J. Kor. Soc. Environ. Eng., 35(12), 906~917, 2013
L

Im.i |i|\||n|!'ulmlnlll‘un! i

http://dx.doi.org/10.4491/KSEE.2013.35.12.906

ISSN 1225-5025

04k 0N =ERE 0|88 7IAA 2 & LY RTVIEEES] I =M

Quantification of Volatile Organic Compounds in Gas Sample
Using Headspace Solid-Phase Microextraction
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Abstract : The purpose of this study is to quantify volatile organic compounds (VOCs) in gas sample using headspace solid-phase
microextraction (HS-SPME) coupled to GC analysis. The optimal HS-SPME conditions was CAR/PDMS fiber and 30 min absorprion
time for the analysis of various VOCs. In optimal conditions, 80 VOCs could be detected within 1 ppbv and even less than 0.0005
ppbv especially in the case of BTEX. However, fiber reproducibility on adsorption efficiency was 1~9.2% (between the same fiber)
and 5.9~13.5% (between the other fiber). We successfully determined 35 VOCs in landfill gas with this method and found that VOCs
of high concentration are emitting from vent pipe of closed/open landfill site under the HS-SPME conditions. This method may apply
to VOCs/odor determination from various atmospheric environmental samples as well as landfills.
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Table 1. VOCs studied in approximate order of elution (DB-1), relative response, limit of detection (LOD) and % relative standard
deviation (%RSD) for the CAR/PDMS fiber coatings

Relative response” CAR/PDMS
No Chemicals Mass ions” 5 5 5 5
CAR/PDMS DVB/CAR/PDMS R (0.005-0.2 ) ppmv LOD (ppbv)” % RSD (n=3)" % RSD (n=5)

1 Propylene 39,41,42 - - N.D N.D - -

2 Propane 27,28,29 - - N.D N.D - -
3 Isobutane 41,4243 - - N.D N.D - -

4 Dichlorodifluoromethane  85,87,101 18 - 0971 3 6.2 118
5 Chloromethane 50,52 5 - 0.999 3 8.0 84
6 Dichlorotetrafluoroethane  85,87,135 30 - 0.999 3 74 129
7 Chloroethene 62,64,85 25 4 0.997 3 49 92
8 1,3-butadiene 38,53,54 55 19 0.999 3 1.0 6.7
9 1-butene 41,39,56 62 8 0.984 1 6.7 10.2
10 n-butane 41,4358 55 - 0.999 1 43 104
11 Chloroethane 64,66,49 28 1 0.998 3 72 82
12 Bromomethane 94,96 2 1 0.999 3 87 112
13 Isopentane 29,43,57 71 - 0.996 3 22 69
14 Trichlorofluromethane 101,108,58 124 - 0.996 3 45 75
15 1-pentene 42,55,70 128 4 0.989 05 10 6.6
16  Acrylonitrile 53,58,50 116 58 0.999 3 8.1 10.8
17 Isoprene 67,68,53,39 515 44 0.999 1 1.0 79
18 1.1-Dichloroethene 61,96,98 200 35 0.999 3 27 88
19 cis-2-pentene 55,70,42 266 - 0.985 1 35 96
20 Dichloromethane 49,84 61 254 49 0,997 1 47 97
21 3-Chloropropylene 76,78,49 60 - 0.998 1 48 105
22 1.1 2-Trichlorotrifluoroethane 101,151,103 178 - 0.999 1 51 76
23 2,2-dimethylbutane 57,43,71 59 - 0.993 3 6.4 93
24 1 1-Dichloroethane 63,65,83 272 10 0.999 1 42 97
25  2,3-dimethylbutane 41,42,43 213 - 0.969 3 52 89
26 2-Methylpentane 43,42,71 241 - 0.981 3 98 98
27 3-Methylpentane 57,56,41 345 3 0997 05 36 89
28 1-hexene 56,55,41 252 29 0.999 3 78 125
29 Cis-1.2-Dichloroethene 61,96,63 676 186 0.998 1 72 1.9
30 n-hexane 57,56,43 260 22 0.999 05 6.5 135
31 Chloroform 83,85,48 830 30 0.997 1 90 97
32 1 2-Dichloroethane 62,64,49 764 108 0.998 1 83 8.6
33  2,4-dimethylpentane 43,56,57 450 - 0.999 3 10 78
34 111 -Trichloroethane 97,99,61 341 5 0.999 1 11 82
35 Benzene 78,77,52 2228 315 0.999 (0.0005 46 71
36 Carbon tetrachloride 117,119,78 486 - 0.999 1 88 131
37 Cyclohexane 55,56,84 387 - 0.988 05 10 10.6
38 2-methylhexane 43,57,85 314 22 0.999 05 9.1 104
39 2,3-dimethylpentane 56,57,43 635 15 0.996 05 22 96
40 3-mehtylhexane 43,57,71 403 30 0.999 05 77 99
41 1 2-Dichloropropane 63,76,65 803 50 0997 1 56 6.3
42 Trichloroethylene 130,95,97 1335 468 0.999 05 77 8.3
43 2,24 trimethylpentane 57,56,41 922 - 0,998 01 6.2 12.0
44 n-heptane 43,57,71 552 101 0.999 0.1 85 10.8
45 cis-1 3-dichloropropene  75,77,110 601 254 0.993 1 6.9 99

