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ABSTRACT

Although the variety and quantities of chemicals used have been increasing, no management strategies have
been developed for these chemicals in our country. Therefore, it is important to identify the hazardous charac-

teristics of chemicals and establish reasonable and effective management plans for them. However, because

insufficient resources are available to evaluate all aspects of many varieties of chemicals, studies on suitable

chemical ranking and scoring (CRS) system should be performed to ensure effective screening of priority

chemicals. In addition, because most CRS systems have their own goals, it is impossible for only one generic

system to be consistent with all the uses that have been developed. Therefore, priority systems should be devel-

oped with specific and clearly defined purposes in our nation. In this study, we investigated and discussed exist-

ing CRS systems, and proposed several elements and principles when designing CRS systems. First of all, the
system should have clearly defined goals, keep neutral, and employ simple methods. In addition, researchers
need to perform sensitivity analysis to find the main variables responsible for uncertainties and use the tiered
approach to compose the effective management strategies for chemicals.
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S22} 34 gehn Qe B 3), = 59 oA
499 94 98z 9T 20 i A
o2 oA Qv (3R, 2002).
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HAde) & EAd 8] 29 (attention) ¥ )Y
(resources) & A FI =2 3l LA FYE &
=3 4~ glojof &} (Gary er al., 1994). =3+ 1A
4 Pelake] Wo AetuAe Hdsh) A 4
5 mar 299 A9 BhE AN Sols,
ol FEAM BFEA Suee A sl
Adste AL ol Ba T Adel B 4
a1t} (Mary et al., 1997a).
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Environment
(Air, Water, Soil, Sediment,
Susp. solids, Biota)

Human health

I ! |

l
Exposure Effect Exposure Effect
(EEX;) (EEF) (HEX) (HEF)
l I | I
Environmental score [ Human health score
ES;=EEX; X EEF; HS =HEX x HEF

(Range : 0 to 100) (Range : 0 to 100)

EEX (Environmental EXposure score); EEF (Environmental EFfect
score); ES (Environmental Score); HEX (Human health EXposure
score); HEF (Human health EFfect score); HS (Human health
Score)

Fig. 1. Scheme of EURAM.
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e 3 $M49) AA (chemical ranking
and scoring; ©}8} CRS) 712 ¢Jsi|Ad 7)o} I
AE 2= g oz 8 (hazard)F} =2 (exposure)
o @4z satedel A3 (hrea) A58 AH3)
T 0@ Amz shof $HEAE £ CRS 7]
He guid oz st Exm 1w HYS AAsT,
qT AL olgte] $HEAT £2D T o
o %A Az ofoht Fulg AUk Held
A2E olgshel BEel ¢9l P W4E A
31, =&y 2HE ZgHor Jehll: £i4
oz FAEC (Mary ef al., 1997a).

¥ dFelAE US EPA (1994a)2] d-FellA H
& - A% 509%2] CRS 71y FolM 54 4
welrh FAsht Amae) Aot Ak 9B Ax
ol S RS

1. EURAM

EURAM (European Union Risk Ranking Method)
2. EU (European Union)ol| A #JsjAl =7} 2 )
QA EAE AR A% o=, 7 HelA
AArg-aFe] A7t 1,0008 o|4tel =¥ &4 (High
Production Volume Chemicals; HPVCs)& tjAte=
3, F2 EU 39 =-59¢] 2413t IUCLID (Interna-
tional Uniform Chemical. Information Database) 1|
o] Wy4-& =di& g} (Hansen ef al., 1999). o] A|
2elol e ZA el B oA <Fske] o3k A
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4‘—%’47} =25 (Fig. 1), o|& EU2 AF/59
g E3tsle] HE #48 2AE i H
7} A2 =2 A=t} (ECB, 2000).

ez, BH%~ Lk 35}‘#%’“4 o2 7?*] °]
4 Yejol] whE AR W] EEA], oH Pz A}
9] ¢fo] AHEHEAE Bt ZAA I Eul e

