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Abstract

Impact pathway analysis(IPA) is a bottom-up approach to estimates health and

environmental risks from emissions of classical pollutants (eg. PM;o, SO,, NO, and CO). The
model starts from the emission rates of facility, calculates the yearly mean concentrations of

pollutants at the ground level using atmospheric dispersion models. After this, proper
epidemiological exposure-response functions are applied to determine the impact on the
receptors. Finally the methodology can monetise the calculated physical impact on the basis of

selected economic evaluation. The aim of this study is to evaluate an external cost of virtual
point source in Suwon area using IPA. The results shows minor modification of local input data
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can make it possible to apply the model to Suwon area
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Fig. 1. Computational process of Impact pathway analysis in
RiskPoll model
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271E ScpE HERH A(3)} 2,
Scr=7 *frop * Iref

A7VA frope= FEFSH RIF E-E&(fraction of

the population affected by the end point in

question)®]al Ia= 2] F=22] (reference level
of incidence)|t}, 2t B7} Aol WE fpopt L,
£ 7P 4@ ol83te] 1 Ao ARgE = 3l
71718 72 5 Atk

Table 13} 20|4% Rabl(2001)0] A2kt A](3)2.
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Table 1. Summary for SO, Exposure-Response function(Rabl, 2001)

Parameter | y=AR/Ac Incidence rate(Z,,p it . .
End point %/(ug/n) cases/(pers -+ yr) crIVI omment
) 2.30E-6 Assuming 0.5 YOLL
Short-term Mortality 0.046 0.01 [YOLL/(pers - yr - g/ for death
Hospital Admission, 2.84E-6
Respiratory 0.04 0.0071 [HA/(pers - yr - ug/ m) B
Table 2. Summary for PM;q Exposure-Response function(Rabl, 2001)
Parameter |y = AR/Ac Iy s [Onitl ‘
End point %/(ug/m®) |cases/(pers - yr) crltnit omment
) 46 2.60E-4 Using R for mean
Long-term mortality 0.46 B [YOLL/(pers - yr - ug/m)] concentration
) _ TSP converted PM10 by
Infant mortality 2.08 - 2.78E-5 multiplying by 0.55
Chronic Bronchitis, B Jrop = fraction of
adults 214 0.0036 70585 frop population over age 18
only respiratory and
" _ 1.0E-2 * fpop cardiovascular causes
Wor Dily Lost 097 1057 [\WDL/(pers I ’ug/mS)] j;’OP= fraction of
population employed
Restricted Activity 0.26 1 5.00E-2/pop Jpop = adult population.
Day, adults : ? [RAD/(pers - yr - pg/m’)] Overlap with WDL
Hospital Admission, G 6.0E-5 * fpop Jpop = fraction of
cardiovascular 0.1 0.0 [HA/(pers - yr - ug/m)] population above age 65
" . ~ Original based on BS,
Hospital .Adm1ss1on, 0.04 0.0071 250E-5 3 here converted to PM,,
respiratory [HA/(pers - yr - jg/m)] by multiplying by 0.6
Bronchodilator . Jpop = fraction of
usage, asthmatic 0.22 28 0.06 - frop 3 population that is adults
adults [cases/(pers - yr - pig/m°)] asthmatic
Bronchodilator Jpop = fraction of
usage, asthmatic 0.23 34 o 007? * Jrop 5 population that is
children leases/(pers - yr - fig/m”)] asthmatic children
Lower Respiratory Jpop = fraction of
Symptoms, asthmatic 0.18 91 0.163 - fpop 3 population that is adults
adults leases/(pers - yr - fig/m?)] asthmatic
Lower Respiratory 010 £ frop = fraction of
Symptoms, asthmatic 0.33 30 o Jpop 3 population that is
children fcases/(pers - yr - fig/m) asthmatic children
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Table 3. Exposure-Response function and Unit Damage Costs for EU-15. The damage cost has units of US$2000 per incidence

