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A Study on the Selection of Candidates for Substances Subject to Permission
Using Chemicals Ranking and Scoring (CRS)

Hyo—-dong Kim * Kyo-shik Park’

Department of Safety and Health Convergence Engineering, Soongsil University

ABSTRACT

Objectives: This study was performed to check whether the CRS (Chemical Ranking and Scoring) system is
appropriate as a method to determine substances as candidates for substances subject to permission and to
apply this system to the selection of candidates for substances subject to permission.

Methods: A risk score was obtained by multiplying the hazard score and the exposure score and then ranking
them. The hazard sub-indicators are carcinogenicity, germ cell mutagenicity, reproductive toxicity, specific
target organ toxicity—repeated exposure, respiratory sensitization and endocrine disrupting chemicals.
Exposure sub-indicators are persistence, bioaccumulation and emission volume. Sensitivity analysis was
performed for missing values. Correlation analysis and multivariable linear regression analysis were performed
among hazard, exposure and risk in order to confirm that CRS was an appropriate method.

Results: As a result of the sensitivity analysis on missing values, it was confirmed that the effect on the risk
ranking was not sensitive. Correlation and regression analysis confirmed that exposure had a greater effect on
risk than hazard.

Conclusions: The CRS system, which derives a risk score using a hazard and exposure score, is judged to be
appropriate as a method for the selection of preliminary of candidates for substances subject to permission.
Benzene, cadmium, nickel, and cobalt were selected as priority candidates for substances subject to
permission.

Key words: Candidates for substance subject to permission, chemical ranking and scoring, exposure, hazard,
risk
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AR A IERED AE AL AF R
A} SRS SRl Ao Koy
PR G0 S AR FATEACTE
EU)Y| sish2 4 A9l ‘SRshRAe] S Ht 57t @
Agto] 3t G+2(Regulation (EC) No 1907/2006
of the European Parliament and of the Council

it ()Y

=

of 18 December 2006 concerning the Registration,
Evaluation, Authorisation and Restriction of
Chemicals ©]3} REACH) ©] 9ItHCho & Park, 2019).
REACHO] 9J3f ‘3-98&EZ(Substances of Very
High Concern, °]d} SVHC) 2 71249 3 HEZ
A A&oiA dRrET ok A7 fEeEREE
X(the European Chemicals Agency, ©]3} ECHA)
oAl ¥33t SVHC= ‘Candidate list of Substances
of Very High Concern for Authorisation’ &%
(ECHA, 2022a)°l 45571, s17F=2<2 ‘Authorisation
listt HE=(ECHA, 2022b)ell 1367] &4o] k. Agt
E2L ‘Substances restricted E=(ECHA, 20220)
o entry & 7|£02 76%°| oy, 24 F2=
2,000 Fo] d=rt

shgy A25%0) st si7FEde] A8 54
gEd3 11 gof Ysidol itk wasks 54 Sl
A A 4 AL Holla(MoE, 2021a), sﬂrvé‘%ﬂ
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RE2Y ARIECE I@E) SHILFE, 95 72t
25, 193 ARAPE L FRlolAY =Q]oflA
a4 5ol dfgshs =42 1531E 24 Io &
Si/goll Al e, oA, AAlEA, WEHA Aol
BAYSH 557 BUES SRR 9o
(hazard) o2 HAS 4= Y1, ()ZAFATL ()YES
24 99 AB(u0oE 438 4 95k, 1207 ¢
4 78 e A EAsH lmE(exposure)©]
E]-_I g} s 011—,].

I8y 7 EEd A4 Al getdes nE 3let
292 994 WE T 4 gonz, Hed oA
&9 AA7|H(Chemical Ranking & Scoring, ©|5}
CRS)' I} 22 S 8ol &4 B7F =42 4%
ot =97t ‘ﬂ‘:}

CRSE &85t 3t A= ssrad S4eE H7t

rﬂ

www.kiha.kr

5t7] fisto] slehEde] £ 9 Ao Ht AlA 35}
Al2~E)(Globally Harmonized System of Classification
and Labeling of Chemicals, ©]8} GHS) 7-&& Ar&
St} ¥eFAl(carcinogenicity ©13} C), AAIAM|E ¥
o]¥4(germ cell mutagenicity °|st M) ¥ AJ4EA4
(reproductive toxicity °Js} R)¥} EXJHAA7] =4
-9H2 -Z(specific target organ toxicity-repeated
exposure(STOT-RE) ©[s} RE)Q] +-& 12 108°=
T8 2= 53o& 5191 587] IA(respiratory
sensitization ©|5} RS2 & 12 1082 FoIst3
o 1223 Amrt Qe A= Had 108k SiY
3R] Y= AL 0dog ol tiBaik et al.,
2010).

E OE A2 E ARAQbdE AR (oo} ARRIE)e] &
A EE A4 A2 U, AAAE Holdd &
A A=A (carcinogenicity, germ cell mutagenicity
and reproductive toxicity, ©]3} CMR) #-& 1A=
349 204, 1BE 1631, & 2= 12702 vigst
k. 123 RS T 12 xRl 980 &, RE T8
12 FHEQl 9o¥gog & 2= 78402 Hofsqlrt
83 Amrt glew 74 ;E‘ﬂ‘ FHrHe g, sfigo]
AU FEEHA god 08 ofct E3H =&
A= HiEFolY 10#3(3014) & 222 £(10
z-]) e A =(107), &2 g8H 44(108) 19

1 2% 5E(40H)E AR ARESIIEKShin, 2014).
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We

