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1 FOREWORD

This report summarises the results of APLAC T051 of Heavy Metal Elements in Plastics
Proficiency Testing Program involving testing laboratories for the Asia Pacific Laboratory 
Accreditation Cooperation (APLAC) and European co-operation for Accreditation (EA) and 
InterAmerican Accreditation Cooperation (IAAC) and unaffiliated ILAC bodies. This program 
covered analysis chemical compositions in plastics included Lead, Cadmium, Chromium and
Mercury contents.

The program was conducted by the CNLA/ TAF (Taiwan Accreditation Foundation).  The aim of 
the program was to assess laboratories' ability to competently perform the tests examined.

2 FEATURES OF THE PROGRAM

(a) APLAC and EA members were invited to participate. There were in total 33 laboratory 
participants nominated by 15 accreditation bodies (ABs) in this program. All samples were sent 
to the ABs and transferred to the participating laboratories. Two participating laboratories did not 
return results; hence the results from those laboratories were excluded from the analysis.

(b) Participating laboratories were supplied two sealed amber bottles containing about 7 g plastic 
particle sample with labelled APLAC T051 A# and APLAC T051 B# respectively.

(c) Each participating laboratory is required to determine the level (ppm or mg/kg) of Lead content,
Cadmium content, Chromium content and Mercury content in sample A and sample B.

(d) Prior to distribution the samples were analysed for homogeneity. The testing results showed that 
the samples were sufficiently homogeneous. Therefore any results later identified as outliers 
could not be attributed to any significant sample variability.  (Appendix B)

(e) Laboratories were requested to perform the tests according to their copy of the "Instructions to
Participants" and to record their results on the accompanying "Results Sheet", both of which 
were distributed to participants with the sample. (Appendix C)

(f) Each laboratory was randomly allocated a unique code number for the program to enable 
confidentiality of results.  Its code number makes reference to each laboratory in this report.

Economy No. of Labs Economy No. of Labs

Bulgaria 1 Mexico 1

Chile 3 Poland 2

Czech 4 Portugal 2

Germany 1 Singapore 3

India 1 Slovakia 2

Indonesia 2 Taiwan 4

Israel 2 Thailand 3

Japan 2 Total 33
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3 CONTENT OF APPENDICIES

APPENDIX A contains:

(a) The duplicate results reported by laboratories and the calculated Z-Score result for each test 
on each sample.

(b) A table of robust statistics for each test - number of results, median, normalised IQR, robust
CV, minimum, maximum and range.

(c) Z-Scores and ordered Z-Score charts calculated for laboratories for each test.

(d) Test methods are reported for each lab.

APPENDIX B contains details of sample preparation and homogeneity testing.

APPENDIX C contains a copy of the Instructions to Participants  and the Results Sheet , as 
supplied to participants.

APPENDIX D contains details of statistical procedures, calculations and formulae.

4 STATISTICAL DESIGN OF THE PROGRAM

A split-level statistical design was used in this program. The samples labelled APT51A, and
APT51B were different concentrations. 

Robust statistical procedures were used to generate the Z-Scores and summary statistics for the 
sample - number of results, median, normalised interquartile range, minimum, maximum and 
range.

For each laboratory, a single robust Z-Score was calculated for each sample.
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TABLE A: SUMMARY STATISTICS

Summary StatisticsTest Sample
No of Results Median Normalised IQR

A 25 95.9 16.46Lead
Content B 24 14.55 2.91

A 31 129.5 17.20Cadmium
Content B 31 20.5 2.00

A 26 107.65 10.36Chromium
Content B 26 17.3 2.30

A 22 24.6 2.97Mercury
Content B 21 4.4 0.45

5 OUTLIER RESULTS

In order to achieve the program's aim of assessing laboratories' testing performance, a robust 
statistical approach, which uses Z-Scores to assess participants performance has been utilised. 
The Z-Score is a measure of how far the result(s) is from the consensus value - a normalized
value that gives a "score" to each result relative to the other results in the group. Therefore a Z-
Score close to zero means that the result agrees well with those from other laboratories. An
outlier will be any result(s) that has an absolute Z-Score value greater than three.

According to the definition of ISO/IEC Guide 43-1, extreme results are outliers and other values
that are grossly inconsistent with other members of the data set. In other words, extreme results 
may be outliers, which are erroneously reporting the presence/absence of an analyst, or other 
gross errors which can not be included in the statistical analysis, for example: ND (denotes no 
detect), <15  or <0.5 .

Appendix D gives details on the calculation of Z-Scores.

TABLE B: Laboratory s Code of Outliers

Test Sample Lab Code
A 4,27,28

Lead Content B 4,6,20
A 4,6,27,33Cadmium

Content B 4,6,20,22,27
A 4, 28Chromium

Content B 4, 27
A 1, 22,26Mercury

Content B 1, 20,22,25,26,28
3



Of the 31 participating laboratories, the total of 10 laboratories has been identified as having 
reported one or more outlier results. Out of the 206 results returned, the total of 28 results has
been identified as outlier results (13.59 %).

