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Summary
APLAC T104 (KOLAS PT 2016-18)
PTPROGRAM (Heavy metals in water; Pb and Ni)
OPERATING PERIOD June 20, 2016-July 15, 2016
SCOPE OF ACCREDITION Section: Chemical test, Division: Water quality (2.021)

O Details of the proficiency testing (PT) program operation are as follows:

o Number of participating laboratories
- Lead: 149 laboratories, Nickel: 144 laboratories

Lead — ISO/IEC 17025 Accreditation laboratories: 126
Nickel — ISO/IEC 17025 Accreditation laboratories: 122

o Statistical analysis of the PT results are as follows:
- Performance assessment applied with z-score (standard deviation) of 1SO

13528:2015
Assigned Standard Standard uncertainty
value deviation of the assigned value
(mg/L) (mg/L) (mg/L)
Lead 0.030 0.001 8 0.000 2
Nickel 0.021 0.0010 0.000 1

- Performance assessment results
Lead — Satisfactory: 112, Questionable: 6, Unsatisfactory: 31

Nickel — Satisfactory: 107, Questionable: 10, Unsatisfactory: 27

O Production of PT program items is as follows:

o Proficiency item development (K-Water)
- Items: Heavy metals (Lead and Nickel)
- Medium: Water
- Sample: 1 bottle (20 mL)

0 Test methods
- All standard methods can be used

O Assessment of test results
- Algorithm A from Annex C.1 of ISO 13528:2015
- Assigned values: Results of participating laboratories obtained from the PT
- Standard deviation: Standard deviation of participating laboratories
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1. Introduction

Proficiency testing is one of the methods for managing quality and guaranteeing test results,
besides test capability assessment. As defined in the “Authorized laboratories accreditation
system operation know-how” by the Korea Laboratory Accreditation Scheme (KOLAS), test
laboratories should participate in a proficiency testing at least once every three years.

The Water Quality Research Center of K-water Institute (No. 7 in Korea) at the Korea Water
Resources Corporation (K-water), a KS Q ISO/IEC 17043 requirement-based KOLAS
proficiency test operating laboratories, implemented a proficiency program on the “heavy metals
in water (Lead and Nickel)” in June-July 2016, which was intended for domestic and foreign
international authorized test laboratories and laboratories that wished to participate. The criteria
of Lead (Pb) in the drinking water is 0.010 mg/L, Korea. However, the criteria of Nickel (Ni) in
water has been not established in Korea. This is the report describing the details of the overview
of a proficiency testing program on heavy metals in water (Lead and Nickel), procedures, and the

performance evaluation of participating laboratories.

2. Proficiency testing design and operation

2.1 Overview

The proficiency testing was conducted in June 20-July 15, 2016, for 26 days including
the sample distribution day. Among the 177 applied laboratories, a total of 150
laboratories, 149 for Lead and 144 for Nickel, participated in this test (Table 1). In
addition, among the result submitting laboratories, 23 from each item were not authorized

by the accreditation scheme.
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Table 1. Participating laboratories status

Category Lead Nickel
Applied laboratories 176 171
(ISO/IEC 17025 Accreditation laboratories) (148) (144)
Laboratories that submitted results (participated) 149 144
(ISO/IEC 17025 Accreditation laboratories) (126) (122)

2.2 Proficiency sample preparation

Samples for proficiency testing were prepared by K-water and distributed after testing their
effectiveness, including homogeneity and stability.

(1) Concentration range selection

The concentration of the sample was decided considering usual analysis concentrations and
abilities of testing equipment. The concentration range of the proficiency samples was set as

follows (Table 2).

Table 2. Proficiency sample concentration

Lead Nickel

(0.010-0.100) mg/L (0.010-0.100) mg/L

(2) Sample preparation
Samples were prepared according to the standard solution preparation procedure and the method

of KS 11SO 11885:2008, KS Q I1SO Guide 30 (Table 3).

Table 3. Proficiency sample test method

Detailed o
Items Test method Quantification range
method
Lead Inductively coupled Above 0.000 1 mg/L
plasma-mass ICP-MS
Nickel spectrometry Above 0.000 1 mg/L

g—
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(3) Effectiveness assessment of proficiency sample preparation
Homogeneity and short-term stability test were performed on the Basis of ISO Guide 35 for

assessing the effectiveness of proficiency samples.

[0 Homogeneity assessment

The homogeneity tests were carried out on 12 samples selected randomly and each sample was
analyzed twice. From the results obtained by the assessment of the homogeneity of proficiency
samples using an ANOVA, a statistical analysis method, for Lead, the F ratio (0.462) was smaller
than the F critical value (2.216), and for Nickel, the F ratio (1.888) was smaller than the F critical
value (2.216), confirming that the proficiency samples are homogeneous. It was possible to

ensure that they are sufficiently homogeneous to be used in the proficiency program.

