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ABSTRACT

This study aimed at calculating normalization reference values for Korean Eco-indicator. For this objective,
abiotic resources depletion, global worming, ozone depletion, acidification, eutrophication, photo chemical
oxidant creation, eco-toxicity, human-toxicity and solid waste were selected as adequate impact categories for
normalization references relating to Korean situation. EDIP method which use per—capita base expression was
chosen for this study. Bridging data gab, ammonia emission, equivalency factors for various pesticides used
in Korea were calculated. Selection of data sources, data processing procedures, assumptions used in this study
were explicitly disclosed in order to guarantee the transparency and the consistency in the calculation of the
normalization reference values. Comparison of calculated normalization references with other prior researches
showed that main deviation was come from the difference in reference year and geographical boundaries
between each study, and the differences were not exceed 50% if these two conditions were identical.
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e FHui} JIPHFE Addsiedl 2ol ql
Ack

Consoli 52 A}1ZHresource depletion), £
“(pollution), MeAA % & 5}=)(degradation of
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A3t 718 7 3T 7] Al F3
< AEE 3= FUHolEE AHarsl whgd] die)
AAGH7} A Ags] Gebd 5 ik oAz
Sl Ru®l st iEg AReEE
Guinée, Goedkoop & Duane, Henrik % Leo
Breedveld F ¢l 93] #t¥ Global normali-
zation ¥PH7, Dutch Eco-indicator 95 H}H8)
Regional scaling ¥89, EDIP #*4®, Consum-
ption Basis P10 Fo] i},

Table 1ei4 B39 8olAd, Z JshiF
2|73 AL Atigke] A GAA ] XA, WA
Al 4% oW IAAHQ 3% wWFo Aqsigrel 2

Table 1. Comparison of prior Methods.

Global

Normalization x O O
EDIP O O A X

Consurr}ptlon A % O O
Basis

*  Availability of reliable data

**  Geographical coverage between environmental
impact and normalization references

*xkx Balance of the magnitude between each impact
category’s normalization references

*kkx system boubdary between normalization refer-
ences and product system under study
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AT FAA ARIDE o)Lt

. g5 8 AH3t 7183
1 FAEA1Z

u]3-2] US. Geological Surveyellx] #3jshe=
ARIDE 0|83l AH AT v A
T3} 71E3E AFdslelen EA93 whe 7 A
Eo] Ao AlAr] 5 F VEeE E W F
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Table 29 F-AEA L2l w27t 5159
FEAF B3 Azl AAY 1% olhE AA3}
= 25 Ykl =59 A ek
2.94E+3 g/person-yree|t}

2. A3

1SR AT 1995952 HAA AFds)
A Al gt BAle A48T 5 ek o=
4] United Nations Framework Convention on
Climate Change (UNFCCC)oll4l ¥_73} Annex I
F7HEe] 1990 =l wiEd |3t EAuE
23 COp wiE3e] w84l 73.3%7) 1995 % A4
A A3t BAwESE CO, wEsde 34
Hok= 7P o83t o] ez NE 19954
HAA COy wlEFAA 1995 AAA A3}
EAFE AR

Annex 1 Z7}&9] 19904 A+2:d3t B4 wiE
k2 Journal of Global Change?]
edition®] ALBIDE o]83lHI 1990 Annex I
71 CO, Wi} 1995 AAMA CO; MiEaRe
ul= Department of Energy(DOE)%] Carbon
Dioxide Information Analysis Center(CDIAC)|
A Bagk 2pg1010F o83k A7 243 o
el Al 71E}S 566E+06 gCOzeq/
person-yro 2 ZAA s}

electronic

Table 2. Normalization Reference of Abiotic Resource Depletion.

L.OOE+15 6.67E-03

6.67E+12 1.17E+3 3989

iron ore
peat 1.35E+14 2.60E-02 350E+12 6.16E+2 2097
sulfur 5.20E+13 37IE-02 1.93E+12 340E+2 11.56
phosphaterock 1.37E+14 1.25E-02 171E+12 3.00E+2 1021
lead 2.80E+12 4.12E-01 1.15E+12 2.03E+2 6.9
bauxite and alumina 1.09E+14 4.74E-03 517E+11 9.08E+1 3.09
zinc T07TE+12 5.06E-02 357E+11 6.28E+1 2.14
copper 9.80E+12 3.16E-02 310E+11 5.45E+1 1.8
and other 43 items
Total 2.94E+3
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3. 225174

