
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20

Applied Occupational and Environmental Hygiene

ISSN: 1047-322X (Print) 1521-0898 (Online) Journal homepage: https://www.tandfonline.com/loi/uaoh20

Health Hazard Evaluation of Methyl Bromide Soil
Fumigations

Steven W. Lenhart & Yvonne T. Gagnon

To cite this article: Steven W. Lenhart & Yvonne T. Gagnon (1999) Health Hazard Evaluation
of Methyl Bromide Soil Fumigations, Applied Occupational and Environmental Hygiene, 14:7,
407-412, DOI: 10.1080/104732299302585

To link to this article:  https://doi.org/10.1080/104732299302585

Published online: 30 Nov 2010.

Submit your article to this journal 

Article views: 27

View related articles 

https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20
https://www.tandfonline.com/loi/uaoh20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/104732299302585
https://doi.org/10.1080/104732299302585
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/104732299302585
https://www.tandfonline.com/doi/mlt/10.1080/104732299302585


Applied Occupational and Environmental Hygiene

Volume 14: 407±412, 1999

Copyright c° 1999 Applied Industrial Hygiene

1047-322X/99 $12.00 + .00

Case Studies

Health Hazard Evaluation of Methyl Bromide
Soil Fumigations

Reported by Steven W. Lenhart and Yvonne
T. Gagnon

Plant Protec tion and Quarantine

(PPQ) of® c ers of the U.S. Department of

Agriculture’ s Animal and Plant Health

Inspec tion Servic e apply a variety of

soil fumigants and post-emergenc e her-

bic ides in their attempts to eradicate

witc hweed from the United States. They

use methyl bromide to spot fumigate

small, isolated areas of soil contaminated

by witc hweed.

Witchweed (Striga asiateca) is a par-

asitic annual that c an severely damage

c orn, sorghum, sugar cane, dryland ric e,

and more than 60 other grass spec ies.(1,2)

After its seeds germinate, witchweed

penetrates the roots of host plants, rob-

bing them of water and nutrients.(2)

Though witchweed is one of the most

serious c rop pests hindering cerealc rop

produc tion in Africa, the Middle East,

and Far East, eastern parts of North Car-

olina and South Carolina are the only

plac es in the Western Hemisphere where

it has been found.(1)

A PPQ spot fumigation involves

punc turing a pressurized c an of 98 per-

c ent methyl bromide and 2 perc ent

c hloropic rin under a plastic covering or

tarpaulin. The ® rst steps of a spot fu-

migation are c learing away all debris

and, if possible, tilling the soil. Till-

ing is thought to inc rease the likeli-

hood that methyl bromide will penetrate

the soil and c ontac t buried witchweed

seeds. When tilling is not done, a spot-

fumigated area may inc lude knocked

down c orn stalks, corn stubble, or heavy

grass c over.

A narrow trenc h is dug around the

perimeter of a 10-foot by 15-foot area

to be fumigated, and a 4-foot sec tion of

4-inc h diameter polyvinyl c hloride pipe

having three sec tionsc ut from it is placed

near the center. Next, a 1.5-pound can

of Brom-o-gas ° R (Great Lakes Chemic al

Corporation, West Lafayette, Indiana) is

plac ed in the pipe on top of a bloc k

of wood having a nail stic king through

it. A sheet of c lear 6-mil plastic hav-

ing a thickness of 0.15 millimeters is

then laid over the area, and its edges are

c overed with dirt to make a secure enc lo-

sure (Figure 1). The can punc tures when

pressed against the nail, and the pipe ac ts

like a trough, holding the released methyl

bromide and chloropic rin until they

evaporate completely. A PPQ of® c er

leaves the site immediately afterward.

Though done on a smaller scale, a

PPQ spot fumigation is similar to other

tarpaulin methods used to apply methyl

bromide to soil before planting c rops

FIGURE I

Preparation of a 10-foot by 15-foot spot-fumigation site on tilled soil.

