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Fig.1 [Installation diagram of the equipment

1 7100 VOCs !
Table 1 Operating conditions for Model 7100 VOCs Preconcentrator!
Trap 1 Trap 2 Trap 3
Capillary column - - -

operation parameter operation parameter operation parameter
trapping -160 C trapping -20C trapping -160 C

preheating 20 C preheating -2 injection 8 min

HP-5 HP-VOC desorption 20 C desorption 180 C 3.3 min baking 3 min

baking 190 C 5 min baking 190 C end 3 min

standby 41 min

trapping -180 C trapping -175C trapping -180 C

preheating 20 C preheating -2 injection 8 min

HP-PLOT desorption 20 C desorption 180 C 3.3 min baking 3 min

baking 190 C 5 min baking 190 C end 3 min

standby 41 min

1 The temperature of tube between preconcentrator and GC is 130 C 2 no preheated step.

2.4 VOCs GC MS 0.5 min 0.48 kPa min 36.5 kPa
VOCs C4~C10 GC MS 2 min 1.0 kPa min 41.3 kPa
HP-5 HP-VOC 3.4 kPa min 137.8 kPa 16.05 min
GC MS 2 FID 250 C H,
1 150 C 30.0 mL min N, 30 mL min
30 C 6 min 8 C min 400 mL. min
190 C HP-5 180 C HP-VOC HP-PLOT
3 min 1.38 mL min HP- HP MS5972A HP-PLOT
5 3.26 mL min HP-VOC GC MS
2 280 C
0~3 min m =<50 3 C2~GC5 GC
min m z>35 FID
2.5 VOCs GC FID 3
VOCs GC FID 3
C2~C5 VOCs HP-PLOT 3.1 VOCs C2~Cs
C4~C10 VOCs HP-5 HP-VOC HP-PLOT GC FID
VOCs C2~C5
1 HP-5 HP-VOC 2 2 HP-PLOT AlLOs
“2.4 C5
HPPLOT 100 C 2 12 C2~C5
FID 275 C 30 C RSD
5 min 10 € min 180 C 25 10% SN 3 0.1
min 20 C min 190 C 20 min pg m 3

