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1 SUMMARY 

This report presents the results of the proficiency test AQA 18-05, Water Characteristics. The 

study focused on the measurement of total: Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, 

K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Sn, Sr, Tl, U, V and Zn. Bromide, chloride, 

dissolved organic carbon (as dNPOC), fluoride, ammonia-N, nitrate-N, total dissolved 

nitrogen, total dissolved phosphorus, free reactive phosphorus, sulfate, alkalinity to pH 4.5 (as 

CaCO3), colour (apparent), total hardness (as CaCO3), pH at 25ºC, silica (as SiO2), total solids 

at 103-105°C, turbidity (NTU), total Kjeldahl nitrogen, total nitrogen, total organic carbon (as 

NPOC) were also included in the program. 

The sample set consisted of three water samples. 

Twenty-two laboratories registered to participate and twenty-one submitted results. 

The outcomes of the study were assessed against the aims as follows, to: 

i. compare the performance of participant laboratories and assess their accuracy; 

Laboratory performance was assessed using both z-scores and En-scores. 

Of 728 z-scores, 656 (90%) returned a satisfactory score of |z| ¢ 2. 

Of 728 En-scores, 579 (80%) returned a satisfactory score of |En| ¢ 1 

ii.  evaluate the laboratoriesô methods used in determination of total elements in 

potable water and river water; 

Rounding of results and reporting results with an insufficient number of significant figures 

was one of the main causes for variability of the reported results. 

iii.  compare the performance of participant laboratories with their past performance; 

On average participantsô performance has remained consistent over time. 

iv. develop the practical application of traceability and measurement uncertainty and 

provide participants with information that will be useful in assessing their 

uncertainty estimates; 

Of 737 numerical results, 693 (94%) were reported with an expanded measurement 

uncertainty. An example of estimating measurement uncertainty using the proficiency testing 

data only is given in Appendix 4. 

v. produce materials that can be used in method validation and as control samples. 

The study samples were checked for homogeneity and stability and are well characterised, 

both by in-house testing and from the results of the proficiency round. Surplus test samples 

are available for sale.
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2 INTRODUCTION 

2.1 NMI Proficiency Tes ting Program  

The National Measurement Institute (NMI) is responsible for Australiaôs national 

measurement infrastructure providing a wide range of services, including a chemical 

proficiency testing program. 

Proficiency testing (PT) ñis evaluation of participant performance against pre-established 

criteria by means of inter-laboratory comparison.ò1 NMI PT studies target chemical testing in 

areas of high public significance such as trade, environment and food safety. NMI offers 

studies in: 

¶ inorganic analytes in soil, water, food and pharmaceuticals; 

¶ pesticide residues in fruit and vegetables, soil and water; 

¶ petroleum hydrocarbons in soil and water; 

¶ PFOS/PFOA in water, soil, biota and food; 

¶ allergens in food; 

¶ controlled drug assay; and 

¶ folic acid in flour. 

AQA 18-05 is the 22nd NMI proficiency study of inorganic analytes in water. 

2.2 Study Aims  

The aims of the study were to: 

¶ compare the performance of participant laboratories and assess their accuracy in the 

performance of 50 tests in potable/river water;  

¶ evaluate the laboratoriesô methods used in determination of total elements in unfiltered 

potable/river water; 

¶ compare the performance of participant laboratories with their past performance; 

¶ develop the practical application of traceability and measurement uncertainty; and  

¶ produce materials that can be used in method validation and as control samples. 

2.3 Study Conduct  

The conduct of NMI proficiency tests is described in the NMI Chemical Proficiency Testing 

Study Protocol.2  The statistical methods used are described in the NMI Chemical Proficiency 

Statistical Manual.3 These documents have been prepared with reference to  ISO Standard 

170431 and The International Harmonized Protocol for Proficiency Testing of (Chemical) 

Analytical Laboratories.4   

NMI is accredited by National Association of Testing Authorities, Australia (NATA) to 

ISO/IEC 17043 as a provider of proficiency testing schemes.  

The choice of the test method was left to the participating laboratories. 

3 STUDY INFORMATION 

3.1 Selection of Matrices and Inorganic A nalytes  

The fifty  tests were selected from those for which an investigation level is published in the 

Australian and New Zealand Guidelines for Sewerage Systems - Effluent Management5 and 

are commonly measured by water testing laboratories.  
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3.2 Participation  

Twenty-two laboratories participated and twenty-one submitted results.  

The timetable of the study was: 

Invitation issued: 19 March 2018 Results due: 18 May 2018 

Samples dispatched: 16 April 2018 Interim report issued 23 May 2018 

3.3 Test Material Specificat ion  

Three samples were provided for analysis: 

Sample S1 was 100 mL of unfiltered potable water preserved by adding 2% (v/w) HNO3 and 

0.01% (v/w) HCl; 

Sample S2 was 200 mL of filtered and autoclaved, frozen river water; and 

Sample S3 consisted of two bottles labelled A and B. The bottle A was 750 mL of unfiltered, 

chilled river water, while the container labelled B contained 200 mL of unfiltered and 

autoclaved frozen river water. 

3.4 Laboratory Code  

All participant laboratories were assigned a confidential code number. 

3.5 Sample Preparation, Analysis and Homogeneity Testing  

The same preparation procedure was followed as in previous studies. A partial homogeneity 

test was conducted for all elements in Samples S1, S2 and S3 except for TDP in S2.1 The test 

samples from previous studies were demonstrated to be sufficiently homogeneous for 

evaluation of participantsô performance. 6, 7 

The preparation, analysis and homogeneity testing of the study samples are described in 

Appendix 1. In the present study, the test samples were demonstrated to be sufficiently 

homogeneous for all of the analytes assessed.  

