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Carboxen/Polydimethyl-siloxane (CAR/PDMYS) 30
3M #3551
GC/MS
(2.96+0.09)x102 cm*/min
3M #3551 103+1%
4 7
93% 4 7
97 3M #3551
(R?=0.9723)
(OSHA) 3M #3551

Abstract

Hydrogen bromide was first loaded onto the Carboxen/Polydimethylsiloxane

(CAR/PDMYS) fiber through 30 sec of headspace extraction. The diffusive sampler
was then assembled and a dynamic standard gas generation system was used to
validate the performance of the sampler. After sampling, the sampler was inserted into
the injection port of gas chromatography/mass spectrometry (GC-MS) for thermal
desorption and sample analysis. Besides, 3M #3551 monitor which was a
commercialy available sampler for ethylene oxide, was side-by-side compared with
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the designed sampler in the lab exposure chamber.

The experimental sampling rate of the designed sampler was found to be
(2.96+0.09)x10? cm*min; the desorption efficiency of the 3M #3551 monitor used
was found to be 103+1%; the shelf life test of the designed SPME sampling device
showed the recovery was around 93% after 7 days storage at 4 ; the sample stability
test of the SPME device showed the recovery was around 97% after 7 days storage at
4 ; the side-by-side comparison with 3M #3551 monitor also showed linear
relationship (R?=0.9723).

The sampler designed in this study showed the advantages of solvent-free, short
extraction time and high reproducibility. The results showed that shelf life and sample
stability were acceptable. While compared with the OSHA approved 3M #3551
method, the designed sampler showed linear relationship as well.
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Ethylene oxide (EtO; C,H4O; epoxyethane; oxirane) is a colorless gas at room
temperature with an ether-like odor at concentrations above 895 to 1253 mg/m® [1].
According to the US Environmental Protection Agency (US EPA), EtO is among the
top 3% of high-volume chemicals produced in the United States [2]. Ethylene oxideis
processed in various applications, for example, in the production of ethylene glycol,
or as the starting material for the manufacturing of acrylonitrile and nonionic
surfactants [3]. The US National Institute for Occupational Safety and Health (NIOSH)
estimated that 270000 US workers are potentially exposed to ethylene oxide, with the
largest concentration being in the health care industry [4]. Exposure to EtO has been
reported predominantly on workers occupied in sterilization units [5]. EtO irritates
the eyes and skin; it may also cause allergies, adverse reproductive effects, and
possibly asthma [1]. EtO is aso a known human carcinogen and a potential
reproductive hazard [6]. The US Occupational Safety and Health Administration
(OSHA) promulgated ethylene oxide health standard with a work-shift 1.79 mg/m®
permissible exposure limit and 0.895 mg/m® action level in 1984 [7] and revised in
1988 to add a 8.95 mg/m® short-term excursion limit [8] while the American
Conference for Governmental Industrial Hygienists (ACGIH) has set up a threshold
limit value (TLV) of 1.79 mg/m® EtO for workplace air [9].

For the exposure assessment of ethylene oxide, many air sampling and analysis
methods have been devel oped. For example, charcoal tube was used for sampling and
carbon disulfide was used for desorbing EtO [10], acid bubbler filled with ethylene
glycol was used for sampling and followed by colorimetric analysis [11], and
Ambersorb XE347 coated hydrobromic acid (HBr) was used to collect EtO as
2-bromoethanol [12]. Besides, hydrobromic acid-coated charcoal tube method was



recommended by both OSHA and the US National Institute for Occupational Safety
and Health (NIOSH) where the reaction of EtO with HBr to produce 2-bromoethanol
was utilized [13,14]. Commercially available 3M 3551 passive monitor which was
recommended by OSHA as organic method No. 49 aso utilized the reaction of EtO
with HBr [15].