[] Stability assessment

The assessment of stability was performed according to KS Q ISO Guide 35. After the
distribution of the samples taking into account the sample shipping period, as a result of
assessing the stability of proficiency samples according to the number of days elapsed after the
distribution and temperature change using an ANOVA (two-way analysis of variance), the
stability of the proficiency samples is ensured. Also, as the difference with the result obtained
from the homogeneity test (Lead: 0.000 2 mg/L, Nickel: 0.000 1 mg/L) is 0.3 times smaller than
the target value for the standard deviation, we can confirm that stability is ensured according to

I1SO 13528:2015.
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2.3 Sample distribution

A bottle of a mixed sample (20 mL) was provided to the participating laboratories, and a unique
code number was given to each laboratory for the confidentiality of results. The participants
diluted the sample 200 times for tests and were informed to submit test results without a separate

conversion process (Table 4).

Table 4. Content for the distribution of samples

Preparation of samples (No.1-No0.300) Random selection of a mixed sample

.
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3. Statistical analysis and assessment

3.1 Data of participants

Table 5 shows the results and MU (standard measurement uncertainty) of the 150
participants:

Lead Nickel
Laboratories Standard Standard
code Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty

(mg/L) (mg/L)
M - 001 0.030 0.005 0.020 0.004
M - 004 0.030 0.004 0.019 0.002
M - 005 0.030 0.004 0.021 0.003
M - 006 0.029 0.006 0.022 0.003
M - 007 0.031 0.005 0.021 0.003
M - 008 0.030 0.0053 0.021 0.0023
M - 009 0.035 0.007 0.013 0.005
M - 010 0.031 0.005 0.024 0.003
M - 011 0.032 0.001 0.021 -
M - 016 0.030 0.001 0.021 0.001
M - 017 0.030 0.001 0.020 0.001
M - 018 0.031 0.004 0.022 0.004
M - 019 0.125 - 0.029 -
M - 021 0.029 - 0.020 -
M - 022 0.016 0.0005 0.014 0.0007
M - 024 0.029 - 0.019 -
M - 025 0.027 0.003 - -

8 K water
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Lead Nickel
Laboratories Standard Standard
code Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty

(mg/L) (mg/L)
M - 026 0.031 - 0.021 -
M - 031 6.025 0.02 3.850 0.038
M - 032 0.032 0.0014 0.022 0.0001
M - 033 0.038 0.009 0.021 0.001
M - 035 0.430 0.0249 - -
M - 042 0.032 0.0011 0.020 0.0006
M - 043 0.031 0.01 0.020 0.01
M - 044 0.031 - - -
M - 045 0.029 0.01 0.020 0.007
M - 046 0.031 0.001 0.022 0.001
M - 051 0.020 - 0.030 -
M - 055 0.135 - 0.051 -
M - 056 0.024 - 0.031 -
M - 058 0.032 0.005 0.020 0.004
M - 059 0.029 0.008 0.020 0.004
M - 060 0.035 0.0107 0.020 0.0066
M - 061 0.03 0.003 0.016 0.002
M - 062 0.031 0.002 0.021 0.002
M - 066 0.027 0.0001 0.019 0.0001
M -074 0.029 0.0012 0.021 0.0025
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Lead Nickel
Laboratories Standard Standard
code Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty
(mg/L) (mg/L)
M - 075 0.029 0.00001 0.019 0.00001
M - 077 0.032 0.018 0.021 0.0144
M - 078 0.029 0.004 0.020 0.0048
M - 085 0.030 0.00038 0.020 0.00035
M - 086 0.031 0.0027 0.020 0.0019
M - 073 6.498 0.377 4.329 0.647
M - 087 0.030 0.008 0.020 0.005
M - 088 0.027 0.0055 0.021 0.0033
M - 089 0.030 0.0091 0.020 0.0071
M - 090 0.030 0.008 0.020 0.005
M - 094 0.031 0.005 0.020 0.003
M - 095 0.029 0.006 0.020 0.004
M - 096 0.029 0.003 0.020 0.002
M - 097 0.033 0.004 0.022 0.002
M - 098 0.032 0.0016 0.024 0.0015
M - 099 0.027 0.0002 0.018 0.0001
M - 103 0.031 0.0035 0.020 0.0026
M - 105 0.034 0.0047 0.022 0.0013
M -111 0.025 0.004 0.020 0.003
M -112 4.920 - 0.060 -

P——
10 K water



APLAC T104

Laboratories
code

M - 113

M-114

M - 116

M - 117

M - 120

M -121

M - 122

M - 128

M - 129

M - 137

M - 140

M - 144

M - 147

M - 149

M - 150

M - 153

M - 154

M - 155

M - 156

M - 158

11

Metals (Lead and Nickel) in Water

Lead Nickel
Standard Standard
Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty

