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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 results, 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, [APs, 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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78 TG F9 AHY AR el A
= (risk)e}= & (likelihood or probability)2} 7y
< =99 $HedEde] iz A% JA Ay
A2 Azkdos mHsbual &9d(US EPA,
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wret $ldd e BrEStseh olsh el A f9)
A Z2He} 71&F MAL A3t st gdedd
gl 199039 of ¥ S8 =7l AleE =4
3] gAE FAoz wyRop} o223 IHE
AP He 2 37)E S oA -
Az =g e AT Y8 FrhEA
o 7| 4 1992~ 2001)7) A
=3
g oju] n|F FAHEIHANE QA H5
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EPA, 1993).

olgl ko] 3rlx] F8 GHo] FAHejM =Z%
Ao mi= EhAlql A wr AA fHx
{quantitative or qualitative risk)7} 943 =¥ HF
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of dlsf A= A s)5ict (Fig. 1).

(U.S EPA, 1987, U. EPA, 1993; Konlsky, 1999)°]
=Holwl B FAES v wald 3, 10o337ke} o7
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Fig. 1. Framework for comparative risk analysis of study.
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(metals)-2 ZFslEth 1237 HAPs9= dlxAq)
Sfnjolla Al 1] EAME 2 HEA (regulated
pollutants) & PM10& dx&2z 3gc) 2 1
4 AP - 23 fALEEE £ PMIO
7 B A o] 917 Wi} (European Commission,
1997). w3 o}7]4] Tho] $A T Thol 5415 (poly
—chloronated dibenzo-p-dioxins; ©]3} PCDDs)}
F2HF (poly —chloronated dibenzo-p—furans; ¢]&}
PCDFs)E x3sted 4% Liolo

Ag7ede Fo F 7HA 39 BAlz 2R
skt Av-E7] 299248 (indoor air pollutants;
o|at IAPs) = A4 F8 24Ed=2 WA
g 2 9l 3EEaAFE VOCss} s =377}
ZE e 28 Ad A B9 BES §
vhe] Z &9 #Al= Fisiack
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Aot M Fel 2 Sup AEede hE
o), e $ohe, Adst Fow AR AR
F AR AT 2aed TREY L S
2] A4 Sx4 F A48 PAHs, 9455
gl vOCsg 3§l #8548 (drinking water
pollutants; )3} DWPs)¥ dAAHKog s w4y
3= 4% EALE-(disinfectants and its by ~products;
o5l DBPs)z. T334t} 714 DBPs:= THM
(trihalomethane; ¢]3} THMs)S &3l A% 1
FEzA FA7A] THMss of3 438 A
nto| Akt e s DBPsol] THMsuHE a1 shgiv.

2. oA 2l =3

o] 24 Apil<r(theoretical mortality estimates)2.
x5 oA ez =24 G734 2 34
£ (HAPs, PM10, Dioxins), A7) $isp 1
3L EA| (IAPs, 2819), 9 & 2999 2 sl
(DWPs, DBPs, WA By 2 Bfjsled 33]3)gich

o2& Aprke] FAA (FAHE HAE)E A
gl geizel] xEFATLE F F(2Y =
A =2l T3 Y3 (US EPA, 1993;
Ostro, 1994; Joh er at., 2001). o§ 7|41 7]]] SJa =+
7+ ERY 24 e oy og=e w4
(38 fel=)E 78w 2o fEls A
olgd HA o9 P Y = & 2-44
Al ) shed et
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Ze]3 Aabe] AR 2 (A BT
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2002y N7 FdA g ARSE g2
7] Ao, B ez} FYsiHL A& A9
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A= Aol ALEH 9] fF = T2 AY
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o Q1E7 Aejrt d: Zlez s 43k
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Ay 98 = (lifetime risk) 2. A A HE AL 7k 9§
dxt G4 gEled Nipeoes FddA F
A5 ¢)8 e} P 71=lsdel (EPA, 1993).

