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bstract

This study examined the characteristics of a solid phase microextraction (SPME) assembly as a passive sampler to determine the short-term
xposure level (STEL) of methylene chloride. Two types of SPME fibers and six sampling-related factors were chosen and nested in an L18

aguchi’s orthogonal array. Samples were thermally desorpted and analyzed by gas chromatograph equipped with an electron capture detector
GC/ECD). The use of 85-�m Carboxen/polydimethylsiloxane (Car/PDMS) fibers resulted in greater adsorbed mass, which was highly correlated
ith the product of concentration and sampling time (r > 0.99, p < 0.0001), than 85-�m polyacrylate fibers. The sampling rate (SR) of the 85-�m
arboxen/polydimethylsiloxane fibers was not significantly affected by variations in relative humidity (0–80%) and coexistent toluene (none to
00 ppm). Variance of sampling rate was predominantly attributed to the diffusive path length (86.4%) and sampling time (5.7%). With diffusive

aths of 3, 10 and 15 mm, the sampling rates of 85-�m Carboxen/polydimethylsiloxane fibers for methylene chloride were 1.4 × 10−2, 7.7 × 10−3

nd 5.1 × 10−3 mL min−1, respectively. The measured sampling rates were greater than the theoretical values, and decreased with increment of
ampling time until they came to constant.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Methylene chloride is a solvent used in various industrial
rocesses such as paint stripping, metal surface cleaning and
egreasing. Inhalation and skin contact are the major routes
f exposure [1]. Fatal incidence has been reported due to the
iotransformation of methylene chloride into carbon monoxide
n vivo [2]. Because of its carcinogenicity, methylene chloride
s listed by the International Agency for Research on Cancer
IARC) as a possible human carcinogen (Group 2B). While
he US National Institute for Occupational Safety and Health
NIOSH) recommends that the exposure level be as feasible low

s possible, the American Conference for Governmental Indus-
rial Hygienists (ACGIH) recommends 50 ppm as the threshold
imit value (TLV®) for minimizing the potential elevation of

∗ Corresponding author. Tel.: +886 2 33228103; fax: +886 2 23918996.
E-mail address: jmlin@ha.mc.ntu.edu.tw (J.-M. Lin).
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arboxyhemoglobin and the depression of the central nervous
ystem [3].

Inhalation exposure in a risk group is usually measured
y an active charcoal sampling tube coupled with GC/FID,
as chromatograph equipped with an electron capture detec-
or (GC/ECD) or GC/MS for analysis [4–8]. These integrated

ethods not only take time for sampling as well as sample
reparation, but also consume solvent in the process of sam-
le extraction. Solid phase microextraction (SPME) provides
ignificant advantages over the traditional methods. It offers
olvent-free operation, convenient coupling with field analyti-
al instruments, good accuracy, precision, cost effectiveness and
implicity of operation and calibration [9].

Diffusive sampling techniques using SPME have been
eported for gaseous chemicals such as hydrocarbons, ethy-

ene oxide, and n-valeraldehyde, etc. based on Fick’s first law
10–12]. According to the law, the mass loading of a diffusive
ampler is proportionally related to the concentration (C) of
he chemical, the exposure time and the sampling rate (SR).

mailto:jmlin@ha.mc.ntu.edu.tw
dx.doi.org/10.1016/j.chroma.2006.10.033
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Table 1
Designation of factors and levels for each factor in experimental design by
Taguchi’s orthogonal array

Factor Variable Level 1 Level 2 Level 3

A Sorbent type Car/PDMS polyacrylate –
B Concentration (ppm) 25 50 100
C Temperature (◦C) 15 25 30
D RH (%) dry air 50 80
E Interference, toluene (ppm) 0 50 100
F Path length (mm) 3 10 15
G
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he sampling rate is a product of the diffusion coefficient (D)
f a chemical and the ratio of the cross-sectional area of the
iffusion path over the path length for diffusion of that sam-
ler. The sampling rate of a diffusive sampler for a compound
an be experimentally determined or calculated as the diffusion
oefficient is estimated by Gilliland’s approximation [13]. Thus,
bsolute temperature, T, is a factor affecting the performance of
diffusive sampler not only because the D is proportional to

1.5 and inversely proportional to pressure (P), but also because
he C is proportional to P and inversely proportional to T. As a
esult, the mass loading of a diffusive sampler is proportional to
0.5.

