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Objective
The objective of this document is to provide:
a) Comment on the reliability and robustness of the studies used to assign the
HSNO Classifications 6 and 8 for methylbromide as part of the ERMA 2010
Chief Executive initiated reassessment of methylbromide
b) Provide comment on any relevant information that has arisen since the 2010
reassessment which may impact on the HSNO Class 6 and 8 hazard
classifications for methylbromide
c) Provide an overall conclusion on whether or not there is new and substantive
toxicology knowledge which indicate a review of the toxicology should be
undertaken by New Zealand EPA (Environmental Protection Authority), as
part of any future reassessment.

2.

Approach

For each HSNO Class 6 or 8 hazard, the assessments section from Appendix D of the
ERMA 2010 reassessment of methylbromide has been copied into this document. At
the end of the original assessment text, a reviewer comment is provided, followed by an
overall conclusion for that hazard classification.

3.

What has not been undertaken as part of this review

The sections listed below of Appendix D have not been specifically commented on,
however where considered appropriate by the Author, comments have been included in
the “comment section” of this document, for the appropriate hazard classification.
•
•
•
•

Toxicology hazard profile.
Adsorption, distribution, metabolism and elimination (ADME).
Human Exposure Reports
Other Potential Toxic endpoints

In addition, no comment has been made on the “Reference Concentration” section of
Appendix D
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1

ACUTE ORAL 6.1

1.1

HSNO Classification

CLASS 6.1 (oral)
Classification: Acute oral – 6.1C
KEY STUDY:
 Type of study:

LD50;

 Species:

Rat;

 Strain:

No information;

 Test Material:

MeBr in vegetable oil (purity/source unstated);

 Endpoint:

Mortality;

 Remarks:

No information;

 LD50 = 86 mg/kg b.w. (females); 120-160 mg/kg b.w. (males);
 GLP:

No information;

 Test Guideline:

US EPA 870.1100;

 Reference source:

MRID 43510301. (Original not sighted; US EPA, 2005a);

 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: MRID 43510301 is stated to have been conducted
to Test Guidelines, and the LD50 value is in line with other reports. LD50 = 86 mg/kg
bw is in Category 6.1C as stated in Table 10.1 of the User Guide to the Thresholds
and Classifications in the HSNO Act (ERMA, 2008).
BACKGROUND:
Based on the results of the study MRID 43510301, the US EPA gave methyl bromide a
Toxicity Category II (USEPA, 2005a).
The UNEP (2001) reported:
“Because methyl bromide is a gas above 4oC, 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 LD50 in rats of 214 mg/kg in a study
by Danse et al. (1984) and approximately 100 mg/kg in a study by
Kipplinger et al. (1994) indicating moderate toxicity by this route of
exposure. An earlier study revealed an acute oral LD50 of 60-65 mg/kg in
rabbits (Dudley et al., 1940). Other acute oral toxicity studies in these and

other species reveal similar lethal doses. In beagle dogs, toxic signs from
oral exposure included vomiting of reddish material (Naas, 1990).”
(Originals not sighted; UNEP, 2001)
The WHO (1995) reported:
Species/
strain

Acute oral toxicity of methyl bromide (WHO, 1995)

Number of
animals/
groupa
n.d.

Exposure
time
Single

Dose
(mg/kg
b.w.)
56-71

Rat

n.d.

Single

Rat

n.d.

Single

Rabbit

a

Effect

Reference
Dudley et
al. (1940)
Dudley &
Neal (1942)

100

all rabbits given an oral dose
of 63.9 mg/kg b.w. died; one
rabbit receiving 56.3 mg/kg
b.w. died; all rabbits given
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: 60-65 mg/kg b.w.
all died in 5-7 hours

190-239

LD50 = 214 mg/kg b.w.

n.d.= no details given.

1.2

Miller &
Haggard
(1943)
Danse et al.
(1984)

2018 REVIEWER COMMENT

The oral route is a minor route of exposure under the allowable use scenarios for
methylbromide in New Zealand. This view is consistent with the following statement
on the oral route, from UNEP (2001) which has been lifted from the original Appendix
D under review “Moreover, toxicity by this route of exposure is not likely in humans.”
The overall data set for assessment of an oral LD50 value for methylbromide is poor
(and therefore of low reliability) due to a combination of the inherent technical
difficulties of orally administering a gas (which leads to the question as to the reliability
of the outcome of testing; the LD50 value is based on the intended administered dose,
but without analytical sampling data there is no way of knowing how close the intended
and administered doses were), the age of the study and the absence of knowledge as to
whether the study was GLP compliant or not.
Despite the acute oral data set being of poor quality, considering the data available to
ERMA at the time of the preparation of the Appendix D for the 2010 reassessment of
methyl bromide, using the LD50 of 86 mg/kg bodyweight in female rats is valid.
Where there is a sex difference in LD50 values, females are considered most likely to be
the most sensitive sex (OECD test guidelines for acute toxicity recommend the use of
females only, unless there are sufficient data to indicate males may be more sensitive).
In addition, world-wide test guidelines (including OECD, US EPA, JMAFF) the
preferred test species for determination of LD50 values is the rat (unless scientific
justification can be provided for the use of an alternative species).

The data provided in Appendix D of the 2010 reassessment document, indicate a range
of oral LD50 values in the rat (86-214 mg/kg bodyweight). Having a range for such
studies with the same test substance is not uncommon, as determining an LD50 is not a
precise science and is prone to influences such as strain, age, sex, species of animal
used, along with technical expertise in preparation and administration of the dose and
assessment of the clinical condition of the animals.
Search on the internet, using terms such “methyl bromide regulatory reviews” did not
reveal and additional valid information on oral LD50 values for methyl bromide, to that
presented in the 2010 Appendix D
Overall conclusion: No additional information was identified which indicates the 2010
6.1C acute oral classification for methyl bromide should be re-evaluated.

2
2.1

ACUTE DERMAL 6.1
HSNO Classification

CLASS 6.1 (dermal)
Classification: Acute dermal – Not applicable
KEY STUDY:
 None
BACKGROUND:
The US EPA (2005a) reported that there is “clear evidence that severe irritation to skin
occurs after acute dermal exposure to MeBr”, and so “acute dermal toxicity and dermal
sensitisation potential studies were not required”.
The UNEP (2001) reported that “Acute dermal toxicity studies have not been reported in
experimental animals.”
2.2

2018 REVIEWER COMMENT

As with the oral route, the dermal route is a minor route of exposure under the allowable
use scenarios for methylbromide in New Zealand.
In Appendix D of the 2010 methylbromide reassessment application it was concluded
that acute dermal toxicity classification was not applicable. The reasoning being clear
evidence, in humans, of severe skin irritation after dermal exposure to methylbromide.
I concur that there is supportive evidence that dermal exposure to methylbromide in
humans has been reported to cause severe skin reactions e.g. severe blisters, see credible
links below.
http://pmep.cce.cornell.edu/profiles/extoxnet/haloxyfop-methylparathion/methylbromide-ext.html
https://www.epa.gov/sites/production/files/2016-09/documents/methyl-bromide.pdf
On the basis of the evidence of severe skin irritation resulting from dermal exposure to
methylbromide it is not ethical/appropriate to carry out acute dermal toxicity studies in
animals. The presence of severe lesions on the skin of treated animals is likely to
prevent the study from meeting its objective, which is to assess systemic toxicity, rather
than local effects, after a single dermal dose. The presence of severe skin lesion
compromises the dermal barrier and could lead to an over estimation of the LD50, thus
rendering the value unreliable. Alternatively, the presence of the lesions is likely to
result in early termination of the animals on animal welfare grounds and thus there is a
notable risk that insufficient animals will remain at the end of the 14-day post-treatment
observation period, which in turn will lead to the study being invalid.

In addition, due to methylbromide being a gas at room temperature performing a valid
dermal toxicity study would be technically challenging, if not impossible; there would
be difficulties in determining the dermal exposure level, (much of the methyl bromide
applied to the skin is likely to volatise, even if the dose site is covered, rather than pass
through the skin layers into the systemic circulation). Therefore, on the basis of the
physiochemical properties of methybromide and the risk of local severe reactions which
are likely to interfere with the assessment of systemic toxicity, the dermal route of
exposure is not justifiable for methyl bromide.
This view is consistent with the US EPA (2005a) comment, which was provided in the
original Appendix D “clear evidence that severe irritation to skin occurs after acute
dermal exposure to MeBr”, and so “acute dermal toxicity and dermal sensitisation
potential studies were not required”.
Search on the internet, using terms such “methyl bromide regulatory reviews” did not
reveal and additional valid information on dermal LD50 information for
methylbromide, to that presented in the 2010 Appendix D
Overall conclusion: No information was found to challenge the 2010 6.1 entry of “not
applicable” for acute dermal classification for methylbromide.
3
3.1

ACUTE INHALATION 6.1
HSNO Classification

CLASS 6.1 (inhalation)
Classification: Acute inhalation – 6.1B
KEY STUDY:
 Type of study:

LC50 (4-hour);

 Species:

Mouse;

 Strain:

No information;

 Test Material:

Methyl bromide technical (source and purity, unspecified);

 Endpoint:

Mortality;

 Remarks:

No information;

 LC50 =

405 ppm;

 GLP:

No information;

 Test Guideline:

No information;

 Reference source:

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

 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: Yamano (1991) was not stated to have been
conducted to GLP or Test Guideline. However, the LC50 value is in line with other
reports. LC50 (4-hour, gas) = 405 ppm is in Category 6.1B as stated in Table 10.1 of
the User Guide to the Thresholds and Classifications in the HSNO Act (ERMA,
2008) for classification as a gas. The Yamano (1991) study using mice seems to
have no less merit than Kato et al. (1986) using rats that the US EPA used as the
basis of their toxicity categorisation, but US EPA prefers to use rat (4-hour) data
[Health Effects Test Guideline 870.1300 gives the rat as the “preferred” test species,
and “justification” must be provided for using an alternative species].
If the US EPA approach were to be followed (using only rat 4-hour data) that would
give a lower (less highly toxic) classification for methyl bromide as the LC50 would
be 781 ppm or 3.034 mg/L from Kato et 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.
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 Agency considers 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 reliable LC50 for
classification, so TCL recommends that the mouse data are used resulting in the
classification of the substance as 6.1B.
BACKGROUND:
The US EPA (2005a) gave methyl bromide a Toxicity Category IV, based on an LC50
(rat, 4h) = 3.03 mg/L from Kato, N.; Morinobu, S.; Ishizu, S. (1986) “Subacute
inhalation Experiment for MeBr in Rats.” Industr. Health. 24: 87-103. (Original not
sighted; US EPA, 2005a) [Note: 3.03 mg/L or 3,034 mg/m3 (WHO, 1995) is equivalent
to 781 ppm, as quoted in UNEP (2001) below]
The UNEP (2001) reported:
“Inhalation rat LC50’s range from 781 ppm (4 hr) to 302 ppm (8 hr) (Kato, 1986;
Honma, 1985). In mice, the 4-hour LC50 was determined to be 405 ppm by Yamano
(1991). Methyl bromide exhibits a steep dose-response curve for mortality in many
experimental animals (Hayes, 1991; IPCS, 1995). Signs and symptoms of methyl
bromide exposure 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 500 ppm 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 but, in addition, included myocardial hemorrhage and adrenal gland

hemorrhage and necrosis and excluded changes in lymph nodes (ibid.).” (Originals
not sighted; UNEP, 2001)
WHO (1995) reported:
Species

Concentration (mg/m3)

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

4h

Yamano (1991)

Rat

11,000

30 min

Bakhishev (19
73)

Rat

7,300

1h

Zwart (1988); Zwart et al.
(1992)

Rat

3,034

4h

Kato et al.(1986)

Rat

1,175

8h

Honma et al. (1985)

The ATSDR (1992) reported similar studies.
3.2

2018 REVIEWER COMMENT

Conducting inhalation studies requires a high level of technical expertise and
equipment. Due to the technical nature of inhalation studies the rat is the preferred
species of choice (see worldwide chemical safety test guidelines e.g. from OECD). In
addition, the preferred exposure period is 4-hr.
Based on my experience/knowledge of the technical difficulties of the use of mice
inhalation studies (gained whilst working for over 20-years in respected contract
research laboratory) I do not concur with the comment in the original Appendix D “The
Yamano (1991) study using mice seems to have no less merit than Kato et al. (1986)
using rats….” {The Kato study was performed in rats}
Search on the internet, using terms such “methyl bromide regulatory reviews” did not
reveal and additional valid information on inhalation LC50 information for
methylbromide, to that presented in the 2010 Appendix D
Overall conclusion: No new information was found on inhalation LC50 values,
however considering the unreliability of the mouse study used to give a 6.1B hazard
classification for acute inhalation, there is sufficient valid information to request a reevaluation/challenge to the 2010 6.1B entry for acute inhalation classification for
methyl bromide; such a challenge could result in a 6.1C rather than a 6.1B HSNO
hazard classification.

4

SKIN IRRITATION 6.3 & CORROSION 8.2

4.1

HSNO Classification

CLASS 6.3 (skin irritation)/8.2 (skin corrosive)
Classification: Skin corrosive – 8.2C
KEY STUDY:
 Type of study:

Primary dermal irritation;

 Species:

Human;

 Strain:

Not applicable;

 Test Material:

Methyl bromide (source and purity, unspecified);

 Endpoint:

Skin reactions (erythema and oedema);

 Remarks:
Workers have incurred skin irritation (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;
[Second-degree (partial thickness) burns affect both the outer and
underlying layer of skin. (Medline Plus Medical Encyclopedia, online)]
 GLP:

Not applicable;

 Test Guideline:

Not applicable;

 Reference source: Torkelson, T.R., 1994. “Halogenated Aliphatic
Hydrocarbons containing Chlorine, Bromine, and Iodine,” Chapter 38 (pp.
4022-4030) in Patty’s Industrial Hygiene and Toxicology: Toxicology Volume
II Part E., Fourth Edition (G.D. Clayton, F.E. Clayton, eds), John Wiley &
Sons, New York.. (Original not sighted; UNEP, 2001);
 Reliability:

Klimisch score 2 = 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 contact with the 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 Section 11.2 of the User Guide to the
Thresholds and Classifications in the HSNO Act (ERMA, 2008). Human data is
used, as incident reports seem to have prevented formal animal studies from being
conducted.

The US EPA (2005a) gave methyl bromide a Toxicity Category I, based on severe
irritation following accidental exposure to humans (Alexeef, G.; Kilgore, W. (1983)
and Hezemans-Boer et al (1988); Originals not sighted; USEPA, 2005a). [Skin
irritancy Toxicity Cat 1 = “Corrosive. Causes skin burns.” Label Review Manual
(LRM)]
BACKGROUND:
The UNEP (2001) reported:
“No information was found evaluating the dermal irritation of methyl
bromide in experimental animals. In humans, Torkelson (1994) reports that
workers have incurred skin irritation (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.
Methyl bromide has a vesicant effect on skin as well as a freezing effect
common 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 contribute to the irritating effect of methyl
bromide on skin.” (Originals not sighted; UNEP, 2001)
The ATSDR (1992) reported:
“Direct dermal contact with bromomethane can lead to severe injury to the
skin. Symptoms usually do not appear immediately, but develop a few hours
after exposure. Early signs typically include a burning or itching sensation,
with erythema, edema, and large blisters that resemble second-degree burns
developing somewhat later (Butler et al. 1945; Hezemans-Boer et al. 1988;
Watrous 1942; 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 within 5-10 days after exposure
(Watrous 1942), and recovery is usually complete within about 1 month
(Butler et al. 1945; Zwaveling et al. 1987).” (Originals not sighted; ATSDR,
1992)
4.2

2018 REVIEWER COMMENT

Concur with the above comments. There are adequate citaions in scientific/occupational
literature to support the current 8.2C, skin corrosion classification.
Overall conclusion: No basis to re-evaluate the current 8.2C classification.