wil =& QT HE o3 (target effect)o]
gkez Q3 Aplelmg 7] (latency period)S
msled, W7 o A-R7) 2999 A4 204
ol 4ke] Mg 29 Aql(7,651,408F )02 3lge
W, B B 292 A 204 ode] g 47
(5,409,545 )Mk Aoz siget Alske 5 4
AP B4 A A ARE AFRH(TIL58]
DE ddes dgd. 4 edgAds BAY o
= S2EAe dE A daAd g g
Al Aol Al A LSl (7441, 2002).

o714 B4 HHEr ERAL sk
B0 =g ghola, 2} 31 FA o 3t HE]
= 7 BARe faime ghelm, 4] FAlel
T Fdl e 7 sl AE Hel=e] deo
2 AAYh & g8 226 4T e A
A EAg ¢z =g Az} (additive effect)2}
k31 7} sl (EPA, 1993, Morello-Frosch RA
et al., 2000).

= i

3. &M fdE =8

1) WTP =

AL BH o9 (I7)ed, ANETIeS, W
Lshez g 10037F 5/1,000 (22 5/10.000)¢0
A% s tadl A ArlFue 2
Qai7] fsked, A& A7 6005 & ez A



Deccmber 2002 Kimeral.: 87 £412) $4 4] £5& 919 vz = 240 39 47 289

HE T8 AERANE A AER A
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F A, 42 A, Al (@A e e o Uiy
o gz Ao qF AFA 7R o
A, FE 1 Ad=d AT A4 Aeg 284
oA Al 5, 2002).

2) Hzbedu)e 4

77 &4 w42 Al (mortality) =5 §F 24
(cancer incidence) 2 2. <13 £Alv]&3] AW <))
(morbidity) 02 ¢1gt &AM g 02 BHEE £ 9)
o) B AFeME o ez alg Al o
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A3t VSLE ARE3Th 7)1 3] #AEA ¢
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.. VSL=WTP/AP, Change in probability of death
.. Damage cost (W) = VSL X Theoretical Mortality
Incidence

A7 &4 vl o EFAAL Fhalste
Monte-Carlo Simulation (Crystal-Ball Package,
0000 olgalel, Bl BAEA F
A= dg dgUsgr (g 99 fs
E, 2 & o] 242t VSLe| AT Sgds
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25 24984 £AdvEdr2RE 50%tiles}
95%tilegke] At &4 4L <83l (A
%, 2002).

4. 2IX] sz TA}

8714 a9 HAEA ] s 7H Az e
A E2)ALZ FAFA] Part Bel|A] Aol Tl =g
A7 zAsld S ez s FAlol dEk d=
T &R HeE Aeg ogdieh

QA fH=e o] BH Aty FAAE AER
A7 A= 7HA=A HE FEFE Aw=
A el ol A &4 w4E AE=
sted SHeleAl 874l d3) £ 1ed~8eE
ARt Al A =s AbATT Bies
A Hsze A4 24 gl 245 A 4
Hre 48 oy A=rt 95 &7
2 AoE Fsgy

2) ¥FH 3l M

$41 298 94des ANAE A4, 9

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~ 300 10~50 3~5
Medium

~High 500~ 1,000 50~100 5~6
High 1000~ 100~ 6~7

Ipersons, Ymonetary 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 o i .
. Chemical ; Unit risk! individual population
problem classes (ug/m?) risk TiskD
Chromium (Cré+) 0.012 1.40E-02 2.48E-06 19.0
Mctals Arsenic (As) (ng/m’) 6.340 5.02E-03 455E-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
HAPs Trichloroathylene 9.240 1.64E-06Y 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% 243E-06 3.07E-079 2.3
Regulated ~057 8)
pollutant PMy, PMo 70.083 0.800% 5.50E-05 5646
Dioxins PCDDs/PCDFs PCDDs/PCDFs 0.208% 3.33E-04 9.89E-(07» 7.6
DIRIS (2002)

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

YEdward er al. (1991)

Ing B(a)p-TEQ/m3

ng B(a)p—TEQ/m" X unit risk of B(a)P

DAnnual population risk + Exposure population (Kurea National Statistical Office, 2001)

HTarget population : Mortality incidence cause by lung cancer above 30 years—old, 1,007 persons {(Korea National Statistical Office, 2000)
9pg TEQ-WHO/m?