(mg/L) (mg/L)
0.027 0.0047 0.021 0.0041
0.033 0.002 0.021 0.009
0.030 0.013 0.022 0.009
0.031 0.009 0.022 0.007
0.027 0.004 0.020 0.002
0.020 0.002 0.019 0.002
0.019 0.001 0.015 0.001
0.031 0.0116 0.021 0.099
0.031 0.006 0.020 0.004
0.031 0.001 0.019 0.001
0.031 0.00005 0.021 0.00005
6.473 0.9917 3.993 0.5375
0.033 0.003 0.023 0.002
0.030 0.004 0.020 0.002
0.053 0.04 0.056 0.07
0.021 0.002 0.019 0.001
0.031 0.01 0.022 0.01
0.025 0.001 0.015 0.001
0.035 0.002 0.018 0.001
0.030 - 0.020 -

—
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Laboratories
code

M - 159

M - 161

M - 162

M - 166

M - 167

M - 168

M - 170

M-171

M-174

M -175

M - 176

M -178

M - 180

M - 184

M - 185

M - 186

M - 187

M - 188

M - 189

M -191

12

Metals (Lead and Nickel) in Water

Lead Nickel
Standard Standard
Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty
(mg/L) (mg/L)
0.027 - 0.032 -
3.487 0.001 5.580 0.002
0.032 - 0.021 -
0.035 0.01 0.020 0.006
0.030 0.001 0.020 0.0006
0.023 0.001 0.023 0.001
0.087 0.013 0.068 0.01
0.042 0.002 0.024 0.002
0.031 - 0.021 -
0.029 0.007 - -
0.030 0.002 0.021 0.001
- - 0.026 0.005
0.058 0.0012 0.033 0.0012
0.025 0.0008 0.020 0.0006
0.031 0.0004 0.020 0.0002
0.032 0.003 0.019 0.002
0.032 0.005 0.020 0.001
0.030 0.004 0.021 0.002
0.030 0.001 0.022 0.0024
0.031 0.003 0.021 0.002
—
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Laboratories
code

M - 192

M - 195

M - 196

M - 197

M - 198

M - 199

M - 200

M - 202

M - 203

M - 206

M - 207

M - 208

M - 209

M - 210

M -211

M - 212

M - 213

M - 214

M - 215

M - 216

13

Metals (Lead and Nickel) in Water

Lead Nickel
Standard Standard
Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty
(mg/L) (mg/L)
0.029 0.003 0.019 0.002
0.031 0.005 0.020 0.004
20.820 4.372 30.520 6.715
0.033 0.007 0.022 0.004
0.032 0.0013 0.022 0.001
0.0328 0.0033 0.021 0.0031
0.032 0.0016 0.021 0.0015
0.031 0.004 0.020 0.003
6.100 0.2 4.000 0.2
0.031 - 0.022 -
0.03 0.0004 0.021 0.0007
0.031 - 0.020 -
0.026 0.002 0.018 0.002
0.029 0.003 0.022 0.001
0.03 0.000247 0.020 0.000252
0.020 0.002 0.029 0.002
30.740 0.3396 20.010 0.2952
0.030 0.001 0.021 0.001
0.030 0.000 0.021 0.000936
0.031 0.003 0.021 0.002
P——
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Laboratories
code

M - 217

M - 219

M - 221

M - 222

M - 225

M - 226

M - 227

M - 230

M - 231

M - 234

M - 238

M - 239

M - 241

M - 242

M - 243

M - 244

M - 245

M - 246

M - 247

M - 255

14

Metals (Lead and Nickel) in Water

Lead Nickel
Standard Standard
Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty
(mg/L) (mg/L)
0.031 0.00079 0.021 0.00064
0.031 - 0.019 -
0.030 - 0.021 0.014
7.372 - 0.025 -
6.944 1.267 3.802 0.654
0.031 - 0.020 -
0.030 0.006 0.021 0.003
0.030 0.0061 0.021 0.0036
0.032 0.001 0.021 0.001
30.190 4.739 20.310 3.088
0.028 0.004 0.020 0.004
0.033 0.005 0.020 0.003
0.029 0.006 0.021 0.004
0.029 0.005 0.020 0.004
0.029 0.0059 0.020 0.004
0.03 0.004 0.020 0.003
0.030 0.003 0.021 0.003
0.029 0.002 0.020 0.002
0.020 - 0.027 0.001
0.030 0.003 0.021 0.002
—
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Laboratories

code

M - 258

M - 264

M - 265

M - 267

M - 269

M - 271

M - 272

M - 277

M - 284

M - 285

M - 287

M - 288

M - 289

Metals (Lead and Nickel) in Water

Lead Nickel
Standard Standard
Result measurement Result measurement
(mg/L) uncertainty (mg/L) uncertainty
(mg/L) (mg/L)
0.029 0.005 0.021 0.0028
0.038 0.008 0.023 0.004
0.031 0.004 0.024 0.003
0.033 0.004 0.020 0.003
0.032 0.0032 0.021 0.003
0.020 0.004 0.019 0.004
0.030 0.004 0.021 0.004
0.032 0.0005 0.020 0.0005
0.028 0.003 0.019 0.002
0.032 0.003 - -
0.030 0.001 0.021 0.001
0.029 0.001 - -
0.030 0.002 0.021 0.001

* «.”: The participants did not submitted the result and/or MU data in this PT

3.2 Statistical analysis

For assessing the performance of this proficiency test, among the assigned value and standard

deviation calculation methods suggested by 1SO 13528:2015, the most common method was

used, which is to set a consensus value (median) as the assigned value (Xy), and the results

obtained from the proficiency test (data obtained from one round of proficiency test) as the

15
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standard deviation (a,;). We referred to algorithm A (robust analysis) in 1ISO 13528:2015 Annex

C for the details of the calculation process.

