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ABSTRACT

In Korea, no CRA (comparative risk analysis) studies have been undertaken, nor have their methodologies of
such studies been established. Therefore, the objectives of this study were to establish the framework of CRA
consisting of health risk, economic risk and perceived risk, and to estimate and compare these risks among the
three environmental problems of air pollution, indoor air pollution and drinking water contamination, which
are themselves subject to the eight sub-problems of hazardous air pollutants (HAPs), regulated pollutants
(representative as PM10) and dioxins (PCDDs/PCDFs) in air pollution, indoor air pollutants (IAPs) and radon
in indoor air pollution, and drinking water pollutants (DWPs), disinfection by —products (DBPs) and radionucli-
des in drinking water contamination in Seoul, Korea. After which, the priorities of these problems were set by
individual and integrated risk. From the resuits, the rankings of both health risk and economical risk were in
the following order: radon, PM10, IAPs, HAPs, DWPs, dioxins, DBPs, and radionuclides among the eight sub
—problems. On the contrary, the ranking of perceived risk was in the following order: HAPs, dioxins, radionu-
clides, PM10, DWPs, IAPs, Radon and then DBPs among the eight sub-problems.

Key words : CRA (comparative risk analysis), Health risk, Economic risk, Perceived risk, Environmental pro-
blems
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Table 1. Criteria for categorical allocation of individual risk

Category  Human risk! Economic risk? Perceived risk?

Low ~10 ~1 1~2
Low

“Medium 10~100 1~10 2~3
Medium 100~ 500 10~50 3~5
Medium

~High 500~ 1,000 50~ 100 5~6
High 1,000~ 100~ 6~7

!persons, 2monetary value (billion®), 3score
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Table 2. Annual individual and population risks due to air pollutants in Seoul
. Annual Annual
Sub- Chemical . Mean - v ;
. Chemical 3 Unit risk" individual population
problem classes (ug/m?) risk risk?
Chromium (Cré+) 0.012 1.40E-02 2.48E-06 19.0
Metals Arsenic (As) (ng/m?) 6.340 5.02E-03 4.55E-07 3.5
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
HAPs 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% - -
PAHs PAHs 8.85% 2.43E-06 3.07E-079 2.3
Regulated PMo 70.083 0.800% 5.50E-057  564.69
pollutant
Dioxins PCDDs/PCDFs PCDDs/PCDFs 0.208% 3.33E-04 9.89E-0710 7.6
VIRIS (2002)

2Exposure population : Population above 20 years—old, 7,651,408 persons (Korea National Statistical Office, 2001)
3Ministry of Environment, Korea (1998)

MEdward et al. (1991)
Sing B(a)p-TEQ/m?3

ing B(a)p-TEQ/m?3 X unit risk of B(a)P
"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)

9pg TEQ-WHO/m?

10pe TEQ-WHO/m? X unit risk of 2,3,7,8-TCDD
*HAPs : Hazardous Air Pollutants *VOCs : Volatile Organic Compounds
*PAHs : Polycyclic Aromatic Hydrocarbons *PMo : Particulate Matter (size : < 10pum)

*PCDDs : Polychlorinated dibenzo-p-dioxins *PCDFs : Polychlorinated dibenzofurans

Table 3. Annual individual and population risks due to indoor air pollutants in Seoul

Sub- Chemical Mean Annual Annual
bl lasses Chemical (ug/m?) Unit risk" individual population
problem cla Hg/m risk risk?
Aldehyde Formaldehyde 81.75 1.52E-05 1.78E-05 135.8
4 Acetaldehyde 44,76 2.57E-06 1.64E-06 12.6
Benzene 4.05 9.57E-06 5.54E-07 4.24
IAPs Carbon tetrachloride 0.13 4.33E-05 8.04E-08 0.62
VOCs Trichloroethylene 1.79 1.64E-06% 4.19E-08 0.32
Tetrachloroethylene 2.42 6.74E-07% 2.33E-08 0.18
1, 2-dichloroethane 0.02 3.03E-05 8.22E-09 0.06
Radon Indoor radon Radon (pCi/L) 1.22 5.92E-03> 1.03E-04 788.0

DIRIS (2002)

Exposure population : Population above 20 years-old, 7,651,408 persons (Korea National Statistical Office, 2001)
HMinistry of Environment, Korea (1998)

“Edward er al. (1991)
SNRC(1999)

*IAPs : Indoor Air Pollutants *VOCs : Volatile Organic Compounds
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Table 4. Annual individual and population risks due to water pollutants in Seoul

