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Abstract

In this study, the performance characteristics of solid phase microextraction (SPME) were investigated for three
major odorous groups that consist of 10 individual compounds ([1] volatile organic compounds (VOC): benzene,
toluene, p-xylene and styrene, [2] reduced sulfur compounds (RSC): hydrogen sulfide, methyl mercaptan,
dimethylsulfide (DMS), dimethyldisulfide (DMDS), and carbon disulfide, and [3] amine: trimethylamine (TMA)).
For the purpose of a comparative analysis, two types of SPME fiber ([ 1] polidimethylsiloxane/divinilbenzene (P/D)
and [2] Carboxen™/polidimethylsiloxane (C/P)) were tested against each other for a series of standards prepared at
different concentration levels (100, 200, and 500 ppb).

To compare the analytical performance of each fiber, all standards were analyzed for the acquisition of
calibration data sets for each compound. The results of P/D fiber generally showed that its calibration slope
increased as a function of molecular weight across different VOCs; however, those of C/P fiber showed a fairly
reversed trend. Besides, we confirmed that the application of SPME is limited to many sulfur compounds; only two
compounds (DMS and DMDS) are sensitive enough to draw calibration results out of SPME. The calibration data
for RSC show generally enhanced slope values for C/P relative to P/D fiber. However, in the case of TMA, we
were not able to find a notable difference in their performance.
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Table 1. Preparation procedures for the working standards for a SPME-based calibration of various odorous com-
pounds. Working standard containing 3 odor groups with a total of 10 compounds (4 VOC, 5 RSC and TMA)
were prepared at three concentration values of 100, 200 and 500 ppb range.

Compounds name

Odor Primary standard ~ Calibration ~ Volume of ~ Dilution Working standard
group (Full) (Short) (PS: ppm) (point) P.S.(mL) ratio (ppb) (ng/L)
1 5 1/200 102 326

Benzene B 20.3 2 10 17100 203 651

3 25 1/40 508 1,628

1 5 17200 102 386

Toluene T 204 2 10 1/100 204 772

voc! 3 25 1/40 510 1,929
1 5 1/200 101 438

p-xylene X 20.1 2 10 1/100 201 876

3 25 1/40 503 2,191

1 5 1/200 98.0 419

styrene S* 19.6 2 10 1/100 196 838

3 25 1/40 490 2,095

1 10 1/100 100 140

Hydrogen sulfide H,S* 10.0 2 20 1/50 200 280

3 50 1720 500 700

1 10 1100 105 207

Methyl mercaptan CH,;SH* 10.5 2 20 1/50 210 415

3 50 1720 525 1,037

1 10 1/100 101 258

RSC? Dimethyl sulfide DMS* 10.1 2 20 1/50 202 515
3 50 1720 505 1,288

1 10 1/100 108 338

Carbon disulfide CS, 10.8 2 20 1/50 216 675

3 50 1720 540 1,688

1 10 1/100 105 406

Dimethyl disulfide DMDS* 10.5 2 20 1/50 210 812

3 50 1/20 525 2,031

1 0.02 1/50,000 100 243

TMA? Trimethylamine TMA* 5,010 2 0.04 1/25,000 200 486
3 0.10 1/10,000 501 1,216

1} Primary standards are prepared at equimotal concentration of VOC (20 ppm), RSC (10 ppm) and TMA (5,010 ppm), respectively.
* Target malodor compounds under the regulation of KOME (Korea Ministry of Environment).
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Table 2. An operational condition of GC/FID analysis aided by the SPME method.

A.GC

B. SPME-P/D (Supelco, USA)

C. SPME-C/P (Supelco, USA)

Carrier flow : 3 mL/min Stationary phase-

Oven temp. : 80°C isothermal
Detector temp. : 230°C
Purge flow : 2.5 mL/min
Split flow : 6.7 mL/min

(Polydimethylsiloxane/divinybenzene)
Film thickness (fiber)- 65 um coating
Injector temp. : 210°C
250°C, 30 min conditioning

Exposure time : 10 min

Stationary phase-
(Carboxen™/polydimethylsiloxane)

Film thickness (fiber)-75 pm coating
Injector temp. : 250°C
300°C, 60 min conditioning

Exposure time : 10 min

* Column: CP-WAXS52CB (Length: 50 m, ID: 0.32 mm, Film thickness: 1.2 pum, Chrompack, USA)
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Table 3. Results of reproducibility test for various working standards at a fixed working standard concentration of a

100 ppb.
Order Benzene Toluene p-Xylene Styrene DMS DMDS TMA
1 116 112 112 121 107 105 127
2 115 109 107 108 103 93 122
3 116 113 111 114 101 92 125
A. SPME-C/P 4 113 108 105 108 109 114 124
5 122 118 112 120 106 107 119
6 112 110 107 108 106 94 124
7 109 110 106 106 109 98 120
Mean 115 112 109 112 106 101 123
SD 4.02 317 293 6.22 3.05 8.39 291
Precision (%) 1.32 1.07 1.02 2.10 1.09 3.15 0.89
1 143 134 123 121 158 102 136
2 126 121 113 111 167 100 137
3 139 131 121 121 167 103 146
B. SPME-P/D 4 121 124 118 118 164 107 137
5 121 119 115 115 160 108 149
6 131 130 126 128 148 95 144
7 140 127 117 115 159 96 144
Mean 131 127 119 118 160 102 142
SD 9.19 5.55 4.62 5.77 6.58 5.1 5.07
Precision (%) 2.64 1.66 1.47 1.84 1.55 1.90 1.35
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Table 4. Comparison of calibration slope values obtained by two different types of SPME fiber against 10 odorous

compounds.
A. SPME-C/P
‘brati VOC RSC
Callbratlon Compounds TMA
point Benzene Toluene p-Xylene Styrene DMS DMDS