According to ISO 13528:2015, Item 2 (a guideline for a limitation on the uncertainty of assigned
values),

Uy < 0.3(0y)

In other words, the standard uncertainty of the assigned value (u,) can be ignored only when it is

smaller than 0.3 times the standard deviation (o), and it does not have to be included in the

interpretation of proficiency test results.
In the case of this proficiency test, the assigned values and standard deviation calculation results

of Lead and Nickel are shown in Table 6:

Table 6. Assigned values and standard deviation calculation results

Category Lead Nickel
Assigned value (mg/L) 0.030 0.021
Standard uncertainty of the assigned value 0.000 2 0.000 1
(mg/L)
Standard deviation (mg/L) 0.0018 0.0010
0.3 times the standard deviation (T,) 0.0005 0.000 3

(mg/L)
*Standard uncertainty of the assigned value: A standard uncertainty, which occurs when a assigned

value (Xy) Is set as the consensus value (median) of the proficiency test program participants without

blunders

As shown in Table 6, the standard uncertainty of the Assigned value of both Lead and Nickel can

be ignored as it is smaller than 0.3 times (o), and it does not need to be included in the

interpretation of the proficiency test results. Accordingly, the z-score method, the most common

P——
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performance assessment method used for the performance assessment of participating

laboratories, was applied.

Z : z-score
X; . Test results of the participating laboratories

Xot - Assigned value (applied with the consensus value of the participants)

Oy. Standard deviation used for performance assessment (robust standard

deviation)
For the performance assessment of participating laboratories using the z-score, the

following criteria are generally applied to the z value:

|z| < 2.0 Satisfactory
20 < |z| < 3.0 Questionable

30 < |z Unsatisfactory

For more detailed information, please refer to ‘ISO 13528:2015’

For reference, for additional checking of validity in determining the consensus value of the
participants as the assigned value, the assigned values and the average values of the homogeneity
assessment, which were measured during the preparation of the proficiency samples, were

compared. The results were significant as shown in Table 7:

Table 7. Comparison between the default and homogeneity average values

— Assigned value™ Homogeneity average™ | Relative standard
(mg/L) (mg/L) deviation (%)
Lead 0.031 0.031 0.824
Nickel 0.021 0.020 2.51

*Assigned value *: Calculated value set as the consensus value of the participants (median)

17 K water
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*Homogeneity average % The average value obtained by the repeated measurement of the

samples for homogeneity assessment when preparing the proficiency samples

4. Performance evaluation

4.1 Results for participants

Results for participants using z-score are given in Tables 8 ~ 11. In this study, 6 and 31
laboratories that tested Lead and Nickel were assessed as questionable and unsatisfactory,
respectively.

For Lead, among the 149 participating laboratories, 6 were questionable, and 31 was
unsatisfactory (Tables 8 and 10), and Figure 1 shows the z-score distribution by test laboratories.
For Nickel, among the 144 participating laboratories, 10 were questionable, and 27 were
unsatisfactory (Tables 9 and 11). The z-score distribution by participated laboratories are shown

in Figure 2.

Table 8. Result for Lead

Satisfactory Questionable Unsatisfactory No. of
Item participating
g<20 20<[4<30 =30 laboratories
Lead 112 6 31 149

Table 9. Result for Nickel

Satisfactory Questionable Unsatisfactory No. of
Item participating
/<20 20<[4<30 >30 laboratories
Nickel 107 10 27 144
p—
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Table 10. Result and z-score for Lead

Laboggégrles (F:r:es;ﬂt) s-score Labogglégrles (I?rtles;ﬂ'; s-score
M - 001 0.030 -0.34 M - 033 0.038 3.52
M - 004 0.030 -0.34 M - 035 0.430 192.08
M - 005 0.030 -0.34 M - 042 0.032 0.63
M - 006 0.029 -0.82 M - 043 0.031 0.14
M - 007 0.031 0.14 M - 044 0.031 0.14
M - 008 0.030 -0.34 M - 045 0.029 -0.82
M - 009 0.035 2.07 M - 046 0.031 0.14
M - 010 0.031 0.14 M - 051 0.020 -5.39
M - 011 0.032 0.63 M - 055 0.135 50.19
M - 016 0.030 -0.34 M - 056 0.024 -3.23
M - 017 0.030 -0.34 M - 058 0.032 0.63
M - 018 0.031 0.14 M - 059 0.029 -0.82
M - 019 0.125 45.52 M - 060 0.035 1.83
M - 021 0.029 -0.82 M - 061 0.03 -0.34
M - 022 0.016 -7.27 M - 062 0.031 0.14
M - 024 0.029 -0.82 M - 066 0.027 -1.59

