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PREFACE

The Nordic Council is an corporative international body for the governments in
the five countries Denmark, Finland, Tceland, Norway and Sweden. Within the
Nordie Council one committee, the Nordic Senior Executive Committee for the
Occupational Environment Matter initiated a project with a view to compile and
evaluate scientific information on chemical agents relevant to health and safety
at work and produce criteria documents. The documents are meant to be used by
the regulatory authorities in the Nordie countries as a scientific basis for the

setting of national accupational exposure limits.

The management of the project is given to a group of scientists: The Nordie
Expert Group for Documentation of Occupational Exposure Limits. At present

the Expert Group consists of the following members:

Helgi Gudbergsson Municipal Institute of Public Health, Iceland

Per Lundberg (Chairman)  National Institute of Occupational Health, Sweden

Gunnar Mowé National Institute of Occupational Health, Norway

Vesa Riihimaki Institute of Occupational Health, Finland

Adolf Schaich Fries Danish National Institute of Occupational Health,
Denmark

Before 1987 the Expert Group consisted of the following members:

Bérge Fallentin Danish Mational Institute of Occupational Health,
Denmark

Bidrn Gylseth Mational Institute of Occupational Health, Norway

Torkell Johannesson Department of Pharmacology, University of lceland,
Iceland

Vesa Riihimki Institute of Occupationa!l Health, Finland

Ole Svane Directorate of Mational Labour Inspection, Denmark

Alke Swensson (Chairman)  National Institute of Ocecupational Health, Sweden
Hans Tjdnn Directorate of Labour Inspection, MNorway

Ulf Ulfvarson Department of Work Science, Royal Institute of
Technology, Sweden

Vesa Vaaranen Institute of Occupational Health, Finland

The documents accepted by the "old" Expert Group but published in 1987 are

included in this volume.



The criteria documents aim at estahlishing a dose-response/dose-effect relation-
ship and a critical effect, based on published scientific literature. The task is not

to give a proposal of a numerical exposure limit value.

Search and collection of literature is executed by a secretariat headed by G.
Heimbiirger and located in the Institute of Occupational Health, Solna, Sweden.
The literature is evaluated and a draft is written by a scientist appointed by the
Expert Group with the support and guidance of one member of the group. The
draft is then sent for a peer review to experts by the secretariat, Ultimately
the draft is discussed and revised at the Expert Group Meeting before it is accep-

ted as their document.

Only studies, considered to be valid and reliable as well as of significance for the
discussion, have been referred to. Concentrations in air are given in mg!rn3 and
in biological media in mol/l or mg/kg. In case they are given otherwise in the
original articles they are, if possible, recalculated and the original values are

given within brackets.
This volume consists of English translations of the criteria documents, which have
been published in a Scandinavian language during 1987. The names of those

scientists who have written the separate documents are given in the list of

contents, where also the dates of acceptance by the Expert Group are given.

Gunilla Heimbiirger Per l_undberg

Secretary Chairman
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METHYL BROMIDE
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BACKGROUND

Methyl bromide is manufactured by bromination of methane or by hydrobromi-

nation of methanal.

Methyl bromide is used as a methylating agent in the chemical industry. Earlier
it was widely used as a fire extinguisher, but as many accidents - often with
severe consequences - occurred, it has been replaced by less toxic haloalkanes
for this purpose. It has also been used extensively as a pesticide, and is very
effective against verious vermin. Above all it has been used for disinfection of
food in storehouses and for soil disinfection, but as many severe poisonings have
oceurred in this connection the use of methyl bromide as pest control in food
warehouses and insect control in soils has also decreased. Due to the great toxi-

city of methyl bromide its use is safeguarded by special requlations.

Denmark: Methyl bromide may be handled only by persons with a special
license. Every occasion of soil disinfection must be reported to the

authorities in advance.

Finland: Handling of methyl bromide is permitted only for authorized com-

panies, Every occasion must be reported to the medical board,
Iceland: Methyl bromide is not used as a pesticide.

Norway: Methyl bromide may be used only by authorized exterminators, It is

not used as a soil disinfectant.

Sweden: Methyl bromide may be bought and handled only by persons with

special authorization,
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PHYSICAL AND CHEMICAL PROPERTIES

Chemical name
CAS number
Synonym

Formula

General description

Molecular weight
Boiling point
(at 101.3 kPa)

Vapor pressure
(at 23.3°C)

Density
(at -10.00C)

Conversion factors
{250C, 101.3 kPa)

methyl bromide
74-83-9
bromomethane

CH3Br

At room temperature a colourless gas with a very faint
odor, in high concentrations resembling chloroform. Selu-
bility in water: 0.9 g/l at 209C. Soluble in diethyl ether,
ethanol and chloroform. Stable in air. Burns in oxygen.
Pyrolyses at 8009C.

94.95
4.59C
203 kPa (2atm)

1.736

1 mg/m? = 0.257 ppm
1 ppm = 3.89 mg/m?

In contact with open fire or hot metal, methyl bromide is decomposed and CO7

and HBr are formed. The latter is very corrosive and is a strong irritant to skin

and muecous membranes.

(38,46,58,62,80,82,84).

TOXICOLOGY
1. . Toxicological model
1.1. Uptake

In the industrial environment, uptake via the lungs is by far the most important.
Significant uptake through the skin may occur on direct contact with the liquid

or with exposure to very high concentrations in ambient air.

= Tl

1.1.1. Respiratory organs

Many cases of intoxication after inhalation of methyl bromide have been

reported {ef section &),

In an experiment rats were exposed for six hours to concentrations of 6 - 35 -
660 - 1170 mg 14CH= Br/m3 (1.6 - 9.0 - 170 - 310 ppm = 50 - 300 - 5.700 - 10.400
nmol/1). Uptake of methyl bromide was determined from excretion of 14¢ in the
feces and urine during the next 66 hours and the content of 14¢ in the animals at
the end of this period. The uptake was determined to be 8.7 - 40 - 660- 650 umol
/kg of body weight. The amount of methyl bromide inhaled was calculated from
the air concentration, respiration frequency and tidal volume. The relative up-
take in the lungs was calculated to be 48 - 48 - 38 - 27 %. Thus there is a ceiling
for resarption (56). Other studies have shown that the pulmonary uptake in rats
follows first-order kineties up to lethal concentrations. The concentration in the

body depends on a very fast nonenzymatic metabolization (3).

Exposure of rats to 1aCH3Br at a concentration of 35 mgfm3 (9.0 ppm = 337
nmol/l) caused a slow increase of the 14C-activity of the blood during the first
hour; thereafter the increase was faster and linear but towards the end of the

six-hour exposure period the curve leveled off slightly (12).

1.1.2. Skin

In a review it is stated that it has not been demonstrated that methyl bromide
can be resorbed through intact skin. Skin uptake, if any is assumed to be negli-
qible compared to the uptake via the lungs, and a good respiratory protection is
considered to give satisfactory protection (84). Haowever, in an in_vitro experi-
ment with excised human skin it was shown that methyl bromide penetrates the
skin (85). One case study also indicates of an uptake through the skin at exposure
to high concentrations or direct contact with liquid methyl bromide: Three men
were working for 1.5 b injscting methyl bromide gas into a six-stary mill, They
used oxygen masks. One man was working with a naked upper body because of
the heat. It was difficult to inject the gas into all the pipes between the diffe-
rent stories of the mill, and drops of methyl bromide splashed back and hit the

workers, mostly on the breast, abdomen and thighs. MNobody was uncomfortable
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during the work, but one hour after they had finished they all developed the typi-
cal symptoins of methyl bromide poisoning. The man who had worked with a
naked upper body died, The other two recovered (42). Thus direct skin contact
with liquid methyl bromide and possibly also exposure to very high concentra-
tions in the air may constitute a risk of skin uptake of dangerous armounts,
Further, it is to be noted that methyl bromide very easily penetrates the clothes;
this is apparent from the fact that skin lesions are very often observed on areas

covered by the clothes (42).
1.1.3. Gastrointestinal tract

Mo data are available concerning hurmans.

The resorption was complete when methyl bromide was given orally to rats (55).
1.2, Distribution

In earlier studies methyl bromide was not found in tissues from persons poisoned
or in animals experimentally exposed to methyl bromide. This is thought to be
due to the very rapid decomposition of methyl bromide in the organism. These
results have been confirmed in later studies of material from poisoned persons
who died 6.5 to 36 h after an acute short-term exposure. Analysis with mass
spectrography ;_howed methyl bromide in the brain in a concentration around the
detection limit (<1 ppm), but not in the blood or other organs. In another case, in
which death occurred 36 h after exposure, methyl bromide could be detected
neither in the blood nor in any other organ. In a third case, amounts around the

detection limit were found in the eye chamber fluid but not in blood, fat or brain

tissue (53).

When rats were exposed to 970 mg methyl bromide/m> (250 ppm) for 8 hours the
concentrations of methyl bromide immediately after the exposure were: 0.1
mg/kg in blood, 10 mg/kg in fat, 0.01 mg/kg in brain and 0.006 mg/kq in liver. In
all organs the concentration diminished linearly with time, and after 24 h the
concentration was about 0.001 mg/kg in all organs. The amount of methyl bromide

in blood and fat was halved in 0.5 h (34).

As methyl bromide is biotransformed very rapidly, the problem of distribution

has been studied mostly for the biotransformation products. In some cases of
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poisoning increased amounts of bromine were found in the blood, 28 - 400 mag/l
(16,66). In other studies on poisonings the serum content of bromine was 20 - 500
mag/l (21,51,53,87). After administration of sodium bromide 30 - 40% of the total
bromine content of the blood was found in the erythrocytes (79). After exposure
to methyl bromide the bromine content of whole blood was found to be 28 maglkg
and of serum 66 mag/kg (65).

The bromine content in the cerebrospinal fluid has also been determined in cases
of poisoning. When the serum bromine was 187 mg/l the content in the cerebro-
spinal fluid was 46 mg/l (21). At autopsy of one case of poisoning the bromine
content was found to be 200 mg/kg in the brain, 130 mg/kg in the lungs and 180
ma/kq in the liver (31).

In an experiment rats were exposed to 35 mg/m3 (337 nmol/l) of L4c-methyl
bromide for 6 h. Immediately after the exposure the activity was highest in the
lungs, adrenals, liver and kidneys, corresponding to 250-180 pmol methyl bromide
equivalents/kg. The content in the brain was 54 pmol/kg and in the blood 30 M-
mol/kg. In the following hours the activity rapidly decreased in all organs except
the liver, in which the activity decreased more slowly during the entire observa-

tion period (A0 h). Fat tissue was analyzed but nao results were reported (12),
1.3, Metabolism

The metabolism of methyl bromide has not been completely elucidated. Earlier
the methyl bromide was thought to be hydrolyzed in the organism primarily into
methanol and carbon dioxide (24,26). This was confirmed in later studies (12).
Duvoir et al (24) found small amounts of inethanol and formaldehyde in the brain
after lethal poisonings. Viner (81) demonstrated the presence of methanol in

urine from persons poisaned by methyl bromide.

When rats were exposed to 970 mg methyl bromide/m3 (250 ppm) for 8 hours, 22
mg methanol/kg was found in the blood and <10 ma/kq in the brain, liver and
kidneys immediately after the exposure. One hour later the content was <10
mag/kg in all the organs (34),

In water solution methyl bromide is slowly hydrolyzed to methanol and hydrogen

bromide. The reaction occurs faster in alkaline solutions (46,82). 1t has been
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shown that methyl bromide in vitro reacts with SH-and NH2-groups of several
amino acids (23,50). In vitro reaction with free SH-groups of e.g. reduced gluta-
thione has been demonstrated (50). It has also been shown in animal experiments
that the amount of reduced glutathione in the liver decreases on exposure to
methyl bromide: the higher the exposure the greater the decrease {2} It has been
supposed that conjugation of methyl bromide with glutathione is an important
path of methyl bromide biotransformation. Royeroft (6%a) found that methyl
bromide increased the activity of S-alkyl transferase at the same time as the
amount of non-protein-SH decreased, which was supposed to prove conjugation of

methyl bromide to the sulfhydryl group of glutathione.

Furthermore, methyl bromide can undergo nucleophilic substitution with other
substances, and N-methyl substitution with many aming acids including glycine,

alanine, leucine and glutamic acid, which has been demonstrated in vitro (1).

Bond et al (12) suggest that methyl bromide is converted in the body much like
other methy! halides. On the basis of their studies Kornbrust and Bus (47) suggest
that methyl chloride in the body reacts with glutathione to form S-methyl gluta-
thione, which is further metabolized and excreted in the urine. Barnsley and
Young (8) found methyl iodide to be metabolized in several different ways, yiel-
ding primarily 5-methyl cysteine and methyl merecaptic acid, which are excreted
in the urine. Injection of cysteine to rats 5 min after exposure to a deadly dose
of methyl bromide resulted in a substantial reduction of intoxication symptoms
and survival of the animals (60). Methyl bromide is metabolized very rapidly in
all organs. When rats were exposed to 970 mg/m? (250 ppr) for B h the amount
of methyl bromide in the organs rapidly increased during the first hour but was
practically constant thereafter. The amount of bromine increased all the time.
After exposure was terminated the amount of methyl bromide in blood and fat

was halved in 30 min (34),

1.4. Elimination

1.4.1. Lungs

There are no human data on the elimination of methyl bromide through the lungs.

When rats were given 23.7 mg/kg (250 umol/kg) of 14C.methyl bromide intra-

peritoneally or orally 20 and & % respectively of the activity were exhaled within

o [

72 h as unmodified methyl bromide; 45 and 32 % respectively were exhaled as
CO3. Half the amount of exhaled activity was exhaled within 3-4 h and practi-
cally the whole amount within 24 h. No unmodified methyl bromide was exhaled
later than 7h after the intraperitoneal injection. When methyl bromide was
administered orally the exhalation of activity was initially somewhat slower than

after the intraperitoneal injection (55).

After inhalation of 14C-methyl bromide in concentrations from 6 to 1200 mgf'm3
(1.6 - 310 ppm) for & h, rats exhaled 47-50 % of the activity as C0O3 during the
next 65 h. The exhalation of activity was almost completed after the first 10 h.
Only 0.4-4 % of the activity was exhaled as methyl bromide, and the amount

exhaled increased with increasing exposure (12,56).
1.4.2. Kidneys
There are no reports on elimination of unchanged methyl bromide in the urine,

Increased elimination of bromine via the urine has been demonstrated in cases of
poisoning (66). Persons who handled methyl bromide as a pesticide excreted more
bromine in the urine than did unexposed persons, 9 mgfl and 6.3 mg/l respec-
tively. The exposed persons had no symptoms of poisoning (36). Alkali bromide is
eliminated mainly via the kidneys (78,79).

When rats were given 23.7 mg/kg (250 jumolfkq) of L4 _methy! bromide intra-
peritoneally and orally, 16 and 43 % respectively of the activity was eliminated
in the urine. The elimination was initially slower when the methyl bromide was
given arally (55).

In an experiment in which rats inhaled 35 mg 4C-methyl bromide/m? (337 nmol/l)
for 6 h, 23% of the activity was excreted in the urine within 65 h (12). In another
experiment with inhalation of & - 1170 ri'lg,f'n'i3 for & hours, 18-23 % of the re-
sorbed activity was eliminated within 20 hours (56). No unchanged methyl bro-

mide was found in the urine (12),

The renal excretion of bromine is highly dependent on the supply of chloride. In
experiments with rats the bromine excretion increased 10 times when the chlo-

ride supply was increased from 10 to 150 mag/day and animal (12).
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1.4.3. Gastrointestinal tract

There is no information on elimination of methyl bromide or its metabolites via

the feces in humans exposed to methyl bromide.

Bromine is excreted via the gastric mucous membrane but is reahsorbed rapidly

and effectively in the intestine (77,78).

In rat experiments unchanged methyl bromide has not been found in the feces
(12). When rats were given 250 mg/kg of 14C-methyl bromide intraperitoneally
ar orally, 26 % of the activity was excreted via the bile within 4 h and was
rapidly reabsorbed in the intestine. The activity of the feces was only 1-2 % of
the dose administered (55). When rats were exposed to 6 - 1170 mg L4c_methyl
bromide/m> for 6 h only 2 % of the resorbed activity was found in the feces

within 65 h (12,56).
1.4.4, Other routes

In a group of workers exposed to methyl bromide but without any symptoms of
poisoning the amount of bromine in the hair was about three times as high as in
unexposed warkers (11.2 and 4.2 ug/g). The amount of bromine in the hair from a
worker with su.spected methyl bromide poisoning was 400 ‘,ugfg. When he returned

to work after 1.5 years the amount was 11.5 ua/g (65).
1.5 Biological half times
There is no information regarding humans.

In a test rats inhaled 970 mg methyl bromide/m? (250 ppm) for 8 h. Immediately
after the exposure methyl bromide could be demonstrated in blood, fatty tissues,
brain, liver, kidneys and muscles (cf 1.7). In blood and fatty tissues the concen-
tration was halved within 30 min. The very low concentrations in brain and liver
decreased maore slowly (34). After administration of alkali bromide to humans,
the half-time of the bromine concentration in blood was about 12 days (79% In
severe cases of methyl bromide poisoning the half-time of bromine concentration
in serum has been reported to be about 16 days (65). The urine bromine excretion

is closely dependent on the chloride supply and is increased with raised chloride

supply (67).

-1

After inhalation of 14C-methyl bromide by rats the exhalation of activity in the
form of CO2 occurred in two phases with half times of 4.1 and 17 h. The half-
tirme of the activity concentration in the urine was 9.9 h. The half-times of the

activity content were 8 h in blood, 33 hin liver and 5 h in brain (56).
1.6. Factors influencing the metabolic model
In cell cultures the addition of G5H reduces the toxicity of methyl bromide (64).

