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ABSTRACT

Objectives: Paints contain various types of metal substances. However, our review of MSDS (Material Safety Data
Sheets) for paints found that their components were often kept secret or exact content information was otherwise
not provided. We analyzed the metal elements in various inorganic pigment-based paints available in South Korea
in this study and checked whether they contain hazardous metal substances as defined by the Occupational Safety
and Health Acts. We investigated issues of health hazard classification related to the metal elements. The study
is intended to contribute to strengthening the management of hazardous substances by suggesting improvements
to MSDS.

Methods: We randomly selected 19 samples that were predicted to contain hazardous inorganic pigments after
reviewing MSDS among paints currently in use. The samples were analyzed using XRF (X-ray Fluorescence
spectrometry), ICP_OES (Inductively Coupled Plasma-Optical Emission Spectroscopy) and SP-ICP-MS (Single
Particle-ICP-Mass Spectroscopy).

Results: The most common elements in the samples were Al (aluminum), Fe (iron), Ti (titanium), Ca (calcium),
and Si (silica). One sample contained more lead than allowed by the limits. There were ten samples that could
potentially contain nanoforms, seven samples that contained titanium dioxide, and six samples that contained
complex inorganic color pigments (CICPs).

Conclusions: Inorganic pigments in paints should be evaluated for hazards separately from other metallic
compounds and reflected in the MSDS because they have different characteristics than other metallic compounds.
These include particle size, crystal structure, and complex substances. The results of this study can be helpful for
determining whether a paint contains sufficient hazardous metal compounds to affect its classification, and it can
be a guideline for improving MSDS through comparative review and rationalization with the manufacturer's MSDS.
This would make it possible to contribute to the management of chemical substances in the workplace through
the proper MSDS disclosure of paints.

Key words: complex inorganic color pigments (CICPs), inorganic pigment, material safety data sheet (MSDS),
nanoform, titanium dioxide
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Table 1. Metal elemental composition of paint sample using XRF and ICP

No. Sample name(color) Method Elemental composition’
N _ . AI(3.01), Ca(0.20), Fe(2.03), K(0.43), Mn(0.08), P(1.07), Si(8.12), Ti(1.35), V(0.01),
1 Inorganic zinc antirust XRF 7n(14.97)
primer(Gray) ICP” AI0.27), Ca(0.27), Fe(2.0), Mn(0.09), Si(0.03), Ti(0.09), Zn(7.2)
9 Super PVDF resin XRF  Al(0.88), Fe(0.39), Sb(1.01), Sr(0.02), Ti(4.86), V(0.04), Zn(0.12), Zr(0.01)
paint(Yellow) ICP  AI(0.06), Fe(0.13), Ti(0.04), Zn(0.1)
. XRF  Ca(0.03), CI(0.06), Fe(0.01), P(0.06), S(0.10), Si(2.15), Zn(0.24)
3 UV for edge(White) ICP Ca(0.08), Mg(0.89), Zn(0.49)
o AI(3.12), Ca(0.08), CI(0.01), Fe(2.88), K(0.63), Mn(0.84), P(0.01), Si(4.72), Ti(0.05),
4 Modified silicone type XRF 7n(2.55)
heat resistant paint(Gray) 5 44 68), Ca(0.3), Fe(10.55), K(0.78). Mg(0.99), Mn(3.48). Na(0.46), Si(0.08), Zn(7.12)
g Acyl uretane automotive  XRF Cl(0.29), Cu(0.01), Ti(0.02)
interior coatings(Black) ICP Cu(0.01), Fe(0.01), Na(0.02), Si(0.02)
o Industral super PYDF \RE %%827)),, Cr(0.39), Cu(0.23), Fe(0.07), Mn(0.18), P(0.01), Sb(0.13), Si(0.07), Ti(2.95),
resin paint(Gray) ICP AI(0.13), Cr(0.18), Cu(0.19), Fe(0.05), Mn(0.16)
. Automotive interior XRF  Ca(0.01), Cr(0.09), Cu(0.04), Fe(0.20), P(0.01), S(0.19), Si(1.55), Ti(0.31), Zr(0.01)
paint(Black) ICP AI(0.32), Cu(0.07), Fe(0.35), Si(0.04)
Suver PVDF resin o wre  Al(1.36), Ba(0.19), Ca(0.08), CI(0.14), Co(0.48), Cr(0.46), Cu(0.18), Fe(0.01),
g ouper G re)s'” paint Mn(0.12), Ni(0.40), P(0.01), S(0.01), Si(0.07), Ti(3.34), V(0.02), Zn(0.20)
feen ICP AI(0.14), Ba(0.14), Ca(0.08), Cr(0.07), Cu(0.11), Mn(0.07), Ni(0.63), Ti(0.35), Zn(0.35)
9 Super PVDF resin paint XRF  Al(0.48), Ba(0.23), Fe(0.19), Sb(0.03), Ti(1.71), V(0.01), Zn(0.12)
(Gray) ICP  AI(0.08), Ba(0.33), Fe(0.32), Zn(0.21)
1o Industrial alkyd topcoat  XRF  AI0.14), Ba(0.36), Ca(0.35), CI(0.04), Fe(0.13), S(0.06), Si(1.76). Ti(0.71), Zr(0.04)
(Yellow) ICP AI(0.11), Ba(0.91), Ca(0.97), Fe(0.3), Mg(2.76)
industrial camouflage paint  XRF AI(1.11), CI(0.08), Co(0.78), Fe(0.37), Mn(0.03), Ni(0.01), P(0.01), Sb(0.34), Si(3.15),
11 ooy Ti(0.87), V(0.01), Zn(0.97), Zr(0.02)
ICP AI(0.12), Co(0.04), Cr(0.09), Fe(0.83), Mg(0.25), Na(0.05), Zn(0.06)
ndustrial rethane paint  XRF Ag(0.01), AI(0.58), Ba(0.19), Bi(0.11), CI(0.10), Cr(0.02), Fe(0.22), S(0.01), Sb(0.15),
12 oo Si(0.05), Sn(0.76), Ti(3.17), \V(0.04), Zn(0.27)
ICP AI(0.11), Ba(0.23), Ca(0.05), Fe(0.08)
13 Paint for steel(Siver) XRF  Al(6.89), Ca(0.01), Co(0.03), Fe(0.06), Mn(0.01)
ICP AI(10.86), Co(0.03), Fe(0.08)
AI(0.49), Ba(0.19), Ca(2.28), CI(0.27), Co(0.02), Fe(0.08), S(0.02), Si(0.06), Ti(1.19),
14 Topcoat for wood and XRF V(0.01). Zr(0.05)
steel(Yellow)
ICP  AI(0.07), Ba(0.19), Ca(3.22), Mg(0.06)
15 Nitrocellulose lacquer XRF  Al0.33), Ba(0.61), Ca(0.01), CI(0.01), Cr(0.45), Pb(2.05), S(0.07), Ti(0.02), TI(0.01)
paint(Yellow) ICP AI(0.06), Ba(1.18), Cr(0.83), Pb(3.27), Sb(0.03)
1g Air drying enamel paint  XRF  AI0.08), Co(0.03), Cu(0.45), K(0.06), Mn(0.02), S(0.01), Zr(0.18)
(Navy) ICP Ca(0.07), Co(0.03), Cu(0.5)
A drying enamel paint XA Al(0.27), Ba(3.08), Ca(0.24), CI(1.35), Co(0.02), Cu(0.14), Fe(0.23), Mn(0.02), S(0.64),
17 Green) Sr(0.01), Ti(0.67) _
ICP AI(0.05), Ba(1.39), Ca(0.37), Cu(0.18), Fe(0.28), Si(0.04)
18 Topcoat for building XRF  AI(1.31), Ca(5.83), Co(0.01), Fe(2.70), S(0.01), Sc(0.03)
(Brown) ICP AI(0.01), Ca(4.21), Fe(1.59), Mg(0.1), Na(0.21), Si(0.01)
19 Topooat for buiding XRF  AI0.75), Ca(4.49), Sc(0.02), Si(0.56), Ti(0.96)
(Yellow) ICP Al(0.16), Ca(5.92), Fe(0.02), Mg(0.19), Na(0.04)