5
5.1

EYE IRRITATION 6.4 & CORROSION 8.3
HSNO Classification

CLASS 6.4 (eye irritation)/8.3 (eye corrosive)
Classification: Eye corrosive – 8.3A
KEY STUDY:

Note this Classification is based on cross-reference to the primary
dermal irritation information.

 Type of study:

Primary dermal irritation;

 Species:

Human;

 Strain:

Not applicable;

 Test Material:

Methyl bromide (source and purity, unspecified);

 Endpoint:

Skin reactions (erythema and oedema);

 Remarks:
Workers have incurred skin irritation (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;
[Second-degree (partial thickness) burns affect both the outer and
underlying layer of skin. (Medline Plus Medical Encyclopedia, online)]
 GLP:

Not applicable;

 Test Guideline:

Not applicable;

 Reference source: Alexeef, G.; Kilgore, W. (1983) and Hezemans-Boer et al
(1988); (Originals not sighted; USEPA, 2005a);
 Reliability:

Klimisch score 2 = 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 contact with the skin at sufficient concentrations and time
periods. The described damage is greater than the minimum threshold as stated in
Section 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 HSNO Act (ERMA, 2008).
Human data is used, as incident reports seem to have prevented formal animal studies
from being conducted.

The US EPA (2005a) gave methyl bromide a Toxicity Category I, also cross-referenced
to the severe dermal irritation following accidental exposure to humans (Alexeef, G.;
Kilgore, W. (1983) and Hezemans-Boer et al (1988); Originals not sighted; USEPA,
2005a). [Skin irritancy Toxicity Cat 1 = “Corrosive. Causes skin burns.” Label Review
Manual (LRM)]
BACKGROUND:
The UNEP (2001) reported:
“Grant (1993) reports the results of experimental exposure of methyl
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 in 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 severe eye irritation.
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).” (Originals not sighted; UNEP, 2001)
The WHO (1995) reported:
“Irish et al. (1940) noticed lacrimation in rats after inhalation of methyl
bromide levels above 10 000 mg/m3. Irritation of the eye membranes in
mice at concentrations of 3200 mg methyl bromide/m3 was described by
Balander & Polyak (1962).” (Originals not sighted; WHO, 1995)
5.2

2018 REVIEWER COMMENT

Concur with the above comments. There are adequate citations in
scientific/occupational literature to support the current 8.3A, eye corrosion
classification.
Overall conclusion: No basis to re-evaluate the current 8.3A classification.

6
6.1

RESPIRATORY SENSITISATION 6.5A
HSNO Classification

CLASS 6.5 (respiratory sensitisation)
Classification: Respiratory sensitisation – 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.
6.2

2018 REVIEWER COMMENT

Currently there are no validated in vivo or in vitro test guidelines for the assessment of
respiratory sensitisation. There are in vivo/in vitro testing regimes which can be used to
obtain a “weight-of-evidence” as to whether a substance is likely to be a respiratory
sensitizer or not. Part of this “weight-of-evidence” approach includes checking for
structural alerts. The structure of methylbromide does not indicate it is likely to be a
respiratory sensitizer.
Due to the lack of validated or commonly agreed in vivo/in vitro test methods for
respiratory sensitisation, classification for respiratory sensitisation is usually based on a
“weight-of-evidence” approach using human experience (incidence/epidemiological
reports). Clinical symptoms which may indicate respiratory sensitisation include:
asthma, rhinitis and alveolitis. Human data appropriate for assessment of respiratory
sensitisation are often limited due to constraints such as: lack of exposure information,
low number of subjects/data points and concomitant exposure to other substances.
Another step in assessing whether a substance is a respiratory sensitizer is its skin
sensitisation potential. The general-rule-of-thumb is a substance which is not a skin
sensitizer is highly unlikely to be a respiratory sensitizer, although not all skin
sensitizers are respiratory sensitizers.
Overall, unless a substance has a structural alert and is a very potent respiratory
sensitizer it is difficult to class a substance as a respiratory sensitizer.
No information regarding the respiratory sensitisation potential for methylbromide was
identified using internet searches using terms such as; “methylbromide respiratory
sensitisation’.
For further information on respiratory sensitisation classification see:
https://www.schc.org/assets/docs/ghs_info_sheets/respiratory_sensitization_201704.pdf
https://echa.europa.eu/documents/10162/13643/ir_csa_r7a_r73_guidance_sensitisation_draft_to_peg_en.pdf/1def2294-caa1-4c4c-9a25e7b65b95c166

Despite the lack of specific data regarding respiratory sensitisation potential of
methylbromide, it is worth noting that several repeat dose inhalation studies have been
performed on this substance. There has been evidence of irritation in the nasal passages
in rats and dogs, but no mention of respiratory sensitising-type symptoms. This type of
information is antedoctal at best, but worth noting.
Overall conclusion: No basis to re-evaluate the current “insufficient data” outcome.
7
7.1

CONTACT SENSITISATION 6.5B
HSNO Classification

CLASS 6.5 (contact sensitisation)
Classification: Contact sensitisation – 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 irritation precludes testing using animal models.
7.2

2018 REVIEWER COMMENT

Unlike the situation for respiratory sensitisation there are validated in vivo or in vitro
test guidelines for the assessment of skin sensitisation. However due to the skin
corrosive nature of methylbromide and the fact that it is a gas at room temperature these
testing methods are not suitable for methylbromide. Therefore, as in the case for
respiratory sensitisation classification for skin sensitisation comes down to structural
alerts and a “weight-of-evidence” approach using human experience
(incidence/epidemiological reports).
The structure of methylbromide does not indicate it is likely to be a skin sensitizer.
Clinical symptoms which may indicate skin sensitisation are such dermatitis (rash,
redness, swelling). The differences between skin irritation and sensitisation is that
sensitisation is a delayed response i.e. it does not occur on the first exposure (unlike
irritation), it may require multiple exposures at high levels, but once a person is
sensitised skin reactions can occurred at much lower levels then needed to initially
cause the response.
Human data appropriate for assessment of skin sensitisation are often limited due to
constraints such as, lack of exposure information, low number of subjects/data points
and concomitant exposure to other substances. In the case of methylbromide the use of
human data is further complicated by the skin corrosive potential; due to the corrosive
skin damage and subsequent reaction from the body due to repair, sufficient
methylbromide may not get into the systemic circulation to be able to elicit an immune

response. It is also unlikely, due to the requirement for protective clothing, that a person
would experience sufficient multiple skin exposures to elicit a sensitising response.
No information regarding the skin sensitisation potential for methylbromide was
identified using internet searches using terms such as; “methylbromide skin
sensitisation’.
For further information on skin sensitisation classification see:
https://www.schc.org/assets/docs/ghs_info_sheets/respiratory_sensitization_201704.pdf
https://echa.europa.eu/documents/10162/13643/ir_csa_r7a_r73_guidance_sensitisation_draft_to_peg_en.pdf/1def2294-caa1-4c4c-9a25e7b65b95c166
Overall conclusion: No basis to re-evaluate the current “insufficient data” outcome.

8
8.1

MUTAGENICITY 6.6
HSNO Classification

CLASS 6.6 (mutagenicity)
Classification: Mutagenicity – 6.6B
As the classification for mutagenicity is based on the total weight of evidence available,
there is 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 mammalian in vivo exposure; genotoxic
effects as a result of mammalian in vivo exposure, with mutagenic effects as a result of
in vitro exposure; and, mutagenic effects as a result of in vitro exposure of mammalian
cells, and the substance has a structure-activity relationship to known germ cell
mutagens.
KEY STUDY:
 Type of study:

Micronucleus (peripheral erythrocytes) & Sister Chromatid
Exchange (bone marrow) assay (by inhalation);

 Species:

Mouse;

 Strain:

B6C3F1;

 Test Material:

Methyl bromide technical (Matheson Gas Products, batch
E21-1012-00; purity, 99.8%);

 Dose levels:

0, 12, 25, 50, 100 or 200 ppm (up to 778 mg/m3) 6 h/day, 5
days/week for 10 days exposure over 14 days;

 Endpoint:

Twice daily mortality and clinical sign examinations.
Body weights were taken. Necropsy at termination
included histopathology for 100 and 200 ppm groups.
Micronuclei frequency, sister chromatid exchange (SCE)
frequency;

 Remarks:
At 200 ppm 9/10 males and 6/10 females died during the
study. No mortalities or body weight changes were noted at lower
concentrations. At ≥50 ppm neurobehavioural signs were noted, including
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 were reported.
In bone marrow, increased SCEs were noted in all treated groups of females,
but only with a distinct dose-response at 100 and 200 ppm. In males there was
a slight increase in SCEs at ≥25 ppm, but with only 1 male surviving at
200 ppm, no dose-response 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 dose-response at 100 and 200 ppm.
In males there was an increase in micronuclei at ≥25 ppm, but with only 1 male
surviving at 200 ppm, no dose-response was apparent;
[Note: NTP (1992) also conducted tests in the same mouse strain of up to
13 weeks duration (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 that this discrepancy may be due to
metabolic changes or changes in target sensitivity.]
 GLP:

No information;

 Test Guideline:

NTP protocols;

 Reference source: NTP, 1992. “Toxicology and carcinogenesis studies of
methyl bromide (CAS No. 74-83-9) in B6C3F1 mice (inhalation studies).”
Research Triangle Park, North Carolina, National Toxicology Program, 212 pp
(Technical Report Series No. 385). (UNEP, 2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

DNA alkylation assay (by oral or inhalation);

 Species:

Rat;

 Strain:

F344;

 Test Material:

14

 Dose levels:

inhalation: 131 ppm for males; 263 ppm females for 6
hours;
gavage: 0.58 mg/kg b.w. for males; 0.8 mg/kg b.w.
females;

 Endpoint:

DNA alkylation;

C radiolabelled methyl bromide technical (source,
unstated; purity, 96%);

 Remarks:
Found the DNA adducts, [14C]3-methyladenine,
14
[ C]7-methylguanine, and [14C]O6-methylguanine in liver, lung, stomach, and
forestomach cells after oral or inhalation exposure. 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, which the authors considered to be systemic genotoxic effect;
 GLP:
No information;
 Test Guideline:

No information;

 Reference source: Gansewendt, B., Foest, U., Xu, D., Hallier, E., Bolt, H.M.,
Peter, H., 1991. “Formation of DNA adducts in F-344 rats after oral
administration of inhalation of [14C]methyl bromide.” Food Chem. Toxicol.
29:557-563. (Original not sighted; WHO, 1995; UNEP, 2001; CalDPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

Sister Chromatid Exchange assay (in vitro);

 Species:

Human;

 Strain:

Not applicable;

 Test Material:

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

 Dose levels:

Aqueous solutions of 19.5 µg MeBr per milliliter (5,000
ppm);

 Endpoint:

SCE frequency in peripheral lymphocytes; glutathione-Stransferase (GSTT) activity in erythrocyte cytoplasm;

 Remarks:
Measurement of methyl bromide disappearance in headspace vials containing whole human blood cultures in an atmosphere of 19,460
mg/m3 (5,000 ppm) at 37 °C indicated that the methyl 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/m3 (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 mg/m3 (1000 ppm) after 6 hours.
Sister chromatid exchanges in the peripheral lymphocytes of non-conjugators
were increased by approximately twofold (range of 10.19 to 13.97) 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 non-conjugators, 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;
 GLP:

No information;

 Test Guideline:

No information;

 Reference source: Hallier, E., Langhof, T., Dannappel, d., Leutbecher, M.,
Schroder, K., Goergens, H.W., Muller, A., Bolt, H.M., 1993. “Polymorphism
of glutathione conjugation of methyl bromide, ethylene oxide and
dichloromethane in human blood: influence on the induction of sister

chromatid exchanges (SCE) in lymphocytes.” Arch. Toxicol. 67:173-178..
(Original not sighted; WHO, 1995; UNEP, 2001; CalDPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

The UNEP (2001), ATSDR (1997), WHO (1995) and CCRIS (2006) have reported
many in vivo and in vitro assay.
Justification for Classification:
Weight of evidence: There is an extensive genotoxicity database for methyl bromide.
Negative results were reported in the in vivo sex-linked recessive assay in Drosophila
melanogaster and 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 clastogenic activity and 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 dose in context, 200 ppm induced
micronuclei and SCE in mice, while 120 ppm did not (NTP, 1992)).
Methyl bromide was mutagenic in bacteria and other microorganisms in vitro, in both
the presence and absence of exogenous metabolic activation. Methyl bromide was also
mutagenic and clastogenic in mammalian cells exposed in vitro, including the mouse
lymphoma and SCE assays. However, methyl bromide was shown neither to enhance
transformation in a cell 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
NTP in mice and rats of both sexes.
In summary, methyl bromide is mutagenic and clastogenic both in vivo and in vitro.
Methyl bromide’s inherent potential appears adequately 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 of the User Guide to the Thresholds and
Classifications in the HSNO Act (ERMA, 2008).

BACKGROUND:
The UNEP (2001) summarised the genotoxicity of methyl bromide thus:
“Many bacterial in vitro tests for genotoxicity have been conducted with
methyl bromide. Several Ames assays have shown that methyl bromide
induces reverse mutations in Salmonella typhimurium with or without
metabolic activation. Mutagenic responses also have been found using
Escherichia coli as the test organism. In vitro tests using mammalian cells in
culture, such as the mouse lymphoma assay, and the Sister Chromatid
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 induce Unscheduled DNA Synthesis in
rat primary hepatocytes or human fibroblasts.
“In vivo tests, such as the Mouse Micronucleus Assay, the Sister Chromatid
Exchange Assay and the Mouse DNA Alkylation Assay have yielded
positive responses indicating that methyl bromide is clastogenic and
otherwise able to disrupt DNA. Methyl bromide however was negative in
the sexlinked recessive assay in Drosophila melanogaster and 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 both seen in vivo and in vitro.
“As these studies may be predictive of either carcinogenic or heritable
effects, it is important to evaluate the appropriate in vivo studies. Long-term
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 developmental
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 lethal study in male rats.”
The WHO (1995) reported:
“DNA adducts have been demonstrated in F344 rats, following oral or
inhalation administration 14C-methyl bromide. The adducts were isolated
from liver, lung, stomach, and forestomach and identified as
3-methylguanine, 7-methylguanine, and 0 6-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).
“Alkylation of guanine-N-7 in the DNA of liver and spleen was observed
after treatment of male CBA mice with 14C-labelled methyl bromide
(4.9-5.0 mCi/mmol) by inhalation (340 mCi/kg body weight for 4 h) or i.p.
injection (4.4 µmol/kg body weight) (Djalali-Behzad et al., 1981). They
noted that the extent of DNA alkylation in the liver and spleen in vivo was
200 and 20 times lower, respectively, than expected from the extent of the
alkylation of haemoglobin and from the relative reactivities of DNA and
haemoglobin towards methyl bromide in vitro.