Il. o X EE

1. A CHAL

2 AdF+= TFEeEAstY 1A A|2021-104% 3}
sEdo 2R 4 Eﬂl Sol & FHClst A
2021-104%)'9] 4 (NIER 2021)9] %%@9«
Aeisto], & T_AH Q=520 GHS 79} ‘84
A A|2022-70% -H—EEX] ABFEd, ZAEF \;.;
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A2022-9159] [FE 1]19] /IFHEZD A4 4 &
A TF 720 ot s Al9H
ANS (AR, ®lolgA, A=A, WEHA Hof), A
25 - BESHAY - 58 Be AT - IE
£44), ARSHAZ7EY) e A4SEE71HN
Aol FEEHe FES F8 FESE ot
(MoE, 2022a; MoE, 2021b). mebA o] AAQHS vl
o7 {54 1,247F S04 A2021-104% EF=
C, M, R, RE®} RSE F&E= E452 Hosioith
FEEE 1,247F So14 o 578 FEollA 278 o4
o7 FEHE B4 70%0lH, ol & d+9 7t
HEA 13 4= 3ok o] 5 CAS Hz7t 9L
S Mgt} thah, AbEdoy FXEXZ
A9 B4 71EAR A AL FEAT)
2 5 ot} a8, SPER A2529F A2 A34x
20 ZAsto] S7IRAGERS] A Al IHARY F of
U7t shEd o [EE 19200 e SHHHIELY 1
Al71&0] 35 o F(MoE, 2021a; MoE, 2022b)t}.
ks B Adie f5EE FolA AELolY &
A &40 sfigotA] FowA, FdHEL o=
E4(MoE, 2021a; NIER, 2021)& & A9 tArE
22l dH] 57t HEAR A5t

2. At it
1) folld(Hazard) &=

A2021-104%°] C, M, R, RE & RS #& 1&
FEEHE ZF 108 Fosta, 1 & 0.582F vy
shick 28y, A12021-1045001% U1EH]A Ao &
A(Endocrine Disrupting Chemicals(EDC), ©]3} E)’
o sigot= gt o] Qitt. wEtA, Fue] tE
HEA FAHEHI Q&= EDCE AHE}Y, ‘FHTE
B4 274 - #E sk et v 25 B34 (KCMA
& CSi, 2021)°14 &= EDC E=F 24 8313
t} o] 1A 29 F [EY 1, UN9 EDCs E53+ A
FA2AL [BY 2, EUS] WEE ARl H7Hd B51,
(B 3, EU9 SVHC &EZ (EDCo)l, [EY 4, EU
PPPRO] EDCs 5], [&¥ 5, US EPAS] EDCs =]
183 [BY 6, 9E SPEED '989] EDCs £219] 67
EEZS 2 A79] EDC 55(°]5} EDC E55)2.& 1%
t}, o] E59] dgots B4 Bl FEEHE Ao
Hsto] 10402 st %A 32 E42 0.582
2 It
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2) =Z(Exposure) "4
AEs5d1 2ol ZF o 157914 24 0.5
Hog o1, viEHd2 o 10894 4 0.58S

stk

2.1) BEss4d 2 ARA

A2022-91% [Ex 119 239 IF74 - B=
54 e IARAE - IBEFEAL HES
As(fate)oll AEot1A YE5434 7Y BEE
glsttt. 3 AlFH(MoE, 2021b) [EE 19
219] SHTEEZ Y FA7|EA FFA(Persistent
o5} P) FFolA w717 409 25t= A 5
old, MEs=4(Bioaccumulative °|5} B} A&
SE5AS7E 2,000 246k Aolth. 18a 1R
“J(very Persistent ©]s} vP) FFolA ¥Ht7]7}
60¥e ZIst= A SolH, IBETFA(very
Bioaccumulative ©]d} vB)Z HE&ZAS7F 5,000
< Zifst= Aol

AdEdY 3 AsHEE HEHTHY 3}
=AY E(KOSHA, 2022), %4 ECHA REACH 5%
HEQI registered substances(ECHA, 2022d), 1]
1 IeEAckdde] IrEAES TP EAIARI(NICS,
2022a)°14 It

AE55ANA vBe 15828 B= 1082= £
1, ZRAZE vPE 1582E P= 10822 5194
A2021-104%0] oJshd &5 SHS=EH
Al4(log octanol-water partition coefficient ©]3}
logKow)' @ ‘A E5=A 53 (bioconcentration factor
o]} BCEF)Z jefsttl. BCF7F 500 wm|¥ho]Aut
logKowZt 4 mIRto|H BE5540] B2 24U %
SRR o] 3 FILE st 7HE Fofsiqlt
E3SH OECD TG(OECD guidelines for the testing
of chemicals) 117914 BE 4.7{ogKew(7.6°.2 4
HEA710] & A4 logKew 5 @& Boll slidsh=
BCF 2,000 #3 22 #5002 108202 olyrh. &
gt FehEdel Eoid mrbol et AR(NIER,
2015)0l =¥ AJgHHo| wet ok 2ol AR,
Ik o2 28U A& AlHIA 60%~70% ©l/d &
Sl =H o] &3] (readily biodegradation)2.&, 20%
olalH WA (non biodegradation)2.&, 1 Alo]
o A& Ead(inherent biodegradation)S.& 3
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Table 1. Scoring of bioaccumulation, persistence and emission volumes

Bioaccmulation

Persistence Emission volumes

Score
BCF logKow level H* B** (%) level ranks tone %
0.5 0 1 - 0 > 60 - 82~ 4,678 8.04
1 10 > low 1 - low - - -
2 50 - - 2 - - 32-81 189 0.32
3 150 - - 3 - - - - -
5 - - - - - 11-31 4,534 7.78
7 500 > 4 - 15 20-60 medium - - -
8 1,000 - - 20 - - - - -
9 1,500 - - 30 - - - - -
10 2,000 > 5 high, B 40 (20 high, P 1-10 48,834 83.85
15 1,500 > 7 very high, vB 60 - very high, vP - - -
"H: Half-life in water (days), “B: Biodegradability
2.2) HH%%]:_ B . c | m R ||RE| RS | E P B v
A2022-91% [E# 119 7IFE=E AH Al 75
% R S Agolch St BAW $EF AR | ® L@J
£ =7 olely ols AT AmE WEY YRS —L S
283519t & (emission volume ©J5F V) AHE= Score Score
20209 M wiEek 2ARETF(NICS, 2022b) | ) |
o 201943} 20208 WEFS BEE A8 b
201949 RIEA = 229% 202092 228%0]H, 2 Risk Score