However, all the methods mentioned above involve complex procedures for
sample preparations (solvent desorption, for example) and therefore very
time-consuming. In recent years, a new extraction technique caled solid-phase
microextraction (SPME) has been developed by Pawliszyn and co-workers [16,17].
SPME presents many advantages over conventional analytical methods by combining
sampling, preconcentration, and direct transfer of the analytes into a standard gas
chromatograph (GC) [18]. The air sampling and analysis methods with SPME have
been applied to time-weighted average sampling. It is superior to currently available
diffusive sampling methods in overall analytical sensitivity because all of the sorbed
anaytes are introduced into the analytical instrument for quantitation rather than a
small fraction of the extract [19,20]. A user-friendly SPME diffusive sampling device
has recently also been reported for the analysis of ethylene oxide where HBr was first
loaded onto the SPME fiber and direct 2-bromoethanol analysis was performed to
determine the amounts of EtO collected [21]. Methodical optimizations with respect
to the fiber materia used, the HBr coating time, and the desorption time for
2-bromoethanol were all determined [21]. However, more studies were still required,
such as measurements in the real environments. The research shown here detailed the
information regarding the validations of the new designed SPME diffusive sampler
[21] where the side-by-side comparisons between the SPME device and the OSHA
approved 3M 3551 passive monitor were performed in the laboratory as well asin the
fields.

To validate a diffusive sampler, severa parameters including face velocity,
relative humidity, temperature, shelf life, and sample stability were recommended to
be evaluated in the NIOSH protocol [24]. Previous study has shown that face velocity
(0-0.25 m/s) and RHs (10-80%) were not expected to have effects on the designed
SPME diffusive sampler [21]. The recoveries for both shelf life and sample stability
were around 100+7% after 7 days storage at 4°C [21]. In this research, effects of
different temperatures were further investigated and Figure 1 shows the results. By
doing simple linear regression, the dlopes of these regresson lines were
(2.37+0.14)x102, (3.11+0.08)x107?, and (2.94+0.12)x10% cm®/min, for 4°C, 25°C,



and 35°C, respectively, which actually stand for the experimental sampling rates of
the sampler. Statistical analysis showed no difference between the sampling
constants at 25°C and 35°C (P[D.45) while significant differences were observed for
the slopes at 4°C versus 25°C and 35°C (PLD.007 and 0.008, respectively).

The following equation for the estimation of diffusion coefficient might be used
to explain why the sampling constant was lower at 4°C [25].

D = 000143 x T*% @
PG IR+ Q)T

where: Dag is the binary diffusion coefficient of analyte in air in cm?/s at T;
T is temperature, K; Ma and Mg ae molecular weight, g/mol; Mag =
2[(I/Ma)+(UMg)]™; P is the external pressure, bar; 3, is the summation of atomic
diffusion volumes, unitless; i is all the contributing species; A isair; B isthe analyte.

From the estimation, the theoretical diffusion coefficient at 4°C was 0.136
cmzlsec (around 87% of the diffusion coefficient at 25°C) while it was 0.165 cm?/sec
at 35°C (around 105% compared to 25°C). The experimental sampling constant of the
SPME device reported previously was (2.96+0.09)x102 cm®/min at 25°C [21]. If the
variation of diffusion coefficients at different temperatures were considered, the
experimental sampling constant at 4°C was estimated to be (2.57+0.08)x10 cm*/min
(around 87% compared to 25°C) which showed no statistical difference with what
was found in this research (P[D.11). On the other hand, the experimental sampling
constant at 35°C was estimated to be (3.10+0.09)x10? cm®min which also showed no
statistical difference with what was found in this research (PLD.14).

Figure 2, 3, 4 and 5 show the results of side-by-side comparisons between the
SPME device and the 3M 3551 passive monitor. To calculate the concentrations of
EtO that were sampled, (2.96+0.09)x10°% cm®min was used as the experimental
sampling constant of the SPME device [21] while 49.3 cm*min was used for the 3M
monitor [23]. For the side-by-side comparisons in the laboratory, Figure 2 shows that
the correlation between the results from the SPME devices and the 3M 3551 passive
monitors was linear with r= 0.9861. The slope is 1.05+0.05 which further suggested
that the results from both methods were consistent.

The temperatures and relative humidities during the field validations were
22.9°C -26.0°C and 71%-80%, respectively. The wind velocities of area samplings
were also monitored which showed that the minimum air velocities required for the
3M 3551 passive monitor (0.076 m/s) [15] and the SPME device (wind velocity had
no effects) [21] were both met. Figure 3 shows that the correlation between the results
of 3 days' sampling from the SPME devices and the 3M 3551 passive monitors was
linear with r=0.9718 for area sampling. The slope is 1.16+0.07 which aso suggested




that the results from both methods were consistent.

