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(internal dose)
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1997 11 6 11 159sites 2
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24 HP

6890 series GC/ MS (Hewlett Packard, USA) Liquid Auto Sampler (Hewlett

Packard, USA)
Surface Mapping System



(Golden software Inc. USA, version5.01)

, mapping , benzene
Crysta Ball 4.0 M onte-carlo
simulation 10,000
(VOCy) mapping mapping
VOCs , toluene 19.555+ 8.745 |/

, benzene 12.923+ 4,595 / , m,p-xylene 6.753+ 14 41

I, ethylbenzen 6.246+ 2462 |/ o-xylene 529+ 1227 |/
: VOCs 5
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(VOCs) toluene  benzene
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3.26x 10° 1.54x 10" , toluene
RFA ( )1.68x 10" BFE(  )4.27x 107, ethylbenzene YFD (
)2.64x 10° GFD( )5.99x 10°, m,p-xylene RFB( )5.42
x 10" GFD( )8.01x 10", o-xylene RFB( )825x 10° GFD

( )1.30x 10"
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benzene ,
25 10,000 1
, 100,000 1
, benzene 1.3x
10° 50 95Percentile 1.3x 10* 1.7x 10°
VOCs 1

toluene
0.23 ethylbenzene 0.031, m,p-xylene 0.01, o-xylene
0.09 . , 50 95 Percentile
toluene 023 0.39 VOCs 4

, o-xylene 0.09 0.12, ethylbenzene 0.031 0.042, m,p-xylene

0.01 0.02
VOCs 50percentile 95 percentile ,
toluene 50 percentile 63% , 95 percentile
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WHO UNEP

(volatile organic compounds :

VOCs) ,
10
2 3 ( ,
1991)

VOCs benzene (International
Agency for Research on Cancer), (Environmental Protection
Agency, EPA) (human carcinogen, wight of
evidence "A")

( , 1990, 19%; :
1991a, 1991b) VOCs PAHs



(acceptable risk)

(@ir concentration) (environmental and biological
monitoring) (lifetime
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(cancer potency ; Q) (unit risk)

(hazard quotients) (
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(individual lifetime risk)

(excess, increase

probability) ,

, 2 2
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(emission) (environmental
concentration, distribution), (human exposure),

(internal dose)

(VOCs)
, VOCs , Surface Mapping System
(Golden software Inc. USA, version5.01)
VOCs , mapping ,
, Crystal Ball 4.0 VOCs



300

(Graedel et al,

1986), SOz, NO:, CO, Os, PMuwo
Pb

(Volatile Organic Compounds;
VOCs) : 10
ATEOS(Airborne Toxic Element and

Organic Substance), TEAM (Total Exposure Assessment Methodology)

benzene, toluene, ethylbenzene, m,p-xylene, o-xylene (5germs)

(VOCs) Table 1

Table 1. Target Compouds of Volatile Organic Compounds in Seoul

Target compounds(5germs)

toluene, benzene, ethylbenzene, mp-xylene, o-xylene




1997 11 6 8 159sites 2 x2
OVM 3520 passive sampler
24 VOCs
benzene toluene, ethylbenzene, m,p-xylene, o-xylene (4germs)

Surface Mapping System (Golden software Inc. USA, version5.01)

Table 2
Figure 1 (GF),
(BF), (RF), (YF) 4
Table 2. Local Site Distribution of Target Compounds
Class Site location Number Spot Range
Kangso, Yongdungpo
Yangchon, Tongjak, X 11828 1970
GFOL GF38 wanak, Koro, West-South By 439 4532
Kumchon
Unpyong, Jongro, )
X 1916 2012
BF0O1 BF29 Sodaemun, Chung, West-N orth 31 Y - 4464 4595
Youngsan, Mapo
Tobong, Tongdaemun
Kangbuk, Songbuk, X :199.0 209.3
RF01 RF42-2 Chungnang, Nowon, East-N orth 49 Y - 4477 4649
Kwangjin, Songdong
Kangdong, Kangnam, X 11993 2152
YFO1 YF34 Songpa, Socho East-South 36 Y - 4393 4513
Total Seoul 159




Figure 1. Measured Sites map in Seoul

3. VOCs
3M protocol (3M, 1991) passive monitor
VOCs . badge wind screeen

backup section  front section teflon needle nose
tw eezer 250 3 bake
2 amber glass vial pad . Vial CS:/ aceton(1/ 2,
viv) 1 40

vial 10 ice pack



(Pellizzari, 1994).

CS
benzene
1 2(v/v) benzene
15 1
(3M, 1991)
90
insert vial

Table 3. The condition of GC/ MSD

, CS benzene
CS/ aceton
background concentration
pad
benzene  background
(fluorobenzene, 10ppm) 10
capping GC/ MSD

for VOCs analysis

D escription

Condition

Injector : port temperature
volume

split mode

150
2.0
5:1

Inlet pressure(flow)

2.7kPa-21kPa, 1.0 / min(constant flow)

initial

1st step
2nd step
final

Oven temperature :

7min hold on 35
4 [ min to 110

100 /min to 280
3min hold on 280

Column

J&W 123-5062, 5% phenylmethylsiloxane,
id 0.32mm, 60m, thickness 0.33

Total run time

30.45min




HP 6890 series GC/MSD(Hewlett Packard, USA)  Liquid
Auto Sampler (Hewlett Packard, USA)
GC 35 5 , 100
5 : , 280
column clean-up . 150 ,
99.9999% 51 split mode 1.0 /min

5% phenylmethylsiloxane J&W 123-5062) ,

column 0.32mm, 60m 0.33
. MSD transfer line 280 , 20
MSD  HP5973 . Total lon Monitoring
, Selective lon Monitoring mode / (S'N ratio)
VOCs (Table 4).

Table 4. Target ion of VOCs to SIM mode

Class Time Target lon(m/z) Target Compound
1,1,1-Trichloroethane, 1,2-Dichloroethane,

1 5.00 61,97,78,62,96,70
Benzene, Fluorobenzene

2 730 95,130,60 Trichloroethene

3 9.01 91,83,97,61 Toluene, 1,1,2-Trichloroethane

4 1150  129,166.94,79 Dibromochloromethane,
Tetrachloroethylene

5 1360 112,77 Chlorobenzene

6 1500 91,106,173,104.78 Ethylbenzene, Bromoform, m.p-Xylene,
oXylene, Styrene

7 1800 105,120.77,156.91,120 isopropylbenzene, Bromobenzene,
n-Propylbenzene

8 22.00 91,134 Butylbenzene




. VOCs

fluorobenzene 10 / 101
spike
2 0.1, 0.2, 05, 1.0, 20 /
, 1, 2,5 10, 20 /
OVM 3520 passive monitor (top and bottom) adsorbent(charcoal
pad)
VOCs

charcoa pad

top pad VOCs (Wp) bottom pad VOCs
Ws)

Ws/ Wp < 050

M onitor top  bottom

Wp = weight collected on the primary adsorbent corrected for recovery

and blank( )

Ws = weight collected on the secondary adsorbent corrected for recovery
and blank( )

c( /)= (V\p+2-t2"‘$)><A x CF ;

+ 2.2W) XB
C(ppm) = (W : ) X CF ¢




A - calculation coefficient( / )
B - calculation coefficient(ppm)
t=length of sampling period(min)

CFr - temperature correction factor

coefficient  3M application note ,

- 10 -



4, VOCs -

(benzene) (unit risk)
@) 2
2 - (
, 1998),
NOAEL LOAEL (IRIS, 1998)
VOCs -
VOCs
. benzene Q1)
benzene
(
, 1998).
60kg ,
70 ( , 1998).
US EPA 20 /day
(Table5).