“An in vitro assay 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).
“As measured by autoradiography, methyl bromide (tested at
10-30 mg/litre) did not induce unscheduled DNA synthesis in primary
cultures of rat hepatocytes treated in air-tight bottles (Kramers et al., 1985a).
“Methyl bromide was mutagenic to Salmonella typhimurium TA 100 when
tested at concentrations of 0.02-0.2%, in desiccators, in the absence of an
exogenous metabolizing system (Simmon et al., 1977).
“Positive results were also obtained in strain TA 100 in a liquid assay (tested
at 10-1000 mg/litre) and a plate assay (tested in closed containers at
concentrations of 500-50 000 mg/m3). Methyl bromide was mutagenic at
concentrations of 1900 mg/m3 and 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 liver homogenates from Aroclor(R)induced rats (Kramers et al., 1985a).
“Methyl bromide (tested at 0.5-5 g/m3 in a closed container) was mutagenic
to S. typhimurium TA 1535 and TA 100 and to E. coli WP2 her, in the
absence of an exogenous metabolic system (Moriya et al., 1983).
“An aqueous solution of methyl bromide (tested at 0.5-6 µmol/litre) induced
mutations to streptomycin independence in E. coli Sd-4 (Djalali-Behzad et
al., 1981).
“Methyl bromide showed no mutagenic activity in a modified Ames test
using the impingement (in situ) test system, but, with the SOS umu-test, this
compound induced a significant SOS response, even with only 30 min
impingement (Ong et al., 1987). The SOS function induced by genotoxic
agents was detected by a colorimetric measurement of beta-galactosidase
activity encoded by the 1acZ gene, which is regulated by the Umu operon.
“A sex-related recessive lethal assay was carried out on Drosophila
melanogaster (McGregor, 1981). Male strain Oregon K Drosophila were
exposed to 78 or 272 mg methyl bromide/m3 for 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, 1-4 days after emergence from pupae and the F2
generation was ex-amined for the absence of wild-type males. At 78 mg
methyl bromide/m3, 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 compound-related as these were higher than those at the higher
concentration range.
“In a sex-linked recessive lethal test on Drosophila melanogaster, flies of
the Berlin K strain were exposed to methyl bromide at concentrations of
70-750 mg/m3 for increasing periods; mutation frequencies were
significantly increased at the highest nontoxic concentrations. At a

concentration of 600 mg/m3, all 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; 487 mg/m3
for 5 x 6 h and 200 mg/m3 for 15 x 6 h were effective exposures whereas
treatment with up to 750 mg/m3 for 6 h was not sufficient to produce
significantly increased mutation frequencies. The mutagenic effect of
methyl bromide was most pronounced in postmeiotic germ cell stages
(Kramers et al., 1985b).
“Treatment of L5178Y mouse lymphoma cells with 0.03-30 mg methyl
bromide/litre, in air-tight bottles, resulted in a dose-related increase in
6-thioguanine- and bromodeoxyuridine-resistant mutants (Kramers et al.,
1985a).
8.6.3

Chromosomal effects

8.6.3.1 In vitro studies
“Exposure of human lymphocyte cultures to 4.3% methyl bromide for 100
seconds increased the frequency of sister chromatid exchanges (SCEs) from
10.0 to 16.8 per cell (Tucker et al., 1985, 1986).
“Human G0 lymphocytes were treated with methyl bromide (0-24 µg/ml) for
30 min with, and without, addition of rat liver homogenate. After culture,
the prepared slides were studied and dose-related sister chromatid exchanges
(SCEs) and chromosome aberrations (CAs) were found. Methyl bromide
significantly induced chromosome aberrations in the presence of S-9 (Garry
et al., 1990).
“Inhalation of methyl bromide gas induced mitotic recombination in somatic
cells (somatic wing-spot assay) of Drosophila melanogaster (Katz, 1985,
1987). Third instar larvae trans-dihybrid for two recessive wing-hair
mutations were exposed via inhalation to methyl bromide
(0-20 000 mg/m3) for 1 h. Wings of surviving adults were scored for the
presence of clones of cells possessing malformed wing-hairs. 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
“The results of in vivo mammalian tests for chromosomal aberrations in rat
bone marrow were negative (McGregor, 1981).
“Micronuclei formation was studied on F-344 rats and BDF1 mice exposed
to 0, 600, 778, 1011, 1314, or 1712 mg methyl bromide/m3 (0, 154, 200,
260, 338, or 440 ppm) for 6 h/day and 5 days/week for 14 days (Ikawa et al.,
1986). In the surviving mice, poly-chromatic erythrocytes with micronuclei
in the bone marrow increased 10-fold in males (778 mg/m3) and 6-fold in
females (600 mg/m3) and those in peripheral blood increased 32-fold in
males (778 mg/m3) and 3-fold in females (600 mg/m3). In rats, poly-

chromatic erythrocytes containing micronuclei in the bone marrow increased
10-fold in males and 3-fold in females (both 1314 mg/m3).
“Increases in SCEs and micronuclei were observed in the bone marrow cells
of male and female B6C3F1 mice exposed via inhalation to a concentration
of 778 mg methyl bromide/m3 (200 ppm) for 14 days (6 h/day,
5 days/week), the increases were more pronounced in female mice. In
contrast, no significant increases in either SCEs or micronuclei were
observed in male or female mice exposed via inhalation to a concentration
of 467 mg methyl bromide/m3 (120 ppm) for 13 weeks (NTP, 1992).
(Originals not sighted; WHO, 1995)
The ATSDR (1992) reported:
“In animals, the frequency of bone marrow cells with chromosomal
aberrations was not increased in rats exposed to 70 ppm for 5 days
(McGregor 1981), but was increased several-fold in rats exposed to 140 ppm
for 14 days (Ikawa et al. 1986). Djalali-Behzad et al. (1981) found that
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 exposed to 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 minimal and difficult to
measure following brief or low dose exposure.” (Originals not sighted;
ATSDR, 1992)
UNEP (2001) Genotoxicity summary (overleaf):

8.2

2018 REVIEWER COMMENT

Concur that there are a plethora of data supporting a 6.6B mutagenicity classification.
There are insufficient data on the potential of methylbromide to cause mutagenic effects
in germ cells of mammals to classify methylbromide as 6.6A. No recent information
was found via internet searches relevant to this end-point.
Overall conclusion: No basis to re-evaluate the current 6.6B classification.
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9.1

CARCINOGENICITY 6.7
HSNO Classification

CLASS 6.7 (carcinogenicity)
Classification: Carcinogenicity – No
KEY STUDY:
 Type of study:

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

 Species:

Rat;

 Strain:

Wistar; Cpb:WU;

 Test material:

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

 Dose levels:

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

 Endpoint:

Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight, gross/microscopic abnormalities
and tumour incidences; behavioural battery test at 41 wk;

 Remarks:
Clinical signs: No differences were noted between control and methyl bromidetreated 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 and female 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
30 and 90 ppm males and these decreases exhibited a dose-response
relationship. Brain weights were decreased compared to controls 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).

Haematology: Random differences were found at week 13 and week 52 that
reached statistical significance in some groups, however, they were not
considered treatment-related.
Clinical chemistry: BUN was decreased in a dose related manner in 30 and
90 ppm males at 53 weeks. Although not seen 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 pathology: Increased incidence of haemothorax in males and females
from the 90 ppm group.
Histopathology: Regarding non-neoplastic lesions, a concentration-related
increase in irritation of the nasal epithelia was found in methyl bromide
exposed rats of both sexes at all exposure levels and all four sacrifice times.
These lesions occurred in the dorso-medial part of the nasal cavity and were
characterized by basal cell hyperplasia and degeneration of the overlying
epithelium. While concentration-related, these lesions 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 bromide exposure.
Chronic toxicity
 NOAEL =
 LOAEL =
Oncogenicity
 NOAEL =

none, the chronic toxicity LOAEL was the lowest
concentration tested;
3 ppm (12 mg/m3), based on degeneration and hyperplastic
lesions in nasal epithelium at all doses;
90ppm (350 mg/m3);

 LOAEL =

>90 ppm (>350 mg/m3), no increase in tumours seen at the
highest concentration tested.

 GLP:

Yes;

 Test Guideline:

No information;

 Reference source: Reuzel, P.G.J., C.F. Kuper, H.C. Dreef-van der Meulen,
and V.M.H. Hollanders, 1987. “Chronic (29-month)

inhalation toxicity and carcinogenicity study of methyl
bromide in rats.” Civo Institutes TNO. DPR Vol.123-084
#59184; 123-147 #116337; 123-148 #120402; 123-148
#120406; and 123-166 #133417.
Reuzel, P.G.J., Dreef-Van der Meulen, H.C., Hollanders,
V.M.H., Kuper, C.F., Feron, V.J. Van der Heijden, C.A.
1991. “Chronic inhalation toxicity and carcinogenicity
study of methyl bromide in Wistar rats.” Food Chem.
Toxicol., 29: 31-39. (Originals not sighted; UNEP, 2001;
CalDPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

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

 Species:

Mouse;

 Strain:

B6C3F1;

 Dose levels:

Methyl bromide (Matheson Gas Products, Lot No. E211012-00; 99.8%) at 0, 10, 33 or 100 ppm (0, 39, 128 or
389 mg/m3); 6 h/day, 5 day/week, 24 months;

 Endpoint:

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

 Remarks:

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

Clinical signs: No differences were noted between control and methyl bromidetreated animals regarding behavioural or clinical signs.
Morbidity/Mortality: Increased in 100 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
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
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 weights: 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
33 and 100 ppm males and these decreases exhibited a dose-response
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 significance in some groups, however, they were not
considered treatment-related.
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 early 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 without involvement of Purkinje cells.
A concentration-related 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 but not lower exposure
groups. Necrosis consisted of focal cell death and loss of olfactory epithelium
(nerve cells and sustentacular cells) “resulting in a sculptured outline of the
mucosal surface.” This finding was associated solely with subjects dying
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 epithelium.
Chronic cardiomyopathy occurred in a dose-response 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. Myocardial degeneration, seen in 30 of 33 male mice
dying prematurely from exposure to 100 ppm methyl bromide, was
characterized by “myofiber sarcoplasmic hyalinization and/or vacuolization
and by variation in nuclear size accompanied by mild interstitial
hypercellularity.” Myocardial degeneration was similarly more highly
associated in female mice dying early in the 100 ppm methyl bromide group.
Chronic cardiomyopathy included “focal myofiber atrophy, fibrosis, and focal
to diffuse mononuclear cell infiltrates” and was a lesion seen with far greater
frequency in mice surviving exposure to the 24-month final sacrifice. Sternal
dysplasia was detected at a statistically increased incidence in the 100 ppm
group and was observed in lower dose groups, suggesting a dose-response
relationship. This non-lethal lesion may be described as “ventral to
ventrolateral deviation of the manubrium with subluxation of other sternebrae.
Irregular proliferative protuberances composed of well-differentiated mature
cartilage and bone were often present along the sternebral articular surfaces
causing a ‘lipping’ effect.”

No increase in tumour incidence was associated with methyl bromide
exposure.
Neurobehavioral testing: Decrements were found in behavioural test
parameters in the high exposure 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 high-dose males and females included: lower
activity, higher startle response, higher hot 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
controls at 9 months or thereafter until final sacrifice. At the 24-month 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 groups regarding behaviour.
Chronic toxicity
 NOAEL =
 LOAEL =
Oncogenicity
 NOAEL =
 LOAEL =

none, the chronic toxicity LOAEL was the lowest
concentration tested;
10 ppm (39 mg/m3), based on a dose-dependent increase
in chronic cardiomyopathy in all treated groups;
33 ppm (128 mg/m3);
>33 ppm (128 mg/m3), no increase in tumours seen at the
highest concentration tested for the full 24 months.

The NTP Peer Review concluded that there was “no evidence of carcinogenic
activity” by methyl bromide for male of female B6C3F1 mice (NTP, 1992)
 GLP:

US FDA 21CFR58;

 Test Guideline:

No information;

 Reference source: NTP, 1992. “Toxicology and Carcinogenesis Studies of
Methyl Bromide (CAS No. 74-83-9) in B6C3F1 Mice (Inhalation Studies).”
National Toxicology Program, Research Triangle Park, N.C. March 1992.
NTIS Publication Number: PB92189257, NTP TR385;
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: Reuzel et 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 hyperplastic, 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 of the User Guide to the
Thresholds and Classifications in the HSNO Act (ERMA, 2008).
BACKGROUND:
The IARC (1999) evaluation was:
There is inadequate evidence in humans for the carcinogenicity of methyl
bromide.
There is limited evidence in experimental animals for the carcinogenicity of
methyl bromide.
Methyl bromide is not classifiable as to its carcinogenicity to humans
(Group 3).
The UNEP (2001) summarised the carcinogenic potential of methyl bromide thus:
[Inhalation studies]
“In a combined carcinogenesis/chronic toxicity bioassay, the Japanese
Ministry of Labor exposed rats and mice by inhalation to methyl bromide
(JML, 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, high-dose 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 epithelium. Necrosis and metaplasia of the olfactory epithelium
was detected at 100 ppm. However, a high control incidence of metaplasia is
noted in aged rats.
“Mice (50/sex/dose) were exposed to methyl bromide concentrations of 0, 4,
16, or 64 ppm 6 hr/day, 5 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]
“Oral administration of methyl bromide by gavage has 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 re-evaluated the slides from this study and

concluded that the lesions were non-neoplastic. Marked inflammation and
hyperplasia occurred at all dose levels except those in the 0.4 mg/kg group.
“Boorman et al. (1986) administered 50 mg/kg methyl bromide in arachis
oil by gavage to groups of fifteen male Wistar rats, 5 time/wk for periods of
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 observed for 25 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 weeks in the
groups observed for 25 weeks post-treatment.
“A third gavage study by Hubbs and Harrington (1986) showed similar
regression of pre-neoplastic lesions. In this study, rats were gavaged with 25
or 50 mg/kg methyl bromide in peanut oil for 30, 60, 90, or 120 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]
“In dietary studies, methyl bromide has not caused neoplasia. Methyl
bromide was evaluated for chronic toxicity and oncogenicity in a 24-month
dietary toxicity study in Sprague-Dawley rats (N.S./sex/group)[no of
animals/sex/group not stated] (Mertens, 1997). Because of the volatile
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 rodent diet. 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 diet or 2) placebo
(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 pathology evaluations. 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 study, mean body
weight gain for high-dose 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 gains during the second year of the study
were comparable to controls as the mature animals reached adult body
weight plateau. No evidence of oncogenicity was seen in this study.”
(Originals not sighted; UNEP, 2001)
The IARC (1999) also reported:

“Groups of 50 male and 50 female Fischer 344/DuCrj rats, six weeks of age,
were administered methyl bromide (purity, > 99.9%) by whole-body
inhalation at concentrations of 0 (controls), 4, 20 or 100 ppm [0, 16, 78 or
389 mg/m3] for 6 h per day on five days per week for 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, low-, mid- and high-dose
males and 42/49, 38/50, 39/50 and 41/50 in control, low-, mid- and highdose 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, low-, mid and high-dose,
respectively; p < 0.01, chi-square test). In females, no increase in the
incidence of tumours related to treatment was observed (Gotoh et al.,
1994).” (Originals not sighted; IARC, 1999) [Note: IARC concluded
Methyl bromide is not classifiable 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 Gotoh et al. (1994) was
balanced against the negative results in the female rats, and in other studies
reported by IARC in rats (Reuzel et al., 1991) and mice (NTP, 1992; Gotoh
et al., 1994). CalDPR (2002) reviewed Gotoh et al. (1994) and found the
available report to be “unacceptable” but “upgradable” due to a number of
short-comings].
The WHO (1995) and ATSDR (1992) reported similar range of oral and inhalation
studies in rats and mice.
9.2

2018 REVIEWER COMMENT

Key Study - Rat Carcinogenicity study
Issues which raise concerns over the suitability of the study for classification:
No study design/test guideline reference provided – there is mention of 4 sacrifices
during this combined chronic toxicity/carcinogenicity study however other than the
Week 53 and terminal kill after 29 months, there is no information as to when the other
kills occurred.
No rationale given for the selection of dose levels. A 10x progression between low and
mid dose group is “extreme” usually expect x3 and unless an additional test group is
included, the dose levels would be expected to be evenly spaced (dose levels used were
0, 3, 30 and 90 ppm).
Test guidelines e.g. OECD advise the high level will show tolerated toxicity, often
known as the MTD (maximum tolerated dose), for a chronic/carcinogenicity study of
this type, the criteria for an MTD is usually a 10% suppression in bodyweight of the
high dose level animal’s vs controls or some clinical signs of toxicity which are unlikely
to affect survival. The overall outcome is to cause “minimum/mild” stress in the high
dose animals. Study summary states after first 4 weeks bodyweight for both sexes at 90
ppm (high level) reported as lower, however it is not clear from the summary if this
refers to gains or losses. Without a magnitude of finding it is difficult to ascertain if the
difference from controls is sufficient to indicate 90 ppm represented toxicity of a
sufficient magnitude for the study to be “valid”.