In using an SPME assembly as a diffusive sampler, the collec-
ion medium is the coating material on a fused-silica fiber. There
re two types of SPME fibers available. A critical part of the
ber selection process is determining whether to use an adsor-
ent type fiber or an absorbent type fiber. The affinity between
he sorbent and the sorbate is one of the considerations when
hoosing an appropriate fiber. Typically, the chemical nature of
target analyte determines the type of fiber used [14]. In addi-

ion, the atmospheric conditions, especially relative humidity
nd coexistent compound, might create competitive problems
f adsorption sites of a collection medium.

This paper was intended to characterize the performance of
SPME device as a diffusive sampler for methylene chloride

ased on the experimental trials designed with Taguchi’s orthog-
nal array.

. Experimental
.1. Design and statistical analyses

As mentioned above, the performance of loading a chemical
n a SPME fiber would depend on the configuration of a sam-

fi
a
2
m

able 2
xperimental trials and results of the L18 orthogonal array design

18 orthogonal array design

rial A B C D E F G H

1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
0 2 (1) 1 1 3 3 2 2 1
1 2 (1) 1 2 1 1 3 3 2
2 2 (1) 1 3 2 2 1 1 3
3 2 (1) 2 1 2 3 1 3 2
4 2 (1) 2 2 3 1 2 1 3
5 2 (1) 2 3 1 2 3 2 1
6 2 (1) 3 1 3 2 3 1 2
7 2 (1) 3 2 1 3 1 2 3
8 2 (1) 3 3 2 1 2 3 1

a The figures in parentheses indicate results obtained in accordance with the arrang
Sampling time (min) 5 15 30
(Not used) – – –

ling device, the type of collection medium, the concentration
f a chemical, the sampling time and the atmospheric conditions
nvolving in relative humidity, ambient temperature and coexis-
ent compounds. Thus, seven factors shown in Table 1 were
hosen for the experimental design. A Taguchi’s orthogonal
rray L18(21 × 37) [15] was used for this seven-factor experi-
ent as shown in Table 2. L and subscript 18 denote the Latin

quare and number of the experimental runs, respectively. Fac-
or A had only two levels, while the others had three levels. The
ual levels of factor A were coded as 1 and 2. The three levels
f the other factors were coded as 1, 2 and 3. A run involved
he corresponding combination of levels assigned to the seven
actors.

The levels of each factor were determined according to
he scenarios of industrially hygienic sampling that the SPME
ampler would meet. The chosen polyacrylate fibers had the
ame 85-�m thickness as the Carboxen/polydimethylsiloxane
Car/PDMS) fibers, but with different properties. Polyacrylate

ber is a polar absorbent while Car/PDMS fiber is a bipolar
dsorbent. The concentration of methylene chloride was set for
5, 50 and 100 ppm to reflect to the threshold limit values of
ethylene chloride, 50 ppm, as 0.5, 1, and 2 TLV® by ACGIH.

Experimental results

Mass loading (�g) Sampling rate (mL/min)

8.20 × 10−3 1.68 × 10−2

1.32 × 10−2 9.34 × 10−3

1.41 × 10−2 5.85 × 10−3

4.14 × 10−2 7.37 × 10−3

5.40 × 10−3 5.71 × 10−3

4.48 × 10−2 1.63 × 10−2

2.96 × 10−2 5.41 × 10−3

1.35 × 10−1 1.29 × 10−2

1.45 × 10−2 8.96 × 10−3

4.01 × 10−3 (1.13 × 10−2)a 2.50 × 10−3 (7.85 × 10−3)
4.91 × 10−3 (1.23 × 10−2) 1.99 × 10−3 (5.12 × 10−3)
1.49 × 10−3 (8.34 × 10−3) 4.00 × 10−3 (2.08 × 10−2)
1.22 × 10−2 (7.25 × 10−2) 2.21 × 10−3 (1.34 × 10−2)
3.04 × 10−3 (8.75 × 10−3) 3.87 × 10−3 (9.82 × 10−3)
5.89 × 10−3 (1.39 × 10−2) 1.93 × 10−3 (5.36 × 10−3)
4.78 × 10−3 (1.09 × 10−2) 2.62 × 10−3 (6.87 × 10−3)
1.62 × 10−2 (7.43 × 10−2) 3.02 × 10−3 (1.49 × 10−2)
2.15 × 10−2 (8.32 × 10−2) 2.08 × 10−3 (7.89 × 10−3)

ement of experiment variables in column A of the orthogonal array.
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Table 3
ANOVA table for identifying significant factors on variance of sampling rates where Car/PDMS SPME fibers were utilized to conduct diffusive sampling for
methylene chloride in accordance with orthogonal array design listed in Table 2