United Nations Environment Programme
(UNEP)ollA  A|¥qt 1995 Ozone Depleting
Substance® 48|38 ZAZ AbYsigon, o
€ Table 3 “ehlglct. g UNEP|A
AZFF Ozone Depletion Potential(ODP) =83
ol83tA T 2&F 1A A8} 7|1ES 8.26E+
01 gCFCs—eq/person-yrz AAbsisdch

Table 3. Normalization Reference of Ozone
Depletion

CFCs 2.52E+11 4.44E+01 54

Hallons 3.02E+09 5.30E-01 1
Carbon
Tetrachloride 1.34E+11 2.35E+01 28
Methyl
Chloroform 1.57E+10 2.75E+00 3
HCFCs 2.7TTE+10 4.87E+00 6
Methyl 3.75E+10 6.60E+00 8
Bromide
Total 4770E+11 8.26E+01

4. B3esE2 A4

19961d¢] =4 Volatile Organic Compounds
(VOC) wiZadst 19954 =W CO wi&=ke &7
2 it VOC wiEsdell AR AlR:= I
AHIE FHEdidem, CO wMEFe A A
5205 ARgsigct AR2QlAle EDIPOA AlA=E
#E wsirk Viede B} HAE S A
T8t 7158k Table 4] vehfigict. F3bet Ak}
A st 712 737E+03 gCoHi—eq/
person-yro.& AlkEgich

5. 443}

NOLSt SOy e T EARVE nlgog
siglen] Addgd o= A7E vinyg o Fu o
T grvol wiEeke weisty YA et ghey

Table 4. Normalization Reference of Photo-
chemical Oxidant Creation.

o
1.42E+10 3. 17E+02

ZEAZ 284E7 05

A
EAIA 254E8 05 1.27E+11 2.83E+03
AFE} :g;g L79E8 05 896E+10 200E+03
O 3]
=3 ZahilE 341E7 04 137E+10 305E+02
mo, Sagel L4ET 04 5T9E9 129E+02

stage2 177E7 04

X*"o‘ A4 6586 04
%a}/q»sg Z31Xd 223E7 04
oJaAl= 34266 03

T.00E+05 1.58E+02
2.60E+03 5.81E+01

892E+09 1.99E+02
1.02E+09 2.28E+01

(e}
A 7 1827 04 7.29E+09 1.62E+02
E
Eexx o};;E 198E7 03 594E+09 1.32E+02
T eae 1B 03 408Ev0 90EA0L
CO 109E9 004 436E+10 971E+02
Total 331E+11 7.37E+03

ofell oyt F wiEEFS At A7 Fo18lg)
o} ARSlARe 42402 WSS (proton release)
71522 ¥ Acidification Potential(AP)-& A3}
Ak

gEuole] wiEEkel] Asl vlF, A9jx9] 4
T2 FE fmyol bR 90% o)A 7}
F Exot #® Zloln ARIFA o’ HARe
FA" T Ao olsiginh w=’F 29| ofw
o} wiEekst & A9 ARRFE o]83)e] gk
Yol  wiE2AE  1322470g NHy/ml] Aoy,
5124.63g NHy/wke] six]-yr2 AHgslsich o] ui&
ALE vET=e H4Az] Az vdzise)
National Institute of Public Health and En-
vironmental Protection(RIVM)Oﬂ/H AL =
Yo} At 1.2%9] Aloluhg viehile] EldAle]
Atk d=dspch S A HiR9] ARSFret A
A MEATE o83t I ghEel wiEFe
Airekch

Table 59l AME dovle 293 7|89
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71538 5.64E+04 gSO2-eq/person-yrolth

Table 5. Normalization Reference of Aciditication.

mmmmmm

Parameter - (gfy) (gSOreq/pesyr) - (%)
SO, 1.53E+12 344E+04 61.78
NG, 1.15E+12 1.81E+(4 3253

Ammonia  9.34E+10 3HE+03 7.08

Total 564E+04
6. 3o o3t

RE ATl Total Nitrogen(TN), Total
Phosphorous(TP), Ammonia % NO & <33}
o F8 g PO rT old £l A}
BE st AIxNe 2] 7 dukda
Zeh)E 7|$2E 4]} Eutrophication Poten-
tial(EP)S AM3lsch ghEuol ¥ NO«= AH3s
olx AHeE AlgE adlz ARl en TN TP
£ 8 s Al o, St s 2 R
1o AR G F 2 FAOPE o183l
c}.

olE HhAMleA LAY o] A2E Fig. 13
7o) sjetsisict

SEHUH

E

Fig. 1. Source of wastewater including N and P.

