











3.2.

3.3.

3.4.

Reagents

e

3.2.1. imethylformamide, Burdick and Jackson (Muskegon, MI).

3.2.2. Isooctane, Fisher HPLC Grade (Fairlawn, NJ).

3.2.3. n-Heptafluorobutyrylimidazole (HFBI), Pierce Chemical Co.
(Rockford, IL).

3.2.4. High purity water, Milli-Q filtered water Millipore Inc.
(Bedford, MA).

3.2.5. 2-Bromoethanol, 98% pure, Eastman-Kodak (Rochester, NY).

3.2.6. Anhydrous magnesium sulfate, Baker reagent-grade (Phil-
lipsburg, NJ).

Standard preparation

A stock solution of 2-bromoethanol is prepared by weighing 1 mL of
the standard into a clean, dry 10-mL volumetric flask and diluting
to volume with DMF. Dilutions of this stock give standard solu-
tions from which working standards are prepared. Working stand-
ards are prepared by injecting a series of uL volumes of the above
standards into 4-mL screw-capped vials fitted with septa and con-
taining 1 mL of DMF. A sample calculation with 98% pure 2-bromo-
ethanol standard expressed as its equivalent weight in Et0 is
shown below:

1.7308 grams 44.05
o mL %098 X 13597

= 59.79 mg/mL as EtO

(44.05 and 124.97 are the molecular weights of Et0 and 2-bromo-
ethanol respectively).

3/25 dilution = 7174.5 ug/mL as EtO
1/10 dilution = 717.45 ug/mL as EtO
Injections of 2.5 and 10 pL of 717.45 ug/mL standard, and injec-
tions of 2.5, 5.0, 10, and 15 uL of 7174.5 ug/mL standard into
separate vials containing 1 mL of DMF prodiuce the following work-
ing standards: 1.79, 7.10, 17.9, 35.7, 71.0, and 106 pg as EtO.
These standards, along with the desorbed samples are derivatized
as described in Section 3.5.

Sample preparation

The front acid-coated charcoal section with the glass wool plug,
and the back section with the remaining two glass wool plugs are
transferred to separate 4-mL screw-cap vials. One milliliter of
DMF is then added to each vial and the vials are capped and vigor-
ously shaken for 5-10 s to ensure adequate desorption. The vials
are then allowed to sit for a minimum of 5 min prior to derivatiz-

ation.

50-10



3.5,

3.6.

Derivatization of samples and standards

Ten-microliter aliquots of each working standard and of each sam-
ple solution in DMF are spiked into separate screw-capped vials
containing 1 mL of isooctane and 20 uL of HFBI derivatizing agent.
The septum-capped vials are then briefly shaken to ensure mixing,
and allowed to sit at room temperature for a minimum of 5 min.
One milliliter of filtered water is then pipetted into each vial,
and the vials are capped and shaken vigorously for several seconds

to ensure complete hydrolysis of the excess derivatizing agent.

Analysis

3.6.1. Analysis of the heptafiuorobutyrate ester of Z-bromoethan-
ol 1in isooctane can be performed either manually, by di-
rect 2-pL injections of the isooctane 1layer onto the GC,
or by automated analysis by first transferring the iso-
octane layer into autosampler vials containing approx-
imately 50 mg of anhydrous magnesium sulfate.

3.6.2. Gas chromatographic conditions are listed below:

Manual GC (Tracor 222)

column: 6-ft x 2-mm i.d., glass column packed
with 10%Z SP 1000 on 80/100 Supelcoport
(Supelco, Inc., Bellefonte, PA)

carrier gas: argon/methane (95/5)

flow rate: 15 mL/min

purge rate: 25 mL/min

inlet/oven/

detector temp: 260/85/305 (°C)

injection volume: 2 uL

retention time: 6.0 min

Automated GC (HP 5730A)

column: 10-ft x 1/8-in o0.d. stainless steel
column packed with 10% SP 1000 on 80/100
Supelcoport

carrier gas: argon/methane (95/5)

flow rate: 20 mL/min

inlet/oven/

detector temp: 200/100/300 (°C)
injection volume: 0.4 uL
retention time: 7.2. min

3.6.3. Chromatograms of a standard and of an actual field sample
are shown in Figures 3.6.1. and 3.6.2.

3.6.4. Both the front and back sections of all samples are ana-
lyzed to ensure that no sample breakthrough has occurred.
In the event that a number of samples exceed the range of
the working standards prepared for the analysis, it is
advisable to prepare additional standards in order to
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3.7.