Factor Sampling rate (mL/min) Analysis of variance

Level 1 Level 2 Level 3 d.f. Mean square F Pure sum of squarea Percent influenceb (%)

A 1.01 × 10−2 – – – – – –
B 1.10 × 10−2 9.69 × 10−3 9.52 × 10−3 2 1.14 × 10−5 14.1 2.13 × 10−5 1.84*

C 9.65 × 10−3 9.66 × 10−3 1.09 × 10−2 2 9.01 × 10−6 11.2 1.64 × 10−5 1.42*

D 9.78 × 10−3 1.04 × 10−2 9.96 × 10−3 2 2.09 × 10−6 2.58 2.56 × 10−6 0.220
E 1.03 × 10−2 1.05 × 10−2 9.47 × 10−3 2 4.82 × 10−6 5.97 8.03 × 10−6 0.700
F 1.59 × 10−2 8.54 × 10−3 5.72 × 10−3 2 4.99 × 10−4 617 9.96 × 10−4 86.4*

G 1.15 × 10−2 9.89 × 10−3 8.78 × 10−3 2 3.39 × 10−5 41.9 6.61 × 10−5 5.73*

Other/error 41 8.08 × 10−7 3.71

he pro
divid

T
5
a
f
m
p
i
T
s
T

b
a
a
o
T
t
p
o

2

(
a
G
p
t

2

l
e
I
i
w
w
t

a
s
p

2

2

p
a
A
u

S

where D is the diffusion coefficient of the chemical in gas
phase. The diffusion coefficient of methylene chloride in the
atmosphere can be estimated using Gilliland’s approximation,
of 0.1037 cm2 s−1, at 25 ◦C and 760 mmHg. With the opening of

Fig. 1. Schematic diagram depicts a SPME assembly where a SPME fiber is
retracted and housed in a needle for diffusive sampling. In diffusive sampling,
Cair designates concentration of an analyte in ambient air; Z is the path length
between the opening of a needle and the SPME fiber; the opening of the cross-
* p < 0.05; significant level α = 0.05.
a The “pure sum of square” is the value that the “sum of the square” minus “t
b The “percent influence” is the percentage where the “pure sum of square” is

emperatures of 15, 25, and 30 ◦C, and relative humidities of 0,
0, and 80% were set because most ambient air measurements
pproach these ranges. Toluene was chosen to demonstrate inter-
erence in the competitive adsorption study, because toluene and
ethylene chloride are the main ingredients in paint-stripping

roducts [16]. The path length was set at 3, 10, and 15 mm, that
s within the adjustable range (3–30 mm) of the SPME needle.
he sampling time were set at 5, 15 and 30 min that include the
hort-term exposure level (STEL) allowing to perform a 15 min
WA sampling [17].

The mass loading and the sampling rate were considered to
e the experimental outcomes (Table 2). The average effect of
factor at a level was calculated by examining the orthogonal

rray, the factor assignment and the experimental outcomes. All
utcomes of a factor at the same level were averaged (Table 3).
he analysis of variance (ANOVA) was performed to identify

he influence of individual factor to variance of outcomes. The
ercent influence of a factor was calculated by the “pure” sum
f squares over a “total” sum of squares [18].

.2. Materials

All SPME fibers and holders were purchased from Supelco
Bellefonte, PA). Methylene chloride (99.5%), toluene (99.9%)
nd n-hexane (99.5%) were procured from Merck (Darmstadt,
ermany). Gas-tight syringes and microsyringes for sample
reparation and gaseous injection were purchased from Hamil-
on (Reno, NV).

