I nhal
National Toxcology Program, Research Triangle Park, N.C. March 1992.

NTIS Publication Number: PB92189257, NTP TR385;

A Reliability: Klimisch score2 = reliable with restrictions;

Reassessment ofethyl bromide applidéon November 2009 Paged41
Appendix D



ERMA New Zealand Report ID:MeBr_RA_Class

Justification for Classification Reuzelet al (1987/1991) was carried out to GLP,
while NTP (1992) was carried out to GLP and NTP guidelines. A number of other
inhalation and oral studies have been reported. Oral studies in rats have revealed
lesions in the forestomach (of doubtful relevance to humans) that have been
classified as hygrplastic, not neoplastic, and possibly result from the irritant
potential of methyl bromide. Methyl bromide should be not classified under 6.7, as
the evidence does not meet the criteria in Section 15.2.2 disee Guide to the
Thresholds and Classiations in the HSNO A¢ERMA, 2008).

BACKGROUND:
The IARC (1999) evaluation was:

There isinadequate evidenca® humans for the carcinogenicity of methyl
bromide.

There islimited evidenceén experimental animals for the carcinogenicity of
methylbromide.

Methyl bromide isnot classifiable as to its carcinogenicity to humans
(Group 3)

The UNEP (2001) summarised the carcinogenic potential of methyl bromide thus:

[Inhalation studies]

Al n a combined carcinogenesiagesec hr oni c
Ministry of Labor exposed rats and mice by inhalation to methyl bromide
(ML, 1992). Rats (50/sex/dose) were exposed to methyl bromide
concentrations of 0, 4, 20, or 100 ppm, 6 hr/day, 5 days/week for 2 years.
Survival was not affected, however, hidbse rats gained weight more
slowly than controls. High exposure animals also exhibited various
alterations in hematological, clinical chemical, and urinalyses parameters.
Rats at all exposure concentrations showed inflammation of the nasal
olfactory epihelium. Necrosis and metaplasia of the olfactory epithelium
was detected at 100 ppm. However, a high control incidence of metaplasia is
noted in aged rats.

AMi ce (50/sex/ dose) were exposéd to me
16, or 64 ppm 6 hr/day days/week for 2 years. Survival was not affected.

At the highest exposure concentrations, both sexes showed reduced weight

gain and slight atrophy of the granular layer of the cerebellum (JML, 1992).

[Oral - gavage studies]

nor al admi ni syt brantide obg gawage hase resulted in
forestomach tumors in rats, presumably due to irritation of the lining of the
forestomach. Danse et al., (1984) administered 0, 0.4, 2, 10, or
50 mg/kg/day methyl bromide 5 d/wk by gavage in arachis oil for 90 days to
Wistar rats (10/sex/dose). Squamous cell carcinomas of the forestomach
were reportedly found in 13 of 20 rats receiving the highest dose. However,
a panel of NTP pathologists-evaluated the slides from this study and
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concluded that the lesions were nosoplastic. Marked inflammation and
hyperplasia occurred at all dose levels except those in the 0.4 mg/kg group.

ABoor man et al . (1986) admini stered
oil by gavage to groups of fifteen male Wistar rats, 5 time/wk for gerad

13, 17, 21, or 25 weeks whereupon, subjects were sacrificed. In order to
investigate the reversibility of irritation and hyperplasia and their effects on
subsequent tumor development, other groups were treated for 13, 17, or 21
weeks, then observedrf25 weeks. In the group treated for 25 weeks then
immediately sacrificed, a carcinoma of the forestomach was observed in one
of 10 rats. No other malignancies were found in the other groups.
Hyperplasia occurred in all groups but regressed after 25 waeeklise

groups observed for 25 weeks ptsatment.

AA third gavage study by Hubbs and
regression of praeoplastic lesions. In this study, rats were gavaged with 25

or 50 mg/kg methyl bromide in peanut oil for 30, 60, 80120 days, then
observed for 30 or 60 days (those treated for 90 days). Ulceration was
reported in treated rats that reversed after treatment was discontinued. No
neoplasms were reported in this study.