(Spadaro(2002))
Receptor Group Health impact Pollutant ERF slope Unit of damage cost($)
- e PM,, Nitrates 2.45E-5
Chronic Bronchitis Phys, Sulfates 3.90E.5 177,800
. . PM, Nitrates 2.50e-2
Restricted Activity Day 100 2 116
Adulis PM, s, Sulfates 4.20e-2
Asthmatics
Bronchodilator use PMy, Nitrates 1.03E-1(2.72E-1) 42
Lower respiratory (PM, 5, Sulfates) 6.06E-2(1.01E-1) &7
Coughing 1.68E-1(2.79E-1)
. PM,, Nitrates 2.07E-3 -
Chronic Cough Py, Sulfates 3.4GE.3 252
Children Asthmatics
Bronchodilator use PM, Nitrates 7.75E-2(1.29E-1) 42
Lower respiratory (PM, s, Sulfates) 1.03E-1(1.72E-1) 8
Coughing 1.33E-1(2.23E-1) 47
PM, Nitrates 1.85E-5
Elderly 65+ Congestive heat failure PM, s, Sulfates 3.09E-5 3,420
CO 5.64E-7
Mortality No 5.34E-6 174,000
Short-term YOLL PM,, Nitrates 1.57E-4 101,000
Long-term YOLL PM, 5, Sulfates 2.60E-7
Entire . - SO, 2.04E-6
Population iﬁ?ﬁiﬁﬁz hospital PMy, Nitrates 207E-6 4,540
T PM, s, Sulfates 3.40E-6
Cerebrovascular PM, Nitrates 5.04E-6 17,600
Hospital Admissions PM, s, Sulfates 8.42E-6 ’

2 B E)= SOx2t PMyoofl thet Zefr|el 54 vk
Wkt At} Aaked dbel dieh efolE=
PM;o¥} &4t ghe ARt

4. 3lH7tx|(Monetary valuation)

ExternEollA] 38k FHEU-152] AAIF
of tigt T9714 unit cost)S Table 3o YEMIA
t}. Spadaro(2002)°] w=H FHEU-15) °]<]2]
=71 el FHe T dFHel AR ®
A== ol e H7E =71EA84E (Purchasing Power
Parity GNP, PPPGNP) H| & F3}o] FLglc},

Unit Cost in Country =
PPPGNP . iry )7

Unit Cost in EU X (W}VPEU “)

Al@)oA AR Hy)= 0.3 — LOAN] gk 71

t}, Markandya(1997)= €312} 15 ARS-5ketaL
FHHL Qi & AtoA = o] F ARSI yE 1
3= ¢ 20009 PPPGNPE ARg-8to] $-2|utet
o] &) 7k4E& FshH EU-159] 0.6558] 0]t
(Spadaro, 2004).
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2/ SEERGHAE 0180 +EA| 7HY ERHHY 2RHIZ olF 297

Population distribution of Suwon area
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Fig. 2. Population distributions of two computational areas
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Table 4= & AHollA] ARERE 7M. A viE
g ol w22 o) wiE ARt JH&EEE Vet
W}, = A9 vlaE flste] MisE ARe 5
U3t g ARSI oL 3 A S A o7t
U B Z T2 ghS ARSI, A H o A%
LT+= Spadaro(2002)°14 A|AgE Foprlot & 2}
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3. 71 YRz

714 A2 RigkPoll =gl Yeojl ¢l ISC el
A s A skl ARG 2 AtellA 2000
9 = 7PelA wEE 147 7VIAES A
SHA

Table 4. Summary of Emission parameter and depletion velocity for Suwon and Paris

