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: cost of illness
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: contingent valuation method
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: exposure population
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: economic risk ranking

: hazardous air pollutants

: heptachlorodibenzo-p-dioxin

: heptachlorodibenzofuran

: health risk ranking

: hexachlorodibenzo-p-dioxin

: hexachlorodibenzofuran

: indoor air pollutants

: individual risk

: integrated risk information system
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MLE : maximum likelihood estimation

NOAA : National Oceanic and Atmospheric Administration
NRC : National Research Council

OCDD  : octachlorodibenzo-p-dioxin

OCDF  : octachlorodibenzofuran

PAHs  : polycyclic aromatic hydrocarbons

PCDDs : polychlorinated dibenzo-p-dioxins

PCDFs : polychlorinated dibenzofurans

PDF : probability density function

PeCDD : pentachlorodibenzo-p-dioxin

PeCDF : pentachlorodibenzofuran

PRR : perception risk ranking

TCDD  : tetrachlorodibenzo-p-dioxin

TEF : toxic equivalency factor

TEQ : toxic equivalent quotient

THMs  : trihalomethanes

VOCs  : volatile organic compounds

VSL : value of statistical life

WHOQOL : the World Health Organization Quality of Life

WTP : willingness to pay
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FuE A QEEAL Table 20 H7)8kAth. 21281 HAPsoH= thz2 9l ojn]
oA A 71Ee] EAsE L9 EH (regulated pollutants)s PM10S UEEZZ
At TALHEAT FE WA AMES #dE BELS ALEEET PM10Y
o] 7] WZo|th(Extern E, 1999). B3+ H7]A Tho]EAFE thol

¢ d
S A1 (poly-chlorinated dibenzo-p-dioxins; ©]3} PCDDs)9} 5 & (poly-chlorinated

oX,

74g-of| uk

4

dibenzo-p-furans; ©]3} PCDFs)& Z 33l dA= E/Holth

AUT7IedS F2 F 7HA o8] BAE ERedch AW Ld=2R
(indoor air pollutants; ©]3} IAPs)= AUlF 7|4 8 LHEd2 2T & 9l
€ SEARE VOCss s =R7t FH 223 Ad PAbd B4 7

£ st 2 39 BAZ 2RIAG

ZA EA7MA THMsol tigt §3F-1k8 Arute] EA5o2 DBPsol THMstHS:
AL ee

A71M A AsE FY A WA E2
A, QA = 99 dedA B2, BT, o9 #4
7hsattk. 2y o] Aol e a9 EAS 49 A gt AFHThE A&
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AE BRHC ARIANFAE FEIHE Qe $HAY B

A Eol Bg 2EEo] Wojad & gyl W] ARHY 2AE AHo| BT
F gtk S U3} Azl Bol 57 EA o] AFNE 8741 BA BF =

i
it

AE AR 4+ Gtk gebd o] AToldE 29l #7 EAl) el 248 A%
Jagdel Aze] HPss a9 BATA ARANFIY FLsrin A1)
Art.
AA flxe 24 FEe Z
7FA1 9k &9 S EA 87HA o T3
Hep HEHoz 3714 94
9 BATAY 37HA A BAEA A dal ek

Table 1. Environmental problem list in this study

Environmental problem Sub-problems Compounds
- HAPs PAHs/VOCs/Metals
Air pollution * Regulated pollutants PMio
- Dioxins PCDDs/PCDFs
- Indoor air VOCs/Aldehydes
Indoor air pollution pollutants(IAPs)
+ Indoor radon Radon
- DWPs PAHs/VOCs/Metals
Drinking water - DBPs THMs
contamination + Radionuclides Radon, Uranium,
(groundwater) gross-alpha
* HAPs : Hazardous Air Pollutants * VOCs : Volatile Organic Compounds
* PAHs : Polycyclic Aromatic Hydrocarbons ~ * PM10 : Particulate Matter (size : <10/m)
* IAPs : Indoor Air Pollutants * DWPs : Drinking Water Pollutants
* DBPs : disinfection by-products * THMs : Trihalomethanes

* PCDD : polychlorinated dibenzo-p-dioxins * PCDF : polychlorinated dibenzofurans
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Table 2. Individual agents of environmental problems

En\giggﬁ&n’tal C(j?:gégal Chemicals (agents)
+ Acenaphthene * Acenaphthylene
- Anthracene - Benzo(a)anthracene
+ Benzo(a)pyrene * Benzo(b)fluoranthene
PAHs - Benzo(g h,i)perylene - Benzo(k)fluoranthen
(15) - Chrysene - Dibenzo(a,h)anthracene
- Fluoranthene - Fluorene
+ Indeno(1,2,3-cd)pyrene + Phenanthrene
: Pyrene
- Benzene » Chloroform
VOCs + 1,2-Dichloroethane - Dichloromethane
(7) - Ethylene dibromide + Tetrachloroethylene
Air pollution + Trichloroethylene
Metals - Arsenic - Cadmium
3) + Chromium
- 2,3,7,8-TCDD - 2,3,7,8-TCDF
- 1,2,3,7,8-PeCDD - 1,2,3,7,8-PeCDF
- 1,2,3,4,7,8-HxCDD - 2,3,4,7 8-PeCDF
Dioxins - 1,2,3,6,7,8-HxCDD - 1,2,3,4,7, 8-HxCDF
and -+ 1,2,3,7,8,9-HxCDD - 1,2,3,6,7,8-HxCDF
Furans -+ 1,2,3,4,6,7,8-HpCDD - 2,3,4,6,7,8-HxCDF
(17) - OCDD -1,2,3,7,8,9-HxCDF
-1,2,3,4,6,7,8-HpCDF
- 1,2,3,4,7,89-HpCDF
- OCDF
- Benzene - Carbon tetrachloride
Indoor air V(OS)CS + 1,2-dichloroethane - Tetrachloroethylene
. + Trichloroethylene
pollution
Ald&l}ydes - Formaldehyde + Acetaldehyde
PAHs - Same as PAHs of Air pollution
(13) (Exception of Acenaphthene, Fluoranthene)
- Benzene - Carbon tetrachloride
+ 1,1-dichloroethane - 1,2-dichloroethane
VOCs + 1,1-dichloroethylene + Dichloromethane
(11 - 1,1,1,2-tetrachloroethane - 1,1,2,2-tetrachloroethane
Drinking - Tetrachloroethylene - 1,1,2-trichloroethane
water - Trichloroethylene
contamination : ;
Metals + Arsenic * Beryllium
) - Lead
THMs - Bromodichloromethane - Bromoform
4) + Chloroform - Dibromochloromethane
Radionuclides  * Gross a - Radon
3 - Uranium
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CRICE I

(hfetime risk)i

oM AAs] 7= st 3T

A

o P4 SATHEPA, 1993). ol SlalA Wbel FlRAel WHEe sded
27, 7129 Ed, AT GEA A4 B AQH @AY, 2002 B
st AAls] 7o Ad.
Table 3. Unit risks according to the various agents
Classification Agents dD;sae-response Unit risk Reference
VOCs, Animal
. Metals, experiment or . EPA, IRIS,
Chemicals DBPs epidemiological Unit risk(UR) 2002
Aldehyde studies
Complex PAHs Animal N Nisbet&Lagoy, 1992
mixture Dioxins experiment TEQs ™ URs WHO, 1998
Radon,
. . o Epidemiological . NRC, 1999
Radionuclides Uranium studies Risk factor EPA, 1999
Gross-a
. Epidemiological % change in Pope et al.
Physical agent PMI0 studies mortality 2002

*TEQ : toxic equivalent quotient
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TS =2 AFFE HT P (target effect)o] PO=Z QS AlgolBZ HE7
(latency period)S Lste], th7] 3 AWF7] LHFe A5 204 o] A2
A ARA(7,651,408%) 02 AoH, e = 29 e 204 olFY w4 ¢

FEAVSSHNS BYOE Hth ARFF PAY BAY AFE ARE A

AT(711,581%)E tF o= STt

Table 4. Data sources for environmental concentration

Problems Sub- A7 EA ZA A7 Ref.
problems
W= A3 Bt 2
HAPs #871& NE(G7 Project 297) 19961998 !
Regulated AAE grod =4 g 2000 )
pollutant
Air pollution hr71QgEZ Y Hrt # 1996 ~1998 1
#e71& NE(G7 Project 29A)
Dioxin Comparison of direct and indirect 2001 3
approach for estimating average
daily dose of dioxins in Korea
HABAR 4937 Project AAF  1999~2001
Indoor air IAPs 712 a=de A7 3 1996~1998 1
pollution #e71& NE(G7 Project 297)
Indoor radon A= AugtE ZA 1999~2000 5
FAoAEA] oA Bl 2 -
DWPs #71% (G7 Project 18H) 1993~1995 1
Drinking water 1egFAY e 2y 3 -
contamination DBPs HAbE A o] 7] & 19981999 6
e s AR
Radionuclides o2 e) 2 A} 1999 ~2001 7
1) 735(1999), At FFH A4
2) B748001), 712 A5 ZHAE, http://www.me.go.kr
3) B743(1999), AA FAHFANATLL/ Dongchun Shin et al.(2001)
4) RAEX 2 2002), AATH f&fé%sﬁ% 2/ 7351999, AU FAZHATA
5) B &) H%i}fé&}
6) FHEAATY(2002), AAH % T AT £(2000), AAG) FAEFTNATAE
) THE

ot ri‘l

Ad7 (2002), A A ?ﬂ,mﬂfﬂ AEsdTa

~
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2) & E FAYE o]&F AIYF F

Table B-1~Table B-6).
7H 712G ERE A3 o]2F A F

A 3= 39 FAF HAPsT VOCse Fa&Fe gl
=49 Eeb 1sid B7E AR(EPA, 1993)< °l&3t9liL, PAHse thol 54
=49 FHz Helz AN SAS/HAS HEHE 283 #AER F PMI109]
73 g9 Wsk5g st e BrkE AAlskad,

jd
ot
A%

rlo
S
i

o5 FIEAT &ite FTHT VOCso Tu&oZA Sl Hrt U
o] 221 stk US EPA & ERAA N wet HF A, B, Cof
32 AW (nonthreshold approach)ell W&} 5EA5

U gtz A dojzl g oy S el E(IRIS, 2001)d] LH9FE +
gato] o] A Y =E AMEAY. A7l =F JAFFE Fte o]
$rE FASAT B9 Ade FE7 EAsidrt @A RSN APES
g7 edsd HE %%k-‘é}%(‘i‘r—‘ﬂ dallz) FrE G7 AerleAddA a73

Fel
e
=

%
4

i
ol
£
o
Chu
S
=

e
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(2) PAHs 2 PCDD/PCDF$} 2& EE3

PAHs ¥ PCDD/PCDF$} 22 complex mixtures®] AMg 3l= A4S 93t
o 54 o)A 4 (toxic equivalency factor; ©]3} TEF)E ©]-& 3% tH(Table 5). 1]
al

=A% PAHsY F%o Zt7} benzo(a)pyrenes 71F 2.2 3te A FUASTE

H
o
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e
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ofr
o
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o
to
m
o
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it
o
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l(‘D
—3
o
@)
»
=
o
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2
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=
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o
Lo
L

Akt o3 7](benzo(a)pyrene TEQs * Ba)P ©9 93l XE+= TCDD_TEQs *

o
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il
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oX,
Siis
il
lo,
Jt
oX,
_Lo|l'4
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o
o
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>
ofr
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K
s
v
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iy,
it
oL
lo

54387 o] 4714 J(additive effect) S YERRE RO PP ATHEPA,

1993).
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Table 5. Individual toxic equivalent factor of PAHs and PCDD/PCDF

PAHs" PCDD/PCDF”

PAHs TEFs PCDD TEFs PCDF TEFs
Dibenz(a,h)anthracene 5 123,7,8TCDD 1.0000 | 2,3,7,8-TCDF 0.1000
Benzo(a)pyrene 1 |1,23,78-PeCDD 1.0000 | 1,2,3,7,8-PeCDF 0.0500
Benzo(a)anthracene 01 |1,234,78-HxCDD  0.1000 | 2,3,4,7,8-PeCDF 0.5000
Benzo(b)fluoranthene 01 [1,2,3,6,7,8-HxCDD 0.1000|1,2,3,4,7,8-HxCDF  0.1000
Benzo(k)fluoranthene 0.1 |1,23,789-HxCDD  0.1000 | 1,2,3,6,7,8-HxCDF  0.1000
Indeno(1,2,3-cd)pyrene 01 11,2346,7,8-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)/ Dyke PH & Stratford J(2002)

(3) 7% PM10

rate/(ug/m’) for mortality}ell i AT AAFE st A AT
(Extern E, 1999 ;3=7k23AF A570E4, 2001). ohgd APAAA, 99, F4
S)E AT ¥, PM109 Ho = Qg vhAd Al g &F-9hS FrY 7

71€ 08%2A Pope 5(2002)¢] AFAHAE o] &stAth AMEAEFE AEAl, 1999
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Equation 2

CL =i FAd o

Fol2F A 57

3
psd

W) A7) 2984 9

A% IAPs% VOCs$t ¢u) 3]

bl 2

9

He71ed A gdH=

Al
=

(EPA, 1993)& ©]&3tL,

A

7 A

3

o
o
o
oh
)l

—_—

0

e

(1 <

314 77t

FEA 4

Lo

H) 3]

2 2HE71T e

AAMzHY W72

=
=

Eolut o4, aela A

o

ol ¢35k

g 592x10°<

=
=

i=+ BEIR VI &7 (NRC, 1999)cll4 4

3

99 9

74, 2001).
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=
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@ o2 A 23

) He B 9o 9

AZ DWPsZ VOCs$

ol =

dFHE 3
7F A

= ' 29 &4

=
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1

H

31, PAHs9}

A

3

(EPA, 1993)% ©]&

Z]
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_ﬂ

el 4
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=2

)7} che .