Qo= Mackay level I 29e]] 2}3F 7} compart-
ment (air, water, soil, sediment, suspended solids,
biota) M2 9] 13} H]|E (fugacity capacities or Z
values (mol/m’ - Pa))& AbZE3te] A g3} B34
2 OECD (Organization for Economic Cooperation
and Development)2] 143t 37} ulle) wa A
e el B35 VE e A e
) 22 AREE B FAT e A3
4 UBE ¢ B 0~10902 73t A7
Zv} (Hansen et al., 1999). A&l ¢ 3Fo|x]= NOEC
(No Observed Effect Concentration) W AF (Assess-
ment Factor)S o] §-3}™, A Fol| &t 547
=287 54 A9 ol H) AFE 28 e
S olg o] AER ol gatch £2W 3t o
A e xzelAsl AR dae AsA
QY Ae Foled 0~ 10802 F73 Az
(Hansen er al., 1999). 7. & o]& Ag]e] it &
9 Qo) A4E Fod HE A= ol
ol Fhed A=e) o4& FHHe] Sale]
7zt B2 2] BCF (Bioaccumulation Factor) & A 432
Fabsla, o8 ol gste] A Alel] A3 HE
Aee Aty ¢4 AA el o] &8t} (Hansen ez
al., 1999).

A xF 4o Axe FA wiE B, W
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3}] g FHae ﬂ":ﬁﬂ‘:} 714 FeHeldt &
7]e-& "o}%"ﬂ}“]/] A8 AAHE e, o2
A AA ZIHAME F2 o]431R o= A
x2A, o] 7|HE o443t HtEd A=y} F=

sered $aesl A7 7)) Ag

vl BA 185

A% & 7R =& FAMY A 5A4E
st s AYE & 4 A = o)F 3
Bol s ztgr}t 7HE3HA] e 7S AR ez
BHe g 71 oz Agsheg shy Yok
AEHozt o4d W AxE Fskd UA
& AeE o)8sta, ¥AM AW =2 RE3 v}
7R 2 0~ 104 B2 A3+ AlAHZF (Hansen
etal., 1999). alA] kel tist o= F=2 KA -
AA - w22 546 i3 Al 72
sle] AAE 3}sHEA ] 343 R-phrase (risk
phrase)E ©]-8-3}e] 0~ 104 A}ele] A48 &FF
o} o] 3 B wste] 2| 7}x] R-phrasegk
o dlE % Mg A4t ¥ AdE A
t}(Hansen et al., 1999). 3 FH o2 Aeorie} n}
AR 2 QA e =2 Y odge] Hpm F
3le] 2 42 ]88} (Hansen er al., 1999).

EURAME o]®g 71538 H445AE 42 9
oFf, WYY #Yoz skl AgeuA S
o =3 3l ZLM] A& ol g Al F
2 FH3 A4 = ng5Ael Ak zkuw
et A /gnﬂzﬂ- ul e o]83}e] Al EU (Eu-
ropean Union)= 4x}ol] A 14122 $A459 B
=2 uhx3}gd o (ECB, 2003).

2. CHEMS-1

ulx A EUS vhrlAlE A 1099 S9t
S9e4 B2 913 Wle AW, o E A
wpg e APgslelont Aol gAY AAR o)A
E3lele x| A& wrolglr} olof] University of Ten-
nesseeZ} AA Y A A7 stetEA o] AAHRA
APAL Hrbsta, AR 2 Az TN F
v P PAEL Adslr] 913 screening tool
2= ] CHEMS-1 (Chemical Hazard Evaluation for
Management Strategies)2 7|33}t (Mary er al.,
1997b).

AT AL 29 20 Ros, 4A F4 A4
o Ad) %4 Y4E P, w2 B drE
Folel 3% A48 =29 279 Ane 7
53 744 Ag Ao 7123 HSDB (Hazardous
Substance Data Bank)£} 7+ 2tz o) o] 6}5—_i
sRem, 72t A woll WM Zhe] =] Al A
7 mzgE A sE A9 s (US EPA, 1994b;
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Human health effect
=Oral LDso-+Inhal. LCso

Environmental effect
= Terrestrial Oral LDso

+ .
+ Carcinogenicity + Aquatic LCso
=+ Other effect +NOEL
v y
Exposure

=Persistence (BOD half-life, Hydrolysis half-life)

~+ Bioaccumulation (BCF)

RWF

A
Weighted HV

RWF (Release Weighting Factor); HV (Hazard Value)

Fig. 2. Scheme of CHEMS-1.

