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A Study on the Improvement Plan of
Toxic Substance Designation Criterion Based on GHS Hazards

Hyo—-dong Kim * Kyo-shik Park’

Department of Safety and Health Convergence Engineering, Soongsil University

ABSTRACT

Objectives: This study was performed to suggest how to re—establish criterion for toxic substances under the
Chemical Control Act (CCA) in South Korea by comparing the GHS (Globally Harmonized System of
Classification and Labeling of Chemicals) score and toxic properties.

Methods: Toxic substances were classified into seven groups (Acute toxicity (1A), Chronic toxicity (2C),
Environmental hazards (3E), Acute toxicity & chronic toxicity (4AC), Chronic toxicity & environmental hazards
(5CE), Acute toxicity & environmental hazards (6AE), and Acute toxicity & chronic toxicity & environmental
hazards (7ACE)) according to their toxic properties. The GHS score was calculated to sum up five toxicity
indicators (health acute toxicity, health repeated toxicity, carcinogenicity, health other chronic toxicity and
environmental hazards).

Results: The GHS score of 7ACE was higher by 7 times that of 1TA. 1A is the only group which has lower than
the total GHS score. The highest score was 47, for sodium chromate (CAS no. 7775-11-3), which belongs to
group 7ACE. This is classified as acute toxicity, carcinogenicity, germ cell mutagenicity, reproductive toxicity,
and acute and chronic environmental hazard. On the other hand, the lowest score was 2.75, which was
assigned to 177 chemicals belonging to group 1A. When the health acute toxicity indicator was omitted from
the toxic criterion, toxic substances could be divided into the sub—groups ‘human chronic hazards group'
(HCG) and ‘environmental hazards group’ (EG) according to their GHS score and properties.

Conclusions: The proposed criterion for toxic substances is to establish sub—groups defined as HCG and EG for
separate control and that the 1A group be moved to substances requiring preparation for accidents under the
CCA.

Key words: Chemical ranking and scoring, classification, GHS, hazard, toxic substance
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and Labeling of Chemicals, GHS)2] H-77]50f| vFg-
< 51 HKim et al., 2015). o] A|A7]&0] sfdok=
42 =4 FHV) Eo] e +
S AARE Bl 571 A=A P e} S A7
IAE A GHEH =245 AFE &, olE e
Sz AR S W ARl wt Psi7E A
U e 7Ieolv HFAIA 5 SFARES oldistodof gt
o} o]Zdt oFARR}FS o|gstr] fIste] H-Eolut 1Y
o] FHEERE AARHOE o]ojd 4= ltiHeo et
al., 2020).

J8ug, geEd 1Re EAS
9l B7FE &5 AAFe| L 712 sk A
gst7] s, ARl sekEd 758 B &
G7hAt sletEd A4 =3(Baik et al., 20104 &
A9 AAH(Chemical Ranking & Scoring,
CR9SZ &34 435t CRSE Yool =2 &
g S 02 TeEstr] sto] SAee B8 A
Sh= Al&dlelth CRS B7F 2d 5 skl EURAM
(European Union Risk Ranking Method)2 A &
A ZdoA Heod2 10 B 984S, 348589FH+ ¢
A2 0~38S, 7IEEAGL A, AAEA, &5
4, HEEEEA, A=A, 1R U= w2t 0~10
S viEsIAtHAN et al., 2009). SFFEA Yol <
A9 9 H43E AK(Shin et al., 2014)+= BAA=A
2 1~63E, I, BAAE Holdd 2 A=A
(carcinogenicity, germ cell mutagenicity and
reproductive toxicity, CMR) &4 & 1A= 20
A, 1B 168S I3staitt. g4 SHEEAA
A-HYang et al., 2012)°I4+= CMR 72 12 1082
2 5 2+ 938, 958 4R HeE R
skt WaH A Aofled AT 28 A+ (Lim
et al., 2018)= Y 53 BAYE=EA 158 #
oJstitt. Oil and gas industry A7 (Verslycke et
al., 2014)°4+= &4 o8 84 = 1= i 100
Aoz, WM 78 1+ A 10082 =, 34548 +
£ 1= Y 10080, Holddat BA5dS
50802 Hosiytt. GHS &50] W& F47F o
Aol A TheRt E-olu B o2 AMRERI, 3EA
oz {odo] 24E =2 HAeE R &9l
CMR T2 O 54 F2ET Jdidez o w2
A4 Fofstoith

FEE24=E 49 Ed=0] foidY Aot et
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Aok glon] @Al Yz Pelz BEAL 9]
of A5 wel askh ool Rz A5l
St} olo] ¥ QL GHS ¥EWEos §EEo|
A7) stte) BeAA Qo] S Aol Tl gl
Qolu i sjeint. 3712, GHS B 145 29s
EE $5B AYAA ADYLL A Bz
shsict.