Site Suwon Paris
Polluant Emission Rate(tons/year) | Depletion Velocity(cm/s) | Emission Rate(tons/year) | Depletion Velocity(cm/s)
PMy 1.00E+03 1.18 1.00E+03 0.67
SO, 1.00E+03 0.82 1.00E+03 0.73
NOy 1.00E+03 15 1.00E+03 1.47
CO No value No value No value No value
Other No value No value No value No value
Nitrates - 092 - 0.71
Sulfates - 1.52 - 1.73
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Table 5. Fraction of the population affected by the end point in question(Suwon)
Frop fraction of population|fraction of population|fraction of population |fraction of population|fraction of population
o over age 18 employed above age 65 that is adults asthmatic |that is asthmatic children
Values 0.695 0.47 0.091 0.022 0.02
4. T=&-HI2 QX2 Table 6. Computed meteorological parameters in two sites
h:%—‘?_ 3;;} 7137] odaﬂ Z]—E— Table 1 J—l’ ) Parameter Paris Suwon
Mean Air Temperature (K): 262.3 285.5
of AP of| whef ARg-ste] 53T, Table 13} 2 P
o AP H‘ﬂ' A2 )0” HT/]' } Mean Local Wind Speed (m/s): 1.8 3
o} ArrgRielA s A5(case)oll BT fpop Anemometer Height (m): 10 25
o
e AAEANAPE7FE A E (20001 FAL= Pasquill Distribution Class A (%): 4.4 1.1
5}3itt, Table 5ol i hetu|E 9] AlLba s Pasquill Distribution Class B (%): | 19.5 7.7
[BEEbi e lu g Pasquill Distribution Class C (%): | 10.8 9.8
Pasquill Distribution Class D (%): 12.7 282
5. I[sHH| ¢2ixlz Pasquill Distribution Class E (%): 47 25
. =H=
oo y oo Pasquill Distribution Class F (%): 48 282
ulsn r
TSRS U Az WS A8 Tk Mean mixing layer height (m): 571.8 1074.4
1, Table 3°f FA|E 2} vsf ANE 3 T9jujs]
g0l X PPPGNPE 1183 St Al 0.6555
18 }11 o ; Sotol PR AS 0.6558 ¢ oo S gme s w7 elstel Ueta
43}t 7S AR
R A Zolth. Table 60141 & 4= Shi= vle} o] 49 4]
A9| A 2ol Pt T4 we|x| g Izl
IV, BAD ) 84 o ) YR, QPgme] BEE sgixelo] o

1, 71 X2 AN Z
Table 62 RiskPoll ZdlojjA] AA=

2o}

4l sl

VT GhS ekt el St

CRE

o] meje] 214 ek 24 A= 27 ehet,
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Fig. 3. Computational results of PM10 concentration contour in two areas
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Darmage Cost vs. pollutants
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Fig. 4. Comparison of damage cost in two areas
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Impact Cost vs.Response Type

OParis
ESuwon

sTM (s02) 373
LRs () |39
BDC
LRS(A)
BDA
CHF

RHA

o0 (==} oo oo oo
oo Lo == DO =b
oo Yo} SO [e)]e5] oom

Response Type

RAD

0 20 40 60 80 100
Cost(%)

Impact Case vs.Response Type

ST™ (502) |98 oo
L aris
LRS (C) -Suwon
BDC
LRS(A)
» BDA
o
3 F
2
2 CHF Y
g A
P o B
8338
RAD 7215
013
CB |017
006
IM {009
o 38
0 20 40 60 80 100

Case(%)

Fig. 6. Impact cost vs. of response type

(LTM: Long term mortality)9] Tjsfjulgol] 713
& HIEE UETTHEY 63%, 3] 59%). thao&
9471 A]H(CB: Chronic Bronchitis), A% o2
oI5t S5 U4 ZA(RAD; Restricted Activity
days), ¥oF AFS(IM; Infant Mortality) 22 +
TA] B AR Zdeke LR QI T @kl 9
Sk APt oAbl R A APY Bl e
2 10%= Wepgton o]e} 42 AIk= Schleisner
(2000)5-°] EXMOD ZE@-& A}-g35lo] 3t New
York A|&o] ¥ Ax|& Qg AP 1] sfju]-E- H]
£ 71%9} AR Adto]1 Krewitt 5(1998)0]
EcoSense M9 ARgsto] 37 o] digh ‘3H7 |
POz QI QA F3F HefHlE-= AL K&
Afgo] AA|SH= HlE 90% Hik= 2k o g L}E}
wich

Fig. 7oA=& Z=AOIA Y] ti7]ed o= 2%t
gl S5 WA A4 vlasf 27| fisto] UEhy
ek Fig, 7oA & &= Qlzo] sl A= A os
013} FEel2=0] ZFARAD)7} 7 2 HE(72.9%)

Fig. 7. Impact Case vs. Response type

o2 Yehton the o g 317|% ZAHLRS; Lower
Respiratory Symptoms, 2352 (A)+= adults, (C)
+ childrens YeHd), ofglo] 7]3#A] A4 (BDC:
Bronchodilator usage, Asthmatic Children) 18]

I A9l 7]1#A] HA(BDA; Bronchodilator usage,
Asthmatic Adults) =22 & 2|9 2% ARG 7
&S LEPU I, o] 22 Aibe vl=oflA] 4
oA BiEE UAVS A=l gt A NI o
A RAD@B1.9%)7} 7V 2 vle= et A} AL
gt Ato]th(Clean Task Force, 2000).

