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Abstract

This study used a SIFT-MS-based mobile monitoring system to measure volatile organic compounds
(VOCs) and odorants in real time at the Geumsa and Jeonggwan Industrial Complexes. Total VOC
concentrations at both sites were over 2.5 times higher than background levels, with alkanes,
aldehydes, inorganics, and amines as the dominant classes, indicating significant industrial impact on
local air quality. In Geumsa, formaldehyde, hexane, and methyl iodide were detected at elevated
levels, with formaldehyde exceeding background concentrations by more than twofold. In Jeonggwan,
ethyl chloride were notably high, reflecting emissions from specific processes. Seasonal patterns
partially deviated from typical trends, suggesting stronger influence of local emission sources than
environmental factors. Real-time pollution mapping revealed considerable spatial and temporal
variability, highlighting areas of repeated high concentrations and the need for targeted emission
management. This study provides quantitative data on VOC distribution and emission characteristics,
offering a foundation for site-specific air pollution control and ongoing monitoring strategies.
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Jeonggwan General Industrial Complex

Fig. 1. Location of the sampling sites
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Fig. 2. Frequency of counts by wind directions
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Fig. 3. Schematic representation of the SIFT-MS technique(Syft Tech., 2017).
Table 1. List of analyzed VOCs and odorous compounds
No Compounds name Molecule No Compounds name Molecule
1 Acetonitrile CoHsN 10 Carbon Tetrachloride CCly
2 Acetophenone CgHgO 11 Carbonyl Sulfide COS
3 Acrylamide CsHsNO 12 Catechol CeHgO,
4 Acrylonitrile C3HsN 13 Chloroacetic Acid CoH5ClO,
5 Allyl Chloride CsHsCl 14 Chlorobenzene CeHsCl
6 Aniline CeHyN 15 2-chloroethyl ether C4HsCl,0
7 Benzene CeHs Chloroform CHCl,
8 Bromoform CHBr; 16 Methylen Chloride CH,Cl,
9 1,3-butadiene C4Hs 1,1,2,2-tetrachloroethane CoH,Cly
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No Compounds name Molecule No Compounds name Molecule
17 a-chlorotoluene CyH;Cl 53 Styrene Oxide C4HsO
18 o-cresol C;HsO 54 Tetrachloroethylene CoCly
19 1,2-dibromo-3-chloropropane CsHsO2 55 1,2,4~trichlorobenzene CeHsCls
20 1,2-dibromoethane CoHyBry 56 1,1,1-trichloroethane CoHsCly
21 1,4-dichlorobenzene CeHaCly 57 1,1,2-trichloroethane CoHsCly
22 1,1-dichloroethane CoH4Cly 58 Trichloroethylene CoHCl3
23 1,1-dichloroethene CoHoCly 59 Triethylamine CeHisN
oan 1,2-dichloroethane CoHyCly 60 Vinyl Acetate C4HeOy,
Vinyl Chloride CoHsCl 6l Acrolein C3H4,0
25 1,2-dichloropropane C3HeCly - Ethyl Chloride CoHsCl
26 (z)-1,3-dichloropropene C3HaCly Phosgene CCL,O
27 N,N-dimethylaniline CgHyIN 63 Formaldehyde CH,O
28 Dimethylcarbamoyl Chloride C3HgCINO 64 Ammonia NH;3
29 N,N-dimethylformamide C3H;NO 65 Methyl Mercaptan CH4S
30 Dimethylnitrosoamine C,HeN,0O 66 Hydrogen Sulfide H,S
31 Dimethyl Sulfate CyHs04S 67 Dimethyl Sulfide CoHeS
32 1,4-dioxane C4HsO, - Phenolx** CsHsOH
33 Epichlorohydrin C3HsCIO Dimethyl Disulfide CoHsS;
34 1,2-epoxybutane C4HsO 69 Urethane CsHyNO,
35 Ethylene Oxide CoH4O 70 Trimethylamine C3HgN
36 Hexachlorobutadiene C4Clg 71 Acetaldehyde CH,O
37 Hexane CeHyg 72 Styrene CgHs
38 Isooctane CgHis 73* Propionaldehyde CsHsO
39 Isophorone CoH140 Propylene Oxidel** CsHsO
40 Isopropyl Benzene CoHiz 74 Butanal C4HgO
41 Methanol CH4O 75 Pentanal CsHi0O
42 2-methylaziridine CsHyN 76 3-methylbutanoic acid CsHy00
43 Methyl Bromide CHsBr 77 Toluene CyHs
44 Methyl Chloride CHsCl - Xylenes CgHio
45 Methylhydrazine CHgN, Ethylbenzene CgHio
46 Methyl Iodide CHsl 704 Methyl Ethyl Ketone C4HsO
47 Methyl Isocyanate C,H3NO Acrylic Acid** C3H40,
48 Methyl Methacrylate CsHgO, 80 Methyl Isobutyl ketone CeH120
49 Methyl Tert-Butyl Ether CsHy20 81 Butyl Acetate CeH120,
50 2-nitropropane C3H/NO, 82 Propanoic Acid C3HeOy,
51 N-nitrosomorpholine C4HgN,O; 83 Butanoic Acid C4HgOy
52 Beta-Propiolactone C3H40, 84 [sobutyl Alcohol C4H,00