6 TECHNICAL COMMENTS

General Comments

According to terms of use and as indicated by statistical data results, outliers pre-treatment or 
conditions were different from common methods in force. Moreover, equipments adopted 
(GFAA, ICP-OES or XRF) in analysis were also different. All these had influenced the final 
results to certain degree.  Although the pre-treatment and equipments could cause influence, the 
results and theories showed/ corroborated that they are as the same as the integral results.

(a) Pb

Lab code No. 4, which tested element Pb and were classified outliers in both high and low 
concentration, as an example. We suggest that the sample pre-treatment, testing processes, data 
analysis and data processing should be checked carefully. As for labs that were classified outliers
in low concentration but satisfied in high one, i.e. No. 6 and No. 20, it is suggested to lift the 
sensitivity and detection limits of Pb.

(b) Cd

Labs code No.4, 6 and 27 should check the integral process of the test in order to find out the 
reasons that caused outliers.

(c) Cr

Total Cr was used for the analysis in this program. Lab code No. 25 specified Cr 6+ as the element 
they tested, however, the data showed ND (Not Detected). Lab code No. 4 seems that reversed 
the data of Sample A and Sample B.

(d) Hg

The pre-treatment and test temperature would probably have great influence on the concentration 
of Hg. For instance, outlier laboratories adopted different pre-treatments from the qualified ones, 
as disclosed by the statistical results. Labs code No. 1,22 and 26 had very low results for both 
samples, but there were also several high outliers for the second sample.
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APPENDIX A

Summary of Results 

Test Methods



A1.1 Pb (A)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 95.9 0.00 2.4100
2 102.3 0.39 0.068
3 82.1 -0.84 N/A
4 10.1 -5.21 2.3
5 N/A N/A N/A
6 57.6 -2.33 N/A
7 97.9 0.12 18.7%
8 92 -0.24 N/A
9 101.8 0.36 0.4
10 93.9 -0.12 0.176
11 105 0.55 7.5
12 110.7 0.90 N/A
13 106.1 0.62 1.52
14 92.4 -0.21 0.0406
15 95.1 -0.05 6.6
16 N/A N/A N/A
17 104.3 0.51 14.0
18 <1.5 N/A N/A
19 83.9 -0.73 25%
20 124.4 1.73 40.7
21 111.4 0.94 1.7( )
22 <0.01 N/A N/A
23 N/A N/A N/A
24 125.2 1.78 17.6
25 ND N/A 6.6
26 <0.5 N/A N/A
27 31.6 -3.91 2.1
28 258.8 9.90 17%
29 <15 N/A 10%
30 90.7 -0.32 26.6%
31 61 -2.12 4.8
32 117.6 1.32 14.1
33 79.7 -0.98 4.0

No. of result 25
Median 95.9
Normalized IQR 16.46
Robust CV (%) 17.2
Maximum 258.8
Minimum 10.1
Range 248.7
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2.1 Pb (B)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 18.4 1.32 0.4663
2 13.6 -0.33 0.068
3 13.1 -0.50 N/A
4 35.3 7.13 2.3
5 N/A N/A N/A
6 30.2 5.38 N/A
7 19.9 1.84 18.7%
8 13.9 -0.22 N/A
9 14.4 -0.05 0.4
10 10.8 -1.29 0.11
11 14.4 -0.05 7.5
12 16 0.50 N/A
13 13.96 -0.20 1.52
14 ND N/A 0.0406
15 17.6 1.05 3.0
16 N/A N/A N/A
17 13.8 -0.26 1.2
18 <1.5 N/A N/A
19 11.1 -1.19 25%
20 25.1 3.63 17.6
21 14.9 0.12 2.4%
22 <0.01 N/A N/A
23 N/A N/A N/A
24 13.9 -0.22 17.6
25 ND N/A 6.6
26 <0.5 N/A N/A
27 8.5 -2.08 0.6
28 21.8 2.49 17%
29 <15 N/A 10%
30 15.7 0.40 26.6%
31 14.6 0.02 4.6
32 16.5 0.67 2.5
33 14.5 -0.02 1.16

No. of result 24
Median 14.55
Normalized IQR 2.91
Robust CV (%) 20.0
Maximum 35.3
Minimum 8.5
Range 26.8
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A3.1 Cd (A)

Lab Code Result (ppm) Z-Score Expanded uncertainty
1 137.8 0.48 0.9538
2 134.5 0.29 0.028
3 110.5 -1.10 N/A
4 5.8 -7.19 1.7
5 N/A N/A N/A
6 18.6 -6.45 N/A
7 134.6 0.30 16.6%
8 117.1 -0.72 N/A
9 117.3 -0.71 0.4
10 114.1 -0.90 2.6
11 141.2 0.68 4.9
12 135.8 0.37 N/A
13 140.7 0.65 1.12
14 133.3 0.22 0.0406
15 127.8 -0.10 7.5
16 N/A N/A N/A
17 143.6 0.82 10.9
18 126 -0.20 15( U v%)
19 115.5 -0.81 25%
20 138.1 0.50 16.1
21 136.5 0.41 1.8%
22 87.9 -2.42 9.3
23 146.3 0.98 13.5
24 148.3 1.09 14.6%
25 130.9 0.08 8.5
26 131.8 0.13 33
27 28.1 -5.90 2.9
28 113.8 -0.91 17%
29 122.9 -0.38 10%
30 111 -1.08 30.0%
31 129.5 0.00 3.4
32 167.2 2.19 25.1
33 37.8 -5.33 2.27