For rats it has been demonstrated that reduction of body GSH reduces the bio-
transfarmation of methyl bromide measured as elimination of activity in the
urine and exhalation of 14C05 (47).

The chloride supply affects bromine excretion in the urine: increased chloride

supply causes increased bromine excretion (67).
2. TOXICOLOGICAL MECHANISMS

The toxicological mechanisms of the action of methyl bromide are not comple-
tely clear (34).

Miller and Haggard (59) assumed that methyl bromide could pass. through the
cell membrane, whereas bromide ions could not, The methy! bromide was then
thought to be hydrolyzed within the cell to cause an intracellular bromism. This
theory has been discussed and judged improbable in later publications (16,17).
Methanol has been detected in blood and urine in cases of methy! bromide poiso-
ning (24,81). In animal experiments methanol has been detected in the blood
after administration of methy! bromide, but the amounts were very low and de-
creased very rapidly when exposure was terminated. Earlier, methanol was
thought to be of importance for the development of the poisoning. However, the
amount of methanol formed is too small to be significant and furthermare the
clinical picture is not at all that of methanol poisoning (1), Today the prevalent
view is that the damage is caused by the methyl bromide molecule and not by
any of its metabolites (34,39a). Results from in vitro experiments have shown
that methyl bromide reacts with NH9- and SH-groups of many amino acids in
water solution (23,50). It has been demonstrated in tissue cultures that methyl
bromide can react with proteins and other cell components. The metabolites do

nat have the same effect (64). In animal experiments, administration of methyl
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bromide causes a decrease of the concentration of noradrenaline in the hypotha-

lamus and of cAMP in the cerebellum but not in the striatum (34).

3. TOXICITY

Systematic tests on the toxicity of methyl bromide are scarce.

Table 1. Methyl bromide: LDsp and LLD *) for different animal species

Species Way of administration mg/kg Ref

Rat orally in peanut oil LDsgg = 214 (18)

Rat orally in olive oil LDsq = <100 (59)
{observation time 7 h)

Rabbit subcutaneously in olive oil LLD =130 (43)

Rabbit orally in olive oil LLD = 60-65  (22)

#) LLD = lowest lethal dose

=

Table 2. Methyl bromide in air: LCsq for different animal species

Species Exposure time 1'1'“;/rn3 ppm Ref
Mouse l1h 4680 1200 (2)
Mouse 0.5 h 6600 1700 (7
Rat Bh 1200 302 (34)
Rat 0.5 h 11000 2900 (n
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The dose-response curve is very steep when determining the L.Csg for mice. The
difference between LC1g and LCgq is equivalent to a doubling of the dose (2).
About the toxicity of repeated doses cf 9 and table 5.

4, EFFECTS ON DRGANS
4.1. Skin and mucous membranes

Accidental exposures to high concentrations of methyl bromide in the air very
often but not always lead to skin injuries. Usually these appear with several
hours latency. The initial symptoms are tingling and burning sensations and itch-
ing in the exposed area, Later on erythema and vesiculation appear (9,10,13,14,
42,68). Generally, but not always, the skin reactions appear after general symp-
toms have been experienced. However, severe skin reactions with vesiculation
may be associated with only insignificant general symptoms (32). Even a severe
acute exposure with splash directly onto the skin does not necessarily cause a
skin reaction (15,51). On the other hand, there are observations indicating that
even relatively small repeated exposures can cause skin irritation even if the
single exposure has no effect (13). In an inquiry study among employees in a fac-
tory packing methyl bromide, 25 % of the workers reported that they had experi-
enced skin injuries in the form of irritation, erythema and vesiculation. They had
not had any other symptoms (83), From a Japanese survey it appears that skin
injuries are rare in systemic intoxication (6). This is well in accordance with the

general impression from descriptions of acute systemic intoxication.

Conjunctival irritation and pain have been described in connection with exposure
to high concentrations, but only in some cases (15,16,27,28,51,53). In reports on
acute poisonings symptoms involving the conjunctiva are not particularly com-
mon, and when present are usually not severe. Fven in cases of splash against the

face the conjunctival symptoms have been slight (15,51).
4.2, Respiratory organs

In lethal cases of acute poisoning lung edema has often, but not always, deve-
loped (6,16,27,51,53,65a,69,73,74). Irritation of the nose, trachea and bronchi
have been mentioned in only a few reports of this kind. In less severe cases,
though still with very pronounced neurological signs, there are no observations of
symptoms involving the respiratory organs (§,16,5 3,65a). Nor is there any infar-

mation on irritation of the nose, throat or trachea-branchi.
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In animal experiments pulmonary edema has been reported at exposure to high
concentrations, 3100 mq,"m3 (800 ppm) or more (2,39). In one experiment with
continuous exposure of rats ta 40 mg/m3 (10 ppm) for three weeks, increased
relative weight of the lungs and some petechiae were observed. The weight diffe-
rence was, however, mainly due to on the decrease of body weight during the
experiment. Exposure in the same way to 3.9 mg/m> (1 ppm) or to 20 mafm> (5

ppm) gave no observable effect on the lungs (71).
4.3. Gastrointestinal tract

In acute poisonings the first symptoms are wsually nausea and vamiting, which
are thought to be centrally caused (cf 4.7). Stomach pain and watery diarrhea

were reported in an isolated case of acute poisoning (53).

In animal experiments with exposure to lethal coneentrations of rmethyl bromide
in air, hemarhage in the colon has been observed in mice (2). Rabbits given an
oral dose of 56 - 70 mgfkg in olive oil developed mucous membrane injuries in

the stomach and duodenum, with hyperemia and hermnorrhage (22).

4.4, Liver

The liver is not a prominent target organ in methyl bromide poisoning. Changes

in the liver are rarely observed in lethal humnan poisonings (27,51,53,54,66,69,

74,86).

Exposure of mice to 4700 mg/m? (1200 ppm) for | h caused liver injuries. LC-5n
was reported to be 4700 mg/m?> (1200 ppm) (2). Continuous exposure of rats to 40
mgfmj' (10 ppm) for three weeks caused decrease of the absolute and relative
liver weight, increase of S-ASAT and 5.1.0H and decrease of the S-ChE-activity

(71).
4.5, Kidneys

Oliguria and anuria have been nated in human cases of lethal poisoning. Tubular
necrosis has been found at autopsy (14,19,26,53,65a,69). However, kidney func-

tion has been normal in many lethal cases and at autopsy the tubuli were normal

(51,53,54,57a).
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In severe cases of poisoning with recovery after a longer or shorter time, oli-
guria, proteinuria and hematuria have sometimes been observed. The symptoms

were reversible and kidney function was restored to normal {4,9,16,27,53,65a,74).

In mild cases of methyl bromide poisoning without neurological symptoms no

signs of kidney damage have been observed.

[n animal experiments kidney damage has been observed only at exposure to very
high sublethal or lethal concentrations. Kidney damage has been demonstrated in
mice after exposure to an air concentration of 3500 mg/m? (900 ppm) for one
hour. The LCsq was reportedte be 4700 mg/m> (1200 ppm) (2).

4.6. Blood and blood-forming organs

In severe cases of methyl bromide poisoning leucocytasis has often been abserved

in the intital phase {43). This may well be a secondary effect of the pulmonary

damage occurring in severe cases.
4.7. Central nervous system

In acute poisoning the initial symptams are dizziness, nausea and vomiting which
in peracute poisoning may appear after only a few minutes of exposure. In less
acute cases the symptoms begin after a few hours at work or up to ten hours
after exposure. Neurological symptoms and signs sppear after longer or shorter
intervals or, in peracute cases, almost simultaneously. The initial symptoms are
a feeling of stiffness and uncontrolled twitching of some muscles or limbs. The
symptoms gradually increase to continuous myoclonies and general epileptic fits,
and can progress to status epilepticus and coma. The death rate is high and the
immediate cause of death is often pulmonary edema and respiratory insuffi-
ciency. [n surviving cases a nore or less complete recovery from the symptoms
may occur over months or years. After severe poisonings mere or less disabling
sequelae may remain, often in the form of severe intention tremor, coordination

disturbances, and myoclonic and epileptic fits (4,16,19,26,27,51,53,54, 57,65a,
66,B6).

The neurological picture may vary considerably, but is usually dominated by

motor symptoms. Sensibility disturbances are seldom mentioned in reports on
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these severe acute intoxications. Signs of lesions in the cerebellum and in the
central ganglia are especially promninent. In isolated cases brain atrophy has been
reported as a result of the poisoning (6). Andersen and his coworkers (4) describe
a very severe intoxication case in which a progressive brain atrophy was demon-
strated by CT-scanning, and this atrophy became stationary 35 days after the
acute poisoning. Thorough examination of the central nervous system at autopsy
of acute intoxication cases has shown diffuse changes in the cerebrum with loss
of neurons. Furthermore, very severe lesions with massive loss of neurons were

found especially in the cerebellum and in some central ganglia (26, 27, 69).

Exposure to lower concentrations over a period of weeks or months may lead to
insidious development of a somewhat different picture with fatigue, headache,
focusing and accormmodation problems, numbness mostly in the feet and hands,
hypesthesia, memory troubles and, slurred speech (14,16,17,40,41,45,87). Audi-
tory hallucinations, confusion and psychic agitation to distinct manic states have
been reported in some cases (6,14,37,40,54,74,87). 1f the exposure is stopped the
symptoms usually develop no further and regression is seen over a few months. If

the exposure continues the clinical picture develops to that of acute poisoning.

Watrous (83) examined 90 persons who had been exposed for two weeks to less
than 140 mg/m?3 (35 ppm) of methyl bromide in a factory. Mild and vague symp-
toms such as headache, dizziness, focusing difficulties with blurred vision and
muscular pains were reported by 31 persons. A neuralogical examination revealed
nothing abnormal. All the troubles disappeared within 2 weeks after termination
of the exposure. Clarke and coworkers (16) report that the picture was domi-
nated by nausea, loss of appetite, headache and muscle pains after long-term
exposure to concentrations up to 140 ma/m3 (35 ppm). All the symptoms dis-
appeared rapidly on cessation of the exposure. Similar observations have been

reported by other authors (6,45).

In animal experiments the clinical picture is dominated by motor symptoms,

paralysis and convulsions (1,2,5,39).
4.8. Peripheral nervous system

After long term exposure to low concentrations of methyl bromide in the air,

symptoms from the peripheral nervous system have been described: numbness,
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paresthesias and paresis mostly in the limbs (14,15,25,45,72). In some cases im-
pairment of various types of skin sensibility of the type glove-stocking ane-
sthesia has been reported (14,72). Impairment of the vibration sense in the feet
and legs up to the knee has been described (6,25,45). In all the reports on severe
acute poisonings these symptoms are lacking. The conduction velocity of peri-
pheral nerves has been examined in a few cases of poisoning. Schaumberg and
Spencer (72) reported reduced conduction velocity. Chavez and coworkers (15)

reported normal conduction velocity with low amplitudes in n. peroneus.

Rabbits exposed to 250 mg methyl bromide/m?> (65 ppm) 7.5 hfday, 4 days /week
for 4 weeks, altogether 100 h, began to lose weight after the second week and at
the end of the experiment they had pareses (5). A group of rabbits were exposed
to 105 mg/m3 (27 ppm) 7.5 h/day, 4 days/week, altogether 900 h over a period of
8 months. They showed somewhat less weight increase than control animals but
displayed no behavioral disturbances. Peripheral nerve conduction velocity was
not markedly changed (70). In earlier experiments Irish and coworkers (39) repor-
ted pareses in rabbits after long-term exposure to 130 mg/m?3 (33 ppm). It is
unclear whether the difference in results is due to small differences in analytic
methods or if the limit for damage to the peripheral nerves lies in the range 105
- 130 mg/m3.

Rats exposed to 250 mg/m? (65 ppm) 7.5 h/day, 4 days/week for 4 weeks showed
no general reactions and no effects on the nerve conducting velocity (5). Expo-
sure of rats to 215 mg/m3 (55 ppm) 6 h/day, 5 days/week for 36 weeks distri-
buted over one year, altogether 1080 h, resulted in no change in weight increase,
behavior or conduction velocity in the peripheral nerves compared with controls
(70,

4.9, Eyes

Focusing and accommodation difficulties are not uncommon, especially after
long-term low-grade exposure. The symptoms are reversible. [mpairment of
visual acuity is more uncommon. It may develop slowly to blindness that may
regress in some weeks. Abnormalities in the retinogram, narrowing of the visual
fields and central scotomas, and impairment of color vision have been described.
(14,15,28,44).



4.10. Gonads
There is no information on damage to the gonads by methyl bromide.
4.11. Fetus

Exposure of rats to 80 mg/m? (20 ppm) or 270 mg/m? (70 ppm) 6 hiday during
days 1 - 19 of gestation had no negative effects on the dams, no toxic effects on
the fetuses and no teratogenetic effect. Rabbits exposed to 80 mag/m? (20 ppm)
during days 1 - 15 of gestation showed some signs of poisoning. This exposure had

no fetotoxic or teratogenic effect (29,75).

S ALLERGY

There is no information about allergy to methyl bromide.
6. GENOTOXICITY

In Ames tests with Salmonella typhimurium TA 100 and TA 1535 an increased
mutation frequency was found. Tests with the strains TA 1537, TA 1538 and TA
98 showed no such increase. In a test with TA 100 the mutation frequency was
dose dependent and increased with the air concentration of methyl bromide up to
5000 mglm3, whereafter it decreased shruptly as the dose led to ce!l death (61).
In other studies increased mutation frequency was found for TA 100 at air con-
centrations of 1.90 x 10° mg/m~ and higher. Addition of § 9 mix (metabolic acti-
vation) from rats induced by Aroclor 1254 did not change the result. In a similar

test with TA 98 no effect on the mutation frequency was observed (48),

In a forward mutation system with Escherichia coli the toxicity of methyl bro-
mide was high and the mutation frequency low (20} In another study increased

mutation frequency was established (61).
In a fluctuation test with Klebsiella pneumoniae a positive outcome was found at
concentrations of 4.75 mg methyl bromide/m?> air and higher. The mutation fre-

quency increased with inereasing air concentrations (48,

In a mouse lymphoma test mutations were induced in L51784 mouse lyrmmphoma
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cells at both TK and HPRT locus. The mutation frequency was dose related and

was detected even in the non-toxic range, 0.03 - 0.3 mg/l medium (48).

[n studies with Drosophila on methyl bromide induction of sex-related recessive
lethals, the exposure of the male flies started when they were one day old. After
exposure they were mated with unexposed females. From then on they were
mated with new females at 2 - 3 day intervals. The results are summarized in
table 3.

Table 3. Mutation frequency induced by methyl bromide exposure of Drosophila

Air concentration Exposure Result
(mag/m b)
600 Continuously The flies died on day 4.
&00 6h Mo increase of mutations.
&00 6hx 3 The flies died.
478 6hx5 Increased mutation frequency.
375 Ehxbd ="
287 6h x5 Mo increase of mutation frequency.
200 6hx15 Increased mutation frequency.
70 6hx 15 Mo increase of mutation frequency.

The authors point out that a significant increase of mutation frequency was

found at high but not lethal exposure levels (48],
T CANCEROGENICITY
There is no information concerning humans.

In an experiment rats were given 0- 0.4 - 2 - 10 - 50 mg methyl bromide/kg body

welght orally 5 days/week for 13 weeks. The dose was dissolved in peanut oil.
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The animals were killed after 90 days. Thirteen out of 20 animals receiving 50
ma/kg had squamous cell earcinomas in the forestomach; most of them had not
infiltrated. All animals had diffuse cell hyperplasia. At the lower doses no can-
cers had developed. In the two middle groups dose-related slight cell hyperplasia
was found. There were no metastases in the liver or lungs. Animals given the

highest dose had slight anemia and slight leucocytosis (18).

In an experiment with virus transformation of Syrian hamster embryo cells

methyl bromide was without effect (30).
8. INDICATORS OF EXPOSURE
B.1. Determination of methyl bromide in air

Methy! bromide in the air can be determined by sampling in charcoal tubes. The
sample is desorbed in carbon disulfide and analyzed by gas chromatography on a
stainless steel column packed with 10% free fatty acid polymer (FFAP) on Chro-
mosorh WHP (63). The sampling method lacked significant bias in the range of
71-160 mg Jm? and had a total precision (mean deviation) of 0,103. At 30 mg/m?
the bias was -13%. The precision of the analysis (mean deviation) was 0.053. With
a sampling volume of 51 of air the applicable concentration range of the method
was 40 - 400 rngf'm} (10-100 ppm). As far as it is known there are no interfering

compounds.
8.2. Biological indicators

Methyl bromide in blood can be determined by combined gas chromatography and
mass spectrometry (34). Little is known about the relation between exposure to
methyl bromide and the concentration in blood. In animals the blood concen-
tration has been found to be related to the concentration in inhaled air.
However, the half time is very short and it is doubtful that the methyl bromide

content of the blood can be used as a biological indicator for practical purposes.

Some of the resorbed methyl bramide is exhaled again. There are, however, na
studies permitting evaluation of this exhalation as a biological indicator of expo-

sure. The half time is very short.
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A considerable part of the absorbed methyl bromide is biotransformed in the
organism, and the amount of bady bromine increases during exposure. The half
time of bromine in humans has been found to be 12 days (49,79). Therefore,
attempts have been made to use serum bromine and urinary bromine as indi-
cators of exposure. In humans the individual variation in bromine content of the
blood is considerable, 3.8 - 7.5 mg/l with a central value of 6.1 mg/l (65). Accor-
ding to a literature survey the serum bromine content in unexposed human sub-
jects normally varies between 1.0 and 7.5 mg/l (65). In the literature the bromine
content is sometimes related to whole blood and sometimes to serum. After
administration of alkali bromides to volunteers the relation between the bromine
contents of whale bleod and serum was 0,45 (79). This difference is of some im-
portance, as bromine ions pass the erythrocyte membrane only to a small extent

while methyl bromide can pass the membrane easily.