3.6 Stability of Analytes  

No stability study was carried out for Samples S1. Stability studies conducted for the previous 

similar proficiency studies of metals in water found no significant changes in any of the 

analytesô concentration. 6, 7 

For Sample S2 and S3, to address the issues with the holding time and holding conditions, a 

stability study was conducted. The stability study was conducted over the entire period of PT 

study and was carried out to simulate conditions encountered by the samples during storage. 

Details of the study and results are given in Appendix 2.  The test samples were stable for the 

period of the proficiency test.  

3.7 Sample Storage, Dispatch and Receipt  

Samples S1 and S3A were refrigerated before dispatch, while samples S2 and S3B were 

frozen. 

The samples were dispatched by courier on 16 April 2018. A description of the test samples 

and instructions for participants, and a samples received form for participants to confirm the 

receipt of the test samples, were sent with the samples. An Excel spreadsheet for the 

electronic reporting of results was e-mailed to participants. 

3.8 Instructions to Participants  

Participants were instructed as follows: 
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¶ Quantitatively analyse the samples using your normal test method.  

¶ If analyses cannot be commenced on the day of receipt, please store the sample 

labelled S3A chilled and the samples S2 and S3B frozen. 

¶ Prior to testing thaw samples S2 and S3B completely.  

¶ The bottles labelled S3A and S3B are NOT to be composited. The samples 

should be tested for the analytes of interest as indicated in the table below. 

¶ Participants are asked to report results in units of mg/L except for turbidity and 

colour. Report turbidity result in nephelometric turbidity units (NTU) and the 

result for colour in Pt-Co units 

SAMPLE S1  

unfiltered, acidified 

potable water 

SAMPLE S2 

 filtered, 

 frozen river water 

SAMPLE S3  

Test 

total 

Approximate  

Conc. Range 

mg/L 

Test 

 

Approximate  

Conc. Range 

mg/L 

Test 

 

Approximate  

Conc. Range 

mg/L 

Al  0.05-1 Bromide 0.5-50 Sample S3 A unfiltered river water 

As 0.001-0.08 Chloride 20-400 B (total) 0.020-2 

Ba 0.005-0.1 Fluoride 0.2-5 Ca (total) 10-400 

Be 
0.001-0.08 Dissolved Organic Carbon as 

(dNPOC) 
1-50 K (total) 1-40 

Bi 0.001-0.08 Ammonia-N 0.01-2 Mg (total) 1-40 

Cd 0.0005-0.04 Nitrate-N 0.01-2 Na (total) 10-400 

Co 0.001-0.08 Total Dissolved Nitrogen 0.02-4 P (total) 0.020-2.0 

Cr 0.001-0.08 Total Dissolved Phosphorus 0.01-2 Alkalinity to pH 4.5 as CaCO3 >10 

Cu 0.100-1 Free Reactive Phosphorus 0.01-2 Colour, apparent (Pt-Co units) >10 

Fe 0.100-1 Sulfate 0.2-50 Hardness, total (CaCO3) 10-400 

Hg 0.00005-0.005   pH (at 25°C) >3 

Li  0.001-0.08   Silica (as SiO2) 1-20 

Mn 0.05-4   Total Solids at 103-105ºC >50 

Mo 0.005-0.4   Turbidity (NTU) >0.1 

Ni 0.005-0.2   Sample S3 B unfiltered, frozen river water 
Pb 0.005-0.4   Total Kjeldahl Nitrogen 0.2-50 

Sb 0.0005-0.04   Total Nitrogen 0.2-50 

Se 
0.001-0.08 

  
Total Organic Carbon (as 

NPOC) 
0.2-50 

Sn 0.0005-0.04     

Sr 0.005-0.4     

Tl 0.0005-0.04     

U 0.001-0.08     

V 0.001-0.08     

Zn 0.5-40     

¶ Report results as you would report to a client. Report the expanded measurement 

uncertainty associated with your analytical result.  

¶ Please send us the requested details regarding the test method and the basis of 

your uncertainty estimate.  

3.9 Interim Report  

An interim report was emailed to participants on 23 May 2018.  
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4 PARTICIPANT LABORATO RY INFORMATION 

4.1 Methodology for Total Elements  

Summaries of test methods for total elements are transcribed in Tables 1 and 2. The 

instruments and settings reported by participants are presented in Appendix 6. 

Table 1 Methodology for Total Elements (Part 1) 

Lab Code Method Reference 

1 In House W32 - referencing APHA 3125 

2 USEPA6020 (ICP_MS) and APHA3120 (ICP_OES) 

3 3005 

4 APHA 3030E 

5 APHA 3125 

6 USEPA6020 

8 USEPA6020 

9 US EPA 200.8, APHA 3125B 22nd Edition 2012 

10 US EPA 200.8 

11 EPA6020A 

12 200.7-6 

13 APHA 3030E 

18 3051A 

19 APHA 3125 B 

20 Standard Methods for the examination of water and waste water. 20th ED. 3030F 

21 USEPA METHOD 3050B 

22 APHA 3030E 

 

Table 2 Methodology for Total Elements (Part 2) 

Lab. 

Code 

Sample 

Volume 

(mL) 

Digestion 

Temp. 

(°C) 

Digestion 

Time 

(min) 

Vol. 

HNO3 

(mL) 

Vol. 