A FAZ fUSE ALY Ao, S
% AR WRS B TR PRE
e el WhE g A A Uoke

7Fgstell AR FAEIEY Fibvee ARSF
gl U E Falod A3k

Table 69 #9315 dole L9543 By
g Velisich AR ARE wiske® AR R
oiste] Al s1E3L 809E+3 g PO4eq/
person-yre|ch

Table 6. Normalization Reference of
Eutrophication.

3.35E+3

NOx 1.15E+12  1.50E+11

38

NH;  934E+10 327E+10 7.33E+2 8

Total P 345E+10 1.06E+11 2.37E+3 27

Total N 26E+11 1.09E+11 2.45E+2 28
Total 397E+11 8E+3

7. A5

Aei5de] Agdas vIdY=9 Center for
Environment(CML)el|*] #|¢}%}+ provisional me-
thod20)ell wigtc}. o] HPHL Environmental Pro-
tection Agency(EPA)dll4]  Alg}gF Maximum
Tolerable Concentration (MTC) AKXt vhg 4
sl 7k B3] 9] AS MTColstR 344
7=l 83 29 oS BARIeE AMElch
olaf of, HH =F, EJUIAE, x| AAF
Y SR F W e e Adsn AR
gl wet zAgrb 27 ol W= 001, 274 =%
od g 00019 safety factor® F3ld ARAska
ek

1) #A2HE

FASAY 49 Fo wEYe iRA e
Adsls, a2z e seleialet gl
A HAsE SAEA S IHIAGTEY A
FaRY = d§A], FesE R, 35
FAA “H‘“a’zl ddgg A wigdz], 394 A
Ao WA AFAE ARl Aljldleet &
Ztz e R FAEE ARSI,

Fellx HAE = A dEAY B AelAt
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Table 7. Normalization Reference of Ecotoxicity to Water Emission.

Cu 342E+11 0.253 :
Pb 476E+10} 8 127 1.25E+01  595E+08 1.33E+01 0
Hg  430E+09] 0033 | 02571 3.03E+03 L.30E+10 2.90E+02 0.7
CN  570E+10 0.00E+00 0.00E+00 0
n-Hexan 7.25E+09| 975 o | 00975  LO3E+01  7.44E+(07 L66E+00 0
Phenol  1.94E+08| 56 % o | 00056  LTE+(02  346E+07 T12E-01 0
TCr  225E+08| 11.2 12 o | 00112  B93E+01 201E+07 447E-01 0
S-Fe  384E+09 158 0 0.134 TA6E+00  286E+(07 6.39E-01 0
Zn 4.06E+08 | 0.5 165 13 | o 00065  L8E+2  736E+07 1.64E+00 0
Cd  248E+06| 25 0.0297 19 |o 0000297 337E+03  834E+06 1.86E-01 0
As 2.TTE+06 0.0198 21 o |0.0000198 5.05E+04 1.40E+08 3.12E+00 0
Cr+6  5.06E+07 0.00E+00 0.00E+00 0
S-Mn  6.53E+09 0.00E+00 0.00E+00 0
F- L8IE+08 0.00E+00 0.00E+00 0
NH3-N  233E+12 54706 o 00054706 18E+02  427E+1l 951E+03 228
Benzen LIOE+03| 12 20 29 | o 0.12 833E+00  917E+00 2.04E-07 0
Toluene 6.28E+03 | 7.3 43 o | 00043 233E+02  146E+03 3.26E-05 0
Ethz}:::n_ 263E+03| 12 10 | 0 0.01 LOOE+02  "263E+02 5.86E-06 0
TCE  000E+00| 423 5 | 2 0 0.02 S00E+01  0.00E+00 0.00E+00
TeCE 292E+06, 5 30 I8 | o 0.05 2.00E+01 5.84E+(4 1.30E-03
(ﬁl;:; 878E+03| 13 o 0.013 7.69E+01 6.75E+02 L51E-05 0
HCN  4.35E+10 | 0.057 % 68 | o 000067 175E+03  7.63E+10 1.70E+03 41
Total 187E+12 4.17E+04