—
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M - 025 0.027 -1.78 M - 073 6.498 3114.97
M - 026 0.031 0.29 M - 074 0.029 -0.96
M - 031 6.025 2887.15 M - 075 0.029 -0.82
M - 032 0.032 0.63 M - 077 0.032 0.63
Laboratories Result Laboratories Result
code (mg/L) Z-score code (mg/L) Z-score
M - 078 0.029 -0.82 M- 117 0.031 0.14
M - 085 0.030 -0.24 M - 120 0.027 -1.78
M - 086 0.031 -0.10 M-121 0.020 -5.15
M - 087 0.030 -0.34 M - 122 0.019 -5.64
M - 088 0.027 -1.59 M - 128 0.031 0.14
M - 089 0.030 -0.24 M - 129 0.031 0.00
M - 090 0.030 -0.34 M - 137 0.031 0.14
M - 094 0.031 0.14 M - 140 0.031 0.15
M - 095 0.029 -0.82 M - 144 6.473 3102.93
M - 096 0.029 -0.82 M - 147 0.033 1.11
M - 097 0.033 1.11 M - 149 0.030 -0.34
M - 098 0.032 0.58 M - 150 0.053 10.74
M - 099 0.027 -1.78 M - 153 0.021 -4.67
M - 103 0.031 0.19 M - 154 0.031 0.14
M - 105 0.034 1.73 M - 155 0.025 -2.75
M -111 0.025 -2.75 M - 156 0.035 2.07
—
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M-112 4.920 2354.93 M - 158 0.030 -0.19
M - 113 0.027 -1.83 M - 159 0.027 -1.78
M-114 0.033 111 M - 161 3.487 1664.72
M - 116 0.030 -0.34 M - 162 0.032 0.63
Labocrgégrles (Rrr?;;Jth) 7-SCOre Labocr;\égrles (F;x}e;y{; 7-SCOre
M - 166 0.035 2.07 M - 198 0.032 0.48
M - 167 0.030 -0.43 M- 199 0.0328 1.01
M - 168 0.023 -3.71 M - 200 0.032 0.58
M- 170 0.087 27.12 M - 202 0.031 0.14
M-171 0.042 5.44 M - 203 6.100 2923.27
M-174 0.031 0.14 M - 206 0.031 0.24
M - 175 0.029 -0.82 M - 207 0.03 -0.34
M- 176 0.030 -0.34 M - 208 0.031 0.10
M - 180 0.058 13.29 M - 209 0.026 -2.26
M - 184 0.025 -2.97 M - 210 0.029 -0.82
M - 185 0.031 0.29 M- 211 0.03 -0.34
M - 186 0.032 0.63 M- 212 0.020 -5.15
M - 187 0.032 0.63 M - 213 30.740 14791.11
M - 188 0.030 -0.34 M - 214 0.030 -0.34
M - 189 0.030 -0.34 M - 215 0.030 -0.23
M - 191 0.031 0.14 M - 216 0.031 0.14
p—
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M -192 0.029 -0.82 M - 217 0.031 0.00
M - 195 0.031 0.14 M - 219 0.031 0.14
M - 196 20.820 10013.15 M - 221 0.030 -0.58
M - 197 0.033 1.11 M - 222 7.372 3535.93
Laboratories Result DI ENEIAE Result

code (mg/L) z-score ccs)de (mg/L) z-score
M - 225 6.944 3329.79 M - 255 0.030 -0.34
M - 226 0.031 0.10 M - 258 0.029 -0.67
M - 227 0.030 -0.34 M - 264 0.038 3.52
M - 230 0.030 -0.14 M - 265 0.031 0.14
M - 231 0.032 0.63 M - 267 0.033 1.11
M - 234 30.190 14526.20 M - 269 0.032 0.67
M - 238 0.028 -1.30 M -271 0.020 -5.15
M - 239 0.033 1.11 M - 272 0.030 -0.34
M - 241 0.029 -0.82 M - 277 0.032 0.82
M - 242 0.029 -0.82 M - 284 0.028 -1.30
M - 243 0.029 -0.67 M - 285 0.032 0.63
M - 244 0.03 -0.34 M - 287 0.030 -0.34
M - 245 0.030 -0.34 M - 288 0.029 -0.82
M - 246 0.029 -0.82 M - 289 0.030 -0.12
M - 247 0.020 -5.15

p—
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Figure 1. z-score distribution for Lead

z-score (Pb)
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* The 25 laboratories (M-022, M-122, M-051, M-121, M-212, M-247, M-271, M-171, M-150, M-180, M-170, M-019, M-055, M-035, M-161, M-
112, M-031, M-203, M-144, M-073, M-225, M-222, M-196, M-234, M-213) are excluded from the graph as it was judged to be an outlier from
outlier verification in this PT program
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Table 11. Results and z-score for Nickel