.3. Instrumentation

All analyses were performed on a HP-5890 series II (Agi-
ent Tech., Palo Alto, CA) gas chromatograph equipped with an
lectron capture detector. The column was a 30 m × 0.53 mm
.D. 0.1-�m film DB-wax chemically bounded fused-silica cap-

llary column (J&W Scientific, Folsom, CA). The carrier gas
as nitrogen with a flow rate of 0.3 mL min−1 for 1 min, which
as shifted to 2 mL min−1 in a splitless-injection mode. The

emperature for the injector port was 180 ◦C. The oven temper-

s
i
b
p
p

duct of the degree of freedom (d.f.) and the error variance”.
ed by the “total sum of square”.

ture was isothermal at 70 ◦C for 8 min. The analyte of SPME
ampling was thermally desorbed from the fiber in the injector
ort at temperature of 180 ◦C.

.4. Sampling and analysis

.4.1. Theory
The SPME assembly can be used as a diffusive sampler, sim-

ly by retracting the sorbent coating fiber into the needle housing
known distance Z from the opening of fixed area A (Fig. 1) [10].
ccording to Fick’s first law, the sampling rate of a chemical
sing the sampler can be defined as follows:

R = D ×
(

A

Z

)
(1)
ectional area is denoted as A; the length of a SPME fiber rod used in this study
s 1 cm; concentration of an analyte on the surface of a fiber is supposedly to
e zero in the initial stage of sampling and then build up to Cfiber as sampling
roceeds for a while. Thus, real sampling efficiency would deviate from the
rediction based on Fick’s first law.



C.-Y. Chen et al. / J. Chromatogr. A 1137 (2006) 138–144 141

eratin

t
1
m
r

2

o
s
r
r
M
T
a
a
s
a
w
w
r
(
g
r
T

e
d
d

2

t
a

s
p
d
G
o
c

3

3

p
o
m
b
o
8
t
T
f

3

a
t
r
5

Fig. 2. Schematic diagram of the system for gen

he needle area being 0.00086 cm2 and the diffusive path set at 3,
0 and 15 mm, the sampling rate for methylene chloride was esti-
ated to be 1.8 × 10−2, 5.4 × 10−3 and 3.6 × 10−3 mL min−1,

espectively.

.4.2. Preparation of reference vapor of methylene chloride
Known concentrations of methylene chloride and a mixture

f methylene chloride and toluene were prepared by the dynamic
tandard gas generator as shown in Fig. 2. The methylene chlo-
ide or the mixture in a microsyringe was injected at a constant
ate regulated by a syringe pump (Sage Instruments, Boston,

A), and evaporated by a heat block (Km-2011, Kung-Ming,
aiwan) at a temperature of 200 ◦C. Compressed air through
gas-dry filter trap (Model 75-10, Balston, Haverhill, MA) as
dilution gas stream merged with the chemical-containing air

tream and a humidity-conditioning air stream. The combined
ir stream was then led into a water-jacket exposure chamber
here temperature was regulated by a temperature-controlled
ater bath (Chin-Hsin Enterprise Co., Taipei, Taiwan). The flow

ates in this system were regulated by mass flow controllers
Porter Instruments, Hatfield, PA) and calibrated by a bubble
enerator (Sensidyne Inc., Clearwater, FL). The temperature and
elative humidity were measured by a thermo-hydrometer from
esto (Lenzkirch, Germany).

The experimental trials of sampling were performed in the
xposure chamber while after an aliquot of 200 �L of gas was
rawn from the chamber and had it injected directly into GC for
ouble-check the concentration of methylene chloride.
.4.3. Preparation of methylene chloride calibration curve
The air bag method was used to prepare the known concen-

rations (0, 50 and 100 ppm) of methylene chloride gas. An
ppropriate aliquot of methylene chloride was injected into 1 L

1
o
5
e

g known concentration of methylene chloride.

ample bags (SKC Inc., Fullerton, CA) containing 800 mL of
urified air. An aliquot (10–250 �L) of the prepared gas was
rawn by a gas-tight microsyringe and injected directly into
C. The calibration curve was plotted by response versus mass
f methylene chloride injected. The relative errors of using the
alibration curve for prediction were controlled within 10%.

. Results and discussion

.1. Loading capacity of different SPME fibers

Table 2 lists the outcomes of the mass loading and the sam-
ling rate upon the 18 trials that were designed on the basis
f Taguchi’s orthogonal array. The average mass loading of
ethylene chloride on Car/PDMS fibers in nine trials (num-

ered 1–9) was 3.41 × 10−2 �g while the average mass loading
n polyacrylate fibers in nine trials (numbered 10–18) was
.23 × 10−3 �g. The pooled coefficients of variance between
rials were 5.01% for Car/PDMS and 5.70% for polyacrylate.
he Car/PDMS fibers obviously have better loading capability

or sampling methylene chloride than polyacrylate fibers have.

