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This study examines the characteristics of 43 toxic volatile organic compounds (VOCs) in roadside, res-
idential, and industrial complex areas located in Gyeonggi-do, South Korea. Benzene, toluene, ethyl benzene,
xylene isomers (BTEX), and 1,3,5-trimethylbenzene were frequently detected in each study region. The sea-
sonal concentrations fluctuated throughout the year, with high values observed in fall and winter, and low val-
ues observed in summer, primarily due to photo degradation and washout associated with summer rainfall.
Variations in wind speed induced by temperature inversion during night-time hour and photochemical deg-
radation during day-time hours also appeared to influence variations in contaminant concentrations, with con-
centrations at night-time being 1.8 times those in day-time. The percentage of VOC distribution for roadside-
residential, industrial, and industrial-roadside areas were 79%, 8%, and 8%, respectively.

Key words: Toxic volatile organic compounds, Detection frequency, Seasonal concentration, Day-time con-

centration, Night-time concentration
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Fig. 1. Sampling sites in the Gyeonggi-do study area.
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Table 1. Type, location, and characterization of sampling points

Areas Sites Around environment
Roadside Al Baekhyeon-dong, Bundang-gu, Seongnam-si Open area, Intersection
A2 Gugal-dong, Giheung-gu, Yongin-si, Apartment, Intersection
. . Bl Anyang2-dong, Manan-gu, Anyang-si Apartment Household
R 1 . .
esidential area B2 Sinpung-dong, Paldal-gu, Suwon-si Apartment Household
Industrial C1 Jeongwang-dong, Siheung-si Sihwa- industrial complex

complex area C2

Wonsi-dong, Danwon-gu, Ansan-si

Banwol- industrial complex
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Table 2. Summary of meteorological data associated with sampling times
Al Bl C1
Al-1 Al-2 Al-3 Al-4 Al-5 BI1-1 B1-2 B1-3 B14 Bl1-5 Ci1-1 C1-2 C1-3 Cl-4 C1-5
Temp. -0.7 -54 -16 14 36 -19 -2 2 07 -02 12 -21 -03 -3 03
Round 1 WD. N NNE SSW NNW WSW NNW NW ENE WNW SE NNE NNE E E NW
WS. 33 11 11 06 11 3 1.7 08 07 16 41 21 12 12 22
Rf. 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Temp. 174 142 189 14.1 215 250 169 221 16.7 222 257 17.7 226 170 23.0
Round 2 WD. WNW SW SW WSW E NNE - NNE - NNE NNE N NNE - NNE
WS. 18 1 1.2 07 14 13 07 19 08 17 33 11 27 13 42
Rf. 00 00 00 00 00 00 00 00 90 05 00 00 00 90 05
Temp. 289 27.0 305 27.7 298 296 258 274 258 251 293 262 273 262 264
Round 3 WD. SW S SSW - SSW NNE NNE N NNE N NNE - NNE N N
WS. 14 06 10 07 12 15 06 12 11 13 28 07 27 19 17
Rf. 30 30 00 00 00 00 00 10 10 40 00 00 10 1.0 20
Temp. 15.7 123 14.0 16.0 160 92 10.7 102 49 47 98 121 116 50 7.6
Round 4 WD. SSwW - SE SSE W NNE NNE NNE NNE NNE NNE NNE NNE N NNE
WS. 11 15 10 08 1.8 1 2 35 05 31 23 5 58 19 36
Rf. 00 00 00 00 00 00 25 00 00 00 00 25 00 00 00
A2 B2 C2
A2-1 A2-2 A2-3 A2-4 A2-5 B2-1 B2-2 B2-3 B2-4 B2-5 C2-1 C2-2 C2-3 C2-4 C2-5
Temp. -03 -51 -16 14 41 18 -26 28 -11 82 31 -51 38 -29 87
Round 1 WD. NW NW S SE SE SW SSW SSE NE S W ESE E - SSE
WSs. 15 07 17 07 09 21 07 19 06 16 18 03 14 08 26
Rf. 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Temp. 17.8 13.8 20.1 14.1 21.6 235 19.9 238 209 232 252 16.7 259 151 237
Round 2 WD. W WSW E NE S w W S - S SSw - SW NW SSE
wWSs. 20 11 13 08 12 24 11 15 21 17 19 10 22 05 16
Rf. 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Temp. 29.0 27.6 32.6 285 305 275 252 268 274 282 278 228 29.7 271 286
Round 3 WD. ENE ESE ENE NE ESE WNW - SSE S SSW WNW ENE WSW WSW WSW
WSs. 12 07 15 08 15 17 05 13 06 13 18 07 28 23 28
Rf. 1.0 1.0 00 00 00 00 00 260 335 3.0 00 00 35 40 0.0
Temp. 116 7.1 138 135 153 20 09 22 15 54 38 -30 32 -28 8.0
Round 4 WD. NNW SSW ESE - WSW NE SSW NE WNW NE S - E E ESE
ws. 11 07 14 08 18 09 11 07 04 11 17 10 13 11 21
Rf. 00 00 00 00 00 00 05 00 00 00 00 20 00 00 00