3.8.

3.9.

ensure that all sample responses fall within the range of
the standard curve. For an occasional high sample result,
dilution of the original sample with DMF and rederiva-
tization 1is an appropriate means of analyzing the sample.
Re-analysis of samples at a later date is possible if the
original sample in DMF is kept stored in a freezer. No
significant change in sample results has been observed for
samples stored in this manner and reanalyzed several
months later.

Interferences

No significant interferences to this analysis have been observed
during the course of this study. Methanol, ethanol, n-propanol,
2-chloroethanol, ethylene glycol, and n-butanol, all of which form
esters with HFBI, and are chromatographed under the existing con-
ditions, are not interferences. In the event that an interference
is observed, selection of alternative GC conditions will be neces-
sary. Confirmation of the derivative by GC/MS is a highly useful
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Calculations

3.8.1. A calibration curve is prepared by plotting pug of EtO0 per
sample versus area response. A least squares fit of a
parabolic curve through zero was used to obtain the best
fit of the data since the ECD response was not entirely
linear.

3.8.2. The amount of EtO found on both the front and back sec-
tions of the sample tube are added together and the re-
sulting air concentration is reported in ppm (at 760 mm
Hg, 25°C) using the following formula:

ug Et0/sample x 24.46
L of air sampled 44.05

ppm =

wvhere 24.46 is the molar volume at 760 mm and 25°C.
44.05 is the molecular weight of EtO.

Safety precautions

3.9.1. Minimize exposure to all r
forming all sample and stau
ventilated hood.

3.9.2. Avoid skin contact with all solvents and reagents.

3.9.3. Vear safety glasses in the laboratory at all times.
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4. Backup Data (All data reported in this section were determined using the

4.1.

4.2.

4.3,

HP 5730A gas chromatograph equipped with an autosampler.)
Detection limit of the analytical procedure

The detection limit for the analytical procedure is 0.29 pg per
injection. This is based on a 0.4-pL injection of a 0.72 pg/uL
working standard. This is the amount of analyte which will give a
measurable response with the amounts of interferences present in a
standard. (Figure 4.1.)

Reliable quantitation limit and detection limit of the overall
procedure

The reliable quantitation limit for this method is 0.14 ug per
sample or 3.0 ppb based on a 24-L air sample. Six vials contain-
ing 100 mg of coated charcoal were each spiked with 1 uL of 143.6
ug/mL of EtO0 (as 2-bromoethanol in acetonitrile) and capped and
stored at room temperature overnight. The following day the sam-
ples were analyzed and the % recovery is reported in Table 4.2.

Table 4.2.
Reliable Quantitation Limit
% recovery statistics

94.8

98.6 _

98.6 X = 100.0
104.0 SD = 3.7
104.0 -1.96 SD = 7.25
100.0

Precision of the analytical method

The pooled coefficient of variation for Et0 is 0.028 over a range
of 0.5 to 2.0 times the target concentration of 1 ppm. This value
vas determined from six injections each of three standards which
correspond to 17.89, 35.69, and 71.03 ug of EtO0 per sample respec-
tively.
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4.5.

Table 4.3.
Precision of the Analytical Method

X target conc. 0.5x% 1x 2x
ug/sample 17.89 35.69 71.03
area counts 171863 384974 734904

177031 377399 732039
176889 371456 730219
176924 369710 744751
163554 394991 748800

163743 393891 752568

X 171667 382070 740547
SD 6516 10976 9393
cv 0.0380 0.0287 0.0127
CV = 0.028

Sensitivity

The slope of the calibration curve over the range of 0.5 to 2.0
times the target concentration for the analysis represents the
sensitivity for the method. The ECD response is approximately
linear in this region and the slope of the line is approximately
10,600 area counts per ug EtO per standard (Figure 4.4.).