Bpe TEQ-WHO/m? X unit risk of 2,3,7,8-TCDD

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

*PAHs : Polycyclic Aromatic Hydrocarbons *PM,p : Particulate Matter (size : < 10um)

*PCDDs : Polychlorinated dibenzo—p-diexins *PCDFs : Polychlorinated dibenzofurans

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

Annual Annual

Sub- Chemical . Mean - O X
Chemical - Unit risk!! individual population
problem classes (ug/m?) risk Hisk?
Aldehvd Formaldehyde 8175 1.52E-05 1.78E-05 135.8
ehyde Acetaldehyde 4476 2.57E-06 1.64E-06 126
Benzene- 4.05 9.57TE-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-08 032
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

VIRIS (2002)

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

“Edward er el (1991)

*INRC (1999)
*APs @ Indoor Air Pollutants *VOCs : Yolatile Organic Compounds
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W A4 £98 Pkl FReNE 24

Al Ysli=e] Age 2 = 19 22 BF sldan 9 shle A 7R fEls AR 3
71Eel 2175l 5714 WY g AAAT}. A5 9 ¥ EAE ﬁ%’ﬂ’e}*ﬂ] ¥iL, 7
g3 7 sle] BEAlR QE 9Elx 2AAE 3§ R —’,“(hlghest rule) == 23F 49 (average
ogle W2 dddele] WEY £45 AAs] el = HEE HE R "‘Hi A7 slqdt.
o} oA & Eof, Yol —'—14]‘5-1] e Al 7h2] s =o)

ztz} High, Medlum—ngh Medlum?—,l o, Highest

3) B3 29| M3 .
3¢ AT ¥ ol dele wpage gy CoF I8 W SMwT i S
39 AREA A7) A A A fefs Am e rled HEsk Mdum-tigh 1 .

Table 4. Annual individual and population risks dug to water pollutants in Seoul

Annual Annual

Sub- Chemical . Mean PRI e ;
problem classes Chemical (e/L) Unit risk md:_;/sllc(iual poE;Jsll?zt}on
1, 1-dichlorocthylenc 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 3.09E-07% 1.97E-09 0.011
DWPs 1, 1 -dichloroethane 1.440 5.00E-08% 1.03E-09 0.0056
‘Trichloreethylene 0.030 6.15E-07% 2.64E-10 0.0014
1,1, 1, 2-tetrachlorocthane 0010 8.67E-07 1.24E-10 0.0007
1, 1,2, 2 -tetrachloroethane ND 6.6TE-G6 - -
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-07Y 224E-07 1.2
Bromodichloromethane 4,791 2.07E-06 142E-07 0.77
DBPs  THMs Dibromochioromethane 0958 2 80E-06 3.83E-08 021
Bromoform G.075 2.63E-07 281E-10 0.002
i Radio- Radon 1160.65 7.00E-08% I.16E-06 0.83%
lf]":l Clijes  Muclides?! Gross o 047 5.83E-06"  3.90E-08 0.028"
(pCvL) Uranium 027 1.51E-067 571E-09 0.0041%
DIRIS (2002)

PExposure 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)

“ng Bla)p-TEQ/m?

9ng B(a)p-TEQ/m* X unit risk of B(a)P

YNAS (1999)

TEPA (1999)

$'Assume average level of Seoul and Gyeonggi—do as that of Seoul

“'Exposure 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 : Volatike Organic Compounds

*PAHs . Polycyclic Aromatic Hydrocarbons *DBPs : Disinfection by -products

*THMSs : Trihalomethanes *ND : Not Detected

Copyright (C) 2003 NuriMedia Co., Ltd.
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3lad). Weibull 392 7130z @ o, djr]esd
oz g WIPE 12,0004, di2/jedE <o
20,0004, M= 29 oF [3,000802 FAH
gk o|¥A =¥ WTPE A3t FA3 27
A QA E drledoes Qg S of 394
o FAEYS AWTT) 2oz olgt Aphe
o 5dgloz FAHYom A B o¢ozm q
Ak of 3fiow FHEH