*They are not seperated in SIFT-MS and are marked together.

**Phenol, propylene oxidel and acrylic acid are not odorous compounds. But they are not seperated in SIFT-MS.
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Table 2. Operating condition of SIFT-MS for VOCs and odorous compounds analysis

Parameter Value
Sample plate temperature 120°C
Flow tube temperature 120°C
Hex heater temperature 120°C
Wet source pressure 850 mTorr
Dry Source pressure 3.50 Torr
Flow tube pressure 110 mTorr
Upstream pressure 2.5 e Torr
Downstream pressure 50 mTorr
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Fig 4. Total concentration of VOCs and odorous compounds in the studied industrial complexes.

Table 3. Concentration of VOCs, odorous compounds in industrial complexes

Group Compounds(ppb) Geumsa | Jeonggwan |Background
methyl chloride 0.76 0.82 0.46
methyl bromide 1.88 2.16 0.58
ethyl chloride+phosgene 4.20 17.98 1.15
methyl iodide 8.80 8.36 2.24
1.1-dichloroethane 1.76 1.03 0.68
+
chlorid%}Jlrllo.Té?gfrtletrl{laeéﬁi’(lneﬂgethane 3.31 3.66 0.70
hexane 9.51 10.20 4.56
alkane 1.1.1-trichloroethane 0.28 0.29 0.09
carbon tetrachloride 0.21 0.14 0.01
1.2-dichloroethane+vinyl chloride 0.70 0.54 0.28
isooctane 4.23 4.65 0.91
1.2-dibromoethane 0.26 0.22 0.03
2-nitropropane 0.09 0.07 0.02
1.2-dibromo-3-chloropropane 0.04 0.02 0.00
Total 36.04 50.13 11.68
1.3-butadiene 0.17 0.25 0.31
1.1-dichloroethene 1.53 1.56 0.37
allyl chloride 0.37 0.33 0.26
alkene (Z)-1.3-dichloropropene 0.29 0.34 0.04
trichloroethylene 0.97 0.86 0.09
tetrachloroethylene 0.04 0.04 0.00
Total 3.38 3.37 1.06
formaldehyde 12.24 11.41 5.84
acetaldehyde 1.15 1.29 1.52
propionaldehyde+propylene oxidel 1.45 0.85 0.16
aldehyde acrolein 1.42 1.39 0.85
butanal 0.81 0.67 0.41
pentanal 0.50 0.46 0.16
Total 17.57 16.07 8.93
benzene 0.38 0.22 0.04
toluene 1.95 0.73 0.15
xylenes + ethylbenzene 1.49 0.58 0.16
aromatic styrene 0.18 0.18 0.04
isopropyl benzene 0.37 0.18 0.07
styrene oxide 0.13 0.09 0.02
Total 4.49 1.97 0.48
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(To be continued)