Food consumption/efficiency of food conversion; there is no mention on this in the
study summary. It is possible the lower bodyweight at 90ppm was due to lower food
intake rather than a direct effect on bodyweight gain. The aetiology of the lower
bodyweight gain can influence the outcome of the study.
There is mention of Week 41 behavioural analysis but no clear mention of outcomes or
what this comprised of.
No reason provided as to why the carcinogenicity part of the study went to 29 months;
for a rat study the standard duration is 24 months. In accordance with test guideline
advice e.g. OECD, a carcinogenicity study can be extended because the survival is
higher than 25% (when this is the case each sex is treated separately). Despite the
duration being reported as 29 months there was a kill at 24 months (Week 104). This
further adds doubt to the reliability of the study.
No information is provided on gross pathology/histopathology procedures; such
procedures can affect the overall interpretation/outcome of the study.
No mention of analysis of dose formulation (no information as to how close the
administered dose was to the intended dose), again this can influence the
interpretation/outcome of the study.
No mention of group sizes – therefore reliability of any reported statistical significance
is unclear. Also, no mention of what statistical procedures were used e.g. t-test, one-way
analysis of variance. The type of statistical analysis and the interpretation of the
statistical analysis can influence the outcome of such a study.
Increased thrombi in the heart was noted in treated animals (none seen in controls), with
the finding being most pronounced at 90 ppm (but not clear if “pronounced” refers to
number affected or severity of finding).
Hyperkeratosis of the oesophagus and stomach seen at 90ppm, both sexes, statistical
significance was attained but unclear if this was on the number of animals and/or the
severity. No time indication as to when this finding was noted, could be all kill time
points or just terminal kill or a combination. Although hyperkeratosis is could lead to
tumour formation (hypertrophy can lead to hyperplasia and then to metaplasia) there is
no evidence from the rat carcinogenicity summary provided in Appendix D that the
hyperkeratosis seen in the oesophagus and stomach is support for a carcinogenicity
classification.
In the opinion of the study author no neoplastic findings were attributable to treatment –
however no further information provided.
Carcinogenicity NOAEL – was determined to be the highest level; there is still however
the question as to whether the dose levels on the study were high enough to demonstrate
sufficient toxicity.
Points which are considered to support the study for classification purposes:
Route of study is relevant to methylbromide human health assessment
A 6hours/day 5 days a week dose regime is suitable for human health assessment
Study appears to be over lifetime of animals.
Reliability: Klimisch score 2 = reliable with restrictions. I consider this score to be
generous based on the above comment.

Key Study- Mouse carcinogenicity Study
Issues which raise concerns over the suitability of the study for classification:
Many of the issues raised for the above rat carcinogenicity study with respect to study
design and general lack of details on procedures also apply to this mouse study selected
as a KEY study.
The study duration of 24 months is greater than the more typical expected lifespan of
Mice i.e. 18 months. No justification is provided as to why the study duration was as it
was. A major concern regarding extension of a study is whether the background data
the laboratory can be aged matched to this particular study. Using “non-aged matched”
background data to help interpret results can influence the outcome of the study.
The study only had two treated groups (high level of 100ppm treatment ceased after 20
weeks due to deaths, although surviving animals kept until study termination at 24
months). From the study summary it isn’t clear how the data from animals receiving
100 ppm were assessed with respect to carcinogenicity outcome. Having only two
treated groups makes interpretation of any potential dose responses difficult if not
impossible.
Reliability: Klimisch score 2 = reliable with restrictions. I consider this score to be
generous based on the above comment.
Overall comment on rodent carcinogenicity studies
As indicated above neither carcinogenicity studies identified as Key studies for
classification are particularly robust. However, the outcome of the studies are
consistent with other carcinogenicity studies mentioned. The overall outcome being
that there is no robust evidence from animal studies (rodent carcinogenicity studies) to
warrant a 6.7 classification for methylbromide.
The lack of sufficient evidence to support a carcinogenicity classification from
methylbromide is consistent with the current IARC conclusion, see here. That said, it
should be noted that the last IARC review of methylbromide was 1999, well before the
ERMA reassessment of methylbromide and nearly 20 years ago from the date of this
review.
Comments on the potential for methylbromide to be carcinogenic
Despite the lack of carcinogenicity from methyl bromide in rodent studies, on the basis
that methylbromide is clearly mutagenic and reports of linkage between methylbromide
and cancer in humans (particularly prostate cancer), it is worth exploring the
carcinogenicity aspect further.
In general, rodent carcinogenicity studies are good predictors of carcinogenicity risk in
humans, there are however circumstances when the outcome of such studies with
respect to relevance in humans can and should be questioned. One such case is when
there is strong evidence of mutagenicity potential without a corresponding evidence of
carcinogenicity potential in long-term rodent assays.
Non-concordance between mutagenicity and carcinogenicity potential can be due to a
number of reasons, the two major reasons are given below:

•
•

Influence of metabolic activity (routes and speed) between different test species
e.g. bacteria and rodents, rodents and humans
Physiology differences e.g. rodents, and rats in particular have highly scrolled
nasal turbinates, which can influence how much of the inhaled substance
actually reaches the systemic circulation and the rate it reaches that circulation.

The general metabolism of methylbromide has not been fully elucidated but there is
evidence it varies between species e.g. rodent and humans.
From review of literature on the metabolism of methyl bromide there is a general
consensus of opinion that methylbromine can cause adverse events via two fundamental
mechanisms: direct interaction through alkylation of macromolecules and or indirect
effects via depletion of cell protective entities, such as glutathione. These two processes
were mentioned in the 2010 Appendix 2, Martin Edwards report; the report concluded:
“These very limited data suggest that the ability to quickly 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 might not mimic the polymorphisms seen in the human
population. (Originals not sighted; NCR, 2000)”
Since the preparation of the ERMA toxicology overview for the 2010 reassessment of
methylbromide some further research into the metabolism and mode of action of
methylbromide, and variations between species has been undertaken. A good summary
of the available data on the mechanism of action of methylbromide and potential links
to cancer in human (prostate) is presented in Budnik et al (2012) meta-analysis paper.
More recent papers of a similar approach were not identified from literature searches;
more recent documents have focused on epidemiological type studies. That said, a point
worth re-iterating from the Budnik et al paper is “The strong alkylating potency of
methylbromide is primarily responsible for its cytoxic activity, causing this pesticide to
be classified as a potent stimulator of cell growth and therefore a tumour promoter.”
{bold emphasis added}. If methylbromide is a tumour promoter, it may explain why
the rodent carcinogenic studies are negative. There are three fundamental stages of
cancer, initiation, promotion and progression. A substance that is a tumour promotor
does not cause the initial tumour step, but if there is another agent which has triggered
that step then if the affected cell is then exposed to a promotor then a tumour may
result. It is possible that during the animal tumour studies because the animals are kept
in a controlled environment and are not exposed to multiple substances there were no
initiated cells in the animals and thus the tests were negative for carcinogenesis because
methylbromide is more likely to be a promoter than an initiator.
Budnik et al, looked at the available epidemiological studies aimed at investigating
whether methylbromide exposure was linked with increased incidence of cancer, in
particular prostate cancer. . They found no epidemiological studies analysing the
potential carcinogenic effects in humans from the exposure to methylbromide due to its
use in shipping or storage i.e. phytosanitary use. There were however studies looking at
a causal link between methylbromide exposure in agricultural workers and cancer.
Budnik et al concluded that there was an indication of increased prostate cancer risk
after exposure to methylbromide. However, in their overall conclusion although a link

between methylbromide exposure and prostate cancer has been suggested further work
is required. They also note data from humans is limited, often complicated by
misclassification of exposure and the use of inappropriate controls. In addition, the
subjects of such studies, due to the nature of the agricultural lifestyle are exposed to
multiple chemicals, which makes it difficult to establish a cause and effect for a single
chemical.
There is evidence that methylbromide has the potential to be a carcinogen, but there is
still a lack of robust information, regarding the mode of action of methylbromide in
humans, and from epidemiological studies, to confidently class methylbromide as a
carcinogen under HSNO. Focussed long-termed exposure and outcome studies in
humans are required, however to knowingly expose humans in the manner required to
obtained such robust data is unethical.
Overall conclusion: Insuffient new (since the 2010 reassessment) robust weight-ofevidence data to justify a re-evaluation the “no” 6.7 classification.
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REPRODUCTIVE TOXICITY 6.8

10.1 HSNO Classification
CLASS 6.8 (reproductive toxicity)
Classification: Reproductive toxicity – 6.8B
KEY STUDY:
 Type of study:

Rat 2-generation reproductive study (inhalation);

 Species:

Rat;

 Strain:

albino Charles River CD Sprague-Dawley;

 Test material:

Methyl bromide (Great Lakes “Meth-O-Gas”; Lot No.
3/84-702-2 to 3/84-70204; >99%)

 Dose levels:

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

 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:female pups, litter size, the lactation index and pup
birth weight, gross and histopathology;

 Remarks:
Clinical signs: No differences were noted between control and methyl bromidetreated animals regarding behavioural or clinical signs.
Body weights: In the F0 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 generation.
Food consumption: Food consumption of female rats from F0 generation was
significantly decreased in all treatment groups, but only during the first week
of exposure.
Organ weights: Methyl bromide exposure produced some effects upon absolute
or relative organ weights. A statistically significant decrease in absolute brain
weight was detected in the 90 ppm males from the F0 parental generation and
the males and females from the F1 parental generation. In females from the F1
generation, this effect upon brain weight was also apparent when expressed as
a ratio of heart to brain weights. No accompanying microscopic changes were
reported.
Reproductive performance: Reproductive performance was not altered in either
parental generation by methyl bromide exposures 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 ppm treatment-related
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 decreased 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 F2a litter for
both the 30 and 90 ppm groups was not attributed by the authors to treatment
as the F1a and F2b litters did not show a similar tendency. [Note: the US EPA
does consider the 10-20% reduction in F1b, F2a and F2b pup weights on postnatal D21 at 90 ppm treatment-related 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 generation.
 Parental NOAEL = 30 ppm.
 Parental LOAEL = 90 ppm for males based on reduced body weights, body
weight gains and brain weights.
 Reproductive NOAEL = 30 ppm.
 Reproductive LOAEL = 90 ppm, based on reduction in pregnancy rate (F2b).
 Offspring NOAEL = 3 ppm.
 Offspring LOAEL = 30 ppm based on lower pup weights in F1 generation.
 GLP:

US FDA;

 Test Guideline:

US EPA OPPTS 870.3800;

 Reference source: American Biogenics Corporation, 1986. “Two-generation
reproduction study in albino rats with methyl bromide - results of both
generations” (Study No. 4500-1525) (Unpublished final report). (Original not
sighted; UNEP, 2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

6-week target organ toxicity, whole-body inhalation;

 Species:

Rat;

 Strain:

F344;

 Dose levels:

Methyl bromide (Matheson Gas Products, Lot No. E211012-00; 99.8%) at 0, or 160 ppm; 6 h/day, 5 day/week,
14 exposures [planned 30 exposures were curtailed due to
excessive mortality];

 Endpoint:

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

 Remarks:
Clinical signs: Clinical signs included neurological signs (curling and 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 were 32% lower at termination.
Organ weights: Lung, kidney, spleen, brain, testes and liver weights were
significantly reduced (6 to 46%).
Haematology/Chemistry/Urinalysis: Generally unremarkable and not treatment
related.
Histopathology (only reproductive organs summarised): Degeneration 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 giant cells.
Atrophy was characterised by variable loss of all components of the
spermatogenic epithelium.
 NOAEL =

none, the chronic toxicity LOAEL was the only
concentration tested;

 LOAEL =

160 ppm, based on degeneration and atrophy of
seminiferous tubules;

 GLP:

US FDA 21CFR58;

 Test Guideline:

No information;

 Reference source: Eustis, S.L., et al., 1988. “Toxicology and pathology of
methyl bromide in F344 rats and B6C3F1 mice following repeated inhalation
exposure.” Fund. Appl. Toxicol. 11:594-610.
[Note: this study formed part of NTP (1992).]
NTP, 1992. “Toxicology and Carcinogenesis Studies of Methyl Bromide (CAS
No. 74-83-9) in B6C3F1 Mice (Inhalation Studies).” National Toxicology
Program, Research Triangle Park, N.C. March 1992. NTIS Publication
Number: PB92189257, NTP TR385;
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: The American Biogenics Corporation (1986) study
was carried out to GLP and Test Guideline, while Eustis et al. (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 generations via
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 treatment-related and toxicologically significant.
However, UNEP (2001) reviewed eight studies, including Eustis et al. (1988) that
evaluated testicular effects (5 summarised below by the WHO, 1995), most showed
an adverse effect on 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) 2year inhalation study in mice, 40% of males exposed to 100 ppm revealed testicular
degeneration at study end (compared 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 the User Guide to the Thresholds and Classifications in
the HSNO Act (ERMA, 2008).
BACKGROUND:
The WHO (1995) reported:
“McGregor (1981) conducted a sperm abnormality assay exposing groups of
10 male B6C3F1 mice to air containing 0, 78, or 272 mg methyl bromide/m3
(0, 20, or 70 ppm) for 7 h/day, for 5 days. No sperm abnormalities were
found at these concentrations.
“Atrophy of seminal epithelium, incomplete spermatogenesis, and giant cells
in the seminal tubules, were detected unilaterally in one rat (group of 10) after
inhalation of 778 mg methyl bromide/m3 (200 ppm) (4 h/day; 5 days/week for
6 weeks) and in six rats (group of 10) after inhalation of 1167 mg methyl
bromide/m3 (same length of exposure). In the tubules of the epididymis
adjacent to the atrophied testis, necrotic spermatocytes had accumulated in
seminal fluid, but spermatozoa were not seen (Kato et al., 1986).