In persons occupationally exposed to methyl bromide without experiencing any
symptoms of poisoning the serum bromine content was 44 - B5 mg/l. One worker
with non-lethal methyl bromide poisoning was shown to have a serum bromine
content of 400 mg/l (65). In a survey of data from the literature on cases of pois-
oning of slight to medium severity the blood content of bromine was found to be
on an average 69 J,‘ug!g and in severe cases of poisoning 157 ,ruq;"g, compared to

6.7 pofg in unexposed controls. The individual variations were considerable (65).

Determination of bromine content in the blood seems to give reasonable infor-
mation on the uptake of methyl bromide. However, This is true only if nan-accu-
pational sources can be excluded. Any method used by the clinical chemical labo-

ratories can be used for this determination .

Ohmori et al (65) have studied the amount of bromine in the hair of workers
exposed to methyl bromide and found a distinct increase compared with controls.
This may have potential for long-term control but the method cannat be used for
daily routine control. Due attention must of course be paid to the possibility of

external contarmination.
9. EXPOSURE, EFFECT AND RESPONSE RELATIONSHIPS
It is difficult to get a distinet conception of the dose-effect and dose-response

relationships in humans, as in most reports the effects are incompletely de-

scribed, Most authors report only symptoms from the nervous system.
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After long-term exposure to low concentrations in the air, rather vague and non-
specific symptoms appear: headache, dizziness, lack of appetite, nausea, vomi-
ting, visual disturbances in the form of convergence and accommodation prob-
lems, muscular weakness and sensitivity impairment, numbness and tingling in
the extremities. After exposure to higher concentrations leading to acute poi-
soning, nausea and vomiting occur after a shorter or longer time; thereafter, with
varying latency time, symptoms from the motor system with muscle twitchings,
myeclonias and epileptic fits rapidly develop. Symptoms from other organs such
as the liver and kidneys are mentioned only sporadically. However, in many
lethal cases of poisoning injuries to the kidneys and liver have been established

at autopsy and so has pulmonary edema.

The information about exposure is usually very approximate. For cases of acute
poisoning, reported estimates of exposure level vary from 230,000 mg;“m3 (60,000
ppm) for one minute (86) to 31,000 mq}m3 (B000ppm) for a few minutes (57a) to
more than 4000 mg.’m3 (1000 ppm), which causes very severe intoxications that
only very rarely are survived (52). Several authors have tried to relate the ef-
fects on the central nervous system to different degrees of exposure given for
cases of acute poisoning. Exposure to 4000 mg/m> (1000 ppm) or more causes the
usual initial symptoms followed by symptoms of severe damage to the central
nervous systerm. Survival is rare. Exposure to 800 - 1600 mg/m? (200 - 400 ppm)
causes milder illness with headache, nausea, vomiting, muscle pains, visual distur-

bances. These intoxications are seldom lethal (16,19, 58,62).

Watrous (83) examined 90 persons who for two weeks had worked in a plant where
exposure to methyl bromide often rose to 140 mg/m?> (35 ppm). During this time
31 persons in the group reported mild symptoms such as headache, vertigo and
blurred vision. Neurological examination revealed nothing abnormal. All the

symptoms disappeared within two maonths after the exposure was stopped,

In an extensive study on mice the discussed relations were studied, table 4. In
mice no pulmonary edema develops, not even in lethal poisonings. The dose-
response curve for mortality was so steep that the difference between LC1gand

LCgq was covered by doubling of the concentration.

The dose-response curve for kidney damage is closely parallel to that of morta-

lity with only a slight shift to the left. It was quite clear that injuries to the
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central nervous system, liver and kidneys only appeared at near-lethal exposures
(2). The effect of repeated inhalations of methyl bromide has been studied in
different animal species, table 5. There are considerable differences in sensitiv-
ity between different animal species. Also in these experiments damage to the
central nervous system is predominant, Liver and kidney injuries were detected

only at exposures within the area of lethal concentrations,

Mutagenic effects of methyl bromide have been found when high doses were
used. High doses given orally to rats gave a high incidence of ventricular cancer.
The dosage was 0.23 x LDsg and 0.5 x LLD. A dose of 0,05 x LDsy or lower

caused no cancers but resulted in local epithelial hyperplasia.

Table 4, Effect of 1 h exposure of mice to different air concentrations of
methyl bromide (2).

mgfm3 ppm Effect

2200 570 Seemed quite normal.

2720 700 Hyperactive the first 20 h after exposure.

3500 900 Significantly less weight gain; walking disturbance;

inert, stopped cleaning themselves 20 h after exposure;
kidneys enlarged.

3820 980 Increased depth of breath and decreased breathing fre-
quency, tremor 20 h after the end of exposure; hemore-
hages in cerebrum.

3870 990 Half of the anirnals had kidney injuries.
4680 1200 LCsp
4700 1200 Before death fasciculations, can not keep themselves

upright; incoordination; reduced liver GSH-content;
hemarrhages in liver and brain.

5770 1480 Symptoms appear faster, within 3 h after exposure.
Hemorrhages in colon.




Table 5. Long term animal studies with methyl bromide inhalation

maim? ppm Manner of exp Time Rat Guinea pig Rahhit MMonkey Ref

1170 300 Ghfd, Sdfw 3 weeks 3/12 died, 1 had - - - 35
convulsions.

aso 220 7.5h/d, Sdfw Died after 3-4 Died after 1-3 - 39
exp, nothing at exp, lung
section. injuries at

section,

780 200 anfd, 5d/w 3 weels All survived, - - - 35
poorer weight gain.

420 110 7.5h/d, Sdfw & months Poor general appear- 411 died after - 1 monkey 39
ance, convulsions, 64-91 exp. No died after
some after 6-14 exp, positive patho- 11 exp.
others after 16-58. logical findings
5 survived, growth at section.
redardation, lung
sections showed histo-
pathnlogic changes.

270 70 6-Thid 15 days Nao obvious effect, - 24/25 died before - z9
fetus without defect. day 27, the first

ones died on day 9.

250 62 7.5h/d, 5dfw & months Mo obvious effect No obvious effect 4 died, 38/42 had 3/6 paresis 39
paralysis, resti- after 19-45
tution when exp exp.
was terminated.

250 &5 7.5hfd, bdfw a total Mo effect on con- - Weight loss after - 5

of 100 h duction velocity in weel 2, weight was
in 1 month  peripheral nerves. less at the end
Mo coordination dis- of exp than in the
turbance, Mo influ- beginning. lLowered
ence of general mo- conduction velocity
tility. Mo effect on in nn ulnaris and
open field test. ischiadicus at the
end.
Table 5. cont.
mg/in? ppm Mamner of exp Time Rat Guinea pig Rabbit Monkey Ref
210 55 6h{d, 5dfw 1 year Mo effect in any " - - 5
1080 h test.,
130 33 7.5h/d, Sdfw 6 months - - 34/58 paralysis - 39
in hind legs
105 27 7.5h/d, 4dfw 900 h in - - Poorer weight - 70
8 months gain than controls.
All tests negative.
78 20 6-Thid 15 d - 2 No effect. 29
Fetus norimal.
65 17 7.5h/d 6 months - - No effect No effect 39
40 10 conk. 3 weeks 2/5 died. Lower - - - 71
absolute liver weight.
Body weight decrease,
increase of 5-ASAT,
5-LDH, 5-GSH.
Decrease of 5-ChE.
20 5 cont. 3 weeks Mo general reaction. - - - 71
Insignificant changes
in blood chemistry,
4 1 cont. 3 weeks No effects - - E 71

-0f -

-1€ -
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10. NEFED OF FURTHER RESEARCH

A reliable biclogical exposure indicator would have great practical value. It
seems that the concentration of bromine in the blood and urine might be useful
for this purpose. However, the relation between exposure to methyl bromide and
the concentrations of bromine, and the kinetics of biotransformation, need to be

thoroughly studied..

The relation between the bromine concentration in serum and that in whole blood

may be relevant for diagnosis and monitering purposes and ought to be studied.

Further study of carcinogenic action of prolonged low grade expasure is desir-
able. It has been reported that long term inhalation experiments with rats are in
progress at the Metherlands National Institute of Public Health (18) and at the
U.S. Mational Toxicology Program (62). -

11. DISCUSSION AND EVALUATION

Methyl bromide is a very dangerous gas, as it is practically odorless and non-
irritating - at least in concentrations of interest in the context of industrial
hygiens. Very severe acute peisonings may occur suddenly without the person in

question having noticed any smell or irritation.

The discussion of occupational exposure limits must be based on the early symp-

toms from the central nervous system, symptoms that appear insidiously.

The experimental results showing local cancerogenic effects in rats when methy!
bromide was given orally must be taken into consideration. Cancerogenicity
cannot be accurately assessed until further experiments have been completed.

The mutagenic power is low. Mo teratogenic effects have been found.

The poisoning may develop insidiously, beginning with vague, nonspecific symp-
toms and developing to = severe neurological condition. Recovery is usually very
slow and severe sequelae are common. It is therefore lmportant to consider the
very first symptoms that may appear and the discussion of exposure limits must
be based on them. The insidious development of the poisoning, the gravity of the
damage to the central nervous systermn and the risk of serious sequelae must be

considered very seriously.
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SUMMARY

A. Swensson: Methyl bromide. 74. Nordic expert group for documentation of

occupational exposure limits.

A critical survey of the literature relevant for a discussion of an occupational

exposure limit is given.

The discussion should be based on the vague symptoms that develop insidiously

after prolonged exposure to low concentrations in the air.

The severe sequelae after even moderate poisonings must be taken into conside-

ration as well as the possibility of carcinogenic effects.

Key words: Methyl bromide, accupational exposure limit, intoxication picture,

metabaolism, brain damage, polyneuritis, cancer.

A Swedish version is available; B9 references.



- 34 -

REFERENCES

6.

10.

Alexeeff GV, Kilgore WW. Methyl bromide. A review with several refs. of
the uses and toxicity of MeBr (74-83-9), Residue Rev, 88(1983), 101-53.

Alexeeff GV, Kilgore WW, Munoz P, Watt D. Determination of acute toxic
effects in mice following exposure to methyl bromide. J Toxicol Environ
Health, 15(1985), 109-123.

Andersen ME, Gargas ML, Jones RA, Jenkins Jr LJ. Determination of the
kinetic constants for metabolism of inhaled toxicants in vivo using gas

uptake measurements. Toxicol Appl Pharmacol, 54(1980), 100-116.

Andersen S, Mielsen SF, MNielsen LP, Hansen EPB, Pedersen HR.
Metylbromidfiérgiftning. Ugeskr Laeq, 143(1981), 2583-2585.

Anger WK, Setzer JV, Russo JM, Brightwell WS, Wait RG, Johnson BL.
Meurobehavioral effects of methyl bromide inhalation exposures. Scand
J Work Environ Hlth, 7 Suppl 4 (1981), 40-47.

Araki S, Ushio K, Suwa K, Abe A, Uehara K. Methyl bromide posoning:
Areport based on fourteen cases. Jap J Industr Health, 13{1971),
507-513.

Bakhishev GM. Relative toxicity of aliphatic halohydrocarbons to rats.
(Original in Russian}. Farmakol Toksikol (Kiev), B{1973), 140-142,

Barnsley EA, Young L. Biochemical studies of toxic agents: The
metabolism of iodomethane. Biochem J 95(1965), 77-81.

Benatt AJ, Courtney TRB. Uremia in methyl bromide poisoning. Brit J Ind
Med, 5(1948), 21-25.

Billet et Abel. Accidents caonsécutifs a I'emploi d'un  extincteur
d'incendie chargé au bromure de inéthyle. Gaz Hop, 113 (1940), 45-46.

11.

12,

12,

14,

15.

16.

17.

18.

19,

20.

21,

22,

&35

Boccalatte F, Fimiani R. Su due casi di intossicatione acuta da bromuro
di metile. Folia Med, 46(1963), 313 -318.

Bond JA, Dutcher JS, Medinsky MA, Henderson RF, Birnbaum LS.
Disposition of (14C) methyl bromide in rats after inhalation. Toxicol
Appl Pharmacol, 78(1985), 259-267.

Butler ECB, Perry KMA, Williams JRF. Methyl bromide burns. Brit J Ind
Med, 2(1945), 30-31.

Carter A. Methyl bromide poisoning: Effects on the nervous system, Brit
Med J, 1(1945), 43-45,

Chavez CT, Hepler RS, Straatsma BR. Methyl bromide optic atrophy. Am J
Ophthalmal, 99(1985), 715-719.

Clarke CA, Roworth CG, Holling HE. Methyl brornide poisoning. Brit J Ind
Med, 2(1945), 17-23.

Collins RP. Methyl bromide poisoning, a bizarre neurological disorder.
Calif Med, 103(1965), 112 -116.

Danse [LHJC, Van Velsen FL, Van der Heijden CA. Methyl bromide:
carcinogenic effects in the rat forestomach. Toxicol Appl Pharmacol,
72(1984), 262-271.

Davay GG. Methyl bromide poisoning. Indian J Ind Med, 18(1972), 78-85.
Djalali-Behzad G, Hussain §, Osterman-Golkar 5§, Segerbick D. Estimation
of gqenetic risks of alkylating agents. VI. Exposure of mice and

bacteria to methyl bromide. Mutat Res, 84(1981), 1-9.

Drawneek W, O'Brien MJ, Goldsmith HJ, Bourdillon RE. Industrial methyl
bromide paisoning in fumigatars. Lancet, 2(1964), B55-856.

Dudley HC, Miller JW, MNeal PA, Sayers RR. Studies on foodstuffs
furnigated with methyl bromide. Pupl Health Rep, (1940), 2251-2275,



23.

24.

25.

26.

27.

28.

29,

30.

31.

- 36 -

Dunkelberg H. Zur Problematik der Anwendung alkylierender Substanzen
bei der Lebensmittelbegasung hinsichtlich der Bildung von Vorstufen der
MN-Nitrosoverbindungen. I, MN-Methylierung verschiedener Aminosduren
durch Einwirkung von Methylbromid. Zbl Bakt Hyg, 1 Abt OrigB,
171(1980), 48-54.

Duvoir M, Fabre R, Layani F. L'intoxication par le bromure de methyle,
Bull Sci Pharmacol, 46(1939), 15-26.

Gil-Peralta A, Bautista-Lorite J, Alberca R. Los sindromes perifericos
en la intoxicacion por bromure de metilo. Rev Neurol (Bare), 7(1979),
13-21.

Girard PF, Tommasi M, Rodre L, Lejeune E. Documents anatomiques
concernant les lésions de systéme nerveux central dans un cas
d'intoxication aigue. par le bromure de méthyle. Rev Neurol,
103(1960), 165-149.

Goulon M, Nouailhat F, Escourolle R, Zarranz-Imirizaldu JJ, Groshuis 5,

Lévy-Alcover MA. Intoxication par le bromure de méthyle. Trois

_observations, dont une mortelle, Etude neuro-pathologique d'un cas de

stupeur avec myoclonies, suivi pendant cing ans. Rev MNeurol (Paris),

131(1975), 445-468.

Grant WM. Methyl bromide. In: Toxicology of the eye, pp, 680-685,
Charles C Thomas, Springfield, 1977.

Hardin BD, Bond GP, Sikov MR, Andrew FD, Beliles BP, Niemeier RW.
Testing of selected workplace chemicals for teratogenic potential.
Scand J Work Environ Hlth, 7(1981); suppl.4, 66-75.

Hatch GG, Mamay PD, Aver ML, Casta BC, Nesnow S. Chemical enhancement

of viral transformation in Syrian hamster embryo cells by gaseous and
volatile chlorinated methanes and ethanes. Cancer Res, 43(1983),
1945-1950.

Heimann H. Poisoning due to industrial use of methyl bromide. NY State
Ind Bull, 23(1944), 1-8.

33.

34.

35.

36.

3.

38,

39,

39a.

40.

41,

S, D

Heise H, Maller A. Bericht Uber eine dermale Intoxikation mit Methyl-
bromid. Dermatol Mschr, 162{1976), 837-840.

Hine CH. Methyl bromide poisoning. A review of ten cases. J Occup Med
11{1969), 1-9.

Honma T, Miyagawza M, Sato M, Hasegawa H. Meurotoxicity and metabolism
of methyl bromide in rats. Toxicol Appl Pharmacol, B1{1985]}, 183-191.

lkeda T, Kishi R, Yamamura W, Miyake H, Sato M, Ishizu S. Behavioral
effects in rats following repeated exposure to methyl bromide. Toxicol
Lett 6(1980), 293-299.

Imamiya 5, Tanaka S, Nakayama E, Takahashi K. Health effects of methy!
bromide in fumigation waorkers. (Original in Japanese. Summary in
CIS 82-1657). Sangyo-Igaku J, 5(1982), 21-26.

Ingram FR. Methyl bromide fumigation and control in the date packing
industry. & M A Arch Ind Hyg Occup Med, 4(1951), 193-198.

Irish DD. Methyl bromide, CH4Br (monobromomethane). In: Patty F.A.
(Ed.). Industrial Hygiene and Toxicology, 2 nd ed. Vol 11 pp 1251-1255.
John Wiley and Sons, Mew York 1947,

Irish DD, Adams EM, Spencer HC, Rowe VK. The response attending
exposure of laboratory animals to vapors of methyl bromide. J Ind Hyg
Toxicol, 22(1940), 218-230.

Irish DD, Adams EM, Spencer HC, Rowe VIK. Chemical changes of methyl
bromide in the animal body in relation to its physiological effects. J
Ind Hyg Toxicol 23(1941), 408-411.

Johnstone RT. Methyl bromide intoxication of a large group of workers.
Ind Med, 14(1945), 495-497.

de Jong RMN. Methyl bromide poisoning with special reference to nervous
manifestations, JAMA, 125(1944), 702-703.



42,

43,

a4,

45,

46.

