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Abstract: Substance identification is the first step of the REACH registration. It is essential in terms of
Classification, Labelling and Packaging (CLP) regulation and because even trace amounts of impurities or
additives can affect the classification. In this study, a scheme for the screening, quantification, and interpretation
of trace amounts of hazardous inorganic substances is proposed to detect the presence of more than 0.1%
hazardous inorganic substances that have been affecting the hazard classification. An exemplary list of hazardous
inorganic substances was created from the substances of very high concern (SVHCs) in REACH. Among 201
SVHCs, there were 67 inorganic SVHCs containing at least one or ~2-3 heavy metals, such as As, Cd, Co,
Cr, Pb, Sb, and Sn, in their molecular formula. The inorganic SVHCs are listed in excel format with a search
function for these heavy metals so that the hazardous inorganic substances, including each heavy metal and
the calculated ratio of its atomic weight to molecular weight of the hazardous inorganic substance containing
it, can be searched. The case study was conducted to confirm the validity of the established scheme with zinc
oxide (ZnO). In a substance that is made of ZnO, Pb was screened by XRF analysis and measured to be 0.04%
(w/w) by ICP-OES analysis. After referring to the list, the presence of Pb was interpreted just as an impurity,
but not as an impurity relevant for the classification. Future studies are needed to expand on this exemplary

list of hazardous inorganic substances using proper regulatory data sources.
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Table 1. List of hazard classes and categories with concentration limits

Hazard class and category

Concentration limit (%)

Acute toxicity (Category 1, 2 and 3) >0.1
Acute toxicity (Category 4) >1
Skin corrosion/irritation (Category 1, Sub-categories 1A, 1B, 1C and Category 2) >1
Serious damage to eyes/eye irritation (Category 1 and 2) >1
Respiratory/skin sensitisation >0.1
Germ cell mutagenicity (Category 1A and 1B) >0.1
Germ cell mutagenicity (Category 2) >1
Carcinogenicity (Category 1A, 1B and 2) >0.1
Reproductive toxicity (Category 1A, 1B, 2 and category for effects on or via lactation) >0.1
Specific target organ toxicity (STOT) — single exposure (Category 1 and 2) >1
Specific target organ toxicity (STOT) — repeated exposure (Category 1 and 2) >1
Aspiration hazard (Category 1) >10
Hazardous to the aquatic environment — Acute (Category 1) >0.1
Hazardous to the aquatic environment — Chronic (Category 1) >0.1
Hazardous to the aquatic environment — Chronic (Category 2, 3 and 4) >1
Hazardous for the ozone layer >0.1
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Table 2. List of hazardous inorganic substances in alphabetical order and their respective ratio of heavy metal to the molecular

weight (Part of the list is presented in this Table)"

No. Substance name Molecular formula® Heavy metals  Ratios, 4/Mw
1 Acetic acid, lead salt, basic C,H405Pb Pb 0.732
2 Arsenic acid AsH;04 As 0.528
3 Cadmium Cd Cd 1.000
4 Cadmium chloride CdCl, Cd 0.613
5 Cadmium fluoride CdF, Cd 0.747
6 Cadmium oxide CdO Cd 0.875
7 Cadmium sulphide CdS Cd 0.778
8 Calcium arsenate As,Ca;0g As 0.376
9 Chromium trioxide CrOs Cr 0.520
10 Cobalt dichloride CoCl, Co 0.454
11 Cobalt(Il) carbonate CoCO; Co 0.495
12 Cobalt(Il) sulphate CoSO, Co 0.380
13 Diarsenic pentaoxide As,O5 As 0.652
14 Diarsenic trioxide As,O; As 0.757
15 Dibutyltin dichloride CgH;3CpSn Sn 0.391
16 Dichromium tris (chromate) Cry(CrOy); Cr 0.575
17 Lead Pb Pb 1.000
18 Lead bis (tetrafluoroborate) B,FsH,Pb Pb 0.544
19 Lead chromate CrO4Pb Cr 0.161
19 Lead chromate CrO,Pb Pb 0.641
20 Lead di(acetate) C4HgO4Pb Pb 0.637
21 Lead dinitrate N,O¢Pb Pb 0.626
22 Lead dipicrate C,HiNgO,4Pb Pb 0.312
23 Lead hydrogen arsenate AsHO,Pb As 0.216
23 Lead hydrogen arsenate AsHO,Pb Pb 0.597
24 Lead monoxide (lead oxide) OPb Pb 0.928
25 Lead styphnate C¢HN;O4Pb Pb 0.460
26 Lead titanium zirconium oxide OsPbTiZr Pb 0.486
27 Potassium dichromate K,»Cr,0, Cr 0.353
28 Pyrochlore, antimony lead yellow O,Pb,Sb, Pb 0.538
28 Pyrochlore, antimony lead yellow O;Pb,Sb, Sb 0.316
29 Strontium chromate CrO,4Sr Cr 0.255
30 Trilead diarsenate As,OgPb; As 0.167
30 Trilead diarsenate As,OgPbs Pb 0.691