(e.g., tomatoes, strawberries, tobacco,

and peppers).(3
¡ 5) Releasing a 1.5-pound

c an of Brom-o-gas under a tarpaulin c ov-

ering 150 square feet equals an applica

tion rate of 436 pounds of methyl bro-

mide per acre (490 kilograms/hec tare),

which is similar to the rates rec om-

mended for larger tarpaulin methods.(5,6)

The agric ultural use requirements of

methyl bromide prescribe that work-

ers must wait at least 48 hours be-

fore removing a tarpaulin. Because of

c onc ern for the health risks assoc iated

with overexposure to methyl bromide,

the direc tor of the witchweed erad-

ication program requested a NIOSH

health hazard evaluation of their spot-

fumigation proc ess. The primary pur-

pose was to evaluate the adequacy of

the 48-hour waiting period by estimat-

ing the time needed for methyl bromide
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and chloropic rin to decay to ª safe

levels.º Air sampling methods, ® nd-

ings, and rec ommended improvements

to the process are described in this case

study.

Methyl Bromide
Methyl bromide (CAS number 74-

83-9) is a broad-spec trum, restric ted-use

pestic ide used to control insec ts, nema-

todes, weed seeds, and rodents.(7) Ap-

proximately 27,000 tons of methyl bro-

mide are used annually in the United

States for soil fumigation (87%), com-

modity and quarantine treatment (8%),

and struc tural fumigation (5%).(3)

Human Health Effec ts

Methyl bromide is a colorless, non-

¯ ammable gas that is odorless and

tasteless at air concentrations consid-

ered unsafe.(8, 9) Odor thresholds re-

ported for methyl bromide range from 20

to 1000 ppm.(10) Methyl bromide is a pul-

monary irritant and neurotoxin. Short-

term inhalation exposure may cause

headache, dizziness, nausea, vomiting,

blurred vision, slurred speech, convul-

sions, and death. Short-term inhalation

exposure to high concentrations may

cause lung irritation resulting in c on-

gestion with coughing, chest pain, and

shortness of breath. The onset of lung

effec ts may be delayed.(11)

Prolonged or repeated exposures to

methyl bromide may c ause a variety

of c entral nervous system symptoms

inc luding visual disturbanc es, slurred

speech, numbness of the arms and legs,

confusion, shaking, and unc onsc ious-

ness.(11) Neurological signs and symp-

toms may be delayed for several hours

to a few days after an exposure has

ended.(12)

Methyl bromide may be absorbed

through the skin and cause systemic

toxic ity.(5,8) Skin contac t with liquid

methyl bromide may c ause irritation.(7, 9)

Prolonged skin c ontac t may cause burns

and blistering.(5) To avoid prolonged skin

contac t, applicators are advised not to

wear tight c lothing, jewelry, gloves, or

boots.(7)

Liquid methyl bromide may cause

severe corneal burns, but its vapors do

not appear to be irritating to the eyes.(9)

Occ upational Exposures

NIOSH c onsiders methyl bromide a

potential occupational c arc inogen.(13,14)

Acc ording to an earlier policy, this meant

occupational exposures to potential c ar-

c inogens should be c ontrolled to the low-

est feasible level. Based on the limit

of quantitation of the NIOSH analyt-

ic al method used at the time of this

policy, the lowest feasible level was

4.7 ppm.(13) The NIOSH carc inogen pol-

icy was c hanged in 1995. According to

the revised policy, NIOSH RELs will be

adopted for potential occupational c ar-

c inogens, but one has yet to be adopted

for methyl bromide.

