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ABSTRACT

This study is intended to develop a life cycle impact assessment method, named as Life Cycle Risk
Agsessment (LCRA), that can evaluate the potential risk from hazardous chemicals exposed to human and
ecosystem throughout product’s life cycle. For this, this study considered three risk categories such as human
cancer, human non-cancer and eco-toxicity. In addition, it developed the technical procedures that can
calculate not only the potential risks of three categories but also total potential risk integrating each quantified
risks, For calculating the potential risks under domestic environmental condition, this study developed
exposure indices by applying both 146 Toxic Release Inventories' (TRD) published from the ministry of
environment and the data associated with domestic atmosphere volume, domestic waterborne volume, average
span of life and duration time. Also a case study of laundry detergent is presented below as an example to
explain the application of the LCRA method.
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o} & AR AAFEeAdE olv] 19906 &=
e S3MAIEE] dIgE AR fEE #EE 4
sle] ol5g AR WK S sl e
wslar o) #FEslo] skt Eco-point(Ahbe et al,,
1990; Braunschweig et al., 1994), Eco-indicator
1999; Hofstetter,
1998), EDIP(Wenzel et al., 1997, Hauschild &
Wenzel, 1998), EPS(Steen, 1999)% w®IZE3}e]
Fh-iuct(Walz et al, 1998 Keller et al, 1998
Herrchen et al, 1997), USES-LCA(Huijbregts,

99(Goedkoop & Spriensma,

1999), CalTOX(McKone, 1993), GLOBOX
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(Crettaz et al, 2002), FEco-sense(Rabl &
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Table 1. Types of risk assessment.
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specific)ell W3t H2E4 diilel] 4 7] 2 A
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BAE me sl
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Fig. 1 LCRA whgEe] gl 7| 2ZAolcl 2
dTolMEe AE gt A=A sjeg Auden
Brkelz] fslel sz W2 QLA uPugh oAl
&, AeA B4 55 Adsich Aldel A
5 Bl 7 A3PITHE eE2ES AT F o)F
B2 A4 SHES ASsla, ASE AAA 9]
A=t 7 JeEFY sFes AAs g 3 gl
=g gk |

221 =& 7}

A7) 2 A, EokeR o]E) e o
2 ARE 5o A 2 AuAe A - AL
EE ool wiEEle eyt AAEck o= ¢
A= A el AlEEE Fol/] Huide AgS
29 Aol g5Eolct A xEE f{aEEE
el ok FHAAUARZ=Hlifetime average daily
exposure, LADE) A EZ Jehje, AejAle] ==
g feisateale] ok 2 F clAsE(predicted

environmental concentration, PEC)2 E38%r}

Types Scope of study

Type 1 Only emission, no further exposure analysis, no effect analysis
Type I Emission data, no fate data, effect analysis

Type I Emission data, some fate analysis, effect analysis

Type IV ' Emission data, generic fate analysis, effect analysis _
Type A% Emission data, site-specific fate analysis, effect analysis
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Fig. 1. Technical framework of LCRA.
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T2AE 28E 4 glch Table 2+ IRIS#(1997)
oA HEF Folol o3 LA e e,

(+h A vt

vpgtEAle]  9(chronic) EE= B9
(subchronic) °38k) WbEale] u]ael of3ke- <14

L FES UNSE gAY 794 FHal"
TR observed adverse effect

NOAEL) =+ HazkgsHlowest
adverse effect level, LOAEL)S 24 {F&=35 7]
FZeHreference dose, RfD)S o]&3led 3rlgh
ot RIDF dAF<E of|d f3) %= WA 4w

A
level,

observed

Table 32 IRIS(1996)0ll4] wE3h u|ulgrEde)
wHAdedgke] ot RD ofe]c).

PRelgAel ik YslE(hazard index, HDE 4]
(3)F o] xEH7te 53] Yozl LADEE &3
"S- H7Hdose-response assessment)E 538 4%
 RIDZ VA deh =3 74 24 7 A2y
HAA=E Tl F A =E A&

THI = E ZJ]H ZZ[L;IJ%E] (3)

o714, THI= & vPdst fle=g ovisd, i=
B e, je= =23 EE guigkl

dAZE ddd IEeE xFE 5 gl FAEAY 3 olFA m=F® HRFS RDY e A
e mg/ke/day) 224 B4 aqld x&FEE oltx  (threshold)& vhe #el7] didd = Az} 124
29 A4 ‘ilsafety) 9 Frhehe Aol A Aol Al Rt Bt £ gles, @
Table 2, Example of quantitative carcinogenic risk from inhalation eprsure
Component 55;}; CPF Ext;t&pglg&ion Route Species Tumor type Reference
As A 15.05 Absolute-risk Inhalation, Human, Lung Brown and Chu,
linear model occupational male cancer - 1983a,b,c ;
exposure Lee-Feldstein, 1983 ;
Higgins, 1982 ;
Enterline and Marsh,
1982
A 42.0 Multistage, Inhalation, Human Lung Mancuso, 1975
) extra risk occupational cancer
‘ exposure
Cd Bl 6.30 Two stage ; Inhalation, Human, Lung, trachea, Thun et al, 1985
only first affected exposure in the white bronchus cancer
by exposure ;extra workplace male deaths