Storage
Storage of sample sets over a 17-day pe rlod was performed at both
ambient and refrigerated temperatures. The samples were collected

by sampling a 2-ppm test atmosphere at 80% R.H. and ambient tem-
perature for 2 h at 0.1 L/min. This sample load is equivalent to
a 1 ppm, 4-h exposure. A total of 36 samples were generated in
this study. Eighteen of the samples were collected on one day,

the remaining 18 samples were collected three days later.

All of the samples generated in this study, with the exception of
six samples generated on the second generation day which were
analyzed without storage, were randomly split into equal sized
groups and stored either at ambient conditions in the dark, or at
5°C in a refrigerator. Twelve of the samples were analyzed on the
second generation day and these included three samples each from
ambient and refrigerated storage along with six of the samples
generated that same day. The remaining 24 samples were analyzed
in groups of 12 at one week intervals over the next two weeks.
Each group of samples consisted of three samples each from ambient
and refrigerated storage prepared on the two different generation
days.

The results of this study are presented in Ta ble 4.5. and in Fig-
ures 4.5.1. and 4.5.2. A slight decrease in recovery is observed



4.7.

e YatY 4

upon storage, although recoveries remain above 90% through the 17
days stored. It is recommended that samples be stored at reduced
temperature following sampling to minimize any possible 1losses.
Shipment of samples on dry ice, or other precautionary measures,
is not considered necessary for the samples.

Table 4.5.
Storage Tests
storage time % recovery

(days) {(ambient) (refrigerated)

0 92.8 89.2 96.6 92.8 89.2 96.6

0 87.3 86.9 --—- 87.3 86.9 -—-

3 96.9 89.1 93.9 91.3 82.6 90.0

7 89.5 97.0 91.1 99.6 97.1 99.5

10 86.5 87.5 92.0 94.5 98.7 96.2

14 90.7 95.1 92.9 90.7 95.1 92.9

17 90.2 82.9 92.9 93.2 99.7 98.1

Reproducibility

Six sample tubes were each spiked with a stock solution of 2-
bromoethanol to give an equivalent weight of EtO of 37.7 ug per
sample and the samples were then stored in a refrigerator prior
to analysis. The samples were analyzed by a chemist unassociated
with the evaluation. The results are given in Table 4.6.

Table 4.6.
Reproducibility
% recovery statistics
57.5!
84.8 _
84.8 X = 84.8
87.8 SD = 2.1
81.7
84.8
'not used in average
Desorption efficiency
4.7.1. The percent recovery of 2-bromcethanol spiked onto 100-mg
sections of coated charcoal at levels corresponding to 0.5

to 2 times the target concentration for Et0 was deter-
mined. A total of 18 samples in three groups of six were
used in this study. Each group of six samples was spiked
with either a 2.5-, 5.0-, or a 10-uL injection of 7181
pg/mL Et0 in acetonitrile (2-bromoethanol standard in

50-15



4.7.2.

acetonitrile expressed as weight equivalent of Et0). The
samples were stored overnight and analyzed the next day.
The percent recoveries are reported in Table 4.7.1.
Table 4.7.1.
Desorption Efficiency
of 2-Bromoethanol on Acid-Coated Charcoal!

Equivalent weight of % Recovery Relative
Et0 spiked (ug) + 1 8D SD
18.0 101.3 +6.2 6.1
35.9 100.6 +3.1 2.5
71.8 97.4 2.5 2.6

!six samples per data point

The desorption efficiency of coated charcoal was also
determined by spiking three groups of six samples with
either 12.5, 25.0, or 50 uL of pure Et0 gas (Union Car-
bide, Corp., Linde Division, N.Y., NY). The samples were
spiked while laboratory air was being drawn through the
tubes at 0.1 L/min. Controls were prepared by spiking
identical volumes of EtO gas into sample vials containing
1 mL of a 1.5% HBr solution in DMF. Under the prevailing
atmospheric conditions, these volumes of EtO corresponded
to 19.44, 38.74, and 77.31 ug of EtO respectively. These
amounts correspond approximately to 0.5 to 2 times the PEL
concentration for a 24-L air sample. The samples were
capped and stored along with the controls for analysis the
next day. The average percent recovery of samples and
controls is reported in Table 4.7.2. The overall average
recovery relative to controls is 93.3%.