W B SF2 9F 58,235%0(30

1~10&97F SuiEdY] <F 83.85% A= AR5k
AA wiEFe] A4S AT 11~31+89= &
Hi&eFo] 7.78%S AR5k, 32~81 7= FHl&EH
9] 0.32%5 AHAsHt. &4 109 W EES
10822, 11~319+ 53202, 32~81&A7H]E= 2
Hog 3lyct &= RAKNICS, 2022b)olA =2
FH7T 819714 T =0l 829 R E = ofH EZQ1Z]
mpofeh 4= It o] BEAEL FHiEFolA oF 8.04%
E AAoh 81900 ZgotA] o= 542 829 olF
B4E HY 05802 dgolqict. dejzoez, HAl
2 HFEo] 3CEA HFF T & 7.65%)° sigote]
1S o] 54 tjAl 108208 WA HTable 1).

N

3) A (Risk) H==

Fol/d(hazard) A= sk A1ES] C, M, R, RE, RS
o} E9] o=, keE(exposure) Hg= o19] A HESQI P,
B 181 V &2 & st HE Hsi8Risk) A=
ol At =& F49 Fo2 FotqtHFigure 1).
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Figure 1. Scheme of risk scoring

Abbreviations; C: carcinogenicity, M: germ cell mutagenicity,
R: reproductive toxicity, RE: specific target organ toxicity—
repeated exposure, RS: respiratory sensitization, E: endocrine
disrupting chemicals, P: persistent, B: bioaccumulative, V:
emission volume

3. Y 2E S5

C, M, R, RE®} RS9] 578 Fof|A| 27} o)A &
E(21.58 o) |==8L2 70%0|t} o] EFEA
SHATEZ iFotA] AAK14D), AEANS
F)olu FAELQRDZE olu] X" o] £ A+
o] S7FEEELA Aokt T3, CAS HS7}
e 32T AlQste] 36F0] It o] 36 EE T
oA viEe] Yiew 9 1 SRME A syl &
Q1 7390 GHS 7 £77F 2% 5Y3lal EDC 55 &
R 7o spto] B4 #o=2 Fct

4. EA 2M
EA BAL2 JAMOVI(version 2.2.5)5 ARR-31ich
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Y As A= Foll JEE S 5 Q= HS ESE
< F&gk 054, S48 7.587 HYgk 15702 F
I WSt Am AE5ake] IR FRlIst] fist
Adjolek(Spearman) JHEACE WIHE BAZ
Yottt Ee, A H HHAAS FRIsH] flsf moj&
(Pearson) AWEAS ot I8 7 AR
SH AE JFHZ gRIsh] flste] ths A 3HE
X(multivariable linear regression analysis)< 4%

sttt

1. 0| sP7te =3 55 J 2 X|BO| F+

HAEHoz B Aol s7TREd fioz Bl

=9 MY7IH(CRS)S &% si/ithy SESH MY A+ 257

3 2 o] rIEREAL F 27712 AFEAT
T =& AI® Heol et FIEERE 470(15~18
H), 5= 71099), UAF= 470(20~23H)<F I
ER 471(4~279)2 FEEQITHTable 6).

59 AE F 1079 Agshs AL C= 215, M
2 8%, R2 17%, REx= 16%, RS= 7% 191l B=
3%oltt. P ol A9l 1580] 1%, 4 FA 0.5%
o] 9% I3 ZAZgo] 7ZoItt. B A HY
1589 ddsls B2 AU 27F FolA 7FE 2
AeE 9dollor, 0.58L 7501, AEE2 4

FolAtt. V= Fo " 1080l 2FolH FAi HRl
0.582 8F°lutt. &4 AsolA Pet B AE F #
BEE S & flv 2332 NOE HVsIH
(Figure 2).

Figure 2. Percentage (%) of sub-indicators score

Abbreviations; C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity, RE: specific target organ toxicity-repeated
exposure, RS: respiratory sensitization, E: endocrine disrupting chemicals, P: persistent, B: bioaccumulative, V: emission

volume
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Table 2. Correlation coefficients (r) for hazard (up) and exposure (down) of sub—-indicators

C M RE RS E
C N
M 0.347 —
R -0.225 -0.342
RE -0.443" -0.122 -0.012 —
RS 0.113 -0.384" 0.104 -0.025 —
E -0.094 0.287 -0.217 0.053 -0.209 —
Score of missing data
0.5 7.5 15
P-B 0.059 0.114 0.458"
P-V -0.283 -0.188 -0.049
B-V -0.032 0.003 0.015
F-V -0.270 -0.151 -0.023

"p¢.01, "p.05

Abbreviations; C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity, RE: specific target organ

toxicity-repeated exposure, RS:
bioaccumulative, V: emission volume, F: Fate

2. K& 7t Had 2

1]oj&(Pearson) A =4 =3 23}, {5143 st
9 AHIA BAZRCE {Fogk A= Ce RE
(r=-0.443) 323 M3} RS(r=-0.384)Act. o]&2 A
X 7ol B()Fo2 Fogt #Alo|7 shdt, AHAIR(r)
o] ddigto] 0.55 T} Zo} 735k A=l B7| of
Aok E3h U] 5H9 AEEY A= SAKCE
FolokA] gkl wEbA =Y o = AEgh X1t A
L= Tt WHSITE. =E 519 A|HEOA BS54kl
0.5, 7.5, 158 ti4st P, B F 353 vt AtA
£ SIS 4y, 4542 1582 WAdPE WY P}
B ATt BAZHo=R v«]ﬁi(r—OéSS), WA A
= SARCE FOotA] ottt wEtA AEgko] e
L9 o9 A& X3 ZHZ ol HEsHA A=)
|= SRR ) i =