&7,

48.

49,

50.

51.

52,

- 38 -

Jordi AU, Absorption of methyl bromide through the intact skin. A
report of one fatal and two non-fatal cases. J Aviat Med, 24(1953),
536-539.

Kakizaki T. Studies on methyl bromide poisoning. Ind Health, 5(1967),
135-142,

Kameyama K, Tsuchihashi Y, Uchida Y. Ocular manifestations of chronic
methyl bromide intoxication. (Original in Japanese, English summary).
Jpn J Clin Ophthal, 32(1978), 437-442.

Kantarijan AD, Shaheen AS. Methyl bromide poisoning with nervous system
manifestations  resembling  polyneuropathy.  Neurology, 13(1963),
1054-1058.

Kohn-Abrest E, Dérobert L, Truffert L. Toxicologie du bromure de
méthyle. Arch Mal Prof, 7(1946), 85-91.

Kornbrust DJ, Bus JS. Metabolism of methyl chloride to formate in rats.
Toxicol Appl Pharmacol, 65(1982), 135-143,

Kramers PGN, Voogd CE, Knaap AGAC, van der Heijden CA.Mutagenicity of
methyl bromide in a series of short-term tests. Mutat Res, 155(1985),
41-47.

Laurell C8, Lundh B, MNosslin B, Bromid. Klinisk kemi i praktisk
medicin. Studentlitteratur, Lund. (1976), 528-529,

Lewis SE. Inhibition of SH enzymes by methyl bromide. MNature,
161(1948), 692-693.

Longley EQ, Jones AT. Methyl bromide poisoning in man. Ind Med Surg,
34(1965), £499-502.

Maec Donald AC, Monro JC, Scott (L. Fatal case of poisoning due to
inhalation of methyl bromide. Brit Med J, [1(1950), 441-442,

53.

54.

55.

56.

57.

57a.

58.

59.

60.

61.

62,

-39 .

Marraccini JV, Thomas GE, Ongley JP, Pfaffenberger CD, Davis JH,
Bednarczyk LR. Death and injury caused by methyl bromide, an
insecticide fumigant. J Forensic Sci, 28(1983), 601-607.

Martorano G. Descrizione di alcuni casi di intossicazione professionale
da bromuro di metile. Med Lav, 47(1956), 524-532,

Medinsky MA, Bond JA, Dutcher JS, Birnbaum LS. Disposition of (14C)
methyl bromide in Fischer-344 rats after oral or intraperitoneal
administration. Toxicology, 32(1984), 187-196.

Medinsky MA, Dutcher JS, Bond JA, Henderson RF, Mauderly JL, Snipes MB,
Mewhinney JA, Cheng YS, Birnbaum LS. Uptake and excretion of (14C)
methyl bromide as influenced by exposure concentration. Toxicol Appl
Pharmacol, 76(1985), 215-225.

Mellerio F, Levy-Alcover MA. Myoclonies d'origine toxique. Rev Electro-
encephalogr Neurophysiol Clin, 12(1982), 210-218.

Miller J W. Fatal methyl bromide poisoning. Arch Pathol, 36 (1943), 505-507.

Miller BH, MNavone R, Ota M, Irritation from residual bromides after
methyl bromide fumigation. Public Health Rep, 76(1961), 216-218.

Miller DP, Haggard HW. Intracellular penetration of bromide as a
feature in the toxicity of alkyl bromide. ] Ind Hyg Toxicol, 25(1943),
423-433,

Mizyubova 1G, Bakhishev CN. Specific treatment of acute poisoning with
methyl bromide. Original in Russian, translated by NIOSH 073087 Vrach Delo 7
(1971), 128-131.

Moriya M, Ohta T, Watanabe K, Miyazawa T, Kato K, Shirasu Y, Further
mutagenicity studies on pesticides in bacterial reversion assay

systems. Mutat Res, 116(1983), 185-216.

NIOSH. Monohalomethanes. Curr Intelligence Bull, 43(1984), 1-22.



63.

64.

65.

&5a.

66.

67.

68,

69,

&9a.

70.

71.

L

MNIOSH manual of analytical methods, 3rd ed. 1985. Method 2520,

Mishimura M, Umeda M, Ishizu 5, Sato M. Effect of methyl bromide on
cultered mammalian cells, J Toxicol Sei, 5(1980), 321-330.

Ohmori 5, Hirata M. Determination of bromine contents in blood and hair
of workers exposed to methyl bromide by radioactivation analysis method.
(Original in Japanese, English summary). Jpn JInd Health, 24(1982),
119-125.

Prain JH, Harvey Smith G. A clinical-pathological report of eight cases of
methyl bromide poisoning. Brit J Ind Med, 9(1952), 44-49.

Rathus EM, Landy PJ. Methyl bromide paisoning. Brit J Ind Med, 18(1961),
53-57.

Rauws AG, van Logten MJ. The influence of dietary chloride on bramide
excretion in the rat. Toxicol, 3(1975), 29-32.

Reren M, Shnaps ¥, Schewach-Millet M, Feinstein A. Methyl bromide burns
(Original’in Hebrew). Harefuah, 99(1980), 277-278,289-299,

Roche Ly Colin M, Tommasi M, Lejeune Maitrepierre £, Grandmottet, Intoxi-
cation mortelle par le bromure de méthyle. Manifestations rénales, pulmo-
naires, neurologiques. Prolongation du coma & la suite de la thérapeutique.
Ann Méd Lég, 38(1958), 364-372.

Royeroft JH, Jaskot RH, Grose £EC, Gardner DE. The effects of inhalation
exbosure to methyl bromide in the rat. Toxicologist 1{1981}, 79.

Russo  JM, Anger WK, Setzer 1V, Brightwell WS5. Meurobehavioral
assessment of chronic low-level methyl brormide exposure in the rabbit.
J Toxical Environ Health, 14(1984), 247-255.

Sato M, Miyagawa M, Honma T, Hasegawa H. Subacute effects of methyl
bromide dosed by inhalation expasure to rats. Ind Health, 23(1985),
235-238.

72.

13

74,

75.

6.

77.

78.

79.

80.

BI1.

s la

Schaumberg HH, Spencer PS, Thomas P, Methyl bromide. In: Disorders of
peripheral nerves. p.147. Europ Book Serv, Weesp., The Netherlands 1983,

Shapovalov  YuD. Clinical aspects of acute poisoning with methyl
bromide. (OriginalinRussian, cited in CA:67-14658). Vrach Delo, 4(1967), 129-
131.

Shield L K, Caleman T t, Markesbery W R. Methyl bromide intoxication:
Meuolagic features, including simulation of Reye syndrome. Neurology,
27(1977), 959-962.

Sikov MR, Cannon WC, Carr DB, Miller RA, Montgomery LF, Phelps DW.
Teratologic assessment of butylene oxide, styrene oxide, and methyl
bromide. DHHS {":fIOSH), B1-124 (1981), 1-76.

Sikav MR, Cannon WC, Carr 0B, Miller RA, Montgomery LF, Phelps DW.
Teratologic assessment of butylene oxide, styrene oxide, and methyl
bromide. Report PBB1-168510, 1-87.

Sollmann  T. Bromides. In: Pharmacology, pp  809-814. Saunders,
Philadelphia 1949,

Stremark R. Distribution and kinetics of bromide ions in the mammalian
body. Some experimental investigations using Br-80M and Br-B82. Acta
Radiol, Suppl. 190(1960), 1.

Séremark R. The biological half-life of bromide ions in human blood.
Acta Physiol Scand, 50(1960), 115-123.

Torkelson TR, Rowe VK. Methyl bromide. In: Clayton GD, Clayton FE
(eds.), Patty's Industrial Hygiene and Toxicology, Jrd ed. vol 28,
pp3442-3446, John Wiley & Sons, New York. 1981,

Viner M. Methyl bromide poisoning; a new industrial hazard.
Canad M A J, 53(1945), 43-45.



B2,

83,

84,

85.

86.

87.

SR D

Von Oettingen WS. Methyl bromide. In: The halogenated hydrocarbons of
industrial and toxicological importance. pp 26-55. Elsevier Publ,
Amsterdam, 1964, 26-55.

Watrous RM. Methyl bromide: Local and mild systemic toxic effects.
Ind Med, 11{1942), 575-579.

WHO. Methyl bromide. WHO datasheets on pesticides, 5(1978).

Winkel P, Verspyck Mijnssen GAW. De rol van huidpenetratie bij de
opname van stoffen in het lichaam, T Soc Geneesk, 49(1971), 328-330.

Wyers H. Methyl bromide intoxication. Br J Ind Med, 2(1945), 24-29.

Zatuchni J, Hong K. Methyl bromide poisoning seen initially as
psychosis. Arch Neurol, 38(1981), 529-530.

I % o

APPENDIX I. Occupational exposure limits for airborne methyl bromide.

Country mg/m? ppm Year Note Ref.
BRD 20 5 1985 5 7
Denmark 20 5 1985 S 3
Finland 60 15 1981 S 14
90 25 (15 min)
France 20 5 1986 8h lé
Great Britain 60 15 1986 5 6
Iceland 60 15 1978 5 12
MNetherlands &0 15 1985 S 10
Morway 20 5 1984 5 1
Soviet Union 1 1978 g 8
Sweden 60 15 1985 5 4
80 20 STV
usA (ACGIH) 20 5 1985-87 5 13
(NIOSH/QSHA) 80 20 1978 5 11

g=gas, 5=skin, STV =shortterm value, M = maximum.
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BACKGROUND

n-Decane is used for organic synthesis, as a solvent, and in la-
boratories (38).

n-Undecane originates like decane from crude oil distillates
{38) and is probably used in the same processes.

n-Decane 1s an abundant substance occurring in different types
of fuels and solvents, e.g. kerosen r white spirits (38). The
traditional white spirit (Varnolene ) contains about 47 n-un-
decans and 10.4%7 n-decane (15). The production in USA in 1975
was about 910 kg of pure n-decane.

PHYSICAL-CHEMICAL DATA

Both compounds are colorless ligquids at room temperature and are
almost insoluble in water. They are easily dissolved in organic
solvents. The physical and chemical properties are shown in Tab-
le 1.

Table 1. Physico-chemical properties (38, 45).

Chemical name n-decane n-undecane
Synonyms: Decylhydride Hendeean
CAS-number: 124=-18=5 1120-21-4
Molecular formula: CH_(CH_) CH CH (CH_ ) CH
2'8 3 g 293
Molecular weight: 142.3 iS5 63
o
Boiling point (101.3 kPa): 174.1 C 195 €
o
Specific gravity (20 C): 0.7301 0.7402
0
Vapour pressure (25 G): ca. 0.40 kPa 0.052 kPa
Saturation c¢oncentration
7 % © 3 3
in air (25 C): ca. 7900 mg/m 3280 mg/m
(1359 ppm) (521 ppm) 5
Converasion factors 1 ppmn = 5.82 mg/m 1 ppm = 6.39 mg/m

0
(25 ¢, 101.3 kPa): 1 mg/m” = 0.172 ppm 1 mg/m” = 0.156 ppm
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1. METABOLIC MODEL

151 Uptake

No information was available about n-decane and n-undecane ab-

sorption through skin, lungs or mucous membranes. Indirect evi-
dence for skin absorption was found in an investigation (30)
showing damage to spleen, kidneys and lungs of mice after ap-
plication of 100-150 mg n-decane on skin 3 times a week for 50

weeks.

The exposure would normally take place in the form of vapours.
Therefore the compounds, like moat other n-alkanes (1, 25, 38)
under normal occupational environmental conditions, would be
absorbed through the lungs. Lung absorption 1is therefore the
main absorption route.

1 Distribution

The absorption and distribution of n-decane from the blood pha-
se and to the tissue of rabbits were investigated after intra-
venous injection of radicactive labelled n-decane in a paraffin
emulsion (4). During a period of one hour a very rapid absorp-
tion in the liver took place followed by a re-distribution into
spleen and sdrenal glands. The radicactivity of the organs was
subsequently reduced over a period of one month., It was not in-
vegtigated if the activity was due to the originally injected
n-decane or metabolites of this compound. The exposure through
injection will most likely lead to another distribution of the
compound than with inhalation, as the distribution of the pa-
raffin emulsion particles to the organs and the subsequent ab-

sorption in these organs may differ significantly.

1.3 Biotransformation

n-Decane is oxidized to n-decanol through the microsomal cyto-
chrome P-450 enzyme system (17, 26).
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The metabolites found after oxidation (in vitro) in mice liver
microsomes were mainly 1-decanol, n-decanoic acid, 1.10 decan-
diole and an unidentified polar compound (17). The carboxylic a-
cid may be oxidized by B-oxidation to produce 002.

An alternative degradation was seen in rat liver where decanoic
acid is further oxidized by the microsomale P-450-system into
10-hydroxydecanoic acid. Through a combined eytosol and microso-
mal function this compound may be oxidized, to produce dicarbo-
xylie acid. This acid can be expected to oxidize through B -oxi-
dization into 002 (16).

The oxidation of n-decane by the microsomal ecytochrome P-450 ta-
kes place primarily in the liver. In mice, rabbits and oxen a
relatively high enzyme activity has been found in the lung tis-
sues (16,17).

1.4 Excretion
No relevant information is available about excretion of these
compounds, but the excretion of alkanes and their metabolites is

expected primarily to occur through the exhalation of the un-
changed ecompound 002 and other volatile metabolites.

2. TOXICOLOGICAL MECHANISMS

Investigations of alkanes and their toxic action has been focu-
sed on their effect on the cell membranes. This is due to the
strong lipophilic action of alkane combined with a minimal solu-
bility in water for the heavier alkanes.

The different toxicolopgical mechanisms have been investigated
mainly in relation to the effect on the nervous system.

In vitre it has been shown that the anaesthetic alkanes affect
the nerves by blocking the potassium and sodium ionic currents
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across the cell membrane, upon which the nerve impulses depend
(13). The mechanism 1s, that the proteins rsgulating the potas-
siunm/sodium currents through the cell nembrane are changed in

such a way that conductivity is reduced.

Model experiments have shown that when n-decane is dissolved in
the ecell membrane it increases membrans thickness and at the sa-
me time reduces activity of the ATP-ase in the membrane (19).
This and a similar observation for n-pentans on the nerve cells,
has led to the hypothesis that these alkanes act through a thic-
kening of the membrane, thereby disturbing nermal membrane enzy-
me function (12, 9). It is still under discussion whether so-
mathing similar happqpf during in vivo exposure (9, 20, 28, 37,
39). The Ca and Mg dependent ATP-ase in the sarcoplasmatic
reticulum is dependent on the length of the molecules in the
membrane, and thereby on membrane thickness (19). Tt is expected
that if the sarcoplasmatic reticulum has an optimal structure
for the function of ATP-ase then n-decane will have a negative
effect on the activity on this ATP-ase, and subsequently on

muscle action.

The exposure iof cultivated human lung fibroblasts to n-decane

emulsions with a high concentration of 25 mmol/l induced a 6%
inecrease in the membrans penetration measured by loss of ra-
dicactive labelled nucleotides. The metabolites n-decanol, n-de-
canal, n-undeanal and n-decanoic acid and n-undecanoic acid we-
re very active in an aqueous enmulsion at a concentration of 25
mmol/1 (42).

3. EFFECTS ON THE CRGANS

3.1 Skin and mucous membranes

A pilot study on carcinogenicity running for 2-4 wesks showed
that 5 mg of n-decane or n-undecane dissolved in acetone and ap-

plied 3 times a week was the highest dose causing only minimal
skin damage to mice. The concentration of the solutions is nat
given (43). This pilot study does nct include information of the
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effect of acetone alons. Acetone would, however, evaporate rela-
tively qulckly. Furthermore no information is given about the
size of the exposed skin arez. It may be coneluded, that this
pilot study does not fully deseribe the effects, nor the dose-
effect relationships.

65 mice were exposed to between 0.10-0.15 g of n-decane three
times a week for 50 weeks, or = total of 16.53 g per mouse. The
exposure caused skin damage, as well as damage to organs. The
effects on the skin were macroscopic thickening, dryness and
desquanmation. The nieroscopie changes were ulceration, dermal
fibrosis, pigmentation, and hyper- and perikeratosis correspon-
ding to a keratinization in the areas of application. No infor-
mation is given about the size of the exposed area and the ex-
perimental conditions as such (30).

The skin-irritating effect of n-decane on rabbits was exanmined
(21). 0.2 ml n-decans was applied to an 8 x 10 em skin arsa and
covered with Japan paper for one hour. After removal the effect
was observed for fourteen days. On the first and second day a
hemorrhage and strong erythema was obssrved macroscopically and
on the third to seventh day, encrustation, reduced elasticity
and eracks wers seen. After 14 days the skin again appeared nor-
mal. Histological examination showed a strong cell growth, para-
keratosis and encrustation. The inereased cell growth continued,
although to a lesser extent until 14 days after the exposure, A
reduction of the gkin content of DNA and RNA to about 50 and 25%
of the initial value in a control group was observed on the
third day. At the same time the biosynthesis of DNA, RNA and
phospholipids were reduced to about 0. Syntheses and the con-
centrations increase to above the normal value, gradually redu-
cing towards normal sfter some days.

3.2 The respiratory orpgans

Only few investigations of the effects of n-decane and n-undeca-

ne on the respiratory organs exist.
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Application of 100-150 mg of n-decane on the skin of mice 3 ti-
mez 8 week for 50 weeks caused pathological effects on the lung
tizsue in the form of hemorrhages, inflammation and necrosis

(30).

3
Inhalation exposure of rats to 3140 mg/m” (540 ppm) n-decane for
up to 91 days, 18 hours a day, 7 days a week, showed no micro-or
macroscopiec effects on the respiratory organs (30).

