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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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A gw7Hol tigt 2457l e Aot 279
Fo] 78 w3S I 2 gt gk Aol o]
B2 FagE oW, A&7kt AAV IS 89l
& (environmental risk)et HE 3t 1)=&
(damage cost)®] AH3 HeJE Folo] 2E ¢
s Aotk 7], & LYl B &ow Q¢ES
&2 Q1A 7 (human health), 52k, A1 1]
AL lgtE=Eo WAnternal) = 2% (external)
=E Y ARE Foto] W ¥ L A 3
o 8}F4] (epidemiological) -0l wh=H
A ezo] W g4 AgE(ClE &9, 34,
TF7] 29al 2o wE WY e 7|t
Y(life expectancy)®] @(years of life lost,
YOLL)®| SH*H= H.o]al 3ltKSpadaro, 2002).

tj7]ufEol| &J3t 7j3fl(damage)?] H71+= 2474
At Ao gt Aol Fasie, Ak
S5 TR 9o 8Areceptor), & &
QAA|, AHAYEA, deF2E Sl HHE
Helo] Het, 1 Ax=E sk wjinlg 5 o
Ao APg7HA | Euls] sERFEA] ofoba] HAF ¢l
FoF W EA o FabE wejH] 8-S 9FHE
(external cost)e]2kil dl=tl], 1 o]f+= AJAloA]
AR FoFE T4 7] HeeR g ow
4] g AEL| e o) A FAE|o] $h] uf
wolot, ey thE ARARES 429] Wole &
o] Y| v]8-sKinternalization)o]l &2 3412 7}
Z$kck(Spadaro, 2002, Sonnemann et al. 2002),

2 Aol A= it AR ol wHE 2 5]
)= stue} 517 9fRt At7F s] ZE o] gho
HE#HEY &, 2002), 53] tf7] Lol = t7e
=9 Sl B7iet AARE S HjsiE S 71
Stohe A7E S| AEIL Qs Aot A
5, 2003).

oL 2] ARE- L Foll dAAske] E2l4] Gkt 7
A DefE AEElshe dle vt #oke] et
9] w397t BRsi, olF AE7lol= S}, &
A e e eyt Ay, SRl 12 A

ol
re 8 2

—L

1=
[¢)

827} Qlct, 74 9 E7HEnvironmental Impact
Assessment; EIA)S $JoiA= e@PozHE 4
oA 4 kmo| AE 7tEAE= 2E8E9] &
Abel] g F Ato] Hasie), det s=rh ALt
i, G v FEAREE, B2=, AEA 5
of gt &4 FF 4 ==E(dose)©] dlSE 4= UL
|sfu]-go] AlrkE 4= ltkSpadaro, 2002).

o2|3t W& H7loh= Rl o2 AF2 %l Top-
downi} 9] Bottom—up o] At ofQlet,
Hohmeyer(1992)2} Friedrich and Voss(1993)+
29| Wol= Top—down HHE 27815l ol
ol T2 ol i A9 2 A=t
ek 7} @ A9 BlES o83k A QRS ARE-SH
o] 3 @ F o eol= R o= 4RI HE
o] HiRo] o3t o F Hl-g- A A FEA RO 4]
Al A= QL O =7ho] o x| 7F ekt T1ef A Al
75 $1993](EC, European Commission)©l|
4] Bottom—up < 7HEsE3ITh Bottom—up %
HE 7] LAl ozt 17 E59 wjsiE Hgstet
7] $13t 2 A EQl ExternE (External Costs of
Energy)oll Al 7HIE=QIC} ExternE Z2AEoA|=
Q¥ H]g AHS Ysto] Bottom—up WHOE 9
FHZEM(PA; Impact Pathway Analysis) ¥
= o] 83t FFHEEAL 54 Aol =L
AH BE o Qg &) 57 antE aesto] 1
= AFstete JAIHoltt, dFHRELES
Krewitt 5(1995)2] EcoSense2}t Rabl¥} Spadaro
(1998)°]] 2J3t PathWays A~ E o] =2 7H0] 7|
die]o] 2ok (Sonnemann et al,, 2002), $HHOE
nj=oflAfs WA A& Qg o885 AAs)
7] 913t FAFH=EA H o2 EXMODZF 7
Atk Rowe et al., 1995; Schleisner, 2000)

