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A Research on the Distribution Concentration of Volatile Organic

Compounds in Busan Metropolitan ambient air

Industrial Environment Division

Seong-Nim Kim * Kyung-Won Jung * Young-Tae Kim

Abstract

This research is to grasp the distribution concentration of Volatile Organic
Compounds(VOCs) in Busan Metropolitan city area to establish measures lowering ambient
ozone level.

VOC samples including 10 compounds(Benzene etc) were collected from August to
October 2003 at industrial, commercial, roadside, residential, green region by Silonite coated
Canister and analysed by GC/MSD.

Analytical results are as follows

1. Among VOCs, BTEX were highly detected at all regions due to motor vehicle exhaust
emissions than any other VOCs.

In case of benzene, detected concentrations were in order of 0.86 ppb in industrial, 0.84
ppb in roadside, 0.76 ppb in commercial, 0.51 ppb in residential, 0.28 ppb in green region.

2. The correlation coefficients with ozone were in order of 0.9656 for benzene, 0.9610 for
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: volatile organic compounds(VOCs), ozone, nitrogen dioxide

4. Hexane and Pentane were identified to contribute less to the formation of nitrogen

3. The correlation coefficients with nitrogen dioxide were in order of 0.9138 for
styrene, 0.9010 for m,p-xylene, 0.8423 for ethyl benzene, 0.8290 for benzene respectively.

styrene, 0.9291 for m,p-xylene, 0.8427 for ethyl benzene respectively.

dioxide because of low correlation coefficient <0.5.
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Table 1. Status of VOCs discharge facilities®

PR 7| & FZYR7IBEE(VOCs) dEE 20l 2t A7

& Rabae) AWARANTED EA
_]

Table 2¢] WEp ule} o] 347
33tEdo] WA e wet 7y
OE F4RE Yeia lov, s
= 17,77ltonfyrZ &7 VOCs ¢ <
70%E AAsta e, SHAA 3,902
ton/yr, E-F-E 1,935ton/yr, AL 1,145
6ton/yr 59 AR A EH AT

HZ FAGGA A RS “FAES
Al 7187870 A5 AIE), 2002. 1070 o}
29 d2tdA a3¢=L2771 707 %2 7
ol wEHH, &9 155 %, 2549
77 %, ALH 46 % +O 2 HEEHE A
o7 ZAEAL

Table 39l= FZ VOCs$} AA|A5 9]
7187 25 YEdth

A% &L Ak AMEHE, 78 T
A d7] FoZ HiEH FA2AFSHE[NOx
= NO+ NO; : &AM 90~95% ©]
2ol NOE HiE¥)d FLAEF7IsetE
&2 71818=4 < HydrocarbonF)©]

A8 NE | 57184 | vt [ A52| 7E | A5 | A5
7 A8z | Tk B .

A AR | ERIE AR | AR | Az | BREAY | g
3,040 2 14 443 2,290 8 20 2 92 1 168
(730) | @) | a4) |@36)| a2) | ) | o) | @) | gi) | a) |aer)
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Table 2. VOCs generation from each facilities in Busan®
(unit : ton/yr)