Cheterd Bepslx| | M35 125120134 128 ||
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Table 1. Continued

Relative response” CAR/PDMS
No Chemicals Mass ions® ~ 5 5 ;
CAR/PDMS DVB/CAR/PDMS R°(0.005-0.2 ) ppmv LOD (ppbv)” % RSD (n=3)" % RSD (n=5)

46 Methyl cyclohexane 83,55,98 729 49 0,998 0.1 8.1 96
47 trans-1.3-dichloropropene  75,77,110 486 307 0,992 1 82 85
48 1.1 2-trichloroethane 97,83,61 1226 311 0.998 1 76 85
49 2,3,4- trimethylpentane 43,71,70 557 69 0.998 0.1 57 92
50 Toluene 91,65,63 3484 1021 0,998 ¢0.0005 54 6.8
51  2-methylheptane 43,57,70 774 158 0.999 0.05 50 65
52 3-methylhentane 43,57,85 899 196 0.999 0.05 42 59
53 1.2-dibromoethane 107,109,881 701 450 0,945 1 6.1 99
54 n-octane 43,57,71 315 205 0,999 0.05 6.1 8.7
55 Tetrachloroethylene 166,129,168 2452 489 0,999 05 43 94
56 ChloroBenzene 112,77,51 1403 859 0,998 05 43 85
57 Ethylebenzene 91,106,77 3379 1750 0,998 ¢0.0005 6.1 79
58 m-xylene

91,106,105 5654 3695 0,998 ¢0.0005 53 10.7
59 p-xylene
60 Styrene 104,103,78 1941 1940 0,998 ¢0.,0005 3.6 6.9
61 1.1.22-Tetrachloroethane  83,91,106

3768 2621 0,998 ¢0.0005 8.1 10.0

62 O-xylene 91,106,105
63 n-nonane 43,57,85 637 687 0,999 0.005 22 6.7
64 Isopropylbenzene 105,120 1238 1011 0,998 <0,0005 25 97
65 n-propylbenzene 91,120 1196 1346 0,997 ¢0,0005 29 8.2
66 m-ethyltoluene 105,120 1284 1496 0,997 (0.,0005 6.0 74
67 p-ethyltoluene 105,120 2154 2631 0.996 (0.,0005 28 6.9
68 1.3 5-trimethylbenzene  105,120,77 2205 2704 0,997 (0.,0005 71 85
69 o-ethyltoluene 105,120 1158 1415 0,997 ¢0.0005 3.6 59
70 12 4-trimethyloenzene  105,120,77 1675 1891 0,997 (0.,0005 8.1 99
71 1 3-dichlorobenzene 146,148,111 706 1309 0,999 0,01 59 108
72 1 4-dichlorobenzene 146,111,75 970 1224 0.999 0.01 47 91
73 n-decane 57,71,85 870 1047 0.991 (0.0005 47 7.7
74 123 trimethylbenzene ~ 105,120,91 945 1183 0.996 (0.0005 38 79
75 1 2-dichlorobenzene 146,111,75 774 1149 0.999 0.01 6.8 8.0
76 m-dimethylbenzene 105,119.13 847 1424 0.996 0.005 42 92
77 p-dimethylbenzene 119,105,134 1214 1513 0.995 0.005 47 102
78 n-undecane 57,43,71 688 1010 0.995 (0.0005 48 8.2
79 12 4-trichlorobenzene 182,180,109 504 1136 0,998 0.01 7.8 8.9
80 Dodecane 57,43,71 652 836 0.991 ¢0.0005 37 6.9
81 Hexacholoro-1,3-Butadiene 225,227,190 841 1099 0,992 0.01 6.2 98

a)

b)

Primary and secondary ions

Relatlve peak areas normalized to 100 ppbv standard, 30 min HS-SPME adsorption at room temperature
9 «_»: Not detected, d) Method limit of detection with a S/N = 5:1

9 Reprodumblllty with the same CAR/PDMS fibers (n = 3) with same sample

" Reproducibility with the different CAR/PDMS fibers (n = 5)

9] VOCso| 3t &4 =542 435t A3}, 1.2-dibromo- = Yr1AT, HEEA %= propylene, propane, isobutane
ethane, 2,3-dimethylbutane, dichlodifluromethane, cis 2-pen- E A Ystal, AEA sE-EQ] A 1~3 ppbv Y H L
tene, 1-butene, 2-methylpentane®] 2% 7:]]—[{R Z¥7¥, 0.945, BTEXs (benzene, toluene, ethylbenzene, xylene) #A|E 3}3+&

0.969, 0.971, 0.985, 0.984, 0.981 (0.001~0.2 ppmv))S A E9] H9o]i= 0.0005 ppbv ©|3}e] u|S- e iz A
3 HE VOCso] t3ko] 0.990~0.999 (0.001~0.2 ppmv)2] 2 7158k 5Y AR thste], U3 75 um CAR/
o MY HYTKTable 1). 8001% VOCso] AZ3HA%  PDMS fiber® ofg] ¥ 243k fjo} A& t}2 75 um CAR/
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Fig. 1. Results from equilibrium experiments for adsorption of VOCs onto the 75 um CAR/PDMS coating fiber under

static conditions,

Error bars signify standard deviation from the mean of n=3 samples,
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