Group Compounds(ppb) Geumsa | Jeonggwan |Background
1.2-dichloropropane 1.47 0.91 0.20
1.1.2-trichloroethane 1.79 1.90 0.61
chlorobenzene 0.47 0.50 0.05
bromoform 0.02 0.00 0.00
halogenated 1-chlorotoluene 0.45 0.27 0.06
1.4-dichlorobenzene 0.01 0.00 0.00
hexachlorobutadiene 0.00 0.00 0.00
1.2.4~trichlorobenzene 0.00 0.00 0.00
Total 4.20 3.58 0.93
vinyl acetate 0.56 0.58 0.33
methyl methacrylate 0.37 0.29 0.11
ester beta-propiolactone 0.57 0.22 0.14
dimethyl sulfate 0.45 0.60 0.10
butyl acetate 1.13 0.93 0.20
Total 3.08 2.61 0.88
methyl tert-butyl ether 2.51 1.87 0.60
1.4-dioxane 0.50 0.47 0.10
ether
2-chloroethyl ether 0.59 0.49 0.14
Total 3.60 2.83 0.83
methanol 4.11 3.11 2.43
o-cresol 0.09 0.08 0.02
catechol 0.13 0.14 0.04
alcohol ; A
phenol+dimethyl disulfide 0.12 0.15 0.03
isobutyl alcohol 1.44 1.26 0.40
Total 5.89 4.74 2.91
dimethylcarbamoyl chloride 0.12 0.07 0.02
chloroacetic acid 0.08 0.08 0.02
carboxylic acid 3-methylbutanoic acid 0.63 0.54 0.12
butanoic acid 0.79 0.70 0.23
propanoic acid 0.95 0.70 0.20
Total 2.57 2.10 0.59
ethylene oxide 2.71 2.47 1.44
epoxide 1.2-epoxybutane 1.24 1.07 0.48
epichlorohydrin 3.22 1.74 0.28
Total 7.18 5.28 2.20
methyl ethyl ketone+acrylic acid 1.32 0.83 0.18
methyl isobutyl ketone 0.37 0.32 0.11
ketone acetophenone 0.07 0.05 0.01
isophorone 0.03 0.03 0.00
Total 1.78 1.22 0.31
carbonyl sulfide 1.92 2.26 1.49
i . ammonia 7.92 10.46 0.85
HHorganie hydrogen sulfide 1.17 1.06 0.29
Total 11.01 13.79 2.63
isocyanate methyl isocyanate 0.18 0.18 0.09
nitrogen hecterocycle N-nitrosomorpholine 0.36 0.35 0.08
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(To be continued)