7}

3

i

84

VOCs, T34 THMsS. 24 9]

o|J

(2) PAHsS} 2
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CHEYBADTY, 2001). Tt o] ATl

FFS YR dllT7Ieddd 25 1y

1971w &l

5]

g

o

I

SHEAY Al4HA] o] F A4k (double-counting) %

o

—

=]
=4

== 7.03x10%¢])c}h

5

vl 9

ehzel

o
+

3

oju, A
(NRC, 1999). ©]&

)
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]

& 437} 0.6L/dayo] 3(2
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fi%e)

o

N

o] THNRC, 1999).
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2 9l (excess cancer risk)E FAISAT. A7IA Sl Fre @9 @l
=9 T3 Hde g 1.0pCi/Lol dfFst= fsi =l

Risk factorg A4Hshedl 3ol 283 49 S84 AHAZFS 0 2434 5¢
g WHOE 2L/days A&, & =EVIe HAES =Fdva 7MY sk

B 71Eel 70802 3t

= 22 ¥ % (pCi/L) x Risk Factor (2.25x10°) x =2 9174
% Risk Factor (per pCi/L)
= Risk Coefficient (4.40x10™/pCi) x 44 A3 HL/day) x F =Z7]7Hday)

n A3eE Aoz Qe oF HA AR
= 443} F% (pCi/L) x Risk Factor (5.83x10°) x =2 ¢4
#¥ Risk Factor (per pCi/L)
= Risk Coefficient (1.14x10™/pCi) x UY HFH#H(L/day) x F =Z7]7Hday)

@ 39 A 2 259 BAZ 98 o84 NP5 3
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ot AA 98l% H7} (Part 1)

714 AA A= == FA 8] % (economic or welfare risk)© A}go]9]
T Ay olgo] thgt & Eoly FAE dg &4 HEs A ndse 9
plojt}, 2y, o] Aol AA felee @A Abgel W3 o] 24 Ao

ro

AEgA 5 F4 B NEste] A A T8, o] FdS VE
o2 3t TAA AWIIAY
&4 H] & (health damage cost A

A BAEAHNLY, AWE7) 249, He & 29)9 Az 5/10,0002 93]

T frax(risk reduction)o] tdt A& Alm H(willingness to pay; ©l3f, WIP)S F
% &

\m-lg —
o

2

ﬂ

2

A3t7] f1ste 71 7k %74 (contingent valuation method; ©]3}, CVM)E ©]
Sl

oA71M 7] AA 59 AL FE RPN TG F e ¢ AHY
(starting point bias)E& A 3}sl7] A dRIZALE AAISte] 10,0009, 20,0004,
40,0009 7 60,0009 02 ARstgch. 13 AR A FAE FE3H] 93k 2

@A ¢ EH(double-bounded  dichotomous choice AErd

o
o
ofo
ol
2
o
R

(vehicle payment)S. 2+ 7|55& Hd3t )
Aol e

Weibull, logistic, normal model, Spike model2 A&ttt 181l o] FAHEY

FA38t7] ¢33t ZdZE lower-bounded Turnbull method,

of HEMEEA 25, 4, 9%, A9 d, Y 2% d¥, 49 3, QY@
ool te YA AAE, BFLGOR AF A Y Aol fF 4P, FE
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g3ls BAZ oFEE EHoH, AFEEC] 1,000 de AY, S =@
) £E7} 10,000014 100,0000] == B W& A9 A7E =T F o
7] W&ol (Krupnick 5, 2000) £2E 1,0000.2 33t}

a3 M=o A% A Y] BAXNE AASL, SHAY] A¥H 17

S 31HT o, Aol =73 e HIAEE 1,000 FEZ st 178 3

shAgozE Aot A AAES B2AJ] A% Ha IAEFP,
A%, AZAWEA e, DY FAL A¥HT ke AL B A3

o, 39 FASo] AWsta 54 Hgl g AL 549 JHAE 53 HEE o]
&

Ao geld 714 ol 4L AL 250 el ARIYT, EE 307}

A gl dal 818 A7 AN QPYFAA AT 9 TR
g

(5) Section E : A& YJAIF A

54 BATAC dg A2gAEdE FE8t7] 95ke] NOAA(National
Oceanic and Atmospheric Administration, 1993)¢] A& wrdstdth. ¢4 3T

SBEA el HEA FFs At A HAHEE 1/1,00002 7HFEA

L
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on, 1045 =2dna 7HEEE 4 AT 1089 =S WD 5%
O & Zri(baseline risk® 50%BE)A717] g 4 AFS Adstr] A Ao
ntdsty] g8, drts AES o] A=AE 2L

sttt o W A& W2 7
FEo2 o, AEAaEd fFre 294 dE AdEH(double-bounded
dichotomous choice; ©]3} DBDC)S.Z 3s}4th. Z7|AAFHL pre-tests 53 2
AstArk. SEHAZE 271 AA Aol AEALE FHE Fe 27IAN G 28 E
AR st} thAl AESRA, A Arolle 172815 AlA k] AR5 A
yes-yes, yes-no, no-yes, no-no Yl 7}A Z$-7} EA|3h(Table 6). £3 no-nog
A5 A AL olfol sl 2&EstAx T+ 25 FHAq% Hu

of el A dEstirt. 4 ArTh e W ik F312 Table 73 20

H>
N
—_
>

Table 6. Bid structure in the mortality risk survey

(unit : )

e S 1
I 10,000 20,000 5,000
II 20,000 40,000 10,000
111 40,000 80,000 20,000
v 60,000 120,000 30,000




Table 7. Intervals of two-stage double-bounded response

Bid amount Response Interval
10,000 NN x < 5,000
NY 5,000 < x < 10,000
YN 10,000 < x< 20,000
YY 20,000 < x
20,000 NN x< 10,000
NY 10,000 < x< 20,000
YN 20,000 < x< 40,000
YY 40,000 < x
40,000 NN x< 20,000
NY 20,000 < x< 40,000
YN 40,000 < x< 80,000
YY 80,000 < x
60,000 NN x< 30,000
NY 30,000 < x< 60,000
YN 60,000 < x< 120,000
YY 120,000 < x

(6) Part F: 3533 FE

% ddE, A% 390
$3e] ARG el &

5)o Wal AEstdtt

o, 2
o



AR g3 FERES eI 2L A $39 RIS o gatd

FASAT SHAY A=odrt] thg #FE s Tl Ao Mo X

7}) Lower-bounded Turnbull estimation method

Carsons(1994)°] oJsf 7l&d WRoRE Z7] AAdd digd A& wks
(discrete choice referendum question with a single take-it-or-leave-it question)%t
< agete], WIPE F43sith o o, & d7dA<= 57k #3& stk =
{0, 10,000}, {10,000, 20,000}, {20,000, 40,000}, {40,000, 60,000}, {60,000, co} ©]iL, o}-j
2ol Bje T7HY] stetgre =2 247t (Bjl={0, 10,000, 20,000, 40,000, 60,000}°]1, Pj
o7 Pl ARelAel fd BEolnh wHH BF WIPE oy

Equations &3] AF=&3t3itt.

5
® Lower-bounded mean WTP = 2 Bj-Pj wvvuvuuuummmsssssssssssscsssisssnnnns Equation 3

o7]4, Median WTPE 2] # X3 (cumulative density function; ©]3} CDF)

—_

o 50% AR e T T HFEHZ) ANFAE CDF AL 052 43



B) ¥ o 3ol 50% AHe) ke TP e AW$H) CDF ke
(3%) CDF o 24 k() o2 HrolA Adstan.

B Median WTP = Bj /K() werrverrserssensssssssssssssenssssssessssssssssssssssnsassssnses Equation 4

1}) Positive response model

[o

Moy M2 AAE = FE8F A7 AZD A/t Ao 4
Asted, weF 83t A5, 499 s AA = (risk reduction strategy)S
Agysto M 79 A(environmental quality)o] W3-z )He A$, WIPE
O3 22 &4 (Hanemann, 1984)9 ja Azttt o714 V(y, z) = A9
A &8 5ol ye 250t & WIPE $E3to 2y 879 AL vl -7
SHAAT Lo Egoll= Warh flt(Vi=Va). o] W, WTPY e 7Hdshes &8
33X 4 (probability density function; ©]3} PDF)oll w2} b7} St

ot

» Vi(y-WTP, 2')=Vy(y, 2°) Equation 5

Positive response model> 7] A|AlHol| djet &AL 9Hg-3} F
do gt AEYAL W5 TIAZITE o] W JHAS WTPe] tigt 294 whe-&
Weibull, log-logistic, log-normal &3¢ #-&3s}%ith. £29 B4E F4317] 98}
o Hd % (maximum likelihood estimation; ©]3} MLE)S ©]&3t%1l, B

e H49 )2 F3t7] 98] Newton-Raphson< o] &34t
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j S EAR gk A= ofAbel] i3t 47FA] ¥FE-2 no-no, no-yes, yes-no, yes-yes
24 o5& 4% Ru, Ry, Ry, Ry 2 E7E ®f, 2a95d5E o9

7}
Equation 63} 2t} 714 b 7] AAY, b Z7|AANAS A- Ff, 1/2

wjoll s Bshs Fd, b Z7IAXN NS 3 B, 280 Tt FYolth
n . ) . . .
" InL =3 {Ry In Fb/ ; 8) + R/ In [F(b/; 6) - F(b/ ; 6)] +
i=1
Ryd In [F(by ; 8) - F(b! ; 8)] + Ry In F(b ; 8)) werrrrrrrrrrrrrenn Equation 6

o] w, Function, F&= X 42X, dess & Z4r 49 Jgo o}

By 23 FEg] BEA Asdn.

of Bdll& 27] AA Y] Bt A LA} wheF 5 WA AR hF A&
ek AEat e 079 it EFAIT o8 FFA
Bdlo] Kristrom(1997)9] spike ERHZA o] AFel|A ARSI E¢ F3
A Spike RH| SEFFE Tot2, Ah$EYd o8] BHE FHsHAT
7ol A8 Spike @] £4 S AAE] At tg 2

A A Zojrte] e FEHFE W, SHHFS X=(axe.x)E FA3taL p;
S 55 LAt ofF AATH W A F8oE, 55 Aejitel HE A

%34 (indicator function)Z 39S o, i WA 7 = goe et 2

>~
>
T
olo
=
=
o
rlr

flo
ro

FFI
2

_l\l
(E

£

o
lo
o
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R, = {FW(O| xl)} (1- p)A=6,)1-S)

x { F oyl ayx)— F 0 x,)p @ e 00s

< { Fw( ahilxi)_FW( Cll‘|xi)

} o, (1= 6)S;

X { FW( Cll‘| xi)— FW( a/i| xz)} (1— p;)é6; S,

< {1—= F yw( aplx)} pio0s

webd, A4 ngel 0@ 2ISERSE BEd 2ok
m / =log 1;[1 L = Zzllog L;

[ (1-p3)(1-8:)(1-S;) log Fu(0|xi)
(1-ps)(1-89)S; log {Fw(ah|xl) Fuw(0]xi)}
pi(1-89)Si log {Fu(ani|xi) - Fu(ai|xi)}
(1-p))di Si log {Fu(ai|xi) - Fw(ai]|x)}
pi O

= Jog L

+ + + +

el Aol A Fol7l =
ST
® Fy(o | X=x)=P(W<o|X=x) =
0 ifo<0

1
1+exp[(u+ 7'+ 2)/d] if o =0

1
l+exp[—(w—p— 7'+ x)/0l

1714, p9} o= A (location)$} ] = (scale) E=o]t}.

_42_
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99 2O ZHE score vector?} A A H 3 H (Fisher's information matrix)S

Qelsha e 2.

_/_0 0 0
U)=( 9 L=5g b 37 D : score vector, g=(p, 0, 7"
16)=——2 U(6)
32 82 82
ol Tacan ! T ayan!
_| 2% 3’ 3
~ Qudo ! PRk ! 37301
32 82 82
T oudy ! Tacar! T,

mebd 2ME 09 $AE thesh 2o] NewtonRaphson WHE o] &3]
SR LS

= 6™ = 6"+ 10)" oty UO) [o-00m)
continue until |(:™-8:""/6"™ Y| <&, 6 = 1,2.p s Equation 10

9ot 2ol FHH PES o] &dke] AL 100(1-p)" percentileS T}

2ol 234,

qu=0‘1n(1_p)+ﬁ+?t°X ................................... Equation 11
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3) ARAAFY 3¢ A% =Y 43

A ARgAFAL FYe7] A% RIS Ay A4, 2P AL
# e WEE HES B AL, AW B $4S B, 230 309
HYWNFES 2HSrHTable ). A1) 1R S0l ol w F5He YR G
2go] TGAA N B WIPS FH39th o714 S450] 4448 955
& 7 &4 g2 Fohel, shiel SYEY 4, BE0G) B QuH A= 3
AR e gE GO A7 F EAsHG

Table 8. Explanatory variable in

the model for estimating of individual WTP

Category of
explanatory variable

Sub_variables

1. Demographic
characteristics

age, sex, education, his/her own house,
disease status

2. Quality of life

general, physical, psychological, social,
environment

3. Perception

general perception of environmental pollution;
concern, controllability, extensiveness, dread,
familiarity, severity, exposure, risk

impact of social value; aesthetics, economic
well-being, fairness, future generation,

peace of mind, recreation, sense of community

4. Understanding of
probability and risk

- test score of 7 problems

5. Income

- individual income
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AHg3 AW o]&(morbidity) &2 1T EAWEOR ERE F Joy, & AT