Mary et al., 1997b).

=
=1

baad

AHEN
o e Feiste] Agsiglen. 2l
*519] YA Fel T 77 Az 9
A=A, RIS (Integrated Risk Infor-
mation System)&} IARC (International Agency for
Research on Cancen)®] ¢t 2% 3% 78t &
X oga Am (Ao WA, WA, AAFA. A
A =4 0 o0 9 B AT by A3
Sz kA osk ;B o]R3E}A, o]E odz‘ﬂ:oﬂ
Yol 2% QA 712l AT 0~58
sholeh. Al W% FHE A AR 77
A2g 59 34 544 % olfel AT F4 %
A %], o] Foll tj3 NOEC (No Observed Effect Con-
centration) 5 & 37}AE o] 43lH, o]F Ao
W= A 7)1l Azt =T 0~5HE
B3}t (US EPA, 1994b; Mary er al., 1997b).
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AA L Aefel dal A 5A el F5H
U w 4eE Agsted o9 39 e
2.4} (persistence), A &% A] (bioaccumulation)
Sos Adshu Al doIN AR o D
7271, 74 Wy, 424 A&l 98k BCF (bio-
accumulation factor)= A| %2 Abal, 27 1~2.5%
& gukslgd o} (US EPA, 1994b; Mary et al., 1997b).
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AbElT) o|uf o] &}l FA| uHA 7} A%
7VEAE WM 5 UES dln, = AE AR
ol HalM 71EFE 0 = SH o2 F3A
u, QA Aol Z1ek B4 gk Al = 8t
= = g931A zEYEHUS EPA, 1994b; Mary
1997b). =3t dx A gA )7 sh, TRI
(Toxics Release Inventory)—%— o] 83t AARA xF
ANExz A4 $= A s old wj &gl
2l ApE Fsle] o] Amrt HAF o A
£ gle] HA ¢xS 3}3tH(US EPA, 1994b;
Mary et al., 1997b). TRIY] A3} w&F o]4FH 1
UE FUHF F 158FE Aoz wEFE HF
Az Agsie] o9 2o whos SHENE =

3 A7 3E - 9a - F IYE 5 FE
271 Aol AA =T (US EPA, 1994b).
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3. SCRAM

SCRAM (Chemical Scoring and Ranking Assess-
ment Model) & AlFol| o] &5+ 3stEalo] F7}
ol ot AARFoR wiEHe] f3f I} L
g 5 ol 246 WY Aze)de] Bestm
HetEe] wlgell A AwdEl 7y olet. ZhtEt excel
spreadshect Je 2 FAH ] glo] 47 AHE =
23 4 glon, Frt AAdM 24AT A8l
Nzsled =29 AFE AT BHANE 29
Ao Ae Azsle, AEo) HET A
) 224 A4S Fo3in olE FHF Al
wledsl == &}y r} (Fig. 3) (Erin et al., 2000).

Hes

$A "B%&”—a"“‘ﬂ] g 45 AEs] ¢33k
BAF (bioaccumulation factors), BCF =& Kowoll o
A3 el wE AL (0~53)E 93, o &
7bsdt Axe Feo] wet 2844 A4 (uncer-
tainty score)Z ZAARTT} ooja] AAFALE S7HA
7 oA (RQE, 7], = AA, B) Helre] 1t
A7)0l 71t ALFE ARG, 94 dAT
T2kl wet 0~54% sz, 7k wjAlel gk
’%ﬂ—rﬂ AARHE 5712 F B £ HSLE AHA

Aol it Az o] &3t qhef BA ujjA| o
&) o4 s AR w77 $ohd, Level
I e 2] 22& o] &ste] AT 4 3l 7}
43t xpz o] o wel 2K A5LE AT
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Inherent chemical characteristics
lack of information