Based on results from an inhalation

study done using laboratory rats, the

ACGIH ° R TLV ° R for methyl bromide was

reduced in 1997, to a TWA concentration

of 1 ppm with a skin notation.(15) The

previous TLV was 5 ppm. The OSHA

PEL for methyl bromide is a c eiling limit

of 20 ppm with a skin notation.(16) The

NIOSH immediately dangerous to life or

health (IDLH) level is 250 ppm.(14)

Most published reports of human

health effec ts following methyl bromide

exposure c onc ern its use as an agric ul-

tural fumigant.(6, 17 ¡ 21) One author re-

viewed reports published between 1953

and 1981 desc ribing 60 fatalities and 301

cases of systemic poisoning related to

fumigant uses of methyl bromide.(18) A

report was also published containing de-

sc riptions of six severe intoxic ations and

four fatalities that occurred in California

between 1957 and 1966 in the food pro-

cessing industry. The produc ts handled

were nuts, fruits, and grains.(19) An air

concentration of 100 ppm was estimated

from reconstruc ted c onditions at two of

the work sites.

A report was published desc ribing

the acute respiratory and neurological

symptoms of four unprotec ted work-

ers who removed plastic tarpaulins af-

ter a soil-injec tion applic ation of methyl

bromide.(6) The fumigant, 98 percent

methyl bromide and 2 percent chloropi-

c rin, had been applied ten days earlier

to six ac res at a rate of 350 pounds per

ac re. Though chloropic rin is meant to be

a warning agent, none of the workers re-

ported sensing immediate irritation or an

odor. The author c onc luded that 2 per-

cent chloropic rin could not be relied on

as a warning agent and rec ommended

that a self-contained breathing apparatus

(SCBA) be worn when methyl bromide

exposures exc eed 5 ppm.

Neurobehavioral func tion was stud-

ied among soil fumigators exposed to

methyl bromide at an average air c on-

centration of 2.3 ppm.(21) The workers

reported a signi® c antly higher preva-

lenc e of 18 symptoms c onsistent with

methyl bromide toxic ity than non-

exposed workers. Also, the fumigators

did less well than non-exposed work-

ers on 23 of 27 behavioral tests. They

also did signi ® c antly less well on a

® nger sensitivity test and one of c og-

nitive performanc e. The authors c on-

c luded that low-level methyl bromide ex-

posures may produc e slight neurotoxic

effec ts.

Chloropicrin
Chloropic rin (CAS number 76-06-2)

is a restric ted-use pestic ide used as a

soil and enc losure fumigant.(7) It is a

colorless, oily liquid that is a severe

irritant of the eyes, mucous membranes,

skin, and lungs.(22) Chloropic rin causes

eye irritation beginning at 0.3 to 0.4 ppm,

and its odor threshold is approximately

1 ppm .(8, 23,24) An air c onc entration as

low as 1.3 ppm may c ause respiratory

irritation.(24)

Because chloropic rin is an irritant at

low levels, it is added as a warning agent

to odorless fumigants like methyl bro-

mide. However, ª experienc e has shown

that chloropic rin vapor may disappear

before methyl bromide vapor and there-

fore the warning properties are lost.º (9)

The NIOSH, OSHA, and ACGIH ex-

posure limits for chloropic rin are a TWA

of 0.1 ppm.(13 ¡ 16) The EPA rec ommends

that workers wear respiratory protec -

tion when chloropic rin exposures are

0.1 ppm or greater.(7) When this level is
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exceeded at any time, an exposed worker

must wear an air-purifying, organic -

vapor respirator, a SCBA, or a combi-

nation supplied-air respirator with auxil-

iary SCBA.

The NIOSH IDLH level of 2 ppm is

based on acute inhalation toxic ity data in

workers and animals.(14, 25) IDLH doc u-

mentation for chloropic rin references a

1931 artic le in which the authors stated

ª a few sec onds exposure to 4 ppm ren-

ders a man un ® t for ac tion.º (25)

Methods
The EPA requires that workers wear

respiratory protec tion when methyl bro-

mide exposures exceed 5 ppm.(7) When

this level is exc eeded at any time, an ex-

posed worker must wear a SCBA or a

c ombination supplied-air respirator with

auxiliary SCBA. Thus, for this study, a

safe waiting period before removing a

spot-fumigation tarpaulin was spec i® ed

as the time needed for the methyl bro-

mide level under the tarpaulin to reac h

5 ppm or less.