T Toluene Xylene |Formaldehyde| Ethene Olefins | Paraffins
2 231 0.00 28.88 0.00 0.00 54.67
Az 1% 1.66 0.00 20.72 0.00 0.00 39.23
2% 0.47 0.00 5.83 0.00 0.00 11.03
3% 0.19 0.00 233 0.00 0.00 441
2 30.95 2.65 0.40 271 0.00 71.52
4% 0.00 0.00 0.26 0.00 0.00 2.19
Hell &4 5% 0.00 0.00 0.15 0.00 0.00 1.25
AL 30.95 2.65 0.00 2.71 0.00 68.09
A e 3.01 0.00 11.69 0.00 0.00 14.70
2 763.88 469.90 88.25 107.52 | 1,279.74 | 3,599.90
T 355.50 287.76 88.25 107.52 | 1,152.90 | 2,437.55
ER 122.44 71.48 0.00 0.00 87.97 170.53
A5 2 B 2~ 36.21 21.57 0.00 0.00 29.12 48.74
&4 <& 31.32 15.36 0.00 0.00 9.76 43.85
35 172.04 55.34 0.00 0.00 0.00 783.93
5T 46.37 18.39 0.00 0.00 0.00 115.30
o] &2} 80.83 75.13 0.00 0.00 440.13 | 1,600.24
2 236.04 76.59 57.53 2.67 21092 | 1,105.34
AT 0.26 0.00 11.95 0.00 106.43 19.51
&3 1.58 0.58 45.58 2.67 104.49 13.66
HE2 | Ak ) 2.12 1.36 0.00 0.00 0.00 14.66
AL ENE:)) 427 1.37 0.00 0.00 0.00 19.47
77 0.38 0.12 0.00 0.00 0.00 1.74
A4 4] 227.43 73.16 0.00 0.00 0.00 1,036.30
2 901.40 595.90 82.66 0.00 | 2,411.70 | 12,939.83
A 41.34 16.54 0.00 0.00 27.76 338.39
HE) 62.62 8.03 41.75 0.00 701.64 232.81
ZoH] 0.00 0.00 26.72 0.00 497.06 240.52
FRHA
ERIPEN 280.33 147.25 0.00 0.00 4374 192.23
= O
VOcs (;;T}f]) 284.39 149.38 0.00 0.00 44.38 195.01
FHa
3 24.38 12.80 0.00 0.00 3.80 16.72
== 3.25 239.40 0.00 0.00 0.00 10,913.80
A 85.01 2123 14.19 0.00 191.36 42.56
LK 120.09 1.28 0.00 0.00 901.95 767.81
ol 1,935 1,145 258 113 3,902 17,771
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Table 3. Usage by VOCs

= 4 # # 0] =57] H(psia) FE&EAHA)
Acetaldehyde 14.7 7E st AEA 9 s
Acetylene 14.7 el
Acrolein 9.0 EHRE 85, 4% AFMIA, AzAT
Acrylonitrile 43 A, T
Benzene 4.0 S 2 AR, U2 - AAE
1,3-Butadiene 14.7 ZehaE A
Carbon Tetrachloride 3.8 QeE AW FA T &0, =go|agdy
Butane 14.7 Al A
1-Butene, 2-Butene 14.7 FAAFA U8
Cyclohexane 33 g7 & F2)9 &)
Chloroform 6.6 N7 220 A4, 4F &
Methylene Chloride 4.2 AgEd &, ¢d3ste s
Ethanol(only industrial ) 2.3 S ALE
Ethylene 14.7 7+ Fsetadds, vHEA
Dichloroethylene 10.0 7154 &4
Formaldehyde 14.7 WELA, A5A, FRA =
Diethylamine 75 FAPEA] A)
n-Hexane 4.8 T2t 254 A
Methanol 4.6 g &l
Methyl Ethyl Ketone 33 T8 -¢59 8
Propylene 14.7 STt AxA TEAR AR
i-propanenol 1.7 7E sEokE AxA 2 Fs
Propylene Oxide 14.7 & v
Dimethylamine 14.7 A7k FEAIHS &2
1,1,1-Trichloroethane 4.1 SR Yole} e WAE 713 84 71A)
Trichloroethylene 2.6 tgtolagEd 9%
1,2-Dichloroethane 2.8 a8 7R, =] L)
Methyl Tertiary Butyl Ether 7.9 Ak =g - 7kEE HIHA|
Gasoline 9.2 52 As
Naphtha 15.6 2318t 712U 8
Crude oil 16.4 5 d8
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Fig. 1. Degadation and transformation reaction of VOCs in ambient.
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VOCs + OH — RO, + RCHO %
- A8 7|(ROyO oS WES
RO, + NO — NO, + RO
NO, + ht — NO + O
O+0,+M—>0;:+M
¥VOCs9] A3l A A= RO7} NO
o} yhg3lez 0; v=7F F7

71 =9

A Hole ARI@ge] yehdoh g
b, &2 Fulo] A AY fled o

- VOCs®] A+3} 71% NO, H;0, OH, HO, 53 ¥-33}o]
VOCs + O3 — RO, + RCHO AdET
Table 4. Preliminary Korea list of target VOCs ozone precursors
(37species)
Acetaldehyde Acetylene Acetylene dichloride Acrolein
Acrylonitrile Benzene 1,3-Butadiene Butane
1-Butene, 2-Butene | Carbon Tetrachloride Chloroform Cyclohexane
1,2-Dichloroethane Diethylamine Dimethylamine Styrene
Ethylene Formaldehyde n-Hexane Isopropyl Alcohol
Methanol Methyl Ethyl Ketone Methylene Chloride Methyl 'I];Lt:;ry Butyl
Propylene Propylene Oxide 1,1,1-Trichloroethane Trichloroethylene
Gasoline Naphtha Crude oil Acetic Acid
Ethylbezene Nitrobenzene Toluene Tetrachloroethylene
Xylene
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Table 5. Preliminary European list of target VOCs ozone precursors

3 e EAGARTA, 98 7. ne L J= 370008 6Y, FAHFIANY
Hol= =79, Bashare A EAxgw VOC EZS5S UERHIAL Table 59
Hobyg = 8|S 7rokste] 317pE A Table 6°l= FH B PITolA 9] QEAUA
A3te] FAST gon oz FAYR ATERL vocs ERA?