risk

Table 3. Example of chronic reference dose for non- carcinogenic effects

EPA

Experimental doses

class RiD UF MF Critical effect fkg/day) Reference
As A 3x10™ 3 1 Hyperpigmentation, keratosis NOAEL- 0.0008 Tseng, 1977;
and possible vascular LOAEL: 0014 Tseng et al., 1968
complications o
Human chronic oral exposure
Be B2 5x10° 100 1 No adverse effects NOAEL: 054) Schroeder and
Rat, chronic oral bioassay LOAEL: none Mitchner, 1975
Bl 5x107™ 10 1 Significant proteinuria NOAEL(water): 0.006 US. EPA,
(water 3) Human studies involving NOAEL(food): 001 1985
%XIO) 10 1 chronic exposures
food

4) US EPAY S398)4d 4 A~ (Integrated risk information system)
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Aoz Aosigict, AASA) i Y =S5
folald FAF £ UEF ] Haled AN)elA]
1kgd] FafEA0] tiy] =& FAE o]5% o] 4
2 8 ARE &l A =38 F=F S

EE3ATE el o) F438le] LADEima, oral
EF APsisdcth €, AElA A did =E28e
SEFAL TARE oFH falslstEde] AT} 37
o x&EHE ALE 7182 PECiqmics ARESIS
t}. Table 49} 5& A 2 AeARe] T xE
W2 LADEuba, ot PECaquaicS] o]t

Table 4. Indirsct exposure to human per
hazardous substance

LADE(inhal)  LADE(oral)

Substances CAS No. e "~ melka/day
Acrylamide 79-06-1 3%E-11 HEbE-15
Trichloroethylene  79-01-6  3.24E-12 0.00E+00
Carbon disulfide 7-15-0  798E-12 515E-17
Dichloromethane  H-09-2 51710 L1IE-15
Acetdldehyde  HB-07-0 LI7E-12 0.00E+00

Viyl chloride 75014 396E-13 361E-15.

_61 -



62 AAAHG7 [A6d 1%,2005]

Az AHEEL AA AR st dE2AL F
7o} Fig. 29 AlAl AMgol a3 Alveieg 43l
Table 65 o] x&eFg AAch Fig. 25 2w,
Az AHEE ARE opdue] 9 AFr] AR,
A=E A4 5o A DA, A =253
Aetr)elA wEd dAeg F3lo] AA A2 ko] 3
e wiEsls Aew 7PEldch

Table 5. Exposure to environment per

Ax A vebgew, QA dedel] vl 14 )
ol e} olg Hel= AL & 4 ek olAH H|
5 AleiA A5 QA wistel 23 <33 A
kel wisied A vehtrkw sirizie olgd] %
A7} 1 @A 9] el A 2 gejAe) 7]
Ae 9% A9 e A2 BAEU

Table 6. Direct exposure to human pe'r
detergent substance

hazardous substance Detergent LADEGnhal) _ LADE(dermal)

: ingredients p&/kg/day pa/kg/day

Substances CAS No. PECI;;%MC) mgg A 560801 T30
Acrylamide 79-06-1 884E-09 AESH) 1.08E-03 261E-05
Trichloroethylene 79-01-6 0.00E+00 Sodium carbonate 3.16E-03 763E-05
Carbon disulfide 75-15-0 820E-10 Sedium sulphate 1.24E-04 2.08E-06
Dichloromethane 75-09-2 1.76E-08 Zeclites 246E-03 5.93E-05
Acetaldehyde 75-07-0 0.00E+00 AOQS? 292E-05 7.04E-07

Vinyl chloride T5-01-4 S74E-08

32 §A= 3o}

Table 4, 5, 64 4 <A 2 AeA|2e] »=
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Fig. 2. Use scenario of laundry detergents.
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5) LAS : Linear Alkylhenzene Sulphonate
6) AES: Alcohol Ethoxy Sulphates
7) AOS : Alpha Olefin Sulphonate
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Table 7. Risk characterization per risk categories on pre/post use stage,.

chermicals HI CR PEC/PNEC
inhalation oral inhalation oral fish.aquatic
1,3-Butadiene 101E-07 161E-10 8.10E-12
Acrolein 1.10E-06
Ammonia 765E-09 _
Benzene 2J7E-11 203E-12 111E-14 1.92E-16 4,53E-08
Cadmium 797E-12 329E-12 5.34E-06
Q{% Chromium 157E-06 | L30E-11 ' 363E-05
Q{i A Dichlorvos(DDVP) 301E-08 2.36E-11 355E-12 360E-07
Ethylene oxide 458E-12
Manganese 1.12E-06 3.10E-14
sub-total 449E-06 0.84E-11 1.89E-10 816E-12 4.33E-05
total 4.49E-06 1.97E-10 4.33E-05
Linear alkyl benzene sulphonate LO1E-07
Alcohol ethoxysulphates 1.70E-07
Zeolites 413E-06
AR
=9 Benzenesulfonic acid,
ol% |22 (44 blphenylylenedlvmylene)dl Jdiso|  2.44E-10
dium salt
Fatty acid(C127C18) 752E-08
total 441E-06
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