A brief pilot study of two spot fumiga-

tions wasc onduc ted ® rst, and air samples

were collec ted only for methyl bromide.

The pilot study’ s purposes were to gain

insight to the methyl bromide levels un-

der tarpaulins and to estimate a sampling

duration that would not result in over-

loading the sampling media. Low-¯ ow

sampling pumps ran at 0.02 liters per

minute (L/min) for one hour. Air samples

were collec ted at 27 hours and 47 hours

after the spot fumigations were started.

The soil was not tilled.

A few weeks after the pilot study, six

spot-fumigation sites were started simul-

taneously on freshly tilled, sandy soil,

and both methyl bromide and c hloropi-

c rin measurements were taken. Measure-

ments were taken ® rst above and below

the tarpaulins at 15 minutes after start-

ing. Air samples were c ollec ted above

each tarp to learn whether 6-mil plastic

prevented methyl bromide from leaking

through. Methyl bromide and c hloropi-

c rin measurements were taken under all

six tarpaulins after six hours and daily

for ® ve days after the start, and under

three tarpaulins after two weeks. To mea-

sure methyl bromide, sampling pumps

ran at 0.02 L/min for durations ranging

from 5 minutes, soon after the start, to

60 minutes on the last sampling day. To

measure c hloropic rin, sampling pumps

ran at 0.1 L/min for durations ranging

from 12 to 60 minutes.

To sample under a tarpaulin, a slit

smaller than the diameter of a sampling

tube was c ut in the plastic . The tip of

each tube was carefully inserted through

the slit so that the plastic sealed around

it. The inlet of eac h tube was then posi-

tioned in the space between the surface

of the tarpaulin and the soil. After eac h

sampling period, a sampling hole was

patc hed using tape.

Five days after starting, one tarpaulin

was removed, and two others were cut

for aeration. One tarpaulin was c ut once

in the c enter along its entire length and

perpendicular to the wind’ s direc tion.

The other was cut at three equidistant

locations along its width and in the same

direc tion as the wind. Twenty-four hours

later, methyl bromide and chloropic rin

measurements were taken above the soil

where the ® rst tarpaulin had been and

under sec tions of the two cut tarpaulins.

Methyl bromide air samples were

c ollec ted and analyzed according to

the revised version of NIOSH Method

2520. (26) (Problems with the ® rst ver-

sion of Method 2520 inc luded reduced

adsorption capac ity at high humidity,

dif® c ult-to-prepare standard solutions,

sample instability, dec reasing recovery

as loading dec reased, and an insuf® -

c iently low quantitation limit.(27) Eac h

sampling train c onsisted of three tubes

in series, a drying tube holding 9 grams

of sodium sulfate, a 400-milligram c har-

c oal tube, and a 200-milligram charc oal

tube. Sampling trains were c onnec ted

by tubing to low-¯ ow sampling pumps.

Direc t-reading detec tor tubes were also

used. Dr Èager tube 3/a for methyl bro-

mide (part number 6728211) measures

methyl bromide c onc entrations from 3

to 100 ppm .(28)

The revised version of NIOSH

Method 2520 did not solve c ompletely

all the problems of its predecessor. Thus,

steps were taken to samples cold before

analysis and keep the time as short as

possible between sample collec tion and

analysis. Immediately after a sampling

period, all sampling tubes were capped

and put in an insulated, 1-quart cooler

c ontaining cold packs. When the NIOSH

researcher arrived at his motel room,

sampling tubes were removed from the

c ooler and put in a refrigerator’ s freezer.

Methyl bromide samples and c old pac ks

were put back in a c ooler just before

being mailed overnight to the NIOSH

laboratory.

Air samples for chloropic rin were

c ollec ted and analyzed using a 1991

OSHA stopgap method for which rec ov-

ery and storage stability studies were

c ompleted. Eac h sampling train con-

sisted of two XAD-4 tubes c onnec ted

by tubing to a low-¯ ow sampling pump.

