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Development of Reference Materials for the Determination

of Hazardous Elements in Plastics
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Abstract:

Reference materials for the determination of hazardous elements in plastics were developed. Added elements to

polyethylene resin were Cd, Pb, Hg, Cr, Br, As, Cl, and S considering the EU directive. Specimens were prepared by

extruding mixture of plastic materials and inorganic compounds of the hazardous elements, and homogenized by

the repetition of heating, mixture and extrusion. Granular and disk type samples are produced for chemical analysis

and X-ray fluorescence analysis, respectively.
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Photo 1 Developed plastic reference materials for (a) chemical
analysis and (b) X-ray fluorescence analysis
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Table 1 Certified values , uncertainty and standard deviation of added elements in developed plastic reference materials for

chemical analysis

Elements
Reference
materials number Cd Pb Hg Cr As Br* Cr* S*
(ugl/g) (ug/g) (ug/g) (ug/g) (ug/g) (mass%)  (mass%)  (mass%)
Lab.1 day 1 4.82 5.53 5.68 5.32 9.62 — — —
day 2 4.82 5.14 5.54 4.40 9.57 — — —
Lab.2 day 1 5.19 5.52 5.04 4.46 9.43 0.001 0.005 0.007
day 2 6.00 5.36 5.33 4.62 9.63 0.002 0.006 0.005
Lab.3 day 1 4.79 522 531 4.76 8.57 — 0.003 0.006
day 2 4.92 5.18 5.10 4.86 7.92 — 0.003 0.006
Lab.4 day 1 5.11 4.56 5.1 5.77 8.79 0.003 0.003 0.005
JSM P 700-1 day 2 5.17 4.93 5.10 5.07 9.61 0.003 0.004 0.005
Lab.5 day 1 4.56 421 — 4.52 9.50 — — —
day 2 4.63 4.57 — 478 8.71 — — —
Certified value 5.0 5.0 53 49 9.1 0.002 0.004 0.006
(Average)
Uncertainty 0.6 0.6 0.4 0.6 0.9 — — —
SD#* 0.4 0.5 0.3 0.5 0.7 00010  0.0013  0.0010
Lab.1 day 1 111.0 119.0 119.5 110.5 186.4 — — —
day2 | 1123 118.2 121.5 115.4 188.6 — — —
Lab.2 day 1 115.2 115.8 113.0 115.5 191.9 0.049 0.064 0.054
day2 | 1157 116.3 113.5 113.7 196.3 0.054 0.060 0.048
Lab.3 day 1 113.1 108.2 100.1 114.8 181.5 — 0.058 0.044
day2 | 113.0 109.9 104.4 116.2 178.2 — 0.058 0.045
Lab.4 day 1 114.8 109.6 108.8 115.2 182.8 0.057 0.062 0.038
JSM P 701-1 day2 | 1144 105.7 112.1 117.1 173.4 0.059 0.063 0.037
Lab.5 day 1 111.2 105.1 — 115.7 199.6 — — -
day 2 114.6 105.4 — 114.0 194.6 — — —
Certified value 113.5 1113 111.6 114.8 187.3 0.05 0.06 0.04
(Average)
Uncertainty 2.4 7.5 12.6 3.8 11.7 — — —
SD** 1.9 6.0 7.9 3.1 9.4 0.006 0.003 0.007
* The values for Br, Cl, and S are non-certified.
** Reproducibility standard deviation between different laboratories.
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Table 2 Certified values , uncertainty and standard deviation of added elements in developed plastic reference materials for X-ray
fluoresence analysis

Reference Flements
materials number Cd Pb Hg Cr As Br*
(ug/g) (uglg) (ug/e) (ug/g) (ug/e) (mass%)
a | Non-certified value <1 <1 <1 <1 <1 < 0.001
Certified value 5 5 5 5 9 0.002
b | Uncertainty 1 1 1 1 1 —
SD** 0.4 0.5 0.3 0.5 0.7 —
Certified value 50 50 51 52 86 0.035
¢ | Uncertainty 2 1 2 1 6 —
SD** 39 1.5 29 2.4 13.3 —
Certified value 114 111 112 115 187 0.05
d | Uncertainty 3 8 13 4 12 —
JSM P 710-1 SD** 1.9 6.0 7.9 3.1 9.4 —
Certified value 264 270 254 265 478 0.15
e | Uncertainty 4 9 7 6 30 —
SD** 8.2 19.3 154 12.5 65.6 —
Certified value 522 532 546 515 907 0.27
f | Uncertainty 7 8 10 11 55 —
SD** 14.2 17.5 18.2 22.8 122.9 —
Certified value 1.11 X 10° 1.12 X 10° 1.09 X 10° 1.10 X 10° 1.95 X 10° 0.62
g | Uncertainty 0.01 X 10° 0.03 X 10° 0.04 X 10° 0.03 X 10° 0.12 X 10° —
SD** 20 49 75 47 260 —

* The values for Br are non-certified.
** Reproducibility standard deviation between different laboratories.

Table 3 Measurement condition of X-ray fluorescence analysis

Instrument ZSX Primus II

Elements Cd Pb Hg Cr As Br
Spectrum Ka LS, La Ka Kp, Ka
X-ray tube Rh target

Tube voltage (kV) 50 50 50 50 50 50
Tube current (mA) 48 48 48 48 48 48
Crystal LiF (200) LiF (200) LiF (200) LiF (200) LiF (220) LiF (200)
Detector Scintillation counter

Primary filter Zr Cu Cu Ti Cu Cu
Counting time (s) 100 40 40 40 100 40
Back ground 50 X2 20 X 2 20 X 2 20 50 20
Atmosphere Vacuum
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Fig.1 Calibration curves for X-ray fluorescence analysis

Table 4 Analytical results of certified reference materials based on the working curve that uses JSM P 710-1

Elements Cd Pb Hg Cr Br
(ug/g) (ug/g) (ug/g) (ug/g) (mass)
Certified  Analytical | Certified  Analytical | Certified Analytical | Certified  Analytical |Certified  Analytical
value value value value value value value value value value
ERM-EC680 140.8 137 107.6 106 25.3 26 114.6 136 0.080 8 0.087
ERM-EC681 21.7 20 13.8 13 4.50 4.9 17.7 21 0.009 8 0.008
JSAC 0611 <1 <1 <1 <1 — — <1 <1 — —
JSAC 0612 4.5 6 26.1 27 — — 25.5 17 — —
JSAC 0613 10.0 11 54.6 57 — — 52.0 37 — —
JSAC 0614 23.8 28 106.8 112 — — 98.6 73 — —
JSAC 0615 43.4 49 202.2 216 — — 212.8 177 — —
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