“Spermatogenesis and sperm quality were evaluated in the rat (F-344/N)
following exposure to 778 mg methyl bromide/m3, 6 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 epididymal sperm count, sperm
morphology, percentage motile sperm, linear sperm velocity, and
epididymal and testicular histology, were affected by methyl bromide
exposure.
“Testicular degeneration and atrophy occurred in several rats and mice
following repeated (6 h/day, 5 days/week for up to 6 weeks) inhalation
exposure to 622 mg methyl bromide/m3 (Eustis et al., 1988). In rats,
degeneration included separation and sloughing of spermatocytes and late
stage spermatids and/or formation of intratubular multinucleate giant 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.
“Thirteen-week inhalation studies on sperm morphology and vaginal
cytology examinations (SMVCEs) in B6C3F1 mice and F-344 rats were
carried out by Morrissey et al. (1988). Results from mouse studies
(inhalation of 39, 156, or 467 mg methyl bromide/m3 [6 hr/day,
5 day/week]) showed a decrease in terminal body weight, 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 mg methyl bromide/m3, 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 methyl bromide did not affect the length
of the estrous cycle (Morrissey et al., 1988).
“Female rats exposed to 272 mg methyl bromide/m3 (70 ppm) for up to
40 days survived and reproduced without impairment (Hardin et al., 1981;
Sikov et al., 1981).
UNEP (2001) – Reproductive toxicity summary:

10.2 2018 REVIEWER COMMENT
At the time of the 2010 reassessment there was some doubt (as described in the original
Appendix D) whether a 6.8B classification was justified. However, the classification
was supported by ERMA and cited in the final decision document. No additional
relevant data/information were identified which supports reassessment of this hazard
classification.
Overall conclusion: No basis to re-evaluate the current reproductive 6.8B
classification.
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DEVELOPMENTAL TOXICITY 6.8

11.1 HSNO Classification
CLASS 6.8 (developmental toxicity)
Classification: Developmental toxicity – 6.8B
KEY STUDY:
 Type of study:

Rat teratogenicity study (inhalation);

 Species:

Rat;

 Strain:

Wistar;

 Test material:

Methyl bromide (Matheson Gas Products, Lot No.
unspecified; 99.5% minimum);

 Dose levels:

0, 20 or 70 ppm whole-body; 7 hr/day, 5 day/wk, pregestation only (21 days), during gestation only (Days 1-19) or
both pre and during gestation (21 day pre-gestation and on
[Gestation] Days 1-19). Groups: 0/0 [control], 20/0, 70/0
[pre-gestation], 0/20, 0/70 [gestation], 20/20 or 70/70 [both
pre and during gestation] ppm;

 Endpoint:

Appearance, behaviour, mortality, food consumption, and
body weight gain of the dams, reproduction parameters,
embryotoxicity, foetotoxicity or teratogenicity;

 Remarks:
Maternal clinical signs: No clinical signs were reported indicating toxicity from
methyl bromide exposure at either exposure level.
Maternal morbidity/mortality: No deaths occurred that were related to methyl
bromide exposure. Two dams died on the first night of breeding that was
attributed to fighting as a result of the unfamiliar multiple-subject per cage
housing [dose groups not stated].
Maternal body weights: In the 70/70 ppm (high-high) group, slight, but
statistically significant body weight reductions were observed compared to
controls after during the gestational period exposures. This difference was not
statistically significant by the end of the gestational exposure period. In
addition, in the 0/70 ppm (air-high) group [air in this case means the rats were
not exposed pre-gestation], a statistically significant lower body weight was
observed compared to controls after the second week of gestational period
exposure. This was the only time period where a statistical difference was
observed for the 0/70 ppm (air-high) group. No weight differences were noted
for the 20 ppm groups compared to controls.

Maternal organ weights: No effect on organ weights was observed at either
exposure level with any exposure regimen (pre-gestational exposure,
gestational exposure or both).
Food consumption: No effect was noted from methyl bromide exposure on
food consumption.
Maternal histopathology: Four of 5 instances of hydronephrosis occurred in the
three groups that had a 70 ppm exposure during one of the two exposure
periods (i.e., 1 in the 0/70 ppm air-high group, 1 in the 70/0 ppm high-air
group, and 2 in the 70/70 ppm high-high group). These instances were not
statistically elevated over controls although a pooled analysis was not
conducted.
[Note: the US EPA (2005a) concluded that the “slightly increased
incidence/severity of interstitial nephritis at 70 ppm may represent threshold
effect.”]
Maternal reproductive effects: No differences were noted in pregnancy rates
when methyl bromide exposed dams were compared to controls.
Foetal Effects: No effect was found on fecundity, embryotoxicity, or foetal
viability from methyl bromide exposure. No effect from methyl bromide
exposure was noted on soft-tissue or skeletal anomalies.
[Note: the Cal DPR review (2002) considered an increased incidence of
delayed skull ossification in the 70 ppm groups (0/70 and 70/70) to be
toxicologically significant.]
 Maternal toxicity NOAEL = 20 ppm.
 Maternal toxicity LOAEL = 70 ppm, based on decreased body weight.
 Developmental toxicity NOAEL = 20 ppm.
 Developmental toxicity LOAEL = 70 ppm, based on delayed skull ossification.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.3700a;

 Reference:

Hardin, B.D., Bond, G.P., Sikov, M.R., Andrew, F.D.,
Beliles, R.P., Niemeier, R.W., 1981. “Testing of selected
workplace chemicals for teratogenic potential.” Scand. J.
Work Environ. Health 7:66-75.
Sikov, M.R., Cannon, W.C., Carr, D.B., Miller, R.A.,
Montgomery, L.F., Phelps, D.W. 1981. “Teratologic
assessment of butylene oxide, styrene oxide and methyl
bromide (Contract-No. 210-78-0025).” Cincinnati, Ohio, US
Department of Health and Human Services, 84 pp.
Unpublished. (Originals not sighted; UNEP, 2001);

 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

Rabbit teratogenicity study (inhalation);

 Species:

Rabbit;

 Strain:

New Zealand White;

 Test material:

Methyl bromide (Hyyield-Bromide, Lot No. 041889;
99.6%
(0.127%
air,
0.101%
oxybismethane
(dimethylether), 0089% water, 0.054% methyl chloride));

 Dose levels:

0, 20, 40 or 80 ppm whole-body; 6 hr/day, 7 day/wk
gestation (Days 7-19) for Part 1; 0 or 80 ppm whole-body;
6 hr/day, 7 day/wk gestation (Days 7-19) for Part 2 [Part 1
control: air only; Part 2: naïve – distinction (made in
UNEP, 2001) implies Part 1 controls were placed in an
inhalation chamber for the same time periods as the treated
groups, whereas Part 2 controls remained in normal
housing.];

 Endpoint:

Appearance, behaviour, mortality, body weight gain of the
dams,
reproduction
parameters,
embryotoxicity,
foetotoxicity or teratogenicity;

 Remarks:
Part 1
Maternal clinical signs: One dam (#5428) from the high exposure group
delivered early on day 27 of gestation. This animal showed signs of
maternal toxicity including decreased body fat and ingesta [reduced
stomach/intestinal contents], decreased faeces, lethargy, ataxia, perineal
soiling, right-sided head tilt, lateral recumbency and severe weight loss (464
grams). All other dams survived exposures. Other dams from the high
exposure (80 ppm) group exhibited decreased faeces (not eating), lethargy,
right-sided head tilt, ataxia, and lateral recumbency. Most of these signs
occurred in three rabbits (#5427, #5428 & #5431) from the high exposure
group and were consistent with an earlier probe study at 140 ppm wherein
these same signs correlated with morphological changes within the nervous
system including multifocal areas of inflammation of the meninges and
bilateral symmetrical necrosis or spongiosis in the midbrain. No clinical
signs were noted in the lower exposure groups.
Maternal morbidity/mortality: No deaths in the dams occurred as a result of
methyl bromide exposure.
Maternal body weights: In the 80 ppm group, maternal body weights were
less than controls after four weeks of exposure. Two of the 26 dams were
severely affected with weight losses of 464 and 604 grams. No weight
losses or decreased weight gains were reported for the 20 and 40 ppm group
dams.

Maternal organ weights: No eaffect on organ weights was observed at any
exposure level.
Foetal Effects: No increased malformations were found in foetuses from the
20 or 40 ppm exposure groups.
Foetuses from dams exposed to 80 ppm exhibited a high incidence of
malformations (14.5% vs. 2.1% in controls). Of 23 malformations, 18 were
either missing gall bladders or missing caudal lobe of the lung (i.e., agenesis
of these structures). Foetuses from this group also had lower body weights.
The incidence of missing gall bladder was statistically significant when
compared to controls (foetal incidence, at 80 ppm: 13/159 (8.2%); control:
2/190 (1.1%); litter incidence, at 80 ppm: 5/19 (26.3%); 40 ppm: 1/19
(5.3%); 20 ppm: 1/15 (6.7%); and control: 1/21 (4.8%). From the 80 ppm
group, the individual animal data indicate 9 foetuses with missing gall
bladder were from 4 does with maternal toxicity, with 6 foetuses from one
litter (animal # 5427) and 1 foetus each from 3 litters [animal # 5428, 5431
and 5430]. One doe (animal # 5432) with no maternal toxicity had 4
foetuses with missing gall bladder. Two does (animal # 5426 and 5433) with
maternal toxicity (lethargy only) had normal foetuses. The authors stated
that the incidence in the control group was unusually high and was
correlated with a single sire that also had a missing gall bladder [Part 2 was
designed to clarify the significance of sires with missing gall bladders on
incidence in off-spring]. The laboratory historical control showed no
instance of this anomaly in 3597 foetuses (from 939 litters). [Note: the
reference Palmer (1968) was cited to claim that missing gall bladders or
missing caudal lobes of the lung were considered a minor variation in NZW
rabbits rather than a frank birth defect.]
An increased incidence of fused sternebrae was also observed in foetuses
from the 80 ppm group (12.6%; controls: 0%) that the authors concluded
may be related to maternal toxicity. [Note: the reference Khera (1985) was
cited to claim that fused sternebrae in NZW rabbits was a manifestation of
maternotoxicity.]
The foetal effects also included omphalocele, haemorrhaging (with or
without generalized oedema), retro-oesophageal right subclavian artery.
The mean foetal body weight was 4.4% lower (not statistically significant)
in the 80 ppm group than the controls.
Part 2
Maternal clinical signs: Three dams exhibited decreased faeces and one
showed perineal soiling. The lethargy, right-sided head tilt, ataxia, and
lateral recumbency observed in Part 1 were not seen in Part 2.
Maternal morbidity/mortality: One dam died on day 19 of gestation. This
animal had oedematous lungs and death was considered treatment related.
Maternal Body weights: No significant differences in absolute body weights
were observed when the 80 ppm group was compared either to chamber or

naïve controls. Body weight gain was lower in treated dams than chamber
controls that sporadically reached statistical significance over the course of
treatment.
Foetal Effects: The increased incidence of malformations found in Part 1
was not reproduced in Part 2. No statistically significant increases in
malformations were found when the 80 ppm group was compared to either
control.
The incidence of missing gall bladder, although not statistically significant,
was elevated in the 80 ppm group (4/92; 4.3%) compared to chamber
controls (1/114; 0.9%) or naïve controls (0%). The litter incidence for
agenesis of the gall bladder was 4/14 (28.6%) in the 80 ppm group, and 1/16
(6.3%) in the control group. The sire for the naïve controls, which had a
missing gall bladder, did not appear to genetically predispose its offspring to
this anomaly.
The incidence of missing caudal lobe of the lung was similar between
foetuses from the 80 ppm group and chamber controls. However, both
groups had a high incidence that was elevated above the naïve controls as
well as the chamber controls and 80 ppm subjects from Part 1.
No other anomalies were detected.
 Maternal toxicity NOAEL = 40 ppm.
 Maternal toxicity LOAEL = 80 ppm, based on clinical signs, mortalities and
decreased body weights.
 Developmental toxicity NOAEL = 40 ppm.
 Developmental toxicity LOAEL = 80 ppm, based on omphalocele,
haemorrhaging, retro-oesophageal right subclavian artery, gall-bladder
agenesis, fused sternebrae and decreased foetal body weight.
Note: the UNEP review (2001) appeared to concur with the study authors that
the increased incidence of gall bladder agenesis was not treatment related. The
US EPA review (2005a) stated that “The data seemed to indicate that the
failure of gall bladder development was due to the direct effects of MeBr and it
might not be caused by the parental influence.” Cal DPR (2002) and ATSDR
(1992) reviews concurred with the US EPA stance.
 GLP:

US FDA (1988 & 1989); JMAFF (1984); OECD (1982);

 Test Guideline:

US EPA OPPTS 870.3700b;

 Reference:

Breslin, W.J., Zablotny, C.L., Bradley, G.J., Nitschke,
K.D., Lomax, L.G., 1990a. “Methyl bromide inhalation
teratology probe study in New Zealand white rabbits.”
Midland, Michigan, The Dow Chemical Company
(Unpublished final report).

Breslin, W.J., Zablotny, C.L., Bradley, G.F., Lomax, L.G.,
1990b. “Methyl bromide inhalation teratology study in
New Zealand white rabbits.” Midland, Michigan, The Dow
Chemical Company (Unpublished final report).
Khera, K.S., 1985. “Maternal toxicity: A possible
etiological factor in embryo-fetal deaths and fetal
malformations of rodent-rabbit species.” Teratology
31:129-153.
Palmer, A.K., 1968. “Spontaneous malformations of the
New Zealand White Rabbit: The background to safety
evaluation tests.” Lab. Anim. 2:195-206. (Originals not
sighted; UNEP, 2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: The rat inhalation study by Hardin et al. (1981) and
Sikov et al. (1981) was conducted to Test Guideline, while the rabbit inhalation
study by Breslin et al. (1990a and 1990b) was conducted to GLP and Test Guideline.
The adverse effects noted in both rats and rabbits exposed to methyl bromide
occurred only at concentrations giving rise to significant maternal toxicity. Delayed
skull ossification in rats, and fused sternebrae and decreased foetal body weights in
rabbits are clearly associated with maternotoxicity, with no evidence of particular
developmental sensitivity. When gall-bladder agenesis is examined on an individual
doe basis with regard to the onset of maternotoxicity, the developmental toxicity
becomes clearer (see NRC, 2000 in Background). On the other hand, effects such as
increased incidence of gall-bladder agenesis in rabbits were not reported from other
rabbit inhalation (Sikov et al., 1981) or oral studies (Kaneda et al., 1998).
Toxicology Consulting Ltd (or TCL) recommends that methyl bromide should be
classified under 6.8B for developmental toxicity, as the evidence is sufficient to
conclude it meets the criteria in Section 16.2.2 of the User Guide to the Thresholds
and Classifications in the HSNO Act (ERMA, 2008).
BACKGROUND:
The NRC (2000) reviewed Breslin et al. (1990a and 1990b) as part of an assessment of
Cal DPR’s methyl bromide risk characterisation, and summarised thus:
“First, gallbladder development in the rabbit occurs over 1 to 2 days
beginning on gestation day 11.5. Therefore, the assumption that only a
single exposure is necessary for the induction of adverse developmental
effects is very likely to hold true for this particular effect. Second, the
finding of gallbladder agenesis was confirmed when the experiment was
repeated. Third, the developmental effects of gallbladder agenesis and fused
sternebrae should not be discounted because maternal toxicity occurred in
some does. Both defects occurred in offspring of does who did not exhibit
neurotoxicity as well as in the offspring of the minority of does who did. In
Part 2 of the study, none of the does exhibited neurotoxicity, yet a similar
incidence of gallbladder agenesis was observed as in Part 1. In addition,