- 11 -



Table 5. Cancer potency(q:) by inhalation exposure with epidemiology data

Carcinogens Exposure route Extrapolation M odel o 1
(1 [Iday)
Benzene Inhalation One-hit 29E-02
= (/1 )x ( / /day)' x 20( /day) x 1/60( )x 10°

toluene, ethybenzene, m,p-xylene, o-xylene
RfC( )

( , 1998) -

(Table 6). , , 1

(1 )x 10°

JRfC( 1) x

- 12 -



Table 6. Reference concentration of non-carcinogenic chemicals

Chemica EPA class RfC( /1 ) RID( / [/day)
toluene D 4.0E-01 2.0E-01
ethylbenzene D 1.0E+00 1.0E-01
m,p-Xylene D 2 9E-00 2.0E+02
o-Xylene D 2.9E-01 2.0E+02

( : : , 1998)
. Monte-Carlo
M onte-Carlo
M onte-Carlo simulation
percentile
PDF - (cancer potency : ql¥)
Crystal Ball 4.0 M onte-carlo

simulation 10,000

- 13 -



| Excess Cancer Risk |-

_ /_. Carcinogenic

Hanzena '
Ambient Exposure
Cencentration
(5 germs)
Toluene, Benzene | Surface Mapping System -
Ethlybenzene
m,p-xylene, o-xyleng
Harzard Quotients
MNon—carcinogenic
Toluene, Ethlybenzens |
m.p-gylens, o-xylene mlm ElPBS'I.Ii‘E -
Concentration |

Figure 2. Scheme of this study
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1. VOCs

19.555+ 8.745 /

[, mp-xylene 6.753+ 14 41 |/

5295+ 1227 |

Table 7

b

, toluene

enzene 12.923+ 4,595

, ethylbenzen 6.246+ 2462 / , oxylene

, VOCs benzene toluene
(Table 8).
Table 7. The concentration of VOCs 159 sites in Seoul
Unit : [ )
Target Compounds Site M ean Sd M ax M ed
toluene 159 19.555 8.745 60.174 18.288
benzene 159 12.923 4595 19.185 14.662
ethylbenzene 159 6.246 2462 31.074 6.229
m,p-xylene 159 6.753 1441 14.334 6.899
oxylene 159 5.295 1.227 13515 5.393
(VOCys) Surface Mapping
System (Golden software Inc. USA, version5.01) mapping

Table 13

- 15 -



Table 8. The Concentration of VOCs 25 distinct in Seoul

Unit : /
Class benzene toluene ethylbenzene m,p-xylene oxylene

Jongro 3.39 13.86 6.24 6.87 5.29
Chung 14.99 34.18 6.04 6.85 544
Youngsan 15.30 20.88 5.96 6.75 534
Songdong 14.92 24.79 6.69 6.98 544
Kwangjin 1458 22.23 6.39 6.95 5.39
Tongdaemun 16.09 22.29 6.61 6.96 551
Chungnang 14.73 17.76 6.34 6.78 5.22
Songbuk 1441 17.33 6.37 7.00 541
Kangbuk 12.72 14.89 552 6.18 4.79
Tobong 13.25 13.46 557 6.24 4.82
N owon 12.98 19.89 5.92 641 5.00
Unpyong 8.78 20.93 6.49 6.82 5.31
Sodaemun 1122 17.58 6.18 6.91 544
Mapo 8.97 19.64 644 7.04 554
Yangchon 15.95 26.22 6.53 7.16 5.62
Kangso 1441 19.33 6.21 6.79 5.29
Koro 1147 1945 10.27 7.82 6.45
Kumchon 13.63 25.25 7.02 7.58 591
Yongdungpo 14.77 25.20 6.74 7.35 5.76
Tongjak 1458 21.68 6.26 6.96 543
Kw anak 15.63 19.68 6.28 6.97 5.38
Socho 11.89 17.58 5.27 5.26 4.17
Kangnam 13.36 18.60 5.76 6.42 5.07
Songpa 1457 21.24 6.19 6.93 549
Kangdong 1542 17.77 6.15 6.97 551

- 16 -
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2. VOCs map

. toluene
Figure 3 97 11 toluene BFE( )
a2 | GFB( )262 |, GFC(

) 252 | , GFG( ) 252 |
, RFA( )135 | , BFB( )13.9 /

G BEREECEEREE
GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
RFD( ), RFE( ), RFF( ), RFG( ), RFH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( )

BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 3. The map concentration of toluene at 25 distinct located in Seoul

. benzene
Figure 4 97 11 benzene BFE(
) 16.1 / GFB( )159 /|
GFF( )156 | , YFA( )154 | BFF( )

- 17 -



153 |/ , BFE( )15.0 / benzene

, BFB( )34 |, BFA( )88 /

GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
RFD ( ), RFE( ), RFF( ), RFG( ), RRH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( )
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 4. The map concentration of benzene at 25 distinct located in Seoul

. ethylbenzene

Figure 5 97 11 ethylbenzene
GFD ( ) 103 / GFC( ) 6.7
I, GFG( )70 |, RFG( )6.7 1 ethyl
benzene . , YED( 5.3 /

- 18 -



ethylbenzensa

Cumdm® 30

GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
RFD ( ), RFE( ), RFF( ), RFG( ), RRH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( )
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 5. The map concentration of ethylbenzene at 25 distinct located in Seoul

. m,p-xylene
Figure 6 97 11 m,p-xylene GFD
( ) 782 | GFC( )7.34 |,
GFG( )757 | , GFB( )7.16 | m,p-xylene

, YFD( ) 526 /

Figure 6. The map concentration of m,p-xylene at 25 distinct located in Seoul

- 19 -



. oxylene

Figure 7 97
) 64 |/
GFG( )59 /
, YFD( )4 .2

), GFC(
), RFF(

), GFB(
), RFE(

GFA(
RFD (

BFB( ), BFC(

), BFD(

o-xylene GFD(
GFC( 58 |,
o-xylene
e o-xylene
1o gk
W :
s
B i A
i +
o 9
40 () E.
a0
0
o 1
[T |
L El J = [ [ B
ek 5 BEEE E E 5 5 &
), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
), RFG( ), RFH( ) YFA( ), YFB( ) YFC( ), YFD( ), BFA( )

), BFE( ), BFF(

)

Figure 7. The map concentration of o-xylene at 25 distinct located in Seoul

VOCs
(Figure 9)

ethylbenzene

benzene

VOCs

toluene 38.5%

66.5%

(Figure 8)
toluene>benzene>m,p-xylene>o-xylene>
benzene 28%

VOCs toluene

- 20 -



| Hbemzenme @lioluene @lelhydbenzene Bep-adene [lo-syviene

funfm 20

4oy Wom O RBoR kR F R R R AL
g% =2 5 &k B E E - ¥ & b &
GFA( ) GFB( ) GFC( ), GFD( ). GFE( ) GFF( ), GFG( ), RFA( ), RFB( ) RFC(
). RFD( ) RFE( ) RFF( ) RFG( ) RFH( ) YFA( ) YFB( ) YFC( ). YFD( ) BFA(
), BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 8. The concentration of VOCs at 25 distinct located in Seoul

Otoluena O benzens Bethylbenzens
B mo—xylene o-ylens
10%

13%
39%

12%

26%

Figure 9. Distribution of measured VOCs concentration in Seoul



4. VOCs

toluene, benzene, ethylbenzene, m,p-xylene,
o-xylene VOCs
(unit risk),

Q) (RfC) (Table 9).

Table 9. the 25 distinct distribution of ECR and HQs by inhalation in Seoul

(benzene) (toluene) (ethlybenzene) (m,p-xylene) (o-xylene)

