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Abstract

Source contribution for VOCs collected in Seoul metropolitan area was conducted using

PAMs (Photochemical assessment monitoring system) data and CMB(Chemical Mass Balance)

model8.0, in order to estimate spatial and temporal variations of VOCs source contribution in
that area, and also to compare with corresponding emission inventory. VOCs data used in
model calculation were collected at 6 different sites of PAMs(Seokmori, Guwoldong,

Simgokdong, Bulgwangdong, Jeongdong and Yangpyeong) and 22 out of 56 VOCs species
were analyzed from June 2002 to march 2003 and used for CMB model estimation. The result

showed that vehicle exhaust, coating and energy combustion were important sources of VOCs
in Seoul metropolitan area, averaging 32.6%, 25.5% and 25.1%, respectively. In this study as
well as other references, it was revealed that vehicle exhaust is the main contributor of urban
area VOCs, but there is remarkable contrast between emission inventory and model estimation.
Vehicle exhaust portion is seriously underestimated while coating is usually overestimated in
emission estimates, compared to CMB results. Therefore, it is considered to assert and confirm
the uncertainty of emission estimates and clarify the distinction between two other source

apportionment methods
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Table 1. Quality control methods for VOCs measurement in PAMs.

Item Method(EPA TAD*)
System Blank Analysis |use humidified N2 gas
10ppbC per each column

Multiple Point Cal. | R2>0.995
Linearity Test at least three points.
MDL Test

(Method Detection Limit) 2ppbC as propane, benzene

within 4 25% RPD(two times
with 5 ppbV)

Precision Test

* Technical assistance documents for sampling and analysis

of ozone precursors.
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Figure 1. VOCs monitoring sites in Seoul metropolitan area



BIZIA - BRE - MO} - OR

O|MZE / +82H(CMB)S OI8st =

TH VOCs2 HIZEE 7|oig &8 229

‘ﬂ'LHmE} T2 Exltﬂi A EE toluene?] -
7} Bt 15~3Tug/m? AER e A2 Ko
A 7HY =2 R AR SCH propaned} n—
butane®] 154g/m? Wel&2 71 FE o]9irt, 181
fRE AEAREE WEEHE AoR Ui
acetylene®] s+ oF 3ug/m3 FLo] 7+ Bt
Eg, oMAF AL T F ofF AT
(06:00~09:00)t]2] VOCs BiHs s w2 Hajs)
of olol] that MjE9) 7] =S Abgaln A sholo
], t2e] 79 oA 9] Bt VOCs F=7}
dsgatol| vl3h AiA o R o 7hS vhebch

2. +224(CMB)

5209} Qo £ 2
Bl el i 22t a2l At 4 0

Ci= § FiSi ()

L
ox
o
—

Mg

ZirirO
]

_‘ﬂ-IE
ﬂiﬁo};‘
T ET
[0 =

do F
=2

A 4152
2] 27k wele] Sct 4

oA ®)E 8 4= ek,
2ol ot T} 3 uhg4ol
7t ofgicks AL
© 2 CMB 2g-Z o83 VOCs
A 5074 FRe) BAAS BFstl, 4

715N whedol At =ds= A

1
nz
o

b st
jus)
==

=2

rlo

_Vli
¥0, Hir L
o rr Q
oo
mg‘: rir
— rr o
o mu) c—% !
o
fUj Tk
ok F10 o X W oy e ox o

-

P

15~2578 Welo] AiES d=d= ARt
(Vega et al., 2000). oJ§l A= 567 VOCs
SRS FollA et N 2459 v
< 3L2f5to] Table 29} o] 22719] =452
A7gstelch

CMBEYS F=8st7|fleii= e sEA=o|
thet E2ke (uncertainty) & QeIsof ghck, ol o
TFollAE 2 AR EE BT o] 2EHAE
ARgSEoH, AR RERAE APl B
3t Afolls S84k 20%E, H=E 7V HE
Aol ZH-sks Bfolle 5% H
L2 o] g5,

CMBE 28i5}e] Ao 7k7ko] mel AT w7}
sH71 9%t A2+ R-square(>0.8), Chi-
square(<4), Percent Mass(80~120%)¢} 22 #H&
o] ARG Qlom, ol oA AA| ZHZHo] B
A= et FadS HESHIE 919 A
ol thieh &4 dat FAlof AAlskt), S35
A 7)o o] ot A7t =2 Hpag ) of f
= AA3517] 98} Percent Mass 42 5] 24 =
zhspelon], Eek wdl Ayl 59 7]jojeg Hol=
Ao ol e t'“li%e AAN Y= 2t
A5k CHFujita et al.,

e
A3t

ru-ln:

Igﬁ

3. W2 22 H(seurce prefile)

FEH 299 VOCs HiE&w A= 7] %
AL A2" 20095 BEHE AFEA}
iE7ks SACRED), F718A, ovA] A0tk
@) 2 2R B]FA) Q7] BFeHE T ZHe upAl e
52 ARskelon, ZF sl i FAls ==
Table 22} At}

A 545 A, AEA; vz 710 7
- alkaneZ| B2} JE50] AA8h= BlE0] 47.3%
2 7P =7 Ve 3 acetylene 5.55% 2]°
butane, pentane, ethylene¥} -2 F250] A)

4o e ugg thehl 4|9 BAE0] AHEA

A A3 4




4]

200 SFIEt M4 M4

0

Table 2. Source profiles developed in this study.
(unit:% by weight)

Speeits Gasglipe** Di§s§l* Gasolin.e* Coatingl* | Coating2* | Butane* PG Town*™ | Biogenic
emission | emission |evaporation| (thinner) | (enamel) gas gas VOCs
acetylene 5.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ethane 0.89 0.44 0.04 0.00 0.00 0.00 7.17 693 0.00
propane 1.90 0.35 1.20 0.00 0.00 245 9.92 18.2 0.00
isobutane 475 0.82 12.0 0.00 0.00 0.00 26.7 497 0.00
1-butene 1.23 152 0.75 0.00 0.00 0.00 0.00 0.00 0.00
n-butane 12.1 3.58 1855 0.00 0.81 65.0 54.1 5.16 0.00
cis-2-butene 0.03 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00
isopentane 10.0 0.00 32.7 0.00 5.66 0.00 0.00 1.02 0.00
1-pentene 0.00 0.00 7.21 0.00 0.00 0.00 0.00 0.00 0.00
n-pentane 2.82 0.07 19.5 0.00 0.00 10.5 0.51 0.78 0.00
isoprene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
n-hexane 2.36 0.00 1.44 0.00 1.10 1.02 0.03 0.00 0.00
benzene 2.79 4.52 1.86 0.00 0.41 0.00 0.18 0.00 0.00
n-heptane 1.96 0.33 0.18 0.00 443 0.00 0.02 0.00 0.00
toluene 7.85 3.41 0.46 89.1 2.52 0.00 0.17 0.00 0.00
n-octane 0.28 1.90 0.01 0.00 0.00 0.00 0.00 0.00 0.00
ethybenzene 1.15 1.47 0.00 0.44 13.0 0.00 0.04 0.00 0.00
m,p-xylene 5.24 17.1 0.01 2.05 41.0 0.00 0.11 0.00 0.00
styrene 0.37 0.00 0.00 0.00 411 0.00 0.03 0.00 0.00
o-xylene 253 5.19 0.00 0.27 20.8 0.00 0.04 0.00 0.00
ethylene 159 38.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00
propylene 3.62 13.7 0.03 0.00 0.00 0.00 0.00 0.00 0.00

* Kim et al., 2001
* Bong et al., 2003

W& t2o] gist A EERZ 2AFEQoH o= H9o] {71 8AoIM% toluene(89.1%)°], olubdl 7|
Vega et al.(2000), Fujita et al.(1995), Watson et ae F718A A= m,p-xylene(41%), o-
al.200D)9] AATRe} Bl & UXBR= Aolth xylene(20.8%)0] & FAHIE Hols Z0R 2
7HE™ Zabo)l 93 VOCs &2 A< butane, =3t

pentane?] H|E0] =2 glkane A¥S FAESE

Mukund et al.(1996), Aronian et al.(1989)2] 15+ o

oF Akt AoHE Yehf]lth 7tAd R AaE Rl

HEEE 249 42 YR el A8l wet = 678 AZelA ST dY =2 oAt 9] 3
53 45 UEdH, LPG daxAlef Hﬂgﬂh wt VOCsolltet 710 ARRE A3 254} uij&
VOCs E2&%9] n-butane®} i—butane?] H|-& 7k 71 8A 2L ofufR] Ao} e Al s