(26species)

Ethane 1-Butene Isoprene Ethyl Benzene
Ethylene trans-2-Butene n-Hexane o-Xylene
Acetylene cis-2-Butene 2-Methylpentane m-Xylene

Propane n-Pentane 3-Methylpentane 1,2,4-Trimethylbenzene

Propene i-Pentane n-Heptane 1,3,5-Trimethylbenzene
n-Butane trans-2-Pentane Benzene

i-Butane cis-2-Pentene Toluene

Table 6. US EPA list of target VOCs ozone precursors (55species)

Ethene 2-Methyl-2-butene trans-2-Hexene 2-Methylheptane
Ethylene Cyclopentene cis-2-Hexene 3-Methylheptane
Ethane trans-2-Pentene Methylcyclopentane n-Octane
Propylene 3-Methyl-1-pentene 2,4-Dimethylpentane Ethyl benzene
Propane 1-Pentene Benzene m-Xylene
iso-Butane cis-2-Pentene Cyclohexane p-Xylene
n-Butane 2,2-Dimethylbutane 2-Methylhexane Styrene
trans-2-Butene 3-Methylpentane 2,3-Dimethylpentane o0-Xylene

1-Butene 2-Methylpentane 3-Methylhexane n-Nonane
iso-Butene 2,3-Dimethylbutane 2,2 4-Trimethylpentene iso-Propylbenzene

cis-2-Butene Isoprene n-Heptane n-Propylbenzene
1,3,5-Trimethyl
Cyclopentane 4-Methyl-1-pentene Methylcyclohexane benzene
iso-Pentane 2-Methyl-1-pentene 2,3,4-Trimethylpentane 1,2,4-Trimethylbenzene
n-Pentane n-Hexane Toluene
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Fig. 2. Map of sampling site.
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Table 7. Sampling site and points in each section

SAAA A A A g H] 31
1-1 A A 172

- T | 12 SR 1704
A9 |13 TEAAGU 71 FAAY 17] 4

1-4 Fra B

2% FRAH ST BESAFA 172
3% TE2HAY ST 2HFSEL 172
4w TAAY T AMEATE 174
53 =229 FAT BME FEMIAR 1782

..
=
3t o]& GC/MSDA2] abundance

7F 50,0000]73%) EAS FTHOE A E

3.3 EAEH

GC/MSD(Agilent 6890N/5973N)°ll Al 5&
FA3t7] f18k A5 2] %X (ENTECH,
Model 7100 Preconcentrator, USA)S ©]-8-3}
o AEE FHSIATh AEHAZ= 242
o FHEHOT FAE 3949 EE
(Module 1—Module 2—Module 3—GC/
MSD)E &3t 23 @3te] #AS A
HA GCMSDE  FYE k. Module 12
Glassbead/Tenax Trap= ©]-8-3}o] U H A

F(500cc)E Liquid NoZ -150C oA §52
Aol FFAZITE E29E A& 20T
2 &25le] Tenax Trap®] 42H  Module
28 10cc/min® & 40ccE Hth Module
201 M= -10ColA &3 180T A &3
Module 394 = -160TC &2 90C &3ks}
o] GC/MSDZ FYUHET GC/MSDel tigh
B2 2748 Table 83 7t}

3.4 Ez==Z!(Standard)

57Components(RESTEK, Concentration 1ppm,
Balance Gas Nitrogen, 1700PSIG, USA)E
o]-g-ate] WA 50ppbo] HFEHES T &
Z¥zko] Edol tig 2ppb, 10ppb, 20ppb(F
% 500ccZ 20cc, 100cc, 200cc)2] HEFA-S
238kt
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Table 8. Analytical conditions of preconcentration and GC/MSD

