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ABSTRACT Methyl bromide, a highly toxic and ready penetrating fumigant, is widely used against
rodents, insects, mites, and a range of pathogenic organisms in soil, compost, and timber. To dis-
infect soil in greenhouses, methyl bromide is brought under pressure from outside by a vaporiser and
blown on to ground under a polyethylene cover. The gas being three times heavier than air easily
penetrates the ground. Depending on the local ventilation, a considerable amount of gas evaporates
into the surrounding atmosphere, this emission being especially serious during the fumigation
procedure and at the removal of the plastic cover. Previously, mechanical injection of methyl
bromide on to the ground within closed areas was prohibited, since this technique exposed at least
four disinfection workers at a time,who were provided with only a canister respirator, to gas concen-

trations of over 1000 ppm Cff3Br.The present study established that fumigation with methyl bromide
also carries risks for the well-protected worker inside, as well as for the one controlling the vaporiser.
The concentration during application varies from 30 to 3000 ppm. Concentration in the air declines
with time to 4 ppm CH3Br five days after application. Discarding the plastic sheet involves exposure

to peak values as high as 200 ppm for a few seconds. On the ninth day after application, milling the
soil can expose workers to up to 15 ppm; on the eleventh day no CH,Br concentration in the air
could be found.

Methyl bromide (monobromomethane) is a clear,
colourless, and extremely volatile liquid, with a
boiling point of 4 6°C. At normal temperatures it
exists as a gas with a vapour density of 3-27 relative
to air. In dilute concentrations it is odourless, and
only at higher concentrations (100 x the actual TLV
of 5 ppm) has it a musty to fruity smell, so that a
toxic atmosphere may not be apparent to the
operator.
The product has been used as a methylating agent

in the chemical industry during the manufacture of
pharmaceuticals and dyes and, because of its low
boiling point, as a refrigerant. The former use of
methyl bromide in fire extinguishers has been
abandoned, since an increasing number of fatal
accidents have been reported.'

Since 1960 the major use of methyl bromide has
been as a disinfectant to fumigate soil in green-
houses, a wide range of commodities, grain, ware-
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houses, and mills. The principal toxicological and
occupational problems, here, are associated with the
fumigating operators and other people eventually
entering the fumigating area.2
The number of cases of occupationally contracted

methyl bromide poisoning indicate that the safe
handling in fumigation leaves much to be desired;
since 1960 this substance has been responsible for
more deaths among occupationally exposed indi-
viduals than the disinfectants of the organic phos-
phate group.3
The effects of exposure to the gas depend on the

concentration and on the period and frequency of
exposure. Harmful effects may result not only from
exposure to a high concentration but also from
continued or repeated exposure to low concentra-
tions. A particular cause of danger is that the more
serious effects due to central neurological lesions do
not appear until after an interval of a few hours to
several days.
Acute serious intoxication with methyl bromide

leads to pulmonary oedema, convulsions, hyper-
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thermia, and coma, while chronic exposure to lower
concentrations of the gas causes neuropathy, ataxia,
and hepatotoxic and nephrotoxic signs together with
behavioural disturbances.4

Recently we have reported several cases of severe
methyl bromide poisoning (some with fatal outcome)
among professionally exposed Belgian soil dis-
infection workers in greenhouses.5 Since then, the
product introduced into the soil by chemical injection
or placed on the surface by fumigation underneath a
polyethylene foil has been the subject of serious
investigations by the Belgian Fund of Occupational
Diseases. A thorough evaluation of the technical
operating conditions by measuring concentrations of
methyl bromide in both injection and fumigation
procedures in greenhouses was carried out, and
extremely hazardous concentrations of gas (over
1000 ppm) during soil disinfection with the injection
procedure were established.6

Nearly all the poisoning instances were shown to
be with professional disinfection workers who used
the injection technique. The mechanical injection of
methyl bromide within closed areas in Belgium was
officially prohibited after June 1979. Thus the soil
disinfection workers who for economical and
horticultural reasons had preferred the injection
technique had to change to the fumigation procedure.
The following evaluation of the actual hazards

while using methyl bromide was studied against this
well-known background of injury and death resulting
from exposure to methyl bromide. It takes full
account of the potential danger to the environment
during fumigation and to the consumer of vegetables
containing considerable bromide residues when
grown on soil treated with methyl bromide.
By measuring real gas concentrations of methyl

bromide applied as a fumigant in greenhouses during
1980, investigations were carried out to evaluate the
predicted decrease in the professional hazard of
methyl bromide after the officially imposed restric-
tions. The gas concentrations evolved during the
fumigation period and at the end of the fumigation
were also determined to evaluate the potential
danger for the cultivator working the soil once the
plastic cover was removed, since no data on this
subject had been reported.

