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Abstract - Recently, the air pollution in A and B industrial area has become one of the most important issues,
then 60 VOCs in the area were measured using a highly sensitive method. The VOCs were adsorbed onto
Carbotrap using air sampler and subsequentdy desorbed by a thermal desorber system into gas chromatograph-mass
spectrometry (TDS-GC-MS). The peaks of all compounds had good chromatographic properties and offered very
sensitive response for the EI-MS (SIM). Method detection limits (MDL) ranged from 0.01 to 0.1 ppt(v/v), and
linearities of calibration curves were over 0.995. We analyzed total 90 atmosphere air samples of A and B

industrial complex using the method. Benzene, toluene, ethylbenzene, xylene, n-hexane, fluorotrichloromethane,
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trichloroethylene, tetrachloroethylene, styrene,

1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, sec-butylbenzene and naphthalen were identified as the major
compounds in the air, and their average concentrations were 0.81, 5.02 1.30, 3.0, 0.81, 37.9, 0.07, 0.15, 0.15,
0.79, 0.06, 0.33, 0.03, 0.12, 0.23, and 0.35 ppb(v/v), respectively. The concentrations of VOCs were low in

summer and high in fall or winter. When the concentrations detected in air compare with WHO’s nomm, no case

exceed it.

Key words : VOCs, air, TDS-GC-MS(SIM), industrial complex
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Table 1. Operating conditions of thermal tube desorber

Parameter Conditions

to vent : He at 20 m{min

Flow Gas . .
to column in GC : He at 30 pfnin

Transfer line Temp. 210 C

Desorb Temp. 200 C

Desorb Time 8§ min.

Valve Temp. 210 C

Prep Temp. 330 C

Prep Time 30 min
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Table 2. Operating conditions of GC/MS for analysis of VOCs in air

Parameter Conditions
Column HP-5MS(Cross-linked 5%phenylmethylsilicon)30m x0.2mmLD. x0.25 ym F.T
Carrier Gas He at 0.8mL/min
1.5 C/min 5 (min
Oven Temp . . 5 . 5 g .
40 C (5 min) — 55 C(@2min) — 160 C post run 300 C(5min)
Injector Type split mode 80 : 1
Injector Temp 250 C
Transfer Line 280 C
Selected Ton Group Start time(min) Selected Ions, m/z
Group 1 1.50 41,50,52,53,57,62,64,66,85,87,94,96,101,103
2 2.25 41,49,52,53,56,57,63,65,73,84,96,98
3 2.67 41,55,56,57,62,63,65,69,75,77,78,79,83,84,85,93,96,97
98,99,117,119,128,130,132
4 4.40 36,45,55,60,75,76,77,78,83,91,92,97,98,107,109,127,164
5 9.90 97,91,104,106,112,114,131,133,171,173
6 13.50 75,77,83,85,105,120,156
7 16.00 91,105,120,126
8 19.00 75,91,92,105,119,120,134,146,148,150,152,157
9 25.00 51,77,92,123,128,180,182,223,225
Abundance
TIC: 0618-08.D
220000
200000
180000
160000
140000
120000
100000
80000
60000
40000
20000 u
\ LLJ UL t !

T T T T T T T T T T T T T T
2.00 4.00 6.00 8.0010.0012.0014.0016.0018.0R0.0R2.024.026.028.00

Time--=>

Fig. 1. Chromatogram of VOCs Standard using TDS-GC/MS.
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Table 3. Linear equation, linearity and detection limit of VOCs spiked in air sample