3. UYE 24

&4 As Am Tl ASwtell 2R3 054, UL
7.5% T2 ARt 151 Rofstel 2 s A
& he 2ARle) Holth i deR A9l 123 o
dohs 8o floy Wg Bdsisint 63 Aol
3 A A A 41380192 I 632 31.5%
olglth. UHA] 15%9] SaidS 2274019t S84
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respiratory sensitization, E: endocrine disrupting chemicals,

P: persistent, B:

A 12% B4 5 952 Aol 109 el ==
Ut ZIFEA| gk 3 2 179 cadmium sulphate,
19 nitrobenzene :LFJ_T’_ 259 cobalt acetateZ O]
2 E 57 2ot YeidolA= A9 1050l =&
=R Z5ktHTable 3).
AS3 Oﬂ EH°} S ERlIsk7| fIste] Spearman
< P51k Yol A &= AT Ay
Spearmans rho= F33H0.58)% FRK7.58)2
0.576(p<.01), F&gk HAZH1558)2 0.497(P<.01),
S HA-2 0.989(p<.00)S 7HA, g &
AAT} F2 e s gRletdtt. E9] S A
k9] Spearman's rho7} 7P £ o2 yel A=k
of thet flsigd M4l d3Fol M F2 A= Ut
ol Table 39 253 7.58% 1589 +%& Holx
5 39 «7F & A7t gl metd 4= QIS0

H XA
Sk

4. QalM, L= 2|7 QA A

w3, =2 A EAE Loyl A
Pearson HTAE LotEth =53 9o 2
278 0.5, 7.5, 158S A8z A4E sl
o} 9o 1 59 A& ZHC, M, R, RE, RS 17
I B9 ABIAE rgto] 0.250~0.3642 U 5

Aoz oot g2 oty " =2 AAVE C,
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SlEtEd RuEe MEY7IH(CRS)S 288t o7ty EESE MY ¢ 259
Table 3. Top 12 ranked by hazard scores and their risk ranks
) Risk rank
No. Chemical name CAS no. Hazard score
0.5 7.5 15
3 Benzene 71-43-2 41 3 8 9
16 Cadmium chloride 10108-64-2 41 2 7 8
17 Cadmium sulphate 10124-36-4 41 (15) (20) (20)
18 and (Cf?f;t)zuancslgfc’i.,(%a?jr;ii)m salts 68876-84-6 41 (17) ! 1
20 Nickel sulfate 7786-81-4 41 6 4 5
27 Cobalt sulfate 10124-43-3 41 17) 1 1
Nitrobenzene 98-95-3 3156 (19 2mn 2mn
8 Ethyl carbamate 51-79-6 31.5 1 5 7
22 Nickel dicyanide 557-19-7 31.5 (13) 3 3
24 Cobalt nitrate 10141-05-6 31.6 (19) 10 6
25 Cobalt acetate 71-48-7 316 (19 21 21
26 Cobalt chloride 7646-79-9 315 (22) 6 4
Table 4. Correlation coefficients (r) for hazard, exposure, and risk and their sub-indicators
Exposure Risk
Hazard
0.5 7.5 15 0.5 7.5 15
Hazard -0.188 0.262 0.415" 0.225 0.641" 0.629™
C 0.327 _ -0.062 0.218 0.270
M 0.364 _ 0.293 0.115 0.011
R 0.250 _ -0.155 0.101 0.176
RE 0.308 _ 0.221 0.257 0.200
RS 0.345 _ -0.193 0.389" 0.516"
E 0.289 _ 0.406" 0.110 -0.041
Exposure _ 0.885™ 0.887™ 0.950™
P _ 0.806™" 0.752™" 0.846™ 0.686" 0.599” 0.769™
B _ 0.397° 0.574" 0.803™ 0.213 0.572" 0.808™
V _ 0.225 0.301 0.234 0.349 0.318 0.217
2¢.05, "p¢.01, "p<.001

Abbreviation; C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity, RE:

specific target organ toxicity—repeated

exposure, RS: respiratory sensitization, E: endocrine disrupting chemicals, P: persistent, B: bioaccumulative, V: emission

volume

M, R, REQ} RSollA] GHS T 10] & o4 xgtel
EAE Aggt glol7lo] &4 7ol |8l A Ao
7 3] &2 Zo] sfte] o= H|HEh k&t
1 5K AE ZHP, B 2832 V) ATTAE P B=
0.5, 7.5, 1589 Z2&3S &S &7 2% 54
Hog [ogt IAE HAtt oit vel w&3to] &
A = ZEFY &3 BAYoR [folokA] &
UK Table 4).

-

R
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FoldT =& 7o) A= fo] 0.582 =&}
£ rgol -0.188% H(-)9 J&ﬂla Hoou, 7.5%8%
1549 =23to] BAL 7} 0.2629 0.4152 A(+H)9)
TAE HGT, IF A3l 1589 = BAFe=
= FoRt FHp05)E EAH-

Foldat SJeid LAl E Aol 0.58Y He
rgto] 0.2250]% BAF O foo] giglont, 7.5
7 1580Me BARCEE [oFom rglo] 7t
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20 25 0 35 40 45

y=0191x + 52726 Hazard
R? = 0.0686

y = 32.02x - 27.895
R* = 0.7865

&0 k4 :
A o h-
z 400 | ©
L »
00 ! ' °
. @
20 25 30 35 40 A5
=16869x-163.73 5 ard
R*=0.4104
o
kS
. .
o ?,
[ 3 '...
] 5 20 25
F.a[_‘:;_—'__n'r:'

Figure 3. Scatter plot of correlation: between hazard with exposure, between hazard with risk and between exposure with risk

0.6413} 0.6292 =& A4S 23t =31 9
SAgzke] FA A= BE AEFolA BAFHOZ R9
S Ugre rgho] ZF 0.885, 0.887, 0.950°.% Af
93] et RS EAch
Pearson JAIAE B 2=%o] 7.58¢ W, &

AT &I AR AT WorA Yeide
TAZE o] w2 AL T = Utk A
AZzlo] 754 o AHHEE Z7lE selsiqict z+
AP EOA AEASR)ZE FalAdT mE2 0.06862
2 o A ygta, faldet Yeide 0.41042 W
2 #E Holu, &3t ei4d2 0.7865% & #o=
UgttKFigure 3).