HCl 

(mL) 

Additional  

Information 

3 10 95 120 0.5   

5 5 95 60 2 1  

6 40 95 60 1 1  

8 40 95 60 1 1  

9 10 100 60 0.5   

10 100 95 240 1   

11 25 105 120 1.5   

12 50 85 420 1 2.5  

13 20 97 120 2   

18 20 170 15 1 1  

20 50 95 180 6 1 2 mL H2O2 

21 50 85 120 1 1  

22 30 1.5 120 0.6 0.6 0.6 mL H2O2 
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4.2 Methodology for S3 

Measurement methods and instrumental techniques used for the tests other than total elements 

in Samples S3A/S3B are presented in Appendix 7. 

4.3 Basis of Participantsô Measurement Uncertainty Estimates  

Participants were requested to provide information about the basis of their uncertainty 

estimates (Table 3). 

 

Table 3  Basis of Uncertainty Estimate 

Lab. 

Code 
Approach to Estimating MU 

Information Sources for MU Estimation Guide Document for 

Estimating MU 
Precisiona Method Biasa 

1 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-CRM 

Duplicate analyses   

CRM                      

Instrument calibration 
Nordtest Report TR537 

2 Professional judgment    

3 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-SS 

Duplicate analyses   

CRM 

Instrument calibration 
Eurachem/CITAC Guide 

4 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples  Nata Technical Note 33 

5 
Standard deviation of replicate 

analyses multiplied by 2 or 3 

Control Samples 

Duplicate analyses           

Instrument calibration 

CRM 

Recoveries of SS  

Instrument calibration 

Nata Technical Note 33 

6 

Estimation of MU from within-

laboratory data on bias and 

precision has been calculated by 

using the procedures outlined in 

ASTM E2554-13 Standard 

Practice for Estimating and 

Monitoring the Uncertainty of 

Test Results of a Test Method 

Using Control Chart Techniques 

Control Samples-CRM 

 

 

CRM                      

Instrument calibration 

Laboratory bias from PT 

studies                   

Recoveries of SS 

ASTM E2554-13 Standard 

Practice for Estimating and 

Monitoring the Uncertainty 

of Test Results of a Test 

Method Using Control Chart 

Techniques 

8 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-CRM  

Duplicate analysis 

Instrument calibration   

CRM 

Instrument Calibration 

Laboratory bias from PT 

studies                   

Recoveries of SS 

ASTM E2554-13 Standard 

Practice for Estimating and 

Monitoring the Uncertainty 

of Test Results of a Test 

Method Using Control Chart 

Techniques 

9 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Duplicate analysis 
Laboratory bias from PT 

studies 
Eurachem/CITAC Guide 

10 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-CRM 

Duplicate analyses   

CRM 

Recoveries of SS 
Nata Technical Note 33 

11 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples 

Duplicate analyses 

Instrument Calibration  

CRM                      

Recoveries of SS 
Nata Technical Note 33 

12 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-SS 

Duplicate analyses 

Instrument Calibration 

CRM                      

Recoveries of SS 
Nata Technical Note 33 
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13 

Calculated from Standard 

deviation and concentration of 

long term in house QC samples 

Control Samples-SS 

Duplicate analyses 

Instrument Calibration 

CRM 

Recoveries of SS  

Laboratory bias from PT 

studies                   

Instrument calibration            

Standard purity 

Nata Technical Note 33 

14 
Standard deviation of replicate 

analyses multiplied by 2 or 3 

Control Samples-CRM 

Duplicate analyses 
CRM ISO/GUM 

15 
Standard deviation of replicate 

analyses multiplied by 2 or 3 
  NMI Uncertainty Course 

16 
Standard deviation of replicate 

analyses multiplied by 2 or 3 
Duplicate analyses Recoveries of SS    

17 

Top Down - reproducibility 

(standard deviation) from PT 

studies used directly 

Control Samples-RM 

Duplicate analyses 
CRM NATA Technical Note 33 

18 

Top Down - precision and 

estimates of the method and 

laboratory bias 

Control Samples-CRM             

Duplicate analyses 
CRM NMI Uncertainty Course 

20 
Standard deviation of replicate 

analyses multiplied by 2 or 3 

Control Samples-SS 

Duplicate analyses 

Instrument Calibration 

Recoveries of SS  

Instrument Calibration 
NMI Uncertainty Course 

21 
Standard deviation of replicate 

analyses multiplied by 2 or 3 

Control Samples-SS 

Duplicate analyses 
Recoveries of SS   Nata Technical Note 33 

22 
Bottom Up (ISO/GUM, fish 

bone/ cause and effect diagram) 
Duplicate analyses Recoveries of SS   ISO/GUM 

*  RM = Reference Material,  CRM = Certified Reference Material, SS =Spiked samples. 

4.4 Participant Comme nts  on th is PT Study or Suggestions for F uture Studies  

The study co-ordinator welcomes comments or suggestions from participants about this study 

or possible future studies.  Such feedback may be useful in improving future studies. 

Participantsô comments are reproduced in Table 4. 

Table 4  Participantsô Comments 

Participantsô Comments Study Co-ordinatorôs Response  

Sample was insufficient for Total Solids, 

Total hardness and minerals. Two bottle of 

S3 samples will be sufficient to carry out all 

the analysis. 

Thank you for your feedback, other participants are invited to comment. 

Sample [S2] was extremely limited.  

More fresh/river water PT Thank you for your feedback! 
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5 PRESENTATION OF RESULTS AND STATISTICAL ANALYSIS  

5.1 Results Summary  

Participant results are listed in Tables 5 to 54 with resultant summary statistics: robust 

average, median, maximum, minimum, robust standard deviation (SDrob) and robust 

coefficient of variation (CVrob). Bar charts of results and performance scores are presented in 

Figures 2 to 51.  

An example chart with interpretation guide is shown in Figure 1. 

