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Occurrence and Distributions of Volatile Organic Compounds in

the Ambient Air of Large Petro-chemical Industrial Complexes:
Focusing on Daesan Area
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Abstract Ambient air monitoring was performed during the period of May to December 2011 in Daesan area, where large
petrochemical industrial complexes are located. The main objective of this study was to investigate the occurrence, ambient
concentrations and seasonal variation of volatile organic compounds (VOC) at two sites in the vicinity of the industrial
complexes and at a control site. A total of 72 VOC were determined by adsorption sampling and thermal desorption coupled
with GC-MS. BTEX (benzene, toluene, ethylbenzene, xylenes), and styrene were detected in all the samples (n=336), while 25 VOC
were detected more than 50% of the samples. VOC concentrations at industrial sites were significantly higher that those at the
residential site (control site). However, there was no specific pattern of seasonal variations in the VOC concentrations. Average
levels in the summer was the lowest among the four season’s averages, being attributed to the South wind during the season.
Hexane (1.83 ppb) was the most abundant VOC, followed by toluene (1.50 ppb), ethylacetate (1.11 ppb), benzene (0.77 ppb),
styrene (0.66 ppb), m-/p-xylenes (0.58 ppb), and ethylbenzene (0.40 ppb). Analysis of Toxic Release Inventory (TRI) data revealed
that VOC, listed as hazardous air pollutants (HAP), emitted from 15 industrial sources, such as petrochemical industries and oil
refineries. This study is the first report regarding the comprehensive monitoring of VOC in the ambient air of the Daesan
industrial complexes.
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Fig. 1. Location of VOC sampling sites.
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Table 1. Seasonal sampling periods and weather conditions in Daesan from 2010 to 2011.
1) (0, ¢ 1)
Date Temperature"(°C) Wind speed" (m/sec) Rainfall? Prevailing

Mean+SD®  Min?  Max®  Mean+SD Min Max (mm) wind direction
Spring (2011. 5. 24.~5. 30) 186+2.5 15.0 22.6 23+18 Calm 6.1 0.5 N
Summer(2011.8.9.~8.15.) 246+13 23.0 274 26+1.2 0.5 5.2 11.0 S
Autumn (2011.10. 18.~10. 24.) 141120 11.3 17.4 26+1.6 0.6 59 0.5 N
Winter (2011.12. 9.~12.15)) 28+1.6 0.2 55 32114 0.8 59 0.0 NW

"1-hour data were averaged; ?7 days accumulated data; Standard deviation; “Minimum; *Maximum.
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Table 2. Operating conditions of thermal desorptuin and GC/MS for VOC analysis.

Thermal desorber (Ultra/Unity, Markes, UK)

GC/MSD (HP6890/5973i, Hewlett Packard, USA)

Primary desorption temp. 300°C
Desorb time 10 min
Desorb flow 50 mL/min
Cold trap holding time 5min

Cold trap high temp. 320°C
Cold trap low temp. -10°C
Cold trap packing Tenax TA + Carbopack B
Min. pressure 12 psi
Inlet split No

Outlet split 10 mL/min
Valve and line temp. 180°C

GC column Rtx-1(0.32mm, 105 m, 1.5 um, Restek, USA)
Initial temp. 50°C (10 min)
Oven ramp rate 5°C/min
Final temp. 250°C (5 min)
Post run 250°C (5 min)
Column flow 1.12mL/min
Detector type Quadropole
Q-pole temp. 150°C

MS Source temp. 230°C

Mass range 35~350amu
Electron energy 70 eV
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Table 3. Operating conditions of HPLC for carbonyls analysis.