Bi lati .
: éoAa;fl;BrrglF? Il(i : X Persistence : half-life J
I ]

| |

Acute terrestrial ' Sub-/Chronic terrestrial

/Aquatic toxicity /Aquatic/Human toxicity

l l

rFinalchem Finalcnen
= {(Bchem X Pchcm) xX1.5 } = {(Bchcm X Pchem) X1 5}
+AT+AA +CT+CA+CH
Finalcomp Finalcomp
=Finalcpem + Finalune = Finalchem + Finalync

AT (acute terrestrial toxicity); AA (acute aquatic toxicity); CT (chr-
onic terrestrial toxicity); CA (chronic aquatic toxicity); CH (chronic
human toxicity); Benem and Pehem (chemical score for bioaccumula-
tion and persistence of the chemical); Finalchem (final chemical
score); Finaly. (final uncertainty score for the chemical); Fianlcomp
(final composite score)

Fig. 3. Scheme of SCRAM.

o} (Erin et al., 2000). 3}+EA o) A &3t 7)2be] F-
HEZ] 7, ofdFe] wmlEA Yl Jeple B
o AolE HYBAL ol Wre] EFI] |
) 2 AE A2 Nz iy 1R e
gh} (Rachel ef al., 2002; Erin et al., 2000). o] o, X

B RS Aerh | = 2geleE 34 54
$2i5tod ol W H4E Ak ok 3,4
Holehd ol 54 $eleted 2o o
A4Z AP g (Erin er al., 2000).

o

s Ty

[P

o
F4 540 9T A S 3 P 4R
A% s TR A% 7 a9l Bl

St o A F94 5V 2 e Bee
AP Gt bR/ S UG Her A,
249 Al A sHoz 7, 24 o
S8 A AT R e 34 sk
ek QA 40 A9 A B4, AN B4, g
44U, 715 54 5 ) R e
Aeg d9sly, 3 AS4E A A A4z
Assislet, 27 2R Har 54 2A o

shehgd 349 AR 719 A v 2 187

4312 o2 A% 7 3 W el g, I
Al o}\:ﬂ-H/UI-H o3F BT o] o) BA AHpB
FA18te] composite score®  AFZ3Vc} (Erin et al.,
2000).

SCRAM- o2 A 2glii= 2e] 2tae] ZAdg
238 A4z Bdd 5 ) “ﬂ’ﬂﬂ & oeA
2l ke 3EEAd A ¥ HA4E e
H 2 (bias)7} EAE 4 sovt, o= 7‘3,-‘1'—7} s
g EstEAS AF Hrh 9 AT BS54 Al
|Rchs AlE $UE 93 JFE Ags)of &
o= Zlg Zrxstaat s o =% 23 §lvh(Erin
et al., 2000).

4. ARET

ARET (Accelerated Reduction/Elimination of Tox-
ics)e sMteke] 37 713l Al 8 ofeF A
o] Ay EAe) dis) ApEH oz wfE: A7} Y A
A& 7387 95ted A" 7y o=, CESARS
(Chemical Evaluation Search and Retrieval System)
dlele{wl o)A o] 7HEd EAE dAte g e
WAEAE F257] Y8 He] HQ A=E IR
St} (Environmental Canada, 1994; ICF, 1994).

=4 A& 6714 F 37 o) Aol A ko] sle
H =X A4S AFESka, 604 9 o2 noramlize
AAZ 54 B47E 404 ool e A
Sl 22 S xd Awe AHERA L7
Hom QY Tl R A4E Y 27

o] 73 o}Ate]m Group A, 0}1/]113 B-1¢] &34
Ha, 2% A=A a2 SAeslE £ =g
g AW 44 ol A45 TIRal Age 7

¥3}e Group B-2, B-3o2 ¥ty A =
N7%& 47 Sdo2 T8, 4ol o3 2
2714 27F 22 AASt3 9o (Environmental
Canada, 1994).