Presented as they appear in the reference 13.
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Fig. 1. Hazardous inorganic substance list in Excel format with a search function of the specific heavy metals.
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Table 3. The ratio of atomic weight of the corresponding heavy metal to molecular weight of a hazardous inorganic substance

No. Heavy metals Ratios, 4/Mw Examples of the listed hazardous substances
1 As 0.167 - 0.757 Arsenic acid, Diarsenic pentaoxide
2 Cd 0.475 - 1.000 Cadmium carbonate, Cadmium hydroxide, Cadmiun
3 Co 0.322 - 0.495 Cobalt(Il) carbonate, Cobalt(I) diacetate
4 Cr 0.052 - 0.575 Ammonium dichromate, Sodium chromate
5 Pb 0.312 - 1.000 Lead di(acetate), Lead cyanamidate, lead
6 Sb 0.316 Pyrochlore, Antimony lead yellow
7 Sn 0.158 — 0.399 Dibutyltin dichloride, Bis(tributyltin) oxide
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X : hazardous substance
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Fig. 2. Procedure proposed to determine the presence of hazardous inorganic substances more than 0.1 % in a substance for
chemical registration influencing its hazard classification (Hazardous inorganic substance list should be expanded to
contain all the classified inorganic substances in future studies).
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Fig. 3. A case example of ZnO : Screening of Pb in ZnO by XRF and its quantification by ICP-OES followed by technical
review based on the hazardous inorganic substance list to fill out the SIP of ZnO.
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AL, F P2 2FATYEHA FUS K (Table 4(a)),
XRF £24] A3} Zn, Pb, Ca, As, Fe, Cu7} 223284 A
tH(Table 4(b)). =72 A= @A Fzgolw, 4
3l 27 of i 2 HY2ES [CP-OESE A& dle] H2519]
ow AFEA A Pbe 0.04% WwE SFHAL
I 3Rt fall $F49 AsE AEHA 2T

Zn09] TEE ANEE AAEE T8 &3 &3
% ICPE ZnS EX 3l ZnOZ 3Hilsle] #3519
o], A2 2 (2) &8t Zn09 EAEFS Zn
o] YA O Z e 1.2447¢] © T} ICP-OESS Zn
A AH 7999 %= ZH 3k (Table 5(a)), 471
o] gakzks FEte], Zn0g =& 99.56 %E AlAkast

(e}

=

ox 1o rr

, o
S ML

f

ok Q= FEAo| g Ald st Y=, o)A
F8 2] CRM®] ZnOAI & £4 9] F=#eel| A-g-3t
7] Atatelet AlsH

CLP regulation®] we} A2 =402 Ry o
o

e
o gl

= o O
AAZE 3] F718d 520 Eof A FSFE
geo] BdS gt & 32%0] Hok. Zn0 AR EE
212 e feElAdE vE EAeE gl 01 % °%
£2& SVHCe slF3ste HahiEe] 0.1 % © &
sled Zn09] 3l ®ERol FFE mAA =He A A
Edf|molof st} f3) 7152 EE(Fig. 1| 2 Table 3)
o A= g F "FEEAA gel HE2 03123 %) ~
1EY, & AHADSZ, | v 0312 (Ratiog,)2] B3+
E-21 Lead dipicrate (C,H4NO4,Pb)2] SH o 59} 73
Aol = g Bl& 0.4319] BaOsPbSi, ¥ 0.460 (Lead