Step Conditions
- Sample Vol. : 50~500m¢
Trap 1 - Flow rate : 150m{/min
(Glass bead) - Trapping : -150C
- Desorb : 20°C (Preheat 20C)
7100 Trap 2 - Trapping : -10C
Preconcentrator (Tenax) - Desorb : 180T
- Cool down temp. : -150TC
Cryofocusing - Injection temp : 80~90TC
Trap - Desorb : 180T
+ Injection time : 3min
Injector - Volatile Interface, 100C
Column - HP-1IMS(30m x 0.2mm x 1.0zm)
4 + Carrier gas : He 1.0m{ /min
6890N GC - Initial Temp. : 30C (10min)
- 1st Ramp : 5C/min
Oven Temp. - 1st Hold Temp. : 100C (1min)
- 2nd Ramp : 15C/min
- Final Temp. : 230C (3min)
- MSD temp : 230C
5973MSD Detector - EM Volts : 1618
+ Scan mode (range 30-400)
V. 2 :21- 22X LEFEV) FbelE AR FA}

B ARG Ay QF05)H9] AaA

T7F 7F8 =2 E%2-2 Benzene, Styrene,

m,p-xylene, Ethylbenzen® = ZA}E RO M,
o5 BAEL eroe dodBAS
Bhilo] £ Aale dEAD HeE
27 10914 &% 2A1 3¢ F=7F 7HAast
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TEAGLe AE&FAAGH FEnF  HY, 2 FFE2 TEd A
Az 2 SRAMIES FHoR AU BABARE Fu
TAAGW FHBANTEA FH VIEFA A FFE A AL
A 2 =22uAge FAos FEHs  FH Z2d il
2 AL B ARAAAES B Hska Qo) FUjHeE 1
NFAZAETG EEYMAEE FAoRE e JoE A
ool APE FIUAGH ARAFAT
A FR VEFARG@AIEARS), 7 2 SRAN X =2
FEEZEEFDA ABAA F B A9 A10gAe
g 23 Table 99} o] FALHAGN 2 mzwAde 2iz=
AAT  E=EANAES S Byl wauioga Azae 2
benzene, m,p-xylene, Styrene®] & Thj T}

A3 vlaste of 3~ 108 E E&

Table 9. Mean levels of VOCs concentration by industrial region

=8 ueniged, ol

A gol

AgEE WY

(Aromatic hydrocarbons) 2]

(unit : ppb, mean+S.D)

Housing area

VOCs region Syntif;lilsst;yubber Paints industry (aroux}d GlJ Gas station
office)
Benzene 0.89+0.81 0.97+0.14 0.97+0.31 0.60+0.27
Pentane 4.49+2.98 1.71+0.00 3.59+0.65 291+2.15
3-methylpentane 2.64+1.79 1.50+0.00 1.25+0.30 1.07+0.50
Hexane 4.34+2.68 2.57+1.67 2.62£0.52 1.19+0.29
Methylcyclopentane 2.43+1.54 2.14+1.50 1.24+0.41 0.57+0.20
Heptane 1.85+1.08 0.41+0.01 0.46+0.03 0.00+0.00
Toluene 62.51+43.82 90.65+22.87 38.93+22.17 8.25+5.56
Ethylbenzene 2.08+1.61 51.69+26.76 2.70+0.45 0.95+0.05
m,p-xylene 3.56+2.66 77.87+42.56 4.34+0.24 1.14+0.11
Styrene 1.09+0.00 9.93+6.64 2.18+1.04 0.77+0.00
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Table 10. Mean levels of VOCs concentration by commercial region and heavy-traffic site

(unit : ppb, mean+S.D)

region Office of Sampling point of
VOCs Gwangbokdong Onchondong

Benzene 0.76£0.55 0.8410.19
Pentane 0.911£0.49 0.40£0.00
3-methylpentane 0.72+0.00 0.00+0.00
Hexane 0.79+0.27 0.60£0.07
Methylcyclopentane 0.62+0.00 0.28+0.00
Heptane 0.00+0.00 0.00£0.00
Toluene 4.35+3.19 3.00£1.84
Ethylbenzene 0.91+0.16 0.89+0.14
m,p-xylene 1.04£0.27 1.07£0.33
Styrene 0.77+0.00 0.00+0.00

