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Patterns of the main VOCs concentration in ambient air around Shiwha Area
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ABSTRACT : In this study, we investigated the concentrations of volatile organic compounds (VOCs) in Shiwha area and
compared the characteristics of both industrial area and residential area. The passive samplers were set 6 times each for a month in
21 locations at industrial and residential area to obtain 6 VOCs including benzene, trichlorobenzene, toluene, ethyl benzene, xylene
and stylene. Above all, toluene was the most abundant VOCs in the ambient air both in industrial and residential area. Average
TVOC concentration of industrial area was 1.86 times higher than that of residential area, and it was greatly reduced in winter
compared with summer. Furthermore, the average BTEX concentrations showed that all concentrations of industrial area were
1.94~5.39 times higher than those of residential area except benzene which were similar to each other. In winter, the concentration
of ethyl benzene and xylene were significantly decreased by comparing with summer: but benzene concentrations were increased.
Also, BTEX relative ratio was as follows: toluene>benzene>ethylbenzene>xylene. Correlation coefficients among VOCs were
confirmed that VOCs in ambient air of industrial area were generally more related to each other than that of residential area. On the
whole, the concentrations of VOCs in industrial area were higher, and it seems to be potential that industrial area affects the
distribution of VOCs to residential area.

Key words : Volatile Organic Compounds, Shiwha Industrial Complex, Passive sampler, BTEX
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Fig. 1. Sampling points of investigation area.
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Table 1. Average VOCs concentrations in Shiwha (unit: ppb)
Lompaufds Jure Jily ALiaus Saplam b ot bt D prmbief
I O
Banzene D.0ax0.21 B EdE0 20 13,190,110 13.84+D.15 13,850,049 14.02+0.15
Trcholoro—othyle 2. B611 43 8.60E1. 70 13.85611.07 18.93+4.20 11.01£0.67 10 "'-1T1 a8
Toluana 238521503 236231617 24171008 J2.66115.34 24 388 81 2461 =11
Ethyl-benzena 1. 5440 B8 13.99+0.20 198110 47 23 57+8.61 G.85+1.07 1.0811 |:1
Eylene 1.22+1.28 16121531 17124602 1981410, 70 . 4540 60 0.55=0.42
Siylene 0.oat0.13 00040 00 1.65+3.TH A TaLT .5'1 i 5 o 1. BG+3 24
Total TWCE 287041633 TODEEITAT HE VI E15F1 11233+31.9 S 11E10.77 2. 3T£12.65
Rasidantial araa
Barzene 0. 034000 8 Te+0.07 13,10+0,06 13,06+0,05 14,01=0,34 14 14+0.13
Tnchslaro=athide 0444034 B 3740 23 r.e1+3a o 15,30+3 46 #.91+0.20 O0d=021
Tolusha 5.29+1 1 10 84+0 ?d 14, 40+0 58 15.94+0 88 16, 832=0 E5 18.52+1.00
Ethyl=benzens 0. 43+0. 26 T.E1X7 2% 7. 0419 76 0.00+0.00 1.46+3.54 0262034
Svlene 0021007 6.07+A.42 34417 66 0.00+0.00 3.28£0.46 0,30=0.43
Stylene 0.00£0.00 0. 00000 0.00£0.00 0.00£0.00 G.00:EG.00 0.00=0.00
Tolal TVOE 61642 36 JO. 64215619 458041570  43.1816.04 40.5823.73 40 2811 .63

Note: Values are mean=S.D
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Fig. 2. Comparison of monthly mean TVOC.
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Fig. 3. Comparison of seasonal mean TVOC.

ol 7] vhehd 2.2 Bolut, o]Zte] thalie EH A
3 A7} Wag Ao Az, v FA7 o] A ol
A71e] o8 WlAE Aldle Aol 4% B olshi Lt

[e)
o] MiZE Zo] FAX| oo

2ol 'ﬂi% 1’41 7] FollA A7) bz ol2gt At

3.2. TVOC sk Ex EY

2 Ao A Total VOCs(TVOC)= passive sampler=
AF st B4 VOCs2 35 Uehd 210& TVOCe] ¢
¥ Z0|% Fig. 20 Yetdioich 1 AatE 29 7,8,9€0]
FHAGY TVOC s%7F =1L F7kete FAlolANH 114
120l AH R FE7t Wolxlnh, FAXAY AL
o= HlwA AT £ TVOC BE BEE Ho|1 9o
B8 7l BE U gET HEvt W Ao R U
257

E3t Fig. 30014 AE6~8Y)7 A&(11~129)E o]
TR G} FAR o A9 TVOC FEg vjws] 2, o
2309 AL FA 22 89,70 ppb, FARAGL 42.90 ppb
2 3 st "R on AZH = FH 1]

ne)

_ll)b

BTEX conceniratinn

arggrdredive] ppki

M m

Fgmr

Fig. 4. BTEX concentrations at industrial and residential
area.