Aspiration of 0.2 ml n-decane caused lung cedemas, hemorrhages
and increased weight of the lung for 5 of a total of 5 exposed
rats. Thig dose was fatal within 24 hours (11).

n-Decanal, n-undecanal and n-decanoic acid, which are expected
to be metabolites of n-decane and n-undecane, caused a blocking

of the ciliary movements in cultures of embryo chicken trachea
at a conentration of 5 mmol/l. n-Decanol had no effect, and
n-decane was not tested (35). These effects indicate an inersa-

sed risk of impairment of the respiratory defense system.

Lung irritation caused by n-alkanes increases 1n intensity as
the number of carbon atoms in the compound increase (41). In mi-
ce n-pentane and compounds up to n-heptane cause an inerease in
airway irritation as measured by the respiratory rate and the
depth and on figuration of the respiration. This is, however,
only seen at very high concentrations close to the condensation
concentration (41). By analogy, it can be expected that n-decane

and n-undecane will change lung function in mice.
3.3 Ihe liver
No information is available about liver damage.

3.4 The kidneys

A subchronie inhalation study with rats which were exposed 6
hours day, 5 days a week for 3 weeks to different types of cru-
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de oil distillates indicated that the medium and long chained
alkanes are amcng the most potent kidney-toxic solvents (14).
The investigation showed the largest effect for the high boiling
distillates and an exceptionally high effect among those distil-
lates containing a high proportion of alkanes and alkenes. The
toxicity was according to the authors probably highest for the
branched alkanes, but a sharp separation of the effect of diffe-
rent compounds was impossible, The boiling point intervals men-
tioned in the publication indicates that the concentration of
n-decane and n-undecane may not have been large in the distilla-

tes used. The results, however, show that alkanes have & stron—

ger effect as the size of the moleculs inersases. A consistent

dose/effect curve was found for concentrations between O and

4000 ppm. Tubular degeneration was seen after exposure to con-

centrations down to 35 ppm of the distillate containing the high-
est proportion of high boiling alkanes. The effects seen on the

rats were formation of hyalin droplets, degeneration of the pro-

ximal tubules in the cortex, tubular dilatation and neerosis in

the corticomedullary part.

In an experiment, rats were exposed to dearomatized white spirit
or to & mixture containing 100% isoslkanes, which is a mixture
of branched and normal decanes and undecanes. A decreased growth
rate and changes in the kidneys were shown among the male rats
exposed to 1900 and 5610 mg/n” for 6 hours a day up to 12 weeks.
The effects on the kidneys were tubular cell degeneration in the
cortex, tubular dilatation with precipitation of proteins, pro-
bably a disintegration of cell material in the corticomedullare
part (36). Many authors seem to be convinced that male rats may
be more sensitive to carbon hydrates and that such effects ars
not expected among other animals. These effects, therefore, may
not be relevant for humans.

Fuel for jet engines contains mainly C _-C alkanes. A4 single,
orally administered dose of fuel corresponding to 24 nl/kg body
weight caused kidney damage in rats in the form of hyalin drop-
lets and an ineresased creatinine concentration in the ssrum.
Furthermore, an increased lactate dehydrogenase activity and an

increased glutamic pyruvic transaminase activity was observed

(33).
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A long-term exposure experiment, running for 50 weeks, in which
100-150 mg n-decane were applied to the skin of mice 3 times a
week showed pathological effects on the kidneys in the form of
hemorrhages, inflammation and pigmentation (30). For a mouse
weighing 30 g, this corresponds to a dose of 5 g/kg per applica-

tion.

3.5 The blood and blood forming organs

One large dose of 010—015 jet fuel corresponding to 25 mg/kg bo-
dy weight administered per os caused a reversible decrease in
the number of leucocytes and an increase in number of erythrocy-
tes among rats. The inecreass in erythrocyte number was assigned
to an induced dehydration (33).

3.6 Gastrointestinal and cardiovascular system

No information is available about effects on these organs.

3T The central and peripheral nervous system

Table 2 shows.the odour threshold for n-decane and n-undecane

Table 2. Odour threshold for n-decane and n-undecane

]
n-Decane detection threshold 11.3 ng/m (44)
n-Undecane detection threshold 23,0 ng/m (44)
n-Undecane recognition threshold 376.0 mg/m (44)

The detection limit of the pollutant is the concentration at
which 50% of the panel persons detect an odour. The recognition
limit is the conesntration at which 50% of the subjects can 1-
dentify the odour.

n-Decane is probably not anaesthetic when inhaled as vapours
(29). This suggestion is supported by a comparison to the a-
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naesthetic potential of other ligquid alkanes. For these com-—
poun&s, the thermodynamic activity expressed by p /p decreases
with increasing number of carbon atoms in the molecule (8, 29,
39), where p 1is the partial pressure of the compound at anasst-
hetic concentration, and p is the partial pressure of saturated
vapour. The ratio betweeg the two pressures is the anaesthetie
potential of the compound. The anaesthetic effect increases,
however, with increassing number of carbon atoms when the dose is
expressed by the absolute concentration (10). This

is due to a simultaneously decrease of p .
El

When an emulsion containing n-decane or n-undecane is administe-

red by intravenous infusion 30 mg/min (0.04 ml/min), these com-
pounds are found to be among the most effective anaesthetic al-

kanes. For 10 mice exposed to n-decane or n-undecans the average

anaesthetic doses were 582 mg/kg and 100 mg/kg, respectively
(18).

Small effects on isolated nerves or axones (in vitro) have been
demonstrated in experiments with n-decane. The nerve impulse of
isolated frog nerves decreased 10% after about 4 hours of expo-
sure to a Ringer solution of n-decane containing 0.30 mol/1l
(0.042 mg/l) (12). The nerve impulsge was blocked after 20 hours
of exposure (32). The speed with which nerve preparations decay
increases when they are exposed to alkanes. There was a tendency
for n-decane emulsions to produce irreversible decreases in the
nerve impulse (12). GChanges in the structure of the myeline
sheaths as measured through x-ray diffraction inereased as time
progressed for all the examined alkanes. After prolonged exposu-
re the effect on the myelin structure was irreversible (32).

The two primary metabolites expected from n-decane and n-undeca-

ne are n-decanol and n-undecanol, respectively. These two com-
pounds have in in vitro experiments been shown to block nerve
impulses (37). In a preparation of the lateral olfactory nerve
from guinea pigs one mmol/l n-decanol blocks the nerve impulses
after 100 minutes of exposure. A similar effect is seen for 0.5
mmol/1l n-undecanol after 300 minutes. These nerve blockings are
in both cases reversible.
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3.8 Reproduction and foetus

There is no known effect on the reproductive organs or foetus.

2.9 Other organs

Some investigations with alkans metabolites, e.g. n-decanocic a-
cid have shown that these compounds may affect the muscle func-
tien of frogs and rats in in vitro experiments (5, 22, 23). The-
se investigations show that there is an increasing effect with
increasing number of carbon atoms in compounds, and that the
contraction is reduced, the membrane potential and action poten-
tial are changed.

Prolonged (50 weeks) skin application of 100-150 mg n-decane, 3
times a week, on mice caused pathological changes of the spleen
in the form of amyloidosis (30).

In vitro experiments with n-decane have shown comitogenic effect
on the spleen lymphocytes (2). n-Decane alone shows no mitogenic
effeet, but the addition of phytohemaglutinine caused a syner-
gistic effect. n-Tetradecane produced an even stronger response,
indicating that n-undecane, which has not yet been examined, may
have a stronger effect than n-decane. The mitogenic effect of

lymphoeytes is considered to be an immune reaction.

Jx ALLERGY

No information is available about allergy after exposurs to
n-decane and n-undecane.

5. GENOTOXIC EFFECTS

5.1 Mutation measured in vitro

n-Decane was not mutagenic in in vitroc experiments using beth
V79 Chinese Hamster cells and Salmonella typhimurium TA-100 (7,
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24). Application of n-decane to Chinese hamster cells after
treatment with a known muta- and carcinogen, methylazoxymethanol
acetate (MAM), produced a significant 24% inerease of the oua-
bain resistant mutants when compared to the effect of MAM alone
(24). n-Decane may therefore act as a promotor of mutagenicity
due to MAM.

n-=Decane has also been shown to increase the mutagenic effect of
the known carcinogen N-methyl-N1-nitro-N-nitrosoguanidine (MNNG)
if applied at the same time in a modified B-azaguanin resistance
experiment with S. typhimurium TA-100 (7).

n-=Undecane has not been examined for mutagenic effects, but both

dodecane and tetradecane, like n-decane increase, the mutagenic
effect of MAM on V79 Chinese Hamster cells. n-Undecane is there-

fore expected to have a similar effect.

5.2 Chromosome damage

No information is available in the literature of possible chro-

mosome damage due to n-decane and n-undecane.

6i CARCINOGENIC EFFECT

The tumour promoting activity of alkanes and alkanoles has been
examined in mice (40). One week after the skin application of
7.12 dimethylbenz(a)antracens, 4 mg of test compound was applied
3 times a week for 60 weeks to a total of 720 mg. n-Decane was
sheown to cause tumours in two mice out of 30 exposed mice after
week 52 and week 53, while the expected metabolite n-decanol
caused six tumours in 30 exposed mice after 25-36 weeks. No tu-

mours were observed in the two control groups. Though effect of

n-decane was not significant, n-decanol is expected to be a pri-

mary metabolite of n-decane.

In another major experiment of the cocarcinogens and tumour pro-

moeters in tobacco smoke, the cocarcinogenic effect of n-decane
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and n-undecane was examined together with benzo(a)pyrene (B(a)P).
50 mice were applied 25 mg of test compound + 5 ug of B(a)P in
0.1 ml of acetone 3 times a week for 440 days (a total of 4.7 g
test compound and 0.9 mg of B(a)P). Neither n-decane nor n-unde-

cane caused papillomas on the skin. But both compounds were po-
tent cocarcinogens causing 44 and 38 of the 50 mice to develop
papillomas, respectively. 41 and 34 of these were squamous car-
cinomas, respectively. In the control group which had been trea-
ted only with B(a)P 16 mice were observed to have papillomas and

out of these 12 were squamous ecarcinomas (43).
The cocarcinogene effecl on n-decane has further been demonstra-

ted by & simultaneous application of n-decane and ultraviolet
1ight: (3).

7. INDICATORS OF EXPOSURE

gr s | Air concentrations

The concentration in the inhaled air is normally used as a mea-
sure for exposure. The methods and analytical procedures for

measurements. of the concentration ars shown in appendix II.

T.2 Biological indicators

No information is available about biological indicators of expo-

sure to n-decane and n-undecane.

8. THE RELATION BETWEEN EXPOSURE, EFFECT AND RESFONSE
8.1 The effects of short-term exposure
8wl Acute reversible effects

Exposure (skin application) to 100% n-decane for one hour causes

reversible acute skin damage on rabbits (21).
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8.1.2 Irreversible_damage

Intravenous bolus injection of an emulsion of n-undecane in mice
caused a LDSO value of 517 mg/ke body weight.

Continous intraveneous infusion into mice revealed an average
highest acceptable dose before stop of respiration at 912 mg/ke

for n-decane and 1637 mg/kg for n-undecane (18),

8.2 The effects of-long term exposure

8.2.1 Reversible_effects

Damage to the skin, the kidneys, the lungs and the spleen has
been observed when 100-150 mg of n-decane was applied to the
skin of mice 3 times a week for 50 weeks. The observed effect on
the skin were encrustation, fibrosis, inecreased pigmentation,
ulceration, hyper- and perikeratosis. Inflammation, increaaed
pigmentation and hemorrhages were observed in the kidneys and a-
myloidosis was seen on the spleen. The effects in the lungs were
microscopic hemorrhages, pigmentations, inflammation and necro-
sis of tissue (30).

8,2.2 Chronic or_irreversible damage

It has been shown that n-dscans and n-undecane are cocarcinogens

when applied to the skin of mice. No information is available a-
bout the dose/responss relation.

9.  RESEARGCH NEEDS

Very little information is available about the toxiec effect of

the two compounds on humans.

A number of investigations will be needed if the risk of toxic
effects on humans are to be evaluated. This is further underli-
ned by the possible cocarcinogenic and conutagenic effect. Spe-
cial congideration should be given to the effect on the nervous



- 2 -

system, the lungs, the muscles and the kidneys due to the indi-

cations of effects on these organs.

Such investigation will be especially needed for n-undecane,
which in general has not been investigated.

| -

10. DISCUSSION AND EVALUATION

No relevant information is available about the effects of n-de-
cane and n-undecane on humans.

Based on the existing literature and on knowledge of other simi-
lar organic solvents n-decane and n-undecane can be expected to

be absorbed through the lungs and transported via the plasma 1li-
poproteins to the different organs used for measurements, for
example the liver and the nervous system.

It can also be anticipated that the two compounds mainly will be
degraded into CO_ in the liver, the kidneys and the lungs. Exc-
retion is expected to happen, mainly through the lungs.

Two effects seem to be well documented., Skin irritation after
application of liquid n-decane to the skin of rabbits and mice,
and cocarcinogenic effect to mice after application to the skin.

The dose needed to obtain the equal effects 1s expected to dec-
rease as the number of carbon atoms increase in the alkane mole-
cule, This is illustrated in figure 1, showing a linear rela-
tionship between the natural logarithm of doses leading to the
same effect and the number of carbon atoms in the alkane molecu-
le. The figure illustrates why n-decane and n-undecane might ha-

ve no anaesthetic effect when inhaled. The lines on the figure
are seen to intersect the line corresponding to saturated vapour
concentrations at room air temperature. Therefore, it would not
be possible to produce a sufficiently high concentration to cau-
se narcotic effects. Also, it may be concluded, that respiration
stop among mice can not be provoked by exposure to vapours of
n-nonane, n-decane and higher alkanes. The high concentration
needed for that may, however, be created as aerosols.

n-Decane and n-undecane are normally used in mixtures with other

and more volatile organic solvents. Such compounds may have a
more intensive effect than n-decane and n-undecane. It should,

however, not be overlooked that due to the lower vapour pressure

exposure to n-decane and n-undecane may be prolonged when compa=
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red to the more volatile ccmpounds. The total absorbed dose may
therefore be higher for n-decane and n-undecans.

The available information indicates that a possible limiting va-
lue for the exposure to n-decane and n-undecane will have to be

based on the cocarcigenic effect and the chronie effect on kid-
neys and nervous system. Very little information is, howsver, a-
vailable about the dose/response relationship for these effects.
Based on the known effects of organic soclvents on the nervous
system, this type of effect ought to be considered, too. This is
further underlined by the in vitro experiment with nerve prepa-
rations. The sparse information about the effects of these com-
pounds on humans makes an estimate for threshold limit values
difficult.

In(c) (ppm)
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Figure 1. The relation betwesen the natural logarithme of con-
centrations (ppm) leading to the same effect and the number

of ecarbon atoms in different n-alkanes (G -016}.

o Odour detection threshold (44)
ALC . for the Grain weevil (8)
0Stop of respiration in mics (41)

o
e Concentration of saturated vapour at 25 C (38, 27)
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1. SUMMARY

S, Kjmrgaard and L.Mglhave: n-Decane and n-undecane. 75. Nordie
Expert Group for Documentation of Occupational Exposure Limits.

A survey and an evaluation of literature useful as a basis to
point out effects on which an occupational threshold limit value
should be based.

No relevant human dose/effect or dose/response relations could
be established.

Male rats show kidney damage when exposed to solvent mixtures
containing n-decane and n-undecane. In animal studies both sub-

stances are cocarcinogenic and in very large doses they are le-
thal. Nerve funection is diminished in in vitro experiments.

It is impossible to recommend any threshold limits based on the
existing knowledge, and the need for further investigations is

pointed out.

A& Danish version is available; 45 references.
Keywords: Occupational exposure limits, n-decane, n-undecane,
paraffins, carbonhydride mixtures, effects on central nervous

system, cocarcinogenecity, kidneys.
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Appendix I: List of acceptable or recommended thresholds for air

concentration on n-decane, n-undecane and other si-

milar slkane vapours.

Country mg,/m3 Year Compound Note Ref.
USSR 300 1278 Saturated aliphatie a 2
hydrocarbon C -C
1 10
Sweden 500 1985 Decanes and higher b 1
aliphatic hydrocarbons
a: gas

b: short term value

REFE

RENCES:

1.

Arbetarskyddsstyrelsens forfattningssamling: Hygieinska grans-
varden. (Original in Swedish) AFS 1984: 5, Liber Tryck, Stock-
holm.,

Maximale Arbeitsplatz-Konzentrationsn 1978 in der Sowjetunion.
Grundlagen der Normierung. (Original in Cerman). Staub-Reinhalt
Luft 39 (1979), 56-62.

- 73 -

APPENDIX II Recommended methods for sampling and analysis
of n-decane and n-undecane

Short-term sampling of n-decane and n-undecane may be done in

a Douglas bag, Tedlar, Mylar or Saran bags, glass tubes or gas-
pipettes (1, 2, 4).

Sampling for longer periods may be done through an absorplion
tube containing active charceal or silicagel. Hydrocarbons may
be desorbed from the silicagel through heat desorption or
through liquid descrption using hexane (3, 4) and from a char-
coal tube using N,N-dimethylformaid (2) or hexane (3).

The analyses are done by gaschromatography eventually combined
with use of a mass spectrometer or by a HPLC chromatographic
instrument using ultraviolet or fluorescence detector.
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BACKGROUND
Areas of use

Methylene chloride is used widely, primarily as a paint and
varnish remover, but also in wvehicle gases for wvarious spray

products.

Methylene chloride is used as a solvent for oils, greases,
waxes, tars and numerous other organic chemicals. It is partic-
ularly wvaluable as an extractant for substances that do not
tolerate high temperatures, e.g. for extraction of oils in the
food processing industry, in particular the decaffeination of

coffee.

Methylene chloride is also used in degreasing processes, as a
coolant in air conditioning egquipment, and in the manufacture

of photographic films.