Spadaro(2002)°]l T=H FFHEEA21) 24
o] ujES AR o7 9) ata W x| o] 5t
AbiAE 53 d7] & A& sEALE sk
3) &SR E AR B A Jaks ALt
4) &9 7HAIAE o]8-5te] weiH]g-2 4Pk
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A AREEE B3] ZAT Tl oA
At 271 S)oll 2 QA B} 9IRS
ARS] olg PO R §3, B0 el ofAlo}

Ao A ARE-E] o] QLEHspaolam 2002, 2004).
ool =ofol| A & 4= Qo] UNHH O R tf7| &
ol oJgh 9JF vl-8-& APl B ohokst £
A IPgE AR BR Aite @2 zjo|7} by, wpet
A B4 HPfolA = AT 021 FAa3tsl] 96l
A= 7O AT FUAS fAlshe
vﬁoh’% weba] 2 04%%1]*% o5 1|82 At
o8 FA oA Ao wE3hE H7t Hel
ZaAs d A AoH A G
of 285 }01 AR A ]9l T} <] A
WRkoBA H7F o] ¥t T
AL SRl B Aol M Hed
AR Qe viEEE di7] e &0l ¢
Q5 aILE Alklslr] flste] FFAER
Spadaro(2002)7} 7t RiskPoll &
ek, 9% mat Albol ARGH it
HiE9] 38 AR A&l SOy, NOy,
PMjo 12| o] 2t gE<l 24k 9 Ak 5 57F
A] 3tekg 0 2 si9ict, di7] ol ofgt s E 7t 9
el FUAS RIS flste] mhe| 2 oo
1 %51 744. E?___]z;s_ Hﬂ oz /\],U}- jui) Xl\:}g 1=194]
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RiskPoll @2 w98 Z2IW O 2 Microsoft
Visual Basic 6.0 AM&-5to] ARFE|glom | QIEjUA
oAl ek = qlek, o] el ol A Ak At
JF el A2 EcoSenses 4274 Heh T}
mdojrt o] mEle 47hA] HA R (SUWM,
RUWM, QUERI, URBAN)Z- 7HA|4L QI o5 &4
el & EcoSense 2@} 71 717ke- ARRE LERY
+ 92 QUERI dloft}, {5 S-4l5ol «1x)3k 7}
A gt F3F HrlollA QUREIRHS] A}
= EcoSense A1}¢} 26% ZolE H ¥k Spadaro,
2004). & Sl A= QUERI B2 ARE3ic

RiskPoll =4l w2 JFFHZ R 0 A
of| 23k FLEALY, YsiB 7 Le|al R A NS 7
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Computational Pathway Data and Model

Source and Receptor Emission and
e D .
Characteristic Population Data
|
Atmospheric Dispersion ) )
) «—— Dispersion Model
and Chemistry
Exposure-Response
Physical Impact ~ |«— P ) P
Function
|
Damage <«——| Monetary Valuation

Fig. 1. Computational process of Impact pathway analysis in
RiskPoll model
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ol Aasiol, 2eigle] Beln B4S Asla, o]
wiZo] AR BES et 29 e BE
o] 7]k, WizkA L HZkA 2 ol i,
WiERS w7143 AMgele 27 wet e
et 4 ik, A Y7l e AR Rre v
e A, B4, 522 5o dig Ajwmolr,

2. th7 |2k} sket

g7 B dele oaelomHE sokm7el
472 (local scale)@t 1 o]4Ql A Hqtm
(regional scale)2 Ueth A Ytk B4 0 Y
oA 3 ka}X] AT, &,L_/.:ﬂ- S o150 A}

‘6'

N S50 71 205 A8 B4, B, HHE 53
(N1 IR e EgE(RER] ¢
ofLhe th AZHDolet, B el e

ALY A HiE = A eS| A HE s s 7}
S B (7] A= ISC BES AN R o=
s}, sletHslo)| W2 22} R FET oojzEe A

HRA 0 2 FLAFHR AL FAJSH)

50km o)/ Az gt)olxl= ek
ZE 273} 7340 o3t A o] tf7] F o9& A
Aol F83F AeE g}, Ao = FEd
9] ExternE ¢-ol|4] 7 EcoSense =13
Yjoll )= Windrose Trajectory Model(WTM)=Z
23k}, WIMLS 9=+2] AEA Technology©ll &=
Harwell LaboratoryollA] Derwent2} 71 =50l
oJste] e o 233 Harwell Trajectory
Dispersion Model(HTM)S w<e3kst mdo|c}
(Derwent and Nodof, 1986: Derwent, Dollard
and Metcalfe, 1988). HTM &12|&-2 2tagkx|Qt
5 HYE FHoA Ha, 3 Jali Hitd, 24k
Aol Tt MAEE Alleld] de] AME =Y
oft}, o] Bl 2 FASHA o2 FtolE Ao 714}
55 ARSI 23 7S geEe A8 F
&, LAYlA 24709 B+ FRF(15E 1) 1e]aL
At &S ARSI WIMS 9 9 o]ate