Group Compounds(ppb) Geumsa | Jeonggwan |Background
thioether dimethyl sulfide 0.22 0.17 0.07
thiol methyl mercaptan 0.43 0.50 0.38
2-methylaziridine 0.13 0.13 0.07
triethylamine 0.15 0.13 0.04
methylhydrazine 6.39 6.09 7.31
dimethylnitrosoamine 0.50 0.43 0.24
amine aniline 0.10 0.04 0.01
acrylamide 0.14 0.16 0.07
N.N-dimethylaniline 0.02 0.01 0.00
trimethylamine 0.25 0.17 0.05
Total 7.69 7.16 7.80
N.N-dimethylformamide 0.75 0.76 0.25
amide urethane 0.12 0.08 0.02
Total 0.87 0.83 0.27
acrylonitrile 0.80 1.62 1.77
nitrile acetonitrile 0.09 0.11 0.11
Total 0.89 1.73 1.87
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Fig 5. Proportion of each chemical group in the studied industrial complexes.
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Fig 6. Total concentration of 84 air pollutants in studied industrial complexes by quarter.
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Table 4. Concentration of VOCs, odorous compounds in Geumsa and Jeonggwan area
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Group Compounds Range (ppb)
Geumsa Jeonggwan Background
methyl chloride 0.53 ~ 0.91 0.49 ~ 1.50 0.24 ~ 0.68
methyl bromide 0.87 ~ 3.36 1.17 ~ 3.54 0.35 ~ 0.80
ethyl chloride+phosgene 0.33 ~ 591 0.35 ~ 65.30 0.09 ~ 2.20
methyl iodide 1.21 ~ 17.60 4.65 ~ 11.82 0.87 ~ 3.60
1.1-dichloroethane 0.22 ~ 2.64 0.24 ~ 1.75 0.03 ~ 1.32
chloroform+methylen
chloride+1.1.2.2—tetrachi7oroethane L19 ~ 579 2.38 ~ 493 0.22 ~1.18
alkane hexane 4.77 ~ 13.60 6.09 ~ 13.57 3.04 ~ 6.09
1.1.1-trichloroethane 0.14 ~ 0.46 0.10 ~ 0.42 0.08 ~ 0.09
carbon tetrachloride 0.02 ~ 0.42 0.02 ~ 0.30 0.00 ~ 0.02
1.2-dichloroethane+vinyl chloride 0.18 ~ 1.30 0.21 ~ 0.82 0.07 ~ 0.49
isooctane 1.08 ~ 8.40 1.23 ~ 7.69 0.21 ~ 1.60
1.2-dibromoethane 0.08 ~ 0.48 0.12 ~ 0.34 0.02 ~ 0.04
2-nitropropane 0.04 ~ 0.15 0.03 ~ 0.11 0.02 ~ 0.03
1.2-dibromo-3-chloropropane 0.00 ~ 0.10 0.01 ~ 0.05 0.00

o Ho
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(To be continued)