No. of result 31
Median 129.5
Normalized IQR 17.20
Robust CV (%) 13.3
Maximum 167.2
Minimum 5.8
Range 161.4
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A4.1 Cd (B)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 18.6 -0.95 0.4033
2 20.9 0.20 0.028
3 18.6 -0.95 N/A
4 30.4 4.95 1.7
5 N/A N/A N/A
6 8.5 -6.00 N/A
7 21.1 0.30 16.6%
8 20.7 0.10 N/A
9 22.8 1.15 0.4
10 17.3 -1.60 0.9
11 20.3 -0.10 4.9
12 20.4 -0.05 N/A
13 20.43 --0.03 1.12
14 21.3 0.40 0.0406
15 24.1 1.80 1.6
16 N/A N/A N/A
17 22.4 0.95 2.1
18 21.5 0.50 15 ( U v%)
19 17.3 -1.60 25%
20 27.4 3.45 12.2
21 20.9 0.20 2.2%
22 10.1 -5.20 0.5
23 20.5 0.00 2.3
24 20.9 0.20 14.6
25 21.3 0.40 2.9
26 19.8 -0.35 6.9
27 10.5 -5.00 1.0
28 17.4 -1.55 17
29 19.8 -0.35 10%
30 21.3 0.40 30.0
31 14.6 -2.95 2.4
32 22.3 0.90 3.3
33 19.8 -0.35 1.78

No. of result 31
Median 20.5
Normalized IQR 2.00
Robust CV (%) 9.8
Maximum 30.4
Minimum 8.5
Range 21.9
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A5.1 Cr (A)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 107.5 -0.01 0.8661
2 113 0.52 0.036
3 88.9 -1.81 N/A
4 22.3 -8.24 2.2
5 N/A N/A N/A
6 N/A N/A N/A
7 ND<2 N/A N/A
8 103.2 -0.43 N/A
9 104.1 -0.34 0.4
10 112.4 0.46 2.15
11 115.9 0.80 4.1
12 118.2 1.02 N/A
13 114.8 0.69 1.90
14 119.4 1.13 0.0406
15 109.1 0.14 4.4
16 N/A N/A N/A
17 116.8 0.88 9.6
18 94.1 -1.31 30 ( U v%)
19 88.1 -1.89 25%
20 126.7 1.84 36.9
21 112.2 0.44 4.2%
22 78.1 -2.85 10.5
23 101.2 -0.62 6.5
24 N/A N/A N/A
25 ND N/A N/A
26 <8 N/A N/A
27 87.2 -1.97 11.4
28 156.7 4.73 17%
29 107.8 0.01 10%
30 103 -0.45 16.8%
31 115.9 0.80 3.4
32 105.5 -0.21 12.7
33 105.5 -0.21 7.4

No. of result 26
Median 107.65
Normalized IQR 10.36
Robust CV (%) 9.6
Maximum 156.7
Minimum 22.3
Range 134.4
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A6.1 Cr (B)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 15.5 -0.78 0.2888
2 17.2 -0.04 0.036
3 15.5 -0.78 N/A
4 118.5 44.04 2.2
5 N/A N/A N/A
6 N/A N/A N/A
7 ND<2 N/A N/A
8 19.6 1.00 N/A
9 19 0.74 0.4
10 16.6 -0.30 0.7
11 17.8 0.22 4.1
12 18.6 0.57 N/A
13 16.14 -0.50 1.90
14 23.2 2.57 0.0406
15 20 1.17 0.8
16 N/A N/A N/A
17 18.6 0.57 2.8
18 14.5 -1.22 30 ( U v%)
19 15.3 -0.87 25%
20 21.4 1.78 29.8
21 17.4 0.04 3.2%
22 11.7 -2.44 2.1
23 14.7 -1.13 1.0
24 N/A N/A N/A
25 ND N/A N/A
26 <8 N/A N/A
27 5.5 -5.13 0.9
28 17.6 0.13 17
29 17.8 0.22 10%
30 18.6 0.57 16.8
31 13.6 -1.61 3.2
32 15.7 -0.70 2.7
33 15.7 -0.70 1.57

No. of result 26
Median 17.3
Normalized IQR 2.30
Robust CV (%) 13.3
Maximum 118.5
Minimum 5.5
Range 113.0
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A7.1 Hg (A)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 0.5 -8.13 0.0586
2 25.1 0.17 0.048
3 22 -0.88 N/A
4 N/A N/A N/A
5 N/A N/A N/A
6 N/A N/A N/A
7 ND<10 N/A N/A
8 23.9 -0.24 N/A
9 23.6 -0.34 0.5
10 20.8 -1.28 0.3
11 25.1 0.17 2.0
12 20.9 -1.25 N/A
13 26.4 0.61 2.04
14 25.1 0.17 0.0413
15 24.1 -0.17 5.0
16 N/A N/A N/A
17 27.2 0.88 2.6
18 26.6 0.67 30 ( U v )
19 N/A N/A N/A
20 26.1 0.51 9.0
21 26 0.47 1.8
22 11.6 -4.38 1.9
23 29.3 1.59 1.6
24 N/A N/A N/A
25 27.9 1.11 N/A
26 5.9 -6.31 1.3
27 N/A N/A N/A
28 23.1 -0.51 17
29 <5 N/A 10%
30 22.3 -0.78 13.6
31 N/A N/A N/A
32 25.2 0.20 2.2
33 N/A N/A N/A