Il. o X EE

1. 4 CHed
B Ao FHTAFTSHY TA] A2021-1043(5F
SO B 9 1A] 5ol #3t +A)(NIER, 2021)9]
[EE 4] 542 A7 S =22 519 ofg =
F 9 BAIE ARSIt ARSI EE e CAS Hs
o} GHS E577F 2 AW 4 H114] A2022-70% (+
=B AEL, X84 9 7B A5
3t F9)(MoE, 2022)9] [E#1] F5EdE 135H
T ol ThE B¢ o EX& Holt) ofA|uk
FHS O} GHS 571 2o tho] CAS 155 714
1 9loH sho] 242 £t} datd o s f5E4o]
Z 1,247F 22 A=Y o] F, =54 XA7|E
gobA] Fout =2 2352 FEEH FESH A
T SollAl A LlskArt.

)

<

=2 723K Categorization)
=554 AR7IEE Y ARo8GEE8s4), A
Aol =) ) Rl (= Rald B4,
e folld RHHEAHCE U & Atk f5EE
d FRAHT AH, &) F= 1 ~3, g7
10]] sfigobd A7-R-3ll/d(health hazards)
AAEA(1A, Acute toxicity) 2.2, EFJEAYY| =
A-EEE TR 1, YAAE HolgA TE 1A B
1B, &3 7= 1A T+ 1B, BAEL 72 1A =
1B2 FE=H AZedAd wdEA(2C, Chronic
toxicity) 2.2, 8] ol 34 = 1 =
A & 19] aigobd g7 3E, Environmental
hazards)x* 2 AA5Iot) 9 3¢ol SEZHCE &
He AF & AR S48 vHdEAel AR
4AC(Acute toxicity and Chronic toxicity)wt, A7+
s wHdEAE e foiHeE FEEW SCE
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(Chronic toxicity and Environmental hazards)t,
735308 348581 &7 Aol oE F=EH 6AE
(Acute toxicity and Environmental hazards)w-O. &
siele}. mRR|eto 2 AZReiAd S48 vHd=A 18
Ralgoll m5ol sidstd 7ACE(Acute toxicity,
Chronic toxicity and Environmental hazards)w-=
A5} cKTable 1).

A& Eof, YAl(CAS no. 88-85-7)2 A4-R3iA
TS5 AT T 29 B & 2(1AT 39, EXE
7] - eE 122G si9), 8873 Rl
d 4 7= 13 v 7= 1GER D E FEE 0] F
2402 7TACEZOZ TFa}3rt.

2) S=2% GHS BE4=3KScoring)

GHS &4 &0l 1°] 7MheS(al(H) 7914
AFE) =2 HAFE Fosiolth. 378148 3454
(BH7AY/EY) T 10|19 58S, & 2019 34
2, T 3019 138 FFeta, S48 A4
Y BFOA A& 1~30] FEEA] GAY T 42
TEEE Ffolle HoHd 0.58E FAT gRFay
[HRATE T2 10]d 58, & 201AY FEE A
2oH 0.582 ottt EXEZY7] 54-HHE L
& & 101" 108, & 201AY FEEA] god
0.58< Tdotadrt. A 72 1014 104, 7= 2

GHS RolfldE 7|He=z ot R==F XIEHA Hdger a+ 21

oAU FEHA oW 0.582 LIS FAAE
Holdde & 1019 104, F& 201AY TR
%OoH 0.582 FFotqict. FAEHLS & 1019 10
A, T 2019 0.58S 29I 89 3l
< 84 78 1 B W & 1019 58S ddst,
g T 2~4o1AY A EHA] o 0.58E Y
k. =, FE=d AHVIE 108504 5= A
7goll A=A o2 ol |3l =S A A
st} 0.585 HaHom FQUtHTable 1).

