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Selection of Priority Areas Based on Human and Economic
Risk from Exposure to Fine Particles in Seoul
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*Department of Preventive Medicine and Public Health, College of Medicine, Yonsei University

ABSTRACT

It is important to select arisk based priority area for environmental policy formation and decision-making.
We estimated the health risks and associated damage costs from exposure to fine particles and assigned priority
areas for twenty—five districts in Seoul. In order to estimate the theoretical mortality incidence of the health
risk, baseline risks were estimated from mortality rates in two low level areas of fine particles, Seocho Gu and
Cheju city. To estimate the damage cost from the risk estimates, we investigated and estimated the willingness
to pay (WTP) for specific risk reduction. We assumed two different locations as the reference area, Cheju city
as Scenario | and Seocho gu as Scenario Il. From the results, the five districts, Kwangjin, Chungnang,
Kangbuk, Nowon, and Kangnam, ranked high in the categories of both health risk and economic risk. Damage
costs were over twenty billion won in each of these districts. As there are uncertainties in these results, the
parameter values such as PM2; level, dose-response slope factor, baseline risk, exposure population and WTP
should be continuously validated and refined.

Key words: fine particle(PM2s), mortality risk, damage cost, baseline risk, risk_based priority area
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Table 1. PMyo and PM3s levels, number of deaths and ex-
posure population in each district

District(GU)  PMuo (ug/m®) PMas (ug/md) p%%?;fgi
Jongro 84.7 525 103,898
Chung 70.9 44.0 71,197
Y ongsan 72.4 449 132,652
Sungdong 80.0 49.6 179,919
Kwangjin 81.3 50.4 197,092
Dongdaemun 70.9 439 255,853
Chungnang 80.8 50.1 198,804
Sungbuk 66.7 41.3 252,789
Kangbuk 84.9 52.6 196,827
Dobong 70.0 434 204,920
Nowon 4.7 46.3 270,632
Unpyong 60.6 37.6 204,391
Seodaemun 61.2 38.0 212,724
Mapo 74.1 459 219,799
Yangchun 73.1 453 264,419
Kangseo 66.1 41.0 285,959
Guro 60.3 374 254,976
Kumchon 62.4 38.7 240,960
Y ongdungpo 66.1 41.0 325,485
Dongjak 58.5 36.3 250,346
Kwanak 69.4 431 209,100
Seocho 58.0 36.0 343,027
Kangnam 82.6 51.2 198,784
Songpa 60.4 374 188,616
Kangdong 77.3 48.0 138,200
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A7 G Ak A5 SAE g Ay A

of W AHurt B3, 2kw J47h Seld ME
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A F(&) 2 Rt B 4 Tl DR Sl
s FAvre] slem, ) Fo INAzE A+t
2ol (19994, 20004, 2001) 2 &gt 7o) Hx
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(2) PM10ZF PM259] &8

PMi =2 5E vlA| HA (PM25)9] =5 F
A7) fsA, S AFAH (A 5, 2000) =
HE =&% PM2s9} PMyo] #&S A431H
el SA = PM2se} PMlO‘/] &2 oF 062
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Table 2. Ratio of PM,5to PMy

Area PM 10, F’Mz.s3 PM2s/ PM2s-10
(ng/n) (ug/m®)  PMio  /PMio
Seoul* 93 57 061 039
124 71 057 043
111 76 068 032
Average 0.62 0.38
Detroit, MA' 31 18 058 042
Philadelphia, PA' 24 17 0.72 0.28
Atlanta, GA' 31 20 065 035
Pittsburgh, PAT  Not reported Not reported 0.67  0.33
8 Canadian cities’ 25 13 051 049
Mexico city' 44 27 061 0.39
Santiago® 110 64 058 042
Average 0.62 0.38

*source: Kwon et al. (2002)  Ysource: US EPA (2001)
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Fig. 1. Model to derive theoretical mortality risk (Source;
Kunzli et al., 2000).
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EQUATION 2
*. Damage cost (W) =V SL x Theoretical Mortality
Incidence (from equation 1) EQUATION 3
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Table 3. Probability distribution of input parameter for
uncertainty analysis

