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Development of Certified Reference Materials for Analysis

of Heavy Metals in Paints to Cope with Environmental Regulations
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In the areas of RoHS, WEEE, ELV and REACH, reinforcement of environmental regulations against harm-
ful substances is a global trend not only in EC but also in all over the world. In the fields of Korea's major
export products such as material parts, electrical and electronic products and automobile parts, we are respond-
ing to these regulations consistently. To develop reference material for analyzing lead and cadmium in paints,
the candidate materials were produced through the screening process which separated shapes and sizes. To
secure the traceability of the candidate materials produced, the characteristics and uncertainties are estimated
by ICP-AES analysis using the primary reference material. The short-term and long-term stabilities also are
evaluated in parallel. In order to calculate the final certification value of the candidate material, the verification
were carried out by the performance evaluation through the comparison among the KOLAS (Korea Laboratory
Accreditation Scheme) laboratories, and the CRM was produced in accordance with ISO Guide 35. The cer-
tified values and uncertainties of Pb and Cd of the final paint standard, determined according to the joint anal-
ysis among laboratories, are Pb [(191.443.1) mg/kg, (944.1+5.6) mg/kg] and Cd [(45.0+2.6) mg/kg, (225.5+
3.5) mg/kg]. These standard materials were developed to enhance the reliability of measurement analysis,
including the validity and traceability of measurement results. Also it is expected that the CRM will be used
as QCM (quality control material) for the product design and the process monitoring, so that regulation and
management of hazardous heavy metals can be systematically implemented.

Key words: Paint, CRM, Lead, Cadmium, Hazardous substances, Heavy metals, Traceability

LN B AR, FEAo] sl W7 AR 47
o o7 217 24 2 AF Al Folrt w—aﬂ:ﬂu} D

3 EokllM 44* R R SEH Sk ey ok dReME F] F 7l=s s 04 mgkg

W e, A8 F0A 5 PRI AGEE IE oldlolAE B HOﬂ ol & del R

"To whom correspondence should be addressed.
Tel: 82-10-3662-3954, Fax: 82-32-575-5613, E-mail: sunyshik@gmail.com

A olsm Asige] we) ge) g FEE YELdew
QA o1 AT TakoR YAAT A o AL B4 71*01 o] ZleEaL gIek? §-
of e A7 A% ASET Aok ge A4 okm, ik BABAAR ofelolAFAAE Rl we



210 el -
mgkg °©l3}, T 7t=8] I 75 g/kg ol3lE Tt
AlBtaL Jom, 737 QAFA SHFARIFNA AL

wgiviel, o, Frete A 2 olx 5ol EW
o] ARgEE FRIEME W3t 7k=%-2 27 90 mg/
kg @ 75 mgL, 7H-F F&5E, A% 2 o HEE
ALEEE HIRIEGM= falldd ARgAIghS: flel o, 7}
TH, T2Hg), vl (As), QJFERU(Sh) B o]E5¢] 313
B3} 67} AZB(CrONBES ATl AME8IA] Polof
gk AlFe] i o, Ve, 2 B e 32
o T2 AFEEZEA 0.1%(1,000 mgkg) ©lsk G,
e RS2 0.06% (600 mgkg) ©lshE o 2
0‘3% tlotolete] HRIE= H3% 7l=8-S 247 34 mg/
ol&t % 0.3 mg/kg ©letE é“‘ b A48 S

?o}l Ack39 feo] ¢ 54 oﬂﬁé‘/\]%?ﬂ]‘@%@
(RoHS, Directive on the Restriction of the use of Ha-
zardous Substances in Electrical and Electronic Equip-
ment)S &3l A7]AxAFANA 6 fralEZ [Pb, Cd,
Hg, Cr%*, PBBs (polybrominated biphenyls), PBDEs
(polybrominated diphenylethers)] 52 A Algt F3all&