 

 

 

 

 

Figure 1 Guide to Presentation of Results 

5.2 Assigned Value  

An example of the assigned value calculation using data from the present study is given in 

Appendix 3.The assigned value is defined as: óthe value attributed to a particular property of a 

proficiency test item.ô 1 In this study the property is the mass fraction of analyte. Assigned 

values were the robust average of participantsô results; the expanded uncertainties were 

estimated from the associated robust standard deviations.  

5.3 Robust Average  

The robust averages and associated expanded measurement uncertainties were calculated 

using the procedure described in óStatistical methods for use in proficiency testing by 

interlaboratory comparisons, ISO13528:2015(E)ô.8 

5.4 Robust Between -Laboratory Coefficient of Variation  

The robust between-laboratory coefficient of variation (CV) is a measure of the variability of 

participantsô results and was calculated using the procedure described in ISO13528:2015(E).8 

5.5 Target Standard Deviation  

The target standard deviation (ů) is used in the calculation of z-scores and provides scaling for 

laboratory deviation from the assigned value. It is important to note that the target standard 

deviation for this study is a fixed value established by the study coordinator and is not the 

standard deviation of participantsô results. The fixed value set for the target standard deviation 

Independent estimates of analyte concentration with 
associated uncertainties (coverage factor is 2). 

Md  = Median (of participantsô results) 

H.V. = Value from NMI homogeneity testing 

A.V. = Assigned Value 

R.V. = Reference Value (if applicable). 

S = Spike (if applicable) 

Assigned value and 

associated expanded 

measurement uncertainty 
(coverage factor is 2). 

Uncertainties 
reported by 

participants. 

Distribution of results as Kernel 

Density estimete 
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is based on the existing regulation, the acceptance criteria indicated by the methods, the 

matrix, the concentration level of analyte and on experience from previous studies, and is 

backed up by mathematical models such as the Thompson Horwitz equation.9 By setting a 

fixed and realistic value for the performance standard deviation, the participantsô performance  

(z-score) can be compared from study to study and against achievable performance. This 

provides a benchmark for progressive improvement.   

5.6 z-Score  

An example of z-score calculation using data from the present study is given in Appendix 3. 

For each participantôs result a z-score is calculated according to Equation 1 below: 

  Equation 1 

where:  

 z is z-score 

 c is participant result 

 C is the study assigned value 

 s is the target standard deviation from Equation 1 

A z-score with absolute value (|z|): 

¶ |z| ¢ 2 is satisfactory; 

¶ 2 < |z| ¢ 3 is questionable; 

¶ |z| > 3 is unsatisfactory.  

5.7 En-Score  

An example of En-score calculation using data from the present study is given in Appendix 3. 

The En-score is complementary to the z-score in assessment of laboratory performance. 

En-score includes measurement uncertainty and is calculated according to Equation 2 below:  

  Equation 2 

where: 

  is En-score 

 c is participant result 

 C is the study assigned value 

  is the expanded uncertainty of the participantôs result 

  is the expanded uncertainty of the assigned value 

An En-score with absolute value (|En|): 

¶ |En| ¢ 1 is satisfactory; 

¶ |En| >1 is unsatisfactory. 

5.8 Traceability and Measurement Uncertainty  

Laboratories accredited to ISO/IEC Standard 17025:200510 must establish and demonstrate the 

traceability and measurement uncertainty associated with their test results. Guidelines for 

quantifying uncertainty in analytical measurement are described in the Eurachem/CITAC 

Guide.11

s
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6  TABLES AND FIGURES   

Table 5 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Al 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.158 0.02 0.46 0.34 

2 0.14 0.02 -0.73 -0.53 

3 0.16 0.018 0.60 0.47 

4 0.151 0.018 0.00 0.00 

5 0.252 0.014 6.69 6.63 

6 0.150 0.02 -0.07 -0.05 

8 0.153 0.0264 0.13 0.07 

9 0.164 0.024 0.86 0.53 

10 NT NT   

11 0.15 0.04 -0.07 -0.02 

12 0.15 0.02 -0.07 -0.05 

13 0.148 0.009 -0.20 -0.28 

14 159 16 10519.80 9.93 

15 NT NT   

16 0.15 0.002 -0.07 -0.16 

17 NT NT   

18 0.16 0.016 0.60 0.53 

19 0.1490 NR -0.13 -0.33 

20 NT NT   

21 0.14 0.021 -0.73 -0.50 

22 0.13 0.03 -1.39 -0.69 

 

Statistics* 

Assigned Value** 0.151 0.006 

Spike 0.150 0.003 

Homogeneity Value 0.151 0.015 

Robust Average 0.152 0.006 

Median 0.150 0.004 

Mean 0.157  

N 16  

Max. 159  

Min. 0.13  

Robust SD 0.0086  

Robust CV 5.7%  

*Laboratory 14 results were omitted from statistical calculation. **Robust Average excluding Laboratory 5. 
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Figure 2 
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Table 6 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. As 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.004 0.001 -1.07 -0.45 

2 0.004 0.002 -1.07 -0.24 

3 0.004 0.0005 -1.07 -0.77 

4 0.00419 0.001 -0.65 -0.27 

5 0.006 0.001 3.39 1.43 

6 0.00506 0.00075 1.29 0.69 

8 0.00438 0.000656 -0.22 -0.13 

9 0.00439 0.00078 -0.20 -0.10 

10 NT NT   

11 0.004 0.0009 -1.07 -0.49 

12 0.004 0.0005 -1.07 -0.77 

13 0.0042 0.0002 -0.62 -0.67 

14 4.32 0.5 9632.86 8.63 

15 NT NT   

16 0.005 NR 1.16 1.41 

17 NT NT   

18 0.006 0.001 3.39 1.43 

19 0.0047 NR 0.49 0.59 

20 NT NT   

21 0.0040 0.0006 -1.07 -0.68 

22 0.005 0.002 1.16 0.26 

 