Exp. | 9.69E+05 850E+05  5.I5E+05  4.30E+05  337E+05  3.02E405  1.55E+05

1 Exp. 2 881E+05  7.60E+05 4.80E+05 3.69E+05 347B+05 271E+05  1.40E+05
(100 ppb) Mean 925E+05 8.05E+05 4.97E+05 3.99E+05 3.42E+05 2.87E+05  147E+05
SE 440E+04  450E+04  1.79E+04  3.09E+04 4.95E+03 [5IE+04  7.69E+03

Exp. 1 1.88E+06 1.91E+06 1.26E+06 1.07E+06 7.01E+05  7.69E+05  3.23E+05

2 Exp. 2 L.68E+06  1.67E+06 1.11E+06 8.86E+05 6.17E+05  6.50E+05  2.80E+05
(200 ppb) Mean L.78E4+06  1.79E+06  1.ISE+06 9.80E+05  6.59E+05  7.09E+05  3.01E+05
SE 1.01E+05  122E+05 7.67E+04  9.43E+04  424B+04 595B+04  2.15E+04

Exp. 1 436E+06 444E+06 3.12B4+06 299E+06 143B+06 1.77E+06  6.63E+05

3 Exp. 2 377E+06  3.84E+06 2.82E+06 241E+06 1338406  1.53E+06  5.98E+05
(500 ppb) Mean 406E+06  4.14E+06 2.97E+06 2.70E+06 1.38E+06 1.65E+06  6.30E+05
SE 296E+05 2.99E+05 148E+05 2.89E+05 4628404  1.I8E+05  3.24E+04

B. SPME-P/D

Exp. | 1.49E+05 6.11E+05 1.12E+06  1.10E+06  1.66E+05 1.06E+05  2.53E+05

1 Exp. 2 208E+05 7.04E+05 1.I3E+06 1.03E+06 9.74E+04  141E+05 1.87E+05

(100 ppb) Mean 1.79E4+05  6.58E+05 1.12E+06 1.06E+06  132E+05 124E+05  2.20E+05
SE 296E+04  4.67E+04  627E+03  324E+04 343E+04  1.73E+04  3.30E+04

Exp. 1 234E405 1.03E+06 2.03E+06 1.99E+06 2.10E+05 1.89E+05  3.74E+05

2 Exp.2 341E405 1.I19E+06 1.97E+06 1.82E+06 14SE+05 247E+05  3.24E+05
(200 ppb) Mean 288E+05  LIIE+06 2.00E+06 191E+06 178E+05  2.18B405  3.49E+05
SE 533E+04  791E+04 281E+04 8.54E+04 323B+04 2.88E+04 251E+04

Exp. 1 449E+05 220E+06 4.62E+06 447E+06  2.17E+05  4.06E+05  5.83E+05

3 Exp. 2 5.65E+05 2.82E+06 5.66E+06 S530E+06  2.00E+05  5.59E+05  6.14E+05
(500 ppb) Mean 507E+05 25IE+06  5.14E+06 4.88E+06 2.08E+05 4.82B+05 5.98E+05
SE 579E+04  3.10E4+05  5.19E+05 4.15E+05 8.51E+03  7.65E+04  1.58E+04

Table 5. Calibration slope values for 10 odorous compounds (average data obtained using mixed standards) are
compared between two types of SPME fiber.

A. SPME-P/D
vOC RSC
TMA
Benzene Toluene p-Xylene Styrene DMS DMDS

Slope 1,080 5,040 10,240 9,960 500 940 1,300
P 0.80 0.98 0.99 0.99 -3.89 0.98 0.75
Normalized 021 1.00 2.03 1.98 0.10 0.19 0.26
Toluene slope

B. SPME-C/P
Slope 8,150 8,200 5,870 5,390 2,830 3,160 1,300
r 0.99 0.99 0.99 0.99 0.98 0.99 0.98
Normalized 0.99 1.00 0.72 0.66 0.34 0.39 0.16

Toluene stope
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A. Calibration results of SPME-C/P fiber

SPME-C/P
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1500000 1 y(pMS$)=2826.7x e
g R2=0.9768 el
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& O TMA
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O ——
0 100 200 300 400 500 600
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B. Calibration results of SPME-P/D fiber
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A. Calibration results of VOC (Benzene, Toluene, p-Xylene and Styrene)

Benzene Toluene
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0 100 200 300 400 500 600 0 100 200 300 400 500 600
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Y }
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B. Calibration results of RSC (DMS and DMDS) and TMA
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Fig. 2. Calibration results of two SPME types are compared across the different odorous compounds (Note that the
same data sets used in Fig. 1 are plotted for each compound).
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