AR BRE H7F 7 HA| 71e 9788 (TBT, tech-
nical barriers to trade)o.Z ZF&3ly lo™ WEEE
(Waste of Electrical and Electronic Equipment), ELV
(End of Life Vehicle), REACH (Registration, Evalua-
tion, Authorization & Restriction of Chemicals) 5]
>34 3 @A47A 733= EC (European Commu-
nity) ¥Rk ofujEl A AAIFQ] Aol i v

E 20059 590 2ad FHIHEZFAH (Surface
Coatmg Materials Regulations)'%ol] #4383 9lom, |
= A A ok 9]918](CPSC: Consumer Product
Safety Commission)& Z=H] A A7 A9 o)) ]3]

ol x839] F 73] 300 mgkg ©l5k=E AT 9
t}. o]9} o] T2 55 3 feiEAel sl WTO/
TBTC-971& 49) M= A7 Adde A
71%4 o] AAE T8 BxR= 4ol 2] A,
28, Ao W 58 A=
AAZE dHE FFEA Qg AFAHE 875k 3
o} ml=st frgoMe HRIE QlEsEF=4o] Table 1»}
7ol tFsl M=o RFE o) A g
g A7 3] SUEAIY BEEdolu 3 AL "@‘42}-4
24328 QCM (quality control material}e #1¢] 7}
)R] eFe AAoltt. o] Aol FA|ETAIA &
T Qe oEFREAS ouk X £AA 9%

01

¢

%

1_7_ :'JG_/] /\:L/H

O.

m Lo

S Ag3je] HEBAL Azl HEHoR e
A% EEBALL WQIE Fo| F 8 A=E BAgo

A7 ol R EE,
o S3dA, ¥4 TUEHS ¢
3 QCM (quality control material) 502 AMg-3le] =
2] fallsEse] Aol tgslar Al 33 =

)

A A5S AAHeR AT 5 YL Aolth
2. A #

2] 4 %Xﬂerol o] FtAlel fiEstar Aet. vtk 2.1. E2EEFEEE M=
HAHE olo]&g HEsp] {3 Ay = oFs 8 2.1.1. FREFEL A
#3502 A% 1T, AEY FAES Vet 1Y B FUEFBAL AUE o RelFRE(H, HER)
A T 79 600 mgkgel e HE Y 7 8l BHE0EAN SHEYE 5% V|VIOE AxEo] oy
Table 1. Various paint CRMs with heavy metals
RM producer Certified No. Description Certified
element
SRM 2589 Powdered paint nominal 10% lead Pb
SRM 2582 Powdered paint nominal 200 mg/kg lead Pb
NIST SRM 2581 Powdered paint nominal 0.5% lead Pb
SRM 2580 Powdered paint nominal 4% lead Pb
SRM 2587 Trace elements in soil (contains lead from paint) Pb, Cd, Cr
SRM 2586 Trace elements in soil (contains lead from paint) Pb, Cd, Cr
CRM006-050 Paint sludge (dry) Pb, Cd, Cr
Sigma Aldrich-RTC CRMO017-020 Powdered paint Pb, Cd, Cr
CRMO0111.050 Paint chips Pb, Cd, Cr
IRMM BCR 620 Pa%nt powder Pb, Cd, Cr
BCR 623 Paint powder Pb, Cd, Cr
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Table 2. Results of pre-test to the powdered paint using ED-XRF
Company A Company B
Element White Ivory Yellow Gray Ivory Blue
Pb (mg/kg) 1 - 10 - 2 -
Cd (mgkg) - - - - - -
Cr (mg/kg) - - - - 10 -
Ba (%) - 0.5 0.5 - 1.0 15
Ca (%) - - 2.0 1.0 - 0.5
Ti (%) - 2.0 5.0 15 - -
Table 3. Raw materials of Pb and Cd in paint CRMs-candidate
Element Chemical formula Chemical name CAS No. Purity (%)
Pb Lead sulfochromate(PbCrO4, PbSO,), Yellow 34 1344-37-2 70~75
C3,H,,CuNgNa, 0gS, Direct blue 86 1330-38-7 25~30
Cd Cadmium sulfide (CdS) Cadmium red 1306-23-6 90~100
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Calculations from 0.040 um to 2,000 um
Volume 100%