* Ag, Silver; Al, Aluminum; Ba, Barium: Bi, Bismuth; Ca, Calcium; Cl, Chloride; Co, Cobalt; Cr, Chrome; Cu, Copper: Fe, Iron;
K, Potassium; Mg, Magnesium; Mn, Manganese; Na, Sodium; Ni, Nickel; P, Phosphorus; Pb, Lead; S, Sulfur; Sb, Antimony;
Sc, Scandium; Si, Silicon; Sn, Tin; Sr, Strontium; Ti, Titanium; TI, Thallium, V, Vanadium; Zn, Zinc; Zr, Zirconium

** XRF (X-ray Fluorescence spectroscopy, content %)

§ ICP (Induced Coupled Plasma Optical Emission Specroscopy, weight %)
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Figure 1. Particle size distribution analysis of water—based paint using SP-ICP-MS

Table 2. Particle size distribution analysis of water-based paint using SP-ICP-MS

Sample Most frequent Mean size No. of Mean intensity
Analyte .
number size(nm) (nm) peak (counts)
#18 Ca 1017.0 1190.2 1483.0 487.0
#19 Ca 1017.0 1115.2 292.0 345.7

Table 3. GHS hazard classification of substances that may contain nanoforms in paints

Substances CAS number Hazard classification
Titanium oxide 13463-67-7 Carcinogenicity 2 (inhalation)-H351
Zinc oxide 1314-13-2 Aquatic Acute 1-H400, Aquatic Chronic 1-H410
Chrome antimony titanium buff rutile 68186-90-3 Not classified
Manganese ferrite black spinel 68186-94-7 Not classified
Dichromium trioxide 1308-38-9 Not classified
Cobalt chromite blue green spinel 68187-11-1 Not classified
Diiron oxide 1309-37-1 Not classified
Copper, phthalocyanine 147-14-8 Not classified
Diiron trioxide 1309-37-1 Not classified
Aluminum hydroxide 21645-51-2 Not classified

Table 4. GHS hazard classification of CICPs substance

Substance name

CAS number

Hazard classification

Iron titanium brown spinel
Cobalt chromite blue green spinel
Silicic acid, aluminum sodium salt, sulfurized
Chrome antimony titanium buff rutile

Titanium zinc antimony stannate

68187-02-0
68187-11-1
101357-30-6
68186-90-3
85536-73-8

Not classified
Not classified
Not classified
Not classified
Not classified
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