signs of neurotoxicity appeared on gestation day 19, the day 12 of the 13day exposure. Given that gallbladder development would have been
completed 5.5 to 6.5 days before maternal toxicity occurred, it is unlikely
that this defect was the result of the maternal toxicity. Moreover, it is not
clear that the inconsistent maternal weight changes, which were observed in
the 80-ppm groups (significantly lower maternal weight gain compared with
controls on some, but not all, gestational days, primarily in Part 2),
represented maternal rather than fetal toxicity, because the fetal weights and
gravid uterine weights were also significantly lower in the 80-ppm group in
Part 2. In addition to DPR’s arguments, it should be noted that maternal
toxicity has been associated with some developmental abnormalities,
including fused sternebrae, but not gallbladder agenesis (Khera 1984; Khera
et al. 1989). Moreover, a recent study found no correlation between
maternal body-weight change as an indicator of maternal toxicity and
various embryo or fetal parameters, including number of anomalies per litter
and reduced fetal weight (Chahoud et al. 1999). Finally, another
interpretation of the occurrence of maternal and fetal toxicity at the same
dose level is that the threshold for toxicity of the test compound is similar in
mother and fetus.
“The subcommittee considers there to be several counterarguments to using
the Breslin et al. (1990b) study to determine the critical NOAEL for acute
exposure in women of childbearing age. One, alluded to above, is that the
findings of this study, taken on their own, might be considered equivocal
evidence for developmental toxicity. The three significant effects—fetal
weight decline, fused sternebrae, and gallbladder agenesis—were not
statistically consistent between Parts 1 and 2 of the study. Fetal weight was
statistically significantly lower in Part 2 in the 80-ppm group, but not in Part
1; gallbladder agenesis was statistically significantly elevated only in Part 1;
and skeletal examinations were only performed in Part 1. In addition, fused
sternebrae are considered a morphological variation that occurs in 0.27% to
0.92% of untreated control New Zealand White rabbit fetuses (DPR 1999,
Tables 5–7, Appendix B). Gallbladder agenesis is a less common
developmental abnormality, but it is also considered a variation by some
experts. These arguments against the Breslin et al. (1990b) study are
weakened by the finding of probable developmental toxicity associated with
methyl bromide exposure in another species, the rat, at nonmaternally toxic
doses (American Biogenics Corporation 1986; Hardisty 1992, as cited in
DPR 1999; Busey 1993, as cited in DPR 1999). Another counterargument is
that developmental studies should not be used for acute exposure risk
assessment if appropriately performed acute exposure studies exist for the
agent in question. This argument ignores the possibility that fetuses might
be more sensitive than adults to a given agent and that developmental
effects caused by multiday gestational exposures would theoretically be
caused by single exposures as well.” (Originals not sighted; NRC, 2000)
The WHO (1995) reported:
“In a further series of studies by Sikov et al. (1981), groups of 24 female
New Zealand white rabbits were exposed for 7 h daily to 78 or 272 mg
methyl bromide/m3 (20 or 70 ppm) from the day of artificial insemination.

The 78 mg/m3 group was exposed up to day 24 of gestation; because of
toxic effects, exposure had to be stopped on day 15 for the 272 mg/m3
group, in which all but one pregnant rabbit died. The remaining rabbits from
the control and 78 mg/m3 exposure group were sacrificed on the 30th day of
gestation. The low exposure group showed no fetotoxic or teratogenic
effects. An evaluation of the fetotoxicity or teratogenic results from the high
dose group was not possible because of the high mortality rate in the
pregnant rabbits (Hardin et al., 1981; Sikov et al., 1981).
“In a preliminary teratology study (Breslin et al., 1990), pregnant New
Zealand White rabbits were exposed via inhalation for 6 h/day to 0, 39, 117,
195, 272, or 545 mg methyl bromide/m3 (0, 10, 30, 50, 70, or 140 ppm).
Toxicity was observed in rabbits exposed to 545 mg methyl bromide/m3 and
these were sacrificed before the end of the study. No apparent embryotoxic
effects were observed at any exposure level (Breslin et al., 1990).
“Methyl bromide at 0, 0.5, 5, 25, or 50 mg/kg body weight was
administered in peanut oil, by gavage, to pregnant rats on days 5-20 of
gestation (Peters et al., 1982). Signs of maternal toxicity were evident in the
two highest dose groups. Total resorption of embryos was observed in the
highest dose group and was considered to be the result of the poor health of
the pregnant rats and not a primary toxic effect. In the control and 25 mg/kg
groups, no effects on the skeleton or internal organs were reported. In this
study, methyl bromide was not considered teratogenic and adverse effects
on prenatal development only occurred when maternal toxicity was
present.” (Originals not sighted; WHO, 1995)
The Cal DPR (2002) reported:
“Pregnant rats (Crj:CD (SD), 23-24 rats/dose) were given methyl bromide
(purity 99.5%; 0, 3, 10, or 30 mg/kg) dissolved in corn oil by gavage on
gestation days 6-15 and sacrificed on day 20 (Kaneda et al., 1998). No
clinical signs were observed. Food consumption and weight gain were
reduced in the dams of the 30 mg/kg group. Food consumption was also
reduced in the control group given corn oil; this suggested that the effect
may be related to the large volume of corn oil used (10 mL/kg) or the
method of administration. At necropsy, all dams in the 30 mg/kg group
showed erosion and thickening of the wall in the nonglandular part of the
stomach and adhesions between the stomach and the spleen, liver or
diaphragm. In the fetuses from the 30 mg/kg dams, there were increased
incidences of microphthalmia in 2 fetuses (two litters, 8% incidence), and
having 25 (not 26) presacral vertebrae count in 5 fetuses (two litters, 8%
incidence). While neither effect was statistically significant, no cases were
observed in the control group. This study was considered supplemental
information by DPR.
“Pregnant rabbits (Kbl:JW, 15-18 rabbits/dose) were given methyl bromide
(purity 99.5%; 0, 1, 3, or 10 mg/kg) dissolved in corn oil by gavage on
gestation days 6-18 and sacrificed on day 27 (Kaneda et al., 1998). No
clinical signs were observed. Food consumption and weight gain were
reduced in the does of the 10 mg/kg group. In the fetuses, total litter

resorption occurred in 2 does of the 10 mg/kg groups and one control doe;
the number of resorptions involved were not indicated. Skeletal
malformations involving 2-3 litters in at least one methyl bromide-treated
group included: splitting of the nasal/frontal/parietal bones; hemivertebra;
fusion of the ribs/sternebrae; and absence of the metacarpal and phalangeal
bones. While the number of fetuses with malformation were [sic. was]
higher in the treated groups than the control groups; the increase was neither
statistically significant at the litter level nor related to the dose. This study
was considered supplemental information by DPR.” (Originals not sighted;
Cal DPR, 2002)
UNEP (2001) – Developmental toxicity summary:

11.2 2018 REVIEWER COMMENT
At the time of the 2010 reassessment there was some doubt (as described in Appendix
D) whether a 6.8B classification was justified. However, the classification was
supported by ERMA and cited in the final decision document. No additional relevant
data/information were identified which support reassessment of this hazard
classification.
Overall conclusion: No basis to re-evaluate the current developmental 6.8B
classification.

12

REPRODUCTIVE OR DEVELOPMENTAL TOXICITY ON OR VIA LACTATION 6.8C

12.1 HSNO Classification
CLASS 6.8 (reproductive or developmental effects on or via lactation)
Classification: Reproductive or developmental effects on or via lactation –
Insufficient data
KEY STUDY: (see Section 14 Reproductive Toxicity 6.8 above for fuller details)
 Type of study:

Rat 2-generation reproductive study (inhalation);

 Remarks:
During lactation, the F1a and F1b pups of the 30 and 90 ppm groups showed
significantly reduced body weights on lactation days 14 to 28. The F2a 90 ppm
pup body weights were lower at birth than the controls and remained reduced
throughout lactation. The F2a 30 ppm pup body weights showed significant
reduction on lactation days 14 to 28. The F2b 30 and 90 ppm pup body weights
were decreased, starting as early as 4 days after birth. The reduction in body
weight was greater in the F2a and F2b progeny (reduction of 9 to 21% at 90
ppm) compared respectively to the F1a and F1b pups (reduction of 5 to 11% at
90 ppm). Since the pups were not exposed to methyl bromide during the
lactation period, except perhaps via the maternal milk, the finding of reduced
body weights suggested that growth retardation might be an effect due to the
14 to 15 days of in utero exposure.
 Reference source: American Biogenics Corporation, 1986. “Two-generation
reproduction study in albino rats with methyl bromide - results of both
generations” (Study No. 4500-1525) (Unpublished final report). (Original not
sighted; Cal DPR, 2002; UNEP, 2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: American Biogenics Corporation (1986) was
carried out to GLP and Test Guideline. A two-generation reproductive toxicity study
in rats showed reductions pup weight during lactation (F1a, F1b, F2a, F2b),
suggestive of a reduction in lactation or reduced maternal care, but at doses causing
frank maternal toxicity. There is insufficient evidence to show a specific substance
effect on or via lactation that it meets the criteria in Section 16.2.2 of the User Guide
to the Thresholds and Classifications in the HSNO Act (ERMA, 2008).
12.2 2018 REVIEWER COMMENT
Concur with the conclusion of there being insufficient evidence for classification. No
additional relevant data/information were identified which would support reassessment
of this hazard classification.
Overall conclusion: No basis to re-evaluate the current :”insufficient” classification for
reproductive toxicity via lactation.

13

SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – ORAL)

13.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – oral) – No
KEY STUDY:
 Type of study:

Rat acute oral toxicity study;

 Species:

Rat;

 Strain:

Crl:CD®BR;

 Test material:

Methyl bromide (source unstated; purity, 99.5%);

 Dose levels:

0, 80, 120 or 160 mg/kg b.w. (nominal and actual) once as
liquid in corn oil by gavage; or, 0, 98, 146 or 195 mg/kg
b.w. (actual) once microencapsulated; all groups fasted for
18-20 hours;

 Endpoint:

Appearance, behaviour, mortality, necropsy;

 Remarks:
The mortality incidences were 0 for control groups, 2/10 (corn oil) and 1/10
(microcapsules) for low dose (80 mg/kg b.w., nominal), 6/10 (corn oil) and
7/10 (microcapsules) for the mid-dose (120 mg/kg b.w., nominal), and
10/10 (corn oil) and 9/10 (microcapsules) for the high dose groups (160
mg/kg b.w., nominal).
The clinical signs observed before death included: hypoactivity, ataxia,
prostration, laboured respiration, hypothermia, and tremors. Other findings
with increased incidences included wet yellow urogenital staining and
mucoid faeces in the treated animals. Rats died on or before post-dosing day
2 with one death on post-dosing day 4. The LD50s for the liquid methyl
bromide group were 86 mg/kg and between 120 and 160 mg/kg for females
and males, respectively (combined LD50 of 104 mg/kg). The LD50s for the
microencapsulated group were 105 mg/kg and 159 mg/kg for females and
males, respectively (combined LD50 was 133 mg/kg).
For both the liquid and microcapsules methyl bromide groups, decreased
food consumption and body weight gain were reported. These effects were
related to the dose in most cases. However, the food consumption reduction
was greater for the first week than the second week. The stomach was the
main organ affected regardless of how methyl bromide was mixed in corn
oil. Haemorrhage, oedema, and squamous cell hyperplasia were due to
severe irritation of the stomach lining.

 NOAEL/LOAEL Rat/gavage; 1 dose (corn oil) <80 / 80 mg/kg b.w. (80 mg/kg
b.w. (nominal/actual) was the lowest dose tested); Effects: death, hypoactivity,
ataxia, prostration, laboured respiration, hypothermia, squamous cell
hyperplasia in the stomach;
 NOAEL/LOAEL Rat/gavage 1 dose (microcapsule) <98 / 98 mg/kg b.w. (98
mg/kg b.w. (actual) was the lowest dose tested); Effects: death, squamous cell
hyperplasia.
 GLP:

US EPA 40CFR160 & 40CFR792;

 Test Guideline:

US EPA FIFRA 81-1; TSCA 40CFR798.1175;

 Reference: Kiplinger, G.R., 1994. “Acute oral toxicity comparison study of
microencapsulated methyl bromide and liquid methyl bromide in albino rats.”
Study number WIL-49011. WIL Research Lab., Inc. DPR Vol.123-162
#132699. (Originals not sighted; UNEP, 2001; Cal DPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: Kiplinger (1994) was conducted to GLP and Test
Guideline. The LOAELs (80 and 98 mg/kg b.w.) are below the threshold for single
exposure Category 6.9A as stated in Table 17.1 of the User Guide to the Thresholds
and Classifications in the HSNO Act (ERMA, 2008).
As methyl bromide is a gas above 4ºC at normal pressures, acute oral exposure is not
seen as a significant hazard to humans (cf. chronic oral exposures from fumigant
residues). Few robust oral studies establishing systemic NOAELs/LOAELs were
found.
In conclusion, the non-lethal toxic effects seen are considered to be closely related to
the lethal effects of the substance being a combination of central nervous system
depression and direct of secondary effects of corrosivity to the stomach, so a separate
classification for 6.9A/B for single exposure via the oral route is not proposed.
13.2 2018 REVIEWER COMMENT
As mentioned previously, the oral route is a minor route of exposure and considering
that methylbromide is a gas at room temperature adequately assessing what the actual
dose administered orally is prone to error. In addition orally dosing a gas is a technical
challenge which leads to the potential for the results of such a study to be unreliable.
However considering that ERMA appear to consider the data available for this
route/classification were adequate to give a “No” classification status and that no
additional data on oral toxicity have been identified since the 2010 reassessment there
isn’t any clear value in reassessing this classification to determine if “insufficient” is a
more appropriate classification.
Overall conclusion: No value in requesting a revaluation of the current “No” for
specific organ toxicity oral classification.

14

SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – DERMAL)

14.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – dermal) –
Insufficient data
KEY STUDY: None
Justification for Classification: Methyl bromide is a significant dermal irritant. No
robust dermal studies establishing systemic NOAELs/LOAELs were found.
14.2 2018 REVIEWER COMMENT
As mentioned previously, the dermal route is a minor route of exposure. As
methylbromide is a gas at room temperature, there are both technical issues associated
with appropriately dosing animals and adequately assessing what the actual dose
administered was. On this basis and considering the dermal corrosive nature of the
substance, even if there were dermal toxicity study data available they are unlikely to be
reliable for the assessment of dermal toxicity risks to humans. Therefore, I Concur with
the 2010 classification outcome.
Overall conclusion: No basis to re-evaluate the current “No” for specific organ toxicity
single dose dermal classification.