Mean: 53.22 um SD.: 33.30um
Median: 4991 um

Mode 60.52 um

<10% <25% <50% <75% <90%

12.15 um 28.65 um 4991 um 72.92um 98.79 um

Fig. 1. Distribution of particle size of the powdered paint using CRMs-candidate.
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Table 4. Method validation to the analysis results using paint chip CRM

RTC Paint chip CRM (RTC 0111.050)

Description Pb (mg/kg) Cd (mg/kg)

643+13.1 (k=1.96) 37.8+1.21 (k=1.96)

Xy 634.1 39.0

U 0.69 0.19

Xerur 6.68 0.62

oo 13.44 1.29

k 2 2

Significant bias |8.9] < 13.44 (No) [-1.2] < 1.29 (No)

Table 5. Homogeneity analysis to the paint CRMs-candidate

Average (n=3), mg/L Standard deviation (%) RSD
Bottle No. - - -
low conc. high conc. low conc. high conc. low conc. high conc.
1 Pb 191.21 943.36 2431 6.824 1.27 0.72
Cd 46.17 223.11 0.567 2.650 1.23 1.19
97 Pb 192.26 941.09 1.417 4.790 0.74 0.51
Cd 45.14 225.15 1.268 2.559 2.81 1.14
0 Pb 191.83 947.38 0.855 2.619 0.45 0.28
Cd 46.19 223.71 0.437 2.158 0.95 0.96
66 Pb 192.57 945.20 2.466 4.648 1.28 0.49
Cd 46.22 226.26 0.800 2.635 1.73 1.16
79 Pb 193.05 947.75 0.957 3.548 0.50 0.37
Cd 45.73 227.11 0.276 2.688 0.60 1.18
114 Pb 191.06 943.69 1.447 4.226 0.76 0.45
Cd 45.32 225.48 0.793 2.564 1.75 114
135 Pb 191.90 940.55 0.978 2.787 0.51 0.30
Cd 45.71 225.02 0.277 2.861 0.61 1.27
157 Pb 190.23 939.60 0.786 3.499 0.41 0.37
Cd 45.33 228.22 0.820 1.680 1.81 0.74
171 Pb 191.09 941.72 1.302 5.510 0.68 0.59
Cd 45.27 226.67 0.939 1.696 2.07 0.75
9203 Pb 190.37 946.00 1.000 4.607 0.53 0.49
Cd 45.93 225.60 0.212 1.939 0.46 0.86
Table 6. ANOVA to the paint CRMs-candidate
Description Degrees of f.reedom Mean sq}lare F—ratig F-critical Yalue
low conc. high conc. low conc. high conc. low conc. high conc. low conc. high conc.
Among Pb 9 9 2.568 25.025 1.167 1.251 2.393 2.393
bottles Cd 9 9 0.523 7.024 1.017 1.241 2.393 2.393
Within Pb 20 20 2.201 20.000 - - - -
bottles Cd 20 20 0.514 5.662 - - - -

AAui XA 2 Haghe] BH
A3} Table 5~63 73]
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aELE, %
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=9 Ph, Cdel
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(Sbb}# Al 00 7P ARHoE S5E de

FoE sttt #28A4 ESEE 1
U’%ﬂ"‘}z} o Pb # Cd ol
(Analysis of Variance)’} 3¥=I13z, s
M) 82 A= AR B el tigh &
I SIS 1 5Y AlE 7 BAREAS YT