5. folidd =E2| ot X|HO| MHE 2ohd Jat
S5 A 3 },—_7" o] W= 954l g3FS 2ol 7| 9
sto] of 5 AF AN 5 o] IARA
Ae =& HOH 49 @é%x 7.540& 3}ich
4 12 {5 A =5 Aot S8 Ay 2
oltt, Yl A AZ(normality test)2 Shapiro-
Wilk gte] 0.952(p=.239)2 g7+/°] I, o=

www.kiha.kr

AdE ZEHE-FE HI3(Goldfeld-Quandt test) 2
I 3.34(p=.034) 2= FEAMIo 2 Uit 121, 24}
o] ZHAAE FRIsh] St HHI-AEL BAF HS
(Durbin-Watson test)& ERIg A3} 2.18(p=.730)2
5342 US55t o834 (collinearity) =4t
WA Sx(variance inflation factor, VIF)7} 1.072 10

ojsl Fro = thasgAAdol FAVE Y= AR wslal
o AYCE FY & F ¥ BF Fo5HA
(p<.001) AE=Qict. melof| gt A RZL 96.6%
(Adj. R*=96.3%)°1m, f-3i/dell o *é 38 R*%= 41.0%
(Adj. R?=38.7%), Zo] ot H¥ee 55.6%(Adj.
R*=57.6%)%, Y314l digt of‘z‘}éﬂ o gET =&
oA HdH R =A UeiEith Bl#ES} Al(B) #e=
H|Watol & o] 0.7720]1L R34do] 0.4382 UER:
o} o]& &3l Eo] foliid Rt s/l that FFol
AdHCE A= A & 5 Ath

14 2= ol =20 7t okg] A e} flsid 9
e GopEgith g 1o oigt d¥E R*= 97.2%
(Adj. R*=95.7%)°1%itr. 24l HF4 ASL Shapiro-
Wilk gte] 0.915(p=.031D)E A7t/gdol ERI=EA, o]

irsﬂ
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Table 5. Multivariable linear regression analysis of indicators and sub-indicators
Model Un C SC T-test N tests H test A test C test R? F
. B ;B (o) SW{ GQ (@ D-Wp VIF adj. R? (p)
Vodel 1 - - - 0.952 334 218 - 0.966 338
(.239) (.034) (.730) 0.963 (€.001)
Intercept -310.7 - (210%% - - - - -
1.2 0.410 )
Hazard 11.5 0.438 ((.001) _ _ _ 1.07 0.387
19.7 0.556 )
Exposure 27.9 0.772 ((.001) _ _ _ 1.07 0.576
Model 2 0.915 5.64 2.22 0.972 64.84
- - - (.031) (.093) (.742) - 0.957 £.001)
) ~8.05
Intercept 314.92 _ «.001) _ _ _ _ _ _
418
C 14.33 0.277 (.001) _ _ _ 2.64 _ _
412
M 10.89 0.231 «(.001) _ _ _ 1.89 _ _
4.90
R 9.89 0.222 «.001) _ _ _ 1.24 _ _
5.60
RE 11.83 0.270 «(.001) _ _ _ 1.40 _ _
RS e 023 <5b%ﬂ : ) ) ) 143 ) )
E 1154 0169 (%gg) ) ) ) 143 ) )
p 2749 0595 (1%8% ) ) ) 125 ) )
B 007 0403 <8b%51> ) ) ) 130 ) )
v 2862 0292 <5b%3;> ) ) ) 151 ) )

Abbreviation; C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity,

RE: specific target organ toxicity—repeated

exposure, RS: respiratory sensitization, E: endocrine disrupting chemicals, P: persistent, B: bioaccumulative, V: emission
volume, Un C: Unstandarized coefficients, S C: Standarized coefficients, N test: Normality test, S-W: Shapiro-Wilk, H test:
Heteroskedasticity test, G-Q: Goldfeld-Quandt, A test: Autocorrelation test, D-W: Durbin—Watson, VIF: variance inflation

factor, R% R square, adj. R% adjusted R square

e BoME-AE 43 23 5.64(p=093)2 B
PR Ugth Tel3, 9AFY SY4L FUst
7 Siste] wul-glES BAY WES Sl 23
222p=740% EPYS WEIAGL. FEFHYS
FAIRA 7 1.24~2.642 10 oJst Fro= E]%_’—

Ko EA7L Qe Aoz wastict. 181, H|E

3}t Al4(B) L= Bl sHH P7F 0.595% 7}0 = %IQ
2 B7F 0.1692 7FF 22 kg Hol Yol o] =
FAo] Adog 7Y & JFO=, EDC7F AtHE L
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£ 479 27% ofu] kpREA G4, kF
383 Yol £ WA =&3 i) 2=
ahe 7.5 Agstart. 7 B4 R34l 3¢l
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oN
]
ol

o,
mgh in

TA] A2018-2325 2187H4] &
=Wol], AA5Y ol dor|A
4 27F e 7IEssEA(0lst A2018-
)9 BHO] EEZ(MoF, 2018)°] g oj#e} &
Al A2022-79% SHBEEY A (C]sH Al
2022-79%) 9] #x EZ(MoE, 2022d)9] ¢AR
RIstt. 27% EHE9] EU SVHC £E° did o
Fel 71 A(ECHA, 20222)2F EU AR (restricted
substance) G HE entry HEE H7|5IAUCt

231 S}
Z3}ojo
U 9o
2325

AR 1

(ECHA 2022c¢) (Table 6).