29.6 kPa 3
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3 C2~C5 "
Table 3 Concentration determination of the volatile
organic compounds C2-C5 in real samples® ;g m >
No. Compound Sample 1 Sample 2 Sample 3
1 ethane 4.3 2.5 30.8
2 ethene 2.5 2.5 15.3
3 propane 3.7 7.3 15.4
4 propene 2.5 2.8 28.4
5 isobutane 3.9 5.4 62.1
6 butane 4.8 6.7 45.9
7 acetylene 9.0 7.8 63.8
8 trans-2-butene 1.0 1.5 70.8
2 C2~C5 9 1-butene 1.4 1.7 46.7
Fig.2 Chromatogram of the standard volatile 10 cis-2-butene 1.7 1.9 59.3
organic compounds C2-C5 11 isopentane 1.0 1.3 59.8
The chromatogram by GC FID with HP-PLOT column. 12 pentane 32 36 93.9
For peaks see Table 2.
* Concentration under standard conditions.
2 C2~C5 " n=5
Table 2 Analytical results of the standard
volatile organic compounds C2-C5 * n=35 3.2 VOCs C4~C10
l"cak‘No. Compound t R Comc?g RSD HP-5 GC MS GC FID
in Fig.2 min pg m- - %
1 ethane 2.096 14.1 9.82 C4~Cl10
2 ethene 3.130 15.8 9.33 3 4
3 propane 4.876 24.4 9.78
4 propene 9.498  26.2 5.24 3 4
5 isobutane 10.508 26.7 6.54 49
6 butane 11.027 26.4 7.68
7 acetylene 12.132 11.1 9.25 0.1
8 trans-2-butene 13.509 29.8 8.88 -3
9 1-butene 13.730  25.2 6.14 pg m RSD
10 cis-2-butene 14.399 26.8 3.52 MS
11 isopentane 14.678 32.8 8.27
12 pentane 14.891 37.3 6.12 4
* Concentration under standard conditions. 5
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Fig.3 Chromatogram of the standard volatile organic compounds C4-C10
The chromatogram by GC MS with HP-5 Column. For peaks see Table 4.
3.3 GCMS GCFID VOCs FID MS
MS
FID FID 3.4
MS
0.1 uygm>~1pgm > FID
MS 1pg m3
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VOCs
VOCs VOCs
4 C4~C10 n=4
Table 4 Analytical results of the standard volatile organic compounds C4-C10 n =4
Peak No. Content RSD Peak No. Content RSD
o Compound o Compound
in Fig.3 pg m 3 % in Fig.3 pg m3 %
1 isobutane 26.7 8.12 28 benzene 42.1 7.26
2 1-butene 25.2 7.56 29 2-methyl-hexane 53.6 6.11
3 butane 26.4 9.25 30 2 3-dimethyl-pentane cyclohexane 51.8 5.29
4 trans-2-butene 29.8 6.54 31 3-methyl-hexane 53.1 8.48
5 cis-2-butene 26.8 8.65 32 1 3-difluoro-benzene 50.9 -
6 3-methyl-1-butene 32.5 6.54 33 2 2 4-trimethyl-pentane 81.9 5.21
7 isopentane 32.8 5.96 34 heptane 86.1 5.14
8 1-pentene 37.2 7.58 35 methyl-cyclohexane 56.4 4.38
9 pentane 37.3 8.25 36 2 3 4-trimethyl-pentane 94.7 6.25
10 isoprene 34.9 6.603 37 2-methyl-heptane 87.5 7.21
11 trans-2-pentene 36.2 5.48 38 toluene 40.2 3.15
12 cis-2-pentene 35.6 6.18 39 3-methyl-heptane 81.4 4.78
13 2-methyl-2-butene 36.6 5.15 40 octane 96.7 6.19
14 2 2-dimethyl-butane 43.8 4.56 41 chloro-benzene-d5 * 52.7 -
15 4-methyl-1-pentene 43.5 5.26 42 ethyl-benzene 57.7 5.26
16 cyclopentene 34.0 6.29 43 o m-xylene 63.4 7.84
17 2 3-dimethyl-butane 43.4 7.26 44 nonane 68.6 6.35
18 cyclopentane 36.6 5.22 45 styrene 48.3 4.56
19 2-methyl-pentane 45.3 4.82 46 p-xylene 62.0 4.58
20 3-methyl-pentane 45.3 6.32 47 isopropylbenzene 77.1 3.36
21 2-methyl-1-pentene 43.1 4.56 48 1-bromo-3-fluoro-benzene * 78.1 -
22 hexane 45.3 7.59 49 a-pinene 64.8 2.57
23 trans-2-hexene 44.6 6.18 50 n-propyl-benzene 64.3 3.19
24 cis-2-hexene 45.8 5.98 51 1 3 5-trimethyl-benzene 76.1 4.48
25 bromochloro-methane * 57.6 - 52 B-pinene 61.9 5.25
26 2 4-dimethyl-pentane 52.2 4.59 53 1 2 4-trimethyl-benzene 73.4 3.58
27 methyl-cyclopentane 44.2 8.49
* internal standard compounds
5 C4~C10
Table 5 Concentration determination of the volatile organic 4
compounds C4-C10 in real samples rg m 3
Sample 3 HP-5 HP-VOC HP-
No. Compound
! 2 3 4 PLOT
1 ethane 2.5 2.4 1.2 0.9
2 propane 6.0 2.9 0.5 0.4 56
3 isobutane 25 LLo LS 12 C2~C5 HP-PLOT (4~ Cl10 HP-5 HP-VOC
4 butane 3.1 1.6 3.3 2.2
5 isopentane 3.5 1.0 N.D.! 1.2 VOCs
6  pentane 5.2 0.3 0.5 0.5
7 2 2 4-trimethyl-pentane 6.4 N.D. 9.6 N.D. TOI4A TO15
8 2 3 4-trimethyl-pentane 15.4 N.D. N.D. 3.4
9  2-methyl-heptane 29.4 N.D. 3.0 1.5
10 octane 18.6 N.D. 6.7 N.D. CO, VOCs
11  ethene 23.0 16.0 8.2 3.5 -3
12 propene 12.0 2.0 0.5 0.5 0.1 pg m RSD
13 trans-2-butene 21.0 N.D 0.2 0.2 2.57% ~9.82%
14 1-butene 26.1  0.1° 0.2 0.1
15 cis-2-butene 201 0.1 0.2 0.1 VOCs
16  isoprene 3.2 N.D. 2.5 N.D.
17  acetylene 5.0 0.2 0.4 0.9
18 benzene 11.2  N.D. 2.3 2.2
19 toluene 36.8 N.D. 3.6 2.0 1  Center for Environmental Research Information Office
20 ethyl-benzene 26.4 N.D. 2.1 1.4
21 m p-xylene 38.0 N.D. 1.4 N.D. of Research and Development US Environmental Protec-
22 12 4—trimethyl—benzene 15.8 N.D. N.D. 2.1 tion Agency EPA . Compendium Method TO14A
23 a-pinene 9.4 N.D. 4.5 6.3

1 N.D. not detected 2 qualitative result when concentration be- TOIS. Cincinnati EPA- 1997
low 0.3 pg m™ 3. 2 McClenny W A Colon M. ] Chromatogr A 1998 813
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1 101-111 4 HP Company. Hewlett Packard Environmental Solution
3 Entech Instrument Inc. 7100 Preconcentrator manual Catalog. 1995 1996
Section 8. CA US  Entech Instrument Inc

Determination of Volatile Organic Compounds
in Atmospheric Environment

CHEN Hong-wei! LI Gong-ke! LI He! ZHANG Zhan-xia'

WANG Bo-guang® LI Tuo’> LUO Hai-kun®
1.School of Chemistry and Chemical Engineering Zhongshan University Guangzhou 510275 China

2. Guangzhou Research Institute of Environmental Science Protection Guangzhou 510260 China

Abstract It is well known that volatile organic compounds VOCs are the main photochemical pollutants and
ozone precursors of the photochemical smog. Investigation of photochemical pollution in the ambient air must
focus on VOCs but the concentration of VOCs in ambient air is in a very low level 10 °-10" 2 volume
fraction  so there are difficulties in the determination of VOCs. In this work based on the TO14A and TO15
methods recommended by the Enviromental Protection Agency of United States an improved method for the
determination of fifty-six VOCs mainly O3 precursors in atmospheric environment was developed. Operating
conditions of VOCs preconcentrator gas chromatography GC and gas chromatography-mass spectrometry
GC-MS were optimized. Air sample was first frozen by liquid nitrogen and then H,O and CO, were
eliminated in the VOCs preconcentrator. The preconcentrated VOCs sample was injected to GC and detected by
MS or hydrogen flame ionization detector FID . The C2-C10 hydrocarbons were separated effectively in
capillary columns under the high concentration of CO,. The detection limits were 0.1 pg m™ 2 and the relative
standard deviations were in the range from 2.57% to 9.82% . This method has been used for the determination
of VOCs in real samples. The results were satisfactory.

Key words volatile organic compound ozone precursor atmosphere
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