flo

3) S=2%Z! GHS A2-2] EZ35HNormalization)
=54 GHS +&0] 4& faide & 5%
F9=4(health acute toxicity, HAT), A% ®HHE
E=X(health repeated toxicity, HRT) =IA
(carcinogenicity, CT), A% 7|e} "Hd=A(health
other chronic toxicity, HOCT) 181 33 /314
(environmental hazards, EH))Z &4 ¥ (toxicity
indicators)E ot tHTable 1). HAT d4= A%
Folld F8E8CGEF AT, FDHF} gF T4/
A=4 A B 2% e goE, HRT dee &
d 3AY7) 2AE e 8 JASE, CT dAee
U] 5 F42 skt HOCT Fee A4AI=
ol A=A A5 T 282 e #eE ot

AL, BH o= 48 874 Foidel 243 vl 4

Table 1. Group, toxicity indicator and scoring by GHS classification category

e L Scoring
GHS classification Group Toxicity indicator .
Cat 1 Cat 2 Cat 3 Cat 4
Oral 5 3 1
Acute toxicity Dermal Acute Health acute 5 3 1 0.5
. toxicity toxicity
Inhalation (1A (HAT) 5 3 1
Skin corrosion/irritation 5 0.5 _ B
. o Health repeated
Specific target organ toxicity toxicity 10 05 ) )
repeated exposure (HRT)
Chronic
Carcinogenicity toxicity Carcinogenicity (CT) 10 0.5 _ _
Germ cell mutagenicity 20) Health other 10 0.5 _ _
chronic toxicity
Reproductive toxicity (HOCT) 10 0.5 _ _
Hazardous to the Acute Environmental Environmental 5 _ _ _
aquatic _ hazards hazards
environment Chronic (3E) (EH) 5 0.5 0.5 0.5

“Cat: GHS Category
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A Fdf 508 Ale] REog AR
2718 1AZ EX40] HAT ASE A9ty

Z=0] gto & &1tk XZE GHS A4(Total GHS score)
= Wz Az 38l oz Aoty HA 2.50]

JE

Z(HRT, CT, HOCT, EH)Q] GHS &9 gto g 534
H = GHS d4(Modified total GHS Score)s +
STt o] Fr2 FHA& 2004 o 407 Aol oz A

Ablrt,

5A 42 JAMOVI(version 2.2.5)% ©|§

g3fo]

At fEEE Haevt AR 2ozt A Belst
7] {ote] vlmg EAHEY(one-way ANOVA, non-
parametric) $Hot9Y, EAREAZEI AR HFY

(DSCF(Dwass-Steel-Critchlow-Fligner) pairwise

comparisons)= =3 ERlstct FEI =4

IS A3oH7] 15l 1 oj&(Pearson) A4
SHAT

R0 FYHe] SABEA s

W A

O Patey
= TD

9fstof

A3 7Ho)) AT 4L 51t BAIF o2 fol4do] &
olE A FE A= AFA47} 0,55 T Lol A2 AFA

Table 2. Correlation coefficient(Pearson's r) of toxicity indicators

Hhy 5% 3ol 2% GHS H$ AloloA= EH,
HRT, CT, HOCT ¥&F &0og #ei4o] &2 702 1}
Bt 2hH HATS] A9 Pearson's réte] 0.182% t}
£ 33} 24 E GHS At B2 48S B3
ot 8% & GHS A5 A 24 2435 W
9F= HRT®} CT, HOCT W3 &0 & #gAjo] =2
o= Yl EH+= Pearson's r&t°] 0.284% A&
2 @3S 4TS HYHTable 2).

A
o

=24 1,247 5 524 A7 A5
Ee= AL 23Tl A& E°], 2-methyl-1,3-
benzenediamine(CAS no. 823-40-5)2 AJAIA|E H

o| YA & 22 FHEE| o] X751 AAA| I B o] A
T2 13 YRSk FHEo] oy Qe T4l s|ERRIE
(CAS no. 123-33-1)= SAEA FH 5 420 &2
=3, Qu]H(CAS no. 1121-31-9)2 T R4 /2=
A TE D AGE i 2AY% A} TE ) B TAAT]
54-13] =& 75 308 FEH] =54 A7+

of Felot= =0l gle edolth 23% 5 6352 &4
2 54 AA7E0e FooA] o, AfartH|

=4 79 & ol }lehg, FA U, = -

‘ HAT HRT CT HOCT EH GHS score
Health acute + .
toxicity (HAT) Total
Health repeated * _
toxicity (HRT) Total 0.093
) o Total -0.097™ 0.230™ —
Carcinogenicity (CT) e
Modified NA 0.182 —
Health other Total -0.061" 0.289™ 0.386™ —
chronic toxicity
(HOCT) Modified NA 0.253 0.348 —
Environmental Total _0039 01 12*** 0051 0061 ) -
hazard (EH) Modified NA -0.105%*  -0.289""  -0.197" —
Total 0.182™ 0.582"™ 0.572"™ 0.482"™ 0.689™ —
GHS score .
Modified NA 0.625 0.625 0.522 0.284 —