Group Compounds Range (ppb)
Geumsa Jeonggwan Background
methyl chloride 0.53 ~ 0.91 0.49 ~ 1.50 0.24 ~ 0.68
methyl bromide 0.87 ~ 3.36 1.17 ~ 3.54 0.35 ~ 0.80
ethyl chloride+phosgene 0.33 ~ 591 0.35 ~ 65.30 0.09 ~ 2.20
methyl iodide 1.21 ~ 17.60 4.65 ~ 11.82 0.87 ~ 3.60
1.1-dichloroethane 0.22 ~ 2.64 0.24 ~ 1.75 0.03 ~ 1.32
chloroform+methylen
chloride+1.1.2.2—tetrach¥oroethane L19 ~ 579 2.38 ~ 493 0.22 ~1.18
alkane hexane 4.77 ~ 13.60 6.09 ~ 13.57 3.04 ~ 6.09
1.1.1-trichloroethane 0.14 ~ 0.46 0.10 ~ 0.42 0.08 ~ 0.09
carbon tetrachloride 0.02 ~ 0.42 0.02 ~ 0.30 0.00 ~ 0.02
1.2-dichloroethane+vinyl chloride 0.18 ~ 1.30 0.21 ~ 0.82 0.07 ~ 0.49
isooctane 1.08 ~ 8.40 1.23 ~ 7.69 0.21 ~ 1.60
1.2-dibromoethane 0.08 ~ 0.48 0.12 ~ 0.34 0.02 ~ 0.04
Z-nitropropane 0.04 ~ 0.15 0.03 ~ 0.11 0.02 ~ 0.03
1.2-dibromo-3-chloropropane 0.00 ~ 0.10 0.01 ~ 0.05 0.00
1.3-butadiene 0.02 ~ 0.30 0.02 ~ 0.50 0.02 ~ 0.61
1.1-dichloroethene 0.37 ~ 3.08 0.67 ~ 2.79 0.13 ~ 0.60
alkene allyl chloride 0.21 ~0.53 0.22 ~ 0.44 0.10 ~ 0.41
(Z)-1.3-dichloropropene 0.10 ~ 0.51 0.14 ~ 0.54 0.02 ~ 0.06
trichloroethylene 0.12 ~ 1.94 0.19 ~ 1.69 0.02 ~ 0.15
tetrachloroethylene 0.00 ~ 0.11 0.00 ~ 0.10 0.00
methyl tert-butyl ether 0.41 ~ 4.24 0.44 ~ 3.29 0.09 ~ 1.11
ether 1.4-dioxane 0.24 ~ 0.79 0.27 ~ 0.89 0.10 ~ 0.10
2-chloroethyl ether 0.20 ~ 1.02 0.22 ~ 0.82 0.06 ~ 0.22
formaldehyde 521 ~ 17.41 7.42 ~ 21.01 1.13 ~ 10.56
acetaldehyde 0.61 ~ 0.97 0.19 ~ 2.67 1.47 ~ 1.57
propionaldehyde+propylene oxidel 0.12 ~ 2.76 0.12 ~ 1.73 0.00 ~ 0.31
aldehyde :
acrolein 1.23 ~ 1.69 1.09 ~ 1.77 0.58 ~ 1.12
butanal 0.66 ~ 1.12 0.57 ~ 0.76 0.29 ~ 0.53
pentanal 0.34 ~ 0.70 0.37 ~ 0.53 0.08 ~ 0.25
benzene 0.10 ~ 0.78 0.05 ~ 0.47 0.03 ~ 0.05
toluene 1.31 ~ 2.86 0.30 ~ 1.26 0.12 ~ 0.18
. xylenes + ethylbenzene 1.05 ~ 1.78 0.27 ~ 0.92 0.06 ~ 0.26
aromatic
styrene 0.05 ~ 0.30 0.06 ~ 0.28 0.01 ~ 0.07
isopropyl benzene 0.14 ~ 0.55 0.08 ~ 0.28 0.01 ~ 0.13
styrene oxide 0.03 ~ 0.21 0.05 ~ 0.15 0.00 ~ 0.05
amide N.N-dimethylformamide 0.35 ~ 1.12 0.57 ~ 1.21 0.21 ~ 0.29
urethane 0.04 ~ 0.21 0.03 ~ 0.13 0.01 ~ 0.03
isocyanate methyl isocyanate 0.11 ~ 0.24 0.12 ~ 0.25 0.09 ~ 0.09
nitrogen
hecteroc N-nitrosomorpholine 0.13 ~ 0.61 0.21 ~ 0.52 0.04 ~ 0.12
ycle
thioether dimethyl sulfide 0.04 ~ 0.41 0.04 ~ 0.27 0.02 ~ 0.12




(To be continued)