HPLC
Detector
Analytical column

Shimadzu HPLC system
UV/VIS 360 nm

Supelcosil (C18) column
(4.6 mm X 250 mm, 5 ym)

Analysis time 40 min
Flow rate 1.5mL/min
Injection volume 20l
Column oven temperature 40°C

A: Acetonitrile; B: Water;
C: Tetrahydrofuran (THF)

A: A mixture of
Band C=32:68(v/v)
Gradient

Mobile phases
Mobile phases ratio

Pump mode
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Table 4. Concentrations of selected VOC in Daesan area.
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Annual data including four seasons

Three seasons data excluding summer

Compounds Industrial site Industrial site Control site Industrial site Industrial site Control site
#A(N=112) #B(n=112) #C(n=112) #A(n=284) #B(n=284) #C(n=84)

Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max
Vinyl chloride <0.01 004 <0.01 002 <0.01 004 <0.01 004 <0.01 0.02 <0.01 0.04
1,3-Butadiene 0.06 0.58 0.01 015 <0.01 0.1 0.07 0.58 0.02 0.15 0.01 0.1
Acrylonitrile 0.03 0.27 0.01 009 <0.01 0.07 0.04 0.27 0.01 0.09 <0.01 0.07
1,1-Dichloroethene <0.01 <001 <001 <001 <001 004 <001 <001 <001 <001 <001 <001
Carbondisulfide 0.02 024 <0.01 005 <0.01 0.03 0.03 024 <0.01 0.05 <0.01 0.03
MTBE? 0.10 0.71 0.13 1.21 0.07 044 0.14 0.71 0.17 1.21 0.09 0.44
Vinyl acetate 0.29 298 0.24 2.03 026 1.69 0.36 298 0.29 2.03 0.28 1.69
Ethyl acetate 1.76 15.87 1.08 9.94 049 471 231 15.87 141 9.94 0.63 471
Hexane 431 23.85 0.85 6.51 031 148 5.66 23.85 1.09 6.51 0.40 1.48
Chloroform 0.02 0.21 0.01 013 <0.01 0.04 0.03 0.21 0.01 0.13 0.01 0.04
1,2-Dichloroethane 0.19 4.14 0.10 2.05 0.05 058 0.24 4.14 0.12 2.05 0.06 0.58
Benzene 1.13 5.76 0.77 4.5 041 295 1.47 5.76 0.99 4.5 0.51 2.95
Carbontetrachloride 0.06 0.58 0.05 0.25 006 0.19 0.07 0.58 0.06 0.25 0.07 0.19
Trichloroethylene 0.05 0.54 0.05 0.58 0.03 048 0.07 0.54 0.07 0.58 0.04 0.48
Toluene 1.20 3.23 2.34 7.59 096 5.26 1.47 323 2.52 7.59 1.23 526
Tetrachloroethylene 0.02 0.57 0.01 005 <0.01 0.05 0.03 0.57 0.01 0.05 0.01 0.05
Ethylbenzene 0.62 1.84 037 1.92 021 1.16 0.79 1.84 0.45 1.92 0.26 1.16
m, p-Xylene 0.94 2.96 0.51 2.14 028 1.85 1.19 2.96 0.58 2.14 0.35 1.85
Styrene 1.71 10.79 0.24 3.38 003 0.25 2.24 10.79 0.31 3.38 0.04 0.25
o-Xylene 0.33 1.00 0.18 0.82 0.10 049 0.41 1.00 0.20 0.82 0.12 0.49
2-Methoxyethanol <0.01 014 <0.01 006 <0.01 0.01 0.01 0.14  <0.01 006 <0.01 0.01
2-Ethoxyethanol 0.10 2.94 0.02 0.19 0.01 0.08 0.13 294 0.02 0.19 0.01 0.08
DMF? 0.07 0.62 0.04 0.42 0.03 032 0.09 0.62 0.05 0.42 0.04 0.32
2-Ethoxyethylacetate 0.05 0.30 0.03 0.17 0.01 0.08 0.06 0.30 0.03 0.17 0.01 0.08
Phenol 0.17 0.74 0.14 0.55 016 072 0.16 0.74 0.11 0.55 0.14 0.72

