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Abstract: The various environmental regulation directives such as RoHS (restriction of hazardous substances
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in electrical and electronic products) and WEEE (waste from electrical and electronic equipments) are practically
used as the technical barrier in international trade (TBT) of vehicles and electrical and electronic products
recently. Regarding such an environmental regulation, Korea Research Institute of Standards Science (KRISS)
organized a proficiency testing scheme to establish the reliability of measurement results produced by the relevant
research institutes and test laboratories in Korea. Participants were 31 laboratories related to production of the
electrical and electronic equipments and mobile vehicles. Two polypropylene samples of pellet type were
employed as the proficiency testing materials (PTMs). Cadmium and lead were the analytes chosen among
six components regulated in European Union (EU) RoHS directive. The PTMs were sent to the participants
by post on September 1* 2006, and deadline for results submission were October 10" 2006. The results of
each laboratory were evaluated in comparison with KRISS reference values using Robustic Z-score and Youden

plot methods. The results of the various sample digestion methods were also compared. Most of participants
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reported good agreement within 10 % range of reference values. However, results from several laboratories

showed significant biases from reference values. These laboratories should establish the quality assurance system

for improvement of the measurement reliability.

Key words : Proficiency testing, RoHS (restriction of hazardous substances), Polypropylene, Cadmium, Lead,
Certified reference material, Robustic Z-score, Youden plot
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Table 1. Target concentration of PP CRM preparation

Concentration, mg/kg

Element (CRM No. 113-01-XX)
-PO1  -P02 -P03 -P04 -POS
As, Cr, Hg, Pb, Zn - 20 150 500 1000
Cd - 2 15 50 100
S - 1.5 15 40 85
Ba - 40 400 100 2300

1.6% 2 19%@AZFEE) vl&=2 H7Hs T 3-roll
T (BA7A, dF=E o] &8t 10 umo]3tE #
et ol E dE TFHES A F PP T
H718kaL 50 L £32] con-mixer (MPC-50, €312
P AN A 1AIZE o] F13] A#ASIA AT o] &
FES & 7)(TEK TWIN EXTRUDER, S. M. Eng.,
AN E B AT 230°CoA gEdle] 1=
PP master batch (MB)E A| 3} T} 2Folo] FE|(Z]
2 ¢ 15 mmzE 7MEE 4EFLS 2-3 mm 7)<
pellete 2 Hehst & 33 om, MBe] #24&
sty A8 o)y e E3 9 4E A 33
HHESLITE CRM 24l o8 5= MBE HE Al
Z BE¥EEo @A 4 PP Buy) oA 44 v &
2 34 538 & MB AlzolA 9 22 4E, A,
=3 A S 33 wrEate] AxE0n HE AxE
pellet YA+ Z7)= (A7 1.5X 4 0] 2~3) mmZA]
M YA FHFL 10 mg Wefoltt. ©]’¢e] PP CRM
275 MB AlZx AE 4AQ () NPKE] A A3 9

ZE o] Az

Az" AEE A 20 L o2 bagoll €&
O 2A17F oY E3tste] #23)st $ rotary sample
divider (FRITSCH, laboratte 27) A}&3}o] 125 mL
wide mouth ZHA] §-2] ¥ (Fisher #02-911-440)°]] 50 g
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Sampling Ca. 0.1 g in microwave vessel

Spike of isotope sample

Microwave heating program

|
Addition of conc. HNO4/H,0,
~HNOg6mL, Hy0, 1 mL—

Step Temperature/ Time/
°C min

Microwave heating

1 20 — 150 5

Dilution to Ca. 50 g with H,O

2 150 — 120 5

3 120 — 230 5

2nd Dilution with H,O

4 230 — 230 30

Measurement by ICP-MS & ICP/OES

5 Ventilation 40

Fig. 1. Sample pretreatment procedure of PP resins for ID-ICPMS and ICP/OES.
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Table 2. Homogeneity test results and reference values of PP PT samples