Material and methods

DETECTION OF METHYL BROMIDE
Methyl bromide concentrations in the air were deter-
mined by means of a portable gas chromatograph
supplied with a flame ionisation detector (FID) and
calibrated for 20 and 100 ppm CH3Br-air mixtures.
Three-scale expansions were calibrated covering the
ranges 0-100; 0-1000, and 0-10 000 ppm.

DISINFECTION OF SOIL

Soil in Belgian greenhouses is disinfected with methyl
bromide by professional teams mainly for tomatoes in
January, lettuces during July and August, and
occasionally in local floriculture. The disinfectant is
used in an average dose of 80 g m-2 and for a total
horticultural soil surface in greenhouse of 5 107m2 a
yearly consumption of 1,5 106 kg CH3Br is estimated.

Because the mechanical injection into the soil with
a special tractor was forbidden in 1979, we con-
sidered only the fumigation procedure on to the
ground under a 0-4 mm plastic sheet. The technique
was empirically modified by each disinfection team
and adapted to achieve better efficiency, ease ofwork-
ing, and portability together with a reduction in the
risks to the operator and the immediate environment.
A considerable difference exists among disinfection
workers and cultivators about the optimal concen-
tration of CH3Br to be applied, ranging from 60 to
10 gm-2.
The fumigation is carried out by two workers, one

inside and the other outside the greenhouse. Plastic
tubing, to conduct the gas, is placed on the freshly
milled area that is to be treated. The soil is covered
by a network of plastic rectangles, each of which
represents a fumigation unit of varying size, accord-
ing to local circumstances but generally not exceed-
ing 50 by 3 m. This fumigation unit is covered with a
polyethylene foil embedded at either side. Con-
siderable variation in texture, gauge, and resistance
of the plastic material and also in the preparation and
covering of the soil exists. Methyl bromide is
warmed up to 80°C in the vaporiser outside the
greenhouse and blown into the greenhouse along a
reinforced main tube. The worker inside makes and
breaks connections between the main tube and the
plastic tubing of each fumigation unit through a cut
in the plastic foil. When the complete surface is
treated the main tube is rolled out and flushed out
with N2. The greenhouse entrance is locked and
provided with an officially prescribed danger sign.
Five days later the plastic foil is discarded and the
inside plastic piping recovered. The ninth day after
fumigation the soil is milled and two days later
cultivation of vegetables is started.

Results

During the gas application, three different and
independently trained teams were tested. The work-
ing conditions are given in table 1.
The workers inside the greenhouse used an auto-

nomous air flow mask; only the outside operator of
team A did so. The other outdoor workers used a
canister respirator. The workers of teams A and C
used overalls; none used gloves.
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Table 1 Working conditions

Teams

A B C

Gas composition CHsBr CH3Br CH,Br
N, purge Yes No No
Treated area (m2) 2500 1900 2000
Working time (min) 60 40 50
Climatology:

Outside sky Cloudy Sun Cloudy
atmosphere Rain Dry Dry
wind High Light None
temperature 13°C 180C 160C

Inside atmosphere Humid Humid Dry
temperature 17°C 21°C 18°C

Soil condition Freshly
milled Milled Milled

Fumiga.ion equipment Classical Classical Special
Central plastic foil Yes Yes No

Teams A and B covered the connection gap of each
application area with an extra plastic sheet (indicated
as central plastic foil in table 1). They also used a
stopcock on the main tubing inside the greenhouse.
Team A used N2 to flush out the CH3Br container

and the main tubing at the completion of the
fumigation procedure. Team C used a new type of
plastic pipework. The classical main tube was
shortened and replaced by a rigid tubing, previously
used at the head of each application area under the
plastic foil. The rigid tubing, formerly used at that
place, was replaced by a flexible one. Team C did not
sprinkle water on the plastic foil before application
as teams A and B did to achieve optimal soil
covering. Team C left the ventilating hatches and
doors open during application.
Measuring was done continuously at 80-120 cm

above the soil and in the breathing zone of the
worker. Once the concentration reached a steady
maximal value, the arithmetic mean was calculated

and the results are indicated as "mean maximum
concentrations" (table 2).