005, "pC.01, "pd.001

TTotal: Total GHS score, TModified: Modified total GHS score
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Table 3. Toxic substances not corresponding to the designated criterion

KE no. Chemical name CAS no.

Acc’ number

Cut-off (%)
Acc Toxic

Classification™

97-1-81 Methyl ethyl ketone 78-93-3

97-1-161 Ethyl acetate 141-78-6

15 FL category 2
Eye category 2 25 85
32 STOT-SE category 3

97-1-201 Methyl chloride 74-87-3

FG category 1

GP category 2

AT(oral) category 4 1 1
AT(inhalation) category 4

Carc. category 2

STOT-RE category 2

97-1-214 Phosphorus pentasulfide 1314-80-3

FS category 2

WFG category 1 No 1
AT(oral) category 4

SC category 2

No

97-1-298 Toluene 108-88-3

FL category 2
SC category 2
RT category 2
28 STOT-SE category 3 85 8
STOT-RE category 2
AH category 1

1,3-Bis[(acrylamidomethoxy) 30417-37-9

2008-1-571 methyl]urea

FL category 2
AT(oral) category 4
No 1
Germ category 2
STOT-RE category 2

No

"Acc: Substances requiring preparation for accident under the Chemical Control Act

TClassfication: GHS classification of NIER no. 2021-104 [Appendix 4]

FL (Flammable liquids), Eye (Serious eye damage/eye irritation), STOT-SE (Specific target organ toxicity-single
exposure), FG (Flammable gases), GP (Gases under pressure), AT (Acute toxicity), Carc. (Carcinogenicity), STOT-RE
(Specific target organ toxicity-repeated exposure), FS (Flammable solids), WFG (Substances and mixtures which, in
contact with water, emit flammable gases), SC (Skin corrosion/irritation), RT (Reproductive toxicity), AH (Aspiration

hazard), Germ (Germ cell mutagenicity)

< 7t 5 94 - o5H4 18/d0] =2 E4(MoE,
2021) ) sfigsl= &84 AEA FE(Table 3004
Z5HA #71€ GHS F-8)< EFstL Ut o] 5 4%
(methyl ethyl ketone, ethyl acetate, methyl
chloride®} toluene)S Alxtju]EZo] 3fgsict.
methyl ethyl ketone} ethyl acetated] f-5=22] g
712 (cut-off)= 85%°]al ARHHIEE-Z 25%°|2
o] 25%7} d= SHEE AlF2 A H[ A=A
ShbHol A A= o] Ut
F=24 122432 771 228 U 27 1A 46171
(37.66%), 2C 5470(4.41%), 3E 22471(18.30%), 4AC
5071(4.08%), 5CE 5571(4.49%), 6AE 30970(25.25%),
7ACE 7170(5.80%) 2 -5 2tk Figure 1).
1A ¥ 38%, 3F °F 18%, GAE °F 25%= 737314 1t
A= BAS TS 2 f=540] & 81%= YE
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Figure 1. Number of toxic substances in the seven groups
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oA Tofl, 84 Roliidos FEE= B2 S 9 16%Rt
FA0R FEET T 9] oF 84%= FAT T BF
EEQIh &, 5EAAA 3 fo82 FHET=
S 2ot folld B4 7 Edol dikrd S &
99

Al T, f5E4 770 5 1A 9 FYsHA
EATHE 7HA 1 QLA Y A] 9] A= T B4
ettty B 4 Qlo] T2 5= T2 EAS e
AATE.