SIFT-MSZ 0|83t
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Group Compounds(ppb) Range
Geumsa Jeonggwan Background
1.2-dichloropropane 0.16 ~ 2.71 0.23 ~ 1.58 0.07 ~ 0.34
1.1.2-trichloroethane 0.73 ~ 3.10 0.99 ~ 2.98 0.26 ~ 0.96
chlorobenzene 0.15 ~ 0.92 0.18 ~ 0.69 0.02 ~ 0.08
halogena bromoform 0.00 ~ 0.04 0.00 0.00
ted 1-chlorotoluene 0.21 ~ 0.76 0.16 ~ 0.43 0.02 ~ 0.10
1.4-dichlorobenzene 0.00 ~ 0.02 0.00 ~ 0.01 0.00
hexachlorobutadiene 0.00 0.00 0.00
1.2.4-trichlorobenzene 0.00 0.00 ~ 0.01 0.00
2-methylaziridine 0.06 ~ 0.19 0.08 ~ 0.19 0.05 ~ 0.09
triethylamine 0.06 ~ 0.22 0.07 ~ 0.19 0.02 ~ 0.06
methylhydrazine 3.33 ~ 10.49 2.68 ~ 9.49 10.39 ~ 4.24
. dimethylnitrosoamine 0.45 ~ 0.58 0.20 ~ 0.60 0.23 ~ 0.26
amine aniline 0.06 ~ 0.17 0.01 ~ 0.07 0.00 ~ 0.01
acrylamide 0.12 ~ 0.18 0.13 ~ 0.21 0.04 ~ 0.09
N.N-dimethylaniline 0.01 ~ 0.03 0.00 ~ 0.02 0.00
trimethylamine 0.19 ~ 0.30 0.15 ~ 0.21 0.04 ~ 0.07
vinyl acetate 0.43 ~ 0.64 0.45 ~ 0.83 0.28 ~ 0.38
methyl methacrylate 0.20 ~ 0.56 0.24 ~ 0.35 0.07 ~ 0.16
ester beta-propiolactone 0.40 ~ 0.73 0.14 ~ 0.39 0.09 ~ 0.20
dimethyl sulfate 0.16 ~ 0.69 0.34 ~ 0.95 0.10 ~ 0.11
butyl acetate 0.49 ~ 1.62 0.50 ~ 1.74 0.14 ~ 0.26
methanol 3.35 ~ 457 2.66 ~ 3.63 2.26 ~ 2.59
o-cresol 0.04 ~ 0.15 0.04 ~ 0.14 0.02 ~ 0.02
alcohol catechol 0.07 ~ 0.22 0.04 ~ 0.20 0.03 ~ 0.06
phenol+dimethyl disulfide 0.05 ~ 0.23 0.06 ~ 0.24 0.02 ~ 0.03
isobutyl alcohol 0.33 ~ 2.70 0.83 ~ 1.79 0.09 ~ 0.70
dimethylcarbamoyl chloride 0.09 ~ 0.17 0.03 ~ 0.08 0.02 ~ 0.02
. chloroacetic acid 0.03 ~ 0.15 0.03 ~ 0.08 0.01 ~ 0.03
carboxyli - -
c acid 3-methylbutanoic acid 0.21 ~ 1.16 0.35 ~ 0.73 0.06 ~ 0.18
butanoic acid 0.47 ~ 1.11 0.44 ~ 1.22 0.20 ~ 0.25
propanoic acid 0.68 ~1.31 0.53 ~ 1.01 0.10 ~ 0.31
ethylene oxide 1.89 ~ 3.54 1.14 ~ 3.38 094 ~ 1.94
epoxide 1.2-epoxybutane 0.93 ~ 1.70 0.91 ~ 1.23 0.30 ~ 0.65
epichlorohydrin 1.61 ~ 5.49 0.67 ~ 2.57 0.20 ~ 0.36
methyl ethyl ketone+acrylic acid 0.81 ~ 1.84 0.44 ~ 1.56 0.12 ~ 0.25
ketone methyl isobutyl ketone 0.19 ~ 0.58 0.21 ~ 0.52 0.04 ~ 0.18
acetophenone 0.02 ~ 0.12 0.04 ~ 0.07 0.01 ~ 0.02
isophorone 0.01 ~ 0.05 0.01 ~ 0.05 0.00 ~ 0.01
nitrile acrylonitrile 0.06 ~ 1.31 0.06 ~ 3.26 0.13 ~ 3.40
acetonitrile 0.07 ~ 0.11 0.08 ~ 0.15 0.10 ~ 0.11
carbonyl sulfide 0.88 ~ 2.96 1.58 ~ 3.43 0.56 ~ 2.42
inorganic ammonia 2.43 ~ 14.40 4.34 ~ 25.42 0.65 ~ 1.05
hydrogen sulfide 0.27 ~ 2.16 0.14 ~ 1.78 0.15 ~ 0.43
thiol methyl mercaptan 0.30 ~ 0.82 0.19 ~ 1.00 0.30 ~ 0.45
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