AAE FEYOT A% o 2H Aol B LA EIL FYHE

VSL2 Z7z+e} @442 % Al Fas A% WIPGZHA 2l o3 3
dEe FEA)E A= FHEEEP; o AFelME 5/10000)0.2 HFolM A&
stk A 37hA ZASAEA G T VSLE A=Atk o714 sk S8 EA
of gk VSL 9 AT A tig WIP(A2e] 449 &3 EA dist WIPE

s VSL = WTP / AP, Change in probability of death .......ceeuue. Equation 12

®  Damage cost (%) = VSL x Theoretical mortality estimates ......... Equation 13

&4 HGol dig EdAdE 7t Monte-Carlo Simulation (Crystal-Ball
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Table 9. 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

1 2 s 3
* “persons, ‘monetary value(billionW), “score
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Table 10. Health risk and its ranking of environmental sub-problems and

problems
Sub- Population risk " .
bl . PP oo Ranking
problem Point 50%tile 95%tile
HAPs 47.1 38.3 120.9 4
Regulated
) poliutant(PM10) 564.6 548.3 825.5 2
Air
ollution joxi
P Dioxins 75 6.7 140 6
(PCDDs/PCDFs)
Total 619.2 603.5 893.5 I
IAPs 153.8 131.7 413.4 3
Indoor air Radon’ 788.0 342 2548 1
pollution*
Total 941.8 616.3 2,726.7 I
DWPs 7.7 0.51 16.1 5
Drinking DBPs 2.2 2.13 312 7
water
contami- Radionuclides 0.9 136 564 8
nation (groundwater) ' ' )
Total 10.8 10.6 211 I
Y Theoretical mortality estimates
- HAPs : Hazardous Air Pollutants - PM10 : Particulate Matter (size : <10um)
- PCDDs : Polychlorinated dibenzo-p-dioxins -+ PCDFs : Polychlorinated dibenzofurans
- IAPs : Indoor Air Pollutants - DWPs : Drinking Water Pollutants

- DBPs : Disinfection by-products

" p < 005 (comparison among theoretical mortality estimates of sub-problems), AVOVA

* p < 0.05 (comparison among theoretical mortality estimates of problems), AVOVA
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Table 11. General characteristics of respondents

Total

Variables b eiby ey comple
Age (yrs) 38.9 38.7 38.8 38.8
Female (%) 49.5 50.0 49.8 49.8
Marriage (%) 709 67.9 70.6 69.8
Education (%) 41.7 474 38.3 425
Residence years (yrs) 238 214 234 229
bt 388 454 388 410
Number of family 3.8 3.6 3.8 3.7
His/her own house (%) 73.3* 63.8 60.2 65.8
Chronic disease (%) 26.2 224 16.9 21.9
Baseline risk(per 1,000) 3.99 3.94 4.29 4.07

* p < 0.05 (comparison among mean values of groups)

Table 12. Income and expenditure for the various purpose

(unit : % /month)

Total
. Group 1 Group 2 Group 3

Variables (n=206) (n=196) (n=201) (Sginé%ge)
Income 15183044 1,954,818.6 1,623,921.6 1,685,901.4
Transportation 123,396.2 117,838.6 110,369.2 117,231.3
Electronic 63,3284 71,499.1 67,180.0 67,231.6
communication
Medical insurance 32,204.8 39,576.3 34,005.9 35,193.5
Other insurance 89,737.8 143,065.9 175,264.9 133,862.9
National annuity 40,148.0 29,227.2 31,702.0 34,112.2
Tax 66,896.5 78,285.3 106,344.5 83,752.4
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2576l BA%HCE §98 Aol G

Table 13. Health status and quality of life(QOL) of respondents

T G SR
SFE-36 (Score:100)

General health' 59.4 57.4 58.3 58.4
Mental health” 69.6 66.9 67.7 68.1
Total (mean) 64.5 62.2 63.0 63.2
WHO-QOL (Scale:1~5)

General 3.33 3.35 3.25 331
Physical 3.77 3.75 3.74 3.76
Psychological 3.48 3.48 343 3.46
Social 3.61 3.53 3.57 3.57
Welfare 3.34 3.32 3.20 3.29
Total (mean) 3.52 3.50 3.45 3.49

1. High score indicates the respondent evaluates personal health a excellent. Midrange score
indicates that no unfavorable evaluations of health were reported.

2. Midrange score indicates respondent report no symptoms of psychological distress. Score=100
indicates respondent reports frequently feeling happy, calm and peaceful
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Table 14. General perception of environmental pollution

(unit : score)

Crieria R
Concern 3.80% 3.53 3.47 3.84
Controllability 2.67 2.78 2.82% 2.79
Extensiveness 3.64% 3.06 3.01 341
Dread 3.49* 3.01 3.09 342
Familiarity 3.11* 277 2.80 3.07
Severity 3.74* 315 3.29 3.56
Exposure 3.65* 3.08 311 3.47
total (mean) 3.44% 3.05 3.08 3.37

Scale 1~5 : never ~ very much, * p < 0.05 (comparison among mean scores of groups)
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Table 15. Adverse impact on social values due to environmental pollution
(unit : score)

Group 1 Group 2 Group 3 Total sample

Criteria (n=206) (n=19%) (n=201) (n=603
Aesthetics 391 3.77 3.95% 3.88
Economic well-being 3.66 3.68 3.74 3.69
Fairness 3.85 3.88 3.79 3.84
Future generation 415 403 415 411
Peace of mind 3.94 3.88 3.87 3.90
Recreation 3.82 3.70 3.66 3.73
Sense of community 3.96 3.86 3.88 3.90
scale 1~5 : never ~ very much, * p < 0.05 (comparison among mean scores of groups)
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Table 16. Wrong response on the questions for the probability and risk test

Total
Question ety ed ey mple
1. Coin tosses 30 22 33 85
2. Dice 45 41 50 136
3. Roulette wheels 39 40 45 124
4. Magnitude of risk 18 23 28 69
5. 1,000-square grid 6 20 9 35
> (I?r&:écrltl;?itti}?nin%fidence 73 >4 73 200
7. Actual mortality risk 38 28 36 102

(false/total respondents)
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Table 17. Percentage of understanding above moderate degree on variables of
the questionnaire

(unit : %)
Total
Variables Ei);g 61 g(:f; 6§ Ef:;gﬁ sa(rl?fég?))
Understanding of probability or risk 86.9 91.6 90.0 89.5
Understanding of WTP 86.4 81.6 93.5¢ 87.3
Certainty of WTP 89.3 84.2 86.6 86.9
Understanding of overall contents 9%.1 974 97 5+ 970

of questionnaire

scale : never~very much, * p < 0.05 (comparison among mean values of groups)
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Percent

Drinking Water
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20,000 Indoor Air

40,000
60,000

Bid Amount()

Figure 2. Percentage of ‘yes’ responses to the initial payment of three

environmental problems

Table 18. Dichotomous response of four categories in environmental problems

Environmental paylrrrlllz?tl pz}(f)ioevr\i: ! o Eﬂy Eyn Iiyy %::1
problems (W) (ves, o) (%) (%) (%) (%) (person)
10,000 (120,000, 5,000) B 40 pil) 3D 50
Air pollution 20,000 (40,000, 10,000) 6Y 1) i) 58 52
40,000 (180,000, 20,000) % i ) 164 78 51
60,000 (120000, 300000 7 i) 57 19 53
10,000 (20000, 50000 25 78 Wa) iiy) 51
Indoor air 20,000 (40,000, 10,000) FH B ) B 50
pollution 40000 (800002000 @ B B 6l 19
60,000 (120,000, 30,000) 0 28 63 63 40
10,000 (120,000, 5,000) 4 60 W &) 50
Drinking water 20,000 (40,000, 10,000) liin) 18 B 164 51
contamination 40,000 (180,000, 20,000) 8 i) ®w ()] 50
60,000 (120000, 300000 B 80 o 20 50
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Figure 3. The percentage of dichotomous responses by initial bid in
environmental problems
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Figure 4. Distribution of "zero’ response of 'no-no” response to the initial and

second payment in environmental problems
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Table 19. Parameter estimation of Weibull model in individual WTP

Covariates Air pollution Inder air Drinki'ng Water
pollution contamination
Intercept 7.74914** 12.33318** 8.74483**
Age 0.01338 -0.00001 -0.01459
Sex 0.41985 -0.00150 -0.49936
Education 0.00154 -0.28215* 0.33578**
Income 9.43E-8 2.12E-7% 3.34E-8
House owner -0.06928 -0.10726 0.07253
Disease -0.69223** -0.11790 0.04248
Perception 0.03946 -0.03627 -0.01122
Quality of life -0.00938 -0.00057 0.01338
Effects on | 0.04228 0.01641 0.01009
Test score 0.05160 -0.51630* -0.27031
-2 Log L 260.625 258.962 303.191

*p €01, ** p <0.05
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Table 20. Parameter estimation of four models in individual WTP of air

pollution
Covariates Weibull Lc]);)iitic NI;(r)r%lal Spike
Intercept 774914 741668 7208647 28,0608
Age 0.01338 0.01397 0.01469 281.757
Sex 041985 015916 021565 5,482.4
Education 0.00154 0.07561 1003535 1,588.9
Income 9.43E-8 149E-7 136E-7 000625
House owner -0.06928 -0.21316 -0.19042 -8,768.4
Disease 06923 0.50118¢ 0.56254¢ 5,536.9
Perception 003946 0.04014 0.04367 519.828
Quality of life  -0.00938 001152 0.01147 -108.890
Effects on | 0.04228 0.05372 0.05217 837.698
Test score 0.05160 013663 008302 5,074.4
2 Log L 260.625 262.279 261.777 351.906

* p 01, * p 0.05
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Table 21. Parameter estimation of four models in individual WTP of indoor air

pollution
Covariates Weibull Lc]);)iitic NI;(r)r%lal Spike
Intercept 1233318* 9.28620** 9.44864** 23,527.9
Age -0.00001 0.00964 0.00850 52.6354
Sex -0.00150 0.12399 0.12892 5,408.85
Education -0.28215* -0.17261 -0.17850 -3,693.45
Income 212E-7* 8.41E-8 7.22E-8 0.00413
House owner -0.10726 -0.11659 -0.11738 -4,655.86
Disease -0.11790 0.01986 0.03072 -7,730.81
Perception -0.03627 -0.01906 -0.01360 -469.922
Quality of life  -0.00057 0.01536 0.01409 211.350
Effects on = 001641 000743 001157 338,652
Test score -0.51630* -052710* -0.52429* -6,403.62
-2 Log L 258.962 262173 263.288 319.933

* p 0.1, * p €0.05
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Table 22. Parameter estimation of four models in individual WTP of drinking

water contamination

Log- Log-

Covariates Weibull Logistic Normal Spike
Intercept 8.74483* 754173 7.81994* -26,227.2
Age -0.01459 -0.01081 -0.01355 -649.262**
Sex -0.49936 -0.42570 -0.42678 -5,752.48
Education 0.33578** 0.33131* 0.31492* 3,582.86
Income 3.34E-8 -298E-11 8.74E-9 0.00434*
House owner 0.07253 0.17934 0.18330 3,553.50
Disease 0.04248 -0.00441 -0.00661 12,259.82*
Perception -0.01122 0.00673 0.00199 -73.498
Quality of life 0.01338 0.01585 0.01511 378.219
Effects on | 0.01009 0.00419 0.00431 613327
Test score -0.27031 -0.30282 -0.32045 -2,349.31
-2 Log L 303.191 309.884 309.076 392.331

* p 01, * p 0.05
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2. WTP F44

1) Lower-bounded Turnbull method

N
>~
[

2 87394 W AL FAo] tha Turnbull HHell 93 7708 WTP

7| S AW B, Table 233 2t} of7)M Fzbd 229 o] HF WTPe|t}.

2 A% Az 5/10,0009 AA=S #aAT17] 8 AL AEIAF

Ao HEghe 14700902 FHHAT, Ag7] L¥o2 13 WTPE 183009

B odoz 9% HF WIPE 17900902 At wehx] SUs )

T Za e 249 A wet Jd WTPZE olsta, Aldr] L8z 2
o] 71 & ASE YEPdtH(Table 24).