No. of result 22
Median 24.6
Normalized IQR 2.97
Robust CV (%) 12.1
Maximum 29.3
Minimum 0.5
Range 28.8
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A8.1 Hg (B)

Lab Code Result (ppm) Z-Score Expanded Uncertainty
1 0.3 -9.22 0.0270
2 4.4 0.00 0.048
3 4.4 0.00 N/A
4 N/A N/A N/A
5 N/A N/A N/A
6 N/A N/A N/A
7 ND<10 N/A N/A
8 4.1 -0.67 N/A
9 4.1 -0.67 0.5
10 3.7 -1.57 1.0
11 4.4 0.00 2.0
12 3.9 -1.12 N/A
13 4.29 -0.25 2.04
14 ND N/A 0.0413
15 3.3 -2.47 3.0
16 N/A N/A N/A
17 <10 N/A 1.1
18 4.7 0.67 30 ( U v%)
19 N/A N/A N/A
20 6.4 4.50 7.0
21 4.4 0.00 4.3
22 1.8 -5.85 0.5
23 5 1.35 0.3
24 N/A N/A N/A
25 5.8 3.15 N/A
26 1.3 -6.97 0.4
27 N/A N/A N/A
28 6.5 4.72 17
29 <5 N/A 10%
30 4.5 0.22 13.6
31 N/A N/A N/A
32 4.4 0.00 0.3
33 4.35 -0.11 0.02

No. of result 21
Median 4.4
Normalized IQR 0.45
Robust CV (%) 10.1
Maximum 6.5
Minimum 0.3
Range 6.2
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A9.1
Test Methods

Lead Content

Lab Code Method Sample Preparation Method
1 EPA 6010B/ICP Acid digestion
2 IEC62321 Ed.1 Microwave digestion
3 ICP-AES Microwave digestion
4 ISO/IEC 62321 Ed1 Dry ashing and then acid treatment
5 N/A N/A
6 Voltametry Dry ashing
7 EPA 3051 Microwave digestion
8 AC/ROHS/0007 ver.1/05 Dry ashing/acid
9 EPA3052 Microwave

10 IEC62321 Ed.1, section11.4.2.3 1.microwave
2.ICP-OES

11 ICP-OES Microwave digestion
12 EPA 6010B EPA 3051A
13 IEC 62321 Microwave digestion
14 In-House method (RDMT-1602) Microwave digestion
15 IEC 62321 Microwave
16 N/A N/A
17 ICP Acid microwave digestion
18 AAS (TNV 757467) 3ml H2O2+2ml HNO3+2ml HCl
19 AAS flame1 Microwave digestion with HNO3

20 X-ray EDS (energetic disperse 
spectrometry) no

21 ICP-MS Microwave digestion
22 ICP-AAS Acid digestion
23 INAA N/A
24 ICP-OES with ultrasonic nebulizer Digestion acid with Pressure digestion system
25 IEC 62321, ED1 Dry ashing/acid

26 IEC 62321, ED1
AA FURNACE Acid digestion

27 pr IEC 62321 Dry ashing
28 IEC 62321 Ed1/ CDV Microwave
29 ICP and AAS Acid digestion
30 ICP Microwave digestion
31 AAS Dry ashing/acid
32 AAS-ETA Microwave digestion
33 IEC 62321 /1CD Dry ashing/acid



A9.2
Test Methods

Cadmium Content

Lab Code Method Sample Preparation Method
1 EPA 6010B/ICP Acid digestion
2 IEC62321 Ed.1 Microwave digestion
3 ICP-AES Microwave digestion
4 ISO/IEC 62321 Ed1 Dry ashing and then acid treatment
5 N/A N/A
6 Voltametry Dry ashing
7 EPA 3051 Microwave digestion
8 AC/ROHS/0007 ver.1/05 Microwave digestion
9 EPA3052 Microwave

10 IEC62321 Ed.1, section11.4.2.3 1.microwave
2.ICP-OES

11 ICP-OES Microwave digestion
12 EPA 6010B EPA 3051A
13 IEC 62321 Microwave digestion
14 In-House method (RDMT-1602) Microwave digestion
15 IEC 62321 Microwave
16 N/A N/A
17 ICP Acid microwave digestion
18 AAS-CSN EN ISO 5961(75 7418) 4ml IHNO3+2ml HBF4

19 AAS flame2) Microwave digestion with HNO3

20 X-ray EDS (energetic disperse 
spectrometry) no

21 ICP-MS Microwave digestion
22 ICP-AAS Acid digestion
23 INAA no
24 ICP-OES with ultrasonic nebulizer Digestion acid with Pressure digestion system
25 IEC 62321, ED1 Dry ashing/acid