JIMTBE: Methyl-tert-butyl-ether; ?DMF: N,N-Dimethylformamide.
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Table 5. Concentrations of selected carbonyl compounds in Daesan area
Annual data including four seasons Three seasons data excluding summer
Compounds Industrial site Industrial site Control site Industrial site Industrial site Control site
P #A (n=48) #B(n=48) #C(n=48) #A(n=39) #B(n=39) #C(n=39)
Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max
Formaldehyde 5.84 15.32 3.52 12.68 2.90 12.96 7.30 15.32 4.04 12.68 341 12.96
Acetaldehyde 2.84 9.55 2.32 7.19 2.21 6.93 3.38 9.55 2.72 7.19 2.66 6.93
Acetone 3.70 14.55 3.07 12.41 2.77 11.49 4.50 14.55 3.71 1241 341 11.49
Acrolein 0.01 0.22 <0.01 0.04 <0.01 0.08 0.01 0.22 <0.01 0.04 <0.01 0.08
Propionaldehyde 0.32 1.18 0.30 1.14 0.29 1.02 0.37 1.18 0.32 1.14 0.31 1.02
Crotonaldehyde 0.03 0.35 0.03 0.44 0.01 0.17 0.03 0.35 0.04 0.44 0.01 0.17
MEK? 1.21 7.76 1.07 8.25 0.97 6.96 1.48 7.76 1.31 8.25 1.21 6.96
Butyraldehyde 0.11 0.59 0.09 0.56 0.1 0.68 0.13 0.59 0.11 0.56 0.13 0.68
Benzaldehyde 0.52 293 0.31 1.34 0.28 1.29 0.56 293 0.31 1.34 0.31 1.29
Valeraldehyde 0.08 0.33 0.06 0.17 0.07 0.42 0.10 0.33 0.08 0.17 0.09 0.42
m-Tolualdehyde 0.13 0.42 0.09 0.43 0.23 2.10 0.17 0.42 0.11 0.43 0.29 2.10
JIMEK: Methyl ethyl ketone
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Fig. 2. Comparison of the concentrations of selected VOC between the industrial sites and the control site.
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Fig. 3. Comparison of the concentrations of selected carbonyls between the industrial sites and the control site.
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Fig. 4. Comparison of the seasonal average concentrations of selected VOC in the monitoring sites.
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Fig. 5. Comparison of the seasonal average concentrations of selected carbonyls in the monitoring sites.
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Table 6. List of VOC with respect to the emission amounts from the sources in Daesan area.
Rank Chemical E[E;S/S;Sn c,}l;?ub::; i:éﬁit?;‘ Rank  Organic chemical E[E;S/S;Sn c’}iglﬁi; i-r%%est?’ ;
1 Propylene 110,796 3 A 17 1-Butene 20,582 4 A
2 Ethylene 99,551 2 A 18  Vinyl acetate 19,220 4 A
3 n-Hexane 89,101 4 A 19 Methanol 17,420 7 A
4 Butane 81,423 5 A 21 Ethylene oxide*? 5,981 5 A
5 Methyl-tert-butyl ether 69,475 2 A 22 Cyclohexane 4,826 3 A
6 Toluene 65,594 7 A 23 Vinyl chloride*® 4,801 1 A
7 Xylenes 65,186 6 A 25 Methyl chloride 1,620 2 A
8 2-Propanol 64,037 2 A 27 Methyl disulfide 606 3 A
9 Benzene*? 44,135 4 A B 30 Acrylonitrile 473 1 A
10 Acetic acid 40,865 2 A 33 2-Methoxyethano|b 212 1 A
11 1,3-Butadienea’b 32,666 3 A 37 Isoprene 60 1 A
12 Styrene*? 30,665 4 A 38  Propylene oxide®” 31 1 A
13 Ethylbenzene®? 29,303 4 A 39  Tributylamine 24 1 A
14 1,2-Dichloroethane®? 26,945 1 A B 41 Nonylphenol 15 1 A
15 Naphtha 23,762 4 A 43 Formaldehyde®” 9 1 A
16 N,N-Dimethylformamide® 22,025 3 A 46 Phenol®® 3 2 A

Jincluded in the 48 priority pollutants; Yincluded in the 35 HAP; “Industry type A: Petrochemical and basic chemical manufacturing industry; Industry

type B: Crude oil refinery industry
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