Table 4.7.2.
Desorption Efficiency
of Et0 from Gas-Spiked Charcoal Tubes

no. of amount spiked % recovery 4 recovery
samples (1g) + 1 SD (rel. to controls)
5 19.44 92.9 +3.6 90.5

3 (controls) "o 102.7 +4.4 —

6 38.74 92.4 1.1 92.5

2 (controls) von 99.9 ———- ———

6 77.31 100.1 +3.7 96.9

3 (controls) "on 104.0 +1.7 —




4.8.

Field comparison data

Side-by-side area samples were collected by Ed Zimowski of the
OSHA Health Response Team at a local hospital sterilization facil-
ity wusing this method and the large charcoal sampling tube method
(Qazi-Ketcham). A total of 15 pairs of samples were obtained from
four separate inspections by monitoring different areas of the
hospital’s sterilization facility. The sampling times varied from
4 to 7.5 h for each comparison sample. The sampling rate for both
sampling tubes was about 0.05 L/min. Two large charcoal tubes
were used during each sampling period and the time-weighted aver-
age for the two compared with the acid-coated tube result. The
large charcoal tubes were kept on dry ice after sampling and
stored in a freezer prior to analysis at the laboratory. The
acid-coated tubes were kept at ambient conditions overnight and
then stored in a freezer upon receipt at the laboratory the next
day. Analysis of the large charcoal sampling tubes was performed
by Carl Elskamp of the Methods Evaluation Group. All of the sam-
ples were analyzed within three days of sample collection. The
results for each pair of samples are reported in Table 4.8. The
excellent correlation (R=0.994) with a slope of 0.996 (SD = 0.030)
and an intercept of -0.063 (SD = 0.079) indicates no statistical
difference in the two methods with no bias over the 0.3 to 7 ppm
range measured at the site.

Table 4.8.

Field Comparison Sampling (ppm EtO determined)
sampling method ACT!  QKT? ACT QKT
ppm EtO 0.330 0.278 1.40 1.42

0.370 0.359 2.11  1.88
0.774 0.731 2.26 2.35
0.892 0.938 2.67 2.44
0.982 1.06 2.71 2.43
1.00 1.04 4.56 4.04
1.17  1.09 6.87 7.15
1.29 1.10

lacid-coated tube 2Quazi-Ketchem tube
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Table 4.9.
Additional Storage Data’l

test atmos. % recovery % recovery test of
concentration + SD + SD significance?
(ppm) (0 days stored) (after storage?)
0.10 96.8 +4.9 102 +6.4 not significant
(18 days) at 0.05 level
0.50 94.6 +2.0 92.3 +3.5 not significant
(21 days) at 0.05 level
1.0 90.6 +1.4 84.6 +2.1 significant
(28 days) at 0.01 level
16.0 90.4 +5.4 85.6 +3.4 not significant
(4 samples) (14 days) at 0.05 level

(4 samples)

!six samples per data point unless otherwise indicated
2days of storage in parenthesis
3two-tailed Student t-test of means

Table 4.10.
Low Humidity Sampling
(2-h sampling of 2 ppm Et0 at <5% R.H.)
% recovery % recovery test of
+1 SD +1 SD significance!
(0 days stored) (vith storage)
99.4 +2.8 80.4 +3.1°2 significant at
(5 samples) (6 samples) 0.01 level
98.9 :2.5 88.8 +4.733 significant at
(4 samples) (4 samples) 0.05 level

ltwo-tailed Student t-test of means
Ztwenty-four days of ambient storage
3fourteen days of ambient storage

Table 4.11.
Short-Term Sampling at 5 ppm EtO!

sampling time Z recovery % recovery test of
(min) +1 SD +1 SD significance?
(0 days stored) (21 days stored)
15 95.6 +2.2 90.6 +5.3 not significant
at 0.05 level
30 93.8 +4.3 88.0 +4.3 not significant
at 0.05 level
!three samples per data point
2two-tailed Student t-test of means
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