Samples were analyzed using a gas chro-

matograph having an elec tron c apture

detec tor.

Results and Discussion
During the pilot study, temperatures

under the two tarpaulins ranged from

17±C (62±F) to 23±C (74±F). Light rain

started on the evening of the ® rst day and

ended the next morning. Despite the rain,

the soil under both tarpaulins remained

dry.

Methyl bromide air c onc entrations

under pilot-study tarpaulins were appro-

ximately 23,000 ppm and 26,000 ppm

after 27 hours and 16,000 ppm and

18,000 ppm after 47 hours. All of the

methyl bromide was collec ted on the ® rst

c harcoal tube of each sampling train;

none broke through to any of the backup

tubes.

On most days of the six-tarpaulin

study, the weather was sunny and hot;

daytime temperatures were in the 90s.

However, a 2-hour thunderstorm brought

a half-inch of rain on the evening of the

second day, and an inch of rain fell dur-

ing the ninth and tenth days of the study.

Bec ause daytime temperatures under

the tarpaulins ranged from 49±C (120±F)

to 60±C (140±F), air sampling results

were correc ted to a standard temperature

of 25±C.(14,15) As with the air samples of

the pilot study, all methyl bromide was

c ollec ted on the ® rst charc oal tube of

each sampling train.
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Table I shows the sampling results for

the six-tarpaulin study. Average methyl

bromide air c onc entrations ranged from

15,000 ppm, measured 24 hours after the

start, to 50 ppm after ® ve days.

Average c hloropic rin air concentra-

tions ranged from 340 ppm, measured 15

minutes after the start, to 0.6 ppm after

six days. Chloropic rin levels measured

on the ® rst four days of the study ex-

ceeded its IDLH level of 2 ppm.(25) An

air concentration of 0.6 ppm may be suf-

® c ient to c ause eye irritation and warn

of possible methyl bromide exposure if

a tarpaulin is removed too soon.(8, 23, 24)

Data in Table I show steadily de-

c lining c hloropic rin levels under intac t

tarpaulins. However, methyl bromide

levels do not share this tendency. For ex-

ample, the average methyl bromide air

concentration after six hours (3600 ppm)

is less than the average c oncentration

after 15 minutes (13,400 ppm), but the

average concentration after 24 hours

(15,000 ppm) is greater than either of

these conc entrations.

One possible reason for the apparent

disc repancy in the methyl bromide data

concerns problems enc ountered with the

shipment of the ® rst set of samples.

Methyl bromide samples c ollec ted on

the ® rst three days of the six-tarp study

were c ollec ted on a Thursday, Friday,

and Saturday. They were mailed together

TABLE I

Methyl Bromide (CH3Br) and chloropic rin (CCI3NO2) air concentrations (ppm) under the tarpaulins

of six spot-fumigation sites

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Average
Time after

starting CH3Br CCI3 NO2 CH3 Br CCI3NO2 CH3 Br CCI3 NO2 CH3Br CCI3NO2 CH3 Br CCI3NO2 CH3 Br CCI3NO2 CH3 Br CCI3 NO2