Class Excess Cancer Harzard Harzard Harzard Harzard
Risk Quotient Quotients Quotients Quoatients
Kangbuk 122 E-04 1.86.E-01 2.76.E-02 542.E-01 8.25.E-02
Kwangjin 140E-04 2.78.E-01 3.19.E-02 6.09.E-01 9.29.E-02
Nowon 125E-04 248.E-01 2.96.E-02 5.62.E-01 8.63.E-02
Tobong 127E-04 1.68.E-01 2.79.E-02 548.E-01 8.32.E-02
Tongdaemun 154 E-04 2.79.E-01 3.30.E-02 6.10.E-01 9.50.E-02
Songdong 143 E-04 3.10.E-01 3.34.E-02 6.12.E-01 9.38.E-02
Songbuk 139E-04 2.17.E-01 3.18.E-02 6.14.E-01 9.33.E-02
Chungnang 142 E-04 2.22.E-01 3.17.E-02 5.95.E-01 9.00.E-02
Kangso 138E-04 242 E-01 3.11.E-02 5.95.E-01 9.11.E-02
Kwanak 150E-04 246.E-01 3.14.E-02 6.11.E-01 9.28.E-02
Koro 129E-04 2.84.E-01 5.99.E-02 8.01.E-01 1.30.E-01
Kumchon 131E-04 3.15.E-01 3.51.E-02 6.65.E-01 1.02.E-01
Tongjak 140E-04 2.71.E-01 3.13.E-02 6.10.E-01 9.36.E-02
Yangchon 153E-04 3.28.E-01 3.27.E-02 6.28.E-01 9.70.E-02
Yongdungpo  142.E-04 3.15.E-01 3.37.E-02 6.45.E-01 9.91.E-02
Mapo 8.62.E-05 246.E-01 3.22.E-02 6.18.E-01 9.55.E-02
Sodaemun 1.08E-04 2.20.E-01 3.09.E-02 6.06.E-01 9.37.E-02
Youngsan 147E-04 2.61.E-01 2.98.E-02 5.93.E-01 9.21.E-02
Unpyong 843.E-05 2.62.E-01 3.25.E-02 5.99.E-01 9.16.E-02
Jongro 3.26.E-05 1.74 E-01 3.12.E-02 6.03.E-01 9.13.E-02
Chung 144 E-04 4.27.E-01 3.02.E-02 6.01.E-01 9.39.E-02
Kwanak 128 E-04 2.33.E-01 2.88.E-02 5.63.E-01 8.74 E-02
Kangdong 148E-04 2.22.E-01 3.08.E-02 6.12.E-01 9.49.E-02
Socho 114 E-04 2.20.E-01 2.64.E-02 6.16.E-01 9.61.E-02
Songpa 140E-04 2.65.E-01 3.10.E-02 6.08.E-01 9.47.E-02
Table 10

- 22 -



benzene Mode 14.68, Scale 2.59 Extreme Value distribution
, toluene Mean 18.69, Scale 4.31 ethylbenzene
Mean 6.20, Scale 0.78, m,p-xylene Mean 6.85, Scale 0.56 o-xylene

Mean 5.35, Scale 047 . Logistic distribution

Table 10. Distribution types of Exposure dose at each sites in the cities

Class Character Distribution
Mode 14.68
benzene Scale 2.59

Extreme Value distribution

Fliik

M ean 18.69
toluene Scale 431
Logistic distribution

Mean 6.20
ethylbenzene Scale 0.78
Logistic distribution

Mean 6.85
m,p-xylene Scale 056
Logistic distribution

Mean 535
oxylene Scale 047
Logistic distribution

ddds

map

- 23 -



1) benzene

benzene

3.26x 10° 154x 10*

benzene

, benzene
154x 10*
16.09 /

(Figure 10).

EL=D

A45 0 00 DG ANOD0

wm

GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF(
RFD ( ), RFE( ), RFF( ), RFG( ), RRH( ), YFA(
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 10. The carcinogenic map of benzene at 25 distinct located in Seoul

map

- 24 -
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1) toluene

1997 11 toluene BFE( )
4.27x 10 GFB( )3.28x 10° GFC(
)3.15x 107, GFG( )3.15x 10
toluene : , RFA( )1.68x 107,
BFB( )1.74x 10° (Figure 11).

GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
RFD ( ), RFE( ), RFF( ), RFG( ), RRH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( )
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 11. The non-carcinogenic map of toluene at 25 distinct located in Seoul
2) ethylbenzene

- 25 -



Ehylbenzene 3.00x 10°

GFD( ) 5.99x 10° GFC(
)3.37x 10%, GFG( )351x 10°, RFG( ) 3.34x 10°
ethylbenzene : , YFD( )2.64x 107
(Figure 12).

=

illieg

Ml
GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC(
), RFD( ), RFE( ), RFF( ), RFG( ), RFH( ), YFA( ), YFB( ), YFC( ), YFD(
BFA( ), BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

)

Fig 12. The non-carcinogenic map of ethylbenzene at 25 distinct located in Seoul

- 26 -



3) m,p-xylene

m,p-xylene GFD( )

8.01x 10"
GFC( )6.45x 10%, GFG( )6.65x 10°, GFB
( )6.28x 10" m,p-xylene ,
RFB( )542x 10*
(Figure 13).

GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( )
RFD ( ), RFE( ), RFF( ), RFG( ), RRH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( )
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 13. The non-carcinogenic map of m,p-xylene at 25 distinct located in Seoul



4) o-xylene

o-xylene m,p-xylene GFD( )
1.3x 10* GFC( )9.91x 10°, GFG
( )1.02x 10" o-xylene ) ,
RFB( )8.25% 10%, RFA ( )8.32x 107
(Figure 14).

. 19|
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. |
i
= 5
o
laan oo
=, = ‘- z ‘-_ = -
=
pe.l|
GFA( ), GFB( ), GFC( ), GFD( ), GFE( ), GFF( ), GFG( ), RFA( ), RFB( ), RFC( ),
RFD( ), RFE( ), RFF( ), RFG( ), RFH( ), YFA( ), YFB( ), YFC( ), YFD( ), BFA( ),
BFB( ), BFC( ), BFD( ), BFE( ), BFF( )

Figure 14. The non-carcinogenic map of o-xylene at 25 distinct located in Seoul
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5. VOCs

benzene
benzene ,
25 10* ,
10° (Figure 15).
Forscest: Hepzens

: 8,000 Trink Currralntren Chart 3 Chutlar
| & 3
_E | E
| 4 a
i i

3 & o & o A b X

e ™ K = C

Figure 15. The total ECR of carcinogenic benzene at 25 distinct located in Seoul

Table 11 benzene

1.3x 10* 50 95 Percentile 1.3x 10* 1.7x 10*

Table 11. The total Excess Cancer Risk(ECR) of carcinogenic benzene in Seoul

. ) 50 95
City Trials M ean S.D. ) )
Percentile Percentile
Seoul 10,000 13E-04 3.2E-05 1.3E-04 1.7E-04




VOCs

Table 12 VOCs
1
toluene 0.23 ethylbenzene
0.031, m,p-xylene  0.01, o-xylene 0.09
50 95 Percentile toluene 2.3x 10" 3.9x 10°
, o-xylene 9.0x 10° 1.2x 10', ethylbenzene 3.1x 10° 4.2x 107,

m,p-xylene 1.0x 10° 2.0x 10° (Fig 16, 17).

Table 12. The total Harzard Quotients of non-carcinogenic VOCs in Seoul

) 50 95
Class Trials M ean SD. ) )
Percentile Percentile
toluene 10,000 0.23 0.10 2.3E-01 3.9E-01
ethylbenzene 10,000 3.1E-02 7.1E-03 3.1E-02 4 2E-02
m,p-xylene 10,000 0.01 - 1.0E-02 2.0E-02
o-xylene 10,000 0.09 0.01 9.0E-02 12E-01
£ Forecast: toluene
. ; tDILEf‘E 10, KD Trials Cumulative Chard 104 OQutliers
4 5 i {
400 E-in
(3 SOEH
|3 -
ol !:'II 5 ::‘ g ﬁ
200 | 8 :‘;
{150 g g
1 90 B - Q
AN R
DA

" " "dlasa

Figure 16. The total Harzard Quotients(HQs) of non-carcinogenic VOCs at 25

distinct located in Seoul
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Figure 16. The total Harzard Quotients(HQs) of non-carcinogenic VOCs at 25

distinct located in Seoul
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Figure 17. The total Harzard Quotients(HQs) distributions of

non-carcinogenic VOCs in Seoul

. VOCs
VOCs 50 percentile 95 percentile
, toluene 50 percentile 63%, 95
percentile 69% 50
percentile 95 percentile o-xylene  25%, 21%, ethlybenzene
9%, 7% m,p-xylene 3% (Figure 18 19).
VOCs 50 95 percentile



Otcluane Bethylbenzens Bmo-—xylene Bo-xylens

509% percentile e

G3%

Figure 18. Contribution rate of 50 Percentile HQs to non-carcinogenic VOCs

Otoluegne Bethylbenzene Bm.p—xylene Bo—xylene

95% percentile 5%

69%

Figure 19. Contribution rate of 95 Percentile HQs to non-carcinogenic VOCs



(volatile organic compounds : VOCs) 25
(VOCs)

mapping mapping ,

VOCs ' ,
VOCs 20 25%
(Wallace et al, 1991b). ,
(Sigsby et a, 1987; Zweidinger et al, 1988;
Daisy et al, 1994), (benzene) 80%
(SCAQMD, 1989).