1A oA A% |l 454 T 3o=ET &
Hi §E=EZL 177402 ok 38%0|t}. o] 1774 &
129742 &84 A@god =52 XA o] of
d oE FEo] shve ZEEZA] da, o2 G445
A AT 2 302 FEE EZE(9], U9EHCAS no.
122-15-6)2A AA| F5E4 1,2247914 2 10%
of sfgstart.

v}

EIOE
RlH ox

=

2) RE2 BES ¥4 ZY

FEE4 1,22452 Table 19] we} 4slt, o] 3

$E 2 57 ¥ UE 1535} 3 (normalization)
B9l & GHS H4E FolI9lt). AlE 0] 75 84t
(CAS no. 1333-82-0)2 Table 42} Zo] Ail=lo] H&
GHS &<~71 37.5%0] UL, 44 25 GHS &=
30.580=2 AAEAL

Z+ 70 oA 7HE #2 2F GHS H4elr 5¢
9l &5F=A(Table 5-& AAsHAT 1A 2 114
o] 90| tha2 8.57 0|3t 5% B5F AZ-Roh
A B T 10 gRERAY & 10 HEES

T, I35 I8EAE GHS059F GHS06°]91th 2C
-2 HAlo] 7P w2 H4el 26.25%0]1, T H
+ 21.58% 16.75%0]1, 35 I18EA= GHS089]
Aot 3E 2 ERONE FHLET FEEH 7Ho]
I, F43 W B FEEE 12802 2% JeEnt
AXEEZ g Holle Z|ASHA] &Yt 4AC o>

ofg Yol B} 26,580 7P =& H4TF Ugka,
T% IH9EA = GHS063 GHS080|itt. 5CE o+
nickel dichromate, nickel sulfamate, nickel
acetate, cobalt sulfate’} 35.75F°0=2 7F¢ &2

Table 4. Normalized and normalized modified total GHS score of Chromic anhydride

Normalized GHS  Normalized modified

GHS category Toxicity indicator GHS score score GHS score
Oxidizing solids 2 NA NA NA NA
Acute toxicity (oral) 3 1
Acute toxicity (dermal) 1 5
R Health acute (145+3+5)/2 =7 NA
Acute toxicity (inhalation) 2 toxicity (HAT) 3
Skin corrosion/irritation 1 5
Respiratory sensitization 1 NA NA NA NA
Skin sensitization 1 NA NA NA
Germ cell mutagenicity 2 Health other chronic 0.5
. o toxicity (0.5+0.5)/2=0.5 (0.5+0.5)/2=0.5
Reproductive toxicity 2 (HOCT) 0.5
) . Carcinogenicity
Carcinogenicity 1 T 10 10 10
Speciﬂc_ target organ toxicity - NA NA NA NA
single exposure 3
Specific target organ toxicity — Health repeated 10 10 10
repeated exposure 1 toxicity (HRT)
Hazardous to the aquatic 5
environment — acute 1 i
. Environmental 5+5-10 5+5=10
Hazardous to the aquatic Hazards (EH) 5
environment — chronic 1
Total score 375 30.5

www.kiha.kr
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Table 5. H code, pictogram and total GHS score of the top five ranked toxic substances