WIPS] F%gk(median)2 FA R Adoz AL g vehfiden, o

719 Qo Z g Az 5/10,0009 AMEE THAAI717] A8l AR A EJALF ]

TS 12900902 FAHAL, A7) LA0Z A% WIPE 16,9009, H+=
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Table 23. Turnbull lower bounded estimates of E(WTP) in each intervals

progf:g?mm p(a Igrgll%?tl Bid range N; T EF P ENID
|
10,000 0~10,000 21 50 0420 0420 0
20,000 10000~20000 36 52 0692 0272 7B
Air pollution 40,000  20000~40000 40 51 0784 0092 18D
60,000  40000~60000 49 53 095 0140 3O
60,000~ 1000 0075 48
10,000 0~10,000 16 51 0314 0314 0
i 20,000 10000~20000 28 50 0560 0246 28
Indoor air
_ 40,000 20000~40000 39 49 079% 026 48
pollution
60,000  40000~60000 34 40 080 004 28
60,000~ 1000 0150 9w
10,000 0~10,000 25 50 0500 0500 0
Drinking 20,000 10000~20000 26 51 0510 0010 98
water 40,000 20000~40000 37 50 0740 0230 48
contamination 60,000  40000~60000 43 50 0860 0120 4D
60,000~ 1000 0140 8

N; ; total number of "no" answers

Tj ; total number of respondents

F = Nj/T,

Pj = Fy-Fga)

E(WTP) = lower-bounded value of bid range - P;
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Table 24. Mean and median WTP estimated from Turnbull method

(unit : W)
Environmental problems Mean Median
Air pollution 14,700 12,900
Indoor air pollution 18,300 16,900
Drinking water 17,900 10,000

contamination

2) Positive response model

“079] response® EFIA v o WETE Idste BN FHE
WTPH-S Weibull modeldl A 714 & S 3433 tH(Table 25).
Weibull model®] 7%, t7]2@o = Qg A7t 5/10,0008 AN=E FAAT

71 98 A AEAFF A HF F(median)S F 12,0009 02 FHHAL, AU

7] LEo® Qs WIPE &F 20,000¢, 9 & 2490z QI3 HiF WIPs
12600902 FAHHAJ, AHF7] SEoZ Q3 AEJAL Fqo] 7} Z AL

2 UEsthTable 25). %3, log-logistico]\t log-normal EHEFE 9 FHX &

Weibull 299 FAX9} & 2}o]S HolA ¢kgtt}.
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Table 25. Mean and median WTP estimated from positive response models

WTP values (W)

Statistical Environmental
method  problems Mean Median 95%tile
Air pollution 13,530 11,954 27,930
Weibull Indoor air 51,334 19,891 57,710
pollution
Drinking water 13,852 12,587 29,137
contamination
Air pollution 13,175 12,138 25,789
Log- .
11Intc.loor air 22,023 17,965 47 601
Logistic potiu 1'or1.
Drmkmg water 13,174 11,975 28,447
contamination
Air pollution 13,048 11,868 26435
Log- ;
& 11Inc_loor air 20,878 17,114 44 659
Normal ~ P° ut%on.
Drinking water 12,492 10,913 26,522

contamination
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3) "0" responseE X 33+ Spike model

"0" responseE EF8Ie Spike modelol X F=HH WIPHS oy 3E 263 £t

Table 26. WTP estimated from Spike model

(unit : W)

Environmental WTP from Spike model
problems Mean Median 95%tile

Air pollution 10,700 9,700 27,100

Indoor air

. 21,300 20,600 39,800

pollution

Drinking water 14,300 13,700 37,900

contamination

AZ}EAN LS AAE 7] YalA VSLE EEetE A9, tLmy 2o A 74A

59 (Turbull, Weibull, Spike)Z 58 F4 ¥ WTP(median)E ©]-& 3} % th(Table 27).
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Table 27. Median WTP estimated from various models

(unit : W)
WTP
Environmental
problems Lower-bounded Dichotomous Spike model
Turnbull Weibull P
Air pollution 12,900 12,000” 9,700
Indoor air 16,900 19,900* 20,600*"
pollution
Drinkin_g water 10,000 12,600 13,700
contamination

* p < 0.05 (among WTPs of environmental problems), ANOVA

" p < 005 (between WTPs by Weibull and Spike model), t-test

Weibull#} Spike modeloll X 7} S ZA S WTP FHX7te] ZolE AF3}7]
At FA E4S AN A, Weibull ZdollA F8E 24 2F A9 WIP
F o3 AolE BAAL, v Wl A d7]eEd Hes e o WTP F
Azl frofgt zkel7h §igdeh whA Spike ZE ] A RE #AT £
b Apol S UERA I,

0_1_4

ro

T3, Weibull 2923} Spike BdoX FAHEH WTPY Hato] Aol& AA 2
&, F REZe] ok Aol yegton, t7] e dwte] Spike RdollA ©H w3k
CHTable 27).
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1) SAH A% 7kA 94 (VSL)

Turnbull methodell &3t 3t Ale] Aoz Qs FAA AB7IA= 7L
o7 3t A9+ 311,000,000¢ 0.2 FHHAL, AYF7] LFdoez A3 A
406,000,009 0.8 FAEoH, HE & 04
F7% = ATH(Table 28).

A Weibull modelol] o3&t & Abgre] Abpoz Q13 A4 AW7ixe g7

02 9% 79¢-E 287,000,0009 0.2 FHHUT, AYEr] Ldoz A3 Ay

02 93 AP 240,000,0009 0.2

S 477,0000009 0.2 FAH o, " B o9gog <3 A 302,000,000 0

2 45 A th(Table 28 & Table 39).

223 Spike modelell o3 g Abghe] AbgoR Qg FAZ WA= W7
9o 23 7%= 233000000808 FAHUL, AYF7) QPO g A3 A
2 495,000,0009 .2 FAHEHYLH, He & SA0Z Ad A2 330,000,0004 2
A= thTable 29). Al 714 Bd B% AyFr]edoz g VSLato] 713

Skt

fe b

_74_



Table 28. Value of statistical life (VSL) from median WTP

(unit : W)
VSL
Environmental
problems Lower-bounded Dichotomous Spike model
Turnbull Weibull model prke mode
Air pollution 311,000,000 287,000,000 233,000,000
Indoor air 406,000,000 477,000,000 495,000,000
pollution
Drinking water 240,000,000 302,000,000 330,000,000
contamination
Table 29. Median WTP & VSL of environmental problems
Median WTP & VSL (W)
Environmental Lower-bounded Dichotomous Spike model
problems Turnbull Weibull P

WIP VSL WIP VSL WIP VSL

Air pollution

Indoor air
pollution

Drinking water
contamination

D0 311000000 T 287000000 940 - 233000000

160 406000000 1O 47000000  2F0 495000000

10000 240000000  T¥D 302000000 B 330000000
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2) o]BH A &4 HI &

Al 7HA REERY FAE A o d74EY WSS BN 24 4
Algt A}, 50%tiledte] W712de HS-
L9 A= 2600904 3,0009H0H, He & 299 B 25904 3492

2 FAH A} (Table 30).

Table 30. Health damage cost of environmental problems

Health damage cost(billion#)

Model Environmental
problems Mean 50%tile 95%tile
Air pollution 193.2 187.2 279.6
Turnbull poulﬂggﬁr air 3913 2555 1,120.1
Drinking water
contamination 28 25 51
Air pollution 197.7 172.2 4224
Weibull polllgggr?r air 496.0 3049 1,508.7
Drinking water 39 39 91
contamination : ) :
Air pollution 149.7 141.0 386.4
Spike polflﬂ‘gggr air 4543 280.2 14677
Drinking water 38 3.4 10.6
contamination
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Table 31. The health damage cost and its ranking of sub-problem

Health damage cost

Sub- (billion %)
problem Point 50%tile  95%tile
HAPs 15.8 11.0 432
) Regulated
l ;;ltr pollutant(PM10) 179.5 155.4 387.9
ollution
P Dioxins 24 19 57
(PCDDs/PCDFs) ’ ' ’
IAPs 88.4 63.0 243.3
Indoor air
pollution® k2 qon* 407.6 2151 13844
DWPs 25 1.9 6.5
Drinki
water DBPs 0.7 0.6 15
contami-
nation : :
Radionuclides 0.7 04 20
(groundwater)

* p < 0.05 (comparison among health damage costs of sub-problems), AVOVA

*p < 0.05 (comparison among health damage costs of problems), AVOVA
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3. 1A 8= #H7F (Part 1)

e
4
S
o]
&
©
_{
é

!

=
of{
N

oA B 6%l
ATh(Table 32). %4

| 29 w0z ggsdon,

o) A%, A9 559 o] HAPs, tho)

223,

Table 32. The perceived risk and its ranking of sub-problem and problem

Sub- Goup1l  Group2®  Group 3 Total .
problem (n=209)  (n=196)  (a-20n)  jample Rankdg
HAPs* 6.32 5.86 6.33 6.17 1
Air Regulated 6.01 5.62 6.07 5.90 4
luti pollutant
pollution Dioxins 6.35 5.77 6.35 6.16 2
Overall 6.34 6.27 6.42 6.35 i
Indoor ait IAPs 6.01 5.44 5.96 581 6
Hui Radon 6.05 5.42 593 581 6
pottution Overall 5.98 5.74 5.96 5.90 o
Drinking DWPs 6.02 553 6.10 5.89 5
water . d]i)BPs.d 5.89 535 5.89 5.72 8
. ()IILICIl s
contami- (groundwater) 6.17 5.66 6.09 5.98 3
nant Overall 6.09 6.02 6.14 6.08 i

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,
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T DBPsst A3t HALME AT 859)9] ol EH Al ulfo] B3
Hoz §ola Aol7t YAt wF A swe] AL HAPse DBPs(1%:919
84:9]), Thol 2417 DBPs(24:9] % s%sw A4 gdEe] FAGHoR fo8
Aol 2 Urllo] 3&:919 769 Aloldls AR FolF 2ol7h QT

—{o

4 ¥FY 29 2

U

N

b9
9 FA tist WY £HE Wizl A3 (Table 35), YA Hslzol =
Medium-High ®F°l, 2t=3 [APst Medium™¥F9l, HAPs© Low-Medium™ 5
.

AN

I= #4%9 A 3718 BRALA AN 5714 WFR BRS ¥,
PM

o )3 THISAIR, DWPs, DBPs, 343 WA BAE LowliF2 #73
9.

A ez Ae = PM10©] High® o, IAPs= Medium-High 3,
HAPs= Medium® F9l|, tho]2 41579 DWPs= Low-Medium®¥ 9] 183 DBPs
o} AstgE WA BEAL LowHTE EFHA

214 AL HAPsSH thol 457} HighFol, 183 UmiA) a9l 2

AEE& BEF Medium-High HF2 E75] 08 feie Eop Avrzel fsi= ¢
A FEo] =9k
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W3y &9 Z3E YA “Highest Rule'¥} ”Average Rule'S H&3te] 53

=95 "z 23, “Highest Rule"S 28319, 49 £4¢ dus7] &4, W7

—_

, He B ¥ EF HighHiF2 £7¥2 Average Rule"s #-&3d, tf7
Q¥ High#F=2, dU3d7] 282 Medium—High‘ﬂé. FEH, HE & 24
FHAG EE o] W, 49 FAEZAE FAEAE =
gete MR @A Aojof stal, 7 WA L 9s WED = glth(Table 36).
ate] Bl Ui T <9 A4S A¥EY, “Highest Rule"S #8314, o}
=, PM10, HAPs$}, Dioxins2 High®HFol, U A #A= Medium-High B2

)

M

& Low-Medium HFE

EFEAY. “Average Rule'S A-83tH, Zh=, PM107%} IAPs= Medium-High
T2, HAPs, DWPs$} o] S-AlF= Low-Medium W2, 123 DBPs9} A&}
A B2E LowlF2 &7 5 U th(Table 373 Table 38).

ofy
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Table 33. Priority Ranking by various risk categories

Sub- Priority ranking
Problem
problem HRR PRR ERR WTP
HAPs 4 1 4 -
Regulated
2 4 2 -
Air pollutant(PM10)
pollution Dioxins 6 5 6 ]
(PCDDs/PCDEs)
Total i I I m
IAPs 3 6 3 -
Indoor air Radon 1 6 1 -
pollution
Total I m I I
DWPs 5 5 5 -
Drinking  pDBPs 7 8 7 -
water
contami- Radionuclides g 3 8
nation (groundwater)
Total m I m I
*HRR : health risk ranking, *PRR : perception risk ranking,
*ERR : economic risk ranking, *WTP : willingness to pay
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Table 34. Priorities of each sub-problem category

Ranking Health risk Economic risk Perception risk
1 - Radon - Radon - HAPs
2 - PM10 - PM10 - Dioxins
3 - [APs - [APs - Radionuclides
4 - HAPs - HAPs - PM10
5 - DWPs - DWPs - DWPs
6 - Dioxins - Dioxins - JAPs
7 - DBPs - DBPs - Radon
8 - Radionuclides - Radionuclides - DBPs

Table 35. Sub-problem’s allocation

Category Health risk Economic risk Perception risk
High - Radon, PM10 HAPs, Dioxins
PM10, Radon,
IAPs, DWPs,
Medium-High PM10 IAPs ' ]
Radionuclides,
DBPs
Medium Radon, IAPs HAPs -
Low-Medium HAPs DWPs, Dioxins -
Dioxins, DWPs,
DBPs,
Low DBPs, -
Radionuclides
Radionuclides
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Table 36. Categorical integration index in environmental problem

. Economic Perception "Highest" "Average"
Category Health risk _ .
risk risk Rule Rule
Air pollution' M-H H H H H
Indoor air
o M-H M-H H H M-H
pollution
Drinking water
] 3 L-M H L-M H L-M
contaminant
*H : High, M-H : Medium-High, M : Medium, L-M : Low-Medium, L : Low
"HAPs, PM10, Dioxins ’[APs, Radon *DWPs, DBPs, Radionuclides
Table 37. Categorical integration index in sub-problem
) Economic Perception "Highest" "Average"
Category  Health risk . _
risk risk Rule Rule
Radon M M-H H H M-H
PM10 M-H M-H H H M-H
IAPs M M-H M-H M-H M-H
HAPs L-M H M H L-M
DWPs L M-H L-M M-H L-M
Dioxins L H L-M H L-M
DBPs L M-H L M-H L
Radionuclide L M-H L M-H L

*H : High, M-H : Medium-High, M : Medium, L-M : Low-Medium, L : Low
IAPs : indoor air pollutant, HAPs : hazardous air pollutants,

DWPs : drinking water pollutants, DBPs : disinfection by-products
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Table 38. Categorical integration index in sub-problem

Category Highest rule

Average rule

Radon, PM10, HAPs,

High Dioxins

[APs, DWPs, DBPs,

Medium-High Radionuclides

Radon, PM10, IAPs

Medium -

Low-Medium -

HAPs, DWPs, Dioxins

Low -

DBPs, Radionuclides

_86_



A7 Ao ofF 1BE A A7 dael HID B
029 QA A=, A AN <
, ohARoE W = A2E A Aol ohs)

g Fa 37k AF
To 2 s

o.

A 4 7

al

ZF

A, vl

=)

A=

z
[>

o
}-ﬂ
=
o

k=l
i
o
ol
8

M Sl BAA, B} ojREe
z2add o 874
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H7]8 23R 7] 3
L 3SEA AAY Hls
1993).