) (VOCs)

(benzene, vinyl chloride )

(Fawell, 1993; Wallace, 1984).

VOCs

, ) (Otto et al, 1992

Hudnell et al, 1992; Koren et al, 1992).
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VOCs

VOCs Data

VOCs PAHSs
(acceptable risk) ( ,

1990, 1994, , 1991a, 1991b). ,

(Risk Assessment)

(precision) (accuracy) (repeatability)

(Stock et al, 1996).
sampling
) . trap
active sampler passive sampler
, VOCs passive
monitor

passive sampler

(NAS, 1991). , )

active sampler (collection rate),
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(Cohen et al, 1990).
toluene 19.555+ 8.745

/, benzene 12.923+ 4595 / , mp-xylene 6.753+ 1441 |/ , ethylbenzen

6246+ 2462 |/ , oxylene 5295+ 1227 |/ Table 13
(VOCys)
. benzene 129 /

St. Louis(USA) (Sweet and vermette et al, 1992). ,
toluene 196 / Houston(USA) (Edgerton et
al, 1989), ethylbenzene 6.3 / Sydney (Australia)®
(Nelson et al, 1982), m,p-xylene 68 / Oakland (USA)*

(Harkov et al, 1982), oxylene 53 |/ Houston(USA)

(Edgerton et al, 1989).
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Table 13. Average concentrations of VOCs in ambient in the world cities

Unit : [ )
City benzene toluene ethylbenzene m+p-xylene oxylene

Sydney(Australia)® 9.1 37 6.2 8.6 71
Hamburg(Germany)® 13 38 8.8 22 95
Chicago(USA)* 11 10 24 4.7 16
Leeds

) . : : 22 1
(United Kingdom)® 90 22 4.3 8
Los Angeles(USA)° 21 48 11 22 9.0
Oakland (USA)® 5.6 13 28 7.1 38
Phoenix(USAY 21 68 11 41 15
Denvor (USA) 94 28 5.7 16 7.6
Houston(USA) 94 20 33 12 5.2
Philadelphia(USAY 52 14 28 95 7.1
Pittsburgh(USA) 9.1 8.6 14 33 14
San Jose(USA)Y 84 18 7.1 15 7.6
Boston (USA) 35 95 14 5.7 24
St. Louis(USAY’ 11 85 6.9 16 33
London

. . : 1 :
(United Kingdom)" 31 56 4.2 3 59
Johannesburg

_ 12 42 . 21 7.7
(South Africa)" 8.9
M artorell (Spain) 38 14 38 11 3.6
Seoul 12.9 19.6 6.3 6.8 5.3
‘Nelson et al.(2). "Bruckmann and Kersten(31). °Scheff and Wadden(12). ‘Kupizewska and Pilling(14). ‘Harkov et

al.(3). 'Edgerton et al.(1). °Sweet and vermette(11). "Finlayson-Pitts and Pitts(32). 'Present study.
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(WNW) :
VOCs 10,000,000
VOCs o)
1998 ok 0.017 ppm/ 8
VOCs ( ,
)
VOCs
toluene r’=0.2536 (p<0.013),
1’=0.2354 (p<0.015)
, benzene
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r7=0.5969(p <0.0001), (p<0.0001), (P<0.0494)
benzene
ethylbenzene r’=0.7202(p<0.0001), m,p-xylene
r’=0.6194(p<0.0001), r’=0.3803(p<0.001), o-xylene

r?=0.5578 (p<0.0001)

(VOCy)
Multiple regression toluene (p=0.0019),
(p=0.0136) benzene (p=0.0044), (p=0.0536)
ethylbenzene (p=0.0001), (p=0.0045),
(p=0.0471) m,p-xylene (p=0.0001), (p=0.0005)

, o-xylene  P<0.05

VOCs

Toluene 0.0003(p|ant) = 0.3189(Green zone) + 15322 (r2:04375 p:00018)

Benzene = 3.65*E-Swenicte fiow) - 1.838930(reen zoney + 5.759055
(r’=0.6952 p=0.0001)
Ethylbenzene = 1.23*E-5wenicie fiow) + 0.2016andustrial area) - 0.3682(Green zoney + 4.3212
(r’=0.8322 p=0.0001)
m,p-xylene = 0.0172nvironmental Poliution Facilitiesy = 0.0546(reen zoney + 6.9772

(r*=0.7837 p=0.0001)

VOCs

benzene ,
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25 benzene 1.3x

10* 50 95 Percentile 1.3x 10* 1.7x 10°
, 2 2 1997 1 () 4 () 12
2 6 symple sites( ) wrost
sites( ) (Table 14, 15),

1.98x 10° 2.78x 10°

Table 14. Excess cancer risk estimates of carcinogenic compounds at symbol
site in the cities

Cities . ]
Carcinogens Seoul Inchon Tagon Taegu Kwangu Pusan

Benzene 198x 10° 376x 10° 198x 10° 161x 10° 410x 10° 433x 10°

Table 15. Excess cancer risk estimates of carcinogenic compounds at worst
site in the cities

Cities

Cardinogens Seoul Inchon Tagon Taegu Kwangu Pusan
Benzene 278x 10°  193x 10° 816x 10° 621x 10° 378x 10° 199 10
, VOCs toluene
0.23, ethylbenzene 3.1x 10%, m,p-xylene  0.01,
o-xylene  0.09
symple sites( ) wrost sites( ) toluene
(154x 10", 8.8x 107) , o-xylene(7.85x

107, 4.34x 107), ethylbenzene(2.18x 10°, 147x 10°)

m,p-xylene  (1.15x 107, 7.4x 107
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(Table 16, 17).

Table 16. Hazard quotients of non-carcinogenic compounds at symbol site in

the cities
Compounds Gities Seoul Inchon Tagon Taegu Kwangu Pusan
mp-Xylene 115x 10° 279x 10° 626x 10° 483 10° 186x 10° 495x 10°
oXylene 785x 10°  672x 10° 380x 10° 483 10° 1.78x 10° 152x 10°
ethylbenzene 218x 10° 898x 10° 120x 10° 401x 10* 360x 10° 9.38x 10°
toluene 154x 10° 119x 10° 621x 10° 798x 10° 409 10° 200x 10°

Table 17. Hazard quotients of non-carcinogenic compounds at worst site in
the cities
Cties Seoul Inchon Tagon Taegu Kwangu Pusan
Compounds ™ g d
mp-Xylene 740¢ 10°  144x 10° 274x 10° 124x 10° 188x 10° 967x 10°
oXylene 434x 10° 483 10° 197 10° 483 10° 108x 10° 664% 10°
ethylbenzene 147x 10° 140x 10° 505x 10° 140x 10° 585x 10° 229x 10°
toluene 880x 10° 312x 10° 19%x 10" 628x 10° 349 10° 142x 10°
, 2
2 VOCs
50 95 percentile 1
) (VOCs)
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(VOCys) mapping mapping

1. VOCs , toluene 19.555+ 8.745 /
, benzene 12.923+ 4595 / , m,p-xylene 6.753+ 14

41 | , ethylbenzen 6.246+ 2462 / , oxylene 5295+ 1227 |/

, toluene>
benzene>m,p-xylene>o-xylene>ethylbenzene toluene 38.5%
, benzene 28% , (VOCs)
toluene benzene 66.5%
2. benzene
3.26x 10° 154x 10* , toluene
RFA ( )1.68x 10" BFE(  )4.27x 10°, ethylbenzene
YFD ( )2.64x 10° GFD( )5.99x 10°,m,p-xylene RFB(
)542% 10" GFD( )8.01x 10*, o-xylene RFB( )8.25x 10°
GFD ( )1.30x 10"
mapping
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3. benzene ,

25 10,000 1 ,
100,000 1
, benzene 1.3x 10*
50 95 Percentile 1.3x 10* 1.7x 10°
4. VOCs
1 toluene
0.23 ethylbenzene 3.1x 107,
m,p-xylene  0.01, o-xylene 0.09 . ,
50 95 Percentile toluene 2.3x 10" 3.9x 10"