[Oral - Feeding studies]

Al n di et arethyl wamidel has $1qt camsed neoplasia. Methyl
bromide was evaluated for chronic toxicity and oncogenicity in-en@dth
dietary toxicity study in Spragti@awley rats (N.S./sex/group)[no of
animals/sex/group not stated] (Mertens, 1997). Because of thdlevola
nature of methyl bromide and the feeding characteristics of rats, it was not
considered feasible to conduct the study using feed fumigated with methyl
bromide. For purposes of this study, methyl bromide was microencapsulated
and mixed into the rodenliet. Methyl bromide dietary concentrations were
0.5, 2.5, 50, or 250 ppm (0.02, 0.11, 2.20, or 11.1 mg/kg/day for males and
0.03, 0.15, 2.92, or 15.1 mg/kg/day for females, respectively). Two control
groups on a comparable regimen received 1) basal di&t) glacebo
(microcapsules without methyl bromide). No methyl bromide related effects
were seen on survival, clinical condition, hematology, serum chemistry,
urinalysis, organ weights, ophthalmologic assessments, or macroscopic and
microscopic pathologywaluations. Food consumption, mean body weights
and mean body weight gains were reduced in the 250 ppm males and
females during the rapid growth phase for the animals during the first 12 to
18 months of the study. During the first 18 months of the stuégnnbbody
weight gain for highkdose males was 9% to 21% lower than the male control
groups while mean body weight gain for females was 7% to 22% lower than
the female control groups. Typical of chronic toxicity studies, food
consumption and body weight gaimuring the second year of the study
were comparable to controls as the mature animals reached adult body

S

wei ght pl at eau. No evidence of oOoncog:e

(Originals not sighted; UNEP, 2001)
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The IARC (1999) also reported:

A Gr oal §0snale and 50 female Fischer 344/DuCrj rats, six weeks of age,
were administered methyl bromide (purity, > 99.9%) by wimdy
inhalation at concentrations of O (controls), 4, 20 or 100 ppm [O, 16, 78 or
389 mg/m3] for 6 h per day on five days per Wwéar 104 weeks. At week

105, all surviving animals were killed. Necropsy was performed on all
animals and all organs were examined histologically. Survival at week 104
was 34/50, 34/50, 31/50 and 33/50 in control, -lomid- and highdose
males and 42/49%8/50, 39/50 and 41/50 in control, lgwmid- and high

dose females, respectively. The incidence of adenomas of the pituitary gland
was significantly increased in high dose males compared with controls
(16/50, 23/50, 19/50 and 30/50 in control, {pwnid and highdose,
respectively;p < 0.01, chisquare test). In females, no increase in the
incidence of tumours related to treatment was observed (Gattcdd.,
1994) . 0 (Originals not sighted; Il ARC
Methyl bromide isnot classifable as to its carcinogenicity to humans
(Group 3) (see above). The increased incidence of adenomas of the
pituitary gland in male rats at 100 ppm reported by Getodl. (1994) was
balanced against the negative results in the female rats, and intatlies s
reported by IARC in rats (Reuzet al, 1991) and mice (NTP, 1992; Gotoh

et al, 1994). CalDPR (2002) reviewed Gotehal (1994) and found the
avail able report to be fAunacceptabl eo
shortcomings].

The WHO (B95) and ATSDR (1992) reported similar range of oral and inhalation
studies in rats and mice.
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14 REPRODUCTIVE TOXICITY 6.8

14.1 HSNO Classification
CLASS 6.8 (reproductive toxicity)
Classification: Reproductive toxicityi 6.8B

KEY STUDY:
A Type ofstudy: Rat 2generation reproductive study (inhalation);

A Species: Rat;

A Strain albino Charles River CD Spragibawley;

A Test material Met hyl bromi de (-(GGa&sad; Llaktes NaG.N
3/84-702-2 to 3/8470204; >99%)

A Dose levels 0, 3, 30 0r90 ppm (0, 12, 117 or 350 mgin6 h/day, 5
day/week;

A Endpoint: Toxicity and fertility parameters (insemination, fertility

and gestation indices, and gestation period), the number of
pups at birth, the number of still born pups, the ratio of
male:fema¢ pups, litter size, the lactation index and pup
birth weight, gross and histopathology;

A Remarks
Clinical signs No differences were noted between control and methyl bremide
treated animals regarding behavioural or clinical signs.

Body weights In the FO generation, males from the 90 ppm group showed
decreased body weights and body weight gains compared to the controls. No
differences were noted in the F1 generation. No pup weight differences were
noted in the F2a or F2b litters from the F1 generati

Food consumptianFood consumption of female rats from FO generation was
significantly decreased in all treatment groups, but only during the first week
of exposure.