239] A o] 714 L Weibull 2 del]a =
A5 VSLE A g3le] A& FA8 A &
A $AeE odd fslzd Lt $
Aesiel gdads(® 7). 28l3 Akt &4v)e
ol A& zdele Zlez FA9 k4 TAE
PMI03} e}Eely] o, Mdg asl= 314 34
= A3 £.909) [APsel 7] 299 HAPs¢i.

o] 24 Ak &4 W] Lo oS, A4 FA) el =
BE BAFH 0z {23t slo]E ehlg,
4 EA b 523 3ol vellgl e, ¥

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 3% 121 4
Air pollution Regulated pollutant (PM10) 565 548 826 2
Dioxins (PCDDs/PCDFs) 8 7 14 6
Indoor air pollution ¥ IAPs >4 132 41 3
P Radon* 788 434 2,555 1
o DWPs 8 7 16 5
Drinking water DBPs 9 7 3 7
contamination ] ) k
Radionuclides (groundwater) 1 1 6 8
"Theoretical mortality estimates (unit : person/year)
*p< 0,05 (comparison among theoretical mortality estimates of sub—problems), ANOVA
¥ p+<0.05 (comparison among theoretical mortality estimates of problems), ANOVA
Table 6. Median WTP & VSL of environmental problems
Median WTP & VSL (%)
Environmental 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
potlution 16,900 406,000,000 19,900 477,000,000 20,600 495,000,004
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
Health damage cost
Sub-problem (billion ) Ranking
Puint 50%tile 95%iile
HAP 16 11 43 4
Regulated
Air pollution pollutant (PM10) 180 155 388 2
Dioxins
(PCDDs/PCDFs) 2 2 6 6
[APs 88 63 243 3
I ir pollution®
ndoor air pollution® - jont 408 215 1,384 1
DWPs 3 2 7 5
Drinking water DBPs 1> 1> 2 7
contamination Radionuclides
(groundwater) > 1> 2 8
#p<0.05 {comparison among health damage costs of sub—problems), ANOVA
*p<C0.05 {comparison among health damage costs of problems), ANOVA
Table 8. The perceived risk and its ranking of sub-problem
B Group 1 Group 2* Group 3 Total sample _r
Sub-problem (n=206)  (n=196)  (n=201)  (n=603)  Ranking
HAPs* 6.32 5.86 6.33 6.17 1
Air pollution Regulated pollutant 6.01 562 6.07 5.90 4
Dioxins 6.35 577 6.35 6.16 2
Indoor air pollution 1APs 6.01 5.44 5.96 5.81 6
P 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 . g -

(zroundwater) 6.17 5.66 6.09 5.98 3
scale [~7: never»ivery mﬁ o o o o o o o o o -
*p<0.05 (comparison among mean values of groups), ANOVA
*p<0.05 (comparison among mean values of sub-problems), ANGVA
Hl@ A3}, ool §-4 fr¢} DWPszl, 12| DBPss}  $))-DBPs (8<%]), Dioxins (252])-DBPs (854

Aola 2 Ak BADE S ol 4R Dol 5D FolE wch

HED.

32X =

BArdes A% Aol AT A= 24}

Az 73 M At 6o A e A /‘P’J—’F FA=

Aoz i A= Y & el Ao ddstz de I Hﬂllr-

cHE 8). AA Ssi=el AT A4 Sl AT £ v gl

HAPs, chol 94, Ask 2 9P EA, 44 83 2akgch

% DWPs7} Zg5¢glov}, thgu| w3t HAPs (1
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dek Tt QA glslwe) 9L AA <l
A 13k Fe 2908 ekl geleal
A 2 Fol &2 2918 hehigichE 9).