: oxylene 9.0x 10° 1.2x 10', ethylbenzene 3.1x 10° 4.2x 107,

m,p-xylene 1.0x 10° 2.0x 10°

5. VOCs 50 percentile 95 percentile
, toluene 50 percentile 63%, 95
percentile 69%
o-xylene>ethlybenzene>m,p-xylene

VOCs 50 95 percentile
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Sites and Character of VOCs map position in Seoul (159 sites)
X Y (1997.11.6) (1997.11.8)

BFO1| 192.7 | 459.1 344 PM 1:16 PM 1.897

BF02| 1916 | 456.7 314 PM 12:50 PM 1.900

BFO3| 1928 | 456.8 3:28 PM 1.01 PM 1.898

BFO4| 1940 | 4565 1 4:20 PM 2:16 PM 1914 voc 2
BFO5| 196.8 | 456.8 5:39 PM 3.06 PM 1.8%

BFO6| 1915 | 4550 2:18 PM 12:38 PM 1931

BFO7| 1935 | 4553 1 448 PM 2:33 PM 1.906

BFO8| 1952 | 454.2 1 2 5:06 PM 251 PM 1.906

BFO9| 196.7 | 4544 552 PM 317 PM 1.892

BF10| 1895 | 4528 112 PM 11:.07 AM 1913

BF11| 1909 | 4531 12:58 PM 10:55 AM 1915

BF12| 1932 | 4528 2 2 2:39 PM 12:26 PM 1.908 voc 2
BF13| 1943 | 4528 2 3 2:27 PM 12:17 PM 1.910

BF14| 1972 | 4528 6:06 PM 3:30 PM 1.892

BF15/ 1986 | 452.7 6:24 PM 350 PM 1.893

BF16| 1936 | 458.7 4:16 PM 146 PM 1.896

BF17 191.2 | 4508 2 2 125 PM 11:22 AM 1915

BF18| 1932 | 4514 140 PM 11:33 AM 1912

BF19| 1948 | 451.2 2:13 PM 11:50 AM 1.901

BF20| 196.8 | 450.2 1:30 PM 12:07 PM 1.942

BF21| 1990 | 4510 / 2:30 PM 12:39 PM 1.923 30-40m
BF22| 2012 | 4509 1 6 3:00 PM 1:00 PM 1917

BF23| 1932 | 449.2 12:28 PM 10:03 AM 1.899

BF24| 195.2 | 4488 12:12 PM 10:10 AM 1915

BF25| 197.0 | 4490 2 2:07 PM 11:53 AM 1.907

BF26| 1985 | 4500 2 1.05 PM 12:28 PM 1974

BF27) 1971 | 447.1 3 1245 PM 11:41 AM 1.956

BF28| 199.1 | 4464 12:35 PM 11:33 AM 1957

BF29| 1952 | 4595 4:04 PM 1:34 PM 1.89%6




(Continued)

X Y (1997.11.6) (1997.11.8)
GFO1| 1832 | 4532 3 1052 AM 10:12 AM 1972
GF02| 185.0 | 4530 1 11:15 AM 1025 AM 1965
GFO03| 18238 | 451.2 1:36 PM 1:08 PM 1981
GF04 | 1854 | 4512 1 LG 1135 AM 1040 AM 1962
GFO5| 187.0 | 4510 3 1145 AM 1052 AM 1.963
GFO06| 1829 | 449.9 114 PM 12:48 PM 1982
GFO7| 1853 | 449.1 3 3 12:45 PM 1155 AM 1965 52':2
GFO8| 187.8 | 4488 2 12:10 PM 11:10 AM 1958
GF09| 1889 | 4490 2 2 1158 AM 11:18 AM 1972
GF10| 1912 | 448.1 2 2 7.00 PM 4:30 PM 1806 [0
GF11| 1852 | 4466 3 7 2553 PM 3:00 PM 2,005
GF12| 1872 | 4471 3 5 4:54 PM 247 PM 1912  [50m
GF13| 1890 | 4470 1 APT 5:13 PM 2:28 PM 1.885
GF14| 1902 | 446.1 1 2 545 PM 2:18 PM 1856 |72
GF15| 1930 | 447.3 1128 AM 9:13 AM 1.906
GF16| 184.7 | 4448
GF17] 187.3 | 4450 2 2 727 AM 1:25 PM 2.249
GF18| 1894 | 4450 5:28 PM 407 PM 1944
GF19| 1908 | 4453 2 2 4:05 PM 1242 PM 1.859
GF20| 192.7 | 44538 1 1 1121 AM 857 AM 1.900
GF21| 1950 | 4454 1 11:09 AM 849 AM 1.903
GF22| 196.7 | 4454 2 1103 AM 843 AM 1.903
GF23| 185.1 | 4435 2 3:38 PM 3:20 PM 1988  |voc 2
GF24| 1873 | 4432 3 2 6:09 PM 352 PM 1.905
GF25| 189.0 | 4430 1 APT 7:15 AM 6:50 AM 1.983
GF26| 1912 | 44238 2 347 PM 12:27 PM 1861
GF27| 1930 | 4435 5 1154 AM 9:26 AM 1.897
GF28| 194.8 | 4428 9 9 12:12 PM 9:40 AM 1.894
GF29| 1970 | 4430 3 5 12:25 PM 9:53 AM 1.894
GF30| 189.0 | 4409 311 PM 1134 AM 1.849
GF31| 1902 | 441.7 4 328 PM 12:14 PM 1.865  |voc 2
GF32| 1932 | 4410 3 204 PM 1049 AM 1.865
GF33| 1950 | 4410 2 143 PM 1034 AM 1.869
GF34| 1970 | 4413 1 1 12:42 PM 1004 AM 1.890
GF35| 1909 | 439.1 1 1 243 PM 11:20 AM 1.859
GF36| 1926 | 4389 2 2:28 PM 1107 AM 1.860
GF37| 1955 | 439.7 9 1:28 PM 10:15 AM 1866  |voc 2
GF38| 1812 | 4490 2:23 PM 12:32 PM 1923
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(Continued)

X Y (1997.11.6) (1997.11.8) )
RFO1 | 203.0 | 464.9 1 11:20 AM 12555 PM 2.066
RF02 | 204.8 | 464.6 1 11:35 AM 1:10 PM 2,066
RFO3 | 2005 | 4633 4 10:30 AM 1240 PM 2090 |voc 2
RF04 | 2030 | 462.9 2 2 11:07 AM 12550 PM 2072
RFO5 | 205.6 | 4624 9 9 11:47 AM 1:15 PM 2,061
RF06 | 207.3 | 4633 4 4 12:00 PM 1:25 PM 2,059
RFO7 | 199.0 | 4614 4 10:17 AM 12:10 PM 2078
RF08 | 201.0 | 460.7 4 4 950 AM 1155 AM 2087
RF09 | 2035 | 461.0 2 2 1055 AM 12:25 PM 2063  |voc 2
RF10 | 205.0 | 461.2 6 6 1220 PM 2:25 PM 2087
RF11 | 206.7 | 4611 1 12:35 PM 2:35 PM 2083
RF12 | 2008 | 459.7 1 958 AM 1145 AM 2074
RF13 | 203.2 | 4589 2 2 242 PM 4:03 PM 2,056
RF14 | 204.8 | 4585 4 2 1:20 PM 347 PM 2102
RF15 | 206.2 | 459.7 2 1 12:50 PM 2:42 PM 2078
RF16 | 209.2 | 4595 1:00 PM 3.07 PM 2,088
RF17 | 1993 | 456.7 3 3:30 PM 1052 AM 1.807
RF18 | 201.3 | 4574 4 7 2555 PM 11:30 AM 1.858
RF19 | 203.1 | 456.8 4 2:30 PM 4:10 PM 2,069
RF20 | 204.9 | 4570 3 3 135 PM 340 PM 2087
RF21 | 206.8 | 456.7 1 1 12:05 PM 12:09 PM 2003  |s0m
RF22 | 2085 | 45655 1 925 AM 924 AM 1.999
RF23 | 199.0 | 4546 2 358 PM 1035 AM 1.776
RF24 | 2010 | 455.0 2 345 PM 11:00 AM 1.802
RF25 | 202.9 | 454.6 2 4:15 PM 4:20 PM 2003
RF26 | 205.1 | 454.8 2 640 PM 11:35 AM 1.705
RF27 | 206.9 | 4554 1 1 1231 PM 1237 PM 2004 [50m
RF28 | 209.3 | 4554 1 1 10:10 AM 9:50 AM 1.986
RF29 | 202.1 | 4522 2 3.25 PM 1:20 PM 1913 |voc 2
RF30 | 205.2 | 4534 3 12:20 PM 1140 AM 1972
RF31 | 2065 | 454.1 2 950 AM 9:37 AM 1991  |voc 2
RF32 | 2084 | 453.1 3 1040 AM 1001 AM 1973
RF33 | 203.1 | 450.7 1 12:05 PM 11:15 AM 1.965
RF34 | 2053 | 451.2 10:20 AM 9:35 AM 1.969
RF35 | 207.0 | 451.0 1 1 840 AM 7:20 AM 1944
RF36 | 201.3 | 4488 2
RF37 | 203.2 | 4493 1 10:15 PM 11:15 PM 2042
RF38 | 204.8 | 4495 3 2 12:10 PM 11:05 AM 1955  |voc 2
RF39 | 206.8 | 4488 11:15 AM 10:16 AM 1.959
RF40 | 2086 | 4496 11:25 AM 1025 AM 1958  |voc 2
RF41 | 2074 | 447.7 2 2 1150 AM 1036 AM 1.949
RF42 | 202.2 | 456.0 3 3 3:10 PM 1120 AM 1840  |voc 2
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(Continued)