£ wo] 2ol ALg3 2 9tk

3. 22X F&KPhysical Impact)

=4 S =S5 -3HTexposure-—Tesponse
function; ERF)E 3 4= It} ERF= 29 &
oF =gAof PRl FFA 1, 4= =
AL gkrolet, QIA| afolli= A4, Y (hospital
admission), TH37|HA 4, Al S5d, 274
(premature death)52=2
B AR, APLE G 7t e daxE A
3t shaL ellrisk)ol] ez H Y] TS AT
(YOLL)o & ZFAJ3it}

o1 gkl tist ERF&= 1A|e] A7A e} 119}
Az Aol gt ek AtAuolA frgnt
(Aunan, 1996: Brunekreef 1997; ExternE 1998;
Leksell and Labl, 2001). ¥dsiA Wald ERF=
TEA|Y] AN E T T Eojof gk, AfRl=E
T AL t7] LEEY e, HeolA Bl Al
2k, AYe lﬁEHI F FErE, L= 484
&, 3}, 2 AE] 279 R, TP|a L P
244 %oﬂ RS HHT} AgAro Bl oS g
O] AARE AR 7] Leksit, BA o Abw &
AofA AR Q50 Ab=of| iRk Zi7le1] Wl
Aol wpet thefstA WskA|NE, 2 dAtollA =
ERFE Spadaro(2002)°ﬂ upe} Qs TLFou Mgt
A 74 X}Eﬂl T AS AR-SHTE,

i

r

FEFEA) TE A =R AT 2
o] uepd = O‘D} Rabl, 2001).

R=exply - Ac) M)
oA71A yi= Ag=olnh. AlolA =y A2 2
of FAEY o] kEH- HP%@-’F—J &7 2
case/(person - yr - g/m?3)9] T 7H<Ict,

y=In(R)Ac = ARIAc @

A =E2-RSEERE 7P ) 4©2)9] &Rk
ST 71871E ARSI o E & i QI Y &
A} =Z2cke] w2 A4x(incidence) S 1183 7|
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271E ScpE HERH A1)k 2,
Scr=7 frop * Iref
A7VA frope FEFSH RIT E-E(fraction of

the population affected by the end point in

question)®]al Ia= 2] F=22] (reference level
of incidence)lt}, 2t B7} Aol WE fpopt L,
£ 7P A1 olg3ste] 1 Ao AR = 3l
71718 72+ Atk

Table 13} 20|4%= Rabl(2001)0] A2kt A1(3)2.

(©)

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
" i 46 2.30E-6 ’ Assuming 0.5 YOLL
Short-term Mortality 0.046 0.01 [YOLL/(pers - yr - ug/n)] for death
Hospital Admission, 2.84E-6
Respiratory 0.04 0.0071 [HA/(pers - yr - ug/n?)] .
Table 2. Summary for PM;q Exposure-Response function(Rabl, 2001)
Parameter |y = AR/Ac Ly s [Onitl ‘
Z § t t
End point %/(ug/m®) |cases/(pers - yr) R0 ormmen
) 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 7:05E5  frop population over age 18
only respiratory and
D _ 1.0E-2 - fpop cardiovascular causes
Work Day Lost 0.95 1057 [WDL/(pers - yr + ug/m)] Jfrop = 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/md) 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 A SO0k PMoel Tt sl 52 et
Wgleh BArEa ARG Aol e steble s
PMigh 53 h& AHg-ate

4. 3iH7tx|(Menetary valuatien)

ExternEollA] 38k FHEU-152] AAIF
of tigt H9714 unit cost)S Table 3o YERIA
th. Spadaro(2002)°fl w=H FH(EU-15) ©]€]9]
=71 tisiie e 9 9l A= %
A== e H7t =71EA84t (Purchasing Power
Parity GNP, PPPGNP) H| & F3}o] 418t}

Unit Cost in Country =
PPPGNP . iry )7

PPPGNPp, @

Unit Cost in EU X (

Al@)efA B AAHY= 0.3 — LOALe] gke 71

t}, Markandya(1997)= €312} 15 ARE-5ketL
FHSHL QoL 2 AoA = o5 ARSI yE 1
23H= 79 20009 PPPGNPE AMg-3to] 9-2utet
o] ©9] 7H4E F5hH EU-159] 0.6558] 0]t
(Spadaro, 2004).

