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Risk—based Priority Ranking for Air Pollution Problems in Seoul
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Abstract

We have gathered exposure data on ambient air quality level and investigated dose-response slope factors of air
pollutants such as fine particle, HAPs (metals, VOCs, PAHs) and dioxins in Seoul. Theoretical mortality incidences
were estimated from exposure to these pollutants. From the results, priorities were ranked in the order fine particle,
metals, VOCs, dioxins and PAHs by ordinal scale, and the uncertainties relative to those risk estimates were de-

scribed.
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Table 1. Chemical (s) or sub-problems of this study.

Sub-problem  Chemical classes

Chemicals (agents)

- Acenaphthene + Acenaphthylene - Anthracene
+ Benzo(a)anthracene - Benzo(a)pyrene - Benzo(b)fluoranthene
PAHs (15) - Benzo(g, h, i)perylene - Benzo(k)fluoranthen - Chrysene
- Dibenzo(a, h)anthracene « Fluoranthene + Fluorene
HAPs + Indeno(1, 2, 3—cd)pyrene + Phenanthrene - Pyrene
- Benzene + Chloroform + 1, 2-Dichloroethane
VOCs (7) - Dichloromethane + Ethylene dibromide - Tetrachloroethylene
- Trichloroethylene
Metals (3) - Arsenic « Cadmium « Chromium
Fine particle PM:;5(1) « PMys
- 1,2,3,4,6,7, 8-HpCDD -1,2,3,4,6,7, 8-HpCDF - 1,2,3.4,7,8,9-HpCDF
- 1,2,3,4,7, 8-HxCDD < 1,2,3,6,7, 8-HxCDD - 1,2,3,7,8,9-HxCDD
Dioxins Dioxins and - 1,2,3,4,7, 8-HxCDF 1,2,3,6,7, 8-HxCDF - 1,2,3,7,8,9-HxCDF
Furans (17) -2,3,4,6,7, 8-HxCDF - OCDD - OCDF

- 1,2,3,7,8-PeCDD

- 1,2,3,7, 8-PeCDF

-2,3,4,7,8-PeCDF

-2,3,7,8-TCDD

- 2,3,7,8-TCDF

*HAPs : Hazardous Air Pollutants, *VOCs : Volatile Organic Compounds

*PAHs : Polycyclic Aromatic Hydrocarbons, *PM; s : Particulate Matter (size : <2.5um)

SARIY EAEEA, FAETT EAE ERE
< Aoz gt 28 A A2 AL 8t
At

39 EA F= F8 7] £9E4 (hazardous air
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Table 2. Data characteristics of environmental concentrations for risk assessment.

Sub-problems Chemical Samplmg Number of Data sources Sampling period Ref.
class sites samples
PAHs 3 75 .
Health risk assessment and
HAPs VOCs 3 18 management of air pollutants 1996~ 1998 1
(G7 Project 2nd phase)
Metals 3 89
Fine particle PMys 27 324 Current status of air quality 2000 2
Health risk assessment and
management of air pollutants 1996~ 1998 i
L. Dioxins and (G7 Project 2nd phase)
Dioxin . 3 15 ) ) o
Furans Comparison of direct and indirect
approach for estimating average 2001 3

daily dose of dioxins in Korea

U Institute for environmental research, Yonsei university (1995~ 1998), Ministry of Environment
2 Ministry of Environment (2001), Current status of air quality, http://www.me.go.kr
* Institute for environmental research Yonset university (1995~ 1998), Ministry of Environment/ Dongchun Shin (2001)
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m*/day; 7|55, 704) 5 #4310k (37, 1999).
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Table 3. Individual toxic equivalent factor of PAHs and PCDDs/PCDFs.

PAHs" PCDD/PCDF?
PAHs TEFs PCDDs* TEFs PCDFs** TEFs

Dibenz (a,h)anthracene 5 2,3,7,8-TCDD 1.0000 2,3,7,8-TCDF 0.1000
Benzo (a)pyrene 1 1,2,3,7,8-PeCDD 1.0000 1,2,3,7,8-PeCDF 0.0500
Benzo (a)anthracene 0.1 1,2,3,4,7,8-HxCDD 0.1000 2,3,4,7,8-PeCDF 0.5000
Benzo (b)fluoranthene 0.1 1,2,3,6,7,8-HxCDD 0.1000 1,2,3,4,7,8~HxCDF 0.1000
Benzo (k)fluoranthene 0.1 1,2,3,7,8,9-HxCDD 0.1000 1,2,3,6,7,8~HxCDF 0.1000
Indeno (1,2, 3-cd)pyrene 0.1 1,2,3,4,6,7,8~-HpCDD 0.0100 2,3,4,6,7,8~HxCDF 0.1000
Anthracene 0.01 OCDD 0.0001 1,2.3,7,8,9-HxCDF 0.1000
Benzo (g, h, i)perylene 0.01 1,2,3,4,6,7,8-HpCDF 0.0100
Chrysene 0.01 1,2,3,4,7,8,9-HpCDF 0.0100
Acenaphthene 0.001 OCDF 0.0001
Acenaphthylene 0.001