However, as shown in Figure 5, when the results of personal and area sampling
from the first two days were merged together, the correlation (r=0.8742) and
consistency (slope=2.18+0.28) changed. As shown in Figure 6, the SPME device was
originally clipped on the wearer’s clothes and was placed in front of the chest. The
open-face of the sampler was found very easily to be blocked if the wearer kept
moving. This might explain why big variations were observed from the side-by-side
personal sampling of the first two days. Therefore, the SPME device was placed on
the wearer’s shoulder at the same side of the 3M 3551 passive monitor to avoid
further blocking of the open-face on the third day. When all the data from field
validations were merged, except the personal sampling of the first two days, Figure 5
shows that the results from both methods were linear (r=0.9699) and consistent
(slope=1.14+0.07).

Previous laboratory validations found that the SPME device could be applied to
1 - 8 hours sampling at concentrations equaled 0.5 - 2 times TLV-TWA as well as only
10 - 90 min sampling at concentration equaled 8 times TLV-TWA [21]. In this study,
EtO of 0.89, 1.79, 3.58 and 17.9 mg/m*® (equivaent to 0.5, 1, 2 and 10 times
TLV-TWA) were prepared by the dynamic system and the SPME devices were
exposed for 6 hours at each concentration. As shown in Figure 7, the slope was
(2.91+0.13)x102 cm*/min which was not statistically different from (2.96+0.09)x10
cm®/min, the experimental sampling constant reported previously [21]. This suggested
that the designed method could also be applied to higher concentration (10 times
TLV-TWA) for longer sampling time (6 hours).

The research shown here validated the newly designed user-friendly SPME
device for the determination of EtO [21]. Both laboratory and filed evaluations of the
side-by-side comparisons for the SPME device and the 3M 3551 passive monitors
were performed. It was shown that the results between the SPME device and the
OSHA approved 3M 3551 were linear and consistent.

The diffusive sampling with the SPME device has an advantage over other
methods because no pumps and solvents are required which reduces the sampling
costs and the time for sample analysis. Compared with 3M 3551 passive monitor
where 30 min of desorption with 1.5 mL of 10% (v/v) methylene chloride in methanol
was needed, the sample from SPME device was analyzed smply by inserting the



needle of the SPME into the injector of GC/MS. The cumbersome procedure was
omitted obviously. However, specia cares must be taken to avoid the possible
blocking of the open-face when the tube-type SPME diffusive sampler is going to be
used.

Derivatization technique which increased the sample stability and analytical
sensitivity was used in this research where simultaneous derivatization and extraction
were performed directly on the fiber coating. The current method could be applied
to 1 - 8 hours sampling at concentration equaled 0.5~2 times TLV-TWA as well as 6
hours sampling at 10 times TLV-TWA. Face velocities (0 - 0.25 m/s) and RHs (10 -
80%) were not expected to have effects on the sampler while temperatures did
influence the results. However, the concentration of EtO can be measured correctly
once the variation of diffusion coefficients from different temperatures was
considered and the experimental sampling constant was adjusted.
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Fig. 1. Vapor exposures from gas bag with

conc.=14.38 mg/m® at different temperatures
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Fig. 2. Correlation of EtO concentrations measured in

the laboratory with SPME device and 3M 3551

passive monitor side-by-side placed in the exposure
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from area sampling for 3 successive days with SPME
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Fig 4. Correlation of EtO concentrations measured
from personal and area sampling for the first 2 days
with SPME device and 3M 3551 passive monitor

side-by-side placed in the fields
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Figure 5. Correlation of EtO concentrations measured
from area sampling for 3 successive days and from
personal sampling of the third day with SPME device
and 3M 3551 passive monitor side-by-side placed in
the fields

Fig. 6. Side-by-side validations from persona

sampling in the fields
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Fig. 7. Vapor exposures from dynamic system with

conc.=0.89, 1.79, 3.58 and 17.9 mg/m? for 6 hours
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