Labocr(;alégrles (Rrr?;;Jth) 7-SCOre Labocr(?dtgrles (Rrr?;flit) 7-SCOre
M - 001 0.020 -0.67 M - 042 0.020 -0.67
M - 004 0.019 -1.57 M - 043 0.020 -0.67
M - 005 0.021 -0.04 M - 045 0.020 -0.67
M - 006 0.022 112 M - 046 0.022 112
M - 007 0.021 0.22 M - 051 0.030 8.14
M - 008 0.021 0.22 M - 055 0.051 27.02
M - 009 0.013 -6.97 M - 056 0.031 9.22
M - 010 0.024 2.92 M - 058 0.020 -0.67
M - 011 0.021 0.22 M - 059 0.020 -0.67
M - 016 0.021 0.22 M - 060 0.020 -0.31
M - 017 0.020 -0.67 M - 061 0.016 -4.27
M - 018 0.022 112 M - 062 0.021 0.22
M - 019 0.029 7.06 M - 066 0.019 -1.21
M - 021 0.020 -0.67 M- 073 4.329 3873.45
M - 022 0.014 -5.98 M - 074 0.021 -0.13
M - 024 0.019 -1.57 M - 075 0.019 -1.57
M - 026 0.021 -0.04 M- 077 0.021 0.22
M - 031 3.850 3442.80 M- 078 0.020 -0.67
M - 032 0.022 112 M - 085 0.020 -0.58
M - 033 0.021 0.22 M - 086 0.020 -0.67

g—
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Laboratories Result Laboratories Result

code (mg/L) Z-score code (mg/L) Z-score
M - 087 0.020 -0.67 M - 122 0.015 -5.17
M - 088 0.021 -0.04 M - 128 0.021 0.22
M - 089 0.020 -0.31 M - 129 0.020 -0.49
M - 090 0.020 -0.67 M - 137 0.019 -1.57
M - 094 0.020 -0.67 M - 140 0.021 0.40
M - 095 0.020 -0.67 M - 144 3.993 3571.36
M - 096 0.020 -0.67 M - 147 0.023 2.02
M - 097 0.022 1.12 M - 149 0.020 -0.67
M - 098 0.024 2.47 M - 150 0.056 31.69
M - 099 0.018 -2.11 M - 153 0.019 -1.57
M - 103 0.020 -0.94 M - 154 0.022 1.12
M - 105 0.022 1.14 M - 155 0.015 -5.17
M-111 0.020 -0.67 M - 156 0.018 -2.47
M- 112 0.060 35.29 M - 158 0.020 -0.40
M - 113 0.021 -0.22 M - 159 0.032 10.11
M - 114 0.021 -0.22 M - 161 5.580 4998.20
M - 116 0.022 1.12 M - 162 0.021 0.22
M -117 0.022 1.12 M - 166 0.020 -0.67
M - 120 0.020 -0.67 M - 167 0.020 -0.76
M -121 0.019 -1.57 M - 168 0.023 2.02

g—
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Laboratories Result Laboratories Result
code (mg/L) Z-score code (mg/L) Z-Score
M -170 0.068 42.48 M - 202 0.020 -0.67
M-171 0.024 2.92 M - 203 4.000 3577.66
M-174 0.021 0.22 M - 206 0.022 1.30
M - 176 0.021 0.22 M - 207 0.021 0.22
M- 178 0.026 4.72 M - 208 0.020 -0.67
M - 180 0.033 10.56 M - 209 0.018 -2.47
M - 184 0.020 -0.67 M - 210 0.022 1.12
M - 185 0.020 -0.40 M -211 0.020 -0.67
M - 186 0.019 -1.57 M - 212 0.029 7.42
M - 187 0.020 -0.67 M -213 20.010 17971.90
M - 188 0.021 0.22 M - 214 0.021 0.22
M - 189 0.022 1.12 M - 215 0.021 -0.08
M -191 0.021 0.22 M - 216 0.021 0.22
M -192 0.019 -1.57 M - 217 0.021 -0.04
M - 195 0.020 -0.67 M - 219 0.019 -1.57
M - 196 30.520 27421.22 M - 221 0.021 0.22
M - 197 0.022 1.12 M - 222 0.025 3.82
M - 198 0.022 1.21 M - 225 3.802 3399.64
M - 199 0.021 0.04 M - 226 0.020 -1.12
M - 200 0.021 0.58 M - 227 0.021 0.22