oF ¢t 215

Group Ch?én Ai(;alnga)me H code* Pictogram** TogoiHS
1A Methanesulfonyl chloride (124-63-0) H301, H310-2, H330-1, H314 GHS05, GHS06 9
Fuming sulfuric acid (8014-95-7) H300-1, H330-2, H314 GHS05. GHS06 85
Osmium tetroxide (20816-12-0) H300-2, H330-1, H314 GHSO05, GHS06 85
Hydrogen fluoride (7664-39-3) H290, H310-1, H330-2, H314 GHS05, GHS06 85
Tetramethylammonium hydroxide . . GHS05, GHSO06,
e H300-2, H310-1, H314, H411 oo 8.5
o H225. H315. H319, H340, H350, H372, GHS02, GHSO7,
2C benzene (71-43-2) H304, HA11 GHSOS, GHsog 2629
Cadmium sulphide (1306-23-6)  H302, H341, H350, H361, H372, HA12  GHSO7. GHS08 215
Warfarin, salts (CAS no. NA)
Warfarin (81-81-2, 5543-57-7, H360, H372, H412 GHS08 16.75
5543-58-8)
Nitrofen (1836-75-5) H302, H350, H360, HA11 GHS%7HS%5'808’ 16.75
Ethyl carbamate (51-79-6) H302, H340, H350 GHSO7. GHSO8 1675
2-Nitrotoluene (88-72-2) H302, H340, H350, H361, HA11 GHS%7HS%SSO8’ 16.75
1.3-Butadiene (106-99-0) H220, H280L, H340, H350 GHS%ZHS%QSM’ 16.75
N.N-Dimethylformamide (68-12-2)  H226, H332, H319, H350, H360 GHS%ZHS%';SO‘L 16.75
. H301, H312. H315, H317. H319,
4AC Acrylamide (79-06-1) H340, H350, H361. H372 GHS06, GHS08 26.5
Diethyl sulfate (64-67-5) H302, H311, H332, H314, H340, H350 GHS%%'S%E'SOG’ 19.25
Nickel carbonyl (13463-39-3) H225. H330-1, H350, H360 GHS%ZQS%SS%’ 19
o H224, H302, H311, H331, H319,  GHS02, GHSO,
Propylene oxide (75-56-9) H340, H350, H335 GHSOS 17.5
o L H226. H301, H310-2, H330-2, GHS02, GHSO5,
2-Propyn-1-ol (107-19-7) H314, H350, H373 GHSO0B, GHSo8  1/®
o H220. H280L, H301, H331, H315.  GHS02, GHSO4.
Ethylene oxide (75-21-8) H319, H335, H340, H350 GHS06, GHSO08 17.5
o o H317. H334, H341, H350, H360,
5CE Nickel dichromate (15586-38-6) H372. H400, H410 GHS08, GHS09 35.75
Nickel sulfamate (13770-89-3)  H302, H315, H317, H318, H332, H334, GHSOB, GHSO7, oo o
Nickel acetate (373-02-4) H341, H350, H360, H372, HA00, HA10  GHS0S. GHS09 :
H302, H319, H334, H317, GHSO07, GHS08,
Cobalt sulfate (10124-43-3) | 15101 1350 H3E0, H372, HA00, HA10 GHS09 35.75
Nickel dicyanide (557-19-7)
e O agor 1.y 1334, H317, H350, H372, HAOD, HAT0  GHS08, GHSO9 31
Nickel hydroxide GHSO07, GHS08,
a0 e 11115 740) H317. H350, H372, HA00, HA10 A 31
Nickel(2+) neodecanoate H334. H317, H350, H372, HA00, HA10  GHS08, GHS09 31

(85508-44-7)
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Table 5. Continued

Group Ch?én Ai(;alnga)me H code* Pictogram** TOtSilOiHS
R H225. H300-2, H310-2, H330-1,  GHS02, GHSO,
BAE Acrolein (107-02-8) H314, HAQO, HA10 GHSO06, GHS09 19.5

Disulfoton (298-04-4)
Aldicarb (116-06-3)
Terbufos (13071-79-9) H300-1, H310-1, H330-1, H400, H410 GHS06, GHS09 19.25
Phorate (298-02-2)
Tebupirimfos (96182-53-5)

o H224, H300-1, H310-1, H330-1,  GHS02, GHSO6,
Hydrogen cyanide (74-90-8) H400, HA10 GHS09 19.25
. L H301, H330-2, H314, H317, H334,  GHSO5, GHSOB,
/ACE  Sodium chromate (7775-11-3) |3/ {1350 H360, H372, HA00, HA10  GHS08, GHS09 41
Potassium dichromate (7778-50-9) H272, H301, H311, H330-2, GHS03, GHSO5,
um di H314, H317, H334. H340,
Ammonium dichromate (7789-09-5) H350. H360. H372. HA00 GHS06, GHSO08, 45
Sodium dichromate (10588-01-9) ’ I:I41O ’ GHS09
Cadmium chioride (10108-64-2)  H301, H330-2, H340, H350, H360,  GHS06, GHSO8,  ,, »c
Cadmium sulphate (10124-36-4) H372, HA00, HA10 GHS09 :
Dichromic acid, salts (CAS no. NA)  H272, H301, H330-2, H317, H334,  GHSO3, GHS0B, ) ¢

Dichromic acid (13530-68-2) H340, H350, H360, H372, H400, H410  GHS08, GHS09

"H code:

H220 (flammable gases category 1), H224 (flammable liquid category 1), H225 (flammable liquid category 2), H226
(flammable liquid category 3), H272 (oxidizing liquids category 2), H280L (gases under pressure liquefied gas), H290
(corrosive to metals category 1), H300-1(acute toxicity (oral) category 1), H300-2 (acute toxicity (oral) category 2), H301
(acute toxicity (oral) category 3), H302 (acute toxicity (oral) category 4), H304 (aspiration hazard category 1), H310-1
(acute toxicity (dermal) category 1), H310-2 (acute toxicity (dermal) category 2), H311 (acute toxicity (dermal) category
3), H312 (acute toxicity (dermal) category 4), H314 (skin corrosion/irritation category 1), H315 (skin corrosion/irritation
category 2), H317 (skin sensitization category 1), H318 (serious eye damage/eye irritation category 1), H319 (serious eye
damage/eye irritation category 2), H330-1 (acute toxicity (inhalation) category 1), H330-2 (acute toxicity (inhalation)
category 2), H331 (acute toxicity (inhalation) category 3), H332 (acute toxicity (inhalation) category 4), H334 (respiratory
sensitization category 1), H335 (specific target organ toxicity—single exposure category 3), H340 (germ cell mutagenicity
category 1), H341 (germ cell mutagenicity category 2), H350 (carcinogenicity category 1), H360 (reproductive toxicity
category 1), H361 (reproductive toxicity category 2), H372 (specific target organ toxicity-repeated exposure category 1),
H373 (specific target organ toxicity-repeated exposure category 2), H400 (hazardous to the aquatic environment, acute
hazard category 1), H410 (hazardous to the aquatic environment, chronic hazard category 1), H411 (hazardous to the
aquatic environment, chronic hazard category 2), H412 (hazardous to the aquatic environment, chronic hazard category 3)
“Pictogram (GHS code and symbol):

GHS02 (Flame), GHS03 (Flame over circle), GHS04 (Gas cylinder), GHS05 (Corrosion), GHS06 (Skull and crossbones),
GHSO07 (Exclamation mark), GHS08 (Health hazard), GHS09 (Environment)

A4S 99T, ok = 3140190k cobalt sulfate = GHS06, GHS08 ¥ GHS09¥tt. 9] <= g

£ A 9sla1= NickelF 530] AY dAS of st 3t EZEL2  Sodium, cadmium, chromate,
Fot. E3h 35 IPEA= GHS08T GHS09% T potassium, ammonium 3} 4o g4 A=) A
6AE olA+= ofZEdRlo] 19.580& 7 =4 SOl ol&2 X% CMR +& 1, 875148 54

5% I19EA= GHS063 GHS09%th wiA|eo.=Z, TE 13 U TE (2 PEE0] =0 AR spF &
7ACE &+ H EE o4 7MY &2 Aae 478e= A+
sodium chromate®th. 7ACE 9] 35 I1HEAR A2021-1045(318M2 A 0] He 9 A Sof Tt
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TA)(NIER, 2021)9] [HE 3l0A4E= |3 - A=+
o thelAl 71&Elol glom, [HE 4eldr 1PEA
of sl A=lo] St 9§ =01, H300 54854
AT FE 13 28 Yehlie REHH code)® 4t
71" XA olgt Z Yepdth oigt 2 AtoA
£ 78 13} 22 FE87] 9sto] H300-13} H300-2
53 go] oz FEsel Aysignt 1dEA
(Pictogram= o143 5= HA Tetstr] At vt
SHE W EHEE Qo] H2A TIgo] Q=
Kot} o2 Sof, A4 1Y GHS05: T+
/AT FE VAL AT A A
2 'Y o 37|sk= IFEA] sfg3eict.

H
1=
B
=

3) 77 29| ZEF4 AEEA

770 9] At (Table 6)914 ZF 9] 2% GHS
4o A Pearson's r & & F %10.334, 0.290)% 4=
A= 2Z GHS A4o)|A Pearson's r & = F
(0.334, 0.288)%t p-value?} 0.05 wlRto.@ ugith.
SHAHE, o] Y] k9] Pearson's rgte] 2% 0.4 o3tz
Ueba A& Ado] W2 Ao st & Qlk. 11
2|3 o] Y] = AlQstal= 25 p-value”t 0.05 ©]
o Yot BAHCE R5HA| e & ¢ AUtk
&, 770 ool & GHS A<}t 44 2 GHS A%
£ 7|02 wrdshd AR o] I I &

UL

RollgdE 7IHC=Z ot RE=F AEMA WYt A+ 217

HZot 2

54 1,224 tisto] 25 GHS H4-E Aklst
Aot FE GHS A43t9 A41/3(Shapiro-Wilk) A4S
A3} p 0012 ol F3okA] 5klal, whebA] vl
4 EAHEA(one-way ANOVA, non-parametric)
Kruskal-Wallis ¥'#Z 351ich BAREA 23t AR
H742 DSCFH(Dwass-Steel-Critchlow-Fligner) pairwise
comparisonss TYorAt.

