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ABSTRACT

A chemical ranking and scoring (CRS-Korea) system was developed and proposed to use as the first step to
prioritize the toxic chemicals for the purpose of monitoring and detailed risk assessment that might follow as
necessary. The CRS-Korea system takes a basic concept of risk assessment (both human health risk and
ecological risk) in that risk score is determined by the product of toxicity score and exposure score. Included in
the toxicity category are acute toxicity, chronic/sub-chronic toxicity, carcinogenicity, and other toxicity. The
exposure category consists of quantity released to the environment, bioconcentration, and persistence. A
consistent scheme and a comprehensive chemical data base are offered in the CRS-Korea system to calculate a
score for the each component in the two categories by using specific physicochemical, fate, and toxic
properties and the quantity of the chemical used. The toxicity score is obtained by adding up al the individual
scores for the components in the toxicity category. The exposure score is determined by multiplication of the
score of the quantity released with the sum of persistent score and bioconcentration score. Equal weight is
given to the toxicity score and the exposure score. As the CRS-Korea system was applied to identify 50
national priority chemicals, it was found that significant data gap exists on toxicity and fate properties and that
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the uncertainty associated with estimating the quantity released to the environment is notably high. The
proposed CRS system is only a screening tool in the first step toward the priority setting and should be used

with expert judgement and other considerations necessary.
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N B

setEAd e S VIEHez 1 BAL] =
Aot} 9J3 A (toxicity or hazard)s} 7 B o
it =% (exposure)ell oJ3l| ZA| F-9-¥et. webA
o 23 S =E HAFsr] 913 Wkl
=X3} w22 w2s sl 7} (risk assess
)% 71Z2= ol o (FHEH AT, 199).
1314 A AR Foll AY 77 Aol A
d =& 3] o3 $sidS F7hske]
ARE Aaske A 2 Bl AItE
817] e, @A oz o] F7] of-gw
| A e wesled $UEA) 52 2dE W
s Aol b olet. olo] g)s)wrt ne}
e sty 2ol djs) AelE A =
F 4 9= s where] st x4
o] 51} (Gay etal, 1904). 2] A%
Phol A °6HE°ﬂ whe ssEe) $Ae
S957) s13) A AN et
A A o) digel ook @
g Hoz 29 B oS dyoz 3
Jrriel Wohol et ofel e A7
HAH AL WA el Ag-E (primary refer-
ences). oju 1 A A A E3] FLHE= =77}
CRS (Chemica Ranking and Scoring) A]2~&l o 2 A]
TFAH FAel| iz}t vhekst CRS Al A®IEo] 7
o] AFE-F %It} (US EPA, 19944). European Union
Risk Ranking Method (EURAM) (Hansen et al.,
1999), Chemical Hazard Evaluation for Management
Strategies (CHEMS-1) (US EPA, 1994b), Chemical
Scoring and Ranking Assessment Model (SCRAM)
(Erin et al., 2000; Rachel et al., 2002), Accelerated
Reduction/Elimination of Toxics (ARET) (Environ-
ment Canada, 1994, 2003) S-¢] 1 323 A} o]
o}.

ae S Aee

'T—'l
s}sh5-2l

rl° 1.°L

lﬂ(jﬂllorm_uo; o X ofo
o g g 0
oi of i L3
r-{o
P e o

A
(-

i
o

RIS
=0
R
=0
=

]
l
e rull ]
ko lo wX afu

Ji

—_—

(e

Copyright (C) 2005 NuriMedia Co., Ltd.

AelE= 27] el ot & 4 sled 3E
A0 gEid T SHeA o]E AA 7IWell
g Al=Hel o] Wi} wpeby] & A7
M 7188 FAA-Q] e TIHES EdE
U Abslel] Aaksl oA5=9) MA A|AEIS At
T, 84 sheted Bt HEER Y B
B WAooz o AxEld Fgsted, $Ae

22 =2anA sel

:“.:

o O 4y

[e]
=
¥

r g

% o

(/)

7

n@.

o

;T‘:

II.

