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Case Studies 
Problems With NIOSH Method 2520 for Methyl Bromide 

Dawn Tharr, Column Editor 

Reported by Yvonne Gagnon, 
Virginia Ringenburg, and John Fajen 

Introduction 

The National Institute for Occupa- 
tional Safety and Health (NIOSH) pub- 
lishes the NIOSH ManuaIofAnalytical 
Methods (NMAM), a collection of ana- 
lytical methods for characterizing ex- 
posures to environmental chemicals. 
When an industrial hygienist selects a 
method to monitor worker exposure, it 
is important to remember that not all 
the methods in the NMAM have un- 
dergone the same level of evaluation, 
as the following case demonstrates. 

As part of an industrywide study of 
the health effects resulting from 
methyl bromide exposure in structural 
and agricultural applicators, NIOSH re- 
searchers conducted industrial hy- 
giene monitoring for methyl bromide 
in Florida during July 1990. NIOSH 
Method 2520 was used. This method 
recommends use of two charcoal 
tubes (400 mg/200 mg) in series, de- 
sorption with carbon disulfide, and 
analysis by gas chromatography with a 
flame ionization detector. Sampling re- 
sults from these surveys indicated a ca- 
pacity problem. 

Aproject was then initiated to deter- 
mine the reason for the methyl bro- 
mide breakthrough that occurred dur- 
ing industrial hygiene monitoring. 
While conducting research to define 
and solve this problem, several other 
problems were identified: reduced ad- 
sorption capacity caused by high hu- 
midity difficulty in preparing standard 
solutions, sample instability change in 
recovery with loading, and insuffi- 
ciently low quantitation limit. The ad- 
dition of a drying tube to the sampling 
train, as well as changes to the analyti- 
cal technique, to the desorption sol- 
vent, and to the time till analysis, re- 
sulted in an improved method for 
methyl bromide. 

This case study demonstrates the 
importance of noting the conditions 
under which a method was evaluated 
and the benefit of testing method per- 
formance under conditions likely to 
exist at a field site 

Background 

NIOSH researchers conducted a 
cross-sectional study of neurologic, 
neurobehavioral, and renal function 
in pesticide applicators exposed to 
methyl bromide and sulfuryl fluoride 
As part of the industrywide study in- 
depth industrial hygiene surveys were 
conducted at two structural fumiga- 
tion facilities in Miami, Florida, during 
July1990. The surveys were conducted 
to observe all aspects of structural fu- 
migation using methyl bromide and to 
determine the range of potential occu- 
pational exposures to methyl bromide 
during these structural applications. 
Both area and personal samples were 
collected. During the monitoring pe- 
riod, the daily temperature ranged 
from 31°C (88°F) to 35°C (!%OF), and the 
relative humidity (RH) ranged from 60 
to 75 percent. The results indicated 
that breakthrough had occurred. Al- 
though the total loading was low some 
backup tubes contained greater 
amounts of methyl bromide than the 
front sampling tubes. The total sample 
volume taken and the sampling rate 
were within the recommendations 
specified in NIOSH Method 2520 for 
methyl br0mide.a Since additional 
monitoring was scheduled, re- 
searchers in the Methods Research 
Branch of the Division of Physical 
Sciences and Engineering (DPSE) were 
asked to investigate the source of the 
problem 

Methods 

Initially the capacityof the sampling 

tube for methyl bromide was investi- 
gated. As the investigation progressed, 
it became evident that preparing re- 
producible standards of methyl bro- 
mide was extremely difficult. There- 
fore, the standard preparation proce- 
dure from the original NIOSH method, 
S372, for methyl bromide was re- 
viewed.@ The instructions for calibra- 
tion against gas standards were inade- 
quate and the literature references 
were incomplete. 

After several experimental trials, 
the most reproducible procedure for 
standards preparation was to liquefy 
methyl bromide and  transfer a 
“known” volume, chilled, to carbon di- 
sulfide, also chilled. A gas chromato- 
graph (GC) equipped with an atomic 
emission detector (AED) was used to 
provide an independent determina- 
tion of stock solutions of methyl bro- 
mide. This stock solution was cali- 
brated against known concentrations 
of another bromine-containing com- 
pound, bromochloropropane, and an- 
alyzed by monitoring the bromine 
channel (478 nm) on the GC-AED.@ 

Eventually because of difficulty in 
preparing reproducible standards by 
liquefying methyl bromide, all analy- 
ses were performed using the revised 
technique, GC-AED. This technique 
eliminates the need to prepare methyl 
bromide standards since other bro- 
minated compounds serve as stan- 
dards. DPSE researchers used com- 
pounds similar to methyl bromide, and 
for these compounds the bromine re- 
sponse was not compound depen- 
dent.@ The time required to obtain 5 
percent breakthrough*) of methyl bro- 
mide from a 400-mg petroleum char- 
coal tube was determined for the fol- 
lowing conditions: flow rates of 0010 to 
0.100 L/min, humidity levels of 40 to 100 
percent, and temperatures of 20” and 
39°C (68” and 102°F). 
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Do you monitor for: INFECTION CONTROL. . . INDOOR AIR QUALITY. . . STERILITY 
VALIDATION.. . FOOD.. . COSMETIC.. . or ASEPTIC PHARMACEUTICAL 

PROCESSING . . . BIOLOGICAL AGENT EXPOSURES?? 