Annual Annual

Sub- Chemical : Mean P P .
problem classes Chemical (ug/L) Unit risk mdgsllc(iual po;r)iusllfzt)lon
1, I =dichloroethylene 0.840 2.00E-05 2.40E-07 1.30
1, 2-dichloroethane 1.190 3.03E-06 5.15E-08 0.28
Carbon tetrachloride 0.710 4.33E-06 4.39E-08 0.24
Benzene 2.280 9.57E-07 3.12E-08 0.17
Dichloromethane 1.820 2.50E-07 6.50E-09 0.035
VOCs Tetrachloroethylene 0.170 8.09E-07% 1.97E-09 0.011
DWPs 1, 1 -dichloroethane 1.440 5.00E-08Y 1.03E-09 0.0056
Trichloroethylene 0.030 6.15E-07» 2.64E-10 0.0014
1, 1, 1,2 -tetrachloroethane 0.010 8.67E-07 1.24E-10 0.0007
1, 1,2, 2-tetrachloroethane ND 6.67E-06 - -
1, 1, 2—trichloroethane ND 1.90E-06 - -
Arsenic (As) 0.001 5.00E-05 7.14E-07 39
Metals (mg/L) Lead (Pb) 0.001 1.30E-06 1.86E-08 0.1
Beryllium (Be) ND 4.28E-04% - -
PAHs PAHs 0.089% 243E-04 3.08E-07» 1.66
Chloroform 16.327 9.60E-07% 2.24E-07 1.2
Bromodichloromethane 4.791 2.07E-06 1.42E-07 0.77
D 9 "r 9
BPs HMs Dibromochloromethane 0.958 2.80E-06 3.83E-08 021
Bromoform 0.075 2.63E-07 2.81E-10 0.002
. Radio- Radon 1160.65 7.00E~-08% 1.16E-06 0.839
Radio— .
- nuclides® Gross o 0.47 5.83E-06" 3.90E-08 0.028”
nuclides . X
(pGi/L) Uranium 0.27 1.51E-067 5.71E-09 0.0041%
DIRIS (2002)

“Exposure population : 5,409,545 persons (Population above 20 years-old (Korea National Statistical Office, 2001) x Fraction using tap
water as drinking water (70.7%, Korea National Statistical Office. 1997))

»Ministry of Environment, Korea (1995)

“Ing B(a)p-TEQ/m?

Sg B(a)p-TEQ/m? X unit risk of B(a)P

SINAS (1999)

"EPA (1999)

®Assume average level of Seoul and Gyeonggi-do as that of Seoul

PExposure population : 711,581 persons (Population above 20 years—old (Korea National Statistical Office, 2001) X Fraction using ground-
water as drinking water (9.3%, Korea National Statistical Office, 1997))

*DWPs : Drinking Water Pollutants *VOCs : Volatile Organic Compounds

*PAHs : Polycyclic Aromatic Hydrocarbons *DBPs : Disinfection by —products

*THMs : Trihalomethanes *ND : Not Detected
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A% VSLE A 43l AN S-S A3 A5
AEAZE] $AEHE A Y=o U4 &
Aot T3t (® 7). 2183 AP} £Aee
o] AQg s Loz FAHH 89 e
PM103} ghEo|glom, wlolg 233l 319] FA)
= A7) 2392 1APss} wi7] 239 9] HAPsgT}

o] 2A At &4 wlgo) ), A A2l
2E BAEHoz fogt AelE Jeplgly, 5
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Table 5. Health risk and its ranking of environmental sub-problems and problems

Population risk"

Sub-problem Ranking
Point 50%tile 95%tile
HAPs 47 38 121 4
Air pollution Regulated pollutant (PM10) 565 548 826 2
Dioxins (PCDDs/PCDFs) 8 7 14 6
Indoor air pollutiont TAPs 154 132 413 3
P Radon* 788 434 2,555 1
Drinki DWPs 8 7 16 5
rinking water
contamination DBPs . 2 2 3 7
Radionuclides (groundwater) 1 1 6 8
DTheoretical mortality estimates (unit : person/year)
*p<0.05 (comparison among theoretical mortality estimates of sub—problems), ANOVA
tp<0.05 (comparison among theoretical mortality estimates of problems), ANOVA
Table 6. Median WTP & VSL of environmental problems
Median WTP & VSL (3)
Environmentat Lower-bounded Dichotomous -
problem Turnbull Weibull Spike model
WTP VSL WTP VSL WTP VSL
Air pollution 12,900 311,000,000 12,000 287,000,000 9,700 233,000,000
Indoor air
pollution 16,900 406,000,000 19,900 477,000,000 20,600 495,000,000
Drinking water 10,000 240,000,000 12,600 302,000,000 13,700 330,000,000

contamination
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Table 7. The health damage cost and its ranking of sub-problem