Criteria documents on methylene chloride have been published by
WHO (52) and by NIOSH (70, 71}).

Physical and chemical characteristics.

Chemical name: Dichloromethane
CAS No.: 75-09-2
Synonym: Methylene dichloride
Formula: CHZCI2
At room temperature it is a colorless, non-flammible liquid.
Molecular weight: 84.94
Boiling point: 40°C (101.3 kPa)
Vapor pressure (25°C): 58.1 kPa,
about 2 x 10° mg/m3 at equilibrium
odor threshold: 730 — 870 mg/m] (210 — 250 ppm) (2, 63)
1 ppm = 3.48 mg/mj; 1 mg/m3 = 0.288 ppm
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Note: If methylene chloride comes into contact with an open
flame, phosgene is formed. The amount of phosgene is dependent
on the methylene chloride concentration and on the temperature.
Dangerous amounts can be formed (34, 42). It seems that only
small amounts of phosgene are formed during welding, and there
is probably little risk of lung damage due to phosgene from
this source (89).

TOXICOLOGY
L METABOLIC MODEL
1.1. Uptake

Methylene chloride can be absorbed by the skin, the respiratory
organs and the digestive tract.

Tada X Skin and mucous membranes

Methylene chloride in liquid form can penetrate healthy skin.
In a study in which wvolunteers kept one thumb in wvarious
solvents for 30 minutes, it was found that methylene chloride
penetrated the skin several times faster than four other
solvents. The subjects had a maximum of about 11 mg/m3 (3 ppm)
in exhaled air (99).

In another experiment, the absorption of eight different
solvents was studied by application to the skin of mice.
Methylene chloride was absorbed several times faster than the
other solvents (107).

1.1.2 Respiratory organs

In occupational exposure to methylene chloride, the substance
is taken up mainly by the lungs. The concentration in alveolar
air rises rapidly during the first few minutes of exposure. The



=80 =

increase then gradually decelerates, and after an hour or two
of exposure further increases in methylene chloride concentra-
tion are minimal (9, 29). The methylene chloride concentration
in blcood rises more slowly, and, if the air concentration is

constant, reaches a plateau after about eight hours (30).
Alveolar uptake in human subjects exposed to various concentra-
tions of methylene chloride for from 30 minutes to 7.5 hours

was calculated to be between 50 and 70% (9, 30, 31).

The blood/air partition coefficient for methylene chloride is
about 10 (37).

1.1.3. Digestive tract

Uptake via the digestive tract is rapid (6, 7). Serious poison-
ing can result from swallowing methylene chloride in an attempt

to commit suicide (15, 90).
1.2: Distribution

Methylene chloride is distributed by the blood to the body's
tissues. Animals given methylene chloride by inhalation or
intraperitoneal injection accumulate the substance in adipose
tissue (14, 21, 27, 93). The concentration in fat is higher
than that in other tissues even a relatively long time after
exposure (93). Researchers who have used l“c—labeled methylene
chloride and also studied metabolite concentrations have found
a rapid reduction of concentrations in adipose tissue; the
liver, kidneys and lungs are the organs that show the highest
radioactivity 48 hours after a single peroral dose or six hours
of inhalation (14, 21, 27, 65, 66). Concentrations in the brain
are always low in relation to those in other organs (21, 27,
65, 66, 93).
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The liver/blood and muscle/blood partition ecoefficients for
methylene chloride are both about 1, while the fat/blood
coefficient is about 10 (37).

Methylene chloride passes the placental barrier in rats (4) and
man, and can also be found in breast milk of exposed women
(113).

) B 1 Biotransformation

Two pathways for biotransformation of methylene chloride have
been identified. The first is a cytochrome P-450 dependent
metabolism to carbon monoxide and the second is a glutathione-
S-transferase dependent metabolism to formaldehyde and formic
acid, in which the formaldehyde is subsequently metabolized to
carbon dioxide (3).

The biotransformation of methylene chloride is dose-dependent
(30, 31, 65, 66, 80). At higher doses, a relatively smaller
proportion is metabolized and a larger preportion exhaled
unchanged. When rats were exposed by inhalation to 175 mg/m3
(50 ppm) of radioactively labeled methylene chloride for 6
hours, within the next 48 hours they exhaled about 25% of the
dose as carbon dioxide and an equal amount as carbon monoxide,
while only 5% was exhaled as methylene chloride. With exposure
to 1750 mq/m3 (500 ppm), exhaled carbon dioxide and carbon
monoxide each accounted for about 20%, while 30% was exhaled as
unchanged methylene chloride (66). The rest of the dose was
mainly retained in the body or found in urine as unidentified
radicactive metabolites. Human subdjects exposed by inhalation
to 175, 350, 520 or 700 mg/m3 (50, 100, 150 or 200 ppm) for 7.5
hours exhaled 25 to 35% as carbon monoxide, while 5% was
exhaled unchanged. This indicates that people exposed to low
concentrations of methylene chloride probably exhale a large
propertion of uptake as carbon dioxide (30).
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Data from experiments with human subjects indicate that with
eight hours of exposure during rest to more than 870 mg/m3 (250
ppm), the metabolism of methylene chloride to carbon monoxide
can become saturated (30). Metabolism to carbon monoxide seems
to be saturated in rats at about the same exposure level (61,

66).

Formaldehyde or formic acid have not been detected in increased
amounts in urine of subjects experimentally exposed to methyl-
ene chloride (31).

1.4. Elimination

1.4.1. Respiratory organs

Methylene chloride concentrations in exhaled air and blood drop
very rapidly as soon as exposure is terminated. Elimination via
the lungs gradually slows. Seven hours after 7.5 hours of
exposure to 520 mg/m3 (150 ppm), the concentration in exhaled
air was below 0.35 mg/m3 (0.1 ppm) (9, 30, 101). About 5% of an
inhaled dose of methylene chleride is exhaled unchanged as long

as biotransformation systems are not saturated (30, 66).

After exposure, the carbon monoxide concentration in exhaled
air drops much more slowly than the methylene chloride concen-
tration. Carbon monoxide concentrations in exhaled air seem to
be about halved during the first four hours after exposure to

concentrations no higher than 700 mg/m3 (200 ppm) (30).

L.di2s Kidneys

Rats that inhaled lac—methylene chloride in concentrations of
175, 1750 or 5220 mg/m3 (50, 500 or 1500 ppm) for six hours
excreted about 8% of the radiocactivity in urine in the next 48
hours. None of this was unmetabolized methylene chloride (66]).
Excretion of methylene chloride in urine is also negligible in

man (30, 31).

SRy

143 Digestive tract

Rats given 148H2C12 via inhalation excreted about 2% of the
absorbed radioactivity in feces within 48 hours (66).

1.4.4. Other paths of elimination

Nothing is known about other paths of elimination.
L 55 Biological half times

Using computer simulations, the elimination of methylene
chloride has been described as a system with several compart-
ments, the first two of which have a halving time of a few
minutes or less. After that are three compartments with halving
times of 2 to 3 minutes (vessel-rich group), 15 to 30 minutes
{the muscle group) and 5 to 15 hours (adipose tissue). The
lower time estimates apply to light exercise, the higher ones
to resting (27). These data agree relatively well with experi-
mental results and calculations of halving times for methylene
chloride in alveolar air and bloeod (9, 35, 88, 101) and in fat
(35, 88).

Test subjects exposed to 175, 350, 520 or 700 mg/m3 (50, 100,
150 or 200 ppm) for 7.5 hours had a halving time of about 6
hours for COHb in blood (30). The COHb concentration initially
drops more slowly at high expecsures than at lower exposures.
This is interpreted as indicating that the biotransformation of
methylene chloride is saturated, leading to an accumulation of
methylene chloride in fat; the metabolization of methylene
chloride to carbon monoxide thus continues after termination of

exposure (661).
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1.6. Factors that can affect the metabolic model

Increasing physical exercise with the consequent increase in
alveolar wventilation increases the total uptake of methylene
chloride. Physical exertion has less effect on uptake of
methylene chloride than on uptake of many other solvents,
however. With exposure to 1750 mg,’m3 during rest and during
work loads of 50, 100 and 150 watts for four consecutive
30-minute periods, the total uptake increased during the
50-watt period to over double the resting intake, but the
increase was clearly smaller for the two subsequent work
periods (9). These relationships have been confirmed in other

experiments (31).

The COHb concentration also seems to increase with increased
work load, but heavy exertion (ventilation 45 liters/minute)
doesn't seem to yield higher COHb concentrations than medium-

heavy exertion (ventilation 30 liters/minute) (31).

The total uptake of methylene chloride is clearly higher for
fat people than for thin people or people of normal weight.
After exposure, however, fat people have lower concentrations

in adipose tissue than thin people have (35).

Rats or monkeys simultaneously exposed to ethanol (12,500 mg/m3
to 16,500 mg/m3; 6675 ppm to 8700 ppm) or isopropanol (3300
mg/m3 to 12,000 mq/m3; 1350 ppm to 5000 ppm) and methylene
chloride (17,500 mg/m3; 5000 ppm), and rats given intraperi-
toneal injections of toluene (460 mg/mg) before a one-hour
exposure to methylene chloride (17,500 mq/m3; 5000 ppm) showed
much lower concentrations of COHb than animals exposed to

methylene chloride alone (23).

Rats that inhaled methylene chloride in concentrations of 1750
to 10,500 mg/m3 (500 to 3000 ppm) 6 hours/day for three days
showed no cytochrome P-450 induction, while 10 days of exposure
to 1750 mg/m3 (500 ppm) resulted in slight induction (74, 106).
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The three-day treatment apparently induced specific iscenzymes
of cytochrome P-450, however, and the high exposures seemed to
increase production of some benz(a)pyrene metabolites (106).

Repeated exposure to methylene chloride does not induce COHb
formation (60), and common inducers of "mixed function" oxidas-
es did not increase COHb formation from methylene chloride
(102).

2. TOXICOLOGICAL MECHANISMS

As mentioned earlier, methylene chloride is metabolized to
carbon monoxide and carbon dioxide. Both of these metabolic
pathways give rise to reactive intermediaries. Both glutathione
conjugation and microsomal oxidation seem to be associated with
the mutagenicity of methylene chloride (55).

The toxic effects of carbon monoxide are considered to be
related to its affinity for hemoglobin, about 300 times strong-
er than that of oxygen. Carbon monoxide also displaces the
dissociation curve for the remaining oxyhemoglobin so that the
oxygen is less accessible to the tissues. It has been shown
that factory workers exposed to methylene chloride have an
oxygen dissociation curve displaced to the left. For workers
exposed to over 1000 mg/m3 (300 ppm) (8-hour time-weighted
average), the partial oxygen pressure necessary to saturate 50%
of the blood's oxygen-binding capacity with oxygen was lowered
by about 250 - 500 Pa, or about 10 to 20% lower than for
unexposed controls. For workers exposed to 350 mg/m3 (100 ppm)
or less the reduction was only 1 to 4% (80). The small amount
of free carbon monoxide in plasma also seems to be relevant to
toxicity (73).
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3 EFFECTS ON ORGANS
3uds Skin and mucous membranes

Irritation of the conjunctiva in connection with exposure to
methylene chloride has been described by several authors (24,
50, 62, 68) and confirmed in experiments with rabbits (11, 32).

Volunteers who sat with one thumb in a methylene chloride bath
experienced an intense burning sensation within two minutes.
Within 10 minutes the thumb was numb and cold (99). A man who
had fainted from exposure to methylene chloride vapor and lain
unconscious for 30 minutes with his leg in a pool of methylene
chloride developed second and third degree chemical burns on
the skin in contact with the liquid (110). Methylene chloride
irritates the skin of rabbits (32).

3.2. Respiratory organs

Methylene chloride can irritate the upper respiratory passages
(24, 50, 62, 68). Lung edema has been described after high (not

further specified) exposures (18, 50).

0f the 33 English workers reported to have been acutely pois-
oned by methylens chloride during the period 1961 — 1980, only
4 reported symptoms involving the respiratory passages {10).

Rats exposed to 12,900 mg methylene chloride/m3 (3700 ppm) 5
hours/day, 5 days/week for four weeks showed signs of cell
damage and inflammatory reactions in the lungs, as well as
increase of pulmonary secretion (92). Mice exposed to an
aerosol of streptococci for 3 hours were more likely to develop
infections when simultaneously exposed teo 350 mg/m3 (100 ppm},
put not to 175 mg/rn3 (50 ppm) methylene chloride (8).
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1 Liver

In a cross-sectional study, workers exposed to methylene
chloride in concentrations of 210 to 1650 mg/m3 (60 to 475 ppm)
(B-hour time-weighted average) showed greater ALAT ({(alanine
aminotransferase)} activity and higher bilirubin levels in serum
than controls. The workers had been simultaneously exposed to
260 — 2600 mg/m3 (110 — 1080 ppm) acetone (time-weighted
average). In general, high exposure to methylene chloride was
accompanied by low exposure to acetone, and vice versa. The
exposed group showed a clear dose-response relationship for
bilirubin but not for ALAT. The rise in ALAT was considered not
to have been caused by the exposure tc methylene chloride. It
was considered unclear whether the increase in bilirubin was an

expression of effects on the liver (78).

0f the 33 English workers reported to have been acutely pois-
oned by methylene chloride in the period 1961 — 1980, signs of

liver damage were described in only one (10}.

Two case reports describe liver damage after acute exposures to
high concentrations of methylene chloride. In one case, a
reversible rise in transaminase was the only symptom (B86). In
the other case there were signs of considerable liver damage,
but these were obscured by severe kidney damage (67).

In various experiments in which single intraperitoneal injec-
tions of methylene chloride were given to mice, rats, guinea
pigs and dogs, and liver damage measured by sulfobromophthalein
clearance or by determination of liver enzyme activity in
serum, little or no effect was noted on the studied parameters
even at near-lethal doses (28, 41, 58, 59). Pre-treatment with
phencbarbitol did not increase the effect (25). Dogs and
monkeys continuously exposed to 3500 rng/’rn3 (1000 ppm) show
deterioration in liver function, measured by sulfobromophthal-
ein retention, after four weeks: after 6 to 7 weeks of constant

exposure, dogs, but not monkeys, develop some cirrhosis (64},
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Mice exposed to 17,500 mg/m3 (5000 ppm) methylene chloride for
12 hours showed increased triglyceride concentrations in the
liver. An incipient cirrhosis was noted after 14 weeks of
continuous exposure to this concentration (10B).

Male and female rats exposed to 1750, 3500 or 12,200 mg/m3
(500, 1500 or 3500 ppm) 6 hours/day, 5 days/week for two years
showed a dose-dependent cirrhosis from the 12th month onward
(19).

3.4. Kidneys

Kidney damage was described in none of the 33 English workers
reported acutely poisoned by methylene chloride (10). One case
report describes acute tubular necrosis in a l19-year-old man
after a high (not further specified) acute exposure to methyl-
ene chloride (67).

Mice and dogs given single intraperitoneal injections of
methylene chloride in nearly lethal doses show no effects on
phenol sulfonephthalein elimination or on protein and glycose
contents in urine (58, 59, 84). Rats exposed to methylene
chloride.in concentrations of 1750, 3500 or 12,200 mg/m3 (500,
1500 or 3500 ppm) 6 hours/day, 5 days/week for two years
developed no kidney damage from the exposure (19). Rats contin-
uously exposed to 3500 mg/m3 (1000 ppm) for more than 2,000
hours showed clear degeneration of tubules in the renal cortex

(64).
3.5, Blood and blood-forming organs

ott et al, in their study of workers exposed to methylene
chloride, noted increases of hemoglobin wvalues, hematocrit
values and number of red blood cells among women exposed to
1650 mg/m3 (475 ppm) (8-hour time-weighted average). This
should be interpreted as a compensatory response to the COHb

increase (78).
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Changes in blood parameters were described in none of the 33
English workers reported acutely poisoned by exposure to
methylene chloride (10).

Intravasal hemolysis and pronounced hemoglobinurea have been
described in cases of attempted suicide by peroral intake of
methylene chloride (15, 90). In one experiment, in which dogs
were given four 2-hour exposures to 1750 — 17,500 mg methylene
chloride/m3 (500 — 5000 ppm), they developed signs of hemoclytic
anemia (1).

3.6. Digestive tract

Nausea and vomiting are common after inhalation of methylene
chloride in concentrations high enough to cause symptoms of
poisoning (10, 36).

FT15: Heart and blood vessels

Two cohort studies have been performed concerning cause of

death among workers exposed to methylene chloride.

The first study included men employed in an American company
where methylene chloride had been the scolvent most used since
the mid-1940s (38, 48, 49). In the most recent follow-up
(through 1984), the cohort included 1013 men who had worked in
the company for at least a year between 1964 and 1970. The
cohort's average exposure to methylene chloride, from the
mid=1950s until today, is estimated to be about 100 mg/m3 (30
ppm) (8-hour time-weighted average). No definite changes in
exposure levels have occurred during this time. Seven exposure
groups were defined; average exposures of the groups ranged
from <3 to 400 mg/rn3 (<1 to 114 ppm). The freguency of exposure
peaks in these groups was also estimated. No over-frequency of
ischemic heart disease was found, either in comparison with a
control cohort of unexposed factory workers from the same

company or in comparison with the population of the state of
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New York. Dose-response analyses (dose calculated as exposure
level x exposure time) revealed no dose-response relationships
(49).

The other cohort included all 1271 men who had been exposed to
methylene chloride during at least 3 months of employment in an
American factory betwesn 1954 and 1977. They were followed from
3 months after they started work until 1977. Methylene chloride
exposure probably varied from 490 to 1650 mg/m3 (140 to 475
ppm) {time-weighted average). Mortality due to ischemic heart
disease was no higher in the cohort than that expected for the
U.S. population as a whole, nor was longer exposure or latency

time associated with any clear increase (77).

among the 33 English workers reported acutely poisoned by
methylene chloride, there were no reports of effects on the
heart (10).

in the factory in which the second cochort study described above
was made, the ECGs of 24 men were monitored for 24 heours. Their
average age was 52 years; their exposure to methylene chloride
ranged from 210 to 1650 mg/m3 (60 to 475 ppm) (8-hcur time-
weighted average). No differences in any ECG wvariables were
found in comparisons with controls (79). Nor were any differ-
ences found by other authors, who studied the ordinary ECGs of
29 workers exposed ta 260 — 350 mg/m3 (75 — 100 ppm) methylene
chloride and compared them with controls (22).