3 HE7F Wobr oy FtA o] 51.25 ppb, FAA o]
40.37 ppbE A3 FHA G t7] F VOC| F=7} =
S AS U 4 3t o= AFAHY A o7 st {
713k 14‘:”01 Eﬂq 2] AOML VOCs7} FeA <
Fol QloBR FAR AR}
7] F9 =t E2 AR A} ok g 59 Aol
M AlEF FEe] TVOC?] sk 18.73 ppbE HEE UL
w2 Ae] 670Y Bt 5=<] 66.88 ppbeHs AfolE B
Qlct, 16

3.3. 47 BTEX sk
BTEX& 245 AlEY A4l dlof &

7bgsh=t 21tk Fig, 45 Fxstd, WAl £ 2
A AR s S Bolal, Uz EAEL B 3
Aol A 1,94~5.394] B =& =5 HItHTable 2).
AMEE = A A58 T A9 F=7F FAFSHL,
Aol 774 Aol 2388 o =A Yebded, o
FAXNY Ao 2 A ofgh JFd Aoz %X
o, EFAde FHA o] FAX ARG 747 o2 1
o), 2= 15w =4 = g A o
FekA o] Hit 19.22 ppbE 4.88 ppbel FA
3,942 Yepou; AL g Go] 0.93 ppbR, F
A EZE 0.87 ppbE A&l Hla Fadtglct. nprt
A2 AdAE o] 54 FdA| o] 17.38 ppbE FAA A

oL
i e

nu

nlm

18 e
NL_

il
i

KN

|
=z
Z=

>

Table 2. Seasonal BTEX concentrations at each sampling

sites (ppb)
Banzeng  Tohsna  Ervbeens  Mylens
Summiar
ridusinal ampa 11.81 26.81 1912 17.3&
Fediderital a f1.84 13.73 1_BE 317
WWinbe:
redusingl smea i B D 24 a4t .83 (k.50
Residental ans 14,00 16,232 187 .28
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Table 4. Comparison of BTEX relative ratios for other cities
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7|20 & gt WeE SIS BTEXS] H&2 Table 39| =9 ogulde] we 2 sk FEoR EAE] g
Uehodch, 24717 649 Soke] FuAee] BTEX 9l o2 molth 6L AA B weo
+ 1.0:2.5:1.0:0.92, FAAYL 3.8:14.7:1.0:0.628  1.7:3.0:1.0:0.82 EFIdA) oD HAD L] =A]
Table 5. Correlation coefficient of major VOCs
Benzene Trichloro—ethylene Toluene Ethyl-benzene Xylene Stylene
Industrial area (summer)
Benzene 1.000
Trichloroethylene 0.623** 1.000
Toluene 0.202 0.264 1.000
Etylbenzene 0.625 0.632* 0.327 1.000
Xylene 0.253 0.378* 0.395* 0.568** 1.000
Stylene 0.282 0.345 0.090 0.351 0.313 1.000
Residential area (summer)
Benzene 1.000
Trichloroethylene 0.508** 1.000
Toluene 0.916** 0.729* 1.000
Etylbenzene -0.241 -0.239 -0.217 1.000
Xylene -0.299* -0.204 -0.232 0.472* 1.000
Stylene - - - - - 1.000
Industrial area (winter)
Benzene 1.000
Trichloroethylene 0.368 1.000
Toluene 0.538* 0.385 1.000
Etyloenzene 0.580** 0.355 0.842** 1.000
Xylene 0.403 0.471* 0.407 0.576™ 1.000
Stylene 0.338 0.150 -0.058 0.064 0.260 1.000
Residential area (winter)
Benzene 1.000
Trichloroethylene 0.166 1.000
Toluene 0.280 0.231 1.000
Etylbenzene -0.257 -0.325 0.163 1.000
Xylene 0.019 0.741 0.311 -0.027 1.000
Stylene - - - - - 1.000

* Coefficients of correlation are significant at a level of 0.05
** Coefficients of correlation are significant at a level of 0.01