Statistics* 

Assigned Value 0.00448 0.00037 

Spike 0.00401 0.00008 

Homogeneity Value 0.00421 0.00042 

Robust Average 0.00448 0.00037 

Median 0.00429 0.00023 

Mean 0.00456  

N 16  

Max. 4.32  

Min. 0.004  

Robust SD 0.00058  

Robust CV 13%  

*Laboratory 14 results were omitted from statistical calculation.  
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Figure 3 
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Table 7 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Ba 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.029 0.004 -0.20 -0.15 

2 0.029 0.008 -0.20 -0.07 

3 0.031 0.003 0.47 0.45 

4 0.0306 0.0064 0.34 0.16 

5 0.03 0.003 0.14 0.13 

6 0.0283 0.0044 -0.44 -0.29 

8 0.0305 0.00449 0.30 0.20 

9 0.0371 0.0030 2.53 2.43 

10 NT NT   

11 0.03 0.002 0.14 0.19 

12 0.029 0.002 -0.20 -0.28 

13 0.0286 0.0030 -0.34 -0.32 

14 31.3 3.5 10564.32 8.93 

15 NT NT   

16 <0.05 0.001   

17 NT NT   

18 0.03 0.004 0.14 0.10 

19 0.0288 NR -0.27 -1.14 

20 NT NT   

21 0.028 0.0042 -0.54 -0.38 

22 0.03 0.002 0.14 0.19 

 

Statistics* 

Assigned Value 0.0296 0.0007 

Spike 0.0291 0.0006 

Homogeneity Value 0.0319 0.0032 

Robust Average 0.0296 0.0007 

Median 0.0300 0.0008 

Mean 0.0300  

N 15  

Max. 31.3  

Min. 0.028  

Robust SD 0.00012  

Robust CV 0.4%  

*Laboratory 14 results were omitted from statistical calculation.  
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AQA 18-05 Water Characteristics 20 

Table 8 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Be 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.005 0.0005 -0.14 -0.11 

2 0.0047 0.0006 -0.73 -0.51 

3 0.006 0.0009 1.83 0.94 

4 0.00491 0.001 -0.32 -0.15 

5 0.006 0.001 1.83 0.86 

6 0.00487 0.00076 -0.39 -0.23 

8 0.00538 0.000896 0.61 0.32 

9 0.0050 0.0011 -0.14 -0.06 

10 NT NT   

11 0.005 0.0009 -0.14 -0.07 

12 0.0049 0.0009 -0.34 -0.17 

13 0.0053 0.0004 0.45 0.41 

14 5.04 0.5 9930.83 10.07 

15 NT NT   

16 0.006 NR 1.83 2.33 

17 NT NT   

18 0.0049 0.0003 -0.34 -0.34 

19 0.0050 NR -0.14 -0.17 

20 NT NT   

21 0.0031 0.0004 -3.89 -3.48 

22 0.004 0.002 -2.11 -0.52 

 

Statistics* 

Assigned Value 0.00507 0.00040 

Spike 0.00488 0.00010 

Homogeneity Value 0.00490 0.00049 

Robust Average 0.00507 0.00040 

Median 0.00500 0.00017 

Mean 0.00500  

N 16  

Max. 5.04  

Min. 0.0031  

Robust SD 0.0006  

Robust CV 12%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 9 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Bi 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.003 0.001 0.27 0.08 

2 0.0026 0.0013 -1.10 -0.25 

3 0.003 0.0003 0.27 0.26 

4 0.00282 0.001 -0.34 -0.10 

5 0.003 0.001 0.27 0.08 

6 < 0.005 0.001   

8 <0.005 0.001   

9 0.00298 0.00085 0.21 0.07 

10 NT NT   

11 0.003 0.0008 0.27 0.10 

12 NT NT   

13 0.0029 0.0003 -0.07 -0.06 

14 3.06 0.5 10469.45 6.11 

15 NT NT   

16 NT NT   

17 NT NT   

18 0.0029 0.003 -0.07 -0.01 

19 NT NT   

20 NT NT   

21 0.0027 0.0004 -0.75 -0.54 

22 0.003 0.002 0.27 0.04 

 

Statistics* 

Assigned Value 0.00292 0.00008 

Spike 0.00298 0.00006 

Homogeneity Value 0.00301 0.00030 

Robust Average 0.00292 0.00008 

Median 0.00298 0.00002 

Mean 0.00290  

N 11  

Max. 3.06  

Min. 0.0026  

Robust SD 0.00011  

Robust CV 3.8%  

*Laboratory 14 results were omitted from statistical calculation.  
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AQA 18-05 Water Characteristics 24 

Table 10 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Cd 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.001 0.0005 -1.38 -0.32 

2 0.0012 0.0003 0.34 0.13 

3 0.0013 0.0001 1.21 1.09 

4 0.00125 0.00026 0.78 0.33 

5 0.0012 0.001 0.34 0.04 

6 0.00103 0.00015 -1.12 -0.76 

8 0.00123 0.000154 0.60 0.40 

9 0.00124 0.00011 0.69 0.59 

10 NT NT   

11 0.0012 0.0001 0.34 0.31 

12 0.0012 0.0004 0.34 0.10 

13 0.0012 0.0001 0.34 0.31 

14 1.26 0.2 10852.07 6.29 

15 NT NT   

16 0.001 NR -1.38 -2.00 

17 NT NT   

18 0.001 0.0001 -1.38 -1.25 

19 0.0013 NR 1.21 1.75 

20 NT NT   

21 0.0012 0.00018 0.34 0.20 

22 0.001 0.002 -1.38 -0.08 

 