26 IEC 62321, ED1
AA FURNACE

Acid digestion
modified: only HNO3

27 pr IEC 62321 Dry ashing
28 IEC 62321 Ed1/ CDV Microwave
29 ICP and AAS Acid digestion
30 ICP Microwave digestion
31 AAS Acid
32 AAS-ETA Microwave digestion
33 IEC 62321 /1CD Dry ashing/acid



A9.3
Test Methods

Chromium Content

Lab Code Method Sample Preparation Method
1 EPA 6010B/ICP Acid digestion
2 IEC62321 Ed.1 Microwave digestion
3 ICP-AES Microwave digestion
4 ISO/IEC 62321 Ed1 Dry ashing and then acid treatment
5 N/A N/A
6 N/A N/A
7 EPA 3060A Microwave digestion
8 ICP-AES Microwave digestion
9 EPA3052 Microwave

10 IEC 62321 Ed.1, section11.4.2.3 1.microwave
2.ICP-OES

11 ICP-OES Microwave digestion
12 EPA 6010B EPA 3051A
13 IEC 62321 Microwave digestion
14 In-House method (RDMT-1602) Microwave digestion
15 IEC 62321 Microwave
16 N/A N/A
17 ICP Acid microwave digestion
18 AAS-CSN EN ISO 15586(75 7381) 4ml IHNO3+2ml HBF4

19 AAS-ETA Microwave digestion with HNO3

20 X-ray EDS (energetic disperse spectrometry) no
21 ICP-MS Microwave digestion
22 ICP-AAS Acid digestion
23 INAA no
24 N/A N/A
25 IEC 62321, ED1 Alkaline Extraction
26 IEC 62321, ED1 VIS-540nm Alkaline digestion
27 AAS Dry ashing
28 IEC 62321 Ed1/ CDV Microwave
29 ICP and AAS Acid digestion
30 ICP Microwave digestion
31 AAS Acid
32 AAS-ETA Microwave digestion
33 IEC 62321 /1CD Dry ashing/acid



A9.4
Test Methods

Mercury Content

Lab Code Method Sample Preparation Method
1 EPA 6010B/ICP Acid digestion
2 IEC62321 Ed.1 Microwave digestion
3 ICP-AES Microwave digestion
4 N/A N/A
5 N/A N/A
6 N/A N/A
7 EPA 3051 Microwave digestion
8 AC/ROHS/0007 ver.1/05 Microwave digestion
9 EPA3052 Microwave

10 IEC 62321 Ed.1, section10.4.3 1.microwave
2.ICP-OES

11 ICP-OES Microwave digestion
12 EPA 6010B EPA 3051A
13 IEC 62321 Microwave digestion
14 In-House method (RDMT-1602) Microwave digestion
15 IEC 62321 Microwave
16 N/A N/A
17 ICP Acid microwave digestion
18 AMA 254 TNV 75 7440 N/A
19 N/A N/A
20 X-ray EDS (energetic disperse spectrometry) no
21 ICP-MS Microwave digestion
22 ICP-AAS Acid digestion
23 INAA no
24 N/A N/A
25 IEC 62321, ED1 Wet digestion
26 IEC 62321, ED1 CV-AAS Acid digestion
27 N/A N/A
28 IEC 62321 Ed1/ CDV Microwave
29 ICP and AAS Acid digestion
30 AAS Microwave digestion
31 N/A N/A
32 AAS-AMA254 Microwave digestion
33 IEC 62321 /1CD Direct measurement



APPENDIX B

Preparation of the Samples

and

Homogeneity Testing



B1
PREPARATION OF THE SAMPLES 

This sample was produced based on the certification of mass fraction of As, Br, Cd, Cl, Cr, Hg, Pb and S 
in two polyethylene CRMs (BCR-680 and BCR-681)

1. Matrix: PE powder
2. Process: Add the heavy metal drug with target concentration and the stabiliser to the base powder. 

After the melting extruder being cleaned and stable, add the desired mix powder to the material 
hopper for mix. Wait for 5 minutes after the colour of the mixture stabilises. Then, fetch the plastic 
sample and conduct tests.

3. Pattern of sample: plastic grains

HOMOGENEITY TESTING

Homogeneity tests had been made by PIDC before the samples were distributed to participants. 
Randomly select 15 samples out of 60 to determine the homogeneity of the samples in accordance with 
ASTM E826-85 (Re-approved 1996) Standard practice for testing homogeneity of materials for 
development of reference materials. A measurement was made on each of the 15 samples. The 
measurements were repeated four times. ASTM E826-85 methods were used to analyze the data.

CACULATIONS TO DETERMINE HOMOGENEITY

1. Compute T, B, 't , and G, where: T = sum of each column; B = sum of each row; 't = mean of each 
column; and G = sum of B1 Bb; b = number of replicate measurements (that is, runs); and t = 
number of specimens.

2. Choose a significance level ( ) for the test.

A 95 significance level is recommended for this procedure.