Parameter Distribution Value
PMyo levels Log-normal mean+S.D.*
PM2s/PMyratio  Uniform distribution  0.57~0.68"
Slope of dose- ] e b

response function Uniform distribution
All cause 1.01~1.08?
Lung cancer 1.01~1.16%

* mean and standard deviation of PM1 in each strict
Yrange of PM25/PM g ratio (Kwon et al., 2002)
239504 confidence interval of relative risk (Pope et al., 2002)
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Table 4. Criteriafor categorical alocation

Theoretical Damage cost
Category mortality incidence  (billion')
High 60~ 20~
Medium-High 40~ 60 15~20
Medium 30~40 10~15
Low-Medium 10~30 5~10
Low ~10 ~5
3H = B 5< 1_ = uT
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Table5. All-cause mortality and lung cancer mortality
estimated from each scenario in Seoul

Estimated attributable
number of cases(per year)

Scenario
All-cause Lung cancer
(5~ 95 percentile) (5~ 95 percentile)
Scenario |
) 1,789 156
((F:%ﬁfej a ?nce area; (527~ 3,244) (32~298)
Scenario |l
i 885 71
(ggg] %;Ce area; (143~2,040) (10~170)
, 6,212 350
Previous study (3913~9,176)  (221~519)

Table 6. Categorical classification by estimated attributable
number of casesin the districts

Estimates

Category* per year Scenario | Scenario |l
18 other districts ~ Kwangjin,
. N except 7 districtc Chungnang,
High 60 dllocated by Kangbuk,
‘Medium-High®  Nowon, Kangnam
Jongro, Yongsan, Jongro, Sungdong,
Medium- 40~ 60 Unpyong, Seodaemun, Dongdaemun,
High Dongjak, Songpa, Mapo, Yangchun
Kangdong
Dobong, Kangseo,
Medium 30~40 Y ongdungpo,

Kwanak, Kangdong

Chung, Y ongsan,
Sungbuk,
Seodaemoun,
Guro, Kumchon

Low-
Medium 10~30

Unpyong, Dongjak,
Seocho, Songpa

(persons)* 20, 40, 60, 80 percentile from emprical distribution of
estimated attributable number of casesin each districts

Low ~10

of dgt EEAAE FFAaAT7]7] SIS olE W
5o gt maghel W BIAAAE S}
of gt} o|n] AF3 ZHH PMasol] gt =714
TR FUEE AE 59 29 BEE 73
B Aol $A- oz Fadit o] AFoAE PMip
FUEE zk56 PMo 5 PMasel] ot &8 &
43te] 29 =5 7M7) wael EEAIA o
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Table 7. All-cause mortality and lung cancer mortality estimated from each scenario in the district (persons per year)

55

Scenario | (Cheju)

Scenario |l (Seocho)

District All-cause Lung cancer All-cause Lung cancer
(5~ 95 percentile) (5~ 95 percentile) (5~ 95 percentile) (5~ 95 percentile)