i

o o

l;J (

Ry

o

32

o T

l_,r(

)
A e oL

2 A= E}fﬂ 444 Q= m 2!

Lm{néﬁr{\ljjm{dJM-\OQ

i,
)
S
o
ofl,
:“~
ol
U
L
2
22
>
4
A

o] S8 A 712 Hekst CRS A AFe]
s zzte] A A4, 71yl Awd, A WeE
o) 54, 719 B % FHo= wm - ¥4
shol S P A AerbsRe HEstin
(Environment Canada, 1994, 2003; US EPA, 19%a,
b; Hansen et al., 1999; Rachel et al., 2002; 7)< Al
=, 2003). 0|2 ATz setEae] Eelsied A
A, QA 2 A 4, B F A% 54 9 B
240 FYAET MEAdE 5 Fo YIRS
& ARs =T o5 B4 @Y 45E
Folahe WAlS A Eshet

=3 e 7S deEs A S =S
z2 339 CRSAIAHE wtEelA] fal3stEa
ALY §-=E (53401, 20024 11Y &A))
(3738, 2003)e]] w3t d oJEju| o] AE FF3}e]



June 2005 Park et al. : 4149 A& 719
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wkolA] (carcinogenicity), 7]EF=-A] (other toxicity)
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| Combined score [0.8~ 200] |
I
[ ]
Human risk score [0.4~ 100] | + | Ecological risk score [0.4~100] |
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score [0.2~50] score [0.2~50]
Aquatic Aquatic Terrestrial Terrestrial
Human Human ecological ecological ecological ecological
exposure score| X | toxicity score exposure toxicity exposure X toxicity
[0.2~10] [2~10] score score score score
[0.2~10] [2~10] [0.2~10] [2~10]

Fig. 1. Chemical ranking and scoring scheme proposed in this study.
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Table 1. Scoring criteria for acute and sub-/chronic human toxicity
Endooint Score
ni INLS
PO 5 4 3 2 1
. Oral LDso(mg/kg) <5 <50 <500 <5000  >5,000
Acute toxicity Inhalation L Ceo (mg/m?) <15 <150 <1500 <15000 > 15,000
) . Ora NOAEL (mg/kg-day) <1 <10 <100 <1000  >1,000
Sub—/Chronictoxicity |\ fion NOAEL (mgim) <3 <30 <300 <3000  >3,000

*L Dso (lethal dose); LCso (lethal concentration); NOAEL (No Observed Adverse Effect Level)

Table 2. Scoring criteria for carcinogenecity

Score
Data sources*
5 4 3 2
IRIS A B(BLB2 C D E
IARC 1 2A 2B 3 4
ACGIH Al A2 A3 Ad
NTP a b
EC 1 2 3

*IRIS (Integrated Risk Information System); IARC (International
Agency for Research on Cancer); ACGIH (American Conference of
Governmental Industrial Hygienists); NTP (National Toxicology
Program); EC (European Commission)
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Table 3. Scoring criteriafor persistence and bioaccumulation

113

. Score
Endpoints
5 4 3 2 1
Persistence Haldffllfe(m air, soil, water, sediment) <4 <20 <50 <100 ~100
(days)
Bioaccumulation B(Cl;i(ﬁgg’”cm”m'on factor) <100 <1000 =<10,000 <100,000 > 100,000
Table 4. Scoring criteriafor chemical quantity released to environment
] Score
Endpoints
10 9 8 7 6 5 4 3 2 1
Amount
of Use  >5,000,000 <5,000,000 <1,000,000 <500,000 <100,000 <50,000 <10,000 <5,000 <1,000 <500

(ton/year)

Table 5. Scoring criteria for acute and sub—/chronic aquatic toxicity

Score
Endpoints**
5 4 3 2 1
Acute toxicity LCso (mg/L)* <1 <10 <100 <1,000 >1,000
Sub-/Chronic toxicity NOEL (mg/L)* <01 <1 <10 <100 >100

*LCso (lethal concentration); NOEL (No Observed Effect Level); **Test species are fish, algae, daphnia, and invertebrates.
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Table 6. Database for priority ranking of toxic chemicals

Variables(unit) Additional contents Data sources*

Molecular weight (g) - 1,2

Boiling point (°C, 1atm) - 1,2

Vapot pressure (mmHg, 25°C) Experimental Temperature 1,2

Physicochemical Henry constant (atm-m®/mole) Experimental Temperature 1,2
property Solubility (g/L) Experimental Temperature 1,2
Octanol -water coefficient - 1,2

Bioconcentration factor - 1,2

Half-life(days) in Air/Water/Soil/Sediment 1,2

L Dsp (mg/kg), L Cso (Mmg/m?)