Statistics* 

Assigned Value 0.00116 0.00008 

Spike 0.00118 0.00002 

Homogeneity Value 0.00127 0.00013 

Robust Average 0.00116 0.00008 

Median 0.00120 0.00004 

Mean 0.00116  

N 16  

Max. 1.26  

Min. 0.001  

Robust SD 0.00013  

Robust CV 11%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 11 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Co 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.003 0.0005 -0.29 -0.18 

2 0.003 0.002 -0.29 -0.04 

3 0.003 0.0002 -0.29 -0.39 

4 0.00316 0.001 0.23 0.07 

5 0.004 0.001 2.94 0.90 

6 0.00301 0.0004 -0.26 -0.19 

8 0.00324 0.000540 0.49 0.27 

9 0.00332 0.00036 0.74 0.61 

10 NT NT   

11 0.003 0.0007 -0.29 -0.13 

12 0.0030 0.0009 -0.29 -0.10 

13 0.0029 0.0002 -0.61 -0.83 

14 3.32 0.5 10734.34 6.63 

15 NT NT   

16 0.004 NR 2.94 8.27 

17 NT NT   

18 0.0029 0.004 -0.61 -0.05 

19 0.0030 NR -0.29 -0.82 

20 NT NT   

21 0.0032 0.00048 0.36 0.22 

22 0.003 0.002 -0.29 -0.04 

 

Statistics* 

Assigned Value 0.00309 0.00011 

Spike 0.00295 0.00006 

Homogeneity Value 0.00312 0.00031 

Robust Average 0.00309 0.00011 

Median 0.00300 0.00004 

Mean 0.00317  

N 13  

Max. 3.32  

Min. 0.0029  

Robust SD 0.00017  

Robust CV 5.5%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 12 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Cr 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.021 0.003 0.40 0.26 

2 0.019 0.003 -0.59 -0.38 

3 0.02 0.0025 -0.10 -0.08 

4 0.0209 0.0021 0.35 0.31 

5 0.023 0.0014 1.39 1.68 

6 0.0196 0.0026 -0.30 -0.22 

8 0.0218 0.00329 0.79 0.47 

9 0.0194 0.0016 -0.40 -0.44 

10 NT NT   

11 0.02 0.0015 -0.10 -0.11 

12 0.019 0.004 -0.59 -0.29 

13 0.0186 0.0019 -0.79 -0.76 

14 21.4 2.5 10584.06 8.55 

15 NT NT   

16 0.022 0.001 0.89 1.34 

17 NT NT   

18 0.019 0.002 -0.59 -0.55 

19 0.0190 NR -0.59 -1.33 

20 NT NT   

21 0.022 0.0033 0.89 0.53 

22 0.02 0.002 -0.10 -0.09 

 

Statistics* 

Assigned Value 0.0202 0.0009 

Spike 0.0200 0.0004 

Homogeneity Value 0.0209 0.0021 

Robust Average 0.0202 0.0009 

Median 0.0200 0.0008 

Mean 0.0203  

N 17  

Max. 21.4  

Min. 0.0186  

Robust SD 0.0014  

Robust CV 6.9%  

*Laboratory 14 results were omitted from statistical calculation.  
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AQA 18-05 Water Characteristics 30 

Table 13 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Cu 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.706 0.07 -0.18 -0.18 

2 0.71 0.09 -0.13 -0.10 

3 0.741 0.097 0.31 0.22 

4 0.682 0.061 -0.51 -0.58 

5 0.833 0.057 1.59 1.90 

6 0.682 0.084 -0.51 -0.43 

8 0.736 0.121 0.24 0.14 

9 0.714 0.072 -0.07 -0.07 

10 NT NT   

11 0.750 0.028 0.43 0.92 

12 0.70 0.01 -0.26 -0.88 

13 0.713 0.040 -0.08 -0.14 

14 759 80 10546.33 9.48 

15 NT NT   

16 0.732 0.002 0.18 0.68 

17 NT NT   

18 0.72 0.076 0.01 0.01 

19 0.6992 NR -0.28 -1.04 

20 NT NT   

21 0.77 0.11 0.71 0.46 

22 0.69 0.05 -0.40 -0.54 

 

Statistics* 

Assigned Value 0.719 0.019 

Spike 0.754 0.038 

Homogeneity Value 0.778 0.078 

Robust Average 0.719 0.019 

Median 0.714 0.016 

Mean 0.724  

N 16  

Max. 759  

Min. 0.682  

Robust SD 0.03  

Robust CV 4.2%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 14 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Fe 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.214 0.02 -0.05 -0.04 

2 0.22 0.03 0.23 0.15 

3 0.22 0.024 0.23 0.18 

4 0.225 0.047 0.47 0.21 

5 0.259 0.017 2.05 2.06 

6 0.211 0.027 -0.19 -0.13 

8 0.224 0.040 0.42 0.21 

9 0.198 0.031 -0.79 -0.51 

10 NT NT   

11 0.210 0.016 -0.23 -0.24 

12 0.21 0.03 -0.23 -0.15 

13 0.240 0.008 1.16 1.64 

14 214 25 9943.49 8.55 

15 NT NT   

16 0.28 0.048 3.02 1.31 

17 NT NT   

18 0.197 0.021 -0.84 -0.73 

19 0.1899 NR -1.17 -1.93 

20 NT NT   

21 0.21 0.031 -0.23 -0.15 

22 0.18 0.01 -1.63 -2.13 

 