7 S AT 9 (59 ~8ase) U 5
ATAL fo0d BEe g Ak A A= A
329 At ARRAG) 2F FAUHoR
Foig Aolg ngich A4 delwe) A w
A 88 EAlEe] Aadel FAHHez 4o
2 atel7t §l9de) & DWPssh Sel 247 (5¢9)
sk 6%9]) 22) 32 DBPsS: A15he 3 WAPEA (7
99 83:9)9) o ®A AbeAl vl go] FAS
Hoz o2 Folrt doeh A A 952
7%= HAPsgl DBPs (149} 854), cho| &4l
DBPs (24915 8¢=)2) olA) slsmatel 48
Moz £ Aolg hebye] 35415 749 A
olelii= 14wl 8% #ol7k gllet

Table 9. Priorities of each sub-problem category

Vol. 17, No. 4

2) HFY =2 gt

Zh gl AR A 2718 EF A2l 9
7sle] 57bA] WAz EFI F, 39 Bl Hat
HEY FHE vzl 23 & 10), A s zedA
= PMI0Z Medium-High® S, 2} 1APsE
Medium*3 3=¢]), HAPs= Low-Medium™ o] -12]
I vhe] 5414, DWPs, DBPs, A8l & 3hAl4d &
dE LowF2 FR=s+

A Sld e 2HES} PMI09] Highd 3o,
IAPs:= Medium-High Fol|, HAPs} Mediumy
Fol|, t}ol 241552} DWPs3= Low-Medium® 5ol
22|51 DBPs9} A5ty 3 WA BAL Lowd
FE2 FHHUCk

1A Sla) 2ol M= HAPsS} chel£4l%7}F High
ol T A Elg) FAISS EF Medium
-High 52 255 92 fla=nc) 2yt

Ranking Health risk Economic risk Perception risk Integrated risk
1 - Radon - Radon - HAPs - Radon, PM10
2 - PMI0 - PM10 - Dioxins
3 - 1APs - IAPs - Radionuclides + HAPs
4 - HAPs - HAPs - PMID - IAPs
5 + DWPs » DWPs + DWPs - Dioxin
6 - Dioxins « Dioxins - 1APs - DWPs
7 - DBPs + DBPs + Radon - Radionuclides
8 - Radionuclides - Radionuclides - DBPs - DBPs

TAPs « indoor air pollutants, HAPs : hazardous air pollutants
DWPFs : 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 - —
. - - HAPs, DWPs,
Low-Medium HAPs DWPs, Dioxins DWPs, Dioxins — Dioxins
Dioxins, DWPs,
Low DBPs. DEBEPs, DRBPs, B DEPs,

Radionuclides Radionuclides

Radionuclides Radionuclides

TAPs : indoor air pollutants, HAPs : hazardous air pollutants,
DWPs : drinking water pollutants, DBPs : disinfection by —products
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A= Q4 240l U

ST =5 gt

A543 w9l Aoe st Eg ¢4 E A

Az A & ¢4 €99 PMI0F 2k=o) 5
Aol =EFH AT (E 9).

Waed] 9] AE oA “Highest Rule” 2} “Av-
erage Rule”& 43l B3 205 r7] A&
A B, “Highest Rule”g A48 A4, AdF7]
% b=, PMI0, HAPs9}, Quld)7] % Dioxins-&
High H&¢ll, W1 #] #Al= Medivm-High ¥&#2
F-FH90) “Average Rule”& F43 732, AF
7] = =}E, PM10s} TAPs:= Medium-High ¥H+
=, HAPs, DWPse} oub of7] & cholgalgi
Low-Medium ®F2, 72|32 DBPsg} A&y &
ghabd BA L Low HF2 ERHESICH(E 10).