15 Minutes 14,800 270 17,100 360 8200 Ð 11,800 210 13,500 220 15,200 660 13,400 340

6 Hours 2900 84 4000 120 3400 57 4300 60 3900 62 3300 26 3600 68

24 Hours 13,900 24 16,400 26 16,500 21 15,800 18 14,700 26 12,800 14 15,000 22

2 Days 8700 4.6 8800 5.0 10,800 7.2 9500 6.0 8500 7.5 10,000 3.6 9400 5.6

3 Days 190 5.2 170 3.2 160 6.4 160 6.0 190 8.5 130 3.3 170 5.4

4 Days 70 3.9 100 3.0 90 3.8 100 3.2 130 4.8 130 1.8 100 3.4

5 Days 60 1.1 40 0.6 40 0.6 50 0.6 60 0.7 40 0.5 50 0.7

6 Days NDA NDA 800 1.0 80B 0.002B 640 0.9 170B 0.003B 610 0.05 680C 0.6C

2 Weeks Ð Ð NDD ND Ð Ð NDD ND Ð Ð NDD ND ND ND

ND means none detec ted.
A Tarpaulin removed completely 24 hours earlier. Samples taken direc tly above soil.
B Tarpaulin cut for aeration 24 hours earlier.
C Average of three values.
D Limit of detec tion for charcoal-tube sampling method was 7 ppm. Detec tor-tube sampling showed methyl bromide present at less than

5 ppm.

that Saturday evening for Sunday deliv-

ery. Unfortunately, they did not arrive

at the NIOSH laboratory until Monday.

When the cooler was opened, several

tubes were found to have warmed to

room temperature. The problem caused

by the delay in receiving the cooler was

compounded by a leaking cold pack. The

cooler’ s spout had torn the c old pac k.

These problems emphasize the impor-

tanc e of keeping methyl bromide sam-

ples c ool and analyzing them as soon as

possible after collec tion.

Because of the sample shipment prob-

lems, methyl bromide levels reported for

15 minutes, 6 hours, 24 hours, and 2 days

after starting may be underestimates. By

comparing the methyl bromide levels

of the pilot study, underestimation may

be the greatest for samples c ollec ted at

15 minutes and 6 hours.

Methyl bromide levels under three in-

tac t tarpaulins at six days after starting

are greater than any of the levels measur-

ed during the three previous days. Methyl

bromide air samples taken at 5 and 6

days were analyzed together. The unex-

pec tedly high concentrations may have

resulted from a laboratory c alculation er-

ror or an error in standard preparation.

Fifteen minutes after starting the six-

tarpaulin study, 30-minute methyl bro-

mide measurements taken direc tly above

each tarpaulin ranged from none de-

tec ted (one air sample) to 21 ppm. Like

other methyl bromide measurements

made on the study’ s ® rst day, these air

concentrations may also be underesti-

mated. The limit of detec tion was 2 ppm.

After large-scale tarpaulin applic a-

tions of methyl bromide, California En-

vironmental Protec tion Agency (EPA)

requires that unprotec ted workers not

enter an application area for a mini-

mum of ® ve days. After ® ve days, work-

ers are allowed to aerate a treated area

by mechanic ally c utting tarps using a

trac tor-mounted c utting wheel. Twenty-

four hours later, unprotec ted workers are

allowed to remove the tarpaulins.(29)

The day after removing a tarpaulin,

methyl bromide and chloropic rin were

not detec ted direc tly above the soil.

The limits of detec tion were 6 ppm

for methyl bromide and 0.0002 ppm

for c hloropic rin. However, 24 hours af-

ter c utting two spot-fumigation tarps,

methyl bromide air concentrations of

80 ppm and 170 ppm were measured

under sec tions of plastic . (Because of a

problem with the methyl bromide sam-

ples collec ted six days after the start,

these air c onc entrations may be overesti-

mated.) Chloropic rin air concentrations

under these tarps were 0.002 ppm and

0.003 ppm. These levels are below those

expec ted to warn of possible methyl bro-

mide exposure.(8, 23,24)
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Two weeks after starting the spot fu-

migations, methyl bromide andc hloropi-

c rin were not detec ted under three intac t

tarpaulins. The limits of detec tion for

these laboratory-analyzed samples were

7 ppm for methyl bromide and 0.0001

ppm forchloropic rin. However, detec tor-

tube sampling showed that methyl bro-

mide was present at levels less than

5 ppm.

Conclusions
Methyl bromide levels under spot-

fumigation tarpaulins that were mea-

sured at the end of the 48-hour waiting

period far exceeded the study’ s 5 ppm

safe level. Chloropic rin levels exceeding

its NIOSH IDLH level were measured

for four days after the start.