EEAELS ARPHO] AR 7%
TH&(MoEL, 2022a)°l 2Jstd UeHg &4, A=
Holdd &4, A4S 4 5 IEA A S
2737450 dod 87t A= EEE A9Ho] Q.
83 S8 EEFEAL ARMHA I ER S
SL2AA St AFANE FHT 97t e
FQIXHMoEL, 2021)E Aoj=lo] ot F¥A=ER
9] TAE A2022-79%°] ‘'CMR'2 =4, AAAE

5
- =

:10 01

Table 6. Regulatory lists and ranks of preliminary of candidates for substance subject to permission

Rank indi K EU
No. Chemical name CAS no. an Sub indicator orea
H E R ofhazard s PEL K | SVHC Res.
i _OR— CMR
1 Nitrobenzene 98-95-3 7 22 21 R/RE/E N N N STOT R N
2 Isophorone diisocyanate 4098-71-9 13 16 17 RE/RS N N N STOT - N
CMR
3 Benzene 71-43-2 1 13 8 C/M/RE/JE Y Y N STOT - 5
CMR
4 Mercury 7439-97-6 13 19 19 R/RE Y Y N PBT - 18a
STOT
81-81-2 CMR
5 Warfarin 5543-57-7 13 10 13 R/RE N N Y STOT - N
5543-58-8
6 Phenylhydrazine 100-63-0 13 26 26 CRE N N vy MRy
yiny STOT
7 Diethyl sulfate 64-67-5 13 24 24 C/M N N N CMR M N
8 Ethyl carbamate 51-79-6 7 3 b C/M/E N N N CMR - N
Potassium oL CMR _
9 perfluorooctanesulfonate ZESCE R R/RE N- NN STOT N
10 Glycidol 556-62-5 13 27 27 C/R Y N Y CMR - N
11 2-Nitrotoluene 88-72-2 13 24 24 C/M N N N CMR - N
12 N,N-Dimethylformamide 68-12-2 13 16 17 C/R Y Y N CMR R 76
13 4,4'-Oxybisbenzenamine 101-80-4 13 10 13 C/M N N N CMR C/M N
. L . CMR
14 Dibutyltin dichloride 683-18-1 13 7 1 R/RE N N N STOT R N
. . CMR
Cadmium oxide 1306-19-0 Y Y N STOT C/RE 23
15 13 20 23 C/RE ehR
Cadmium sulphide 1306-23-6 Y Y N STOT C/RE 23
16 Cadmium chloride 10108-64-2 1 10 7 C/MRMRE Yy y vy CMR C/MR/ o
STOT RE
i A CMR C/M/R/
17 Cadmium sulphate 10124-36-4 1 20 20 C/M/R/RE Y Y Y STOT RE 23
Fatty acids, (C=8~18) and oA _
18 (C=18)-unsatd., cadmium salts 68876-84-6 1 4 1 C/M/RB/RE Y Y N CMR 23
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 253-267
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Table 6. Continued
Rank indi Ki EU
No. Chemical name CAS no. an Sub indicator orea
H E R ofhazard g PEL K | SVHC Res.
Lead azide 13424-46-9 Y Y Y CMR R 63
Lead monoxide 1317-36-8 Y Y N CMR R 63
Lead dinitrate 10099-74-8 Y Y N CMR R 63
19 Pentalead tetraoxide sulfate 12065-90-6 13 13 15 C/R Y Y N CMR R 63
Lead oxide sulfate 12202-17-4 Y Y N CMR R 63
Lead oxide 1314-41-6 Y Y N CMR R 63
Lead oxide phosphonate 12141-20-7 Y N N CMR R 63
20 Nickel sulfate 7786-81-4 1 7 4 CRRERS N N N SOL - 27
21 Nickel carbonyl 13463-39-3 13 9 12 C/R Y Y Y CMR - 27
22 Nickel dicyanide 557-19-7 7 1 3 CRERS Y N Y gT'\gF} - 97
1313-99-1 CMR 27
Nickel oxide 11099-02-8 Y Y N STOT - N
12035-36-8 27
23 . . e n 131 9 C/RE CMR _
Nickel sulfide 11113-75-0 Y Y N STOT N
] ] A CMR _
Nickel monosulfide 16812-54-7 Y Y N STOT 27
24 Cobalt nitrate 10141-05-6 7 18 10 C/R/RS N Y N CMR R N
25 Cobalt acetate 71-48-7 7 22 21 C/R/RS N Y N CMR R N
26 Cobalt chloride 7646-79-9 7 4 6 C/R/RS N Y N CMR R N
27 Cobalt sulfate 10124-43-3 1 4 1 C/R/RE/RS N Y N CMR R N

Abbreviation; H: Hazard, E: Exposure, R: Risk, S: special controlled substances, PEL: Korean permissible exposure limit,
K: CMR of K-REACH (MoE No. 2018-232), I: substance subject to intensive control (MoE No. 2022-79), Res.: Entry number
of restricted substances under REACH, C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity, RE: specific
target organ toxicity-repeated exposure, RS: respiratory sensitization, E: endocrine disrupting chemicals

Ho A AXE=AHELZ, STOTE HIHF7| =4-
e &, PRT & A - BESHAY - S4EZEO]
2tal ArgE]o] 9]