X Y (1997.11.6) (1997.11.8) )

YFO1 | 211.8 | 451.3 2 4551 PM 1550 PM 1874

YF02 | 2129 | 4506 1 9:35 AM 845 AM 1.965

YFO3 | 214.7 | 451.0 5:32 PM 2:03 PM 1.855

YF04 | 2112 | 4493 4 4:32 PM 140 PM 1881

YFO5 | 2132 | 4488 2 4:05 PM 1:20 PM 1.885

YF06 | 215.2 | 4494 550 PM 2:13 PM 1.849

YFO7| 2030 | 446.7 2 11:20 AM 1040 AM 1972

YF08| 204.3 | 4469 1 9.00 AM 9:00 AM 2,000

YF09 | 209.3 | 446.7 2 3:30 PM 12335 PM 1.878

YF10| 2108 | 446.7 302 PM 12555 PM 1912 |voc 2
YF11| 2126 | 4473 1

YF12|199.3 | 444.7 10:00 AM 2:33 PM 2190 |voc 2
YF13| 2010 | 4453 1 945 AM 7:30 AM 1.906

YF14 | 2030 | 4445 1 11:05 AM 10:25 AM 1972

YF15 | 204.9 | 4451 1 1045 AM 10:10 AM 1.976

YF16 | 207.3 | 444.8 10:30 AM 9:50 AM 1972 |voc 2
YF17|209.2 | 4446 925 AM 9:35 AM 2,007

YF18| 210.7 | 4453 150 PM 1222 PM 1.939

YF20 | 199.1 | 4430 4 7.00 PM 4:30 PM 1.896

YF21| 2011 | 4424 3 10:20 AM 1006 AM 1.990

YF22| 2032 | 44238 1 1043 AM 9:57 AM 1.968

YF23| 2050 | 4435 1 1222 PM 9:36 AM 1885  |voc 2
YF24 | 206.7 | 4431 2 1244 PM 11:09 AM 1.934

YF25 | 208.7 | 442.8 12556 PM 1120 AM 1.933
YF26|211.3 | 4429 1 1:20 PM 1202 PM 1.946

YF27| 2125 | 4433 2 134 PM 1211 PM 1942
YF28|199.0 | 4416 3 10:37 AM 820 AM 1.905
YF29|202.7 | 4413 2 11:06 AM 1027 AM 1973

YF30 | 2044 | 4415 4 12:02 PM 1050 AM 1.950
YF31|211.2 | 4411 2 1:09 PM 1050 AM 1903

YF32| 2150 | 452.7 2 6:10 PM 2:50 PM 1.861

YF33| 209.6 | 4404 11:41 AM 11:33 AM 1.994
YF34|206.0 | 439.3 11:25 AM 10:37 AM 1967
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ECR and HQs by inhalation (159 sites)

X Y

benzene toluene ethlybenzene | m,p-xylyene | o-xylene

RFO1 203.0 4649 142E-04 145E-01 2.73E-02 5.39E-01 8.10E-02
RF02 204.8 4646 1.28E-04 1.27E-01 2.64E-02 5.32E-01 8.04E-02
RF03-1 200.5 463.3 1.29E-04 1.72E-01 2.60E-02 5.24E-01 7.89E-02
RF03-2 1.29E-04 1.57E-01 2.61E-02 5.25E-01 7E-02
RF04 203.0 462.9 8.61E-05 1.62E-01 2.72E-02 542E-01 8.24E-02
RF05 205.6 4624 1.34E-04 1.83E-01 2.81E-02 5.52E-01 842E-02
RF06 207.3 463.3 1.33E-04 1.99E-01 2.77E-02 546E-01 8.29E-02
RFO7 199.0 4614 1.32E-04 1.50E-01 2.63E-02 5.27E-01 7.95E-02
RFO8 201.0 460.7 4 57E-05 1.68E-01 2.70E-02 5.38E-01 8.17E-02
RF09-1 203.5 4610 141E-04 1.71E-01 2.82E-02 5.52E-01 840E-02
RF09-2 140E-04 1.95E-01 2.87E-02 5.58E-01 8.H54E-02
RF10 205.0 461.2 141E-04 1.77E-01 2.86E-02 5.55E-01 848E-02
RF11 206.7 461.1 1.37E-04 1.81E-01 2.83E-02 549E-01 8.38E-02
RF12 200.8 459.7 1.31E-04 1.82E-01 2.71E-02 5.37E-01 8.15E-02
RF13 203.2 458.9 145E-04 2.51E-01 3.08E-02 5.81E-01 9.00E-02
RF14 204.8 4585 5.65E-05 7.52E-01 3.77E-02 6.56E-01 1.05E-01
RF15 206.2 459.7 1.32E-04 2.03E-01 3.13E-02 5.64E-01 8.66E-02
RF16 209.2 4595 1.36E-04 1.65E-01 2.85E-02 542E-01 8.24E-02
RF17 199.3 456.7 644E-05 1.89E-01 3.21E-02 6.28E-01 9.58E-02
RF18 201.3 4574 1.53E-04 2.62E-01 3.22E-02 6.25E-01 9.58E-02
RF19 203.1 456.8 143E-04 2.23E-01 2.98E-02 5.64E-01 8.67E-02
RF20 204.9 4570 1.38E-04 2.63E-01 2.97E-02 5.64E-01 8.63E-02
RF21 206.8 456.7 145E-04 1.94E-01 2.95E-02 5.70E-01 8.62E-02
RF22 208.5 456.5 140E-04 1.53E-01 2.93E-02 5.68E-01 8.H4E-02
RF23 199.0 4546 149E-04 1.87E-01 3.17E-02 6.25E-01 941E-02
RF24 201.0 4550 1.52E-04 1.89E-01 3.19E-02 6.25E-01 941E-02
RF25 202.9 4546 145E-04 1.93E-01 3.06E-02 5.82E-01 8.87E-02
RF26 205.1 4548 1.84E-04 2.56E-01 3.75E-02 641E-01 1.07E-01
RF27 206.9 4554 145E-04 3.39E-01 3.21E-02 6.02E-01 9.15E-02
RF28 209.3 4554 145E-04 2.50E-01 3.26E-02 6.02E-01 9.25E-02
RF29-1 202.1 4522 146E-04 4.46E-01 3.25E-02 6.15E-01 9.39E-02
RF29-2 146E-04 2.30E-01 3.16E-02 6.04E-01 9.21E-02
RF30 205.2 4534 141E-04 1.82E-01 3.05E-02 5.80E-01 8.71E-02
RF31-1 206.5 4541 140E-04 2.36E-01 344E-02 6.29E-01 949E-02
RF31-2 1.38E-04 2.10E-01 343E-02 6.22E-01 9.36E-02
RF32 2084 453.1 1.38E-04 1.71E-01 2.96E-02 5.71E-01 8.58E-02
RF33 203.1 450.7 143E-04 2.32E-01 3.19E-02 6.08E-01 9.31E-02
RF34 205.3 4512 145E-04 2.76E-01 3.91E-02 6.51E-01 1.01E-01
RF35 207.0 4510 1.37E-04 3.72E-01 3.22E-02 6.09E-01 9.28E-02
RF36 201.3 4488 144E-04 2.05E-01 2.97E-02 5.71E-01 8.72E-02
RF37 203.2 4493 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
RF38-1 204.8 4495 142E-04 4.82E-01 3.39E-02 6.24E-01 9.52E-02
RF38-2 142E-04 3.54E-01 3.25E-02 6.07E-01 9.24E-02
RF39 206.8 44838 148E-04 4.35E-01 3.38E-02 6.33E-01 9.65E-02
RF40-1 208.6 4496 1.38E-04 2.12E-01 3.12E-02 5.97E-01 9.06E-02
RF40-2 1.35E-04 1.68E-01 3.04E-02 5.91E-01 8.95E-02
RF41 2074 447.7 141E-04 2.02E-01 3.21E-02 6.17E-01 949E-02
RF42-1 202.2 456.0 151E-04 2.04E-01 3.32E-02 6.29E-01 9.58E-02
RF42-2 1.56E-04 246E-01 3.33E-02 6.32E-01 9.60E-02