Stowart and Hake 1976 (100) describe a case of a 66-year-old
man without previous heart trouble who was exposed to methylene
chloride while removing paint. The man had a heart attack, with
severe chest pains. The pattern was repeated when he was
exposed again a few weeks later, and on a third exposure six
months afterwards he died, after complaining of severe chest
pains. The authors suspect that the heart attacks were caused
by a rise in COHb. Other authors describe a 50-year-old man who

was admitted to the hospital with a COHb level of 11% after
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extremely high (not further specified) exposure to methylene
chloride. The patient's ECG showed several pathoclogical changes
that disappeared when the COHb level dropped to normal. The ECG
changes were considered to have been caused by the high COHb
level (13).

3.8. The central nervous system

In a laboratory experiment, Putz and colleagues exposed human
subjects to 700 mg/m3 (200 ppm) methylene chloride or 80 mg/m3
{70 ppm) carbon monoxide for four hours. Immediately after
exposure, COHb levels were about 5% in both groups. After 1.5
to two hours of exposure, and during the rest of the exposure,
both groups had lower results in two simultaneous psychomotor
tests. One of these was a reaction time test for stimuli in the
periphery of the field of wvision, and the other an eye-hand
coordination test. The methylene chloride exposure, however,
led to considerably worse results than the carbon monoxide
exposure. Results in an attention test for auditory stimuli
were significantly worse after 4 hours of exposure, with no
difference between the two groups. The authers ceoncluded that
carbon monoxide is the causz of the measured effects (85). In
an experiment in which women were exposed to about 1050 mg
methylene chloride/m3 (300 ppm) for 4 hours, a significant
effect was noted on a "Critical Flicker Fusion" test after two
hours, and became more pronounced as exposure continued.
Results in an alertness test were also significantly lower.
These effects were more pronounced at exposures of about 1750
and 2800 mg/m3 (500 and 800 ppm ). This author maintains that
the decreases are probably due to an interaction between hypox-
ia, induced by carbon monoxide, and the narcotic effects of
methylene chloride (112).

Subjects exposed to 350 and 700 mg methylene chloride/m3 (100
and 200 ppm) for 2 hours showed no effects on ability to
perform mathematical operations, nor were results in a coordi-
nation test affected (29). Subjects exposed te B70, 1740, 2600
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and 3470 mg/m3 during consecutive 30-minute periods showed no
deterioration of results in psychological tests of numerical

ability, reaction time or short-term memory (40).

Cherry and colleagues examined workers exposed to 260 — 350 mg
methylene chloride/m3 (75 — 100 ppm) (8-hour time-weighted
average). In a preliminary interview survey, these workers
reported more symptoms such as bad memory, headache and dizzi-
ness than controls. This prompted a further study in which the
subjects were compared with another reference group, and here
there were no differences in frequency of symptoms. In a test
of psychomotor speed, the performance of exposed subjects was
significantly worse than that of controls, but at the same time
they were significantly better in other tests. The authors
concluded that there was no evidence that methylene chloride in
the given concentrations caused lasting damage to the central

nervous system (22).

Among 33 English workers reported acutely poisoned by methylene
chloride, 13 lost consciousness from the exposure and all the
others experienced milder narcotic effects (10).

Four painters who had worked for an extended period in high
(not further specified) concentrations of methylene chloride
complained of weakness, fatigue, dizziness, headache, dullness
and loss of interest in things that had interested them previ-

cusly (24).

A chemist who had been exposed to an estimated 1750 mg methyl-
ene chloride/m3 (500 ppm) or more for 5 years began to have
acoustic and visual hallucinations (109). The symptoms disap-

peared when exposure was terminated.

A 52-year-old man who had been exposed to high concentrations
of methylene chloride for 4 years was admitted to the hospital
for mental confusion, and while there developed acute auditory
hallucinations and delusions. These symptoms had been preceded
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by a year of headaches, nausea and periods of shortness of
breath that occurred during work and became worse as the
working day progressed. He improved rapidly in the hospital but
had a left-sided seizure before he was discharged. The EEG made
after the attack showed a change in the right brain. When he
was examined again after 6 weeks without exposure all the

symptoms had disappeared and the EEG was normal (103).

There is one case report of bilateral temporal lobe atrophy in
a 60-year-old man after three years of exposure to very high
concentrations of methylene chloride (1000 to 3500 mg/ma; 300 —
1000 ppm) (12).

People exposed to high concentrations of methylene chloride for
long periods frequently complain of such symptoms as forgetful-
ness, concentration problems, insomnia, depression, neurasthen-

ic problems, fatigque, headaches and loss of appetite (45, 62).

Fourteen flooring workers, whose exposure to methylene chloride
was measured at between 1400 and 18,400 mg/m3, had EEG changes
in addition to the above symptoms. The EEG changes, slower
rhythm and lower amplitude, were seen both immediately after

exposure and after a weekend break in exposure (45).

Rats exposed to 245 mg methylene chloride/m3 (70 ppm) six
hours/day for 3 days showed an increase of noradrenalin metab-
olism in an area of the hypothalamus and a selective reduction
of dopamine metabolism in an area of the pons. The same expos-
ure also increased the level of luteotropic hormone in serum
after the noradrenalin metabolism in the brain had been manipu-
lated (39).

Other animal studies have revealed changes in amino acid levels
and signs of cell death in the brains of rats after three
months of continuous exposure to 730 mg methylene chloride/m3
(210 ppm) (17, 91).
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3.9. The peripheral nervous system

When volunteers sat with one thumb in a methylene chloride
bath, the thumb became numb and cold after 10 minutes. The
slightest movement caused intense pain. The symptoms lasted for
about an hour after exposure was terminated (99). Workers
exposed to high (not further defined) concentrations of methyl-
ene chloride were reported to have complained of paresthesias

and numbness in the legs (24).

Workers exposed for a long time to methylene chloride in
concentrations of 260 to 350 mg/m3 (75 to 100 ppm) showed no
differences from controls in conduction velocities in the
nervus ulnaris or nervus medianus. The other studied neuro-
physiological variables in these nerves were also unaffected
(22).

Rats given single intraperitoneal injections of methylene
chloride in doses of 85, 170, 250 and 500 mg/kg showed a
dose-dependent reduction in motoric conduction welocity in the

nervus ischiadicus (Bl).
3.10. Reproductive organs
There is no information available.

Falle Embryos

In a Finnish case-control study of women working in the pharma-
ceutical industry, the frequency of spontaneous abortions was
higher among those exposed to methylene chloride. Women exposed
for more than one week during the first trimester had a higher

odds ratio (2.8) than women exposed for less than a week (odds

ratio 2.0) (104).

Rats and mice were exposed to 4350 mg methylene chloride/rn3
(1250 ppm) 7 hours a day during the 6th to 15th day of pregnan-
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cy, and pups were examined for deformities. There were only
minor differences between exposed animals and controls. The
number of young with an extra ossification center in the
sternum was higher in the exposed mice, and the number of young
with retarded ossification of the sternum was higher in the
exposed rats (94).

In another study, female rats were exposed to 15,700 mg methyl-
ene chloride/m3 (4500 ppm) 6 hours/day, 7 days/week for three
weeks before concepticn and during the first 17 days of preg-
nancy. The embrycs showed no greater frequency of deformities
than controls, but had a lower weight (46).

Other female rats were exposed in the same way. Their young
were found to adapt more slowly to new environments than
controls. These effects could be seen as early as 5 days of
age, and lasted in the males until they were 5 months old (l6).

When chicken eggs were treated with methylene chloride in doses
of 25 to 100 micromol per egg, there was a significant increase
in frequency of deformed embryos (33). In another study, in
which chicken eggs were treated with methylene chloride in
doses up to 14 mg/egg, no teratogenic effects were observed
(111).

4. ALLERGY
No allergic effects of methylene chloride have been described.
5. GENOTOXIC EFFECTS

Methylene chloride had mutagenic effect in Ames' tests with
Salmonella strains TA 98, TA 100, TA 1535 and TA 1950 (43, 44,
53, 69, 97), on yeast cells (20, 97) and in an experiment with
Drosophila (43). However, it has shewn no mutagenic effect in
several experiments with mammalian cells (5, 19, 43, 56, 82).
Methylene chloride caused a slight increase in the number of
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sister chromatid exchanges 1in v79 cells from Chinese hamsters
(56). In cultured ovarian cells from Chinese hamsters, however,
it caused a large and dose-dependent increase in the number of
chromosomal aberrations but no increase in sister chromatid
exchanges (105). When embryo cells from Syrian hamsters were
exposed to methylene chloride before exposure to adenovirus,
they showed a greater increase in the number of transformed

cell foci than did cells exposed to the adencvirus only (47).

Methylene chloride is mutagenic in Ames' tests, both with and
without metabolic activation with various fractions of rat
liver homogenate. The direct mutagenicity is probably related
to a bacterial metabolism of methylene chloride to reactive
intermediaries. This is the same kind of metabolism that occurs
in mammalian cells (44). Experiments with methylene chloride
and metabolic activation by rat liver homogenate indicate that
increases in both cytochrome p-450 mediated metabolism and
glutathione conjugation are associated with increased mutageni-

city of methylene chloride (55).

In experiments with rat liver cells in vitro, methylene chlor-
ide alkylated neither DNA nor RNA but did alkylate lipids and
proteins. Protein and lipid alkylation scemed to increase with
biotransformation wvia both glutathione conjugate and P-450

metabolism (26).

The International BRAgency for Research on Cancer (IARC) has
recently assessed the effects of methylene chloride in short-
term tests for genetic activity. They concluded that there was

vsufficient evidence" for such activity (51}.
6. CARCINOGENIC EFFECTS

Methylene chloride has been studied for carcinogenicity in

several animal studies.
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In one study, rats and mice were given methylene chloride in
drinking water for two years. The highest dose was about 250
mg/kg/day for both species. For the rats, this dose was calcu-
lated to be equivalent to 6 hours of inhalation exposure to
about 2900 mg/m3 (830 ppm) (57). Both male and female mice
exposed to the highest dose showed toxic effects on the liver.
An increase of liver cell tumors, not dose-related, was found
in all exposed groups of male mice. However, this increase was
comparable with levels in historical controls (96). Rats of
both sexes showed a dose-related increase of foci with changed
liver cells. Female rats in the highest and in the second-low-
est (50 mg/kg/day) of the four dose groups had a higher number
of liver cancers and/or benign liver-cell tumors than controls,
but the tumor fregquencies were comparable to that in historical
controls (95). The authors concluded that methylene chloride

showed no carcinogenic effects in the experiment.

In a study of Sprague-Dawley rats and Syrian hamsters, the
animals were exposed to methylene chloride in concentrations of
0, 1740, 5220 or 12,200 mg/m3 (0, 500, 1500 or 3500 ppm} 6
hours/day, 5 days/week for two years. The female rats showed a
dose-dependent increase of benign mammary tumors. Increased
frequencies of benign mammary tumors and malign salivary gland
tumors were observed among male rats in the highest exposure
group. An increase of salivary gland cancer, not statistically
significant, was also noticed in female rats exposed to 5220
mg/m3 {1500 ppm). The Syrian hamsters showed no increase in

tumor frequency as a result of the exposure (19).

In a later study made by the same group, Spragus Dawley rats
were exposed as above to concentrations of 0, 175, 700 or 1750
mg/m3 (0, 50, 200 or 500 ppm). This study is available only in
summary (70). An increase of benign mammary tumors, not statis-
tically significant, was observed in females in the highest

dose group.
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The National Toxicology Program (NTP) in the U.S. has studied
the carcinogenicity of methylene chloride for F344 rats and
BEC3Fl mice of both sexes. The animals were exposed to methyl-
ene chloride 6 hours/day, 5 days/week for two years. Exposure
levels were 3500, 7000 or 14,000 mg/m3 (1000, 2000 or 4000 ppm)
for the rats and 7000 or 14,000 mg/m3 (2000 cr 4000 ppm) for
the mice. There was a dose-dependent increase in the number of
animals with benign mammary tumers among the female rats. The
increase was statistically significant even in the lowest
exposure group. The number of male rats with such tumors was
elevated only in the highest dose group. There was a dose-
dependent increase in freguency of lung cancer in both male and
female mice. A higher incidence of liver cancer was observed in
male mice at both exposures, but females showad an increase
only at the higher exposure. The NTP concludes that there is
clear evidence that methylene chloride is carcinogenic for both
male and female mice and for female rats, and that there are

indications that it is also carcinogenic for male rats (75).

There are two published epidemiological studies that include
study of cancer mortality among workers exposed to methylene
chloride 133,248, 49, 77). The first work contains a propor-—
tional mortality study of 334 deaths among active or retired
workers who had been exposed to methylene chleride in a facto-
ry. The proportiocnal mortality for all forms of cancer wWas the

same as that observed in unexposed factory workers (38).

The 1013 males who had been exposed to methylene chloride
during more than one year of employment in the same factory
between 1964 and 1970 were also included in a cohort study.
Follow-up through 1984 has revealed no over-frequency of total
mortality due to total cancer (41 observed cases), compared
either with other industrial workers (53 expected cases) or
with the total population of the state of New York (59 expected
cases). The observed numbers of different kinds of cancer were
also in general lower than expected. Eight workers, however,

had died of cancer of the pancreas, compared with about 3
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expected. No dose-response relationship could be identified for

this high mortality. The exposure conditions in the factory are
described in section 3.7 (49]).

In another study, the mortality pattern was examined in a
cohort of 1271 factory workers who had been exposed to methyl-
ene chloride for at least three months between 1954 and 1977.
The exposure conditions for this cohort are described in
section 3.7. The cohort was followed until 1977, and no over-
fregquency of mortality from any form of cancer was cobserved,
either in comparison with workers exposed to acetone or in

comparison with the total population of the U.S. (77].

An assessment of the carcinogenicity of methylene chloride,
based on the studies rewviewed above, has recently been pub-
lished by the IARC. The IARC concludes "there is sufficient
evidence for the carcincgenicity of dichloromsthane to experi-
mental animals. There is inadequate evidence for the carcino-
genicity of dichloromethane to humans" (51).

e, EXPOSURE INDICATORS
Fala ~ Air concentrations

Methylene chloride in air is generally sampled by adsorption on
activated charcoal (72). The air is pumped through two carbon
tubes connected in series (150 mg activated charcoal in each),
at a speed of 0.01 to 0.21 liters/minute. The first tube is
used for the analysis, and the second is a "back-up" or con-
trol. With this arrangement it is possible to see that the
sampled substance has stayed in the analysis tube and has not,
due to overloading or some other reason, leaked into the
control tube. For an estimated ailr concentration of 1750 mg/m3
(500 ppm), a suitable sample volume is 0.5 to 2.5 liters. After
sampling, the methylene chloride is desorbed with carbon
disulfide and the solution analyzed by gas chromatography with
a flame ionization detector.
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The method has been tested with a 1-liter air sample in the
range 350 to 10,400 mq/m3. No source of interference has been

identified.
Tads Biological indicators
i 7 L Concentrations in alveolar air

During exposure, the concentration of methylene chloride in
alveolar air is directly proportional to the amount of uptake
(9, 30). The relation between the amount taken up and the
concentration in alveclar air after a period of exposure has
not been studied systematically. Some authors state that
samples of alveolar air taken after termination of exposure can
be used to calculate the time-weighted average value for the
exposure (29, 83, g8, 101), but the individual results wvary

over a considerable range.

Toduds Carboxyhemoglobin

COHb levels resulting from methylene chloride exposure have
been studied both in the laboratory {9, 83, 98, 101) and among
occupationally exposed workers (30, B0, B7). Non-smokers have

usually been studied, and unless stated otherwise the results

reported below apply to non—-smokers.

Carbon monoxide is formed within the body; endogenous COHb is

normally 0.2 to 0.7%.
The COHb vélue increases with exposure to carbon monoxide.

Non-smokers who are not occupationally exposed to carbon
monoxide can have COHb concentrations around 1 or 2%, while

smokers often have levels over 5% (73}

COHb concentrations seem to wvary considerably among persons

with the same exposure to methylene chloride. In the study made
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by Stewart et al in 1972, for example, three persons exposed to
3430 mg methylene chlorida/m3 (986 ppm) for twe hours had
maximum COHb concentrations of 7.5, 9 and 15% (98).

COHb levels rise during a period of exposure: in both subjects
of laboratory experiments and workers occupationally exposed to
methylene chleride, the highest levels are reached around the
end of a day of exposure (30, 87).

With high exposures to methylene chloride — more than about 870
mg/m3 (250 ppm) during rest — COHb levels can continue to rise
even after termination of exposure. This is probably due to
accumulation of wunchanged methylene chloride in adipose tissue
(30).

The elimination time for COHb in blcod is longer after exposure
to methylene chloride than after exposure to carbon monoxide,
but varies considerably from persen to person. For full-day
exposures in the laboratory, it is only after exposure to the
lowest concentration, 175 mg/m3 (50 ppm), that there is a
return to the initial COHb wvalue within 24 hours after the
initiation of the exposure. After exposures to alr concentra-
tions of 870 mg/m3 (250 ppm) or less, 7.5 hours/day for 5
consecutive days, however, COHb values had returned to normal
after a weekend without exposure (30, 71). Industrial workers
exposed to an average 995 mg methylene chloride/m3 (286 ppm)
the day before sampling, and 637 mg/m3 {183 ppm) on the day of
sampling, had COHb wvalues of 3.3 to 5.3 % at the beginning of
work on the study day, and COHb values ranging from 3.6 to 4.9%
24 hours later (87).