3. Obtain the q  value that corresponds to t  and , where: = the number of degrees of freedom:

)1()1( tb

4. Compute tS = sum of squares due to specimens: 

)/(]/)[( 222
3

2
2

2
1 tbGbTTTTS tt

5. Compute bS = sum of squares due to runs: 

)/(]/)[( 222
3

2
2

2
1 tbGtBBBBS bb
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6. Compute S = sum of the squares of all measurements in the table and subtractG2/tb:

b

j
ij

t

i
tbGYS

1

22

1
)/()()(

7. Compute:

)1)(1/()( tbSSSs tb

8. Compute:

bqsw / 1

9. If the absolute difference rij between any two mean values (that is, 't 1... 't n) exceeds w, then there is 
strong evidence, at the 95  confidence level, that the specimens are not homogeneous. If the absolute
difference rij between any two mean values does not exceed w, then the specimens shall be considered 
homogeneous. In this program, R means maximum of rij.

)(
, ijji

rMaxR , where ''
jiij ttr   , ti ,...,1  , bj ,...,1

or

)()( '

,...,1

'

,...,1 itiiti
tMintMaxR

The q value is referred to Natrella, M.G., Experimental Statistics, NBS Handbook 91, U.S. Government
Printing Office, Washington, DC, 1966.
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The results of homogeneity testing indicated the samples suitable for use in this proficiency testing 
program. Thus any outlier results subsequently identified in this program will not be attributable to 
samples variability.
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APLAC T051 Heavy Metal Elements in Plastic Proficiency Testing Program

INSTRUCTIONS TO PARTICIPATING LABORATORIES

To ensure that results from this program can be analysed properly, participants are asked to adhere 
carefully to the following instructions.

1. SAMPLE

Each participating laboratory is given two sealed amber bottle containing about 7 g plastic particle sample 
with labelled APLAC T051 A#, APLAC T051 B#.

Upon receipt, unpack the sample and inspect them for any damage. If any, please contact your 
accreditation body.

2. TESTS TO BE PERFORMED

Each participating laboratory is required to determine the level (ppm or mg/kg) of Lead Content, Cadmium
Content, Chromium Content and Mercury Content in sample A and sample B. 
Storage Detail: Avoid direct exposure to sunlight. 
Testing Period: Testing should be finished within two week after receiving the samples.
Method used: Participating laboratories are recommended to use IEC 62321, Ed.1: Procedures for the 
Determination of Regulated Substances in Electrotechnical Products or method for which accreditation is 
held and record the method used on the result sheet. 

3. DOCUMENTS TO BE SUBMITTED

Within two week of the completion of the tests, participating laboratories are required to send result sheet 
to their accreditation body:

No other documents are required. Laboratories should make a copy of all documents and worksheets for 
their own records and keep these on file for an adequate period of time.

A final report will be issued at the end of the program with each laboratory only identified by a 
confidential code number.

4. CONFIDENTIALITY

For this program your laboratory will be assigned a code number after TAF received result sheet. All
reference to your laboratory in reports associated with this program will be with this code number, thus 
ensuring confidentiality of results.
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5. GENERAL INFORMATION

For general queries, please contact your accreditation body.

Additional information may be obtained from:

Ms. Jean Yang
Taiwan Accreditation Foundation
TEL  +886-3-5714848 ext 224
FAX +886-3-5726308
E-mail: jeanyang@taftw.org.tw

Mr. Hung-Chang Huang
Taiwan Accreditation Foundation
TEL  +886-3-5714848 ext 208
E-mail: hchuang@taftw.org.tw
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APLAC T051 Heavy Metal Elements in Plastic Proficiency Testing Program
RESULTS SHEET

Please complete this results sheet and return it to your national accreditation 
body and TAF.

Accreditation body: 
______________________________________________________

Testing laboratory: ______________________________________________________

Date of test  _________________

Summary of Test Results

Signature ____________________________  Date ________________________

ResultItem(s)

Sample A

No.:     .

Sample B

No.:     .

Uncertainty Test Method Sample Preparation 
Method

(Dry ashing/acid or 
microwave digestion)

Lead Content

Cadmium Content

Chromium Content

Mercury Content

 Remark(s): 
 1.Unit: ppm (mg/Kg)

 2.Report all test to 1 decimal precision

3.Average Weight of Sample:

Lab Code:

(Assigned after test)
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Measurement Uncertainty Budget

Items
Factors of 

Uncertainty
xi

Type A /
Type B

Probability
Distribution

Standard
Uncertainty u(xi)

Coverage

Combined Standard Uncertainty uc(Y) :

Expanded Uncertainty (95% confidence interval) Uexp c(y) :

Note Please participating laboratories provide test original data and e-mail or fax to TAF.

Signature ____________________________  Date ___________________
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INSTRUCTIONS  MEASUREMENT UNCERTAINTY
Part (1) Background information & justification for this change

ISO/IEC 17025 requires that, except under specified conditions, the uncertainty of measurement 
associated with the results of tests and measurements must be estimated.

What is uncertainty of measurement?
Uncertainty of measurement is defined as a parameter, associated with the result of a measurement, that 
characterizes the dispersion of the values that could reasonably be attributed to the measured  (the 
measured is the particular quantity subject to measurement).

The result of a test or measurement is our best estimate of the true value of the measured. The result is 
imperfect. The true value of the measured is contained within a range of values about the measurement 
result and the uncertainty of measurement  is an estimate of the magnitude of that range expressed at a 
given level of confidence (confidence interval). Uncertainty of measurement is usually given as a 95  % 
confidence interval and would normally be expressed in the appropriate SI units (i.e. mm, °C, g/l, MPa etc).