Jongro 48.8(8.1~120.7) 4.2(0.5~10.8) 39.8(12.2~137.1) 3.2(0.8~11.1)
Chung 24.4(0.2~71.2) 22(0.1~6.7) 12.8(2.2~79.7) 1.0(0.1~6.3)
Y ongsan 48.3(1.0~138.0) 4.1(0.1~125) 26.6 (5.5~ 145.9) 2.2(0.4~12.6)
Sungdong 76.7 (8.7~203.2) 6.7(0.6~18.7) 56.8(15.1~230.5) 44(1.1~183)
Kwangjin 85.4(9.3~221.0) 7.5(0.6~20.6) 64.7 (16.5~260.1) 5.0(1.2~20.7)
Dongdaemun 89.3(10.1~229.9) 7.7(0.7~20.6) 47.5(18.3~230.8) 3.8(1.3~18.6)
Chungnang 86.0(17.0~199.6) 7.6(1.1~18.6) 64.9(23.9~217.3) 5.2(1.6~18.0)
Sungbuk 76.3(0.5~213.3) 6.7(0.1~19.9) 31.7(8.5~229.2) 2.6(0.7~18.5)
Kangbuk 92.1(18.2~214.7) 8.1(1.3~19.9) 74.5(25.8~236.9) 6.0(1.8~19.8)
Dobong 68.8(1.5~196.2) 6.0(0.1~17.7) 35.2(8.1~207.9) 2.8(0.6~17.2)
Nowon 101.1(10.6~ 267.5) 8.9(0.8~24.5) 62.5(19.6~286.7) 5.0(1.5~23.4)
Unpyong 50.9(10.1~ 164.9) 45(0.9~153) 7.3(25~167.8) 05(0.1~12.9)
Seodaemun 54.0(3.2~146.8) 4.7(0.2~13.6) 9.1(8.6~129.6) 0.7(0.6~10.5)
Mapo 82.9(5.7~230.4) 7.1(0.4~20.4) 50.1(13.3~246.5) 3.9(0.9~19.6)
Y angchun 94.9(14.7~236.5) 8.3(0.9~215) 58.2(22.1~253.0) 4.4(1.5~19.7)
Kangseo 85.8(0.1~243.5) 7.4(0.1~22.4) 32.1(9.3~246.9) 25(0.7~19.8)
Guro 63.3(4.0~190.5) 5.5(0.3~16.8) 9.1(3.6~175.8) 0.7(0.3~14.3)
Kumchon 63.6(2.3~189.2) 5.7(0.2~17.0) 14.8(4.8~178.5) 1.2(0.4~14.3)
Y ongdungpo 98.4(4.0~297.9) 8.4(0.3~26.6) 36.4(7.0~302.3) 3.2(0.5~24.6)
Dongjak 57.4(3.7~171.6) 5.1(0.3~15.5) 4.1(3.4~153.1) 0.1(0.0~12.5)
Kwanak 70.2(5.1~189.7) 6.0(0.3~16.9) 34.6(11.6~201.3) 2.6(0.8~15.5)
Seocho 77.6(24.0~179.2) 6.8(1.9~24.4) 2.7(0.0~244.8) 0.1(0.0~21.2)
Kangnam 89.8(15.1~224.8) 7.8(1.0~19.6) 70.5(22.4~242.9) 55(1.6~19.9)
Songpa 46.8(8.3~155.2) 4.1(0.7~13.9) 4.9(1.7~1485) 05(0.1~12.3)
Kangdong 55.5(3.8~150.8) 4.8(0.3~13.6) 38.7(9.1~166.8) 29(0.7~13.3)
Seoul 1,789 (527~ 3,244) 156 (32~ 298) 885 (143~ 2,040) 71(10~170)
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Table 8. Median WTPs and VSLs for environmental pro- Table 10. Categorical classification by estimated damage

blems (unit : W) costs of the districts
Estimating model WTP VSL? Estimated ' ,
Category* per year Scenario | Scenario |l
L ower-bounded Turnbull 12,900 311,000,000
Dichotomous Weibull 12,000 287,000,000 _ . Kwangjin, Chungnang,
Spike mod! 9,700 233,000,000 High 20~ 17 other districts ﬁﬁgﬁ;l; Nowon,
* willingness-to-pay, 2 value of statistical life Jongro, Yongsan, Jongro, Sungdong,

Medium- 15~ 20 Unpyong, Seodaemun, Dongdaemun,
High Dongjak, Songpa, Mapo, Y angchun
. . Kangdong
Table9. All-cause mortality and lung cancer mortality
from each scenario in Seoul Sungbuk, Dobong,

) _ Y ongdungpo,
Medium 10~15 Kangseo, Kwanak,

Estimated damage cost (billion¥ per year)