Mean/ o * U**/ Prep. value Recovery
Sample Element — rsd % k mekg™ /mgkg™! %
14. . . E
PP Cd 9 0.7 22 0.2 15 99
Pb 1443 0.8 2.2 2.7 155 93
Cd 98.2 1.8 2.3 4.0 100 98
PPH
Pb 959 1.9 2.3 41 1032 93

*k; Coverage factor at 95% confidence level
**U; Expanded uncertainty
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Table 3. Proficiency testing result of cadmium in PP samples (PT06-PP)

PPL-Cd PPH-Cd
l“j(l;é Results obtained /mg-kg™ Deviation from Results obtained /mg-kg™ Deviation from
Average SD reference value/% Average SD reference value/%
1 15.9 0.2 6.7 100.0 0.2 1.8
2 17.2 0.2 15 107.7 0.5 9.7
3 16.9 0.2 14 105.5 0.3 7.5
4 18.0 0.1 21 103.2 0.3 5.1
5 14.7 0.6 -1.6 94.0 1.0 -4.3
6 16.3 0.3 9.6 107.4 0.6 9.3
7 16.1 0.0 8.1 109.6 0.0 12
8 14.0 0.5 -6.2 91.2 4.0 -7.1
9 14.0 0.1 -6.1 93.2 0.5 -5.1
10 11.9 0.1 -20 92.9 0.5 -5.4
11 14.8 0.4 -0.7 98.4 0.9 0.2
12 13.6 0.0 -8.7 87.4 0.9 -11
13 16.9 0.4 13 113.8 33 16
14 8.91 0.12 -40 99.8 34 1.6
15 13.1 0.1 -12 85.6 0.5 -13
17 15.7 0.6 5.2 104.8 32 6.7
18 12.1 0.1 -19 933 1.0 -5.0
19 12.8 0.4 -14 91.2 2.0 -7.2
20 14.4 1.1 -33 90.4 7.6 -8.0
21 12.7 0.4 -15 85.7 1.0 -13
21 15.7 0.2 5.5 113.8 32 16
23 12.4 0.2 -17 83.7 4.9 -15
24 15.2 0.1 2.2 101.1 1.9 2.9
25 14.6 03 2.2 101.4 0.6 32
26 15.1 0.1 1.4 99. 9 22 1.7
27 17.2 0.2 16 107.7 53 9.7
28 14.1 0.2 -5.3 93.5 22 -4.7
29 15.0 0.6 0.4 103.0 1.6 4.8
30 16.0 0.2 7.0 112.4 7.3 14
31 17.4 0.1 17 113.8 0.4 16
32 18.3 0.1 23 117.4 1.5 20
Total Mean 15.0 1.6 0.4 100.1 9.0 1.9
Ref. val. 149 £ 0.2 98.2 + 4.0
o] MAdT ¥ Aed SAZ4AE 45 AE AYHE B FHAAFAKS M 3210, 1063,
Zolth 53] 261 AEA Pbe] ¢ A &2 3211)& H]&35] EPA 3051, 3052(B), 6010B, EN
FFENE AFS AL 28] 34 2AHH 1122, 18O 6101-2, IEC 62321, ASTM D 4004 5 v
oM Aze eF7t gA WokeA AET Dask Rl $ oeith 2 A6 23oi7 Bal 0 24 4
om, 22w APA] J72ke] st A 4 H7F sk 947] WEel ME vE WS AHE
SHE S % o A o] Anrzl A ool flAARE e AR 3 3 Aol i)

33 AlE Hawwol me
oWl SALAAL g8l 7}
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Table 4. Proficiency test result of lead in PP samples (PT06-PP)