Temp.: Temperature, WD.: Wind direction, W.S.: Wind speed, Rf.: Rainfall
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Table 3. Ranking of the detection frequencies for VOCs at roadside, residential, and industrial areas
Roadside (n=40) Residential (n=40) Industrial (n=40)
Rank Frequency (%) Rank Frequency (%) Rank Frequency (%)

1 Toluene 1000 1 Toluene 100.0 1 Toluene 100.0
2 Ethylbenzene 100.0 2 Ethylbenzene 95.0 2 Ethylbenzene 100.0
3 Methylene chloride 97.5 3 Halocarbon 12 90.0 3 m,p-xylene 100.0
4 Benzene 95.0 4 m,p-xylene 90.0 4 0-Xylene 100.0
5 m,p-xylene 95.0 5 0-Xylene 87.5 5 1,3,5-Trimethylbenzene 100.0
6 0-Xylene 92.5 6 Methylene chloride 80.0 6 4-Ethyltoluene 95.0
7 Halocarbon 12 80.0 7 Halocarbon 11 72.5 7 1,2,4-Trimethylbenzene 92.5
8 Halocarbon 11 77.5 8 Benzene 72.5 8 Halocarbon 12 87.5
9 1,2,4-Trimethylbenzene 77.5 9 1,2,4-Trimethylbenzene 72.5 9 Methylene chloride 87.5
10 4-Ethyltoluene 65.0 10 4-Ethyltoluene 675 10 Benzene 85.0
11  1,3,5-Trimethylbenzene 65.0 11  1,3,5-Trimethylbenzene 67.5 11 Styrene 77.5
12 Chloroform 425 12 Styrene 55.0 12 Halocarbon 11 75.0
13 1,2-Dichloropropane 400 13 Chloroform 400 13 Trichloroethylene 70.0
14 Halocarbon 114 375 14 Halocarbon 114 375 14 Chloroform 67.5
15 Styrene 375 15 Carbon tetrachloride 350 15 Halocarbon 114 52.5
16 1,2-Dichloroethane 325 16 Trichloroethylene 350 16 1,2-Dichloropropane 52.5
17 Carbon tetrachloride  30.0 17 Halocarbon 113 325 17 Ethyl Chloride 45.0
18 Trichloroethylene 30.0 18 1,3-Dichlorobenzene  30.0 18 1,2-Dichloroethane 425
19 Ethyl Chloride 275 19 Ethyl Chloride 200 19 Chlorobenzene 325
20 Halocarbon 113 25.0 20 1,2-Dichloroethane 20.0 20 Acrylonitrile 275
21 Tetrachloroethylene 250 21 1,2-Dichloropropane 175 21 Halocarbon 113 275
22 Chlorobenzene 125 22 Tetrachloroethylene 125 22 Carbon tetrachloride  25.0
23 Acrylonitrile 100 23 Vinyl chloride 75 23 Tetrachloroethylene 15.0
24 1,1-Dichloroethylene 5.0 24 1,2-Dichlorobenzene 75 24 1,3-Butadiene 10.0
25 3-Chloropropylene 50 25 1,122Tetrachloroethane 5.0 25 Vinyl chloride 7.5
26 1,1,2-Trichloroethane 5.0 26 Chlorobenzene 25 26 cis-1,2-Dichloroethane 7.5