Concentrations measured outside this greenhouse
at 1 m from the walls one hour after application by
team C, varied from 6 to 15 ppm. Concentrations
inside varied from 20 to 600 ppm.

Methyl bromide concentrations in and around the
trucks carrying the compressor were also measured.
All three trucks showed the same leakage around the
main tube joint to the vaporiser and concentrations
of up to 100 ppm were found 1 cm from the tubes. In
the atmosphere under the hood of the truck, where
the operator stands, gas concentrations occasionally
reached 20 ppm. Depending on the position relative
to the wind, CH3Br concentration in the cabin of the
truck usually did not exceed 2 ppm but occasionally
went up to 20 ppm when the wind blew alongside the
car.
The concentration in the damp working clothes of

the operator in team A at the completion of the
application reached 50 ppm.

Inside the greenhouse, the concentrations in the
air three days after application varied from 160 to
200 ppm when the hatches were kept closed. With the
hatches left a quarter open, an overall concentration
of 20 ppm was found after six days. The gas concen-
tration dropped to 3 ppm when the ventilating
hatches remained fully opened.
The values measured when removing the plastic

foil are reported in table 3, the working conditions in
table 4. Four teams treating five greenhouses were
tested. Team D, not represented during fumigation,
offered the chance to study an extra team when
removing the plastic cover seven days after
fumigation.
The background concentrations increased after

the removal of the plastic sheeting; the concentra-

Table 2 Mean maximum concentration in ppm during fumigation

Teams

A B C

Time

1/3 End 1/3 End 1/3 End:

Location
Entry 20 200 150 1500 20 70
Untreated area 200 - 350 - 50 -

Treated area 600 1000 2000 3000 75 1500
Operator:

Fumigating 500 800 2000 2000 100 800
Connecting (peak value) 2000* - 4000t - 400 -

*At start operator made a wrong connection and concentration increased to 8000ppm at operator's breathing zone.
tOnce a tube exploded; immediately concentration jumped to 10 000 ppm at operator's breathing zone.
$Here greenhouse had a special geometry. Two greenhouses of different constructional age were joined, the older one with a lower ceiling, half
the number of windows, and with the ground level 0 5 m lower than the more recent construction. Application was started on the higher part of
the soil. Noteworthy is the difference in CHsBr concentration found at end of fumigation between these two parts of the greenhouse, varying
from 100 ppm at the higher to 3000 ppm at the lower and not ventilated level of the soil.
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Table 3 Mean maximum concentration in ppm when removing plastic foil

Tean,

A B C D

Before removal 4 3 4 4 3
Under foii 1000 - 10 000 900 200
Worker 30 10 50 30 30
Peak values 60 20 200 200 140

Table 4 Working conditions when removing plastic foil

Team

A B C D

Days after fumigation 5 9 5 6 7
Treated area in m2 4600 9000 2000 2000 5000
No of workers 4 5 3 3 9
Climatology inside:
Temperature 15°C 23°C 200C 25°C 130C
Atmosphere Humid Humid Dry Dry Humid

Hatches Closed Open Open Open Closed
Working time (min) 15 60 20 20 20

tions climbed in a regular fashion, finally reaching a
ceiling value. When a plastic sheet leaves the ground
causing air movements, peak values are recorded for
a few seconds. Two checks carried out one hour after
discarding (team B) showed CH3Br concentrations
of 6-10 ppm, while at two other points (team A) two
hours after removing the plastic, concentrations of 14
to 55 ppm were established; the hatches in this latter
greenhouse were kept shut.
Four days after removal of the plastic the ground

is milled. At this time concentrations of 15 ppm
CH3Br may occasionally be found behind the
worker. The concentration in the ambient air close to
the milling operator neared 6 ppm. The concentra-
tion, however, falls rapidly to 2 or 0 ppm depending
on the ventilation conditions. Two days after milling
no gas could be measured in the atmosphere of the
three greenhouses.