Atk Al kg 2bslold S g s KS M 8107914 A styphnate, C,HN;O4Pb)S 7|& 802 AEs B #
AlgE ZnO % 574 W% datel] &8)dte] EDTA Tt BaOsPbSie] 7% Ba, Si7h 232 5 A &%kaL
OJUEF gfANo=E AHAAGL ZUHIA 28" Za-5-29] Lead dipicrate®} Lead styphnate 271 &3
EDTAC|UEF & FIZRE s 35t o] 3 7Fs A= wiAlE & 3lvh @Ek, mono-
stslotde] g AL B4 HIT g Fo constituent® 5=%+= Zn09] SIPd H-& 7ol 4
7] Yeie A5 AT g7t Fashe, B A IS F= ETE(impurity relevant for classification)
NMe AZIHAAAFE K Fe55S BAHske FAEE o] oz}, ©A] EEwolzt 7Yt "ok ol
QL IEC 62321-5 5, 2&ellA 7t 3 E £4 A 22 2AZ 319 fref Fr1Ed 555 v R
o] A& g EFAS ARSI 2T gk Ao, o] {3 T8 5] g disix=
A B g e SEE TR 7P ste] 3ksl 34004 =4E| R gt

i AYE FASATS A0S AFEEEL 9, SIEFe] YR 1glo] BRo) 9Re T
(Certified Reference Material, CRM) &2 ¥ F=7% WelhES A8 d§skA &AL, & A B
(Reference Material, RM)S Al8-3te] A= & 3l o] f3l F3lgEo] 0.1 %K} Aty ATdEE A9
Zw AZo}, ol slo] YA ehom ¢wg AF 2w YShE, of sl SIEFY HaHE Fx
e EF AR Agdlel AE BElB selol gk 9T WEehA RIL 01% oY TR BIL 4
F5 NHES FALOR EY RI9LE BT WS /9 E Y 552 S, BF 552
Table 5. ICP analysis of zinc and other trace elements in ZnO

(a) Zinc as a main element
Amount measured (% or 10 000 mg/kg)
Average (%) SD (%)

1st measurement 2nd measurement

3rd measurement

79.77 80.38 79.81 79.99 0.31
(b) Other trace elements
Elements Amount measured (mg/kg) LOQ (mg/kg)
As <LOQ 0.5
Ca 73 0.5
Cu <LOQ 1.5
Fe <LOQ 1.0
Pb 376 1.0
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34. 7ol FIIE2E S8 EFE

o TaloA AN G f3l Fr1Ed H5S #3014
ERE 2= NS4 ES BEF 2FsEE 8ok
st=dl a3 AR 2= =4 4<A 7] F(International

Agency for Research on Cancer, IARC)2] Z¢tH&E2

= CLPY¥#H 2] Annex VI 2 SIN (Substitute It Now)
List 5o k' 53], CLPYH® 2] Annex VIdl&
REACH ©] 7% 2] Dangerous Substance Directive 67/548/
EECY] Annex 12 71202 AU olEH F&d &
Z(List of Harmonised Classification and Labelling for
Certain Hazardous Substances)©] &5 o] glom <=
Azl FolE whol 2 to]Ejro] o]t}

fral F7IER 559 &g 2as Y AR
(database) A7 & o] AR EZFEH AAH &5 &
4 HHERE FAFCR =7t dast, $dd
oA A FETF0.1%S] A 2
(hazard classes and categories)S zte= EZ S ¥ %
MRS T AEE M Fostet Alsd

e Jm

4.2 E

seted 55 A A A 24 =] DA
=2 £k By opyd, ER7 %S A=
0.1% o’&e] fraff 2d& falaL o= A5 vhotet
E A g Tasith & Aol Ak it
e st v fraf FrlEdol ER 9%
713 wHE o] e Adtaler Aol d
o, A sl e & 3

inorganic substance hst”‘—‘:‘ REACH SVHCs 201 & &
o #7120 AREE 65 F& o @ EeE
2 250, Adee] Yulol=E S 55 A gl
& sehed 910 Jlele 2o ARAT. 281
EDS 2 XRF9 w2k 94 A32d A5 st ;q-
B 9 B FPHAE F L3 AHRAT ABTF =45
¥ §8% 2ot
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