27 1,2-Dichlorobenzene 50 27 3-Chloropropylene 25 27 Bromomethane N.D.
28 Vinyl chloride 25 28 Acrylonitrile 20 28 Chloromethane N.D.
29 1,1-Dichloroethane 25 29 Bromomethane 2.0 29 1,1-Dichloroethylene ~ N.D.
30 1,3-Butadiene ND. 30 1,3-Butadiene ND. 30 3-Chloropropylene N.D.
31 Bromomethane ND. 31 Chloromethane ND. 31 1,1-Dichloroethane N.D.
32 Chloromethane ND. 32 1,1-Dichloroethylene ~ N.D. 32 1,1,1-Trichloroethane ~ N.D.
33  cis-1,2-Dichloroethane  N.D. 33 1,1-Dichloroethane N.D. 33 cis-1,3-Dichloropropene N.D.
34 1,1,1-Trichloroethane  N.D. 34 cis-1,2-Dichloroethane  N.D. 34 trans-1,3-Dichloropropene N.D.
35  cis-1,3-Dichloropropene N.D. 35 1,1,1-Trichloroethane N.D. 35 1,1,2-Trichloroethane  N.D.
36 trans-1,3-Dichloropropene N.D. 36  cis-1,3-Dichloropropene N.D. 36 1,2-Dibromoethane N.D.
37 1,2-Dibromoethane N.D. 37 trans-1,3-Dichloropropene N.D. 37 1,1,2,2-Tetrachloroethane N.D.
38 1,1,2,2-Tetrachloroethane N.D. 38 1,1,2-Trichloroethane N.D. 38 1,3-Dichlorobenzene N.D.
39 1,3-Dichlorobenzene = N.D. 39 1,2-Dibromoethane ND. 39 1,4-Dichlorobenzene  N.D.
40 1,4-Dichlorobenzene  N.D. 40 1,4-Dichlorobenzene  N.D. 40 1,2-Dichlorobenzene  N.D.
41 1,2,4-Trichlorobenzene N.D. 41 1,2,4-Trichlorobenzene N.D. 41 1,2,4-Trichlorobenzene  N.D.
42 Hexachloro-1,3-butadiene N.D. 42 Hexachloro-1,3-butadiene N.D. 42 Hexachloro-1,3-butadiene N.D.

N.D. : Not detected
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g A9l & 9] 59 oW EHEE =21
2] toluene®| 3.74 pphEA 7F& =% Y- methy-
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o2 HA AEE 2959 =2 F 17 £2o] 01
ppb ool ©]¢] 12%9] B+t FE= 0.03 ppb
o' HlwF v vepsth FAASS tolueneo]
3.93 pph2 7P =} T2 methylene chloride
(0.58 ppb), ethyl benzene (0.45 ppb), m,p-xylene
(0.37 ppb), halocarbon 12 (0.36 ppb) <=o™, AZH
200 E4 5 1070 EZo] 0.1 ppb el o]
19%9] i 5= 003 ppb FEO2 H|lwA Ui}
AP 21932 toluene®] 10.61 ppbE 7F¥ =% T
© 2 methylene chloride (8.82 pph), chloroform
(1.90 ppb), ethyl benzene (1.57 ppb), m,p-xylene
(1.10 ppb) o2 2652 HEEE T 1671 EHo]
0.1 ppb olFollem ole] 10l =29 HisEs
0.03 pph= WA Yelstth Toluened F7|4AE o]
ARE-E HRE oluE} FRIE § =AM A QISjAA
9 2FsAE w77k Sl e wMiEEER 7] Foll 4
E3h= g4 VOCs 79 shelt.