Organ weightsMethyl bromide exposure produced some effects upon absolute
or reldive organ weights. A statistically significant decrease in absolute brain
weight was detected in the 90 ppm males from the FO parental generation and
the males and females from the F1 parental generation. In females from the F1
generation, this effect updorain weight was also apparent when expressed as
a ratio of heart to brain weights. No accompanying microscopic changes were
reported.
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Reproductive performanc®eproductive performance was not altered in either
parental generation by methyl bromide espres as measured by fertility rates.
Slightly decreased pregnancy rates only in the F2b interval at 90 ppm were not
attributed by the authors to methyl bromide exposure. [Note: the US EPA does
consider the 23% reduction in F2b pregnancy rate at 90 igatmtentrelated

and toxicologically significant (see below).]

Offspring Viability and sex ratios were not affected by methyl bromide
exposure. No grossly observable abnormalities occurred as a result of methyl
bromide exposure. Body weights were desexl compared to controls in the
mid and high exposure groups. This was reflected in some absolute but not
relative organ weights. A slight, non statistically significant, reduction in
lactation index for the F1b litter for the 90 ppm group and the F@a for

both the 30 and 90 ppm groups was not attributed by the authors to treatment
as the Fla and F2b litters did not show a similar tendency. [Note: the US EPA
does consider the 120% reduction in F1b, F2a and F2b pup weights on- post
natal D21 at 90ppm treatmentelated and toxicologically significant (see
below).]

Gross pathology Examination at necropsy revealed no effect from methyl
bromide exposure.

Histopathology No histopathology was associated with methyl bromide
exposure in any generatio

A Parental NOAEL = 30 ppm.
A Parental LOAEL = 90 ppm for males based on reduced body weights, body
weight gains and brain weights.

A’ Reproductive NOAEL = 30 ppm.
Reproductive LOAEL = 90 ppm, based on reduction in pregnancy rate (F2b).

A
A
A Offspring NOAEL = 3 ppm.

A Offspring LOAEL = 30 ppm based on lower pup weights in F1 generation.
A

A

A

A GLP: US FDA;

A Test Guideline ~ US EPA OPPTS 870.3800;

A Referencesource Amer i can Biogeni cs -Gemergiamr ati on,
reproduction study in albino rats Wwitmethyl bromide- results of both
gener at i ons o -1629)t(Wnpuplishisidofinal rdpbrt). O(Original not
sighted; UNEP, 2001);

A Reliability: Klimisch score2 = reliable with restrictions;
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KEY STUDY:
A Type of study: 6-week target organ tocity, wholebody inhalation;

A Species: Rat;
A Strain F344;
A Dose levels Methyl bromide (Matheson Gas Products, Lot No. £21

101200; 99.8%) at 0, or 160 ppm; 6 h/day, 5 day/week,
14 exposures [planned 30 exposures were curtailed due to
excessive maality];

A Endpoint: Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology parameters,
organ weight, gross/microscopic abnormalities;

A Remarks:

Clinical signs Clinical signs included neurological signs (curlizugd crossing
of the hindlimbs, forelimb twitching and tremors).

Morbidity/Mortality: 50% mortality was reached in males after 14 exposures.

Body weights Significant reductions in body weight gains were noted after 14
exposures, and body weights w829 lower at termination.

Organ weights Lung, kidney, spleen, brain, testes and liver weights were
significantly reduced (6 to 46%).

Haematology/Chemistry/Urinalysi§&enerally unremarkable and not treatment
related.

Histopathology (only reproduge organs summarisedDegeneration and
atrophy of seminiferous tubules was noted in several exposed males. The
degeneration was characterised by separation and sloughing of spermatocytes
and late stage spermatids and/of formation of multinucleate giaih.
Atrophy was characterised by variable loss of all components of the
spermatogenic epithelium.

A NOAEL = none, the chronic toxicity LOAEL was the only
concentration tested;

A LOAEL = 160 ppm, based on degeneration and atrophy of
seminiferous thules;

A GLP; US FDA 21CFR58:

A Test Guideline  No information:;
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A Reference source Eustis, S.L..et al 1988. AToxicology an
methyl bromide in F344 rats and B6C3F1 mice following repeated inhalation
exposure. o0 Funds946ppl . Toxicol. 11:

[Note: this study formed part of NTP (1992).]