Fluoranthene 0.001

Fluorene 0.001
Phenanthrene 0.001

Pyrene 0.001

*PCDDs (poly -chlorinated dibenzo-p-dioxins), **PCDFs (poly -chlorinated dibenzo-p-furans)

"Nisbet ICT and Lagoy PK (1992), *WHO-TEF (1998) from Dyke PH & Stratford J (2002)
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g oag-us 5 718 & 29 vET 93
Ababg-2) W3}E (% change in annual mortality rate/
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Agste] AREStATH AR AEA]L 19995 =
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Table 4. Criteria for categorical allocation based on ran-
ge of theoretical mortality incidence.

Catego Theoretical mortality incidence (persons)
gory y p

Low ~10
Low-Medium 10~ 100
Medium 100~ 500
Medium-High 500~ 1,000
High 1,000~

FAPE $AENE F A A Aol A A
A Sbe 948 2419 A)2A oE
A AS 2AAE AR o] ARAST) B
4% $4 £37) ¥ Aoz ARsd e 8
 HFY #N YD 3D E 49 2e 2
el GAAskel A 9Re Aze A9al
(7] A1, 2002; US EPA, 1993). 7+ 3}¢] £4)2 o
A= FRAE AP WF2 Yok 9
Y +9% Ay,

-lNr-‘l‘iH#mL

3.8 =

97 2oz A APE G A Hd=
(annual individual risk)= ZE (67N 3 wA AR =
A et 25 107 o]5te] v $FS vehhg
o} 22y HA ANl 98l = (lifetime individual risk)
= mARR| 7} oF 24% 1077, HAPs: 3.0x 10, o}

0] &A1& 6.2 x 10750] ST} (& 5, & 6).

3.1 SHYE flslz FU=

A A7 A QAR Hds)E B,
vl HR] 2 Q18 APRIS7) oF 3508 02 1A =
%A, 1 HgozE FE(67hH WAl 7_}7_} 1974
3 139ez gk AAHeE BE oA
vlal mARiAle] £j3h ofdke] Wi 7]°ﬂ1£(‘l¥
86%)E At AT (R D). A9l 104 55

Fine particle
Chromium (6+)
Benzene

Dioxins

1,2-Dichloroethane
Arsenic

total PAHs
Trichloroethylene
Cadmium
Chioroform

Dichloromethane

Tetrachloroethylene

A

1.00E-01 1.00E+00

1.00E+02 1.00E+03
Annual population Risk (log scale)

1.00E+01

Fig. 1. Numerical priority ranking of air pollutants.
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Table 5. Annual individual and population risks due to air pollutants or sub-problems.
Chemical . Mean o Annual Annual
Sub-problem classes Chemical (ug/m?) Unit risk" individual risk  population risk?
Chromium (Cr®t) 0.012 1.40E-02 2.48E-06 19.0
Metals Arsenic (As) (ng/m?) 6.340 5.02E-03 4.55E-07 35
Cadmium (Cd) 0.006 2.10E-03 1.65E-07 1.2
Benzene 12.490 9.57E-06 1.71E-06 13.1
1, 2—-dichloroethane 1.380 3.03E-05 5.97E-07 4.6
Trichloroethylene 9.240 1.64E-06% 2.16E-07 1.6
VOCs Chloroform 0.220 2.74E-05 8.61E-08 0.66
Dichloromethane 1.980 2.50E-06 7.07E-08 0.54
Tetrachloroethylene 6.730 6.74E-07% 6.48E-08 0.50
Ethylene dibromide ND 1.20E-04% - -
Dibenz(a,h)anthracene 0.945 1.22E-05% 1.64E-07 1.3
Benzo(a)pyrene 3.028 2.43E-06 1.0SE-07 0.80
HAPs Benzo(k)fluoranthene 2.897 2.43E-07% 1.01E-08 0.077
Benzo(b)fluoranthene 2.747 2.43E-079 9.54E-09 0.073
Benzo(a)anthracene 2.370 2.43E-07% 8.23E-09 0.063
Indeno(1, 2, 3-cd)pyrene 2.333 2.43E-07% 8.10E-09 0.062
Chrysene 3.003 2.43E-08Y 1.04E-09 0.008
F&ﬁg) Benzo(g,h,i)perylene 2.635 2.43E-08% 9.15E-10 0.007
Fluoranthene 1.937 2.43E-09 6.72E-11 0.0005
Pyrene 1.740 2.43E-09% 6.04E-11 0.00046
Anthracene 0.162 2.43E-08% . 5.63E-11 0.00043
Phenanthrene 1.125 2.43E-09% 391E-11 0.0003
Acenaphthene ND 2.43E-09% - -
Acenaphthylene ND 2.43E-09 - -
Fluorene ND 2.43E-09" - -
Fine particle PM; 5 PM; 5 43.451% 0.800% 3.41E-05" 349.7%
2,3,4,7,8-PeCDF 0.072 1.67E-04% 1.72E-07 1.3
oCcDD 326.540 3.33E-08” 1.55E-07 1.2
1,2,3,4,6,7,8-HpCDD 2.692 3.33E-06" 1.28E-07 0.98
2,3,7,8-TCDF 0.255 3.33E-05% 1.21E-07 0.93
1,2,3,6,7,8—-HxCDF 0.210 3.33E-05% 9.99E-08 0.77
1,2,3,4,7,8-HxCDF 0.165 3.33E-05% 7.86E-08 0.60
2,3,4,6,7,8-HxCDF 0.144 3.33E-05% 6.86E-08 0.53
1,2,3,7,8-PeCDD 0.011 3.33E-04” 5.42E-08 0.42
Dioxins fél/)n?f)PCDF 1,2,3,7,8-PeCDF 0.151 1.67E-05% 3.58E-08 0.27
1,2,3,4,6,7,8-HpCDF 0.418 3.33E-06” 1.99E-08 0.15
1,2,3,7,8,9-HxCDD 0.031 3.33E-05% 1.47E-08 0.11
1,2,3,6,7,8-HxCDD 0.026 3.33E-05% 1.21E-08 0.093
1,2,3,4,7,8-HxCDD 0.024 3.33E-05” 1.14E-08 0.087
1,2,3,7,8,9-HxCDF 0.019 3.33E-05% 8.90E-09 0.068
2,3,7,8-TCDD 0.001 3.33E-04% 4.63E-09 0.035
1,2,3,4,7,8,9-HpCDF 0.053 3.33E-06” 2.51E-09 0.019
OCDF 0.342 3.33E-08” 1.63E-10 0.0131