This k absolutely the most 
accurate versatik economk@ 
easy-to-use bibaerosol sampkr 

for a~bomejimgiand baderia, 

95% collection efficiencv for microbials 0.6microns and larger 0 can be completely sterilized 0 lightweight and 
compact (less than a pound) 0 over 18 years of published performance 0 uses disposable 100 x 15mm petri 
dishes 0 able to calibrate flowrate for optimum collection 0 uses any culture medium. 

PLEASE CALL US TOLL FREE AND REQUEST OUR “BIOBOOK” OF SAMPLING PROTOCOLS AND SAMPLER 
COMPARISONS. 

GRASEBY, 
‘ ANDERSEN 

Call Toll Free 800-241-6898 
4801 Fulton Ind. Blvd., Atlanta, Georgia 30336 (404) 691-1910 Fax (404) 691-6315 

Results and Discussion 

Two trials for breakthrough were 
conducted for each set of experimental 
conditions with the generation system 
set to produce a theoretical concentra- 
tion of 27 parts of methyl bromide per 
million parts of air. As the humidity 
levels were increased from 40 to 80 to 
100 percent, the sample tube’s capacity 
for methyl bromide decreased from 
122 to 23 to 16 L, respectively Since a 
total sample volume of 1 L is impracti- 
cal and inadequate for many survey sit- 
uations, an attempt was made to in- 
crease the sample tube capacity by 
placing a drying tube at the front of the 
sampling train. Capacity trials at greater 
than 80 percent RH indicated that a 
large, 9 g, sodium sulfate drying tube 
placed at the front of the sampling train 
resulted in an- increased total sample 
volume of 5 L, without breakthrough. 
Flow rates, ranging from a010 to 0100 
L/min, did not appear to affect sample 
collection. 

Circle reader action no. 111 

Because reproducible standards 
could not be prepared from liquefied 
methyl bromide, the GC-AED was used 
to analyze all subsequent field sam- 
ples. With this detector, the bromine 
response was monitored using the fol- 
lowing three brominated compounds 
as standards: 1-bromopropane, dibro- 
momethane, and 1-bromobutane 
(other brominated compounds may 
also be used). 

Storage stability was also studied 
over time, using methyl bromide solu- 
tions after the concentration was con- 
firmed against the independent stan- 
dards and GC-AEA After 8 days’ stor- 
age at-lO”C, less than 60 percent of the 
amount loaded (150 pg) was recovered 
(40% for 45 pg). However, samples 
stored less than 6 days at-10°C had 75 
percent recovery when loaded with at 
least 58 pg per tube. For loadings of 233, 
58,44,22, ll, and 5 pg per sample, the 
recoveries were 79, Sq 63,53,45, and 0 
percent, respectively This indicated 

that recoverydecreasedas the quantity 
of methyl bromide adsorbed de- 
creased and that storage stability dete- 
riorated over 1 week Analysis of sam- 
ples after 3 through 7 days allowed de- 
termination of when the loss occurred. 
The percent of methyl bromide recov- 
ered was (averaged) 8a9,8W, 772,790, 
and 67.1 percent for 3,4,5,6, and 7 days’ 
storage, respectively While there was 
some gradual loss over the first 6 days, 
loss was greatest between day 6 and 7. 

Because the concentrations of 
methyl bromide collected during sam- 
pling could be below this 5&pg limit of 
quantitation (LOQ) (75% recovery is a 
criterion for LOQ), and not accurately 
measurable due to this recovery limi- 
tation, methylene chloride and 2 per- 
cent acetone in carbon disulfide were 
studied, in addition to carbon disul- 
fide alone This was done to try to im- 
prove recovery at concentrations 
below 58pg per sample The use of 
methylene chloride improved recov- 
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ery of methyl bromide from petroleum 
charcoal to 75.8 percent for the range 
between 14.5 to 57.8 pg per sample. 

Conclusions 
and Recommendations 

NIOSH Method 2520 has several 
problems which are significant enough 
that it will not be includedin the fourth 
edition of the NMAM (not yet pub- 
lished). These problems are: reduced 
adsorption capacity at high humidity 
difficult-to-prepare standard solutions, 
sample instability; decreasing recovery 
as the loading decreases, and insuffi- 
ciently low quantitation limit. 

If it is necessary to sample for methyl 
bromide, the following modifications 
are recommended: 1) collect a maxi- 
mum sample volume of only 1 L, unless 
a 9-g sodium sulfate drying tube is 
used; then a maximum sample volume 
of 5 L can be collected; 2) store samples 
at-10°C or below until analysis; 3) ana- 
lyze samples within 6 days of collec- 
tion; 4) use methylene chloride rather 
than carbon disulfide as the desorp- 
tion solvent; 5) calibrate against other 
brominated compounds, such as l-bro- 
mopropane, dibromomethane, l-bro- 
mobutane, bromochloropropane, or 
other brominated compounds; 6) ana- 

lyze via GC/AED by monitoring the 
bromine channel at 478 nm. 

While this modified method allows 
collection and analysis of methyl bro- 
mide, further improvements in capac- 
ity and desorption efficiency (i.e., bet- 
ter sorbent materials or desorption sol- 
vents) would be appropriate. However, 
because of the anticipated ban on 
methyl bromide,@ DPSE researchers 
do not plan further method develop- 
ment work on this compound. When 
planning any field sampling, it is im- 
portant to review the conditions under 
which the method was evaluated. If 
these differ significantly from condi- 
tionsat thechosensite, test the method 
performance under those conditions 
before proceeding with the survey 
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