Ao BTEX Fes E2He 575 pph, FAXSL
547 ppb, At XL 14,65 pphE AHct A ollA 2.6
v =7 Jeptem, & °4%L°ﬂ*1 43% VOCs ZolM 7
=% VOCs =9 2 & VOCs(total VOCs, TVOCs)
2 vepd o] 2 Kejo] =2 9.44 ppb, FAAY
7.17 ppbRt} 3~4) F= =4 el BTEX &%
9} TVOCs %22 vl =21 061, FAAYGL 0.76,
2k AL 05302 747 veh $742]92 BTEX
FE HIFO] =2 Wi A 2 oA {7184 AR Y
speHAlE Alxsd 59 T VOCs 93e= BTEX
H&o] FAAG R W2 A o7 e,

Methylene chloride= 37] S22 IU2 wl&2
BE 2 LEAY HRIE § =5 AAA, d, 2
A o= FEA ARSEAL qlom He] AFAR
o] WEW eEFS wEhe F8 UUAEAR By
QATH202D B 3720l A methylene chlorides =24, F
AR 8 At AFo\x Z42E 97.5%, 80% B 87.5%
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5 A AZNA 2 = T 040
ppb ND~114)=2 =7} th7] 37471521 5 pg/m® (15
ot = AlolA Hat 90%
o] H& ASVIEE Vel =A19A4E (IARC), Al
ARZA7]5-(WHO) FollA 8k 22 (Group 1)1
1,3-butadieneS E=E2WH} FAR| 1—‘:— HEHA 2%
T AR e 001 ppb o]} FEOE ]
o ASNE 10%= S L}E}”EP ol 1
2 vinyl chloridex =2, FAX4, /&‘?_‘r Zl‘ﬁoﬂf‘i
25%, 10% L 75%% AENE 22 Yepll A&
¥ F%== 001 ppb oJskE W FEE UEllt) =2t
olaEd, A F& &4, 24FA 4 f7IsE 34
A= T v AREEY] 4 Ao Aab UekE
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I FARAG et FEET ) o) Eskorm A&

T 3 70%2 =2Hd FAXARY =4 JERith
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E40l me} MR tE % X dES vERd
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Table 5. Summary of the regional concentrations for VOCs in the study area and other cities (unit: ppb)

Location Comment Benzene Toluene Ethylbenzene m,p-xylene Styrene o-Xylene BTEXS  Ref.
Al Roadside 039 321 0.54 0.32 0.14 021 481
A2 Roadside  0.40 427 0.89 0.57 0.17 039 668
Bl Residential  0.38 3.81 0.44 0.41 0.13 026 543  This
B2 Residential ~ 0.29 4.05 0.46 0.33 0.14 023 551  study
C1 Industrial  0.40 9.07 2.07 1.40 0.18 091  14.03
c2 Industrial  0.51 12.15 1.07 0.80 0.21 053 1527
Gamjeon ypistrial 055 11.02 1.68 1.30 0.16 068 1539
(Busan) =14
. Ay
Jangrim Industrial  0.51 11.21 2.82 1.61 0.15 090  17.19
(Busan)
Ehyun-Dong .
Industrial  0.20 10.70 0.76 1.19 N.D. 043  13.28
(Daegu)
Galsan-Dong 4 cial 0.2 18.24 1.30 2.00 0.39 062 2277
(Daegu) 71216
o
Nowon-Dong 1 4 ctrial 0,19 17.93 2.04 1.98 0.02 070  22.86
(Daegu)
Jisan-Dong  p ciential 017 1.78 0.72 0.74 0.60 016 417
(Daegu)
Guro-Gu p Gdential  0.43 436 0.58 0.90 0.08 035 670
(Seoul)
Gangnam-Gu - pciential 050 4,52 1.08 0.93 010 033 746 NIER"
(Seoul)
Seoul station  p - iGde 051 5.49 0.59 0.70 0.09 0.26 7.64
(Seoul)