2 A9 27F AH] 571 EE4 F EU SVHCE
13%0] FEEAI 1482 F2EA dgkon, EU A
SHER R 12%0] FREJT 1558 FEER] it
a8, 27% B4 F thEE-2 =W APl CMRI:
IHE E50 g0 B Ha IS FRIskr

Area=a =
2 A9 27%2 AFske d A°lA CMR 53 22

sistede] eldT Pt B 2 B A5 A8
Avtela Yz o), sy ABTH] Sk

BHEA A4 o SHTEZY A& g off
o} o= FHY FAIFE A AE-(MoE, 2022b)E
a1 &sfof gttt EU SVHCY EU AtEdz 72 A
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< 27F 5 20322 dH] sV HEEE A S
A AdstActy ekt

19 nitrobenzened} 79 diethyl sulfatex= =237+
Pl 5 skl =9l sigetal AjhH SdElE
A 5871 d-Ed00 sigdotAl &t 18, EU
SVHCOll= #lgstiot EU AftERoE dgsiA|
2ATE.

2% isophorone diisocyanate, 5¥ warfarin, 681
phenylhydrazine, 9% potassium perfluorooctan-
esulfonate, 1091 glycidol 718]3L 11 2-nitrotoluene
2 ee B9 edfol, 2T S Bt
o1 <=9t 3 EU SVHCS EU AjhEZo] =
A=A G= EARE oH] 57T EEHE (&) +9=
st
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3% benzene foi14d 1&9lolH ARk £yt
E43 587 |EEAYEL R ooty FEAEE
2= CMR¥} STOTZ =25t EU SVHCOl= 3f
FokA] QEQFAITE, EU AgHEAol= sidstaitt.

49 mercury= o4, =27 Hold 5 oFY <=
A%t EU SVHCO] sigstA] ekgtou EU AlRt=4
o= sttt

8 ethyl carbamate= =37} A4 A &
HolAqt Ak EdTE|EAN 5874 YEH
SigotA] &1l ShYH A|2018-232%5 EALE ofytt
%3, EU SVHC® EU AlRMEAel% sigotA] 2otrt.

129 N,N-dimethylformamide®} 158 cadmium
oxide®} cadmium sulphide® #3l14, =& 2 Y
d BF oF9 <98 Btk P o2 AR &
A EAY 87848 +Ed 183 EU SVHCEH
EU Algt=4o] sfgsict.

139 4,4'-oxybisbenzenamine®} 14¥ dibutyltin
dichloride= $7t =9 =23 fsid <& 2
o} o] 42 EU SVHCO] sigstd A, EU Agt
E42 ofr}.

168 cadmium chloride®} 179 cadmium sulphate
£ Fold 1529 sigat GHSAl wet C, M, R¥+ RE
2 JEEY 3 ARPH EdIE|EAY 518784
e digstd, sHE¥ A|2018-2325 E&f o
gttt SHEAEEZ L CMRY STOTE &A% &
=%tk BU SVHCE GHS &3 5YstA C, M, R
I} REE AR AAREAL EU ARMEAZE A
Atk shARE 1692 fisi/do] 49 «=Holvt 17912
L 9 Yool sh =loll sigRtct.

189 fatty acids, (C=8~18) and (C=18)-unsatd.,
cadmium saltse= Fald 1&9, =& 449 181
Ao 1915 AAst] A9 ARl sidstad
of. ARH EdAE =4 §87|SAFEdo st
o FHTYIELS CMRES IAZ FEEHUS EU
SVHCOll= siigstA] ATk, EU AlgkEdol= sfidst
Act.

199 IR 791482 ot¢l &flolv &3 9l
2 3 +=E Uit o] B2 ST EES
CMRZ FEE et E3h RS TAZ BU SVHCA 3f
FotH EU AlghEdol® sidgitt.

20~239 YAF E4E2 EU SVHCOl= gt~
= ¢Agk 204, 219, 2293 23 F CAS no.

www.kiha.kr

1313-99-1, 12035-36-8, 16812-54-7 &4 EU
ARFEZ | sfgeitt. 5] 23 3} YZAF(CAS no.
16812-54-7)= AP 9] s|71ti4} Kool sidst
tH(MoEL, 2022b).

249 cobalt nitrate, 258 cobalt acetate, 2611
cobalt chloride®} 27 cobalt sulfate:= AFRHH 3]
|74 HELRE FEEY CMRES 2AR ST E
g FEEI EU SVHCE RS ZAE AAEHL
u, EU AlgF=4o] sigstA] =t vt 25812 &
2 34 =folu k&2 sl = sH <=9
o sigstct.

51 =212 109 Hell sigsk= E4<l benzene
(39), 7IEEF(164, 189), YAR(20H, 2297} 23
H)et IHEF(249, 26817} 27)EE dv] s71¢H
E49] A(k) &9 H7HEERE fdoldlh. o2 EU
SVHCY EU A4 sidgtet.

CRS 7I'H& &3 958 23 sl 109 ol
o8 19 24o] 25 ZF= QI E3 109 W
A" B4 5 9F0] ARFHolu EU SVHCHY EU Al
FREAo] dfgste AL RISk Aejygo= 8W
ethyl carbamate¥t 3 69] ARH] 4] € EU SVHC
o} EU AR sigstA] ket ol &3 £ A+
oA ARERE Fofidat eE2 83t CRS 7ol oy
SI7ISHEA A4 o &84 ¢ S o= 7]
o5t

SEAIEE, A|2022-91%0] WEH SW {5 JEE
JZstofol & 831 F otHE, & A= I 5%
2 HjEFOo R tiAlote] =& FHO| 519 A EE XF
sttt 184 27F 5 dEE HiEES A% HlEE
Aoj sfgsto], F 5 FEE FE5| HAMA =
T wdEn B3 HFH 5 =F f90] A
JY AFEARIA] = LR FRlojuy HEAREAIA =
LEE= AE 583w 7|Eolu & AollAE= o]
2 A8t ZokTt