g—
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Laboratories Result Laboratories Result
code (mg/L) Z-score code (mg/L) Z-score
M - 230 0.021 0.40 M - 255 0.021 0.22
M - 231 0.021 0.22 M - 258 0.021 -0.04
M - 234 20.310 18241.63 M - 264 0.023 2.02
M - 238 0.020 -0.67 M - 265 0.024 2.92
M - 239 0.020 -0.67 M - 267 0.020 -0.67
M - 241 0.021 0.22 M - 269 0.021 0.22
M - 242 0.020 -0.67 M -271 0.019 -1.57
M - 243 0.020 -0.76 M - 272 0.021 0.22
M - 244 0.020 -0.67 M - 277 0.020 -0.49
M - 245 0.021 0.22 M - 284 0.019 -1.57
M - 246 0.020 -0.67 M - 287 0.021 0.22
M - 247 0.027 5.62 M - 289 0.021 -0.12
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Figure 2. z-score distribution for Nickel

z-score (Ni)
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* The 24 laboratories (M - 009, M - 019, M - 022, M - 031, M - 051, M - 055, M - 056, M - 073, M - 112, M - 122, M - 144, M - 150, M - 155, M
- 159, M - 161, M - 170, M - 180, M - 196, M - 203, M - 212, M - 213, M - 225, M - 234, M - 247) are excluded from the graph as they were
judged to be outliers from outlier verification in this PT program.

27

-

K water



APLAC T-104 Metals (Lead and Nickel) in Water
4.2 Results and MU (Measurement uncertainty)
Results and measurements uncertainty are given in Figures 3 and 4.

Figure 3. Results and MU of participants for Lead

Pb
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* MU: Measurement uncertainty
Laboratories which did not submit MU or had significantly larger MU values compared to Umax are recommended to self-evaluate

affecting factors. In addition, the solid-line of upper bound is estimated as Umax, 0.002 7 (1.5%s*), based on 1SO 13528:2015 (9.8.4).
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Figure 4. Results and MU of participants for Nickel

Metals (Lead and Nickel) in Water
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* MU: Measurement uncertainty
Laboratories which did not submit MU or had significantly larger MU values compared to Umax are recommended to self-evaluate

affecting factors. In addition, the solid-line of upper bound is estimated as Umax, 0.001 6 (1.5%s*), based on ISO 13528:2015 (9.8.4).
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4.3 Test method and instrument

Most laboratories are using their national test methods as a routine method. The methods are
classified into 3 majors; inductively coupled plasma-optical emission spectrometer (ICP-OES),
inductively coupled plasma-mass spectrometer (ICP-MS), and atomic absorption spectroscopy
(AAS). As compared to the result obtained from the performance assessment according to the
use of the test equipment, for Lead, the majority of 3 instruments was satisfactory (72~75%),
where no difference was observed to be caused by equipment (Table 12). However, the 8

laboratories that used other instruments were shown about 50% questionable or unsatisfactory in

this program.

Table 12. Comparison of test methods for Lead

Test method

No. of
laboratories

Laboratories code

Total

149

ICP-OES

39
(11)

M -010, M - 017, M - 021, M - 025, M - 026, M - 043, M - 051,

M - 056, M - 061, M - 073, M - 078, M - 090, M - 097, M - 098,

M-111, M- 114, M - 116, M - 120, M - 121, M - 122, M - 153,

M-154, M - 161, M - 162, M - 166, M - 167, M - 171, M - 185,

M-197, M -202, M - 203, M - 217, M - 234, M - 246, M - 247,
M - 255, M - 258, M - 265, M - 272

ICP-MS

65
(6)

M - 001, M - 004, M - 005, M - 006, M - 007, M - 008, M - 011,
M - 016, M - 018, M - 024, M - 031, M - 058, M - 066, M - 074,
M - 075, M - 077, M - 085, M - 086, M - 087, M - 089, M - 094,
M -095, M -096, M - 099, M - 103, M - 113, M - 128, M - 129,
M -137, M - 140, M - 144, M - 147, M - 149, M - 158, M - 168,
M-174, M -175,M -176, M - 191, M - 192, M - 195, M - 196,
M - 198, M - 200, M - 207, M - 208, M - 209, M - 211, M - 212,
M-213, M -214, M - 215, M - 216, M - 219, M - 226, M - 227,
M -230, M - 243, M - 244, M - 267, M - 284, M - 285, M - 287,
M - 288, M - 289

AAS

37
(10)

M -009, M - 019, M - 022, M - 033, M - 035, M - 042, M - 044,
M - 046, M - 060, M - 062, M - 105, M - 117, M - 150, M - 155,
M - 156, M - 159, M - 180, M - 186, M - 187, M - 188, M - 189,
M -199, M - 206, M - 210, M - 221, M - 222, M - 225, M - 231,
M -238, M -239, M - 241, M - 242, M - 245, M - 264, M - 269,
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M-271, M - 277

8 M -032, M - 045, M - 055, M - 059, M - 088, M - 112, M — 170,
(4) M-184

Etc.