V.2 &

—

2 Aol A= Al Well AA1E 7 e dd
WR2oA HiEE= 7] 2P Ee] FHAA Y
Aol w2l Fee B7ks] ARt FFE =

HS 27fslal ARSI, FFE = A di7]

L&l tFdH Y A, w2, 4 5ol vlAl
FS Bottom—up WHAlL.Z o= ol

Aol A 7Rt S fRlolld A EE3kE

E rE e

r l‘l[‘




| STY=HME 0188 A 7HY HR

HH| 2FHIE olF 301

FFHZ B4 EcoSense EEO| ahmdQl

RiskPoll B&& ARgsto] < viezds 7=

7V RS 2R vhEjel Efuet o] A3

Sk 49 ALFAE vastal =313t & Ao
]*} AME gofshH tha 2k

D FHRoA HiEEE F8 LH3=Ed /M

LAEA(PM,, SOy, Nitrate, sulfate) 5 UAo
M 2 geiE ddle LA9EEe A YE g

N

|3} 55k PM103§ Uehten o2 ¢
A 298 Aadt Sk 18 80,9 w2
2 UrEP*DP

2| ol 4] | mBu] Lol AR o)

>

i}xl o}t HEH T)aH]8-2 PM;9] 73 93.4%,
SOg= 90%= AFA89l e o= Y &S A
28 uf mejx| o] A Hsfu]g vlE<l PMIO

o] 7% 85.5%2F S0, 86.7%EtH= 25 &2 gk
olct,

3) YA o] WA vfE e el ot wsiH
T PMypoll &3t wjsi7t 22 vepdon oh3o
2 24, St e olisler o e
o}, o|9} Z2 Avk= Ao At Anel fAF
3k Ao},

4) W4 wjE 2 QIRE Aol ml A= #sfQl A
o Hl-§ & APY T8f vl-§- vl&-2 o] 70%, 2t
2= 60%= UEgen o]eh 22 Al New
York A|¥o] ¥hd4 2|2 olst APY 13 v]g- H|
& T1%9} AR AR Sie.

5) W4 vl ot sl WA A= ”%'l oz
QIR FEU] AARAD)IZF 7FE E HIE(EGY,
72.2%, 2, 83.3%)% et on o] Avk= HL
oA Aol viEE AAME L HEol ot A
W HWRRI oA RAD81.9%)7F 7P 2 Hl&= u}
BP0} AR Aol

o])ko]—g,] 7531}0”&-] ;H/d;(% OE—‘: X«lgoﬂl%o] tﬂ—x1
4 A2 2 IRt wjsfg7tol FHAAolA ANE =
RiskPoll B&-& =X Hof AEsl= A2 7
A 2k e R e e vt AR ¢

El §]—/\]-Etﬂoﬂ ,]UP —L"—Ecq].j, ISk, 2|
7123 L Es) QA 9ish
S} a5 a7 wlzel 237} el YT

% Sl olek. ofE el A FA
WS B8 5 93T Fol7] AL U,
ARE 5L WS B AR AR S oz
of @7 Al Tt £ AN 24
FEUEREE REERPEE £ R
Yo Bl ATy 2 FAHS M
dolek wjeh] T2 WAk s A
YA} afe] 2]ejof A 3
A B Sl ol & 7 2
of g b5l 92 A0 AZEL,

ool

4FY, AT, Xé%cgh 434, 2002, i+t A
e AR B molurer 1 aat
B - B7HA-Y, pl86.

A EAMAEATA AR, 2000, A7 E AN

AR 9 14OI 2003, th712- sidg7F o+
9 Pl Yot 5 - 4] ATA, A
p120.