'"US EPA (2001b), PExposure population : Population above 20 years-old, 7,651,408 persons (Korea National Statistical Office, 2001)
HMinistry of Environment, Korea (1995 ~ 1998), YEdward ef al. (1991) from Calabrese et al. (1991), ¥individual TEF X unit risk of B (a)P
®PM,o concentartion X 0.62 (PM2.s/PM g ratio), ”Annual population risk < Exposure population (Korea National Statistical Office, 2001)
®Target population : Mortality incidence cause by lung cancer above 30 years-old. 1,007 persons (Korea National Statistical Office, 2000)
2US EPA (2001a)/individual TEF X unit risk of 2, 3,7,8-TCDD

*HAPs : Hazardous Air Pollutants, *VOCs : Volatile Organic Compounds, *PAHs : Polycyclic Aromatic Hydrocarbons

*PM o : Particulate Matter (size : < 10pm), *PCDDs : Polychlorinated dibenzo-p-dioxins, *PCDFs : Polychlorinated dibenzofurans
*HpCDD : heptachlorodibenzo -p-dioxin, *HpCDF : heptachiorodibenzofuran, *HxCDD : hexachlorodibenzo-p-dioxin

#*HxCDF : hexachlorodibenzofuran, *OCDD : octachlorodibenzo—p—dioxin, *OCDF : octachlorodibenzofuran

*PeCDD : pentachlorodibenzo-p-dioxin, *PeCDF : pentachlorodibenzofuran, *TCDD : tetrachlorodibenzo~p-dioxin

*TCDF : tetrachlorodibenzofurans, *ND : Not Detected
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Table 6. Risks estimates of chemical classes or sub-problems in ambient air.

Individual risk

Sub-problem

Population risk

Relative contribution

Lifetime ¥ Annual Mean 50 percentile 95 percentile (%)
HAPs 2.96E-04 4.22E-06 47.1 383 120.9 11.6
Metals 1.42E-04 2.03E-06 23.7 15.5 68.8 3.8(50.3)
VOCs 1.36E-04 1.94E-06 21.0 14.8 72.1 3.4(44.6)
PAHs 1.81E-05 2.59E-07 24 2.0 4.9 0.4(5.1)
Fine particle 2.39E-03 341E-05 3497 338.9 518.6 86.5
(PM;5)
Dioxins 6.16E-05 8.80E-07 75 6.7 14.0 1.9

t Annual individual risk X Life expectancy (70 years)
*HAPs : Hazardous Air Pollutants, *VOCs : Volatile Organic Compounds

*PAHs : Polycyclic Aromatic Hydrocarbons, ¥*PMy s : Particulate Matter (size : <2.5 im)

Table 7. Categorical priority ranking of sub-problems in

ambient air.
Category Health risk
High -
Medium-High -
Medium Fine particle
Low-~-Medium HAPs(Metals, VOCs)
Low HAPs(PAHSs), Dioxins

(Top-Ten List)-= 14955 104$71=] 2+ v]A)
®A], ZE(67h), ¥4, w154, 1, 2-dichloroethane,
H]4, 3 PAHs, trichloroethylene, 7} =F, 22 % %
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