For example, the result of a measurement might be 5.1 mg/l with an uncertainty of ±0.2 mg/l at a 95  % 
level of confidence. This means that there is an estimated 95  % probability that the true value is in the 
range 4.9 mg/l to 5.3 mg/l. The 95  % probability means that there is an estimated one in twenty chance 
that the true value is outside that range.

Uncertainty of measurement may also be expressed as a percentage where appropriate.

To assist laboratories to comply with the requirements of ISO/IEC 17025 for estimating uncertainty and to 
promote a uniform methodology in its estimation, information packages for APLAC PT testing program 
participants now include general guidance relating to estimating uncertainties for the specific testing 
involved, and final program reports will now include relevant worked examples. All program participants 
are required to report their estimates of uncertainty to their accreditation bodies along with their results
unless the Technical Adviser to the program specifically waives any requirement to estimate uncertainties. 
The estimates of uncertainty provided by participants will be incorporated into the final program reports 
enabling direct comparison of uncertainty estimates across the program participants. The uncertainty 
estimates will not be used in the evaluation of the results on the primary samples.
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How is uncertainty of measurement to be estimated?
APLAC expects that program participants  uncertainties of measurement would be estimated in 
accordance with the requirements of the respective member accreditation bodies. There are different 
approaches and methodologies available. Worked examples provided in APLAC PT program reports will 
generally be based on ISO GUM but will recognise other methodologies in accordance with 5.4.6.3 NOTE 
3 in ISO 17025.

Estimates of uncertainty of measurement provided by program participants are required to be given at the 
95  % level of confidence.

ISO GUM methodology
An estimate of uncertainty of measurement would usually be based on the combination of a number of 
influencing parameters (components of uncertainty) such as errors in reference values, instrument errors, 
repeatability, thermal effects, weighing errors, in homogeneity etc. ISO GUM methodology requires that 
the influence of each component of uncertainty on the measurement result be quantified and expressed 
numerically as a standard deviation. These values are then combined according to the rules of the 
propagation of uncertainty to produce a combined standard deviation (combined standard uncertainty) 
and the combined standard uncertainty is multiplied by a coverage factor to produce an expanded 
uncertainty at the required level of confidence. Detailed descriptions and information on the 
implementation of this methodology have been published by ISO2, UKAS3 and Eurachem/CITAC4 and 
made available over the internet7.

Uncertainty of measurement is best estimated within the individual laboratory environment. All factors
which will have a significant influence on the test or measurement result must be included in the 
estimation process. There must be suitable programs utilising reference standards, instruments and 
materials to ensure on-going and adequate quality control and repeatability and reproducibility of methods 
and equipment over time. In many instances, it will be possible to utilise quality control data in assessing 
uncertainty components such as precision. Where these data are not available, it may be necessary to carry 
out precision studies or to rely on published information about the method or portions of it until the 
laboratory can obtain its own estimates.

APLAC is aware of the general need for better estimates of uncertainty, and estimates that are obtained
under similar conditions in all laboratories. PT programs are useful mechanisms for spreading awareness of 
uncertainty of measurement and the effects of different ways of estimating it. We anticipate that the 
information made available through PT programs will help focus discussions on uncertainty of 
measurement.
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APLAC Technical Committees will interpret the information and report on current practices. They will also 
make recommendations for improving the collection of uncertainty data, the estimation of uncertainties 
and incorporating data and information on uncertainty of measurement into PT program reports. Therefore 
we anticipate an evolution in the mechanisms for collecting and reporting uncertainty data and associated 
information over the next few years.

Participation in APLAC PT programs should assist laboratories to develop appropriate estimates of 
uncertainty, help to guide accreditation bodies to adopting common and consistent approaches leading to 
enhanced understanding and international comparability of measurements among the member nations.

APLAC will consider the use of estimates of uncertainty of measurement in the evaluation of its PT testing 
program results after it is satisfied that participating laboratories are estimating uncertainties of 
measurement in an appropriate and consistent manner.

Here are a few important terms:

Standard uncertainty (u(xi)) is an input component of uncertainty xi expressed as a standard deviation. It 
should be expressed in the units of the influencing parameter, but may be expressed as a percentage where 
convenient.

Type A evaluation estimates of standard uncertainty are evaluated by applying statistical techniques to a 
series of repeatability or curve fitting data. For example, a standard uncertainty estimated from the 
repeatability of measurements on replicate samples is a Type A evaluation.

Type B evaluation estimates of standard uncertainty are based on assumed probability distributions, 
experience, laboratory records, or other information. For example, a standard uncertainty estimated using 
data provided on a calibration certificate is a Type B evaluation.