N.D.*: Not detcdted

&g 2olE YERllh. F71x199] BTEXSS Bl 543

17.93 ppbith WA LheRsiT

ppb, B2 551 pph= o A4bs 4.17 ppbiths =4
Yehkou A4 2 6.70 ppb, 'dT- 7.46 ppbX.
ot WA el benzene?t toluened A AHEH U=
EROU Mg FEF, et HIssg S B
o™ ethyl benzeneZ} m,p-xyleneS Bl, B2oA i
Aoz WA et}

Avek 2o} BTEXS %27} C1 14.03 ppb, C2 1527
ppb, FAke] 714 1539 ppb, A% 17.19 ppb, THTE] ©]
3% 13.28 ppb, Z4AHE 22.77 ppb, =5 22.86 ppb
2 Cl3# C2 A2 gi4to] ZAbsd wdshite B
AL FAke] 2P, A e gk el

TAA GO AFsAt wjE7ERe A8 S FUE o A
AAZoNN F2 wiE5E+E benzeneS C1 040 ppb, C2
051 ppho2 74 055 ppb, ZH 051 ppb FAKSH
e B3l o o]3% 020 ppb, Z2HE 022 ppb, =9
5 0.19 ppbe} ¥lwa] =& 7S YERL oj9} =
tolueneS C1 9.07 ppb, C2 12.15 ppho 2 7Fd, &

d, ol¥E 3 vs=aila Z1kE 1824 ppb, =%
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Fig. 2. Seasonal concentrations (R1; winter, R2; spring, R3; summer, R4; fall) of TVOCs.
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Fig. 3. Concentration and meteorological data (temperature and wind speed) for day- and night-time sampling periods.
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AR, p<001y= 22+ 050, 038 2 0652, 24
Z}zF 061, -0.71 2 -0.67= 29 AAAHS Vel

2 AeM A8 AF7E JEEE el FH of
7F W 59 HlE Al 18, A2 1.8, Bl 1.8 B2 17,
Cl 16 ¥ C2 3212 7}z veht 71l QA E29
Fhato] hika] Uojupar ofgte) Atz oz A Uof

g AL F=F F Yk 52 FEEEE AXEE
BTEXE & #3132 22442 (POCP; photochem-

ical Ozone Creative Potential}s 7141t} ol t)7] =
NOe} & Al 44 Bsl=e AS= siXd ¢ ot
Bloemend and Burn (1993)*%¢] 23} t)7] & BTEX
o] vi71= WAl AlQlehd Wt 1.08Y= Bl
A JelTt(Table 6). VOCs2] wljE&-2 7+ 9 o)k
o= 7z} o]Foltt. 7k F3e}t vk F W]
= 1¢ VOCs s=5 HEAE 4 3tk wehA ok
VOCs sk 7ol wiEso] Eall=]A] e Fxet of

Table 6. List of reaction rates and half-life of VOCs in the

atmosphere®®
Reaction rate .

VOCs (cm®/mole, sec) Half-life (day)
Benzene 1.28x1072 9.04
Toluene 6.19x1012 1.87

Ethyl benzene 7.5%x10712 1.54
o-xylene 1.47x10°1 0.79
m-xylene 2.45%x1011 0.47
p-xylene 1.52x 101 0.76

74 MiEEE= VOCs7) Belld =2 352 Jehd
ek, webd Felerd wsio} sleeie] olg B4
e 2 ATeA VOCse| - ot s=7uE o
71 83 8]1o 2 AlgHY.
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