PPL-Pb PPH-Pb
if:(; Results obtained/mg-kg™" Deviation from Results obtained/mg-kg™ Deviation from
Average SD reference value/% Average SD reference value/%
1 150.2 0.1 4.1 946.2 0.9 -13
2 158.4 32 9.8 948.9 6.9 -1.1
3 153.3 3.1 6.2 974.7 9.2 1.6
4 155.2 0.7 7.6 971.7 3.0 1.3
5 141.3 6.7 2.1 920.0 8.2 -4.1
6 150.6 2.0 43 981.6 4.6 2.3
7 153.3 0.0 6.2 984.1 0.0 2.6
8 1434 2.9 -0.6 936 12 24
9 139.7 1.4 -3.2 926.5 3.4 34
10 137.9 0.7 -4.5 847.1 7.6 -12
11 146.0 4.0 1.2 942.0 7.2 -1.8
12 143.7 0.5 -0.4 933.6 8.0 -2.7
13 141.4 3.1 -2.0 949 19 -1.0
14 159.6 1.5 11 1021 22 6.5
15 155.7 0.5 7.9 1053 6 9.7
17 133.6 23 274 927 17 33
18 129.5 0.5 -10 949.2 5.2 -1.0
19 131.8 3.1 -8.7 919 17 -4.2
20 144.9 34 0.4 947 26 -1.3
21 127.4 34 -12 853.6 9.1 -11
22 274.3 22 90 1250 14 30
23 125.0 9.9 -13 851 26 -11
24 149.7 32 3.7 1007 6 5.0
25 118.9 1.5 -18 936 17 2.5
26 75.1 33 -48 491 24 -49
27 158.3 1.6 9.7 1068 18 11
28 144.0 2.0 -0.2 948.3 7.5 -1.1
29 140.4 1.0 2.7 939.2 0.9 2.1
30 147 13 1.8 1070 120 12
31 160.5 0.5 11 1066 4 11
32 145.8 1.4 1.1 974 12 1.5
Total Mean 144.2 11.0 1.7 958.8 59.8 1.7
Ref. val. 144.3£2.7 959441
W (dry ash method), mho] L& 3} 4F FalHy, A < AH}E Holx Jlom, FEE A-ol= Pb
3% (open method) F0Ith SHEEAIFAAE o|& & o] Ayt iAoz 22 3he Holal Uth. uEhA
sy ol wet FHiEste] HelstA Table 59 2Tt H Az3|sht ksl A A AANA e &
i HolE e #7F AA, 22 AR AR AdA A7) e frosloF & Aotk
Aol FH7E wig- Thkatr] wiEel SAAS] e
e FoEHA &s i Ak v Az st 9 34. HXN2E Lo UE ZE H|D
g A 3% Cdat Pb BF T2 W) vl & Al g o] AREE AFe] FRol wWE Bak dlo]
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Fig. 2. Proficiency testing result of PP samples (PT06-PP).
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Fig. 3. Robustic Z-score plot for PT results of PP samples (PT06-PP).
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Fig. 4. Youden plot for PT results of PP samples (PT06-PP).

Table 5. Dependence of PT results on sample digestion methods

Mean value/mg-kg™ Digestion
Element Sample
A M (0] Total mean methods
PPL 14.6 15.2 14.7 15.0
Cd PPH 95.6 103 104 100
No. of data 9 18 4 31 At Ash
M: Microwave
PPL 146 143 145 144 0O: Open
Pb PPH 947 968 947 959
No. of data 11 18 2 31
Table 6. Dependence of PT results on acids used for sample digestion
Mean value/mg-kg™!
Element Sample
1 2 3 4 5 6 7 Total mean
PPL 15.3 11.9 12.3 15.8 153 14.1 14.3 14.8
Cd PPH 106 92.9 922 105 108 93.5 94.2 99.5
No. of data 3 1 2 11 2 1 11
PPL 139 138 131 148 140 146 144
Pb PPH 964 847 934 983 939 954 959
No. of data 3 1 2 10 2 12
Acids 1: HNO;3, 2: HCI, 3: HNO;+ HCI, 4: HNO; + H,0,, 5: HNO; + HF,
6: HNO; + HCI + H,0,, 7: H,SO4 + (HNO; + HCI + H,0, + HI)
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Table 7. Dependence of PT results on measurement methods

Mean value/mg-kg™

Element  Sample
AAS ICP/OES Total mean
cd PPL 14.3 14.9 15.0
PPH 94.9 101 100
b PPL 149 144 144
PPH 975 956 959
No. of data 4 27
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