Discussion

As shown in table 2, the concentrations varied
considerably among the three teams from the
beginning of the CH3Br application until the end of
the fumigation period. This discrepancy between the
results obtained with teams A and B may be ex-
plained by the difference in training and intellectual
level of the team members, as was previously noted
during the injection procedure.6 The operator of
team A managed to stay continuously behind the end
of the main tube projecting CH3Br under a supple-
mentary plastic sheet covering the adducting pipes of
the distribution system. He also remained out of the
area already treated, in a lower ambient gas concen-
tration; he also worked backwards, leaving the

greenhouse before the maximum concentration was
reached.
Operator B, on the other hand, was constantly

near the end of the main tube during the application
of the gas and left the greenhouse at the completion
of the fumigation.
The operator of team C works with the lowest pos-

sible exposure measured when the hatches of the
greenhouse are opened. But, as may be seen from the
end results, without the proper ventilation the con-
centration reaches the same level as for teams A and
B with the hatches shut.
Noteworthy is the permanent danger of intoxi-

cation on the truck (including the steering cabin)
during fumigation and especially when charging the
main tube back in the truck. As much as 50 ppm
CH3Br remained in the working clothes after the
fumigation was completed. Since there is a partial
adsorption of CH3Br through the skin, especially
when humid, these findings indicate the essential
hazard of intoxication for the worker through his
damp clothes and for the occupants of the truck by
contamination of the atmosphere in the steering
cabin afterwards.
When removing the plastic foil, hazardous

concentrations and eventually high peak values may
be encountered. This work takes relatively little time.
When the ground is milled at the ninth day the
concentration is below 6 and at the eleventh day (two
days after milling) the gas concentration was 0 ppm.
This is in accordance with results recently published
in Holland, where 10 days after the beginning of
fumigation no more methyl bromide could be found
in the greenhouse draining water.7
During fumigation there exists also a relative risk
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in the immediate surroundings of the greenhouse,
and the treated greenhouse should be kept locked and
under constant supervision to prevent accidental
approaching and entering.
Among occupational health measures complete

and constant information must be given to the dis-
infection workers about the side effects and intoxi-
cation signs of methyl bromide. A regular medical
and biomedical check-up with special reference to
bromide concentrations in blood and urine, and
liver and kidney function are strongly recommended.
The wearing of protective working clothes, rubber

boots, and gloves and the strict application of
hygienic rules such as no consumption of food and
alcohol and no smoking during fumigation, obliga-
tory washing, and changing of clothes afterwards are
considered necessary.
Each operator or other person exposed to the gas

must be provided with an efficient means of respira-
tory protection. The concentrations of methyl
bromide during fumigation require the use of an
autonomous breathing apparatus by the operator
inside, while the one at the evaporation machine, as
do all workers at the removal of the plastic cover
after five to seven days, have to be provided at least
with a canister mask specific to methyl bromide.
Only responsible and technically competent

individuals who have a working knowledge of the
nature of the gas and the precautions necessary
should use it. During the application of the fumigant
and in the subsequent fumigation period those not
engaged in the fumigation must be excluded from the
risk area, and the operator in charge must check for
any remaining hazard before allowing the soil to be
worked by the cultivator.

Further investigation has to be carried out to

improve the actual soil disinfection technique and the
protective measures in stocking, transporting, and
handling methyl bromide. Also the hazard of pol-
lution of the environmental surface waters by the
draining of the greenhouses when the bromide is
washed out needs further investigation.
The use and application of methyl bromide as a

fumigant will be completely abandoned and replaced
by less toxic disinfection methods if future studies
should also prove the toxicity of bromide residue in
vegetables as lettuce, endive, and spinach grown on
CH3Br treated soil.

We thank Dr P Jacques and Mr R De Munter,
IDEWE Brussels, Occupational Health Service, for
technical help.
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