* Unsatisfactory laboratory (31 labs) : M - 019, M — 022, M — 031, M — 033, M — 035, M —
051, M - 055, M -056, M -073, M—-112, M — 121, M - 122, M — 144, M — 150, M — 153, M —
161, M -168, M - 170, M — 171, M — 180, M — 184, M - 196, M — 203, M — 212, M - 213, M —
222, M — 225, M — 234, M - 247, M — 264, M — 271
For Nickel, the majority of participating laboratories (> 90%) used to 3 instruments, ICP-OES,
ICP-MS and AAS. The most used technique was ICP-MS (62 labs, 43%). This technique also
provided satisfactory results for 90% of the results provided. ICP-OES and AAS which

satisfactory results for 77% and 71% of the results provided (Table 13).

Table 13. Comparison of test methods for Nickel

Test method No. Of. Laboratories code
laboratories
Total 144
M -010, M -017, M -021, M - 026, M - 043, M - 051, M - 056,
M-061, M-073, M -078, M -090, M - 097, M - 098, M - 111,
ICP-OES 39 M-114, M -116, M -120, M - 121, M - 122, M - 153, M - 154,

9) M-161, M-162, M - 166, M - 167, M - 171, M - 185, M - 197,
M -202, M - 203, M - 210, M - 217, M - 234, M - 246, M - 247,
M - 255, M - 258, M - 265, M - 272

M - 001, M - 004, M - 005, M - 006, M - 007, M - 008, M - 011,
M - 016, M - 018, M - 024, M - 031, M - 058, M - 066, M - 074,
M - 075, M - 077, M - 085, M - 086, M - 087, M - 089, M - 094,
62 M -095, M -096, M - 099, M - 103, M - 113, M - 128, M - 129,
ICP-MS (5) M -137, M - 140, M - 144, M - 147, M - 149, M - 158, M - 168,

M-174, M -176, M -191, M -192, M - 195, M - 196, M - 198,
M - 200, M - 207, M - 208, M - 209, M - 211, M - 212, M - 213,
M - 214, M - 215, M - 216, M - 219, M - 226, M - 227, M - 230,

M - 243, M - 244, M - 267, M - 284, M - 287, M - 289
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M -009, M - 019, M - 022, M - 033, M - 042, M - 046, M - 060,
35 M -062, M - 105, M - 117, M - 150, M - 155, M - 156, M - 159,

AAS (10) M-178, M -180, M - 186, M - 187, M - 188, M - 189, M - 199,
M -206, M - 221, M - 222, M - 225, M - 231, M - 238, M - 239,
M -241, M -242, M - 245, M - 264, M - 269, M - 271, M - 277
Etc 8 M - 045, M - 184, M - 032, M - 055, M - 059, M - 088, M - 112,

©) M-170

* Unsatisfactory laboratories (27 labs): M — 009, M — 019, M — 022, M — 031, M — 051, M —
055, M - 056, M - 061, M - 073, M - 112, M — 122, M — 144, M — 150, M — 155, M — 159, M —
161, M-170,M -178, M — 180, M — 196, M — 203, M — 212, M — 213, M — 222, M — 225, M —
234, M — 247

Figure 5 shows the distribution of Youden plot, Ni against Pb. Satisfactory result of both of them
was achieved by 114 of 143 participants (about 80%) in the PT. This could be indicated that
between compounds differences were probably not significant in the PT. The outlier 29
participants (M - 009, M - 019, M - 022, M - 031, M - 051, M - 055, M - 056, M - 073, M - 112,
M -122, M - 144, M - 150, M - 155, M - 156, M - 161, M - 168, M - 170, M - 171, M - 180, M -
196, M - 203, M - 209, M - 212, M - 213, M - 222, M - 225, M - 234, M — 247, and M — 264) are

shown in the Figure 5. These participants are needed self-evaluate affecting some factors.

Figure 5. The result of Youden plot for Ni against Pb in water

32 K water



APLAC T-104 Metals (Lead and Nickel) in Water

0.040 -

0.035 -

0.030 °

0.025

o
000000
O 00000
O 0000000 O
000000
[e}e)

Ni (mg/L)

0.020 -

o

0.015 - °

0010 —F+—o"rF"-—"F—"-F-—-+-—-1+-—"AF-"-"s—""—""T—""
0.01 0.02 0.03 0.04 0.05 0.06 0.07
Pb (mg/L)

5. Conclusions

As a proficiency test assessment result, the test laboratories that were assessed as
questionable or unsatisfactory need to conduct a causal analysis, including managerial and
technical system internal audits, reference materials, glassware, equipment checkup and
correction, test procedure review, tester training, and continuous participation in proficiency
tests of relevant areas, to promote efforts towards continuous improvement and preventive
measures for performance improvement. Also, although the result was satisfactory, the
laboratories exhibiting a broad range of measurement uncertainty need to consider causal

analysis and improvement, such as reference materials, glassware, equipment checkup and

correction, and test procedure review.
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Metals (Lead and Nickel) in Water
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APLAC T-104 Metals (Lead and Nickel) in Water
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