15

SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – INHALATION)

15.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – inhalation) –
6.9A
KEY STUDY:
 Type of study:

Acute neurotoxicity (neurotransmitter levels);

 Species:

Rat;

 Strain:

Sprague-Dawley;

 Test material:

Methyl bromide (source unstated; purity);

 Dose levels:

0, 31, 82, 125 or 250 ppm for 8 hours;

 Endpoint:

Appearance,
behaviour,
neurotransmitter levels;

mortality,

necropsy,

 Remarks:
31 ppm: No changes.
82 ppm: Decreased dopamine, norepinephrine & increased metabolites:
humanely acid, 3-methoxy-4-hydroxyphenyl glycol in various regions of
CNS. Largest changes in striatum; maximum effect time was 0 to 2 hours
post exposure.
125 ppm: Decreased dopamine, norepinephrine & increased metabolites:
homovanillic acid, 3-methoxy-4-hydroxyphenyl glycol in various regions of
CNS. Largest changes in striatum; maximum effect time was 0 to 2 hours
post exposure.
250 ppm: Decreased dopamine, norepinephrine & increased metabolites:
homovanillic acid, 3-methoxy-4-hydroxyphenyl glycol in various regions of
CNS. Largest changes in striatum; maximum effect time was 0 to 2 hours
post exposure.
Catecholamine levels (dopamine, DA; norepinephrine, NE; homovanillic
acid, HVA; 3-methoxy-4-hydroxyphenylglycol, MHPG; serotonin, and
5-hydroxyindoleacetic acid, 5HIAA) were determined in the striatum,
hypothalamus, frontal cortex, midbrain, and medulla oblongata after
exposure (Table 2).

(Original not sighted; Cal DPR, 2002)
Dopamine levels were decreased in all regions with a lowest-effect level
(LEL) of 100 ppm for the striatum. Norepinephrine was decreased (87% of
control, p<0.05) with a LEL of 31 ppm in the hypothalamus. However, the
decrease (84% of control) at the next dose of 63 ppm was not statistically
significant. Homovanillic acid and MHPG were increased with a LEL of 63
ppm in the striatum, hypothalamus, and midbrain (MHPG only). Serotonin
and 5HIAA were not significantly affected in any brain segment. Time
course studies showed that the maximal effect was detected immediately or

2 hours after exposure for most catecholamines, and the levels returned to
control levels 24 hours after exposure was stopped.
[Note: Cal DPR listed some inconsistencies in the study. First, decreased
dopamine was measured in the striatum of rats exposed for 8 hours to 100 or
125 ppm methyl bromide whereas exposure at these same levels for a much
longer period, 24 hours, did not affect dopamine content in Honma et al.
(1982). Second, if tyrosine hydroxylase was inhibited as proposed in Honma
et al. (1991), one would expect that the metabolites such as HVA,
“downstream” from tyrosine hydroxylase would be decreased. However, the
HVA level was increased in this study.]
 NOAEL =

31 ppm;

 LOAEL =

82 ppm, based on decreased neurotransmitter levels;

 GLP:

No information;

 Test Guideline:

No information;

 Reference:
Honma, T., 1987a. “Alteration of catcholamine
metabolism in rat brain produced by inhalation exposure to methyl bromide.”
Jpn .J. Ind. Health, 29:218-219.
Honma, T., Muneyuki, M., Sato, M., 1987b. “Methyl bromide alters
catecholamine and metabolite concentrations in rat brain.” Neurotoxicol.
Teratol. 9:369-375. (Originals not sighted; Cal DPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: There is no information on whether or not Honma et
al. (1987a & 1987b) was conducted to GLP or Test Guideline. A later study by
Honma’s group (Honma et al., 1991) that gave a LOAEL = 31 ppm based on
tyrosine hydroxylase inhibition was the basis of the ATSDR’s minimum risk level
[Note: there is debate about (a) the reproducibility of these results, and (b) their
toxicological significance – see Cal DRP, 2002]. The LOAEL (82 ppm) is below the
threshold for single exposure Category 6.9A as stated in Table 17.1 of the User
Guide to the Thresholds and Classifications in the HSNO Act (ERMA, 2008). Other
inhalation single exposure studies with different endpoints also gave LOAELs below
the threshold (see Background: e.g. Newton, 1994: for dog, NOAEL (one day) =
<233 ppm).
BACKGROUND:
See Section 24 Human Exposure Reports for the UNEP (2001) summarised human
data: Acute exposures.
The Cal DPR (2002) reported:
“123-163 132818 “An Up-and-Down Acute Inhalation Toxicity Study of
Methyl Bromide in the Dog” (Newton, P.E.; Pharmaco LSR, Inc.; study

number 93-6067; 9/14/94). One-day, two-day and four-day exposures were
conducted as part of a range-finding process to select doses for an one-year
exposure study. Dogs (one per concentration) were exposed for 7 h in the
following order: 314 ppm, 233 ppm, 314 ppm, 394 ppm (6 h only due to
severity of effects), 350 ppm and 345 ppm. Tremors and (or) trembling
extremities were seen during exposure in each of the one-day experiments.
NOAEL (one day) = <233 ppm.
“123-158 131609 “Methyl Bromide: Single Exposure Vapor Inhalation
Neurotoxicity Study in Rats” (Driscoll, C.D. & Hurley, J.M.; Bushy Run
Research Center; laboratory project ID no. 92N1197; 5/27/93. Methyl
bromide (100% purity) was administered to 15 CD® rats/sex/treatment level
by whole body inhalation at 0, 30, 100 and 350 ppm, for 6 h. The high dose
was selected based on the study by Honma et al. (Tox. Appl. Pharm.
81:183-191, 1985). Neurobehavioral testing utilized 15 rats/sex/group and
included automated assessments of motor activity and testing in a functional observation battery. Testing was done: pre-exposure; within 3 h
postexposure; 7 d postexposure; and 14 d postexposure. Rats were sacrificed
16-19 d postexposure. Ten rats/sex/group underwent perfusion fixation. Six
rats/sex/group for the 0 ppm and 350 ppm groups had their nervous system
and nasal tissue examined histologically. Neurobehavioral effects were only
seen in the testing done within 3 h postexposure and only the rats exposed to
350 ppm were affected. Findings included: decreased arousal (both sexes);
increased incidence of drooping or half-shut eyelids (both sexes); increased
urination (females only); decreased rearing (both sexes); decreased tail
pinch response (males only); increased incidence of piloerection (both
sexes); decreased rectal temperature (both sexes); abnormal air righting
(females only); and decreased motor activity (both sexes). No effects on
bodyweight or brain weight were noted. Vacuolation that was seen in the
cerebellar white matter and the white matter tracts of the spinal cord for 0
ppm and 350 ppm rats was dismissed as an incidental finding. Otherwise, no
histological lesions were noted in the nervous system or the nasal tissues of
the 350 ppm rats. NOAEL = 100 ppm. Supplemental Information.
(Rinkus, 1/3/95).
“No Record Number. “Inhibition of Tyrosine Hydroxylase Activity by
Methyl Bromide Exposure” (Honma et al., Neurotoxicology and Teratology
13:1-4, 1991). Male Sprague-Dawley rats (3 to 5 rats/dose level/sacrifice
time) were exposed to methyl bromide (0 to 250 ppm) for 8 h using
inhalation chambers. The animals were sacrificed 0, 1, 2 or 24 hours
postexposure. Brain tyrosine hydroxylase (THase) activity was quantitated
in an “in vitro” assay and in an “in vivo” one. Both assays indicated doseresponses for decreases in DOPA production in various brain segments. The
segment with the lowest effect level (LEL) in the “in vitro” assay was the
hypothalamus; its LEL was 16 ppm, the lowest dose tested. The segments
with the lowest effect level (LEL) in the “in vivo” assay were the striatum
and hypothalamus; their LEL was 63 ppm, with a possible incipient effect at
31 ppm. The maximal inhibition of THase activity in both assays was seen
with the rats sacrificed immediately after the 8 h exposure period;
significant recovery took place within two hours postexposure and was

complete by 24 h postexposure. The authors interpreted their findings as
evidence that methyl bromide directly caused changes in the enzyme
structure, presumably by methylation. However, as reviewed in worksheet
“whonma1.sup,” there are significant questions about the findings of Honma
et al. (1991) and its relationship to other studies. Supplemental
information. (Rinkus, 1/26/98).” (Originals not sighted; Cal DPR, 2002)
15.2 2018 REVIEWER COMMENT
The “Key study” selected is more of an investigative type study than an assessment of
toxicity. Whilst the study showed changes in neurotransmitter levels there was no
explanation provided as to the toxicological relevance of this. Study 123-158.131609 is
considered a more appropriate study for assessment of this end-point; as it is appearing
to follow a standard animal neurotoxicity study design. Despite the lack of agreement
on the “Key” study the outcome would be the same. No additional data/information
since 2010 were identified which could be used to challenge the current hazard
classification.
Overall conclusion:. No basis to re-evaluate the current 6.9A for specific organ
toxicity inhalation classification.

16

SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – ORAL)

16.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – oral) – No
KEY STUDY:
 Type of study:

Rat 2-year dietary study;

 Species:

Rat;

 Strain:

Sprague-Dawley Crl:CD®(SD)BR;

 Test material:

Methyl bromide (various batches);

 Dose levels:

0, 0.5, 2.5, 50 or 250 ppm microencapsulated in the diet
(equivalent to males/females: 0, 0.02/0.03, 0.11/0.15,
2.20/2.92 or 11.10/15.12 mg/kg b.w./day);

 Endpoint:

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

 Remarks:
Survival was statistically increased in the 250 ppm male group and in the 50
and 250 ppm female groups when compared to the placebo microcapsule
groups.
Bodyweight was reduced in the 250 ppm groups; the reduction reached a
maximum (90% of control values) in the first weeks of testing in both sexes; a
further reduction in body-weight relative to the controls (placebo microcapsule
groups) did not occur despite continued exposure. Since a reduction in feed
consumption occurred in the 250 ppm groups (both sexes) starting with the first
exposure week, the bodyweight reduction would appear to be due mainly to the
reduced feed consumption.
No treatment-related effects were reported in the following areas: clinical
observations, ophthalmology, haematology, serum chemistry or urinalysis.
Absolute organ weight effects (brain, kidneys, liver, testes/ovaries) and organ
weights relative to bodyweight appeared to be due to the bodyweight reduction
in the 250 ppm groups; this was true for animals sacrificed at test week 52 as
well as for the survivors at the end of the study.
Necropsy, possible treatment-related findings were an increasing incidence of
splenomegaly in the males (0 ppm, basal: 2/50; 0 ppm, placebo: 2/50; 0.5 ppm:
7/50; 2.5 ppm: 10/50; 50 ppm: 11/50; and 250 ppm, 3/50) and an increased

incidence of dark red areas on the liver in the 50 ppm females surviving to test
week 104 (0 ppm, basal: 5/20; 0 ppm, placebo: 3/19; 0.5 ppm: 8/22; 2.5 ppm:
4/24; 50 ppm: 14/27; and 250 ppm, 8/29).
[Cal DPR noted that: no statistical analyses were supplied for the histology
data. Also, the lesion-incidence summary table did not present autolysis and
lesion-grade data and may not have been corrected for tissues lost to autolysis.]
Possible treatment-related effects include: increased incidence of pancreatic
acinar atrophy at 250 ppm (both sexes), increased incidence of adrenal cortical
hypertrophy at 250 ppm (females), and increased incidence of pulmonary
arterial mineralization at 50 ppm (females). Two rare tumour types,
adenocarcinoma of the prostate and endometrial stromal sarcoma of the cervix,
were seen at 4% incidence at 250 ppm.
[Cal DPR noted that: by experimental design, the histological examinations of
the pancreas, prostate, spleen, adrenal glands, cervix, and uterus at the 0.5 to 50
ppm dose levels were limited to those rats that did not survive to terminal
sacrifice. Autolysis was a frequent observation in the GI-tract organs in rats
that did not survive to the end of the study (all groups, both sexes). While an
increased incidence of spongiosis hepatis was seen in the 50 ppm females, the
relationship of this lesion to angiectasis and the necropsy finding of dark red
liver spots that also occurred at the 50 ppm dose level needs clarification.]
Note: The NRC (2000) subcommittee reviewed the Mertens (1997) study (as
cited in DPR 1999) and, based on the absence of (1) a clear dose-response
relationship for splenomegaly, (2) histological correlates in the spleen, and (3)
effects on haematology and clinical chemistry parameters, disagrees with
DPR’s assessment. Based on early effects on body weight, the subcommittee
believes the LOAEL is 250 ppm of methyl bromide in the feed and the
NOAEL is 50 ppm.
 NOAEL =

50 ppm (equivalent to, males/females: 2.20/2.92 mg/kg
b.w./day);

 LOAEL =

250 ppm (equivalent to, males/females: 11.10/15.12 mg/kg
b.w./day), based on reduced body weight;

 GLP:

US EPA 40CFR160;

 Test Guideline:

FIFRA Guideline, Subdivision F: Protocol 83-5;

 Reference source: Mertens, J.J.W.M., 1997. “A 24-month chronic dietary
study of methyl bromide in rats.” Laboratory Study
Number WIL-49014. WIL Research Laboratories. DPR
Vol.123-179 #158746. Unpublished.
(Original not
sighted; Cal DPR, 2002, UNEP, 2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: Mertens (1997) was conducted to GLP and Test
Guideline. The LOAELs (11.10/15.12 mg/kg b.w./day) are below the threshold for
6.9B classification for repeat dose exposures in Table 17.2 of the User Guide to the
Thresholds and Classifications in the HSNO Act (ERMA, 2008). However, a 10%
reduction in body weight over a limited period of study is of questionable
toxicological significance, so no classification for the 6.9 (oral) has been proposed.
See Classifications for single and repeat inhalation exposures (Sections 19 & 22).
BACKGROUND:
The UNEP (2001) reported:
“Oral administration of methyl bromide by gavage has 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 re-evaluated the slides from this study and
concluded that the lesions were non-neoplastic. Marked inflammation and
hyperplasia occurred at all dose levels except those in the 0.4 mg/kg group.
“Boorman et al. (1986) administered 50 mg/kg methyl bromide in arachis
oil by gavage to groups of fifteen male Wistar rats, 5 time/wk for periods of
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 observed for 25 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 weeks in the
groups observed for 25 weeks posttreatment.
“A third gavage study by Hubbs and Harrington (1986) showed similar
regression of preneoplastic lesions. In this study, rats were gavaged with 25
or 50 mg/kg methyl bromide in peanut oil for 30, 60, 90, or 120 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.
“Other investigators have considered diets fumigated with methyl bromide
(rather than microencapsulation) to be an acceptable experimental approach.
In a study by Mitsumori et al. (1990), the diet of Fischer 344 rats was
fumigated with methyl bromide to achieve total bromide concentrations of
0, 80, 200, or 500 ppm. At the high dose, this corresponded to methyl
bromide concentrations of less than 20 mg/kg food. Rats (60/sex/group)
were fed this diet for 2 years. Controls received either unfumigated diet or
diet containing 500 ppm bromide as KBr. Clinical signs, body weight, and
food/water consumption were monitored and clinical chemistry,
hematology, urinalysis, and ophthalmic examinations were conducted at the
2-year sacrifice. An interim 12-month sacrifice group also was evaluated.
Rats fed diets fumigated with methyl bromide showed only slightly

depressed body weight in males only in the 500 ppm group from 60 weeks
onward. Females were unaffected. No increased in tumor incidence was
found.
“In a 12-month dietary safety study (Newton, 1995; Wilson et al., 1998),
beagle dogs were exposed to methyl bromide fumigated feed at dietary
concentrations of 0, 0.5, 1.5, or 5 ppm (0, 0.06, 0.13, or 0.28 mg/kg/day for
males and 0, 0.07, 0.12, or 0.27 mg/kg/day for females, respectively).
Prestudy trials were conducted to determine the methyl bromide fumigation
concentrations and post fumigation intervals required to achieve the desired
concentrations over a 1-hour feeding period. Dogs did not receive methyl
bromide treated diets on weekends. No toxicologically significant effects
from methyl bromide exposure were seen on clinical observations, body
weight, body weight gain, food consumption, clinical pathology, urinalysis,
ophthalmology, absolute or relative organ weights, or macroscopic or
microscopic pathology. Based on the results of this study, the NOEL for
methyl bromide when administered via fumigated feed to beagle dogs was
greater than 5 ppm (> 0.28 mg/kg/day for males and > 0.27 mg/kg/day for
females).” (Originals not sighted; UNEP, 2001)
16.2 2018 REVIEWER COMMENT
As mentioned previously, the oral route is a minor route of exposure and considering
that methylbromide is a gas at room temperature adequately assessing what the actual
dose administered orally is prone to error and thus unreliable. Due to the technical
difficulties of orally dosing a gas and the likely error on the dose administered my
conclusion is that there are insufficient data to classify under this end-point. Due to the
volatile nature of methylbromide it is not unreason to consider that for the Key study
where rodents were dosed via the diet some of the methylbromide was present in the
general atmosphere of the animal testing room. This leads to the likelihood that all
animals including controls were exposed to methylbromide via the inhalation route; this
possibility affects the reliability of the study for classification purposes. However, in
the absence of any additional data and noting the outcome of the 2010 assessment I feel
there is no value in a challenge to the 2010 outcome.
Overall conclusion: No basis to re-evaluate the current “No” for repeat oral toxicity
classification.