7} ¢i= Zo] %o} provisional methoddl] w2} &
AAE7|edA 830, EAEABE internet data-
base3D)32) 2 FAdge FIBMB6)Y] AR E
vigto 2 ARgAAE  AFAl AXksisick
Table 7] vehigleh $dedEAdel o3k Yeis

ol

Aol A3t J)Ege 417E+04  m’-water/
person-yre|th
2) EAULYHE

CML provisional method7} B 4E 3 4]
T 59 SRS ulgke® s 9ot FudlA
& S 3 EQVIAE 2 28 5
AA=7t #5351 EDIPHH= o] &/, P,
72 SARRSPD FHE ey SRR

ASlE B Ha FE S V|EeE A8
g ik

APdTEe] dTENE] FR edEH dAdS
ok mlolsly active ingredient 715 =W
e A vl 95%elde AR £
< A3 71Egke TR A Alse S
FWHEEF 2 Rl Wi BAE Adsln Y
FoFEsddsle] 2883 A3k

AL A3} 71§32 5.79E+11 kg dry soil/
person-yrehe A@A o g whlEY F gl= 43
2 AxEQIE. olel’t Adbe B33 wbHEo Wizl
d BAlz SAxEr 5% A 28
g} safety factor’} AgHoE Hasld wjg Je
MTCE ZHAl =7] dFels % AgAxle] £
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A& Fole At e1FoiAHok & Fojrk

A}89lxk= CML methodE AHE3lic} ARS8
Wz Ales BAYY, IRRAGTEY A8
£ AH8315r). Dioxin HAF] Ai¢ Algs 34
oA A 107] 23l 53] A= AT @
dgested At Z1Egkel 2L F 22F
AZHEAE dodle 7] 2 3 eFEAT
ez olF BA3 @geE AAMelM
0.01% o4& XAk BAES Table 8 et
wigich AR A3t 715w 6.67E+04 gbody-
wt/person-yre|c}.

lo do

Table 8. Normalization Reference of Human
Toxicity.

Emission to air

S0, 153E+15  1.84E+12 410E+04 €147
NOx 1L15E+15  8.99E+11 200E+04  30.06
Dioxin 3.20E+07 1.06E+11 2.35E+03 353
As 1.30E+10  6.11E+10 1.36E+03 2.04
Ni 1.35E+11  6.35E+10 LA1E+03 2.12
CO 111E+15  1.33E+10 297E+02 0.44
Hg 338E+10  4.06E+09 9.4E+01 0.14
Cd 6.74E+09  391E+09 8.72E+01 0.13
Benzene  2.17E+11  846E+(08 1.89E+01 0.03
Emission to water

Cr+6 506E+07  2.08E+08 4.63E+00 0.01
and other

12 items ’

9. H7] &

19951 =W HA71E PAFE A VIEe s
AHgslgon Alge BANUME o]8alleh gl
A= 78S F92 A ol #7118 A
oA 7] F7eddfe] WEA] oon Ha| Sy
2lol| 4] H71E wligR|e] FFe] E AP H
7] WEelct 473 AF3t 7153 1.5m” waste/
person-yre|c}

AR P Al 7153k Table 99
vehd  uje} zlth

V. B3 71Es 2 F

o] JFE Wenzel 5 Goedkoop, A3l F¢
Atsr Z1Est Aot vlwsigch Fdhid A
qF AAPt d2ug A} rlEwd
a2 A3 He ATE e H
A%E Fig. 29 eI

A3zt Tl 7% Goedkoop®]
7} W 2 38 Xole d o]+ GoedkoopZt Y
A AR AAT Europed| A¥5Fo] AAETR
o} 7] gie Aoz gl o F Eo dvk=a
o] QIF & A3 BA wiEeRS AAET
ok 2ufol] o]8c}t? Aasl o dFe 99 s
294 W92 s At J1EgS AR ssich
weba] eluR] Mgkl W& 5] uelel A+
7183 AAE X194 AR & 3Rk Z 3ol

B4
2
>
X

slga 2

Table 9. Normalization References for each Impact Category.