o &

vl $lElxs BHE o)A AREA] Y

& lan vai) A9 AAsts 35
o AR 24 Heg sy, FYT &
Ale] W3 o] e Y=g Hrlstn ] 3]-
© 2449 B ATY 0 24E 39 A
4 2 9747 A 79w 159 <ol vl
Zoza FA2) £4 98 FHE 4 =4
AR AR FFE FdAF 159 Qs wt
dste] el FHAAF7] I3 A A Yot
A% AL A& 22 S

o]t &0 U.5 LPA (1987)0lA] 7Hubsted,
“Unfinished Business”eh= B.1*& 7Hsls}e o}
Z7)o3= o|lE AIE-Eo] USEPAA 419 )
Pofolli= FLEAE E¥E 202 fslized o
g W52 Ad4o] FaZoz WstA g HE
o], wh2tA o]E AAEE LAeHE AR
HaAe] ge YAt A DY Alug & 5
A melfe Amgol Jephd o] A 733 9

< A= F AR Hubp o]} S0 o) Ahe] R
gl F23 AFEAE FHEn vEsed
vl §)El = HHE olLslhr. ol vz 94
= BA FdaEsg wwwscorecard.org (Environmen-
tal Defence 2000)% A<4sbd fs= H SAHFA
9 $4 ¢4 4458 gE5adsl ARE AF
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33 Q)
Ade] #7 A9 $4AeE A H8A
wlx] L ALY #$AFAE A EF

A7} dasid. v H = BN A4
Adsle 7igd #e| z2adae] 2§ 04
M] e BE oy Bg odER HFg Lo
oFslel (1.8 EPA, 1993). heba] Hla Slel= ¥4
o sle] 37 A 9% BH71E 975
Melair)e 47 o] W i E2AdEe Fof
#ke) Fabmiol gdolul xj9F Holie] A=
v & FE Axd o4 SARAE wEgs] A
-451"’4 Aest 1 of e}, ml=ke] djRRe] BA
J—]r 3T 7|92 e == oe
7*“ B23511 9k (U.S EPA, 1993).

s} 3"-—""“*'1 AL 7 ZA 9 A s)Ee A
A elA A ok 4 Qe Aurt 7L
FE ALE 7FoE AT F SvEiA 3
A A4 Hrz) 7sd AlRsh A A e
2 A2 #AA 24 7lEe] HeH &
97 2, AWEr] 29, HE § 290} =7
EFE 371 Abe A2 2 sHsT 87)Rl
Y A2 vA] Rk

o] A7 2F5 5] FAES vl A
97 v fdls BN vy #AE
Ag Eisld ARFEH A S 2
(Davies T and Darnall N, 1996). =3 v]x ¢&l=
BAo] 27 oFel “Unfinished Business”ol|A] 4
A" 31709 7 EAAE ZzgH] SitH(U.S
EPA, 1987).

‘“"ﬂ"] AR A, o] =FoA vhEI gle
BA)S-S 97 dub A B 2.7
1§H°ﬂi A #7 Hule) i FAAE
A=t 2£Z3be] FANgc] mjuly 2FE A3
AME & o A 4t £4E 59 f #7)
Eojvd AHFE iz s #7ed A B
ZEF Aexde F28 37 A2 Bkl
7P= 7o) Had #loz A7zl
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ZAA AF7)¢ 4l OECD F7 Az ulw ¢35
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3 3~167] A=e] $AFA A& A A
A A1 #far 9lv} (Morgenstern et af., 2000).

9o} 22 v e BAL AT HEs)
of ofsl Adsfm A Adul g @ ARy A
F 249 A7te w5 2dshs 39 Fq 3
A (broad participatory process) g £ A#E7=
feh mheb] el A (247 B e A A
RAAE AT 2 2 48
off ml 4 AN Ael7l LAY 4 9
=}

58} vm = Mo S et opdzl &
Mol A7t H= 3 BAFER] 4 Y8
Er3he 7IEe] BE ASx AA8 Ao|lE 714
2 £ U=k v AREF LM vl A
AR vlw fsle B4 AFAE vimstas} sk
ox}, 2 FAwl Bi718e] Feh R elasA
v 538 Aag m23Er|s 2453l A 9
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A w4 2AZ A 4550} (Konisky, 1999).
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e 24 A7) 29, 97 29, 8 F 2
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