17

SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – DERMAL)

17.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – dermal) –
Insufficient data
KEY STUDY: None
Justification for Classification:

No studies were reported.

17.2 2018 REVIEWER COMMENT
As mentioned previously, the dermal route is a minor route of exposure. As
methylbromide is a gas at room temperature there are technical difficulties associated
with performing a dermal study with such a substance and also adequately assessing
what the actual dose administered dermally. It is not unexpected that there are no repeat
dose dermal is prone to error and thus unreliable. Concur with the 2010 classification
outcome.
Overall conclusion: No basis to re-evaluate the current “insufficient data’ for repeat
dermal toxicity classification.

18

SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – INHALATION)

18.1 HSNO Classification
CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – inhalation) –
6.9A
KEY STUDY: See Section 13 Carcinogenicity 6.7 for fuller details of Reuzel et al., 1991.
 Type of study:

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

 Remarks:
Histopathology: Regarding non-neoplastic lesions, a concentration-related
increase in irritation of the nasal epithelia was found in methyl bromide
exposed rats of both sexes at all exposure levels and all four sacrifice times.
These lesions occurred in the dorso-medial part of the nasal cavity and were
characterized by basal cell hyperplasia and degeneration of the overlying
epithelium. While concentration-related, these lesions 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 (See Table 8).
Hyperkeratosis of the oesophagus and stomach was found in both sexes
exposed to 90 ppm methyl bromide but was statistically higher only in males.

(Cal DPR, 2002)
 NOAEL =

none, the LOAEL was the lowest concentration tested;

 LOAEL =

3 ppm (12 mg/m3), based on degeneration and
hyperplastic lesions in nasal epithelium at all doses [Note:
LOAEL = 90 ppm if based on heart thrombi and
myocardial degeneration];

 GLP:

Yes;

 Test Guideline:

No information;

 Reference source: Reuzel, P.G.J., C.F. Kuper, H.C. Dreef-van der Meulen,
and V.M.H. Hollanders, 1987. “Chronic (29-month)
inhalation toxicity and carcinogenicity study of methyl
bromide in rats.” Civo Institutes TNO. DPR Vol.123-084
#59184; 123-147 #116337; 123-148 #120402; 123-148
#120406; and 123-166 #133417.
Reuzel, P.G.J., Dreef-Van der Meulen, H.C., Hollanders,
V.M.H., Kuper, C.F., Feron, V.J. Van der Heijden, C.A.
1991. “Chronic inhalation toxicity and carcinogenicity
study of methyl bromide in Wistar rats.” Food Chem.
Toxicol., 29: 31-39. (Originals not sighted; UNEP, 2001;
CalDPR, 2002);
 Reliability:

Klimisch score 2 = reliable with restrictions;

Justification for Classification: Reuzel et al. (1987/1991) was carried out to GLP.
The LOAEL (= 3 ppm) is below the threshold for 6.9A classification for repeat dose
exposures in Table 17.2 of the User Guide to the Thresholds and Classifications in
the HSNO Act (ERMA, 2008). While damage to nasal epithelium can be considered
to be a port of entry effect and not systemic, repeat exposure can lead to permanent
cellular change and loss of olfactory function [LOAEL = 90 ppm, based on heart
thrombi and myocardial degeneration, would be a 6.9B classification.].
BACKGROUND:
Cal DPR (2002) discussed the effect on the nasal epithelium:
“This endpoint [damage to the olfactory epithelium] is used by the U.S.
EPA in the determination of the chronic reference inhalation concentration
(RfC) (U.S. EPA 1992a) and by the Office of Environmental Health and
Hazards Assessment (OEHHA) for chronic toxicity reference exposure
levels (RELs) (OEHHA, 1996). With acute exposure to 200 ppm, the
damage to the rat olfactory epithelium included epithelial disruption,
fragmentation, and exfoliation (Hurtt et al., 1988). Repair of the epithelium
included replacement by a squamous epithelium, loss of sensory cells, and
respiratory metaplasia (conversion of the olfactory epithelium to a ciliated
respiratory type). In other short-term studies, the damage to the nasal
epithelium was described as necrosis and degeneration (Eustis et al., 1988)
and dysplasia (NTP, 1992; Eustis, 1992). In the chronic inhalation toxicity
study, basal cell hyperplasia and degeneration in the olfactory epithelium
were observed in the rat (Reuzel et al., 1987 and 1991).
“While the effect on the nasal cavity may generally be considered a finding
limited to the rat due to anatomical considerations, it is not the case with
methyl bromide. Dogs exposed to 156 ppm methyl bromide for only 6 days
showed moderate to moderately severe olfactory degeneration (Newton,
1994b). Boorman et al. (1990) suggested that the specificity for the toxicity
of methyl bromide to this region was due to an abundance of endoplasmic
reticula with high metabolic (biotransformation) activity. The greater
susceptibility of the olfactory epithelium to pyridine-induced lesions has

also been attributed to metabolic activation at this site (Nikula and Lewis,
1994). Air flow to this area, which amounts to 8 to12% of inspired air
(Morris et al., 1993; Kimbell et al., 1993), was considered too slow to be a
factor as a target site.
“Epithelial hyperplasia of the basal cell layer observed in rats and mice may
be a regenerative response or an early indication of neoplasia (Boorman et
al., 1990). The olfactory epithelium has remarkable regenerative capacity
with a turnover time of 28 days. The basal cells are the stem cells for
olfactory neurons. If the basal cells are destroyed, then olfactory epithelium
cannot be reconstituted and olfactory function is impaired or lost. The
regenerative ability of the basal cells does decline with age (Hastings,
1990). As part of the reparative process, prolonged injury may result in
squamous metaplasia and respiratory metaplasia. Squamous metaplasia is
characterized by multiple layers of epithelial cells with eosinophilic
cytoplasm (Boorman et al., 1990; Haschek and Witschi, 1991). Squamous
cell neoplasms have been shown to develop from areas of squamous
metaplasia in the olfactory epithelium (Boorman et al., 1990). Respiratory
metaplasia, the conversion of olfactory epithelium to a ciliated respiratory
type, after exposure to methyl bromide indicates a permanent change in the
cell type (Hurtt et al., 1988; NTP, 1992; Eustis, 1992).” (Originals not
sighted; Cal DPR, 2002)
18.2 2018 REVIEWER COMMENT
Interesting that a long-term toxicity study was selected as the “Key study” when the
preference is usually a subchronic study such as a 90-day toxicity study. At various
points throughout Appendix D, the dog is mentioned as being more sensitive to toxic
effects of methylbromide, especially neurotoxicity, than the rat. This leads to the
question as to why a rodent study rather than a dog one was used as the “Key study”.
However, a suitable dog toxicity study was not identified, and in the absence from
Appendix D of sufficient information on available dog studies (little detail on subchromic dog studies were included in Appendix D), I cannot comment further on the
selection of the “Key study”. I consider the use of the longer term combined
toxicity/carcinogenicity study as the Key study, along with using the nasal epithelium
changes as the primary toxicity end-point to be a cautious approach. The use of this
end-point was however justified in the 2010 assessement and has been used by other
International regulators. Finally, it is worth noting using a shorter duration on study in a
more sensitive species for this end-point may result in the same overall classification.
Overall conclusion: No basis to re-evaluate the current 6.9A for repeat dose inhalation
toxicity classification.
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SUMMARY & CONCLUSIONS

From a human health aspect methylbromide is a highly toxic chemical. This is reflected
in the hazard classifications assigned to its use under HSNO in the 2010 ERMA Chief
Executive reassessment.
Under the HSNO use permissions for use of methylbromide, the primary route of risk of
exposure, to workers and the general public, is inhalation.
The primary human health toxicological concerns from methylbromide are
neurotoxicity from both short and long-term exposure and reproductive development
effects. Both these health toxicological endpoints were recognised in the ERMA 2010
reassessment and appropriate hazard classifications (based on available reliable data)
were assigned.
Resulting from a combination of the level of detail available in Appendix D of the
ERMA 2010 reassessment and the age of many of the studies available in the Appendix
I was left with an overall sense that many of the available animal safety studies on
methylbromide are not high quality. This adds to uncertainty to assessment for hazard
classification purposes. That said, overall, I feel, with the relatively minor exceptions
highlighted in this report, the 2010 ERMA hazard classifications assigned were/are
appropriate.
The issue as to whether or not methylbromide is a potential human carcinogen is
controversial and still in doubt. The uncertainty of classification on this this end-point
was addressed in the 2010 reassessment; the outcome being not to assign a
carcinogenicity classification.
Literature searches for information/data since 2010, pertaining to the human
carcinogenicity potential of methylbromide revealed several reports on epidemiological
type studies looking at causation and affect, particularly on prostate tumours and
methylbromide. Due to influencing factors such as poor quality of exposure data,
inappropriate controls, concomitant exposure with other chemicals and small group
sizes, I feel there is insufficient new data to support a reassessment of this hazard
classification. I do note however that epidemiological assessment is not my expertise
and thus the conclusion on insufficient data is made on that knowledge basis.
In addition to epidemiological studies, searches in the recent literature did reveal a
limited amount of information on the mode of action/mechanism of action on the
toxicology of methylbromide, including how it may be implicated in cancer. As
mentioned in the comment section under carcinogenicity, it has been suggested that
methylbromide is a tumor promoter. I further suggest that this may be a factor in why
the rodent carcinogenicity studies, via the inhalation route, were negative. A further
factor may be that the metabolism of methylbromide in rodents (the default species for
carcinogenicity assays) may be sufficiently different from humans (especially in terms
of speed of metabolism) that rodents are not a good surrogate for addressing the
carcinogenicity endpoint for methylbromide.
No new information was found which would alter the 2010 toxicology outcome that
methylbromide is not knowingly linked with endocrine disruption or immunotoxicity.

Overall Conclusion
After review of the HSNO Class 6 and 8 classifications for methylbromide my overall
conclusion is that currently no substantive additional information was identified which
would indicate EPA need to include reassessment of the toxicology, as part of a
reassessment of methylbromide. This may however change with time, although with a
world-wide “phase-out” or at least major reduction of methylbromide use this may well
lead to a paucity of new information.

CLASS 6 & 8 Toxicological Hazard Classifications:
Hazard Class/Subclass

Hazard
classification

Overall review conclusion

Comment

Subclass 6.1 Acute toxicity
(oral)

6.1C

No additional information
was identified which
indicates the 2010 6.1C
acute oral classification for
methyl bromide should be
re-evaluated.

Minor route for human
exposure under HSNO
permissions. Low
reliability of study data
due to testing a gas via
the oral route.

Subclass 6.1Acute toxicity
(dermal)

Not applicable

No information was found to
challenge the 2010, 6.1
entry of “not applicable” for
acute dermal classification
for methylbromide.

Physical state of the
test substance and
corrosive nature
prevent valid animal
studies via this route.

Subclass 6.1 Acute toxicity
(inhalation)

6.1B

No new information was
found on inhalation LC50
values. However, based on
use of an appropriate test
species and study design,
there is sufficient valid
information to request a reevaluation/challenge to the
2010 6.1B classification.

Critical route for human
exposure under HSNO
permissions. Reviewer
considers the use of an
available rat study
would have been more
appropriate. No other
reason to reassess this
classification.

Subclass 6.3/8.2 Skin
irritancy/corrosion

8.2C

No basis to re-evaluate the
current 8.2C outcome

Agree with 2010
outcome and
approach.

Subclass 6.4/8.3 Eye
irritancy/corrosion

8.3A

No basis to re-evaluate the
current 8.3A outcome

Agree with 2010
outcome and
approach.

Subclass 6.5A Respiratory
sensitisation

Insufficient data

No basis to re-evaluate the
current “insufficient data”
outcome

No structural alerts or
other weight-ofevidence to support
classification

Subclass 6.5B Contact
sensitisation

Insufficient data

No basis to re-evaluate the
current “insufficient data”
outcome

No structural alerts or
other weight-ofevidence to support
classification

Subclass 6.6 Mutagenicity

6.6B

No basis to re-evaluate the
current 6.6B classification

Agree with 2010
outcome and
approach.

Subclass 6.7
Carcinogenicity

No

Insufficient new (since the
2010 reassessment) robust
weight-of-evidence data to
justify a re-evaluation the
“no” 6.7 classification.

Based on
mode/mechanism of
action there is a
degree of evidence
indicating
methylbromide could
be a carcinogen but
insufficient evidence to
justify a 6.7
classification.

Subclass 6.8 Reproductive
toxicity

6.8B

No basis to re-evaluate the
current 6.8B outcome

The 2010
reassessment
toxicology report
contained some
discussion around the
relevance of findings.

Hazard Class/Subclass

Hazard
classification

Overall review conclusion

Comment
There was adequate
justification for the
2010 outcome, in the
absence of the original
study report I concur
with the rationale.

Subclass 6.8
Developmental toxicity

6.8B

No basis to re-evaluate the
current 6.8B outcome

The 2010
reassessment
toxicology report
contained some
discussion around
the relevance of
findings. There was
adequate
justification for the
2010 outcome, in the
absence of the
original study report I
concur with the
rationale.

Subclass 6.8 Category C

Insufficient data
for C

No basis to re-evaluate the
current “insufficient data”
outcome

Concur with outcome.

Subclass 6.9 Target organ
systemic toxicity – Single
exposure (Oral)

No

No basis to re-evaluate the
current “No” outcome

Minor route of
exposure to humans
under HSNO
permissions. Systemic
toxicity unlikely to
occur from oral route
due to methylbromide
being a gas a room
temperature.

Subclass 6.9 Target organ
systemic toxicity – Repeat
exposure (Dermal)

Insufficient data

No basis to re-evaluate the
current “insufficient data”
outcome

Minor route of
exposure to humans
under HSNO
permissions. Systemic
toxicity unlikely to
occur from dermal
administration due to
local corrosive effects.

Subclass 6.9 Target organ
systemic toxicity – Repeat
exposure (Inhalation)

6.9A

No basis to re-evaluate the
current 6.9A classification

Concur with the route
of exposure used.
Some reservations on
the “Key study”
selection but
insufficient to
recommend reevaluation.
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