27} 54.1%, 26. 7%= ZATE|RTE EA7EA0 76‘—?‘ o vFo] th2 L P Ul HIs) AFs] =& A=
Z*é%?l methane®]9] ethane(69.3%)2] B]-&©] LeRtom VOCsol High ZHx 2
EROH, o] EAIZRAY ) S/ BIeF fA 71015 Figure 29} 2t}

or 'T“é‘ﬂ% VPR ITHE= 5, 2003). A Al Figure 29| SAAHE2 1 A 2491 1%]of w}

@
&
o
=
>
=
e



I - 2RY - LMo} 0|4 - 0IMZ / £BZH(CMB)E 0I8% =3 VOCs| HIZHE 7|04E £ 201

200

B

160 ¢

120 ¢

80 |

40 ¢

Source contribution(ug/m

Seokmo-ri  Guwol Simgok-  Bulgwang- Jeong-dong Yangpyeong

dong dong dong

Site

BVehicle exhaust BEEvaporation
DOEnergy combution MBiogenic

B Coating
B Unknown

200

o)

160

120

B0

Source contribution{ug/m

Seckmo-ri  Guwaol- Simgok-  Bulgwang- Jeong-dong Yangpyeong
dong donpg dong
Site
BVehicle exhaust BEvaporation
OEnergy combution MBiogenic

B Coating
BUnknown

(a)

®)

Figure 2. Source contributions of VOCs at six monitoring sites for each averaging period. (2)06:00~09:00, (b)all day.
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Table 3. Different time-averaged source contribution estimated by CMB with emission inventory.

(unit : %)
Source
Vehicle exhaust | Evaporation Coating Energy combustion Biogenic Unknown
06-09 | Day |Emission’| 06-09 | Day |Emission| 06-09 | Day [Emission| 06-09 | Day |Emission| 06-09 | Day |Emission| 06-09 | Day |Emission
Seokmo-ri | 28.6 | 27.4 09 |08 183 |15.2 41.2 1463 0313 10.7| 89
Guwol-dong | 34.7 | 30.5 | 154 | 4.4 | 29 | 3.1 [ 254|304 |73.7(253(254| 19 | 02 | 0.1 10.0 | 10.7
Simgok-dong | 29.1 | 26.2 17 | 1.6 312|353 20.7 | 18.7 0202 171|179
Jeongdong 338 327 ............ el 249270 ............. e 135 ............ e 219251 ............
Bﬂfx;“g i28]392| B8] 50 | 39 | ¥ 118|167 90336 311 | 2 | 08 | 07 60| 84
Gare s s e T as T35 as T Ba TR e T e s ed e T Getiier
Average |[35.6(32.6]20.7| 3.0 | 24| 41{225[255]70.1|253|251| 15| 03| 06 13.2 1138

* Clean air policy support system(CAPSS), 2003.

Table 4. Toluene, m,p-xylene ratio to benzene in korea compared to other cities.

Hamburg* Sydney* Chicago* Osaka* Taiwan* Korea**
Toluene/benzene 2.6 34 1.6 6.1 5.6 11.8
m,p-xylene/benzene 22 2.0 0.8 21 20 27

* Heish and Tasi(2003), Chemosphere, 545-556.

* Averaging Jeong-dong, Bulgwang-dong, Simgok-dong, Guwol-dong.
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Table 5. Comparison of source contribution with emission estimate and other studies.
(unit : %)
Emission? Lee(2001)b Na(2000)c Bong(2003)d This study
Vehicle exhaust 28.8 51.2 55.8 51.9 33.8
-gasoline emission 17.7 - - - 28.7
-diesel emission 6.1 - - - 2.6
-LPG vehicle 5.0 45 23 25
Evaporation 4.4 27.9 7.2 13.1 1.8
Coating 65.0 21 35.6 213 24.9
-coating 1 34.8 4.2 19.2 16.6
-coating 2 30.2 16.8 35.6 2.1 83
Energy combustion 1.2 - 1.4 13.8 17.5
Biogenic - - - - 0.2
a Clean air policy support system(CAPSS, 2003); data were collected in Seoul.
b Lee(2001); ambient samples were collected during the daytime of summer season in Kwangu.
¢ Na(2000); ambient data were averaged for all day of summer season in Seoul.
d Bong(2003); ambient samples were collected at 09:00-11:00 in the middle of summer in Seoul.
e ambient samples were collected at jeong-dong in Seoul during 06:00-09:00.
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Figure 3. Seasonal source contribution for VOCs in (a) Jeong-dong, (b) Yangpyeong.
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