FZ GHS A49 Kruskal-Wallis9 x* -2 1034
(p<.00DoIH, BAFCRE [FoE Hort. = 4
HEH, 1A= 3857 4.002 78 @A UL, Ak
TARAY e BE F3 p 0012 Ut BAHeR
sttt &, o L BHHESTH SARLCE Xfo|
7F A 7ACEE= Batd7t 27.98 7P 2 A7t
ugky, & BE 5% ARS8 43 (p<001, 5CE
TF.004) 2 3 SAA o= FolsHtt.

2C9} 3B+ BHA47E 2 1.6 11.20]9, A7
A3t p-valueZl 0.9958 BAFCE FO|o}A] Aot
oot 2CE A7-Ro18(THd543) +olal 3E= 253
A o2 EA A7 202 ofHs| thE #o2 B
Foroth. 2Ce ARHAA = 3EE AlYstal 2F
(p<.001) BAAL=E [2lst3itt. 3E= 2CE Al&lstaL
HH(p<.001) sAA & FoJstitt. whA 2 GHS
Ao BAgE 7128 AR UE 728 ISkl

4ACS} GAEE= Z+ o] 14.13} 13.22 U, At

Table 6. Correlation coefficients(Pearson's r) among each of the seven groups

[ 1A 2C 3E 4AC BCE BAE 7ACE
1A Total _
2C Total 0.142 _
. Total -0.093 0.334* _
modified _ 0.334* _
Total 0.010 0.290* -0.054 _
4AC c
modified _ 0.288* -0.096 _
- Total -0.232 -0.220 -0.040 -0.085 _
modified _ -0.220 -0.040 -0.152 _
oA Total 0.073 -0.260 -0.070 -0.178 0.171 _
modified _ -0.110 -0.073 -0.123 0.201 _
ACE Total 0.052 -0.125 -0.097 -0.204 -0.155 0.193
modified _ -0.124 -0.029 -0.170 -0.223 -0.175
(.05

TTotal: Total GHS score, TModified: Modified total GHS score
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Table 7. Total and modified total GHS score by the seven groups

Total GHS score

Modified total GHS score

G
eE Mean (S.D.)1 Min Max Mean (S.D.) Min Max
1A 4.0 (1.38) 2.75 9.00 NA NA NA
2C 11.6 (3.94) 7.25 26.25 11.1 (3.94) 6.75 25.75
3E 11.2 (1.86) 7.00 12.00 10.7 (1.86) 6.50 11.50
4AC 14.1 (3.30) 8.00 26.50 11.8 (3.24) 6.75 25.75
5CE 23.6 (5.72) 11.75 35.75 23.1 (5.72) 11.25 35.25
B6AE 13.2 (2.58) 7.25 19.50 10.5 (1.99) 6.50 11.50
7ACE 27.9 (7.64) 17.50 47.00 24.9 (7.46) 16.00 40.00
Total 10.7 (7.26) 2.75 47.00 12.9 (6.07) 6.50 40.00
TMean (S.D.): Arithmetic mean (Standard Deviation)
30 30
%
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e o
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S 10 ¢ » 2|t = ¢ &
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=
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0 0
1A 2C 3E 4AC 5SCE 6AE T7ACE 2C 3E 4AC SCE &6AE T7ACE
Group Group

Figure 2. Total and modified total GHS score

(Y-axis is mean score and error bar is the 95% confidence interval.)
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Hadee A4 9554 B4 10.77 Hwstoz
oF 2.74f Zpo] Witt. &, XF GHS F4= ARpo=E &
o fEEEE0] AR feidS 22 EdolEn
g 4 gtk

o)
ro

N

-

www.kiha.kr

= 5

21 10.75H A Uyt Aoz e Ho A
(%) #-3i/goll sigstaiTt.

etA, 584 AAF7IE0A 1A dst= 54
S AAISE £AE FE GHS A2 thA] "2 BAF
EX(one-way ANOVA, non-parametric) Kruskal-
Wallis WHE  SFFsiact. 2423 2 416
(PCOODE Uit thao] BE 632 1AF 45
A Qet A4t Aggholtt. ohA| defl, 2CeF 4ACE ME
A AR EA) SR, 382 GARE S04
07 5CE® 7ACE®= ARl s4) 84 «
Sfige= FEE otk

67 == AA B2 12.9019, 2C, 3E, 4ACS GAE
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