Aunan, K., 1996, Exposure-Response Functions
for Health Effects of Air Pollutants
Based on Epidemiological Findings, Risk
Analysis, 16(5), 693-709.

1997, Air Pollution and Life
Expectancy: Is There a Relation?,
Occup. Environ. Med., 54, 781-784.

Clean Air Task Force, 2000, Death, Disease,&
Dirty Power, Mortality and Health

Brunekreef, B.,

Damage Due to Air Pollution from
Power Plants, p25, available at http://
www.cleartheair.org

Derwent, R. G., Dollard, G. J., and Metcalfe, S.



At M143 M55

E., 1988, On the Nitrogen Budget for
the United Kingdom and North-West
Europe, Q. J. R. Meteorol. Soc., 114,
1127-1152.

Derwent, R. G. and Nodof, K., 1986, Long-

Range Transport and Deposition of
Acidic Nitrogen Species in North-West
Europe, Nature, 324, 356-358.

ExternE, 1998, Externalities of Energy, Vol.7:

Methodology 1988 Update(EUR 19083);
Vol.8: Global warming(EUR 188306);
Vol.9: Fuel Cycles for Emerging and
End-Use Technologies, Transport and
Waste(EUR 18887); Vol.10:National
Implementation(EUR 18528). Published
by European Commission, Directorate-
General XII, Science Research and
Office for Official
Publications of the European Communities,
L-2920 Luxemburg.
available at http://ExternE.jrc.es/publica.
html.

Development.

Results also

Friedrich, R. and Voss, A., 1993, External costs

of electricity generation, Energy Policy,
1993, 21, 114-122.

Hohmeyer, O, 1992, Renewables and the full

costs of energy, Energy Policy, 20, 365-
375.

Krewitt, W, Trukenmueller, A., Mayerhofer, P.,

and Freidrich, R., 1995, Eco-sense-an
integrated tool for environmental impact
analysis. In: Kremers, H., Pillmann, W.,
editors, Space and time in environmental
information systems, Umwelt-Inf Aktuell
Band 7, Marburg(Germany), Metropolis-
Verlag.

Krewitt, W., Friedrich, R., Heck, T., and

Mayerhofer, P., 1998, Assessment of
environmental and health benefits from
the implementation of the UN-ECE
protocols on long range transboundary
air pollution, Journal of Hazardous
Materials, 239-247.

Leksell, L. and Rabl, A., 2001, Air Pollution

and Mortality: Quantification and
Valuation of Years of Life Lost, Risk

Analysis, 21(5), 843-857.

Markandya, A., 1997, Monetary Valuation

Issues in Extended ExternE, working
paper prepared for the ExternE Projects

for the European Commission-DG XIL

Rabl, A. and Spadaro J. V., 1998, Estimates of

Rabl,

real damages from air pollution: site
dependence and simple impact indices
for LCA, Presented at SETAC(Society of
Environmental Toxicology and Chemistry),
8th Annual meeting Europe, Bordeaux
(France).

A., 2001, Reference database of

concentration-response functions for
health impacts of air pollution, available

at http://www .externe.info/tools.html

Rowe, R. D., Lang, C. M., and Chestnut, L. G.,

1996, Critical factors in computing
externalities for electricity resources,
Resources and Energy Economics, 18,

363-394.

Schleisner, L., 2000, Comparison of methodologies

for externality assessment, Energy Policy,
28, 1127-1136.

Sonnemann, G. W., Pla, Y., Schuhmacher, M.,

and Castells, F., 2002, Framework for
uncertainty in the Impact Pathway

Analysis with an application on a local



| SEY=HME 0188t +HA| 7MY HREH

o

| A=HIE 0% 303

scale in Spain, Environmental International,
28, 9-18.

Spadaro, J. V., 2002, A Simplified methodology
for calculating the health impacts and

damage costs of airborne pollution: the

uniform world model, available at
http://www.externe.info/tools.html.
Spadaro J. V., 2004, RiskPoll Manual and
Reference documentation, available at
http://www.externe.info/tools.html.

ZZ2ITxHEH 05 09. 02