Table 11. Comparision with BTEX measured at heavy-traffic

site in Busan and other cities

city Busan Dac-jeon” Dac-gu'” Seoul'”
VOCs (Onchong) (City hall) (Jung-gu) (Hannam)
Benzene 0.84£0.19 5.2611.84 1.8240.76 2.2942.24
Toluene 3.00+1.84 23.48+5.43 18.40+14.70 10.59+12.50
Ethylbenzene 0.89+0.14 2.55+0.92 1.79+3.97 0.90+1.16
m,p-xylene 1.07+0.33 6.54+1.78 3.77+7.63 0.91+£1.22
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Hh= 2 & ote] gobE St

7t LE0)FHY] FHAF

AYE 0:99] FHATE A
FHAATF7F 0.8 =42 Benzene

o (0.9656),
o
[e)

129} 2
Ak

7 A
5\)10

o

-

(0.9610), m,p-xylene

(0.9291), Ethylbenzen(0.8427)2.2 ZALE| ]
o, O:9ke] FAAFTE 7P B S22

9% Heptane(-0.4101) 0.2 ZA}FE| 1T} (Table 13)
]

Table 12. Mean levels of VOCs Concentration by housing and green region

(unit : ppb, mean+S.D)

region Office of Mountain of

VOCs Gwangan4dong Geumnyeon
Benzene 0.51+0.28 0.28+0.00
Pentane 0.40+0.00 0.00+0.00
3-methylpentane 0.00+0.00 0.00+0.00
Hexane 0.60+0.07 0.59+0.00
Methylcyclopentane 0.28+0.00 0.00+0.00
Heptane 0.00+0.00 0.00+0.00
Toluene 3.00+1.84 0.80+0.19
Ethylbenzene 0.89+0.14 0.75+0.06
m,p-xylene 1.07+0.33 0.74+0.18
Styrene 0.00+0.00 0.00+0.00
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Table 13. Correlation coefficient with ozone

Coefficient of correlation
Coefficient of correlation
VOCs

Benzene 0.9656
Pentane 0.6273
3-methylpentane 0.6576
Hexane 0.6822
Methylcyclopentane 0.6889
Heptane -0.4101
Toluene 0.7273
Ethylbenzene 0.8427
m,p-xylene 0.9291
Styrene 0.9610

Table 14. Correlation coefficient with temperature

Coefficient of correlation
s Coefficient of correlation
Benzene -0.9497
Pentane -0.6511
3-methylpentane -0.7492
Hexane -0.7342
Methylcyclopentane -0.7504
Heptane 0.4927
Toluene -0.7273
Ethylbenzene -0.8801
m,p-xylene -0.9860
Styrene -0.9900
Y. &% (Temp.)$}+e] AT Yehi o exete] AaASrE 7 2

—

ewolo] AHAFE LEHY F#A EE2 Heptane(0.4927)0.2 %7} 53t
(e}
= a

S oAde vz goAS AnE & dBd 2 8%F 24 104604
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2A A M e
o7 ZFAMEJTh
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Fig. 3. Daily variation of temperature, ozone, nitrogen dioxide at Gam-jeon.
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Table 15. Correlation coefficient with nitrogen dioxide

Coefficient of correlation

Coefficient of correlation

VOCs
Benzene 0.8290
Pentane 0.3763
3-methylpentane 0.5079
Hexane 0.4806
Methylcyclopentane 0.5068
Heptane -0.4507
Toluene 0.7483
Ethylbenzene 0.8423
m,p-xylene 0.9010
Styrene 0.9138
V.3 2 SR E 1 FEo} Yol P
< B
B 2AQTE 2ae 5 Aoy
(B, A, B, =4, sEagez ¢ 2 TN ZERHANEEEH HLf
B3le] 899 9, 1020l BenzeneS X33 715t d 2APEY AR ETEe
o 107] FE T AN Az b 7 ¥Rl Benzenes] A vl wAlSk v
oy e ARS AL = 919 aste] oF 2uj7p wrow, A9} H
wskel of euf7h WA EARE RO,
) BE AL AE2} jErtAz Q18 FA 9 52A9 xS BTEXE EF
FPRINFEASS BgFage O SPEA] gEERen 2w
2~Fr(Aromatic hydrocarbons, BTEX))©] =E =3 rskint
AN, 53 FHAIY] B¢
ERAANALS ZAos zapas ) AAHAEdEE BY WgS "
Az 1 JEgMAe 2TAAA W 7 Z>Fr(Aromatic hydrocarbons, BTEX)+
AL 0 7% AN T SRS AR ST 7]
Jere mjzlon, AygAoz Y=y 20] 71 =2 24 10494 2% 2
AR e dred Thaw g MR 2 e dase W
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