Scenario All-cause Lung cancer ) tangdong
- (5~ 95 percentile) (5~ 95 percentile) l?/lvzadi um 5~10 Chung Kﬁﬂgh%g%,’ Chung
(Slggfn:rrégcle area; 807 50.7 Unpyong, Seodaemun,
Cheiu) (117.8~1434.6)  (7.6~134.4) Low ~5 - Guro, Dongjak,
. Seocho, Songpa
(Ségfn:rrégcltla areg; 288.9 231 *(billionw) 20, 40, 60, 80 percentile from empirical distribution of
Seocho) (31.6~8310) (21~67.3) estimated damage cost in coeh diatric i
Table 11. Damage cost estimated from each scenario in the districts (billion won per year)
Scenario | (Cheju) Scenario Il (Seocho)
District All-cause Lung cancer All-cause Lung cancer
(5~ 95 percentile) (5~ 95 percentile) (5~ 95 percentile) (5~ 95 percentile)
Jongro 16.0(1.9~46.8) 1.3(0.1~4.2) 13.2(2.9~51.2) 1.0(0.2~4.1)
Chung 7.9(0.0~26.8) 0.7(0.0~25) 4.2(0.5~27.2) 0.3(0.0~2.1)
Y ongsan 15.7(0.3~51.7) 1.3(0.0~4.5) 8.6(1.3~50.9) 0.7(0.1~4.3)
Sungdong 249(2.0~76.2) 22(0.1~6.9) 18.4(3.6~80.9) 14(0.3~6.5)
Kwangjin 27.7(2.2~84.8) 24(0.1~7.9) 21.5(4.0~92.8) 1.7(0.3~7.2)
Dongdaemun 29.1(2.5~88.7) 25(0.2~8.0) 15.6(4.3~81.9) 1.3(0.3~6.7)
Chungnang 27.9(3.8~79.6) 25(0.2~7.3) 21.1(5.8~77.8) 1.7(0.4~6.6)
Sungbuk 24.7(0.1~80.5) 2.2(0.0~7.5) 10.3(2.1~77.9) 0.9(0.2~6.4)
Kangbuk 30.0(4.1~86.5) 2.7(0.3~7.9) 24.4(6.0~86.0) 2.0(0.4~7.2)
Dobong 22.3(0.4~72.3) 1.9(0.0~6.6) 11.4(1.9~71.2) 0.9(0.1~5.9)
Nowon 32.6(2.5~99.4) 2.9(0.2~8.9) 20.6(4.7~102.6) 1.7(0.4~82)
Unpyong 16.5(2.8~59.5) 15(0.2~5.5) 2.4(0.6~55.7) 0.1(0.0~4.2)
Seodaemun 17.5(0.7~54.7) 15(0.0~5.1) 3.0(2.0~43.7) 0.2(0.1~35)
Mapo 26.8(1.4~84.5) 2.3(0.0~7.7) 16.3(3.2~86.4) 1.3(0.2~7.0)
Y angchun 30.8(3.4~89.6) 2.7(0.2~8.3) 19.1(5.4~87.9) 15(0.4~6.9)
Kangseo 28.1(0.0~91.7) 2.4(0.0~8.1) 10.6(2.2~84.0) 0.8(0.2~6.7)
Guro 20.6(1.2~69.7) 1.8(0.1~6.2) 2.9(1.0~585) 0.2(0.1~4.7)
Kumchon 20.8(0.5~68.8) 1.8(0.0~8.3) 4.8(1.2~61.9) 0.4(0.1~4.7)
Y ongdungpo 31.5(1.0~105.2) 2.7(0.1~9.4) 11.7(1.7~101.8) 1.0(0.1~8.4)
Dongjak 18.7(1.0~62.3) 1.6(0.1~5.7) 1.3(0.8~53.0) 0.1(0.0~4.2)
Kwanak 22.9(1.3~72.5) 1.9(0.1~6.3) 11.1(2.8~67.3) 0.9(0.2~5.4)
Seocho 25.5(6.8~96.2) 22(0.6~8.7) 0.9(0.0~815) 0.1(0.0~6.9)
Kangnam 29.1(3.6~85.3) 25(0.2~7.6) 23.1(5.4~86.9) 1.8(0.4~7.0)
Songpa 15.1(2.4~54.9) 1.3(0.2~5.0) 1.6(0.4~48.8) 0.2(0.0~4.1)
Kangdong 17.9(0.9~56.4) 1.6(0.1~5.1) 12.8(2.2~59.4) 0.9(0.2~4.7)

Seol 580.7(117.8~1,434.6)  50.7(7.6~134.4)  288.9(31.6~831.0) 23.1(2.1~67.3)
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