NTP, 1992. AToxicology and Carcinogenes
No.74839) in B6C3F1 Mice (Il nhalation Studi
Program, Research Triangle Park, N.C. March 1992SNPublication

Number: PB92189257, NTP TR385;

A Reliability: Klimisch score2 = reliable with restrictions;

Justification for Classification The American Biogenics Corporation (1986) study
was carried out to GLP and Test Guideline, while Ewgstés. (1988) was carried out

to GLP and NTP protocols. The evidence that methyl bromide did or did not
adversely affect reproduction parameters (in this instance, F2b pregnancy rates)
below maternotoxic doses in rats following administration for two gapagswia
inhalation is equivocal. The study authors (American Biogenics Corporation, 1986)
and the UNEP review concluded that the NOEL for reproductive toxicity is above
the NOEL for parental toxicity, while the US EPA review (2005) considered the
reduction in F2b pregnancy rate treatmeatated and toxicologically significant.

However, UNEP (2001) reviewed eight studies, including Ewtial (1988) that
evaluated testicular effects (5 summarised below by the WHO, 1995), most showed
an adverse effean testicular tissue and sperm function and morphology in rats or
mice exposed to methyl bromide levels at or above 100 ppm. In the NTP (1992) 2
year inhalation study in mice, 40% of males exposed to 100 ppm revealed testicular
degeneration at study ef@bmpared to 0% in controls).

Toxicology Consulting Ltd recommends that methyl bromide should be classified
6.8B for reproductive toxicity, as the evidence is sufficient to conclude it meets the
criteria in Section 16.2.2 of tHdser Guide to the Threshds and Classifications in

the HSNO Ac(ERMA, 2008).

BACKGROUND:
The WHO (1995) reported:

AMc Gregor (1981) conducted a sperm abn
10 male B6C3F1 mice to air containing 0, 78, or 272 mg methyl bromide/m

(0, 20, or D ppm) for 7 h/day, for 5 days. No sperm abnormalities were

found at these concentrations.

AAtrophy of seminal epithel i um, i ncomp
in the seminal tubules, were detected unilaterally in one rat (group of 10) after
inhdation of 778 mg methyl bromidefi200 ppm) (4 h/day; Bays/week for

6 weeks) and in six rats (group of 10) after inhalation of 1167 mg methyl
bromide/ni (same length of exposure). In the tubules of the epididymis
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adjacent to the atrophied testis, necrapermatocytes had accumulated in
seminal fluid, but spermatozoa were not seen (Kato et al., 1986).

ARSpermatogenesi s and sperm gMAN) ity we
following exposure to 778 mg methyl bromidé/ré h/day for 5 days (Hurtt

& Working, 1988). Although methyl bromide caused a transient decrease in

plasma testosterone and testicular nonprotein sulfhydryl concentrations

during acute exposure, no other reproductive indices, including testis
weight, daily sperm production, cauda epididynsgaerm count, sperm
morphology, percentage motile sperm, linear sperm velocity, and
epididymal and testicular histology, were affected by methyl bromide
exposure.

ATesticul ar degeneration and atrophy
following repeated(6 h/day, 5 days/week for up to 6 weeks) inhalation
exposure to 622 mg methyl bromidé/fEustis et al., 1988). In rats,
degeneration included separation and sloughing of spermatocytes and late
stage spermatids and/or formation of intratubular multintelgant cells.

Atrophy was characterized by variable loss of all components of the
spermatogenic epithelium. In exposed mice, degeneration of testes occurred
frequently, but it was not always severe.

A T hi tweek enhalation studies on sperm morphologgd vaginal
cytology examinations (SMVCESs) in B6C3F1 mice an@44 rats were
carried out by Morrissey et al. (1988). Results from mouse studies
(inhalation of 39, 156, or 467 mg methyl bromid®/6 hr/day,

5 day/week]) showed a decrease in terminal badyght, and a relative
increase in the weight of epididymis and testis. A decrease in sperm density
and an increase in the percentage of abnormal sperm were also noted
[effects were not reported by exposure level]. In rats that inhaled 117, 233,
or 467 mgmethyl bromide/m} a decrease in terminal body weight as well

as a decrease in the weight of the cauda epididymis, and a relative increase
in the weight of the testis were noted. A decrease in sperm motility was also
observed. In females, exposure to metirpmide did not affect the length

of the estrous cycle (Morrissey et al., 1988).

iFemale rats exposed t¢70 gbm)2for opgo met hy |
40days survived and reproduced without impairment (Hardin et al., 1981,
Sikov et al., 1981).

UNEP (2001)1 Reproductive toxicity summary:
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