CHEHEZZSES|X| | MI327 M1& 12010 1€ |



66

Korean Socity of Environmental Engineers
HAE 012 - ZH2

i

Helth,
B2 AFfo|Ae BTEX Adiul& ZAygtat 7|29 2
o] AXLAFE Table 4914 vlu BAT 4 9l

N

I
Lee!”? 5o o5tw B:T v]&2 wEao] W
A 5o eduiEAdel s

stk Al TR 9] T2 =AEQ 0.1~0. 5% 0} oF
b =AY GARRE 0,601tk Gee et!® 5-& ehdlolr g7}
E*lOﬂ*H B:T H|-&°] 0.3~0.50]% VOCso| &2

waHE 4

R

T2 AsAte] dF Aer nustgn. vidaet B
0.12 - w2t o] A2 EAWS thfet o W=
o] EAtL dRo AT ATt FR7F ohdd A
oA 7]t Aoz ak#A gith BiEBE: W, whdet
o 0.6%the= =AT gEopr 27t BAEET: W
1.79] 2k HQlth B:iXE thE ZAEo] Aukzo® 1.0

= 92 = Aol vs v 22 2,009, T:EB= W+
9] 13.65 vt thE EAlE vle) W2 e B
o T:Xe 75 A% o =l B3] EB: X} npzt
7HAZ A SRR A o A oFF 22 ol

3.5. VOCs &A=+
Table 5+ & A4 A3t

4 Apole] 4TS RolET, WA 2

T 6 EH77 B

(positive correlation coefficient). E

E2dite ou “t’r%ﬁl

4 o
i)
il
rlo

0
J_
2:
L
2
A=)
dlo
1o
2
o
2
O
T
o
rlr
ot
o
_T(_‘
ko

S
2oL
o F_{EI > j(go
S E
I I st r%
RO S
2o o e B
T gy
2 e
i =T
P v >
-lN o
R o
B B N
AN
2 =
3*&'} =
(o]

du ool K
u
fu
=
=
:,_l‘
H1

@z eo A9 VOCs AaAs+=
FE et o5 E FAXYAAN =
EgZz o] g £ o
AGE ZATE g WARET) AL XT) o)
02173} -0,2759] 9] AWML 2= AL & 5

rlr o O

Table 6. Correlation coefficient of BTEX at each sampling site

th, o8d FAA A A AEAL BE hE VOCso]
A ol Aol gle AR vehtar Qi o]
2EAY] Fe7t 9 2 FEE AAEHUL E AY
5HA o]3H%7] wjEel Aog Holch ofg WAl
(T:E) ¥1= HABE), EdESE2ddie &
HHAE 2ot ALE FEA YoM = o5 3
F7kA 2 Adbd o g vOCs 7F ko) AL Kol
, 2R} o g WA (T:E)2] AAS7E 0.8422 &7
UebdTh ALE FAR oA = oE dlAlo] WAl Eej
SEEHA, 2] tieiA 5o S Holoh E3H
ARkA o7 SASTHY] A Adigte] 7P AA b
Byttt
Table 6= BTEX S3E7+2] A4
A7} FAA GO R il A EH
Ao o A fsREE
ZEA G, FAA G M= 2 A

o

=2 R

o WS A5 FAA A &
_E_

=

N

2 M
rol

)
=

M‘I

=
T

oZLm

e

K 1o o e
=

R

]
> e
N
u)
N

(¢}

ot o
=
Jo 10 ox :

=2
=2
=
:?é
02

o
N
N

o
~ o, Ho okl

o,
§2 i of it
032 ox it

qu e
2

LY
T
s orr
=

o x e
1o
ol
=

finj

AEhe] 4 A TR Aol A
2ol E5 BHA oo A 7717w}

ox
i
)
o

o 1© lo ¢
i
=)
=

2
=
2
o
Ul
ot
L
B
12
=2
Rl
il
i)
ox
R =
O,

< BTEX7} &t 944
A3} A7 o] Y

N
-

N
-N
)
~
rr —}!{% AN o}~
iv)
[w}
Bl
rlo
i ow
AT
>

A|BRA] O] FEA 3} QI FAR o)A 7] & VOCs
A ANEE AFH 2

E2& Ao 2 passive samplers

| Journal of KSEE | Vol.32, No.1 | January 2010



AIBKSE! XI%e| F2 FIUNE 5T 2u Sy

At A} ohSah 22 428 At

STHA AT FARY HEoA F84o] 7MY & F
B8 HEE WAlS Aot 24 g 2HE2 BE
SEA o] FAANAEYG 2 T £EF EYh AF
A FAXN M= A9 HEHA AUth TVOCS B
Ferl FHxFo] 66.88 ppb, FAX 0] 36.05 ppb
2 A oA 1,868 © =A YEbET AEE TVOC
T WgtE = A o] ofFH Bl AgH 2
A Hdastelon FAXGE ALY HTE LR e
SFGIT},