Sensitivity coefficient (ci) is the mathematical relationship between an influencing parameter and its effect 
on the result of a measurement. In many instances it is unity. That is, there is a one to one relationship 
between the value of the influence and its effect on the measurement result. For example, when weighing a 
sample of material, any uncertainty due to errors in the balance reading will have a one to one effect on the 
measurement result. On the other hand, if we are considering the influence of temperature on the length of 
a metal bar then the sensitivity coefficient is equal to the coefficient of linear thermal expansion for the
metal bar multiplied by the length of the bar. It is important to note that a sensitivity coefficient has units. 
It is also important to note that the calculation methodology used by Eurachem/CITAC4 incorporates 
sensitivity coefficients in a manner that does not require their specific evaluation.
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Combined standard uncertainty (uc(y)) is the final estimate of uncertainty for the test or measurement 
result y expressed as a standard deviation. It is calculated by multiplying the standard uncertainty u(xi) for
each input component (xi) with its respective sensitivity coefficient ci to produce ciu(xi) and then 
combining those values by taking the square root of the sum of their squares. Note that the products 
ciu(xi) must each be expressed in the same units as those required for expressing the combined estimate 
uc(y).

Expanded uncertainty (U) is the final result of our estimate of uncertainty expressed as a confidence 
interval. It is calculated by multiplying the combined standard uncertainty by a coverage factor to produce 
the desired level of confidence (usually 95  %).

Coverage factor (k) is a multiplier used to expand the combined standard uncertainty uc(y) to an interval 
that is estimated to contain the true value of the measured at a given level of confidence (U = k.uc(y)). The 
coverage factor then represents the number of standard deviations in the expanded uncertainty and is 
determined according to the Student-t distribution. A coverage factor of 2 is commonly used to 
approximate the expanded uncertainty to the 95 % confidence level.

References:

1. ISO-IEC 17025:1999. General requirements for the competence of testing and calibration laboratories. 
ISO, Geneva (1999)

2. Guide to the Expression of Uncertainty in Measurement. ISO, Geneva (1993)
3. UKAS LAB 12: The Expression of Uncertainty in Testing. UKAS, London (2000)
4. Eurachem / CITAC Guide QUAM: 2000.P1. Quantifying Uncertainty in Analytical Measurement, 2nd 

Edition (2000)
5. ISO/DTS 21748:2002 Guide for the use of repeatability, reproducibility, and trueness estimates in 

measurement uncertainty estimation.
6. APLAC TC 005, Interpretation and Guidance on the Estimation of Uncertainty of Measurement in 

Testing
7. Websites: www.A2LA.org / (for A2LA policies, links to guidance documents, including the UKAS 

Guide, and the Eurachem/ CITAC Guide, at no cost) www.measurementuncertainty.org / (Eurachem
/ CITAC Guide) www.fasor.com /iso25/ (general information, links, and discussion of ISO-IEC
17025).
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STATISTICAL PROCEDURES

For each statistically analysed test, the following information is given:

(a) a table of results and calculated Z-Scores;

(b) a list of summary statistics; and

(c) ordered Z-Score charts; 

Table of Results and Robust Z-Scores

These tables contain the results returned by each laboratory, and the Z-Scores calculated for each pair 
of results.

Please note that the results are presented in the table as reported  by participants.

Outliers are identified in the table by a marker ( ) next to the relevant Z-Scores.

Summary Statistics

The list of summary statistics appears at the bottom of the table of results and consists of:

1. The number of results for that test/sample (No. of Results);

2. The median of laboratory s results - i.e. the middle value (Median);

3. The normalised interquartile range of the results (Normalised IQR)  the interquartile range 
times 0.7413;

4. The robust coefficient of variation, expressed as a percentage (Robust CV) - i.e.

100 × Normalised IQR ÷ Median;

5. The minimum and maximum laboratory results; and

6. The range (Maximum - Minimum).

Ordered Z-Score Charts

On these charts each laboratory s Z-Score is shown, in order of magnitude, and is marked with its 
code number. From these each laboratory can readily compare its performance relative to the other 
laboratories.

These charts contain solid lines at +3 and 3, so the outliers are clearly identifiable as the laboratories 
whose bar  extends beyond these cut off  lines. The y-axis has been limited to range from 6 to +6,
so in some cases very large or small (negative) Z-Scores appear as extending beyond the limit of the 
chart.
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STATISTICAL CALCULATIONS AND FORMULAE

Robust Z-Scores are calculated by replacing the mean and standard deviation in the classical Z-
Score by the median and normalised IQR, respectively - i.e. the Z-Score for a result is the result minus 
the median (all) divided by the normalised IQR.

Z-Score IQRNormalized
MediansultRe

The median is the middle value of the group, i.e. half of the results are higher than it and half are lower. 
It is calculated from the sorted values (from lowest to highest). If N is an odd number, the median is 
the singular central value. If N is even, it is the average of the two central values.

The interquartile range (IQR) is the difference between the lower and upper quartiles. The lower 
quartile (Q1) is the value below that a quarter of the results laid. Similarly, the upper quartile (Q3) is 
the value above that a quarter of the results laid. The quartiles are calculated analogously to the median 
and IQR=Q3-Q1. The "Normalised IQR" equals IQR×0.7413. The factor 0.7413 comes from the 
standard normal distribution, which has a mean of zero and a standard deviation equal to one. The
width of the interquartile range of such a distribution is 1.34898 and 1/1.34898 = 0.7413.

Multiplying the IQR by this factor makes it comparable to a standard deviation. The Robust CV  is a 
coefficient of variation and is equal to the normalised IQR divided by the median, expressed as a
percentage (i.e. multiplied by 100). The minimum, maximum and range are the lowest value, the 
highest value and the difference between them (respectively).