5. 7|&}

A AwEl 47px] vk ojgje] b6, US
EPAE 2714 #7]8 & 44 A E ¢} (Waste Mini-
mization and Prioritization Plan)e)] 3-§}3}ed 7]23}
HH el WMPT (Waste Minimization Prioritization
Tool)ll 7)Z&3}e] (David et al., 2001), o] & =33}

p

+ RCRA (Resources Conservation and Recovery



188 J. ENVIRON. TOXICOL.

Act)yglar 3} PBT (persistent, bioaccumulative,
toxic)?] 5A4& 2y f3 HI7 Bt o]Ee] £
Ao P Htede Aada) AR
Aol 719 L sl = skl (US EPA, 1998b).
MCMR (Michigan Critical Materials Register) B}
ge wl2e) mARFlA ARE ez 47
Araclel @ 4 9y A 5L =&dud)
e BXoz AEER. o]43: AmEAE
g2 71 4 D AR, AFA B EF
He, 24 stz AT Av)H gz 2FFHAG
g F4 £33 HFBAL o4k ARl

Vol. 18, No. 3

AMe Azt ol &% W& HV|F Foll AT By
AME Wil AEd=F AT Ao Mary et al,
1997a; Heriot Watt university, 2003).

FlelM = HREA SN AR 1HEE A
staxt she A7 ARGt F2 B
AL AAEA G2 A =&2E FAll 2 EA
3 SHRE AR se] $UENE =2
FEol 2AT Jlom (FPFHF AT, 1991), 1
o= A& AR FHH a7t NYHAAY
7 welrh WHeA Rale] ehRAle] RET Ao
2 JR(FE s T4, 1995).

o
g}

ol

Table 1. Comparisons of several chemical ranking and scoring methods

EURAM CHEMS-1 SCRAM ARET
Chemicals Only existing Exsting & New Exsting & New Exsting & New
Emission Usage TRI No No
Mackay I for Mackay 111 for ty,
Model use environmental No in air, soil, No
exposure level sediment, water
Human (2) Bioaccumulation (1) Bioaccumulation (1)  Bioaccumulation (1)
: Boiling pointor  :BCF :BAF,BCF or Kow :BCF or Kow
Exposure Vapour pressure,
and Kow
P arameters Ecological (33) Persistence (2) Persistence (5) Persistence (1)
(# of variables) . Distribution, :BOD ty, Hydrolysis ty, :ty in air, soil, water, :ty in air, water,
Dergadation sediment, biota sediment
Other (1) Other(1)
: Emission : Released amount
Total 36 3or4 6 2
Human (1) Human (8) Human
:R-phrases : LDsg, LCso, WOE, :NOAEL, EDy,
Parameters others others LDsg, NOEL,
Toxicity ~ (#of variables) g oo0ica1(1) Ecological (3) Ecological and others
: NOEC : LDsy, LCso, NOEC : LCso, NOEC,
and others
Total 2 11 28 22
Data gaps Highest default Highest or lowest Uncertainty score —
Relation
between exp. Multiplication Multiplication Addition NA*
& tox.
Scaling & Logarithm Logarithm Interval Interval
range 0~10) 0~5) (1~5) 0~10)
Weight Exp:Tox=1:1 Exp<Tox Exp:Tox=15:1 NA*
Score Exposure: not aggr. Exposure: single Exposure: single Exposure: single
ageregation Toxicity: not aggr. Toxicity: aggr. Toxicity: fused Toxicity: fused

Final: not aggr.

Final: fused

Final: fused

Final: fused

*NA (Not applicable); Exp. (Exposure); Tox. (Toxicity); aggr. (aggregation)
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6. &stE2d M9 MY 7Y Hlm

e} HerEa $es A4 el dstel
o A= thes} 7kch(Table 1). CRS 7)
o) F2 22 Agsaa e FHo] Fold