Statistics* 

Assigned Value 0.215 0.013 

Spike 0.202 0.004 

Homogeneity Value 0.230 0.023 

Robust Average 0.215 0.013 

Median 0.213 0.010 

Mean 0.218  

N 17  

Max. 214  

Min. 0.18  

Robust SD 0.021  

Robust CV 9.8%  

*Laboratory 14 results were omitted from statistical calculation.  
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AQA 18-05 Water Characteristics 34 

Table 15 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Hg 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.0002 0.0001 1.58 0.46 

2 0.00018 0.00005 0.92 0.48 

3 0.0001 0.00006 -1.71 -0.77 

4 0.00013 0.0001 -0.72 -0.21 

5 0.00016 0.00002 0.26 0.22 

6 0.00015 0.00002 -0.07 -0.05 

8 0.000182 0.0000311 0.99 0.68 

9 0.000148 0.000055 -0.13 -0.06 

10 NT NT   

11 0.00017 0.00005 0.59 0.31 

12 0.16 0.05 5258.16 3.20 

13 0.0001 0.00001 -1.71 -1.60 

14 0.18 0.04 5916.05 4.50 

15 NT NT   

16 0.0002 NR 1.58 1.55 

17 NT NT   

18 0.0001 0.0001 -1.71 -0.50 

19 NT NT   

20 NT NT   

21 <0.0005 0.00007   

22 <0.0005 0.0005   

 

Statistics* 

Assigned Value** 0.000152 0.000031 

Spike 0.000158 0.000003 

Homogeneity Value 0.000166 0.000017 

Robust Average 0.000158 0.000033 

Median 0.000160 0.000027 

Mean 0.0124  

N 13  

Max. 0.18  

Min. 0.0001  

Robust SD 0.000047  

Robust CV 30%  

*Laboratory 14 results were omitted from statistical calculation. **Robust Average excluding Laboratory 12. 

 

 

  



 

AQA 18-05 Water Characteristics 35 

 

 

 
Figure 12 

  



 

AQA 18-05 Water Characteristics 36 

Table 16 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Li 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.050 0.005 -0.53 -0.47 

2 0.055 0.015 0.42 0.14 

3 0.061 0.009 1.55 0.86 

4 NT NT   

5 NT NT   

6 0.0525 0.0096 -0.06 -0.03 

8 0.0536 0.0107 0.15 0.07 

9 0.0529 0.0064 0.02 0.01 

10 NT NT   

11 0.057 0.0128 0.80 0.32 

12 0.047 0.007 -1.10 -0.75 

13 0.0540 0.0069 0.23 0.16 

14 55.4 6 10482.42 9.22 

15 NT NT   

16 0.058 NR 0.98 1.63 

17 NT NT   

18 0.051 0.005 -0.34 -0.30 

19 NT NT   

20 NT NT   

21 0.034 0.0051 -3.56 -3.12 

22 0.05 0.008 -0.53 -0.32 

 

Statistics* 

Assigned Value 0.0528 0.0032 

Spike 0.0500 0.0010 

Homogeneity Value 0.0497 0.0050 

Robust Average 0.0528 0.0032 

Median 0.0529 0.0026 

Mean 0.0520  

N 13  

Max. 55.4  

Min. 0.034  

Robust SD 0.0046  

Robust CV 8.7%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 17 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Mn 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.207 0.02 0.25 0.24 

2 0.21 0.03 0.40 0.26 

3 0.204 0.028 0.10 0.07 

4 0.202 0.014 0.00 0.00 

5 0.220 0.013 0.89 1.26 

6 0.196 0.026 -0.30 -0.22 

8 0.218 0.0308 0.79 0.51 

9 0.209 0.021 0.35 0.32 

10 NT NT   

11 0.20 0.0834 -0.10 -0.02 

12 0.21 0.02 0.40 0.38 

13 0.194 0.012 -0.40 -0.60 

14 211 25 10435.54 8.43 

15 NT NT   

16 0.195 0.002 -0.35 -1.11 

17 NT NT   

18 0.192 0.022 -0.50 -0.44 

19 0.1958 NR -0.31 -1.03 

20 NT NT   

21 0.20 0.03 -0.10 -0.07 

22 0.19 0.04 -0.59 -0.30 

 

Statistics* 

Assigned Value 0.202 0.006 

Spike 0.202 0.004 

Homogeneity Value 0.224 0.022 

Robust Average 0.202 0.006 

Median 0.201 0.005 

Mean 0.203  

N 17  

Max. 211  

Min. 0.19  

Robust SD 0.0096  

Robust CV 4.8%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 18 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Mo 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.021 0.002 0.19 0.19 

2 0.02 0.01 -0.29 -0.06 

3 0.02 0.002 -0.29 -0.29 

4 0.0297 0.0071 4.42 1.28 

5 0.0209 0.001 0.15 0.26 

6 0.0198 0.0025 -0.39 -0.31 

8 0.0208 0.00389 0.10 0.05 

9 0.0209 0.0021 0.15 0.14 

10 NT NT   

11 0.021 0.00063 0.19 0.46 

12 0.021 0.003 0.19 0.13 

13 0.0193 0.0013 -0.63 -0.91 

14 19.3 2 9358.93 9.64 

15 NT NT   

16 0.021 0.001 0.19 0.34 

17 NT NT   

18 0.025 0.003 2.14 1.44 

19 NT NT   

20 NT NT   

21 0.020 0.003 -0.29 -0.20 

22 0.02 0.002 -0.29 -0.29 

 

Statistics* 

Assigned Value 0.0206 0.0006 

Spike 0.0196 0.0004 

Homogeneity Value 0.0203 0.0020 

Robust Average 0.0206 0.0006 

Median 0.0209 0.0007 

Mean 0.0214  

N 15  

Max. 19.3  

Min. 0.0193  

Robust SD 0.0009  

Robust CV 4.4%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 19 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Ni 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.017 0.002 -0.12 -0.09 