(Continued)

X Y benzene toluene ethlybenzene | m,p-xylyene o-xylene

GFO1 183.2 4532 144E-04 3.59E-01 3.25E-02 5.91E-01 8.78E-02
GF02 185.0 453.0 131E-04 1.82E-01 3.21E-02 5.90E-01 8.81E-02
GF03 182.8 451.2 142E-04 2.28E-01 3.13E-02 6.06E-01 942E-02
GFO4 1854 451.2 1.36E-04 2.11E-01 3.00E-02 5.82E-01 8.88E-02
GF05 187.0 451.0 131E-04 2.32E-01 2.96E-02 5.84E-01 8.92E-02
GFo6 1829 449.9 143E-04 243E-01 3.14E-02 6.09E-01 9.55E-02
GF07-1 185.3 449.1 1.36E-04 2.15E-01 3.01E-02 5.90E-01 9.13E-02
GF07-2 1.39E-04 3.24E-01 3.13E-02 6.03E-01 9.36E-02
GFo8 1878 4488 1.38E-04 244E-01 3.12E-02 6.02E-01 9.29E-02
GF09 1889 449.0 1.35E-04 2.62E-01 3.00E-02 5.86E-01 9.00E-02
GF10 191.2 448.1 149E-04 255E-01 3.29E-02 6.38E-01 9.94E-02
GF11 185.2 446.6 1.63E-04 267E-01 343E-02 6.50E-01 1.02E-01
GF12 187.2 4471 161E-04 441E-01 3.37E-02 647E-01 9.95E-02
GF13 189.0 4470 153E-04 341E-01 3.27E-02 6.30E-01 9.65E-02
GFi14-1 190.2 446.1 157E-04 3.09E-01 3.55E-02 6.66E-01 1.02E-01
GF14-2 1.59E-04 2.72E-01 349E-02 6.58E-01 1.00E-01
GF15 193.0 4473 145E-04 2.19E-01 3.11E-02 6.07E-01 9.21E-02
GF16 184.7 4448 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GF17 187.3 445.0 1.31E-04 2.95E-01 3.09E-02 5.75E-01 8.82E-02
GF18 1894 445.0 146E-04 267E-01 1.55E-01 1.04E+00 157E-01
GF19 190.8 4453 137E-04 4.76E-01 346E-02 6.56E-01 1.01E-01
GF20 192.7 4458 1.39E-04 2.50E-01 3.14E-02 6.17E-01 9.51E-02
GF21 195.0 4454 143E-04 2.95E-01 3.16E-02 6.13E-01 942E-02
GF22 196.7 4454 137E-04 247E-01 3.10E-02 6.07E-01 9.30E-02
GF23-1 185.1 4435 1.39E-04 2.12E-01 3.16E-02 6.07E-01 9.24E-02
GF23-2 1.39E-04 3.38E-01 3.18E-02 6.09E-01 9.30E-02
GF24 1873 4432 6.38E-05 2.60E-01 4.23E-02 7.13E-01 1.14E-01
GF25 189.0 443.0 153E-04 3.30E-01 6.75E-02 1.26E+00 2.33E-01
GF26 191.2 4428 107E-04 4.23E-01 3.54E-02 6.70E-01 1.04E-01
GF27 193.0 4435 157E-04 1.97E-01 3.16E-02 6.16E-01 9.51E-02
GF28 1948 442.8 153E-04 345E-01 3.23E-02 6.25E-01 9.64E-02
GF29 1970 443.0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GF30 189.0 440.9 157E-04 2.69E-01 3.39E-02 6.55E-01 1.02E-01
GF31-1 190.2 441.7 1.63E-04 3.80E-01 3.55E-02 6.72E-01 1.05E-01
GF31-2 1.31E-04 3.84E-01 3.54E-02 6.68E-01 1.04E-01
GF32 193.2 441.0 1.62E-04 4.27E-01 3.32E-02 6.33E-01 9.73E-02
GF33 195.0 441.0 142E-04 2.02E-01 3.08E-02 6.06E-01 9.18E-02
GF34 1970 4413 143E-04 1.92E-01 3.11E-02 6.02E-01 9.02E-02
GF35 190.9 439.1 5.89E-05 2.94E-01 3.71E-02 6.88E-01 1.03E-01
GF36 1926 4389 144E-04 2.50E-01 3.38E-02 641E-01 9.66E-02
GF37-1 1955 439.7 147TE-04 2.02E-01 3.07E-02 6.00E-01 9.00E-02
GF37-2 147TE-04 157E-01 3.03E-02 5.94E-01 8.89E-02
GF38 181.2 449.0 143E-04 1.78E-01 3.10E-02 5.97E-01 8.99E-02




(Continued)

X v benzene toluene ethlybenzene | m,p-xylyene o-xylene

BFO1 192.7 459.1 4.15E-05 2.73E-01 347E-02 6.37E-01 9.HE-02
BFO2 191.6 456.7 3.28E-05 2.14E-01 3.23E-02 6.07E-01 9.09E-02
BFO3 192.8 456.8 350E-05 167E-01 3.14E-02 6.07E-01 9.14E-02
BFO4 1940 456.5 9.95E-05 1.96E-01 3.08E-02 5.91E-01 8.89E-02
BFO5 196.8 456.8 357E-05 1.83E-01 3.08E-02 5.99E-01 9.09E-02
BFO5_1 1.83E-05 1A43E-01 3.05E-02 5.96E-01 9.02E-02
BFO6 1915 455.0 1.30E-04 2.10E-01 2.97E-02 5.92E-01 9.20E-02
BFO7 1935 4553 1.30E-04 2.27E-01 3.25E-02 6.15E-01 9.67E-02
BFO8 195.2 454.2 3.83E-05 2.05E-01 3.30E-02 6.21E-01 943E-02
BFO9 196.7 4544 3.27E-05 1.84E-01 3.14E-02 6.03E-01 9.12E-02
BF10 1895 452.8 3.66E-05 2.12E-01 3.23E-02 6.14E-01 9.34E-02
BF11 190.9 453.1 144E-04 6.70E-01 5.24E-02 757E-01 1.19E-01
BF12 193.2 452.8 1.36E-04 2.03E-01 3.04E-02 6.04E-01 942E-02
BF13 1943 452.8 1.25E-04 2.00E-01 2.95E-02 591E-01 9.17E-02
BF14 197.2 452.8 3.68E-05 1.86E-01 3.19E-02 6.10E-01 9.22E-02
BF15 1 198.6 452.7 3.76E-05 1.71E-01 3.16E-02 6.08E-01 9.26E-02
BF15 2 343E-05 1.74E-01 3.11E-02 5.99E-01 9.04E-02
BF16 1936 458.7 2.08E-05 167E-01 1.98E-02 3.98E-01 6.00E-02
BF17 191.2 450.8 1.35E-04 261E-01 3.31E-02 6.32E-01 9.97E-02
BF18 1932 4514 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BF19 1948 451.2 1.32E-04 2.72E-01 3.06E-02 6.08E-01 946E-02
BF20 196.8 450.2 1.36E-04 2.10E-01 2.85E-02 5.78E-01 8.95E-02
BF21 199.0 451.0 148E-04 7.37E-01 3.07E-02 6.08E-01 9.52E-02
BF22 201.2 450.9 148E-04 3.35E-01 3.14E-02 6.17E-01 9.69E-02
BF23 193.2 449.2 3.62E-05 2.32E-01 3.26E-02 6.18E-01 9.37E-02
BF24 195.2 448.8 137E-04 2.77E-01 3.08E-02 6.06E-01 9.52E-02
BF25 1970 449.0 151E-04 391E-01 3.13E-02 6.14E-01 9.59E-02
BF26 1985 450.0 142E-04 2.24E-01 2.93E-02 5.86E-01 9.07E-02
BF27 1971 4471 1.53E-04 2.29E-01 2.96E-02 5.90E-01 9.18E-02
BF28 199.1 4464 141E-04 2.00E-01 2.89E-02 5.80E-01 9.01E-02
BF2P 195.2 459.5 1.25E-04 2.30E-01 2.87E-02 5.83E-01 8.99E-02