Acutetoxicity (for Rat, Mouse, Rabbit, Guinea pig €tc.) 1234
Oral NOAEL/LOAEL (mg/kg/day),
Sub-/Chronic toxicity Inhalation NOAEL/LOAEL (mg/m?®) 4,5
(for Rat, Mouse, Rabbit, Guinea pig €tc.)
Carcinogenicity EPA, IARC, ACGIH, NTP, EC 1,235,6
Human toxicity . -
Mutagenicity or Genotoxicity
Reproductive toxicity
Other toxicity Developmental toxicity 123
Neurobehavioral toxicity T
Immunotoxicity
; - Acute toxicity L Cso (for Fish, Algae, Daphnia, Invertebrates) 1,2
Ecological toxicity Chronic toxicity NOEL (for Fish, Algae, Daphnia, Invertebrates) 1,2
Amount of Use(ton/year) Y ear (1999~ 2001) 7

*Data sources 1: HSDB, 2003; 2: ME (the Ministry of Environment, Korea), 2003; 3: NTP, 2003; 4: EU, 1996; 5: US EPA IRIS, 2003; 6:
IARC, 2003; 7: ME, 2002a

dow, Am A 71F R A4 A= 94 FUs

4= o 4. A7 H4EF A HlolE{Ho]A T
A Agslelct (Table 3). =3t wj23Fe] g A=
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&l 5
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43le] v Fulg& 735190 (Hansen et al., aﬂ%fﬂ%l;—zwl Eg] - 3ksbA Ao dsiMe
1999). v &g F7rel| w2 A5 Tablede) ZF=z 373, HSDB (Hazardous Substances Data
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Ak Ag - QA eZellA e} mprrkA R AE < 7% US EPA (Environmental Protection
FAH AESZAHY 47 FHdg2 53, W& Agency) (US EPA, 2000)ollA] A|3-3t3 9l EPI-
o] gk 104 o= 3k =& 71e] W) A WIN (Estimation Program Interface for Windows)
= A H e SAAE 27 1003 o] = 2 (EPA’s Office of Pollution Prevention and Toxics &
FHo= 7t 10doz A3y 98] AAFE A4 Syracuse Research Corporation (SRC) from US EPA