Table 39. Sample problems areas defined along programmatic lines

o
Yo
A%
)
i
i
o
&

Water Air Waste Toxics
(by source) (by pollutants) (by site) (by chemical)

- Municipal & - Air toxics - Abandoned - Lead in all
industrial - Criteria air hazardous media
waste-water pollutants waste sites - Pesticides
discharges - Climate change - Active hazardous - Asbestos

- Non-point - Stratospheric waste sites - Radon
discharges ozone depletion - Municipal solid - Dioxin

- Ground-water - Indoor air waste - PCBs
contamination pollution - Industrial solid

- Drinking-water waste
contamination

source : EPA (1993)
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A A 240 BRE £F ATFE 204 o4 AL Wo 7

4L ¥t B2 MES ofF FAL gridZ UE A4S, 4 gridol Wi =& AR

7b Ao, 7 gridoll d9Ele SHEESd 2 AYQAAMY =F A (exposure
pattern)o|Y =Z AFFE E4ste Aol £ o AEd dFARE AT =
k. 28y, AAEME AAF =2HEE L7P7F o, = A7 3 AY

dA & Agez olFste EAZE 4717 Wi, =& AFFE 204 o]
AReR st dEH oz ME A FA AQ ARE F&3At

FRE oA At W BSAALE JWHERC i dFe] AH
(additive interaction)o]2t= 7HgA AT = Stk F 22 ME A5 A8
(synergistic interaction)©]t} A3 #}-8-(antagonistic interaction)o] HAIT 5 YA T
RE =2 de] 247 45 AE&S dHdrie AL v ofEE Aol
ol AR FHX AW BIAA] A7EHEE g 7Hgol £3] AgET
(EPA, 1993). A= ol /i) =29 &odS sl g3 FL3d, o o 7
= 874 HaFoM Agste 29y e &9 AdEe 95%4 gk (upper_bound
estimates) 0. 24|, B2 JFS Tshe FHAM, Aigko] AL FdH= 23

g zeslol, oA A A B7hE Asgel ¥ Ao BuEr.

P

€13t EPA IRIS (2000914 #A3tY Sle LTLEAS HUg ¥t o 4
Tl t7]ed £A4ZF HAPsE A PAHs, VOCs, MetalsZ EHFE 93, & 25
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=7} 3.0X10% 0.2 =Asdt 1 F 9w 80%0]AS 7osts EAo| ot
g+ 7]1= 4 (polycyclic organic matter; POM), 1,3-butadiene, formaldehydeZ F=
AgAe} 22 olF 29U (mobile source)O.Z U3 WA= AoZ HIusta 9l
TH(Morello-Frosch et al, 2000). ¥FH, o] Aol = w7 A ZAME HAPsET &
Aer: Aa, dAAge]l wTERAGA AMeoZe He AYE q,
1,3-butadiene, formaldehyde$} %2 8 2 AEHo] T FH o] YA WolA, HA
Aeleitt R2H7F HUS 7hsde] 2 AR Addn.
wrets, AA o] AolM =EE APgAF

o8 &8 Ay, delA dFF PEEed EFEEES Ao & Aotk
]
screening tool2 S|AstH @ Aoty AN F H B v e =T
71 flaM e, AAsid Bkl WAE o le ESHEES HaATIa, Ak A
Aol o] 8H 2F FEU =F ARE0 F U BeHolol & ZoE AZHEY &
g AA 4 ARE o] & A= A 29 AR Wi FEY ATl Badt

tha #ag

fu

O

i

FAE HHos AZE AU Amolurs FAH 282 9

A A= 2L Fol 4 EAlC Hs driy Asl(risk)E =713 =
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Table 41. Comparing WTP and VSL between Krupnick’s study and this study

Turnbull Weibull Spike

WP VSL WP VSL WP VSL

General

(original data) 4@ 941,840 B 1450000 3 1,196,000

(1999C$)

ot ey D SNSE- ADDS
548,831,780 998,902,236 23,922,120

(1999 won)

((f)gqulsfri? 1transfer) - 2~ - o . - A 8
690,691,253 1,063,346,553 77,077,570

(2001 won)

Air pollution i 310584000 IB 28689%000 PO 232,560,000

Indoor air

pollution BH 45936000 L 477384000 W 495480000
Drinking water

contamination W 240000000 DF 30208000 TH 329928000

Benefit transfero] o]&% W4

VSLkor=VSLcan*(GDPkor/ GDPcan)

GDPxor : 508,655 billion won(1999) (£ : TA14, 1999)

GDPcan : 1,010.6 billion C$(1999) (A : A4, 1999)

Exchange Rate : 788.08 won/C$(19991%) (EA : $t=r-23, 2002)

e: 03 ~ 0.6 (source : Miller and Guria(1991) from Technical Report on Methodology
: Cost Benefit Analysis and Policy Responses(Pearce DW and Howarth A, 2000))

CPlygeo(Consumer Price Index) : 97.791(2000=100) (£ : =23 AAFA, 2002)
CPlyn(Consumer Price Index) : 104.1(2000=100) (24 : =23 A 57, 2002)
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Table 42. General characteristics of respondents

Total
Variables gfgg 6% g“:’{% (n= 1‘;’ (81??6}())%’)6) Reference
Age (yrs) 38.9 38.7 38.8 38.8 33.1"

Female (%) 495 50.0 498 498 49.8"
Marriage (%) 70.9 67.9 70.6 69.8 46.6”
Education (%) 417 47.4 383 25 1527
Residence years (yrs) 238 214 234 229 -
ey ©f 388 454 388 410 320"
Number of family 3.8 3.6 3.8 37 343"
Household income (W) 3066423 3088124 330908 3314973 2,815,7981)
His/her own house (%) 733 63.8 60.2 65.8 55.4"
Chronic Disease (%) 26.2 224 16.9 21.9 -
Baseline risk(per 1,000) 3.99 3.94 4.29 4.07 4.00

1) M=A9, $71%, 2000

2) A, A, FA417, 2000

3) A&A Y, distu E9014, 5474, 2000

4) NeAd, FHaf7H HE, FA7, 2000
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E50] TE3| EAlst=Ttl e EA7F A

Consolidated top ten lists of Environmental Health Risks
Rank Environmental Problem Rank Environmental Problem
1 Indoor Air Pollution 1 Indoor Air Pollution

2 Outdoor Air Pollution 2 Lead

3 Lead 3 Food Quality

4 Food Quality 4 Outdoor Air Pollution

5 Pesticides 5 Pesticides

6 Stratospheric Ozone 6 Stratospheric Ozone
Depletion Depletion

7 Toxics 7 Toxics

8 Drinking Water Pollution 8 Drinking Water Pollution

9 Groundwater Pollution 9 Groundwater Pollution

10 Hazardous Waste 10 Hazardous Waste

Figure 5. Consolidated top ten lists of environmental health risks
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Abstract

A study on development of comparative risk analysis system

for priority of environmental problems in Seoul, Korea

Kim Yeshin
Dept. of Public Health
The Graduate School

Yonsei University

In practice, environmental protection initiatives are often motivated by legal
mandate, public clamor, scientific evidence, benefit, cost, politics and other
factors. CRA provided a systematic framework for first evaluating different
environmental problems that pose different types and degrees of risk to human
health and the environment, and then for deciding what to do them.

The important goals of CRA is to involve the public in the priorities-setting
process and to identify and incorporate their concern, to identify the greatest
environmental threats and rank them accordingly, to establish environmental
priorities and to develop action plan and strategies to reduce risk.

The basic premise of CRA is that risk provides an objective measure for
comparing the relative severity of different environmental problems. CRA
generally has the three main components as health risk assessment, ecological
risk assessment, economic or welfare risk assessment, and involves risk

management factor such as public perception.
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Comparative Risk Assessment (CRA) had initiated by US EPA in 1987 and
its guideline proposed named as "A guidebook to comparing risk and setting
environmental priorities” in 1993. Since the original publication of  Unfinished
Business , more than half of the states in the U.S. and more than 50 localities
have employes the CRA approach for identifying and addressing important
environmental issues.

In Korea, there is no CRA studies and has not well known CRA and not
well established their methodologies. Therefore, objectives of this thesis is to
establish the framework of CRA consisting of health risk, economic risk and
perceived risk and the detail methodologies of three main component of
estimating and comparing those risks for on the three environmental problems
of air pollution, indoor air pollution and drinking water contamination which
being subjective to the eight sub-problems of hazardous air pollutants (HAPs),
regulated pollutants (representative as PM10) and Dioxins (PCDDs/ PCDFs) in
air pollution, and indoor air pollutants (IAPs) and Radon in indoor air
pollution, and drinking water pollutants (DWPs), disinfection-by-products(DBPs)
and radionuclides in drinking water contamination in Seoul, Korea. And then,
their problems set priorities by individual and integrated risk(Figure A).

The index of human health risk is the theoretical mortality incidence from
exposure to carcinogens of 84 chemical and physical agents. Risk assessment
were conducted to the individual agent in according to the agent_ specific
approach. Human risks from environmental problems and sub-problems were
assumed as the sum of that of each chemical corresponding to each problem.
All of environmental agents and problems were not considered in estimating

theoretical mortality incidence. However, this study were tried almostly to
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manage the important agents in main human-contact media except for several
risky agents such as formaldehyde and 1,3-butadiene in outdoor air.

The index of economic risk is the theoretical mortality damage cost estimated
from willingness to pay (WIP) and value of statistical life (VSL) by contingent

valuation method (CVM) and that of perceived risk is the scale of seven score.

Risk Theoret.lcal Part 1
— | mortality —
assessment g
estimates

\« Part 2

Questionnaire N WTP/VSL || Damage
Survey estimation

cost

swa|qoud
|ejuswiuodiAug
LTI .ﬁ-un

Questionnaire Part 3 Prioriti
Shonnalre | » | Ranking | 272, | Priorities

Figure A. Framework for the this study

Questionnaire survey was conducted to 600 subjects (200 subjects of each
problem) by personal interview in order to elicit WIP on annual risk reduction
of 5/10,000 causing by environmental problems. The target population consisted
of persons between 20 and 60 years of age in Seoul. Characteristics distribution
such as age and sex of survey respondents to the WTP represent for those of
Seoul population, but education level, proportion of his/her own house and
household income were higher than those of Seoul population.

The payment vehicle was private donation and the initial bids set 10,000won,
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20,000won, 40,000won and 60,000won with double-bounded dichotomous choice
and the mean(median) WTP estimated by models of three types of
lower_bounded Turnbull method, Weibull, log-logistic and log-normal model and
spike model.

Risk perception survey was also conducted with WTP survey, to the same
subjects, contemporarily.

Several risks were compared among 3 environmental problems and 8
sub-problems and those problems were ranked by the magnitude of each risk
endpoint.

As a results, ranking of health risk were the following order of indoor air
pollution, air pollution and then drinking water contamination, in three
environmental problems and of radon, PM10, IAPs, HAPs, DWPs, Dioxins,
DBPs, and then radionuclides in eight sub-problems. And that of economic risk
were the same order. In the contrary, ranking of perceived risk were the
following order of air pollution, drinking water contamination, and then indoor
air pollution, and of HAPs, Dioxins, radionuclides, PM10, DWPs, IAPs, Radon
and then DBPs.

In addition, estimates of the different risks were classified with 5 categories
such as high, medium-high, medium, low-medium and low category. As a
result, in case of human risk, PM10 was allocated to the medium-high category,
radon and IAPs, were medium category. In case of economic risk, radon and
PM10 were allocated to the high category, IAPs, to the medium-high category
and HAPs, to the medium category. In case of risk perception, HAPs and
Dioxins were allocated to the high category and other sub-problems, to the

medium-high category.
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In order to present as an integrated index on the human, economic and
perceived risk Highest rule (pose priority on the highest score or category of
several values) and Average rule (pose priority on the average score or category
of several values) were adapted to the category value of each risk. As a result,
radon, PM10, HAP and Dioxins were allocated to the high category, IAPs,
DWPs, DBPs and radionuclide, to the medium-high category, if, according to the
highest rule. Radon, PM10 and IAPs were allocated to the high category, HAPs,
DWPs, Dioxins, to the low-medium category, and DBPs and radionuclide, to the
low category, if, according to the average rule.

These procedures of quantitative risk evaluation involved assembling and
analyzing relevant data and actually investigating and estimating parameters by
the scientific methodologies. Although risk estimates were calculated by the
scientific procedure, there is extensive need for value judgement and

uncertainties.