(Continued)

X v benzene toluene ethlybenzene | m,p-xylyene o-xylene

YFO1 2118 451.3 148E-04 254E-01 2.99E-02 6.03E-01 9.33E-02
YF02 2129 450.6 137E-04 158E-01 2.85E-02 5.75E-01 8.85E-02
YFO3 2147 451.0 151E-04 1.92E-01 3.25E-02 646E-01 1.01E-01
YFO4 2112 4493 1.53E-04 227E-01 3.05E-02 6.08E-01 943E-02
YF05 2132 4488 148E-04 2.32E-01 3.03E-02 6.03E-01 9.34E-02
YFO06 2152 4494 152E-04 2.94E-01 3.36E-02 645E-01 1.01E-01
YFO7 203.0 446.7 144E-04 2.18E-01 297E-02 5.89E-01 9.20E-02
YF08 2043 446.9 1.33E-04 2.32E-01 291E-02 5.82E-01 9.08E-02
YF09 209.3 446.7 147E-04 2.30E-01 3.03E-02 6.06E-01 9.35E-02
YF10_1 2108 446.7 154E-04 2.62E-01 3.15E-02 6.22E-01 9.74E-02
YF10_2 143E-04 2.74E-01 3.05E-02 6.08E-01 949E-02
YF11 2126 4473 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
YF12_1 199.3 444.7 1.34E-04 2.16E-01 2.85E-02 551E-01 8.71E-02
YF12_2 152E-04 3.63E-01 351E-02 6.29-01 1.02E-01
YF13 201.0 445.3 153E-04 3.89E-01 3.14E-02 6.14E-01 9.HE-02
YF14 203.0 4445 142E-04 254E-01 297E-02 591E-01 9.19E-02
YF15 2049 445.1 5.93E-05 2.33E-01 3.05E-02 5.98E-01 940E-02
YF16 207.3 4448 9.25E-05 3.29E-01 3.11E-02 6.05E-01 9.56E-02
YF17 209.2 4446 143E-04 2.06E-01 2.99E-02 5.82E-01 8.93E-02
YF18 210.7 4453 148E-04 2.18E-01 3.07E-02 5.96E-01 9.11E-02
YF20 199.1 443.0 154E-04 2.56E-01 347E-02 6.69E-01 1.04E-01
YF21 201.1 4424 157E-04 243E-01 3.14E-02 6.06E-01 945E-02
YF22 203.2 4428 1.53E-04 2.58E-01 3.12E-02 6.03E-01 9.29E-02
YF23 1 205.0 4435 161E-04 2.90E-01 3.22E-02 6.23E-01 9.61E-02
YF23 2 151E-04 240E-01 3.11E-02 6.09E-01 9.35E-02
YF24 206.7 443.1 149E-04 2.36E-01 3.11E-02 6.05E-01 9.33E-02
YF25 208.7 4428 1.74E-04 3.23E-01 3.31E-02 6.30E-01 9.87E-02
YF26 2113 4429 1.28E-04 2.15E-01 3.04E-02 6.02E-01 947E-02
YF27 2125 4433 167E-04 4 51E-01 340E-02 643E-01 1.01E-01
YF28 199.0 441.6 1.56E-04 237E-01 347E-02 6.24E-01 9.33E-02
YF29 202.7 4413 4 86E-06 2.71E-02 754E-03 #VALUE! #VALUE!
YF30 244 4415 145E-06 2.69E-02 7.63E-03 1.65E-01 247E-02
YF31 2112 441.1 137E-04 2.04E-01 3.02E-02 6.05E-01 946E-02
YF32 2150 452.7 146E-04 1.99E-01 3.00E-02 6.03E-01 9.30E-02
YF33 209.6 4404 144E-04 247E-01 3.12E-02 5.98E-01 9.36E-02
YF34 206.0 439.3 143E-06 2.69E-02 7.56E-03 #VALUE! #VALUE!




<Abstract>

Multi-sector Analysis of Volatile Organic

Compounds(VOCs) in Seoul

Yung-Dae Yu
Department of Environmenta Health
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(Directed by Professor Yong Chung, Ph. D)

The area of Seoul as of the end of 1997 is 60552  with the 25
autonomous district. Seoul has a population of 10,321,449 and one of the
highest population densities in the world (17,157 persons/  in 1998).

By increasing automobile and prevailing west wind with temperatures
dropping lower than other regions on the same latitude, Seoul will cause to
increase VOCs in ambient air ,influenced by O3 emission rate. Under these
conditions, Recently, there has been considerable attention forced on the
potential exposure of irregulation VOCs(volatile organic compounds) in the
environment due to increasing population and expansion of automobile,

industry, energy in Seoul.
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This study was designed to explain VOCs(5germs) Excess cancer risk (ECR)
and hazard quotients(HQs) estimation using unit risk, Reference concentration
of non-carcinogenic chemicals to apply doseresponse assessment for non-
regulatory air pollutants in Seoul

This study subjected benzene, toluene, ethylbenzene, m+p-xylene, o-xylene
(5germs). On october 6 8, 1997(159sites), OVM 3520 passive samplers were
placed at intervals 2 x 2 over all areas of Seoul at the same time and
sample was collected for 24hours. And then VOCs samples were analyzed by
GC-MSD.

By applying Surface Mapping System Method(Golden software Inc. USA,
version5.01), Airborne VOCs(5germs) concentration map in Seoul was
obtained. and then All local concentrations of VOCs(5germs) were compared
with map of ECR and HQs using the same mapping method about the 25
autonomous district in Seoul

By using Monte-carlo simulation(Crystal Ball 4.0, ECR and HQs were
estimated by Monte-carlo simulation with 10,000 random

The amount of VOCs formed to benzene(12.9, 165 / ), toluene(19.5, 14.6

/), ethylbenzene(6.24, 544 [ ), mp-xylene(6.75, 625 / ), oxylene(5.3,
483 |/ ). That is to say, Contribution of benzene and toluene was appeared
to be more than 66% in seoul.

Excess cancer risk distribution of carcinogenic benzene showed mean(1.3x
10%), 50 95Percentile(1.3x 10* 1.7x 10°) and appeared the lowest 10° in
Unpyong-Gu and Jongro-Gu Hazard quotients(HQs) distribution of non-

carcinogenic compounds showed toluene mean(0.23), ethylbenzene mean(0.031),
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m,p-xylene mean (0.01), and o-xylene mean(0.09) in seoul. Especialy risk range
characterization of 50 95 Percentile appeared to be toluene(0.23 0.39),
o-xylene(0.09 0.12), ethylbenzene(0.031 0.042), m,p-xylene(0.01 0.02).

This result explained that toluene occupied 63% in contribution of 50
percentile and 69% in contribution of 95 percentile.

Hazard quotients(HQs) of all estimated non-carcinogenic VOCs showed
(risk characterization < 1) in 50 95 percentile range so not recently existed
any risk damage yet.

Through this study, Undertaking a study of the extent of irregulate
VOCs(bgerms) contamination in the region surrounding the 25 autonomous
district through air sampling is first step in addressing further issues of air
quality impact assessment, human health risks, and ultimately, the risk

management implications of Toxicant in Seoul.
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