9 =2e 9% v

sl wael B AT

293

Health damage cost

Sub-problem (billion %¥) Ranking
Point 50%tile 95%tile
HAP 16 11 43 4
Regulated
Air pollution pollutant (PM10) 180 155 388 2
Dioxins
(PCDDs/PCDFs) 2 2 6 6
Indoor air pollution* JAPS 88 63 243 3
P Radon’ 408 215 1,384 |
DWPs 3 2 7 5
Drinking water DBPs 1> 1> 2 7
contamination Radionuclides 1> > 2 8
(groundwater)
#p<0.05 (comparison among health damage costs of sub-problems), ANOVA
*p < 0.05 (comparison among health damage costs of problems), ANOVA
Table 8. The perceived risk and its ranking of sub—problem
_ Group 1 Group 2* Group 3 Total sample .
Sub-problem m=206)  (=19)  (1=200)  (n=603)  Renking
HAPs* 6.32 5.86 6.33 6.17 1
Air pollution Regulated pollutant 6.01 5.62 6.07 5.90 4
Dioxins 6.35 5.77 6.35 6.16 2
Indoor air pollution IAPs 6.01 5.44 5.96 5.81 6
neooralf pOTHlON  Radon 6.05 5.42 5.93 5.81 7
DWPs 6.02 5.53 6.10 5.89 5
Drinking water DBPs 5.89 5.35 5.89 5.72 8
contaminant Radionuclides
(groundwater) 6.17 5.66 6.09 5.98 3
scale 1 ~7 : never~ very much
*p < 0.05 (comparison among mean values of groups), ANOVA
*p < 0.05 (comparison among mean values of sub-problems), ANOVA
vl A3}, tho]2AlFel DWPs7Z), 72]3 DBPs#}  49])-DBPs (84+9]), Dioxins (25=%])-DBPs (84=%1)

Asks 3 YA BARE FAT A7k R Dl

oHE 7).

A
64l ZAFA 3t A

RAHez l:??% A= AN £FE debigl  ARlel Aska e AA s 2o
| SIAT 29 seslels Al 24 vl BE A Pase] £41E ]

HAPs Shel 4 Ast £ bHAEA, it B4 skl

2 ujs} 2ol

5218 Apole welch

ok HEI-)\g_i Qlgl o] &
Abet4 %Xézloﬂ AT A Hel=, A A

e

QA 3= £ AA A= 955U
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Aotk 2 AA Hsi=e] A= AA dAG
AR Sl et B EE vieblls chel Al v
A AR ol & £9E Yepd(= 9.

Z fEl= A% 908 ~8s)el AT F
AtHd o4 A3 ¢ A5 QA Ss= 2
FEo AeE 9RAT 2F Aoz
Folg Apelz By A Sz A F
742 B9 #AlEe] M2zt FAHes f9
& Abol7h 9T & DWPss} the] SR (59
9} 622)) 78] 3 DBPs9} A3k & wAMAEA (7
=919k 89l o2 At wge] BAT
Moz fogt Apelzl et w3 AA A=
7395 HAPss} DBPs (15919} 8590, vhol &A1
DBPs 25912k 859)e] A flsl=rte] FA
Aoz foft abols vefio] 3&9] 79 Al
ofell A =7} frolgt Ao} =

Table 9. Priorities of each sub-problem category

Vol. 17, No. 4

7k = AR Al A8 EF A&l 9
3| g %, 319] EAle g
] =95 W7 A (Z 10), A A =M
= PMI0-& Medium-High®] F¢|, 2}=3 [APs:=
Medium® Fo]], HAPs= Low~Medium 3=o] 12}
31 tho|-§Al 5, DWPs, DBPs, A|3l4 5 WAbd &
AL Lowd 2 BHEY.

A $lsl =M= g3 PMI10°] Highd Fell,
IAPs= Medium-Highl %o}, HAPs:>> Medium®]
o), t}o] 241 %2 DWPs:= Low-Medium™ 3]
I2]3 DBPs$} X3l & vRAA] EZL LowH
F2 EFEAt

AA $le =M= HAPs#} tho]$4157} High
W), 12| al v A aH] A2 25 Medium
-High #32 Bf{He] o sl =xet sl

Ranking Health risk Economic risk Perception risk Integrated risk
1 - Radon - Radon - HAPs - Radon, PM10
2 - PM10 - PM10 - Dioxins
3 - IAPs - IAPs - Radionuclides - HAPs
4 - HAPs - HAPs - PMI1O - 1APs
5 - DWPs - DWPs - DWPs - Dioxin
6 - Dioxins - Dioxins - [IAPs - DWPs
7 - DBPs - DBPs - Radon - Radionuclides
8 - Radionuclides - Radionuclides - DBPs - DBPs

IAPs : indoor air pollutants, HAPs : hazardous air pollutants
DWPs : drinking water pollutants, DBPs : disinfection by - products

Table 10. Sub-problem’s allocation

Integrated risk

Category Health risk Economic risk Perception risk
Highest rule Average rule
. Radon, PM10, _
High - Radon, PM10 Radon, PM10 HAPs. Dioxins
IAPs, DWPs,
Medium-High ~ PMI0 IAPs IAPs DBPs, Radon, PMI0,
. . IAPs
Radionuclides
Medium Radon, IAPs HAPs HAPs - —
Low-Medium  HAPs DWPs, Dioxins ~ DWPs, Dioxins - HAPs, DWPs,
ioxins
Dioxins, DWPs,
Low DEPs. DBPs, DBPs, B DBPs,

Radionuclides Radionuclides

Radionuclides Radionuclides

TAPs : indoor air pollutants, HAPs : hazardous air pollutants,
DWPs : drinking water pollutants, DBPs : disinfection by—products
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2= w7l
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W3y 49 AxE thA] “Highest Rule”} “Av-
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g 3~1670 Axe] FAFA da) £A ARE
A Alskar 1o} (Morgenstern et al., 2000).
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