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In this study, hazardous heavy metals used in 1,081 samples from childcare rooms were investigated with
X-ray fluorescence (XRF) and inductively coupled plasma (ICP) analyses. Pb > Ba > Zn > Cr > Sb of heavy
metals from paints and vinyl sheets were detected in order of descending concentration. A comparison of the
analytical results from portable XRF and ICP revealed that, there was a similar tendency although there was
a slight difference between the two measured datasets. The evaluation showed that the hazardous heavy metal
of the highest concentration was Cd followed by Cr> Cu> Ba > Co > Pb > Sb. Therefore, XRF could be useful
for measuring heavy metals above a certain concentration with the primary screening method. To keep child-
care rooms healthy, it is necessary to add Ba, Sb and Zn which are contained in high concentrations in interior

finishing materials to environmental safety standards.
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Table 1. XRF analyzer specs & conditions

Conditions
Model HD XRF/XO0S, USA
SRM Plastic SRM (PVC&PE)

25~50 kV, 200 pA
1 mm

X-ray tube Voltage
Analysis area

Test Method ¥ v]= AH]|28-2214 2]1993] (Consumer
Product Safety Commission)ollA& H|3Z oz wE

Aol FA| el el Aol 7Fsdk 1Al 2=
2 B o= 1d8ka QIok? CPSCE 50 mgkg
2o} W2 AF sire AEel E7FsE T US
v 238y =EFEAE wg- 588 Aol ICPA
Fefo] HlWA] 30% We HAE Holal YL oz
XRFe] F=7} ICP TRl EA4 Yepdtia Bt
L=

=4 Ao 80~120 mgkeg %9 Plastic SRM
(PVC&PE)S & A|ZAol| 4] ZHA] Alzt=|o] ASTM 4
< TS BEEAS ARSSl] 77PdEIE ERlET

222. XRF 3A4=4
M—Q—XRF/:*
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slo] olFje] =EE Hﬂxﬂd 49 =855 7= gAY
01 AEE HYsP] Eo A XRF S4595 2
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2.3. ICP =44y
2.3.1. A2 B

skt XRF Zvlo] o8l Su&s 543 & RN 4
Wé ] 71E(Ph, c C Hgel &3] 1,000 mg/
2.2. R XRFE 0|88 Z3=% & 24 olahe] 70%S ZAsl= A 8S AEsle] T84
2.2.1. XRF #4149 SHO]Z}"‘“%/‘]?ﬂﬂ‘F‘J o W}E} A3k 10 mLA 7&17}0}
25 T 588 918 XRFS [EC 62321 RoHs o] CEMA} mlo]az2go|H A= AREal - VarianAt
Table 2. Pretreatments and analysis instruments by item
Items Instruments

Pretreatments
Analysis

As, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sh, Se, Sn, Zn
As, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sh, Se, Sn, Zn

Microwave / Mars5 / USA
ICP / 720-OES Varian / USA
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Fig. 1. Finishing material type by facility.
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Table 3. Portable XRF concentration by

[e)
XRF 27412] @448 7Hs3¢ W71l 93] A=
84719 thsll XRFE 76l A&
T 7PIREA o=z ICPE AAlstd #he vlasiith(Fig.
Al FHA ).

o

finishing material

Paint Vinyl sheet Paper : Flooring :
(mg/ke) (mg/kg) (mg/kg) Linoleum Deco-tile
(mg/kg) (ng/kg)
No. of Samples 400 111 232 314 24
As Mean. 29 93 3 3 11
Range (1~1289) (2~2,912) (1~33) (1~46) (2~43)
Ba Mean. 1489 1231 243 1064 1521
Range (40~40,429) (40~6,330) (37~3,523) (7~3,745) (296~3,999)
cd Mean. 32 295 24 35 173
Range (2~572) (5~5,854) (3~526) (4~569) (7~420)
Co Mean. 29 4 14 8 11
Range (1~978) (3~90) (6~229) (2~41) (6~21)
Cr Mean. 537 423 17 26 42
Range (3~25,180) (7~11,141) (4~567) (6~140) 27~176)
Cu Mean. 13 15 6 5 7
Range (2~475) (3~256) (2~32) (2~24) (4~13)
Ni Mean. 16 17 7 9 13
Range (4~339) (6~108) (4~69) 4~17) (8~20)
Pb Mean. 2190 1240 19 16 185
Range (1~175,518) (2~24,496) (1~360) (1~355) (4~832)
Sh Mean. 202 927 120 58 111
Range (7~10,437) (2~34,274) (1~7,655) (12~3,503) (20~682)
Se Mean. 3 4 1 1 2
Range (0~131) (1~50) 1~8) 1~2) 1~2)
Sn Mean. 80 71 55 35 55
Range (7~4,008) (7~1,867) (13~350) (1~156) (19~364)
n Mean. 771 1909 1097 323 262