Abiotic Resource Depletion 2.94E+03 g/person-yr*
Global Warming 5.66E+06 g COz-eq/person-yr
Ozone Depletion 8.26E+01 g CFCs-eq/person-yr
Photochemnical Oxidant Creation 7.37E+03 g C:Hi-eq/person-yr
Eutrophication 8.90E+03 g PO# —eq/person
Acidification 5.64E+04 g SOz-eq/person-yr
Ecotoxicity
to Water Emission 4.17E+04 m’-water/person-yr
to Soil Emission 5.79E+11 m’-dry soil/person-yr
Human toxicity 6.67E+04 body-wt/person-yr
Solid Waste 1L5E+00 m’ waste/person-yr
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1.00E+03

3.00E +03

2.50E +03

2.00E+03 ‘BWenzel et. al.
‘N Goedkoop

1.50E 403 iMJung et. al.

I B Korean Eco-indicator

5.00E 402

0.00E 400
i 10E4 gCO2~ gCFC-eag/pe— 10 gP043-
eq/pe-yr yr eq/pe-yr

R

N
10E2 gS02—- 10 gC2H4-
ea/pe-yr

eq/pe-yr

Fig. 2. Comparison of several Normalization References.

AREEIll Wenzel 5 % ©] 7 A9A 734
Z AR A3t A3t rIEsks AT oF
50% AHX o] Helx glrh Tz} Wenzel5d
A7e AHE AE 2 AREHPE A3 AXsa
A kol 1 AAE AR A= F3dch

2&E2 sFdME Zt AFeict AHast 7|Eke
Z77F & Aold Btk o’ Aele diE 7
AFolA] ARslE Sl A9 AHAL FEd=st
th2r] e Aoz FefEgct 53] 2&F v
Bl AR 19894 olF AT AL TE Mol
3 7] wikEel 71E Wxe] AdAo] ghell & dF%E
vz Fig. 2914 Wenzel 53 ol 79 2}
ol UNEP9 AA &% =4 2v|=e B4
ol 90wt 951¢] Zha wlEF o= Ay dA)3}
Ack

Fajsl] AlskE Aol ot A3 Z1ERs A
g3 AAe 28 A e rE SWATES F
Aoz nlwslgct Ads) 5o Aol AA A
T3 713k 80%E AR e VOCe 27t
o PAEAH 28 diAl UubEQl  Non-Methane
Hydro Carbon(NMHC)®] Arg<Iz}E =435l 3t
S AREsild. et ol B ARSlALEe]
FHd) 10084714 zo)7t vr] wlfel ol¥ ke
At 71Ee AlFAAE AHsAxicke SdE
o] delld 18]t ZHA] 5o dATelde 29F
A whEks ARYRE 7o) ozt vl HE wj

24 sl 1 FAEEAENE 74 ey
Photochemical Oxidant Creation Potential
(POCP)E AMH3lq ZAxE =33tk oy
VOC =& NMHC# #Zo] 33 zlgdche Al
Aol & Aoz oidch

4B ZloEhe EAE WY A ¥y
Bom o FA WEE dAZE vksk] diiel
A7t & Aol fldeh Wenzel 529 97
+ DenmarkE, Goedkoop= Europe2, A&
2 veks AY9H AAR AAE Aotk Den-
mark®] & A3t 715€82 Denmark®] 433}t
JFe] 419%6% Ak 7% Ruel g% Furie}
o) ojgo] 2 Aoz wusle Hadsh Fo| A7
2] zo] HA| krufo} wiEekell iyl eellA 7]
3k Zelct

Fedofste] At e Z1Eks vlslr] 98
Agd7-Ee] FA% IHE o dtelr] ARSI
g POseq/person-yr2 54 Az 294 4
A7} Azp 3ol Z S vIHER FdFE
v sk st 5o Ae} o A7 Aol
71EdES Aol U EA AR AolE
QI3 Aoz mletEgict A3} 5 AT WA
71 B v e 122 AeEda 7Rgs
ok 22 ol delde FgodBte] Feed
Al AR, B, o5, SAHS HE A 5%
< Fehln WREE deE APAY, AAY, O
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Ao Fo2 vhrel e WEe Sl £}
o AEckz FgsEch 2 ¥l AT 59
Wit 29%} AVNE 71T A

V.2 8

=Y WARAYNIRTE A% AT e
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A, Aol FH IFAAE sl 74
E ARaz, A7ds, 082 a7, A3 1
o3l B3R AEE A, Al 2 A 54
7189 FPHFE AT A9H, IAA F
7zt WA gl AoEl =9 3
ol2 ¥ BFH 2 ¥y oeL HEY
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