216

Table 7. Homogeneity results between bottles to the paint CRMs-candidate

Description Results ;
low conc. high conc.
Insufficient repeatability Pb 0.122 1.675
W31y = Mamong=Myigin)/ Cd 0.003 0.454
Insufficient repeatability Pb 0.12 < 0.23 < 0.86 1.68 < 2.11 < 834
Maong=Myiin) <0y <+ Cd 0.003 < 0.05 < 0.17 045 < 0.60 < 2.34

Table 8. Stability analysis in short term and transmission of the paint CRMs-candidate

Bottle No. & Pb(mg/kg) Cd(mg/kg) Pb(mg/kg) Cd(mg/kg)
Description 4°C 45°C 4°C 45°C 4°C 45°C 4°C 45°C
3 191.96 189.93 44.98 44.74 942.29 941.55 225.64 225.04
25 193.23 188.17 44.74 43.18 941.32 944.59 224.45 226.08
Bottle 45 189.27 193.13 43.72 46.36 946.08 945.22 226.13 224.25
No. 86 193.93 194.07 46.2 45.72 942.07 945.57 223.12 223.90
122 192.10 191.15 45.11 45.51 944.34 946.60 225.79 227.55
184 191.71 190.27 46.05 44.71 943.56 943.15 224.60 226.91
Average 192.03 190.27 45.13 45.04 943.28 944.45 224.96 225.62
SD 1.60 2.17 0.91 1.10 1.75 1.82 1.12 1.47
Rytup 1.004 8 1.002 1 0.998 8 0.997 0
Ug, 0.014 1 0.031 8 0.002 7 0.008 2
Stable/unstable Stable Stable Stable Stable
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Table 9. Stability analysis in long term of the paint CRMs-candidate (Pb)

Ph Low conc. High conc.
Omonth 3month 6month 12month Omonth 3month 6month 12 month
Average (n=4), mg/kg 191.2 190.5 190.5 1915 941.5 941.5 943.0 941.9
Standard deviation 0.83 143 143 0.57 1.70 1.72 1.55 1.85
b, 0.124 0.043
1095, n-2 4.30 4.30
sby) 0.172 0.170
to9s.n2 " Sb7) 0.738 0.732
[b1] <ty g5, n2 S [0.124] < 0.738 (Stable) [0.043] < 0.732 (Stable)
Standard uncertainty (u,) 1.030 1.021

Table 10. Stability analysis in long term of the paint CRMs-candidate (Cd)

cd Low conc. High conc.
Omonth 3 month 6month 12month Omonth 3 month 6month 12 month
Average (n=4), mg/kg 45.3 444 45.8 452 226.4 225.2 224.7 225.8
Standard deviation 0.09 0.56 0.37 0.43 1.39 1.70 0.41 1.09
b, 0.057 -0.052
£0.95, n-2 4.30 4.30
sy 0.147 0.189
to95.n2 " Sb7) 0.634 0.813
|b1] < tog5, n2 S [0.057] < 0.634 (Stable) [-0.052] < 0.813 (Stable)
Standard uncertainty (i) 0.884 1.134
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Fig. 2. Analysis results of Pbh, Cd in paint CRMs in inter-laboratory test. (a) Pb (191.4+3.1) mg/kg, (b) Pb (944.1+5.6)
mg/kg, (¢) Cd (45.0+2.6) mg/kg, (d) Cd (225.5+3.5) mg/kg.

Table 11. Certified values and uncertainties of the paint CRMs

.. Low conc. paint High conc. paint
Description b cd b cd
Certified value xqgy; (mg/kg) 1914 45.0 944.1 225.5
U,y (mg/kg) 3.1 2.6 5.6 3.5
Ueﬂ 5 4 9 7
Coverage factor, k& (95% level of confidence) 2.57 2.77 2.26 2.36
Ucpy (mg/kg) 1.20 0.92 247 1.46
Uggr (kL) 0.55 0.23 2.09 0.80
uy, (mg/kg) 0.28 0.13 0.84 0.45
uy, (mg/kg) 1.03 0.88 1.02 1.14
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