Range (2~30,646) (7~50,523) (2~133,731) (2~17,305) (54~568)
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Table 4. Quality control of ICP analysis by heavy metal

QC. value Detection Limit (mg/L) Linearity (R%) Accuracy (%) Precision (%)
As 0.0030 1.0000 100.3 2.9
Ba 0.0018 0.9995 94.9 0.6
Cd 0.0005 0.9999 94.9 0.6
Co 0.0015 1.0000 92.3 0.6
Cr 0.0012 0.9999 102.2 0.2
Cu 0.0030 1.0000 89.3 1.6
Ni 0.0013 1.0000 93.0 14
Pb 0.0036 0.9997 100.0 6.2
Sh 0.0055 1.0000 98.7 2.5
Se 0.0052 1.0000 91.5 1.1
Sn 0.0056 1.0000 108.5 0.3
Zn 0.0075 0.9999 100.3 3.8

Intensity As 188.980 Intensity Ba 455,403 Intensity Cd 214,439 |
4 120000.9) -
0o~ 0o~ 0.0~
0.0000 1.2100 0.0000 1.2100 0.0000 1.2100
Concentration (ma/l) Concentration (ma/L) Concentration (ma/L)
Intensity Co 238.892 Intensity Cr 267.716 Intensity Cu 327.395
30000.0) 60000.0} -
00|~ 0o~ oo~
0.0000 1.2100 0.0000 1.2100 0.0000 1.2100
Concentration (ma/L) Concentration (ma/L) Concentration (mg/L)
Intensity Ni 231.604 Intensity Pb 220.353 Intensity Sb 206.834 |
11000.0) 7 4
0o~ 0.0).~ 0of~"
0.0000 1.2100 0.0000 1.2100 0.0000 1.2100
Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)
Intensity Se 196.026 Intensity Sn 189.925 Intensity Zn 213.857
4000.0) 120000.0}
oo} ~" 0.o]~" Y. P
0.0000 1.2100 0.0000 1.2100 0.0000 1.2100

Concentration (mg/L)

Concentration (mg/L) Concentration (mg/L)

Fig. 2. Calibration curves of ICP analyses by heavy metal.
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Fig. 3. Comparison of XRF and ICP measurements in paints.
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Fig. 4. Comparison of XRF and ICP measurements in vinyl sheets.
Table 5. Coefficient of correlation and significance analysis
Coefficient of correlation (R?) Significance (P-value)
Total Paint Vinyl sheet Total Paint Vinyl sheet
As 0.0159 0.0005 0.0237 0.1645 0.8379 0.3559
Ba 0.2746 0.2811 0.0206 0.0000 0.0000 0.3897
Cd 0.5324 0.2831 0.3029 0.0000 0.0000 0.0003
Co 0.2308 0.1962 0.4194 0.0000 0.0000 0.0000
Cr 0.4372 0.4566 0.3750 0.0000 0.0000 0.0000
Cu 0.2794 0.3466 0.4111 0.0000 0.0000 0.0000
Ni 0.0044 0.0066 0.0054 0.4671 0.4604 0.6615
Pb 0.1819 0.1671 0.3235 0.0000 0.0001 0.0002
Sh 0.3250 0.4349 0.3699 0.0002 0.0000 0.0000
Se 0.0003 0.0006 0.0026 0.8530 0.8174 0.7592
Sn 0.0001 0.0003 0.0036 0.9084 0.8696 0.7221
Zn 0.0067 0.0003 0.1173 0.7696 0.8842 0.0000
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