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Abstract: The application of solid phase microextraction (SPME) is generally conducted by directly immersing
the fiber into the liquid sample or by exposing the fiber in the head space (HS). The extraction temperature,
the time of incubation, and application of stirring are often designated to be the most important parameters
for achieving the best extraction efficiencies of HS-SPME analysis. In this study, relative importance of these
three analytica parametersinvolved in the HS-SPME method is evauated using a polydimethylsiloxane/carboxen
(PDMS/CAR) fiber. To optimize its operation conditions the competing relationships between different parameters
were investigated by comparing the extraction efficiency based on the combination of three parameters and
two contracting conditions: (1) heating the sample a 30 vs. 50 C, (2) exposing samples a two durations of
10 vs. 30 min, and (3) application of stirring vs. no stirring. According to our analysis among 8 combination
types of HS-SPME method, an extraction condition termed as S50-30 condition ((1) 1200 rpm dirring, (2)
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50°C exposure temp, and (3) 30 min exposure duration) showed maximum recovery rate of 45.5~68.5% relative
to an arbitrary reference of direct GC injection. According to this study, the employment of stirring is the most
crucid factor to improve extraction efficiency in the application of HS-SPME.
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Table 1. The basic characteristics of the main target VOCs investigated in this study

name DL
Order Formula Number of C MW

Full name Short name (ppb)

1 Benzene B CgHe 6 78 0.05

2 Toluene T CeHsCH3 7 92 0.04

3 Ethylbenzene EB CeHsCoHs 8 106 0.04

4 m,p-Xylene m,p-X (CH3).CeH4 16 106 0.04

5 o-Xylene o-X (CH3),CeHs 8 107 0.02

6 Styrene S Ce¢HsCH=CH, 8 106 0.04

7 Bromobenzene BB CeHsBr 6 157 0.07

8 1,3,5-Trimethylbenzene 1,35-TMB (CH3)3CeHe 9 124 0.04

9 1,2,4-Trimethylbenzene 1,2,4-TMB (CH3)3CeH~ 9 124 0.04

10 p-Isopropyltoluene p-1PT CioH1a 10 134 0.04

11 n-Bromobenzene n-BB CioH14 10 134 0.04

12 1,2,4-Trichlorobenzene 1,2,4-TCB Cl3CgH5 6 181.5 0.09

13 Naphtalene NAP CioHs 10 128 0.06

14 1,2,3-Trichlorobenzene 1,2,3-TCB Cl3CgH5 6 1815 0.1
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Table 2. The basic cdibration conditions of GC/FID with direct GC injection
(a) Absolute amount of VOC standard for the application of direct GC injection (DIR)

Standard conc. Calibration Injection volume Absolute amount
ng/uL point uL ng
10 1 1 10
20 2 1 20
40 3 1 40

(b) Operation conditions

Column info. DB-VRX (Length: 60 m, ID: 0.32 mm, Film thickness: 1.8 um, J&W)
GC info. DS 6200 GC
initial oven Temp 50°C Total Time 40 min
initial hold Time 5 min injector Temp 250°C
rate 6°C - mint Detector Temp 240°C
final oven Temp 230°C carr flow 115 mL - min?
fina hold Time 5 min split flow 15.6 mL - min?

Table 3. The basic cdibration conditions of caibration with HS-SPME method
(a) Absolute amount of VOC standard mixed in a 10 mL distilled water

Standard conc. Calibration Injection volume Absolute amount
ng/uL point uL ng
10 1 1 10
20 2 1 20
40 3 1 40

(b) Basic information of SPME method and sampling method

SPME (CAR-PDMYS) Sample information
film thickness 75 um vid volume 22 mL
desorb time 10 min sample volume 10 mL
desorb temp 250°C

Table 4. An experimental scheme for the comparison between direct injection (DIR) and 8 combination types of SPME

gpplication
Method stirrin exposure tem| exposure time
EXP order Type short name (1200 rpgm) P 0) i P (min) Exp date

1 Direct injection DIR3 NA NA NA

2 S30-107 Yes 30 10 2007-07-19
3 S30-30 Yes 30 30 2007-07-23
4 S50-10 Yes 30 10 2007-07-24
5 HS-SPME S50-30 Yes 30 30 2007-07-25
6 N30-10 NO 30 10 2007-07-19
7 N30-30 NO 330 30 2007-07-20
8 N50-10 NO 30 10 2007-07-24
9 N50-30 NO 30 30 2007-07-25

a] DIR: direct injection
b] All the data are classified by three criteria: (8) Stirring effect; (b) exposure temp; and (c) exposure time (For instance, S30-10: S=1200
rpm stirring; 30=30°C exposure; and 10= 10 min exposure)
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Table 5. The result of VOC cdibration derived by both direct injection (DIR) and 8 combination types of HS-SPEM method
(a) Absolute slope values derived for BTEXS

Order method B T EB m-X S
1 DIR 25709 26176 27558 28638 29309
2 S50-30 13360 16239 15991 18207 19668
3 S30-30 14148 16538 15351 16811 16712
4 S50-10 10352 13741 13709 15069 15097
5 S30-10 12470 15161 14242 15495 12862
6 N50-30 10946 12331 10890 11704 12336
7 N30-10 10214 11209 10806 11465 8409.3
8 N30-30 4425 5347 5185 5740 5523
9 N50-10 5030 6270 5851 6356 5434

(b) Absolute slope values of individual VOC (other than BTEXS)

Order  method BB 135TMB 1,24-TMB  p-IPT n-BB 124TCB NAP 123TCB Avg. slope
1 DIR 15211 27630 28148 29252 29069 14422 32491 14337 25227
2 S50-30 10426 18330 18433 17738 18854 9570 14785 8819 15417
3 S30-30 8288 15929 15121 15420 15536 5516 6228 5256 12835
4 S50-10 7171 14581 14549 14170 14752 6307 9383 5310 11861
5 S30-10 5905 14813 13252 14399 14437 3767 3034 3146 10999
6 N50-30 6050 13560 13152 13399 13992 5584 6536 4570 10388
7 N30-10 3628 10525 9272 10640 10373 1961 1764 1823 7853
8 N30-30 2638 6314 6352 6479 7408 3180 4494 2736 5063
9 N50-10 2544 6084 5683 6356 6886 2125 2764 2159 4888
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Table 6. Recovery rates of 8 different HS-SPME method are computed for each individual VOC through a normalization against

the direct GC injection method

135 124 124 12,3
EXP order Short name B T EB mX S BB TMB TMB p-IPT  n-BB TeB NAP TCB
1 DIR* 1 1 1 1 1 1 1 1 1 1 1 1 1
2 S50-30 052 062 058 064067 069 066 065 061 065 066 046 062
3 S30-30 055 063 056 059057 054 058 054 053 053 038 019 037
4 S50-10 040 052 050 053052 047 053 052 048 051 04 029 037
5 S30-10 049 058 052 054044 039 054 047 049 050 026 009 022
6 N50-30 043 047 040 041042 040 049 047 046 048 039 020 032
7 N30-10 040 043 039 040029 024 038 033 036 036 014 005 013
8 N30-30 017 020 019 020019 017 023 023 022 025 022 014 019
9 N50-10 020 024 021 022019 017 022 020 022 024 015 009 015

*DIR: direct injection
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