Some methyl bromide levels may

have been affec ted by sample shipment

or analysis problems. Consequently,c are

is needed when doing air sampling for

methyl bromide to ensure that NIOSH

Method 2520 is followed c ompletely.

Methyl bromide measurements taken

direc tly above tarpaulins showed that the

gas leaked through 6-mil plastic . This is

not an important health risk for PPQ of-

® c ers, because they leave immediately

after punc turing a c an of methyl bro-

mide. However, methyl bromide leakage

may be important to workers involved in

large-scale tarpaulin applications.

Residual air c oncentrations of methyl

bromide were measured under tarpaulins

c ut 24 hours earlier, but chloropic rin

levels were too low to provide warn-

ing. Thus, whatever the size of the area

treated, exposures to poc kets of methyl

bromide remaining under poorly aerated

sec tion of c ut tarpaulins should be con-

sidered a health risk for whic h there may

be no warning.

Recommendations
The following changes were rec om-

mended for improving the health and

safety aspec ts of PPQ spot-fumigations:

² The waiting period before

removing spot-fumigation tarp-

aulins should be extended to

longer than 48 hours. Because

soil and environmental condi-

tions vary, a de ® nite waiting

period c annot be de ® ned. How-

ever, a week or longer may be

nec essary.
² Regardless of the time that has

passed since starting a spot fu-

migation, measurements should

be made before removing a

tarpaulin using detec tor tubes

or some other direc t-reading

method to ensure methyl bro-

mide levels are less than 5 ppm.
² Chloropic rin should be relied

upon as a warning agent for

methyl bromide only at the start

of a spot fumigation. This rec -

ommendation agrees with those

of other researchers who have

reported that c hloropic rin may

not be detec ted or be present

though toxic levels of methyl

bromide are present.(6, 9,18)

Many atmospheric sc ientists believe

that methyl bromide is an important

ozone-depleting c hemical. Thus, at the

Ninth Meeting of the Parties to the Mon-

treal Protocol in 1997, dec isions were

made that developed countries should

stop using methyl bromide in 2005 and

that developing countries should stop all

use in 2015. (3) The Montreal Protocol

is an international treaty developed in

the late 1980s to c ontrol world produc -

tion and use of ozone-depleting c hemi-

c als. Under the Clean Air Ac t, the U.S.

EPA took steps to phase out methyl bro-

mide use in the United States. The EPA

froze U.S. produc tion and importation of

methyl bromide at 1991 levels. Begin-

ning in 1999, methyl bromide produc tion

and importation will be reduc ed gradu-

ally until 100 percent reduc tion occ urs

on January 1, 2005.(3) Quarantine, pre-

shipment, and c ritic al agric ultural uses

of methyl bromide are exempt from any

c ontrol measures.

The approaching ban on methyl bro-

mide has c aused evaluation of replace-

ment soil fumigants. The EPA has re-

ported that methyl iodide equals methyl

bromide in controlling plant pathogens

and weeds, and it will not adversely af-

fec t atmospheric ozone levels.(3) Though

methyl iodide may bene® t atmospheric

ozone levels, the health risk to pestic ide

handlers may not change. Like methyl

bromide, methyl iodide has poor warn-

ing properties.(8) Also, occupational ex-

posure limits are lower for methyl io-

dide. Both the NIOSH REL and the

ACGIH ° R TLV ° R -TWA are 2 ppm with

a skin notation.(13 ¡ 15) NIOSH considers

methyl iodide a potential occupational

c arc inogen.(13,14) The NIOSH immedi-

ately dangerous to life or health level is

100 ppm.(14) The OSHA PEL for methyl

iodide is 5 ppm with a skin notation.(16)

When evaluating other soil fumi-

gants, an important c onsideration should

be the health risk assoc iated with worker

exposures to potential replacements and

any warning agents. The EPA has pro-

mised that an evaluation of methyl

iodide’ s toxic ity will be added to its

methyl bromide phaseout web site when

the information is available.(3)
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