F7I2, EFA AT 1059 A S7IFEE
A(Industry Help Center, 2022)2 2% {35}t
Ao sfigstA] e SHAEEdo|U o]et HEA,
2 AFolA o] stEEEdE A g2 4
=40 dgsts 24 FolA F37] "ol 35
oz m3hd E42 sk §iglth

o|9], f3lld ot AHE(C, M, R, RE®} RS= A
2021-104%5 &3l g1 4= 1oy EDCE= &4 3t
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Table 7. Regulatory lists of substances excluded from candidates for substance subject to permission

Chemical name CAS no. K-REACH — EU
Authorization SVHC Res.
Lead sulfochromate yellow 1344-37-2 RS (06-5-10) C C/R 63
Lead chromate molybdate sulfate red 12656-85-8 RS (06-5-10) C C/R 63
Chromic anhydride 1333-82-0 RS (06-5-10) C/M C/M N
Propylene oxide 75-56-9 No intensive - C/M N
Acrylamide 79-06-1 RS (06-5-14) - C/M 60
Cadmium 7440-43-9 RS (06-5-9) - C/RE 23
Potassium chromate 7789-00-6 RS (06-5-10) C/M C/M N
Sodium chromate 7775-11-3 RS (06-5-10) C/M/R C/M/R 63
Lead chromate 7758-97-6 RS (06-5-10) C/R C/R 63
Dichromic acid 13530-68-2 RS (06-5-10) C C N
Potassium dichromate 7778-50-9 RS (06-5-10) C/M/R C/M/R N
Ammonium dichromate 7789-09-5 RS (06-5-10) C/M/R C/M/R 65
Sodium dichromate 10588-01-9 RS (06-5-10) C/M/R C/M/R N
N,N-Dimethylformamide 68-12-2 No intensive R R 76

Abbreviation: RS (06-5-10): Restricted substance (06-5-10; Chromium(6") compounds), No intensive: No substance subject
to intensive control, RS (06-5-14): Restricted substance (06-5-14), RS (06-5-9): Restricted substance (06-5-9; Cadmium
compounds), C: carcinogenicity, M: germ cell mutagenicity, R: reproductive toxicity, Res.: Entry number of restricted

substances under REACH

gHolA et o7t WA AR gk AdEfolnt. ES
SI7IEEEE AA7IE 5 st ARSAL HelolA
gt =9l AEAREARE AFGA ARSAtY] whEt FTt
Al =H(MoE, 2022a), ©]2F &2 AMEA F ol of
2] koA oA oitt wheba 7t HEA X
7 o EDCe}F AHEAF ol HA Hes] & 34
< g5ttt

12 g4 Edo|9d 4554 705 § FRTYE
Aoj sfgstA] AU, AFFEEolY SAEERE oln]
A7gE 4ol £ A9 ] s7tFEELA AL
stRTt o] A" E4E°] EU d7HeZoly SVHC
J2jal EU Aljbdol sigst=A] 7o = glst
Act AMEARE A 12F F 125 IF SVHCE
AA=o] 9a1, EU §7F=d2 10¥°], EU Ag=4
2= 780 AA=o] ltKTable 7).

HHH | propylene oxider FHTE|EZ 0| fFstA|
2ot EU SVHCE A|Q=o] 1, N,N-dimethyl-
formamide:= $HH =42 ol uy EU 8l7H=43} EU
SVHC 18] EU ARFEAR A A= S-S SIS
t}. wetA o] F EAL U EL St R = EHe
2 HAEY 997t IS Aot

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 253-267

V.2 E

Shg S|7HEdo] ofF XA EA] eFtATE 2o
SHg AP o ® 7 HEE s FUt6ta
7Hed Ao #Rt #482 SHlsk, 1059 AlE
7SR EZS HHSH= 5(MoE, 2022a; MoE, 2022b;
Industry Help Center, 2022) &74%7} s|7[5EE4
I 7S Aot e 23U Felskih

olo] & AfolA F=EE T SHAY=EoAT
Aoy FA=42 ofd E4< 27 445t
ou] S7tFEEAE st & CRS 7IWHE &5t
45| AQEJA=A GRls Hodrh |4 sk A&
& C, M, R, RE, RS9} EE ARG5S, k=& SHY] Al
H= P, BY} VE ARSI PoF BY sid A=E
A 5 B, olF A5 HAa 057, S 75
A 293 FHd 15382 285t v #4842 93
SHATE ZEgHS ol" #o=Z AREse=A o mE 9
S = vluste] TIzE B4 23 BARCRE
22 UAEE Eovh ot /e, = 181 9
S ATIAE Hol AEgs 758 CE k= A
o] 7H} AAsital WS, o] g2 & A9 &

el
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52t # 69 &3 s/l ARESII A =4
I oE A7 AR 2 foidETE &0 ¢
si/gdoll o Aol dem JFE 7A= A= &
A=} =& FolAZ P7F iAol 7P & I3F
< "AH {odolA= 7 7P A2 IS vA=
Ao = uotsgitt.

2 A= 27F T WA, tEER, AR 2
HEFZL A &9 oH] 571 HEHE F7h= gl #
A2 Y ARFHoA ERTIEELT 587 |EHHE
Ao sigsiy, FHH|E 5% ol Tfet 1FELS A
Zx 50| X4 g fFTTHMoEL, 2022b).
J83 FEERES A FelE =1 IR A8
E2AAE =2 EZ(Han et al, 2016022 FF
5| A= Ackar wskt.

2 d+= FoET =& ARE FR CRS 71¥S
g8sto] A &9 o] 7t EEES A =
A7t SR EA S AYsk= b E&57|E 7Idsh
o, T T ARgFolv g AMEERE SR
CRS 9% Z3e E Aoz didsict.
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