2 0.015 0.004 -1.28 -0.53 

3 0.018 0.002 0.47 0.36 

4 0.0166 0.0015 -0.35 -0.33 

5 0.022 0.001 2.79 3.39 

6 0.0155 0.0019 -0.99 -0.79 

8 0.0188 0.00298 0.93 0.51 

9 0.0181 0.0022 0.52 0.37 

10 NT NT   

11 0.017 0.0062 -0.12 -0.03 

12 0.017 0.003 -0.12 -0.06 

13 0.0159 0.0009 -0.76 -0.97 

14 17.3 2 10048.14 8.64 

15 NT NT   

16 0.017 0.001 -0.12 -0.14 

17 NT NT   

18 0.016 0.003 -0.70 -0.38 

19 0.0162 NR -0.58 -1.00 

20 NT NT   

21 0.018 0.0027 0.47 0.28 

22 0.02 0.002 1.63 1.25 

 

Statistics* 

Assigned Value 0.0172 0.0010 

Spike 0.0174 0.0004 

Homogeneity Value 0.0178 0.0018 

Robust Average 0.0172 0.0010 

Median 0.0170 0.0008 

Mean 0.0174  

N 16  

Max. 17.3  

Min. 0.015  

Robust SD 0.0015  

Robust CV 8.7%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 20 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Pb 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.008 0.001 -0.05 -0.04 

2 0.008 0.002 -0.05 -0.02 

3 0.008 0.0014 -0.05 -0.03 

4 0.00837 0.0014 0.41 0.22 

5 0.012 0.002 4.93 1.92 

6 0.00826 0.00128 0.27 0.16 

8 0.00937 0.00143 1.65 0.88 

9 0.00819 0.00050 0.19 0.21 

10 NT NT   

11 0.009 0.0008 1.19 1.02 

12 0.0076 0.0009 -0.55 -0.43 

13 0.0079 0.0008 -0.17 -0.15 

14 8.37 1 10400.45 8.36 

15 NT NT   

16 0.008 0.001 -0.05 -0.04 

17 NT NT   

18 0.007 0.0009 -1.29 -1.01 

19 0.0070 NR -1.29 -2.08 

20 NT NT   

21 0.0078 0.0012 -0.30 -0.18 

22 0.007 0.002 -1.29 -0.50 

 

Statistics* 

Assigned Value 0.00804 0.00050 

Spike 0.00782 0.00024 

Homogeneity Value 0.00856 0.00086 

Robust Average 0.00804 0.00050 

Median 0.00800 0.00025 

Mean 0.00823  

N 16  

Max. 8.37  

Min. 0.007  

Robust SD 0.0008  

Robust CV 10%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 21 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Sb 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.003 0.001 0.60 0.17 

2 0.0029 0.003 0.25 0.02 

3 0.003 0.0004 0.60 0.40 

4 0.00262 0.001 -0.74 -0.21 

5 0.0026 0.001 -0.81 -0.23 

6 < 0.005 0.001   

8 <0.005 0.001   

9 0.0028 0.0016 -0.11 -0.02 

10 NT NT   

11 0.003 0.0006 0.60 0.28 

12 0.0028 0.0005 -0.11 -0.06 

13 0.0023 0.0004 -1.87 -1.25 

14 3.14 0.5 11085.41 6.27 

15 NT NT   

16 <0.005 NR   

17 NT NT   

18 0.0028 0.001 -0.11 -0.03 

19 0.0027 NR -0.46 -0.93 

20 NT NT   

21 0.0030 0.00045 0.60 0.36 

22 0.003 0.002 0.60 0.08 

 

Statistics* 

Assigned Value 0.00283 0.00014 

Spike 0.00269 0.00005 

Homogeneity Value 0.00272 0.00027 

Robust Average 0.00283 0.00014 

Median 0.00280 0.00018 

Mean 0.00281  

N 13  

Max. 3.14  

Min. 0.0023  

Robust SD 0.0002  

Robust CV 7.1%  

*Laboratory 14 results were omitted from statistical calculation.  
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Table 22 

Sample Details 

Sample No. S1 

Matrix. Water 

Analyte. Se 

Units mg/L 

 

Participant Results 

Lab Code Result Uncertainty z-Score En-Score 

1 0.005 0.0002 1.52 1.62 

2 0.004 0.002 -0.11 -0.03 

3 <0.01 NR   

4 0.00308 0.001 -1.62 -0.87 

5 0.003 0.001 -1.75 -0.94 

6 0.00433 0.00059 0.43 0.33 

8 0.00442 0.000656 0.57 0.41 

9 0.0044 0.0022 0.54 0.15 

10 NT NT   

11 0.004 0.0010 -0.11 -0.06 

12 0.013 0.002 14.63 4.31 

13 0.0041 0.0003 0.05 0.05 

14 4.0 0.5 6545.34 7.99 

15 NT NT   

16 <0.005 NR   

17 NT NT   

18 0.0033 0.001 -1.26 -0.68 

19 NT NT   

20 NT NT   

21 0.0042 0.00063 0.21 0.16 

22 0.005 0.005 1.52 0.18 

 

Statistics* 

Assigned Value** 0.00407 0.00054 

Spike 0.00398 0.00008 

Homogeneity Value 0.00389 0.00039 

Robust Average 0.00417 0.00058 

Median 0.00420 0.00020 

Mean 0.00476  

N 13  

Max. 4  

Min. 0.003  

Robust SD 0.00075  

Robust CV 18%  

*Laboratory 14 results were omitted from statistical calculation. **Robust Average excluding Laboratory 12. 
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