No Compounds Range (ppb) Calibration curve i’ MDL (ppb)
5 Fluorotrichloromethane 1.8-9.0 y=1620x + 23.537 0.9986 0.10
6 1,1-Dichloroethylene 25-12.7 y=2046.5x - 71291 0.9963 0.10
7 Methylene chloride 29-14.6 y=2337.8x - 47.467 0.9974 0.10
8 Acrylonitrile 4.6-23.1 y=776.09x + 59.429 0.9999 0.10
9 trans-1,2-Dichloroethylene 25-12.7 y=1847.2x - 60.762 1.0000 0.10
10  MTBE 6.9-13.9 y=195561x + 20548 0.9993 0.02
11 1,1-Dichloroethane 25-125 y=8613.6x - 3299.1 0.9951 0.03
12 n-Hexane 28-142 y=83769x - 34297.0 0.9947 0.04
13 cis-1,2-Dichloropropane 25-12.7 y=11376x - 44427 0.9954 0.02
14 22-Dichloropropane 2.2-109 y=75339x + 18735 0.9974 0.02
15 Chloroform 2.1-104 y=18375x - 1387.6 0.9963 0.03
16 Bromochloromethane 1.9-9.6 y=1837.4x - 847.39 0.9905 0.03
17 1,1,1-Trichloroethane 1.9-9.3 y=116775x + 3402.4 0.9999 0.05
18 1,2-Dichloroethane 25-125 y=23457x - 7497.7 0.9969 0.04
19 1,1-Dichloropropene 2.2-11.1 y=74738x - 40067 0.9906 0.02
20 Carbon tetrachloride 1.6-8.0 y=118168x - 2807.6 0.9998 0.04
21 Benzene 3.1-62.7 y=196027x - 82108 0.9997 0.04
22 Trichloroethylene 1.9-94 y=97024x + 231.22 0.9999 0.04
23 1,2-Dichloropropane 2.2-109 y=57795x - 9999.5 0.9970 0.04
24 Dibromomethane 14-7.1 y=10465x - 3070 0.9930 0.01
25 Bromodichloromethane 1.5-7.6 y=90662x + 21516 0.9934 0.02
26 cis-1,3-Dichloropropene 2.2-11.1 y=91864x + 20371 0.9952 0.10
27 Toluene 2.7-39.8 y=313315x + 89535 0.9999 0.01
28 trans-1,3-Dichloropropene 2.2-11.1 y=91206x - 17402 0.9965 0.01
29 1,1,2-Trichloroethane 1.9-9.3 y=71008x - 6489.2 0.9988 0.02
30  1,3-Dichloropropane 1.1-10.9 y=99730x - 15539 0.9993 0.01
31  Dibromochloromethane 0.6-5.9 y=105565x - 12194 0.9974 0.07
32 1,2-Dibromoethane 0.7-6.6 y=111016x - 17378 0.9967 0.02
33 Tetrachloroethylene 1.5-75 y=142170x + 770.23 0.9998 0.02
34 Chlorobenzene 1.1-10.9 y=195195x - 56788 0.9959 0.04
35 1,1,1,2-Tetrachloroethane 0.8-7.4 y=97242x - 12033 0.9987 0.01
36  Ethylbenzene 27133 y=289060x - 5178.6 0.9999 0.04
37 m-/p-Xylene 27133 y=461476x - 26668 0.9998 0.05
38 Bromoform 0.54.9 y=90803x - 8624.3 0.9973 0.03
39 Styrene 23-11.7 y=167971x + 12954 0.9996 0.03
40 o-Xylene 27133 y=240269x - 4181.1 0.9986 0.03
41 1,1,2,2-Tetrachloroethane 0.8-7.4 y=126402x - 27407 0.9947 0.03
42 1,2,3-Trichloropropane 09-8.4 y=108390x - 24275 0.9960 0.02
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No Compounds Range (ppb) Calibration cutve i’ MDL (ppb)
43 Isopropylbenzene 20-10.2 y=378089x + 15478 0.9998 0.02
4 Bromobenzene 0.8-7.8 y=118602x - 25769 0.9959 0.04
45 2-Chlorotoluene 1.09.7 y=217672x - 55027 0.9956 0.03
46 n-Propylbenzene 1.0-10.2 y=89705x - 28310 0.9950 0.05
47 4-Chlorotoluene 1.0-9.7 y=83054x - 24456 0.9940 0.01
48 1,3,5-Trimethylbenzene 20-10.2 y=328904x - 18323 0.9997 0.03
49 tert-Butylbenzene 1.89.1 y=366870x - 14738 0.9997 0.03
50 1,24-Trimethylbenzene 1.0-10.2 y=261081x - 76431 0.9966 0.03
51 m-Dichlorobenzene 0.9-8.4 y=170938x - 31529 0.9980 0.07
52 sec-Butylbenzene 0.9-9.1 y=409768x - 89047 0.9967 0.03
53 p-Dichlorobenzene 0.9-8.4 y=166646x - 36376 0.9968 0.07
54 p-Isopropyltoluene 0.9-9.1 y=341286x - 79307 0.9964 0.03
55 o-Dichlorobenzene 0.9-8.4 y=149011x - 30692 0.9973 0.05
56  n-Butylbenzene 099.1 y=250262x - 73861 0.9935 0.04
57 1,2-Dibromo-3-chloropropane 0.5-5.2 y=65073x + 8816.1 0.9975 0.05
58 1,2,4-Trichlorobenzene 0.7-6.8 y=83529x - 19811 0.9941 0.07
59 Naphthalene 1.99.6 y=97886x - 16692 0.9962 0.05
60 1,2,3-Trichlorobenzene 0.7-6.8 y=69910x - 15798 0.9948 0.06
61 Hexachlorobutadiene 0.54.7 y=143972x - 23029 0.9909 0.33
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Table 4. Recovery, precision and accuracy of VOCs in air sample