.2. Sampling rates

To determinate the sampling rates of using different fibers,
plot of the collected mass versus the product of concentra-

ion and exposure time was performed (Fig. 3). The sampling
ates of using Car/PDMS were 1.4 × 10−2, 7.7 × 10−3 and
.1 × 10−3 mL min−1 as the diffusive path lengths were set at 3,

0, and 15 mm, respectively (Fig. 3A), while the sampling rates
f using polyacrylate fiber were 2.3 × 10−3, 1.9 × 10−3 and
.0 × 10−4 mL min−1 (Fig. 3B). The type of adsorbent appar-
ntly affected the sampling rate. However, they differed from
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Fig. 3. The relationship between the measured mass and the product of con-
centration and sampling time as the SPME fibers at three diffusive path length
settings (3, 10 and 15 mm) were exposed to methylene chloride at concentration
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f 1/2 TLV, 1 TLV (50 ppm) and 2 TLV ((A) for Car/PDMS fiber, n = 18; (B)
or polyacrylate fiber, n = 9; slope indicates the sampling rate in mL min−1).

hose predicted by Fick’s first law (Table 4). The sampling rate
f using Car/PDMS with diffusive path of 10 or 15 mm was
reater than theoretical value but it was smaller than theoretical
alue as using Car/PDMS with path length of 3 mm. The results

n this study seem not completely agree to Hafkenscheid’s pro-
osal that the effective sampling rate of a diffusive sampler (Ueff)

able 4
omparison of the measured sampling rates to the theoretical values predicted
y Fick’s first law

iffusive path
ength (mm)

Sampling rate (mL−1 min) ea

Theoretical Measured

3 1.78 × 10−2 1.36 × 10−2 0.76
0 5.40 × 10−3 7.67 × 10−3 1.42
5 3.60 × 10−3 5.11 × 10−3 1.42

a The sampling efficiency “e” is a ratio of a measured sampling rate over a
heoretical sampling rate.
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ig. 4. The Sampling rate of methylene chloride by Car/PDMS fiber at three
ifferent diffusive path settings (3, 10 and15 mm) varied with increment of sam-
ling time.

ould be [20]:

eff = D

(
A

Z

)
× e (2)

here “e” is defined as the sampling efficiency and 0 < e < 1. The
reater sampling rates as demonstrated in this study are likely
ue to the adsorption of methylene chloride on the stainless steel
eedle, similar as the results of Chen and Pawliszyn’s work in
hat sampling rate obtained with the stainless steel needle fiber
ere significantly higher than the theoretical values for the first
-h sampling for n-undecane, while those determined by the
eactivated needle fiber were consistent with theoretical values
nd were highly reproducible [19].

Fig. 4 depicts that sampling rates varied with sampling time as
ell as the length of diffusion path. The sampling rate decreased

lightly with increase of sampling time until they leveled off,
specially in the trials when the diffusion path was set at 3-
m. Sampling rates determined by the Car/PDMS fiber with

he diffusion path of 3-mm were significantly higher than the
heoretical value (1.78 × 10−2 mL min−1 in Table 4) for the first
min sampling. This result also resembles the observation of
typical tube-type diffusive sampler in which the initial sam-

ling rate was close to the estimation by Fick’s first law, but
ecreased gradually as the sampling continued [21]. Fick’s first
aw describes the mass transfer of the analyte in the air phase. In
he air phase, only diffusion was taken into account and the
orbent of a diffusive sampler should be thought as a ‘zero
ink’ for the target analytes. Although a sorbent would be an
deal ‘zero sink’ at the every beginning for a diffusive sam-
ling, analyte on the surface of an adsorbent would build up
nd migrates into the adsorbent as the sampling proceeds. The
ampling rate will be constant only after analyte reaches phase
quilibrium. The time required to reach a constant sampling rate