Key words : air pollution, indoor air pollution, drinking water pollution,
health risk, willingness to pay(WTP), value of statistical life(VSL), theoretical
mortality damage cost, economic risk, perceived risk, comparative risk analysis

system
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Appendix A. ¢4 &= A&

=]
B

Table A-1. Target organs of individual agents

A 712 A=

Class Chemicals Meh Health Effect Reference
ﬁ; 32; Formaldehyde|  Air Squamous cell carcinoma Kerns et al., 1983
Acetaldehyde Air Nasal squamous celvl Woutersen and Appleman,
carcinoma or adenocarcinoma | 1984
Flesch-Janys et al., 1998
Dioxins Dioxins Air All site cancer Aylward et al., 1996
Ott and Zober, 1996
Browné& Chu, 1983
Metals Arsenic Air Lung cancer hﬁ;;ilssggé 1983
Enterline and Marsh,1982
War Skin cancer US EPA, 1988
. Schroeder and Mitchener,
Beryllium War Nephroma 1975
Cadmium Air Cam]g;m éaggd‘ea' bronchus Thun et al., 1985
Chromium(6+)|  Air Lung cancer Mancuso, 1975
Lead War Nephroma Azar et al,, 1973
Air Forestomach,
PAHs Benzo(a)pyrene Squamous cell papillomas Neal and Rigdon, 1967
and carcinomas
Radio-) - 65 We|  Cancer EPA, 1999
nuclides
Radon War Stomach cancer NAS, 1999
Uranium War Cancer EPA, 1999
m PM10 Air Lung cancer
Bromodichloro- Kidney(tubular cell adenoma
THMs methane W ond tubular cell adenoma) NTP, 1987
Neoplastic lesion in the large
Bromoform War intestine NTP, 1988
Hepatocellular carcinoma/ NCI, 1976/
% 4
Chloroform Nephroma Jorgensen et al., 1985
Dibromochloro- Wir Hepatocellular adenoma or NTP, 1985
methane carcinoma
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Class Chemicals Meh Health Effect Reference
Rinsky et al., 1981,1987;
Paustenbach et al., 1993;
VOCs Benzene Air Leukemia Crump and Allen, 1994;
Crump, 1992, 1994;
US EPA, 1998
Rinsky et al., 1981,1987;
Paustenbach et al., 1993;
War Leukemia Crump 1994;
US EPA, 1998;
US EPA, 1999
Carbon Air Hepatocellular carcinomas/ IE)Slla I;orta etl a11;)4129 61;
tetrachloride Wir| hepatomas wards et al, /
NCI, 1976, 1977
Chloroform Air Hepatocellular carcinoma NCI, 1976
1,1-dichloro- Hemangmsarcomas/ NCI, 1978/ NCI, 1978
ethane Hepatocellular carcinoma
1,2-dichloro- Air .
ethane Wr Hemangiosarcomas NCI, 1978
1,1-dichloro- War Pheochromocytoma NTP, 1982
ethylene
Dichloro- Air ;omblned adenomas and NTP, 1986
methane carcinamas
Hepatocellular adenomas or NTP, 1986;
Wir| carcinomas/ Hepatocellular NCA(National Coffee
cancer and neoplastic nodules | Association), 1983
Ethyl .
. aytene Air Adenoma Edwards.] et al., 1991
dibromide
Tetrachloro- . R .
Air Leukemia, Liver carcinoma US EPA, 1986
ethylene
War Hepatocellular carcinoma NCI, 1977
1,1,1,2-tetra- Wr Hepatocellular adenoma or NTP, 1983
chloroethane carcinoma
11,2 2-tetra- War Hepatocellular carcinoma NCI, 1978
chloroethane
LL2trichloro-| el Hepatoma NCI, 1978
ethane
Trichloro- Air Adenoma Maltoni.L et al., 1986
ethylene Fukuda.K et al., 1983
War Hepatoma NCI, 1976; NTP, 1983
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Appendix B. 14 918148 H7} A

1=

ol

B-1. U719 o=z <13 o234 Al 9

7] edo=z Qg |zt /i el E(annual individual risk)€ ZF3 PM10
& Agsn ZF 10° o5t = $E& dehdh 2y B4 1 fslx
(lifetime individual risk)¥ PM100] ¢k 3.7x10°, HAPs& 3.0x10%, tho] &A1& 6.2
x10° oA, ¥ As=E 41x10°02, O BT o 499 =S dehidn
(Table B-1, Table B-2).

EAY o2 Al Ad7AY Y E)E By, 4 EEAF PMI10o] o
3 OeoZe A3 WAool 2tz 19934 13808 &3

1
o AAdes e euAd g PMId] @ ol Ae 2 slew(et

(Table B-2).
39 ®AME B #FAEF(PM10), HAPs, Dioxins w(5ATH0Z f9&
Atolg 19, Figure B4)o2 7]ewE Jeha glol, N &A1 2%, t7]1e 4l

N 75t B2 S YEAE AA AP ¢k 90% o) AS A EE PM10L
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Table B-1. Annual individual and population risks due to air pollutants in Seoul

Sub- mean Annual Annual
problem Chemical Chemical (/) Unit rigk? in.dividual population
classes risk risk?
HAPs Metals Chromium(Cré+) 0.012 1.40E-02 2.48E-06 19.0
Arsenic(As) (ng/m’) 6.340 5.02E-03 4.55E-07 3.5
Cadmium(Cd) 0.006 2.10E-03 1.65E-07 12
VOCs Benzene 12490 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
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  120E-047 - -
PAHs Dibenz(a h)anthracene ~ 0.945  12E05)  L64E-07 13
(ng/ ) Benzo(a)pyrene 3.028 243E-06 1.05E-07 0.80
Benzo(K)fluoranthene 2897 243g07”  LOIE-08 0.077
Benzo(b)fluoranthene 2.747 243E07 9.54E-09 0.073
Benzo(a)anthracene 2.370 243E07 8.23E-09 0.063
Indeno(1,2,3-cd)pyrene 2.333 243E07 8.10E-09 0.062
Chrysene 3.003 243E-08 1.04E-09 0.008
Benzo(g,h,i)perylene 2.635 243E08” 9.15E-10 0.007
Fluoranthene 1937 2438097  6.72E-11 0.0005
Pyrene 1.740 243E09” 6.04E-11 0.00046
Anthracene 0.162 243E-08 5.63E-11 0.00043
Phenanthrene 1125 243E09” 3.91E-11 0.0003
Acenaphthene ND 243E-09 - -
Acenaphthylene ND 243E09” - -
Fluorene ND 243E09” - :
Regubied 1, 0 PMI0 7008 0800%  550E-05"  564.6”
pollutant
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(cont’d)

Sub- Annual Annual
Chemical Chemical mean Unit risk? individual population
classes risk risk”
PCDD/ 2,3,4,7,8-PeCDF 0.072 1.67E-04 1.72E-07 1.3

PCDF

(pg/ ) OCDD 326540 3.33E-08 1.55E-07 12
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
234 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
1,2,3,7,8-PeCDF 0.151 1.67E-05 3.58E-08 0.27
1,2,3,4,6,78-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
23,78-TCDD 0.001 3.33E-04 4.63E-09 0.035
1,2,3,4,7,89-HpCDF 0.053 3.33E-06 2.51E-09 0.019
OCDF 0.342 3.33E-08 1.63E-10 0.013

Y IRIS(2002)
? Exposure population : Population above 20 years-old, 7,651,408 persons(Korea National Statistical
Office, 2001) i Ministry of Environment, Korea(1998)
Y Edward et al.(1991) ¥ individual TEF 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 vyears-old, 1,007
ersons(Korea National Statistical Office, 2000)
) US EPA(2001)/ individual TEF x unit risk of 2,3,7,8-TCDD

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

* PAHs : Polycyclic Aromatic Hydrocarbons * PM10 : Particulate Matter (size : <10um)
* PCDDs : Polychlorinated dibenzo-p-dioxins * PCDFs : Polychlorinated dibenzofurans
* HpCDD : heptachlorodibenzo-p-dioxin * HpCDF : heptachlorodibenzofuran

* 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

- 129 -



PM10(regulated)* Q2277222277772 77222777///77227777777222777777727)
Chromium(6+) ¥ : ] ‘
Benzene
Dioxins | —
1,2-Dichloroethane 7:| ‘
Arsenic 7
total PAHs ]
Trichloroethylene P
Cadmium
Chloroform ! !
1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03

Annual Population Risk (log scale)

Figure B-1. Annual population risk of each chemical and its ranking in air
pollution

*p < 0.05 (comparison among the theoretical mortality estimates of agents), ANOVA

Table B-2. Risks due to air pollutants of sub-problems and problems and their
relative contribution

Sub- Individual risk Population risk Relative
contribution
problem Lifetime”  Annual Point  50%tile  95%tile (%)
HAPs 2.96E-04 4.22E-06 471 38.3 120.9 7.6
Metals 1.42E-04 2.03E-06 23.7 155 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 2.4 2.0 49 0.4( 5.1)
Regulated™*
3.74E-03 5.34E-05 564.6 548.3 825.5 91.2
pollutant(PM10)
Dioxins 6.16E-05 8.80E-07 7.5 6.7 14.0 1.2
Total 4.10E-03 5.85E-05 619.2 603.5 893.5 100.0
YAnnual individual risk x Life expectancy(70 years)
- HAPs : Hazardous Air Pollutants + VOCs : Volatile Organic Compounds
- PAHs : Polycyclic Aromatic Hydrocarbons - PM10 : Particulate Matter (size : <10um)

* p < 005 (comparison among the theoretical mortality estimates of agent classes), ANOVA
* p < 0.05 (comparison among the theoretical mortality estimates of sub-problems), ANOVA
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A7) 9oz A% A7t Y 98| E(annual individual risk)= EZELH|
Frg gEs AYdn BF 10° o3ty AsE +£5& deh Ak 18y B4
7Hol 9ol & (lifetime individual risk)& 2FEo] ¢F 4x10°, IAPsE 1.2x10°, % 9
AxE 5.6x10°0.2 oF AYF 699 =S el iTH(Table B-3, Table B-4).

F(E7 97 A Y E)S 2, gE(radon)o] oF 7887

Z 7MY B3, O 9o Ee TELUS|ETL F 13682 3T HAHS
2 e e9=4o Hg gl g3 FFe] wif F V1A% (YF 84%)E AAStL
A H(Table B-3, Figure B-2).

EAALERE HY, g AYsta, udERT O gelE 8 V9e

Wl

A s oM, O ggoge

<

OCs = |1 tHTable B-4). &7]x Ld3]=F 2]
Asl=e oF N%E TELHI=R
SHAEAQ IAPs9} 2hEe] o] 84 At FAA tee SASAHoE {3

zkol & YEY A th(Figure B-4)
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Table B-3. Annual individual and population risks due to indoor air pollutants

in Seoul

. Annual Annual
Sub- Chanidd Chemical T Uit ik individual population
problem classes frg/m) risk risk?
IAPs  Addyke  Formaldehyde 8175  1.52E-05  1.78E-05 135.8
Acetaldehyde 476  257E-06  1.64E-06 12.6

VOCs Benzene 405  957E-06  554E-07 424

Carbon tetrachloride ~ 0.13 ~ 433E-05  8.04E-08 0.62

Trichloroethylene 179  164E06°  4.19E-08 0.32

Tetrachloroethylene 242 674E07  2.33E-08 0.18

1,2-dichloroethane 0.02 3.03E-05  8.22E-09 0.06

Radon ~_ndoor  Radon 122 591  103E04 7880

radon (pCi/L)

U IRIS(2002)
Exposure population : Population above 20 years-old, 7,651,408 persons(Korea National Statistical
Office, 2001)

¥ Ministry of Environment, Korea(1998) ¥ Edward et al.(1991) ® NRC(1999)
* IAPs : Indoor Air Pollutants * VOCs : Volatile Organic Compounds
Radonx
Formaldehy de N
Acetaldehyde ‘ ‘
Benzene '

Carbon tetrachloride

Trichloroethylene

Tetrachloroethylene

1,2-dichloroethane

1.0E-02 1.0E-01 1.0E400 1.0E401 1.0E402 1.0E403
Annual Population Risk (log scale)

Figure B-2. Annual population risk of each chemical and its ranking in indoor
air pollution

* p < 0.05 (comparison among the theoretical mortality estimates of agents), ANOVA
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Table B-4. Risks due to indoor air pollutants of sub-problems and problems and

their relative contribution

Sub- Individual risk Population risk Relative
problem  [ifetime!  Annual  Point  50%tle  %%tle contribution(%)
IAPs 121E-03 1.72E-05 153.8 1317 4134 16.3
Adehyde  1.15E-03  1.64E-05 148.4 1256 406.7 15.7(96.5)
VOCs 405E-05  578E-07 o4 44 17.1 0.6( 3.5
Radon™* 397E-03 567E-05 788.0 4342 2948 83.7
Total 564E-03 8.05E-05 941.8 616.3 2767 100.0

YAnnual Individual Risk x Life expectancy(70 years)

-+ IAPs : Indoor Air Pollutants + VOCs : Volatile Organic Compounds
" p < 0.05 (comparison among the theoretical mortality estimates of agent classes), ANOVA
* p < 0.05 (comparison among the theoretical mortality estimates of sub-problems), t-test

E 72x10°, DBPs(THMs)7} 2.7x10°01%%, & si=& 23x10702 of wug
ok 29 o] s YE A Th(Table B-5, Table B-6).

Y o83 AT dF JyD SdE)E BW, M4, PAHsT
dibenzo(a,h)antharacene, VOCs% 1,1-dichloroethylene, DBPs% chloroform&.& 7}
7y 4%, 2%, 1%, 192 t& &4 Bls) =4 5745 Av(Figure B-3).

4% ¥2c $5% THMs, VOCs, PAHs, 23t 718t WA E A (B, ¢

7

g 3 AL ot
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M

19 FAEE B, F5%, VOCs, PAHsE X 33}= DWPs(drinking water

Z OREe AANYL, I 4FeE THMseZ 74

¥ DBPs(204%), 121 A3t5rF BAMEA(G.6%) T(TATFHOE Fodt Aol
o

£ X9, Figure B-4)°] % t}(Table B-6).