. Recovery Precision Spiked Accutacy
No. Compounds
Mean+SD(%) RSD (%) Conc.(ppb) Mean £SD(ppb)
5 Fluorotrichloromethane 87.5£20.0 200 4.5 7.212.8
6 1,1-Dichloroethylene 84.2£39.7 39.7 6.4 60122
7 Methylene chloride 77.1£17.3 17.3 7.3 50109
8 Acrylonitrile 7.1£19.0 19.0 11.6 16.4£3.1
9 trans-1,2-Dichloroethylene 45.8113.1 13.1 6.4 9.8£19
10 MTBE 121.2+6.2 6.2 6.9 8.5:0.5
11 1,1-Dichloroethane 93.5£41.6 41.6 6.3 6.713.1
12 n-Hexane 98.2:11.5 115 7.1 7.4:0.8
13 cis-1,2-Dichloropropane 15.9£25.1 25.1 6.4 6.4£15
14 22-Dichloropropane 150.7£13.3 13.3 535 5.8:0.8
15  Chloroform 20.6124.5 245 52 5.6:13
16 Bromochloromethane 5.8£20.1 20.1 4.8 59:1.1
17 1,1,1-Trichloroethane 151.7£15.5 8.4 4.7 5.3:04
18 1,2-Dichloroethane 40.9£18.6 18.6 6.3 7.2£13
19 1,1-Dichloropropene 147.916.3 6.3 5.6 8.2:0.5
20 Carbon tetrachloride 159.4+12.4 8.4 4.0 4.6:0.4
21 Benzene 135.9£6.7 6.7 7.9 8.420.6
22 Trichloroethylene 142.3£11.7 7.2 4.7 54104
23 1,2-Dichloropropane 124.8£6.2 6.2 535 63:04
24 Dibromomethane 43.9£23.0 230 3.6 43£12
25 Bromodichloromethane 105.5£14.9 14.9 3.8 4.010.6
26 cis-1,3-Dichloropropene 85.2£6.0 6.0 5.6 6.7:04
27 Toluene 110.1£19.9 19.9 6.7 5.8£1.1
28 trans-1,3-Dichloropropene 114472 7.2 5.6 6.6£0.5
29 1,1,2-Trichloroethane 98.816.8 6.8 4.7 5.9:04
30 1,3-Dichloropropane 98.616.1 6.1 535 7.0:0.4
31 Dibromochloromethane 142.2+6.6 6.6 3.0 3.6:0.2
32 1,2-Dibromoethane 102.3£5.8 53 33 4.1£0.2
33 Tetrachloroethylene 138.9£6.9 6.3 3.8 43103
34 Chlorobenzene 100.2£6.3 5.7 535 6.7:04
35 1,1,1,2-Tetrachloroethane 106.4£6.2 5.8 3.7 45103
36 Ethylbenzene 95.6£6.2 5.1 6.7 6.8:04
37 m/p-Xylene 92.7£6.6 5.1 6.7 6.5:04
38 Bromoform 99.1£5.3 4.8 235 3.1£02
39 Styrene 93.1£5.5 4.6 5.9 7.0:0.4
40 o-Xylene 91.9£6.0 4.9 6.7 6.5:04
41 1,1,2,2-Tetrachloroethane 79.4£5.2 4.6 3.7 4.6£0.2
42 1,2,3-Trichloropropane 93.1+5.4 4.9 4.2 52103
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. Recovery Precision Spiked Accuracy
No. Compounds B —
MeantSD(%) RSD (%) Conc.(ppb) Mean £SD (ppb)
43 Isopropylbenzene 98.0£6.0 5.4 5.1 5.710.3
44 Bromobenzene 112.7£5.8 200 3.9 5.020.3
45 2-Chlorotoluene 105.615.2 39.7 4.8 6.210.3
46 n-Propylbenzene 88.7£7.0 17.3 5.1 6.810.5
47 4-Chlorotoluene 98.8£5.1 19.0 4.9 63103
48 1,3,5-Trimethylbenzene 88.9£5.2 13.1 5.1 5.020.3
49 tert-Butylbenzene 91.3£5.5 6.2 4.6 5.020.3
50  1,2,4-Trimethylbenzene 81.5£5.8 41.6 5.1 6.1:0.3
51  m-Dichlorobenzene 77.1:4.4 115 4.2 5.5:0.2
52 sec-Butylbenzene 86.3£5.3 251 4.6 5.610.3
53 p-Dichlorobenzene 73.2£4.3 13.3 4.2 5.810.3
54 p-Isopropyltoluene 84.8+3.9 245 4.6 5.6:0.2
55 o-Dichlorobenzene 71.8£5.1 20.1 4.2 5.910.3
56  n-Butylbenzene 71.7£3.0 8.4 4.6 5.820.2
57 1,2-Dibromo-3-chloropropane 59.8£5.0 18.6 2.6 32102
58 1,2,4-Trichlorobenzene 41.5£5.6 6.3 3.6 5.6:0.3
59 Naphthalene 20.1£7.6 8.4 4.8 5.120.5
60 1,2,3-Trichlorobenzene 66.414.6 6.7 34 6.1£0.4
61 Hexachlorobutadiene 50.0+14.1 7.2 24 3.310.1
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Fig. 2. Chromatogram of VOCs detected in a air sample using Thermal Tube Desorber with GC/MS.
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Fig. 3. Concentration of benzene, toluene, ethylbenzene and xylene measured from industrial complex A.
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