as dependent on the length of the diffusive path and concen-

ration of analyte. The shorter the diffusive path, the shorter the
ime required. But, the results from the trials of using samplers
ith path length of 10 and 15 mm (Fig. 4) did not obviously
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ride was 5.6 min. The peak corresponding to toluene does not
show up because its retention time is 8.6 min that is longer than
the running time showing in the figure. During preliminary test,
it was also noticed that the peak response to a 200-�L gaseous
C.-Y. Chen et al. / J. Chrom

how up the expectation just as Chen and Pawliszyn demon-
trated in their study [19], probably because the sampling times
n the trials were within 30 min that would be not long enough
or demonstration. However, our results imply that, for assess-
ng short-term exposure level in industrial hygiene purposes,
ampling of methylene chloride of concentration around the 0.5
LV–2.0 TLV by 85 �m-Car/PDMS fibers, it is better to have

he path length set at 10 or 15 mm because the sampling rates at
hese path length were almost constant.

.3. Influence of environmental factor

Based on the results in Table 2, sampling rates of a factor
t the same level were averaged and ANOVA was employed
Table 3). In Table 3, the influence of diffusive path length on
ampling rate accounted for 86.4% of total variance. Sampling
ime accounted for 5.73%. The other four factors (i.e., concentra-
ion, temperature, relative humidity and the extent of coexistent
oluene) accounted for 1.84, 1.42, 0.70 and 0.22%, respectively.

Sampling rate was significantly affected by temperature from
5 to 30 ◦C in this study (F = 11.2, p < 0.05). Diffusivity of an
nalyte is a function of temperature and pressure and alters
y factors of 0.5%/K and 0.1%/mbar according to Gilliland’s
pproximation. Relative humidity was not statistically signifi-
ant factor (F = 2.58, p > 0.05). It seems that relative humidity
80% did not significantly interfere the diffusive sampling of
ethylene chloride with a Car/PDMS SPME fiber. This is sim-

lar to the result obtained by a 100 �m of PDMS fiber when the
ydrophilic fiber was exposed to relative humidity below 90%
22].
.4. Analysis and quality of control

In order to check the reference concentration of methylene
hloride, 200-�L of chamber gases were drawn and directly

ig. 5. The measured concentration determined by pick-up with micro-syringe
nd analysis with GC/ECD vs. the expected concentration in the exposure cham-
er of the system for generating gaseous methylene chloride (n = 27).

F
1
o

ig. 6. The relative errors of the measured concentration vs. the expected
oncentration in the exposure chamber of the system for generating gaseous
ethylene chloride (n = 27).

njected into the GC/ECD for analysis. As shown in Fig. 5, the
bserved concentration was well correlated with the expected
alue (r > 0.99, p < 0.0001, n = 27). Of the 27 analyses, 89%
videnced an error of less than 10% relative to the expected
oncentration (Fig. 6).

Fig. 7 shows gas chromatograms of methylene chloride
etected by GC/ECD. The retention time of methylene chlo-
ig. 7. The GC/ECD chromatograms of methylene chloride ((a) air-blank; (b)
00 �L gaseous methylene chloride of 50 ppm by direct injection; (c) sampling
f 50 ppm methylene chloride for 5 min by Car/PDMS fiber).
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njection of 100 ppm toluene was hard to detect. Thus, the peak
bout toluene was neglected in the latter runs. The ECD is rel-
tively sensitive to halogen-containing compounds so that the
oexistent nonhalogen-containing compound like toluene would
ake less interference on a chromatogram.

. Conclusion

Methylene chloride is one of possible carcinogens that are
ecommended to low down exposure level. The SPME sampling
ssembly could be an effective device for evaluating this hazard.
n this study, the SPME diffusive sampling was set for assess-
ng the STEL of methylene chloride in industrial scenarios.
aguchi’s orthogonal array was utilized to design the experi-
ental trials and ANOVA was performed to identify the main

oncerns on the performance of SPME diffusive sampling. The
se of orthogonal array helps us study many factors simultane-
usly and reduce the number of experiment to a much practical
nd affordable size. The results elucidate that the sampling rates
f a SPME fiber assembly varied with sampling time once the
ength of the diffusive path was fixed. The measured sampling
ates were greater than the theoretical values, and decreased
ith increment of sampling time until they came to constant. To

valuate the STEL in industrial scenario for sampling methylene
hloride of concentration around 0.5 TLV–2.0 TLV, we recom-
end using the SPME assembly of 85 �m-Car/PDMS fiber and

f path length at 10 or 15 mm.
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