2 1002 o] FSio) (2000)) H 7145 o] &-3le] 72 oS3ttt
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Table 7. Change in the priority with default value
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To water : 10% Default=1 Towater : 10% Default=5
CASRN Chemical name Score Ranks CASRN Chemical name Score Ranks
000071-43-2 Benzene 729 1 007664-41-7 Ammonia 82 1
007723-14-0 Phosphorus 65.7 2 007738-94-5 Chromic acid 73.2 2
007664-41-7 Ammonia 63.6 3 000071-43-2 Benzene 729 3
000107-13-1 Acrylonitrile 61.3 4 000107-13-1 Acrylonitrile 70.3 4
000108-95-2  Phenol 59.1 5 000067-56-1 Methanol 68.9 5
Chromic trioxide,
001333-82-0  Chromium trioxide, 58.2 6 000095-47-6 o-Xylene 684 6
Chromic anhydride
000108-88-3 Toluene 56.7 7 007723-14-0 Phosphorus 65.7 7
0000gg-73-3 - Shiore-2- 563 8 | 007647-01-0 H(ﬁd;gfgg‘éﬂ%ﬁgi ) 621 8
007647-01-0 H({*d;gfg‘gzﬂccﬁgi &) 549 9 | 000141-78-6 Ethyl acetate 600 9
000101-68-8 463;’2”},2‘[:‘;5?&%"’;‘”‘ 528 10 | 001310-73-2 Sodium hydroxide 600 9
000141-78-6 Ethyl acetate 504 11 000108-95-2 Phenol 501 11
Chromic trioxide,
000098-95-3  Nitrobenzene 474 12 001333-82-0  Chromium trioxide, 582 12
Chromic anhydride
007738-94-5 Chromic acid 456 13 000108-88-3 Toluene 56.7 13
000095-47-6 o-Xylene 44 14 007790-94-5 Chlorosulfonic acid 56.7 13
000050-00-0 Formaldehyde 40 15 000088-73-3 1-Chloro-2-nitrobenzene 56.3 15
007664-93-9 Sulfuric acid 434 16 000095-70-5 2, 5-Diaminotoluene 552 16
000075-56-9 Pr,v‘l’g%’r'];“cfx?rx;gg 428 17 | 001345-04-6 Antimony trisulfide 540 17
000067-66-3 Chloroform 384 18 | 000101-68-8 4aﬁ;gﬁ‘g1§“ﬁd[')ﬁ’;‘my' 528 18
000106-89-8 Epichlorohydrin 36.6 19 007726-95-6 Bromine 528 18
000062-53-3 Aniline 363 20 000075-44-5 Phosgene 522 20
000095-48-7 0-Cresol 363 20 007719-09-7 Thionyl chloride 519 21
007790-94-5 Chlorosulfonic acid 363 20 000098-95-3  Nitrobenzene 474 22
000095-70-5 2, 5-Diaminotoluene 360 23 000302-01-2 Hydrazine/Hydrazine sulfate 46.9 23
000075-21-8 Ethylene oxide 36.0 23 007632-00-0 Sodium nitrite 465 24
000056-23-5 Carbon tetrachloride 339 25 000100-69-6 2-Vinylpyridine 460 25
000127-18-4 Tetrachloroethylene 321 26 000301-04-2 Lead acetate 459 26
000107-06-2 1, 2-Dichloroethane 310 27 000050-00-0 Formaldehyde 440 27
000067-56-1 Methanol 293 28 007664-93-9 Sulfuric acid 434 28
000301-04-2 Lead acetate 201 29 | 000075-56-9 Pﬁgﬂ;{‘&?ﬁ:’ 428 29
007632-00-0 Sodium nitrite 285 30 007697-37-2 Nitric acid 420 30
000056-35-9 Bis(tributyl tin) oxide 272 31 007803-57-8 Hydrazine, monohydrate 417 31
000095-54-5 o-Phenylenediamine 267 32 007664-39-3 Hydrogen fluoride 399 32
000543-90-8 Cadmium acetate 264 33 000067-66-3 Chloroform 384 33
000077-78-1 Dimethyl sulfate 264 33 000106-89-8 Epichlorohydrin 36.6 34
007803-57-8 Hydrazine, monohydrate 261 35 000062-53-3 Aniline 363 3H
000100-69-6 2-Vinylpyridine 250 36 000095-48-7 o0-Cresol 363 3H
000506-64-9 Silver cyanide 240 37 013530-68-2 Dichromic acid 362 37

Copyright (C) 2005 NuriMedia Co., Ltd.
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Table 7. To be continued.
To water : 10% Default=1 To water : 10% Default=5
CASRN Chemical name Score Ranks CASRN Chemical name Score Ranks
007726-95-6 Bromine 240 37 000075-21-8 Ethylene oxide 360 38
000075-44-5 Phosgene 234 39 000077-78-1 Dimethyl sulfate 360 39
007722-84-1 Hydrogen peroxide 231 40 008014-95-7 Fuming sulfuric acid 344 40
000079-01-6 Ethylenetrichloride 226 41 001310-58-3 Potassium hydroxide 340 41
001345-04-6 Antimony trisulfide 220 42 000056-23-5 Carbon tetrachloride 339 42
007440-66-6 Zinc 213 43 000095-54-5 o-Phenylenediamine 339 42
N-(1, 3-Dimethylbutyl -
000793-24-8  N-phenyl-p-phenylene 205 44 000543-90-8 Cadmium acetate 324 44
diamine

000079-06-1 Acrylamide, 2-Propenamide 20.1 45 000127-18-4 Tetrachloroethylene 321 45
000078-93-3 Methyl ethyl ketone(MEK) 194 46 000107-06-2 1, 2-Dichloroethane 310 46
000095-53-4 o-Toluidine 192 47 010026-13-8 Phosphorus pentachloride 309 47
000077-47-4 Hexachlorocyclopentadiene 19.2 47 000506-64-9 Silver cyanide 300 48
007719-09-7 Thionyl chloride 183 49 010025-67-9 Sulfur chloride 300 48
007719-12-2 Phosphorustrichloride 180 50 007440-66-6 Zinc 285 50
001310-73-2  Sodium hydroxide 180 50 - - - -
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