A, 2% W SA W3 g o9A A2
HAPE BoseR], AEE HA4E oust WEe
2 E3sleAle #g Aol

EURAM=} ARET%: dgf ARE B4 ojg #
2 9 A7 $Ae) AA S AR B gk

& o] W] Y3 Sdez ogHE HbH,
CHEMS-13} SCRAMZ dxpdel 3ltstEz Ay
& Moz g} =¥ EURAMS AL43g A=
2 o] g3p7] Wl dA AR A HisiA
gF A go| 7hst, v A] s EwE HEA] o4
A g 7PHES Al e dsAE A
£-°] 753t

xZ 39 A4 =24, EURAMS 7} 317 vl

M pse A dEel b e s
Gew sht oyeel PHES AE $34% 2

BE 7bsdt A9 AHEles &lw Qloh =3 &
A #¥ H4 =FA] R-phrasezhs 553 A 25
A8 EURAME Al9Jstay 25 <Al %48k
o dslM FA 54, " SA4A, A Sl
e Azs, A JgFel dHME F2 ofFol
ek 34 AR =x Y BAAE, 945 3
E2 FEste H4g I3k e 7= g%
g} 53] ARETE AV Aol A 54 33
& FEIA g3 A 4353 9lem, SCRAME o
F ol9dell B Foll AT AHR= s ZFs}
=5 sl glo] AA "He g = AuEprt 7Y
oot

& 54 PR Aed A5t ARE F
ste] HF H4a dlodsh}, SCRAMZ Zol o
g oJ3Fe Az Yt =& I M
Mz A A5LE Fita, S8 & Fshe
TFz2 /EEe ok ARETE A% Jejz F
AEle] Zp7+e] R mel WF A4l 4A HLE
Piex], 28X 2R g o&3te] HAAES TA
=8 FAE] vtk w3 A4S AlEse A
o] EURAM#} CHEMS-12 ¢1zl8.&5 A3 ¥

F2 327 937 st 71E9] $u AR
£ o] &3], eSS 2 AT AeE AL
Al sl 44 7 WellA AeE gk,
SCRAM3} ARETE #xtzel dAzF 7+ A4
o] HpE =2IEF stz AAe] uhe] &
o B4 A& o7 whgeld

FEH oz AZHE AgdM S} =F &
19} ¥ &S AHEE EURAMZ £ 749 ¥]E&o)
Fdsh, SCRAMS 54 Azrt gol= A4 &
AL 8 HFo 7] YA x=2E ARdn
giow, CHEMS -1 Ao 3 FHd A7t
Zoll A H) Aol wiE] A AEFe] wWiE
# ABE weIx & AS S dg He
7} ZA AbEEC A F A HEk Aee
EURAMZ 71 A& 25 g3l 3o
23 AF7Ee] wgdo) oEsine B go
o, CHEMS-12 x=&-2 A U QA& FU3H
Hasty 54 3¢ FA e FAEH
SCRAMZ x%& ARE FA o]&43t1, 54%
FAF ez FEEA o) FFIA gk
=38 data gap A8]A] EURAMZ B54q] & &
33l 3], CHEMS-12 7| 23+8 & - &
oz AMgAY ez dAste AdE vad
%= o) =2 3}9 7, SCRAML Alge] 1= HI
A AgzA FerEAe] FHE A4z dkdst
dle] ZtE HRo| FehE F2F gt

AR oz 17 48 3 v|wslxd EURAM
< A AgEFH A% H SE7A 2es
= Bolde]l 71 & AAHle]g]on, CHEMS-
1, SCRAM, ARET 202 A 7¥ A s} dojx| =

Hazard Risk
O O ® o
Toxicity Toxicity  Toxicity  Generic Endpoint-
+ + + risk specific
Physical-  Physical-  Fate and assessment | gjte—specific
Chemical ~ Chemical  transport risk
Properties  Properties model assessment
+ Production/
release

Amount and specificity of data required

Fig. 4. Conceptual framework of several CRS methods
(source : Mary et al., 1997a)
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Aoz #rldh 5 EURAME Ae) 2 il
g wlee 488 % TR xE Aws)
23 Bolw Al 54 H7h R-phrasee] P
A2 o] e 3)lct. CHEMS-12 A7) =27} 9]
24 BT AE QA= folsh} e Bu
7} A& of 3l SCRAMS} ARET:= Haz 3}
£ 54 ARl 2 714 Fol B4 Aoz, I
2 o 8% e A& Aurt weld 4 glew, 7]
= A= ush asi

7. BEEF M &9 MY OIY Het
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