. B2 ez
1. Q17 xj=2

RiskPoll &A= olAof v]x]&= Fake H7}
a17] YJste] A AR R AR AR QI
O Aol QIFUEE HQ 2 it} AR
9= Skmx 5km AAF O] Q=5 AREslaL
Aol QT v AR AFsh o
At} Fig, 20M= 4R A U A== 4
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Population dstribution of Suwon area
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T+ Spadaro(2002)0l4] AAgE “gokAlob x]& 2}
= Batsto] ARg-SI3ITt

3. 71 Rz

714 A= RiskPoll 29 Weoll 9l ISC 2 elo]]
A s Al flske] ARG 2 Aol 2000
d 5 7VdthellA #5E 197 71 AR E 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
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. - &-HI2 QX2 Table 6. Computed meteorological parameters in two sites
i% _E'_ ‘{5;]' 7]37] ?j = Z]— E—— Table 1 J_]_ ) Parameter Paris Suwon
~ - Mean Air Temperature (K): 2023 285.5
of AP ol whet ARg-ste] ekt Table 13} 2 P
P Oﬂ/ﬂ ;H"/]' A2 )o]] ;HE]’;]—L Mean Local Wind Speed (m/s): 1.8 3
Of—
o} A ° A5(case)oll BiTBR= fpop Anemometer Height (m): 10 25
Fo o
= Z_—] ﬁul\l—j 7 }57:]]@5(2000) iz - Pasquill Distribution Class A (%): 4.4 1.1
5}3itt, Table 5ol 3l whetu|H 9] AlLbd s Pasquill Distribution Class B (%): | 19.5 7.7
eI Pasquill Distribution Class C (%): | 10.8 9.8
Pasquill Distribution Class D (%): 12.7 282
5. HjsiH|2 Ql=ixta Pasquill Distribution Class E (%): 47 25
gl sl AN AL Aol o Pasquill Distribution Class F (%): 48 282
TARIE U A A= MRSl TR Mean mixing layer height (m): 571.8 1074.4

™, Table 30| FAIE 2+ 7jaf Yol

8§ Tgis)

H|-8o]A] PPPGNPE &3l 31 A<= 0.6555

et g ARk

V. #4733 9l A

1. 7|14 XI=2 AlLE Za}
Table 62

F A9 714 AARE H]
Zo|t}, Table 604

oF 2 o)L
ETM‘\:‘

8] 27] Sfatod vepdl

Hlo} o] 52l %)

o] Ay w9l Wit F&HL v Yo AR

o A UeRd, Qo] REL 4
QP ghe By, e BRtEs

s17)0] ¢
SR

o] wejo] 14 mr} 28 A= 27 e,

(WHYUON-UINOS

-475 =375 =275 -175 -75 25 125
Wesl-East(km)

225 325 425

RiskPoll ZdlojA] AAHE 4=} 3}
PM10 concentration{Suwon) PM1OC0ﬂCemrahDI‘I(Pal|S)
475 4
LI LIS

m12-13
O11-12
o1-11

@091

m05-08
oo7-08
0507
0o05-06
W04-05
003-04
0o02-03
[ m0.1-02
[ O0-0.1

R Y I
(WH)UUON-LINog

-475 =375 -275 -175
West-East(km)

4
=75 25 125 225 325 425

Fig. 3. Computational results of PM10 concentration contour in two areas
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Damage Cost vs. pollutants
1.2E+08
_ ESuwon
5 1.0E+08 OParis
o
o
2 8.0E+07
2
'g 6.0E+07
o
5 4.08407
£
[
Q 2.0E+07
0,640 | wl el
PM10 S0O2 Nitrate Sulfate
Pollutants

Fig. 4. Comparison of damage cost in two areas
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Fig. 4014l & 4= gl5zo] Ak 0 & RiskPoll =g
2 535 £ B Ao 9 su|go] 2719}
A fARRE AR Uehith HAIHoR 97|
o] mlarlgo] WA vERt A2 5 A= vl

F A Fig, 3 R vRet Zro] 4=91%]
Aol x| do] P = F=r} vk K9] 1
AETE 2 23t gjaljn]g Al A f7]2e] g
Sju)ol| 0.655H) =3t TS =R ol 2-gst A
o] & Y910z Bl Fig. 4914 & & = up
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Impact Cost vs. Response Type
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