Table B-5. Annual individual and population risks due to water pollutants in
Seoul

Sub-  Chemical : mean _ Annual  Annual
blem classes Chemical (ug/L) Unit risk” individual  population
o risk ridd®
DWPs VOCs 1.1-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
Tetrachloroethylene 0.170 8.09E-07" 1.97E-09 0.011
1.1-dichloroethane 1.440 5 00F-08Y 1.03E-09 0.0056
Trichloroethvlene 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 - -
Metals Arsenic(As) 0.001 5.00E-05 7.14E-07 3.9
(mg/L) Lead(Ph) 0.001 1308067 186E-08 01
Beryllium(Be) ND 4.08F-04° - -
PAHs Dibenzo(a.h)antharacene 0.017 1.22E-03” 2.95E-07 16
Benzo(alpvrene 0.002 2 43E-04 6.94E-09 0.038
Benzo(b)flueranthene 0.016 243F-05” 5.55E-09 0.03
Pvrene 0.028 2 43E5.07" 9.72E-11 0.0005
Acenaphthene NR. 2.43F-07" - -
Anthracene ND 243E-06" - -
Benzo(a)anthracene ND 2.43F-05” - N
Benzo(k)fluoranthene ND 2.43F-05” - N
Benzo(ghd)perylene NR. 2.43F-06" - -
Chrysene ND 2.43E-067 : :
Fluorene ND 243070 : :
Indena(L.2.3-cd)pyrene ND 2.43F-05" - "
Phenanthrene ND 243E-07Y - -
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(cont’d)

o e Chemical AN Uit risk! indié%nL?;il popﬁgﬁg
problem classes (ug/L) Hisk ek
DBPs THMs Chloroform 16327 9.60E-07 2.24E-07 1.2
Bromodichloromethane ~ 4791  2.07E-06  142E-07 0.77
Dibromochloromethane ~ 0.958  2.80E-06  3.83E-08 0.21
Bromoform 0075  2.63E-07  281E-10 0.002
Radio- Radio- Radon 6%  700E-087  116E-06 0.83"
nuclides nuclides
Gross a 047  583E06”  390E-08 0.028Y
Uranium 027  151E067  571E09 00041

Y RIS(2002)
% Exposure population : 5,409,545 persons(Population above 20 years-old(Korea National Statistical Office, 2001)

xFraction using tap water as drinking water(70.7%, Korea National Statistical Office, 1997))
¥ Ministry of Environment, Korea(1995) ¥ individual TEF x unit risk of B(a)P
¥ NAS(1999) 9 EPA(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 groundwater as drinking water(9.3%, Korea National Statistical Office, 1997))

&3 9

* 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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1,1-dichloroethylene
Chloroform
Radon

Bromodichloromethane

1,2-dichloroethane L

Carbon tetrachloride
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1.0E-01 1.0E+00 1.0E+01

Annual Population Risk (log scale)

Figure B-3. Annual population risk of each chemical and its ranking in drinking
water contamination

*p < 0.05 (comparison among the theoretical mortality estimates of agents), ANOVA

Table B-6. Risks due to drinking water pollutants of sub-problems and problems

and their relative contribution

Sub- Individual risk Population risk Relative
problem Lifetime’ ~ Annual  Point 50%tile 95%tile contribution(%)
DWPs* 7.22E-05 1.03E-06 7.7 6.51 16.1 713
Metals" 3.68E-05  5.26E-07 4.0 287 1050 37.1(51.9)
VOCs 1.67E-05  2.39E-07 2.0 1.32 5.90 18.5(26.0)
PAHs 1.87E-05  2.67E-07 1.7 1.45 345 15.7(22.1)
DBPs 2.74E-05 3.92E-07 22 213 3.12 20.4
Radionuclides ~ 1.34E-04  1.92E-06 0.9 1.36 5.64 83
Total 2.34E-04 3.35E-06 10.8 10.6 211 100.0
Y Annual Individual Risk x Life expectancy(70 years)
- DWPs : Drinking Water Pollutants + VOCs : Volatile Organic Compounds
- PAHs : Polycyclic Aromatic Hydrocarbons - DBPs : Disinfection by-products
+ THMs : Trihalomethanes + ND : Not Detected

* p < 0.05 (comparison among the theoretical mortality estimates of agent classes), ANOVA
* p < 0.05 (comparison among the theoretical mortality estimates of sub-problems), ANOVA
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Table B-7. Lifetime and annual individual risks of environmental sub-problems

and problems

Sub- Individual risk
problem Lifetime Annual
HAPs 2.96E-06 4.22E-06
Regulated
Ak polu PD(;LIZ? :t(PMlO) 3.74E-03 5.34E-05
(PCDDs/PCDFs) 6.16E-05 8.80E-07
Total 4.10E-03 5.85E-05
Ind . IAPs 1.21E-03 1.72E-05
neoor A Radon' 3.97E-03 5.67E-05
pollution
Total 5.64E-03 8.05E-05
Lo DWPs 7.22E-05 1.03E-06
Drinking
water DBPs 2.74E-05 3.92E-07
contami- Radionuclides 1.34E-04 1.92E-06
nation (groundwater) ’ )
Total 2.34E-04 3.35E-06
- HAPs : Hazardous Air Pollutants - PM10 : Particulate Matter (size : <10um)
- PCDDs : Polychlorinated dibenzo-p-dioxins + PCDFs : Polychlorinated dibenzofurans
- IAPs : Indoor Air Pollutants - DWPs : Drinking Water Pollutants

- DBPs : Disinfection by-products
" p < 0.05 (comparison among the individual risks of sub-problems), ANOVA
* p < 0.05 (comparison among the individual risks of problems), ANOVA
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Annual Population Risk Annual Population Risk

log scal
WO,OOO(Og e) 2,500
2,0001 N *
. %
- 1,500
100

- 5001
0 . . . 0 ! .
HAPs PM10 Dioxins IAPs Radon
Annual Population Risk Annual Population Risk
30 (log scde)
10,000
— %
251
2o ] [ —
—71
—_ *
159
100 I
101
5 10
O L L
DWPS DBPS 0 . , ,
AA A oW

max.(non-outlier)
75th percentile
median

25th percentile
min.(non-outlier)

*p < 0.05 (comparison among the theoretical mortality estimates of problems and sub-problems), ANOVA

IA : Indoor Air Pollution AA : Air Pollution

DW : Drinking Water Pollution HAPs : Hazardous Air Pollutants

PM10 : Particulate Matter (size : <10um) PCDDs : Polychlorinated dibenzo-p-dioxins
PCDFs : Polychlorinated dibenzofurans IAPs : Indoor Air Pollutants

DWPs : Drinking Water Pollutants DBPs : Disinfection by-products

Figure B-4. Annual population risks due to environmental sub-problems and

problems in each media
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Annual
Individual Risk
(log scala)

10604 ¢ --

10E06 s

10808 -

(log scale)
10E04 [----

Annual
Individual Risk

1087 - - o
1 10 100 1000 1 10 100 1000
Annual Annual
Population Risk Population Risk
(log scale) (log scale)
Ambient Air Indoor Air
Annual Annual
Individual Risk Individual Risk
(log scale) (log scale)
10604

tffiI;hi&iéﬁdéjii{éifffﬁ::ii::ﬁjﬁlfﬁlﬁﬁf:ﬁﬁiﬁ:’.lllﬁfff;

Annual
Population Risk

Drinking Water

1 10 100 10004
Annual
Population Risk
(log scale)

Total

* HAPs : Hazardous Air Pollutants

* PCDDs : Polychlorinated dibenzo-p-dioxins
* IAPs : Indoor Air Pollutants

* DBPs : Disinfection by-products

* PM10 : Particulate Matter (size : <10ym)
* PCDFs : Polychlorinated dibenzofurans
* DWPs : Drinking Water Pollutants

* DBPs : Disinfection by-products

Figure B-5. Annual individual risk vs. population risk of each sub-problems and

problems
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A9 SREAN A HE £He A L, LY, Heel

Ao, sYEAd W A4Y 559+ g, PM10, IAPs, HAPs, DWPs3=©|
th agla o A AMASE ke ¥, AUEIed, ey g o

209 o7 77t oF 9429, 61983} 115 0] th(Table B-8, Figure B-6).

Table B-8. Health risk ranking of environmental sub-problems

A

Rank Problem Sub-problem

1 IA Radon

2 AA PM10

3 1A [APs

4 AA HAPs

5 DW DWPs

6 IA Dioxins

7 DW DBPs

8 DW Radionuclides
* IA : Indoor Air Pollution * AA : Air Pollution
* DW : Drinking Water Pollution
* HAPs : Hazardous Air Pollutants * PM10 : Particulate Matter (size : <10um)
* PCDDs : Polychlorinated dibenzo-p-dioxins * PCDFs : Polychlorinated dibenzofurans
* IAPs : Indoor Air Pollutants * DWPs : Drinking Water Pollutants

* DBPs : Disinfection by-products

Annual Population Risk
log scale)

1,000

100 - - -

DWPs ‘ DBPs ‘ Radio

HAPs ‘PMH) Dioxins IAP's ‘Radon

AmbientAir Indoor Air Drinking Water

Figure B-6. Annual population risks of environmental sub-problems
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Appendix C. A EA} 7o A of
Aol Ab e Solu £4 Fol Wi A3 &4 vEs T YRS
T}3lth(Table C-1). 9714 COIl(cost-of-illness) 2} Benefit transferd™-& | <]t
T BF AR S TSt SRlolth 4 el g & - @i 54 A
H H Sk TH(Table C-2, Table C-3).
of AFdAME AEAEAE FA57] AT A A B T M 7HA] #
7HE AgstAnt. o] HIPHE 4 ARE7FA] (use value) iRt
A (existence value):= H7} 7hs3stH, Qo] tig FF7HAE nste st 7FA R
Zojd 4 & HHolti(US EPA, 2000). H3+ thdt A4 Wal(el; 719
S % AAFH FAE AT AT Sl B Aol A& Thsd Wl
M, By & AU #e ZAF #H(averting behavior, hedonic price and
travel cost method)E2 EF AlZolA Y d2E AWstA 7HAsta, B3¢ A
AAH EAHAE Je 8
s FHd At e 59E AF dHIESF dto BRI HAE (e

4
stk A4ol 9] e o e du s

ol

rlr
=
=2

11‘.
e
=
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Table C-1. Outline of main methodologies for benefit estimation

ik W &
COl AEAEH Y 22 AN LR &4 g9 22
(Cost-of-illness) | ZFHHI-&S St HYS FAst= W
AB s wojstr] fef Fdste 59 HEH
(Avert Behavior) | E&A 025 H WIPE F43t= W4
TC AdE AEstel 27171 sl AEshe HES 46t
(Travel Cost) | 7FAE H7lst= W
HP #7820l wgd FEHA, dF 59 Aol wlasto
(Hedonic Price) | WIPE FA 3= W4
( Coitvirléem Survey A5}l ARGTA oF WeE AFY
; e A WIPE f=ste W
Valuation)
CRM HAES AAstd 84 24 S35 +9 HldS A
(Contingent Rank)| & & W75 3= WH
BT 71E A7 ARE o] &5k, EZR FH FHA
(Benefit Transfer) | #o& H7tst= W
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Table C-2. Advantage and disadvantage of main methodologies for benefit

estimation
i & A o A

g 9 guol Yoz 49|  AWoR UF uE B v§
 7HF surveyZl BZ Q. Fyo] Hg Ao Ty = Ao
CWIPS] @il 2 4 98 | A%

g

AB ‘i 9

o o o
4o
1o
R
oo
29
kol
é
=
ol -

VA o WA A

! =1 L EXR ;(Hﬁ].o]] EHS} ﬁﬂ7}u]-o] 7}.‘:61-'
s} 7 B 7EkH o] Z 2 =) e ve/T ]
1c| 98 IR SRR s p )0 e 9t efeis.
M A .
L AGERAHD A5 7hs,
‘ L BAE FAR A B2,

- A4 (flexibility)o] o] ThFEH - 714 (hypothesis) &2 A3+ &34,
2|

W A7} 48 7hs. - H]g-o] Ho] F,

- B}l gk J3tA] EEet=

WTP A 9| 7}5.
QM| - o] &ol. - CVMY] o|E ¥Rt SHo| 7bZ &,
BT |- &3} A|7to] HA AR, - 7)1E AT vl Hol vhE 4 QS

*COI : cost of illness, AB : avert behavior, TC : travel cost,
HP : hedonic price, CVM : contingent valuation method,
CRM : contingent rank method, BT : benefit transfer
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Table C-3. Characteristics of main methodologies for benefit estimation

Cost-of- Avetting| ~ Hedonic Hedonic Confingent RiskeRisk Health State
illness | Behavior | Property | Wage Valuation | Tradeoff Index

7919
WTPZH of 5

gl the WAasEe AHHEAY oy

No Yes Yes Yes Yes No No

Private direct cost 0 0 0 0 0 0 Rarely

Lost earnings o o o o o o 0

Lost nonmarket

Usually o 0 0 0 o o

Work

Lost leisure o o o o o 0

Third-party cost 0

Averting cost 0 (o] o o 0

Pain and suffering 0 0 0 0 0 0

Altruism to ) . . .

Soeimes o Soveines Sometimes Sometimes Sometimes

household members

Altruism t .

m towards Sometimes

others

*Source : US EPA, Handbook for non-cancer health effects valuation, 2000

agx v Y 71’34 (National Oceanic and Atmospheric Administration,

NOAA)ANA = 7137FA] H7PHE A& A, a2soF & A% (Arow et al, 1993;

LA, 199955 o EAsHeH, A FdHe dFEEY Ate o] RS

st Y QItHDW Pearce et al, 2000). °] =FolAZ o AHES F
£

RS SHEATL ohd AL W 2Ak] 2AT ok B,
5§ FAWTARTE A% o4 FAWIP)S 243k Aol wigasiu,

= o] B Atae] el HEH e dos BT Aol e
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3] FAAA, Wk A&7 55 WERSA Medor o, £ SHAY &5,

AFA, 99, A At ol oAF T} 2 FEHAY ASAAA #E a9
Arshs Z®o] dastt rpATo g, SHAA WIPE ofEojll=s ugtd
Aol 2gEojof gtt}(Pearce et al., 2000).

N—
g

webd o] E=EAAM oM FF3 NOAAS A3 Pearce’s (2000

Krupmck(ZOOO) =EoA Axetal e 84ES FE9 LYste HEAE )
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Figure C-1. Structure for two-stage dichotomous choice method
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Table C-4. Comparison among contingent valuation methodologies
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X3 o]FHF R
A2l os) A5 AA Tl -wYE AB
TA shd AEARES =] Je 2 Fof
THA (AN E )= Yes'2}il 3 Abg A E2 ste Uy
SHAL AEE A | ARG 5L 592
g DA AwE gard o 2Esto]
ZARshE B 7H-E wetA dha,
‘No'zhal &3t Abgh2
o we A4S
A A8k 7HEE
HotA s W

AAZAE AAS] ANFAOE AT

SFE Eojof T

- 149 -



Table C-5. Advantage and disadvantage of contingent valuation methodologies
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Appendix D. B3l 9J&% 243 #HE A5

Table D-1. List of comparative risk projects included in analysis

Level of Government Project
National U.S. EPA, Unfinished Business.*
Regional EPA Regions 1-10.