Hat

BTEX F&= &4 23}, WAe Foxen 3479
oA fARE pEoR, Unjx] BHES wE FohA| oA
o] £49 5'157} 1.94~5 390 =2 Zo=2 et AE
3 giste = ofd WAl A FHA G} FA R oA

230 W) AR S A BAssLoM, WAL
A2 557} o Bopch B2 AU BEA
A @mm %—74 Aol %7}6}31 :

| 4
Ao A AHAo] FAAGEG § 2 AR e
o FEAA 2RSS Fof Aol vehd A
€ 2oz FAAGAME g WA E74A T =
o] & 2= A7t AsiTh 53 o e A WA,
ALy Ao A FFol 7 Aol AolE B
At

KSEE
Ab AL

B ATE AFATIS TR RS 84714
LALAAR00D) B8] Al f3) BHRE oll
AT

o2t

-

[n23

1. International Agency for Research on Cancer(IARC),

“Monographs on the evaluation of carcinogenic risk to humans,”
Supplement, 7, 11~12(1987).
AzA, 79, W) F e |
317 8} 3] 7], 15(4), 407~417(2003).
B, AR, ARG Ao FHIY] F 9
B fStERY FEEF BE AT /1R T
2], 18(2), 181~197(1996).

ARG, ol &5, A, 2AA, A, o1 G5, “ASA T

s}

oA A E= VOCs s 2 54 A =787

g71sk e, @)

3] #], 21(6), 613~624(2005).

B, ol 84, F&F, o] 8], "t voC Y g
o 2" A e okl 2 38} =1 (2004).

A718, HE, 249, HAM, A9, A9, Y, =
AR M yge] VOC 42243 viESd ek a7
Anal. Sci. Technol., 16(5), 407~417(2003).

™

Mahmoud F., Hang, D., Aneja. V. P., “Volatile organic
compounds in some urban locations in United States,”
Chemosphere, 47, 863~882(2002).

Birnur, B., Fraser, M. P., “Source identification and
apportionment of volatile organic compounds in Houston,”
Atmos. Environ., 40, 2385~2400(2006).
Anjali, S., Joseph, A. E., Devotta, S., “Volatile organic
compounds in ambient air of Mumbai-India,” Atmos. Environ.,

40, 892~903(2006).

. Anjali, S., Sengupta, B., Dutta, S. A., “Source apportionment of

ambient VOC in Delhi City,” Sci. Total Environ., 343,
207~220(2005).

. Nelson, P.F., Quigley, S. M., “The hydrocarbon composition of

exhaust emitted from gasoline fueled vehicles,” Atmos. Environ.,

18(1), 79~87(1984).

. Monod, A., Sive, B. C., Avino, P., Chen, Blake, D. R., Rowland.

F. S., “Monoaromatic compounds in ambient air of various
cities: a focus on correlations between the xylenes and

ethylbenzene,” Atmos. Environ., 35(1), 135~149(2001).

. Hsieh, L. t., Yang, H. H., Chen, H. W., “Ambient BTEX and

MTBE in the neighborhoods of different industrial park in
southern Taiwan,” J. Hazard. Mater., 128, 106~115(2006).

. Kwangsam Na, Younpyo Kim, “Atmospheric environment,” 35,

2603~2614(2001).

. D. Shooter, S.F. Watts, A.J. Hayes, “A passive sampler for

hydrogen sulfide,” Environmental Monitoring and Assement, 38,

11~23(1995).

et ZErs|X| | &322 M15 120104 1€ |



68

Korean Socity of Environmental Engineers
HAE 012 - ZH2

lo. AF=, $HF, L84, QA4 "= E 39 A H7)F

3y f718ka

217~224(2002).

= B4 SRBA R A, 59),

it
A

17. Lee, S. C., Chiu, M. Y., F, H. K., Zou, S. C., Wang, X.,
“Volatile organic compounds (VOC) in urban atmosphere of
Hong Kong,” Chemoshpere, 48(3), 375~382(2002).

18. Gee, L. L., Sollars, C. J., “Ambient air levels of volatile organic

19.

compounds in latin american and asian cities,” Chemoshphere,
36(1), 2497~2506(1998).

Choi, S. H., Park, S.W., Lee, C.S., Kim, H.J., Bae, S.Y., Inyang,
H.I., “Patterns of VOC and BTEX concentration in ambient air
around industrial sources in Daegu, Korea,” J. Environ. Sci.

Health, 44(A), 99~107(2009).

| Journal of KSEE | Vol.32, No.1 | January 2010