With exposure to 175 mg/m3 {50 ppm) 7.5 hours/day for up to 5
consecutive days, maximum COHb levels have reached 1.9 or 2.9%.
The same exposure to 350 mg/m3 {100 ppm} results in maximum
coHb levels of 3.4 or 5.7 % (30, 71). At exposures of 520 and
700 mg{m3 (150 and 200 ppm) the maximum COHb levels were 5.3

and 6.8%, respectively (30). The industrial workers menticned
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earlier had maximal COHb wvalues ranging from 6.3 to 13% (49).
COHb levels were measured for five consecutive days in three
workers occupationally exposed to about 120 mg/m3 (about 33
ppm) (8-hour time-weighted average). The highest value regis-
tered was 2.5% (30).

Among workers occupationally exposed to about 350 mg,’m3 (100
ppm) methylene chloride (8-hour time-weighted average), those
who did not smoke had an average 3% COHb after a work shift,
while smokers with the same exposure had about 6% (80).

As mentioned earlier, uptake of methylene chloride increases as
physical exertion increases. At exposure to 350 mg methylene
chloride/m3 (100 ppm), maximum COHb levels are twice as high
during medium-heavy or heavy work as during rest. However,
heavy work does not yield higher COHb concentrations than
medium-heavy work (31). The COHb originating from methylene
chloride is additive to that from other sources such as tobacco

smoke (31, 101).

As mentioned earlier, the biotransformation of methylene
chloride to carbon monoxide seems to be saturated at exposures
over about 875 mg/m3 (about 250 ppm). This is the case for man
as well as for rats and hamsters. In rats, carbon monoxide
formation from methylene chloride seems to yield a maximum of
about 10% COHb (group average) (19, 61). Hamsters can show
considerably higher levels, about 25% COHb (group average)
(19). Data from a group of non-smoking industrial workers
indicate that the average maximum COHb level for such a group
probably doesn't exceed 10%. For a corresponding group of
smokers, the average maximum COHb level is apparently about 15%

(680).

B. EXPOSURE-EFFECT AND EXPOSURE-RESPONSE RELATIONSHIPS

The effects of methylene chloride in animal experiments and on

man are summarized in tables 1 and 2.
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Table 1. Summary of effects of methylene chloride on experi-
mental animals.

Exposure Effects (Reference)

14,000 mg/m3 Increase of liver cancer in female mice after

(4000 ppm) exposure 6 hours/day, 5 days/week for 2 years
{75).

13,000 mg/m3 Cell damage and inflammatory response in lungs

(3700 ppm) of rats after exposure 5 hours/day, 5 days/week
for 4 weeks (92).

12,000 to 3 Increase of benign mammary tumors in female

14,000 mg/m Sprague Dawley rats after exposure 6 hours/day,

(3500 to 5 days/week for 2 years (19, 75).

4000 ppm)

12,000 mg/m3 Increase of malignant salivary gland tumors in

(3500 ppm) male rats exposed 6 hours/day, 5 days/week for
2 years (19).

7000 mg/m3 Increase of lung cancer in male and female mice

(2000 ppm) and of liver cancer in male mice after exposure
6 hours/day, 5 days/week for 2 years (75).

1750 mg/m3 Increase of benign mammary tumors in female

(500 ppm) Sprague Dawley rats after exposure 6 hours/day,
5 days/week for 2 years. Cirrhosis in rats
after exposure 6 hours/day, 5 days/week for 1

year (19).
350 mg/m3+ Increased receptivity to infection in mice
(100 ppm)+ simultaneocusly exposed to both for 3 hours (8).
streptococcus
aerosol
8.1. Effects of short-term exposure

Among the 33 English workers reported acutely poisoned by
methylene chloride, 13 had lost consciousness from the exposure
and all the others experienced milder narcotic effects. Four of
them experienced effects on respiratory organs. Signs of liver
damage were reported in one case, but signs of effects on the
heart were not reported in any of the cases (10).

When human volunteers were exposed to 700 mg methylene chlor-
:i.de/rn3 (200 ppm), after 1.5 to 2 hours their results were
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significantly worse in a reaction time test for stimuli in the
periphery of the wvision field and in an eye-hand coordination
test given simultaneously. Results in a vigilance test for
auditory stimuli were significantly worse after 4 hours of
exposure (85). Exposure to about 1000 mg/m3 (300 ppm) affected
results in two psychometric tests, "Critical Flicker Fusion"”

and an alertness test, after two hours (112}).

High (not further specified) short-term exposure to methylene
chloride has been reported to irritate mucous membranes of the
eyes and upper respiratory passages (24, 50, 68), and lung
edema has also been described (18, 50).

Intravasal hemolysis has been observed after attempted suicide
by peroral intake of methylene chloride (15, 90}.

Skin contact with liquid methylene chloride gives an intense
sensation of cold (50, 99) and pain in the exposed area (99).

Methylene chloride can also cause chemical burns on skin (110).

Table 2. Summary of effects of methylene chloride on man

Exposure ) Effects (Reference)

1660 mg/m3 Increase of hemoglobin and hematocrit wvalues

(475 ppm) and increased number of red blood cells in
women after long-term exposure (78).

700 mg/m3 Test subjects showed declines in performance on
(200 ppm) some psychometric tests after 1.5 to 4 hours of
exposure (BS5).

210 to Dose-dependent increase of bilirubin level in

1660 mg/m3 serum of subjects with long occupational expo-

(60 to 475 sures (78).

ppm)

350 mq/m3 Eight hours of exposure yields an average 3%

(100 ppm) COHb level in non-smokers. Highest measured
COHb values after 7.5 hours of exposure are 3.4
or 5.7% COHb (30, 71).

175 mg/m3 Highest measured COHb values after 7.5 hours of

(50 ppm) exposure were 1.9 or 2.9% (30, 71}.
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There are case reports of heart attacks (100} and ECG changes
(13) in connection with exposure to high concentrations of
methylene chloride.

Subjects exposed to 350 mg methylene chloride/m3 (100 ppm) 7.5
hours/day for 5 consecutive days had maximum COHb levels of 3.4
or 5.7%, and the COHb value dropped to its original level
within 24 hours of the beginning of exposure. Exposure to 175
mg/m3 {50 ppm) under similar conditions resulted in COHb levels
of maximum 1.9 or 2.9%, and returned to initial wvalues within

24 hours of the beginning of exposure (30, 71).

Rats exposed to 245 mg/m3 (70 ppm) € hours/day for three days
showed changes in metabolism of some transmitter substances in

specific areas of the brain (39).

Mice exposed to 350 mg/m3 (100 ppm} methylene chloride for 3

hours showed an increased receptivity tec infection (8).
8.2, Effects of long-term exposure

At some time between 1964 and 19270, 1013 men had worked in a
factory where they were exposed to methylene chloride. A
follow-up study of these men from 1964 to 1984 has revealed no
over—-fregquency of mortality due to ischemic heart disease or to
total cancer. However, eight cases of pancreas cancer were
observed, compared with about 3 expected. The cohort's average
exposure to methylene chloride was about 100 mg/m3 (30 ppm)
(49).

Mortality was followed until 1977 in a cohort of 1271 men who
had been exposed to methylene chloride during at least three
months of employment between 1954 and 1977. The average methyl-
ene chloride exposure in different areas of the factory is
estimated to have ranged from 490 to 1650 mg/m3 (140 to 475
ppm). No over-frequency of mortality due to ischemic heart

disease or to any form of cancer was observed in the cohort
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when compared with expected values generated from the total

U.S. population (77).

Persons exposed to high concentrations of methylene chloride
for long periocds have complained of forgetfulness, concen-
tration problems, disturbed sleep, depression, neurasthenic
problems, fatigue, headache and loss of appetite (45, 62, 109).
Reported exposure levels in these cases have been 100 to 1400
mg/n?, more than 1750 mg/m°> (500 ppm), and 1400 to 18,400
mg/ma. Fourteen flooring workers exposed to the last-named
conecentrations all showed EEG changes, even after a weekend
without exposure (45). However, no over-freguency of neuro-
psychiatric symptoms or deterioration of results in psycho-
metric tests was observed in workers exposed to 260 and 350
mg/m3 (75-100 ppm) (22).

A dose-dependent increase in benign mammary tumors was observed
in female rats in two carcinogenicity tests with methylene
chloride. Both male and female rats had been exposed to 1750,
5200 or 12,000 mg/m3 (500, 1500 or 3500 ppm), or to 3500, 7000
or 14,000 mg/m3 {1000, 2000 or 4000 ppm) for 6 hours/day, 5
days/week for two years (19, 75). In both studies, there was an
increased- frequency of benign mammary tumors among male rats in
the highest dose group. In the first study, males in the
highest dose group also showed a higher frequency of salivary
gland cancer. Both male and female mice exposed by the same
schedule to 7000 and 14,000 mg/m3 (2000 and 4000 ppm) showed a
dose-dependent increase of 1lung cancer. There was a dose-
dependent increase of liver cancers among male mice, but
females showed a higher frequency of this cancer form only in

the highest dose group (75).
9. RESEARCH NEEDS
There are no studies regarding the effect of methylene chloride

on reproductive organs. The substance has been inadegquately

studied for teratogenic effects on humans. There is a need for

T o

mechanistic studies of the mutagenic and carcinogenic activity
of methylene chloride. There are no studies of genotoxic
effects on man. More epidemiological studies, on larger exposed
populations and with longer follow-up, are needed to evaluate
the carcinogenic effects of methylene chloride in man.

10. DISCUSSION AND EVALUATION

Methylene chloride is taken up by the skin much more readily

than many other solvents (99, 107).

Methylene chloride can irritate the mucous membranes of the
eyes and the upper respiratory passages (10, 24, 50, 62, 68).
At high concentrations — high encugh to alsoc cause other
symptoms of poisoning — methylene chloride may also cause lung
edema (18, 50). Rats exposed to 350 mg methylene chloride/rn3

(100 ppm) for three hours were more receptive to infection (8).

Methylene chloride in high concentrations has, 1like other
solvents, a narcotic effect, and can cause loss of conscicus-
ness (10, 68, 90). People exposed to high concentrations for
long periods have shown symptoms corresponding to the patholog-
ical picture of chronic toxic encephalopathy (12, 24, 45, 62,
109). The information in these studies is of limited wvalue,
however. Two of the studies are cross-sectional studies with no
control group (45, 62), and three of them are case reports (12,
24, 109).

In laboratory experiments, methylene chloride in concentrations
of 700 mg/m3 (200 ppm) or higher has been observed to affect
the results of psychometric tests (85). Workers exposed to
methylene chloride in concentrations of 260 to 350 mg/m3
(75-100 ppm) (8-hour time-weighted average) showed no increase
in frequency of neuropsychiatric symptoms and did no worse on
psychometric tests than controls (22). Rats exposed to 245 mg
methylene chloride/m3 (70 ppm), € hours/day for three days,

have shown altered metabolism ¢f certain transmitter substances
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in specific areas of the brain, but the significance of this is
not clear (39).

Methylene chloride was long considered to be relatively atoxic,
and the exposure limits were high in relation to those for many
other solvents. When Stewart et al discovered in 1972 (98) that
methylene chloride was biotransformed to carbon monoxide,
exposure limits began to be reduced. In Western European
countries the exposure limit for carbon monoxide has been set
to avoid COHb values over 5% (73).

Exposure to 350 mg methylene chloride/m3 for 7.5 hours/day
during 5 consecutive days has yielded a maximum 3.4 or 5.7%
COHb in non-smokers. COHb levels returned to normal during a
weekend without exposure. A work week of exposure to 175 mg/m3
results in a maximum COHb walue of 1.9 or 2.9%. COHb values
then return to normal within 24 hours of the beginning of
exposure (30, 71). Industrial workers (non-smokers) exposed to
about 350 mq/rn3 (100 ppm) (8-hour time-weighted average) had an
average 3% COHb at the end of a work day (80). The halving time
for COHb is longer with exposure to methylene chloride than
with exposure to pure carbon monoxide (30, 83, 87, 98, 101).
Carboxyhemoglobin from methylene chloride is additive to COHb
from other sources (31, 101). There are case reports of heart
attacks (100) and ECG changes (13) in connection with exposure
to high concentrations of methylene chloride. Long-term ex-
posure to an average 100 mg/m3 (30 ppm) or to 500 to 1650 mg/m3
(140 to 475 ppm ) has not been shown to correlate with in-
creased mortality due to heart disease (49, 77). No abnormali-
ties were seen in 24-hour ECGs of workers exposed to the latter

concentrations (79).

Methylene chloride is mutagenic in Ames' tests (43, 44, 53, 69,
97) and for yeast cells (20, 97) but in general not for mammal-
ian cells (5, 1%, 43, 56, 82). Rats exposed to methylene
chloride by inhalation, 6 hours/day, 5 days/week for two years,

showed a dose-dependent increase of benign mammary tumors (in
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females) in two studies (19, 75). This increase was seen at the
lowest concentrations: 1750 and 3500 mg/m° (500 and 1000 ppm)
respectively. Male rats in the two studies showed a higher
frequency of these tumors at the highest air concentrations:
12,000 and 14,000 mg/m3 (3500 and 4000 ppm). In one of the
studies, the number of male rats with salivary gland tumors was
also higher at the highest air concentration (19). Male and
female mice exposed as above to 7000 or 14,000 mg methylene
chloride/m3 (2000 or 4000 ppm) showed a dose-dependent increase
in frequency of lung cancers. There was an increase of liver
cancer in male mice in both exposure groups, and in females in
the high-dose group (75).

Two cohorts, one comprising about 1,000 workers exposed to an
estimated average 100 mg methylene chloride/m3 (30 ppm) and the
other of 1,250 workers with estimated exposures of 200 to 1650
mg/m3 (60 to 475 ppm), showed no over-frequencies of total
cancer (49, 77). In the first of these cohorts, however, there
was an increased mortality from cancer of the pancreas (8 cases

vs. about 3 expected).

The risk of effects on the central nervous system or other
organs, and the risk of COHb levels over 5% (for non-smokers),
is probably small if exposure to methylene chloride is below
about 350 mg/m3 (100 ppm) (8-hour time-weighted average).
Methylene chloride is mutagenic in tests with bacteria. The
IARC has reviewed the reports of cancer tests and stated that
methylene chloride is carcinogenic to experimental animals
(51). Methylene chloride should therefore be, at least for the
present, regarded as though it were carcinogenic also for man.

In discussions of occupational exposure limits for methylene
chloride, its possible carcinogenic effects should be given
primary consideration. Its effects on COHb levels and on the
central nervous system should alsoc be taken into consideration.
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11. SUMMARY

1. Lundberg: Methylene chloride. 76. Nordic expert group for documentation of

exposure limit values.

The literature concerning health effects relevant to a hygienic standard for
methylene chloride has been reviewed. Methylene chloride is biotransformed to
carban monoxide and carboxyhemoglobin is formed. Exposure to methylene chlo-
ride may impair the performance in psychometric tests. The present exposure

limit value is based on these effects.

Methylene chloride is a mutagen in bacterial test systems and is also carcinogenic
to experimental animals. The possible carcinogenic effects of methylene chloride
must be of prime concern when a new exposure limii value for methylen chloride
is discussed. The formation of carboxyhemoglobin and the neuropsychiatric

effects should also be considered.

A Swedish version is available; 113 references.
Key words: Methylene chloride, exposure limit value, cancer, carboxy-hemoglobin,

neuro-psychiatric effects.
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APPENDIX 1. Occupational exposure limits for airborne methylene chloride.

Country mg/m3 ppm Year Note Ref
BRD 360 100 1985 5
Denmark 175 50 1985 S 2
Finland 350 100 1981 10

525 250 -n 15 min
France 360 100 1986 8 tim 11

1800 500 - 15 min
lIceland 350 100 1978 8
Netherlands 350 100 1986

1750 500 = STV 7
Norway 245 70 1984 1
Soviet Union 50 1978 6
Great Britain 350 100 1986

870 250 - STEL 4
Sweden 250 70 1985 5

500 150 - STV 3
USA (ACGIH) 175 50 1986-87 [ 9
C= suspected carcinogen

= skin

STV = short-term value

STEL = short-term exposure limit (10 min)
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Appendix. Documents published by the Nordic Expert Group:
Acetaldehyde 69 Arbete och Hélsa
Acetone 12 b
Acrylates and methacrylates 42 "
Acrylonitrile 55 L
Allyl alcohol 65 L
Ammonia 71 "
Arsine 73 n
Asbestos 39 L
Benomyl 50 "
Benzene 20 1
Baric acid and borax 13 .
1-Butanol 17 "
Cadmium 27 L
Carbon monoxide 12 N
Chlorine and chlorine dioxide 11 .
Chloromequat chloride 52 "
Chlorophenals 54 "
Chromium 8 "
Cobalt 32 .
Copper 18 "
Cyclohexanone and cyclopentanone 63 L]
n-Decane and n-undecane 75 "
Deodorized kerosene 61 "
Diisocyanates 9 "
R 58 "
Dimethylformamide 38 »
Dioxane 28 b
Epichlorohydrin 19 N
Ethylbenzene &7 "
Ethylene glycol 14 "
Ethyleneglycolmonoalkyl ethers 62 "
and their acetates
Ethylene oxide 29 "
Formaldehyde 1 "
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1986:25
1986:39
1983:21
1985: 4
1986: 8
1986:31
1986:41
1982:29
1984:28
1981:11
1980:13
1980:20
1981:29
1980: 8
1980: 6
1984:36
1984:46
1979:33
1982:16
1980:21
1985:42
1987:25
1985:24
1979:33
1985:19
1982:28
198B2: 6
1981:10
1986:19
1980:14
1985:34

1982: 7
1978:21
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