Alabama;Arizona;Arkansas;California;
Colorado;Florida;Hawaii;lowa;

State Louisiana;Maryland;Minnesota;
Mississippi;North Dakota;Ohio;Texas;
Utah;Vermont;Washington;Wisconsin.*

Territory Guam.*
Northeast Ohio;Clinton County(OH);
Local Columbus(OH);Denver(CO);

Washington, DC.

* Counted as two separate cases since each conducted human health CRA for both cancer risk
and non-cancer risk.
** Source : US EPA, "Unfinished business", 1987

Table D-2. List of environmental problems studies

Reference .
Environmental Problem
number
1 Criteria air pollutants from mobile and stationary sources
(includes acid precipitation
2 Hazardous / toxic air pollutants

other air pollutants (includes fluorides, total reduced sulfur, substances not
included above that emit odors)

4 Radon - indoor air only

Indoor air pollutants - other than radon

6 radiation - other than radon

7 Substances suspected of depleting the stratospheric ozone layer
- CEC’s, etc.

8 CO, and global warming

9 Direct, point source discharges (industrial, etc.) to surface water
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(cont’d)

mﬁiff:;m Environmental Problem
10 Indirect, point source discharges (POTW’s) to surface water
11 Nonpoint source discharges to surface water
12 Contaminated sludge (includes municipal and scrubber sludge)
13 To estuaries, coastal waters and oceans from all sources
14 to wetlands from all sources
15 From drinking water as it arrives at the tap (includes chemicals, lead from pipes,

biological contaminants, radiation, etc.)

Hazardous waste sites - active (includes hazardous waste tanks)

16
(groundwater and other media)
17 Hazardous waste sites - inactive (Superfund)
(groundwater and other media)
18 Non-hazardous waste sites - municipal (groundwater and other media)
19 Non-hazardous waste sites - industrial (includes utilities)
(groundwater and other media)
20 Mining waste (includes oil and gas extraction wastes)
21 Accidental releases - toxics (includes all media)
22 Accidental releases - oil spills
23 Releases from storage tanks (includes product and petroleum tanks - above, on
and underground)
2 Other groundwater contamination (includes septic systems, road salt, injection
wells, etc.)
25 Pesticide residues on foods eaten by humans and wildlife
% Application of pesticides (risks to applicators, which includes workers who mix
and load, as well as apply, and also consumers who apply pesticides)
7 Other pesticides risks, including leaching and runoff of pesticides and agricultural
chemicals, air deposition from spraying, etc.
28 New toxic chemicals
29 Biotechnology (environmental releases of genetically altered materials)
30 Consumer product exposure
31 Worker exposure to chemicals
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Table D-3. Rule used to convert risk rankings to uniform ranking scheme

Comparative Risk Project High Medium Low
Unfinished Business Category 1 Category 4
Categories 2, 3(7-22)
(cancer) (1-6) (23-27)
Unfinished Business Category 1 Category 4
Categories 2, 3(7-22)
(non-cancer) (1-6) (23-27)
EPA Region 1 Highest High, Medium, Low Lowest
EPA Region 2 Very High High, Medium Low
EPA Region 3 1-6 7-12 12-18
Medium-High, Medium,
EPA Region 4 High Low
Medium-Low
EPA Region 5 High Medium-High, Medium-Low Low
EPA Region 6 Category 1 Categories 2, 3 Category 4
EPA Region 7 High Medium Low
EPA Region 8 Category 1 Categories 2, 3 Category 5
Medium-High, Medium,
EPA Region 9 High Low
Medium-Low
EPA Region 10 Category 1 Categories 2, 3 Category 5
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(cont’'d)

Comparative Risk Project High Medium Low
Alabama 1-8 9-17 18-25
Arizona High Medium Low
Arkansas High Medilirg‘-NI—_Ii Baihdrgdium, Low
California High Medium Low
Colorado Category 1 Categories 2, 3 Category 4
Florida High Medium Low
Hawaii High High-Medium, Medium Low
Louisiana Very High High, Mgéliigg_High’ Low
Maryland High High%s&ﬁ?&%gdiun’ Low
Minnesota 1-4 5-8 9-12
Mississippi High Medium Low
North Dakota 1-3 4-8 9-11
Ohio Group A Group B Group C
Texas 1-4 5-10 11-14
Utah High MEdul{/[né(IiIithI;I{_ Ll\(/)l&dium, Low
Vermont 1-3 4-7 8-10
Wisconsin Tribes(cancer):  Very High High, Medium Low
Wisconsin Tribes . .

(non-cancer) Very High High, Medium Low
Guam(cancer) 1 2,3, 4 5
Guam(non-cancer) 1 2,3, 4 5
Northeast Ohio High Medilﬁggﬁﬁg’_ Ll\c/)l‘(/evdium, Low
Clinton County, Ohio 1 2-4 5
Columbus, Ohio High Medﬁﬁ{gﬁ%owedium’ Low
Denver, Colorado I I m
Washington, DC High Medium Low

*Source :

US EPA, "Unfinished business", 1987
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Table D-4. List of aggregations*

Environmental Problem Category

Environmental Problem Areas’

Accidental Releases

Accidental Releases-Oil Spills;

Accidental Releases-Toxics/Hazardous Materials

Acid Deposition

Acid Deposition;Acid rain

Deep Well Injection

Deep Well Injection-Traditional Underground
Injection Wells;Deep Well Injection-Other
Underground Injection Wells

Drinking Water Pollution

Drinking Water(General);Drinking
Water(Public);Krinking Water(Non-Public);
Total Suspended Solids, BOD, or Nutrients in
Water;Nitrates;Naturally Occurring Contaminants
in Drinking Water

Food Quality

Food contamination(Seafood);
Food Contamination/Food Quality/Food Safety;
Pesticide Residues on Food;

Food Safety Natural Toxins

Groundwater Pollution

Groundwater(Anthropogenic Source Releases);
Groundwater(Natural Source Releases);

Other Ground-Water Contamination;
Groundwater Contamination/

Groundwater Quality

Habitat Modification/

Ecosystem Alteration

Aquatic habitat Modification;Terrestrial Habitat
Modification;Habitat/Ecosystem Modification
or Quality of Natural Areas
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(cont’d)

Environmental
Problem Category

Environmental Problem Areas’

Hazardous Waste

Hazardous Waste Sites-Active(RCRA);
Hazardous Waste Sites-Inactive/Superfund;
Hazardous Waste General; Hazardous Waste
Facilities, Regulated;Hazardous Waste Facilities,
Abandoned and Unregulated;Radioactive and
Hazardous

Indoor Air Pollution

Environmental Tobacco Smoke;Indoor Air
General;Indoor Air Pollutants Other Than
Radon;Asbestos;Indoor Radon

Outdoor Air Pollution

Criteria Pollutants;Hazardous/Toxic Pollutants;
Commercial and Stationary Sources;

Toxics Plus PM10;Other air Pollutants;
Outdoor Air Other Than Lead and Fine
Particulates;Industrial Emissions;Mobile Source;
Benzene;Outdoor Air;Airborne Lead;Carbon
Monoxide;Sox;SOx, NOx, and Acid Depositon;
NOx;0zone;Particulate Matter;VOCs;Commercial
and Stationary Sources;Toxics Plus PM10;
Dust:cars/industry;Areas Sources/Non-point
Sources;Smog;Combustion By-Products

Pesticides

Agricultural Use of Pesticides;Pesticides;
Application of/Farm Warker Exposure to
Pesticides;Pesticides Non-Agricultural Use of
Pexticides;Pesticides, Others risks(Runoff/Air
Deposition);Spraying of Pesticides;Agricultural
Practices/Pesticide Pollution Pesticides
(Surface Runoff)

Pests and Pest
Management

Pest Management;Pests(Exotic Species)
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(cont’d)

Environmental Problem Category

Environmental Problem AreasJr

Radiation Exposure
(Other Than Indoor Radon)

Anthropogenic Sources of Radiation Radiation;
lonizing Radiatin from Man-Made,
Non-Medical;lonizing Radiation;

Medical Exposure to Ionizing Radiation;
Natural Sources of Radiation;Non-lonizing
Radiation;Ultraviolet Radiatin;Radiation Other
Than Radon

Radioactive Waste Issues

Disposal of Radioactive Waste;
Radioactive Waste Sites-Active;
Radioactive Waste Sites-Inactive;
Radioactive and Hazardous Waste

Solid/Non-Hazardous Waste

Non-hazardous Waste Sites-Industrial;
Non-hazardous Waste Sites-Municipal;

Waste Sites/Non-Superfund(Uncontrolled);
Non-hazardous Waste Sites;

Solid Waste Disposal;Municipal Solid Waste;
Solid Waste Reduction Facility/Dioxin;

Solid Waste;Solid Waste Disposal Capacity;
Solid Waste Industrial;Solid Waste Municipal
Incinerators;Solid Waste Municipal Storage
Landfills
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(cont’d)

Environmental Problem Category Environmental Problem Areas’

Discharges of Estuaries, Coastal Waters and
Oceans;Discharges to Wetlands;Discharges/
Pollution of Rivers and Streams;Surface Water
Contact;Surface Water Quality General;Surface
water Direct Point Source;Discharges/
Wastewater-Industrial;Discharges/
Wastewater-Municipal,Surface Water Point
Source Dischanrges;Surface water Point Source

Surface Water Pollution Discharges-POTWs;Wastewater Discharges;
Nonpoint Sources Pollution/Discharges to
Surface Water;Surface Water Contact;Surface
Water Quality-Potomac;Suface Water
Quality-Anacostia;combined Sewer Overflow/
Inadequate Infrastructure;Surface Water;
Direct Point Source Discharges/
Wastewater-Industrial;Direct Pint Source
Discharges/ Wastwater-Municipal

Worker Exposure to Toxics/Chemicals;
Consumer/Household/Schoool Exposure to
Toxics/ Chemicals/Hazardous;Substances;
Persistent Organochlorines;Inorganics;
Toxic Chemicals;New Toxic Chemicals;
Hazardous Substances

Toxics

Waste;Industrial Diposal of waste;

Waste Issues .
Transportation of Waste

* Some environmental problem areas were unique and were not aggregated
into environmental problem categories(e.g., stratospheric ozone depletion).
" As titled in original CRAs.
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Table D-5. Method comparison of international comparative risk analysis

Nod Types of risk for . Extent of data : .
Study location pch  which rankings Formal Project collection and Notable features of risk ranking
ranking participants Ivsi method
aes were devloped analysis
us 31 cancer, some raking, gov't experts extensive each work group (one for each of the
(US EPA, 1987[1]) non cancer, s o m e four types of risk) developed its own
ecological, categorizing system of criteria and scoring to rank
welfare problems
Taiwan, ROC 15 cancer, s o m e gov't and non none experts identify and rank
(This article) non cancer, ranking, gov't experts environmental problems based on their
ecological, S o m e own expert judgment
welfare categorizing
Lima, Peru 12 health only some ranking gov't and non extensive ranking reflects summary judgment of
(Sessions et al,, 1997[13]) s o m e gov't experts, committee after reviewing information
categorizing public on incidence and severity of health
effects and quality and biases in data
Bangkok, Thailand 11 health only categorizing consultants extensive used estimated incidence and severity
(US AID, 1990[14]) index to rank problems
Cairo, Egypt 16 health only categorizing consultants extensive ranking based on estimated incidence
(US AID, 199415]) and severity of health effects
associated with each problem
Quito, Ecuador 9 health only categorizing consultants extensive used both quantitative risk assessment
(US AID, 1993[16]) and health outcome data, performed
site specific ethnog raphic
study, performed explicit scoring of
problems  based on probability and
6 severity
Silesia Region, Czech health,. none govt and non extensive examined exological as well as human
ecological health risks;used two

Republic and Poland
(US EPA, 1992;,1994[17,18])

gov't experts

dimensions-severity and scale-to
characterize risk
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Study locaton i Taangs Fomal Poet  oliona  Noible feaures of risk sanking
areas were devloped analysis
Central America 7 health, ecological, categorizing mixed, Project extensive different criteria and scoring systems
(US AID, 1996[19]) quality of life staff did were used for each type of risk.
initial Indentical  procedures were wused in
risk ranking ; each of six countries, then for region
multi-sectoral as a whole
committee
Troyan, Bulgaria d bt health, ecological, categorizing adjusted it some technical committee identified a list of
(ICLEL 1995[20]) 4 quality of life mixed environmental problems. rank problem
based on risk analysis and public
input into high, medium and low risk
work groups established for six
Zilina, Slovakia wb health, ecological, categorizing mixed some different problems and conducted risk
(US EPA, 1997]21]) assessment;risk ranking is very
qualitative
two cities identify  environmental
Radom and EIk, Poland health, ecological, categorizing mixed some problems bases upon the relative risk
(15C,1997[22)) a bat and public opinionranking were based
3 upon extensive discussion among all
members
evaluated only aggregated human
Ahmedebad City, India healt.h, ecol(?gical, categorizing gov't and non extensive health risks:focus on residual risk from
(US AID, 1995[23]) 11 quality of life gov't experts current controls to guide future action
plans
. . . integrated  risk  assessment  and
West Bengal healt.h, ecolc?gmal, categorizing non gov't extensive participatory ~methods  based on a
(Ghosh, Bose & Associate, ?{;b quality of life experts health and ecological impacts, and

1997[24])

quality of life
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