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General 
This PT was provided by AQS Baden-Württemberg as a subcontractor for wca environment limited, 

Brunel House, Volunteer Way, Faringdon, Oxfordshire SN7 7YR, United Kingdom on behalf of United 

Kingdom Water Industry Research (UKWIR). 

 In four rounds the following determinands were to be measured: 

¶ UKWIR 13/16 

o Estrone (E1) 

o 17̡ -Estradiol (E2) 

o 17h -Ethinylestradiol (EE2) 

¶ UKWIR 14/16 

o Atenolol 

o Carbamazepin 

o Erythromycin 

o Propranolol 

¶ UKWIR 15/16 

o Cypermethrin 

¶ UKWIR 16/16 

o Diclofenac 

 

The PTs were executed and evaluated according to the requirements of ISO 13528: 2015.  

 

PT design 
Each participant received the following samples: 

¶ 3 spiked samples for the determination of the respective determinands based on a filtered 
surface water sample in 1000-ml-ground bottles with ground-in stopper 

¶ 1 blank sample of the filtered surface water  
 

The concentrations of the analytes of the spiked samples were chosen according to the requirements 

of UKWIR based on the European Regulation for Environmental Quality Standard (Directive 

2008/105/EG on environmental quality standards in the field of water policy). 

 

The samples were cooled directly after preparation and dispatched with freezer packs added to the 

packages by express service (TNT). Participants were requested to start with the analysis one day 

after receipt of the samples at the latest. 
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Analytical methods  
The participants were free to choose a suitable method, but the following limits of quantification 
were required:  
 

Determinand Required LOQ in µg/l 
Estrone (E1) 0,01 
17ß-Estradiol (E2) 0,01 
17h -Ethinylestradiol (EE2) 0,0012 

Atenolol 0,02 
Carbamazepin 0,2 
Erythromycin 0,2 
Propranolol 0,02 
Cypermethrin 0,0004 
Diclofenac 0,02 

 
The samples had to be analysed in duplicate over the complete method (sample preparation and 
measurement). The participants were asked to submit the results as average values in µg/l with three 
significant digits. 
 

Evaluation procedure  
The statistical evaluation was executed according to ISO 13528:2015 with the combined estimator 
Hampel/Q-method, a method of robust statistics.  
The assigned value xpt was derived from the formulation of the spiked samples. For all parameters no 
matrix content was considered.  
The uncertainty of the spike was calculated from a complete uncertainty budget according to GUM.  
¢ƘŜ ŜȄǇŀƴŘŜŘ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƻŦ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜǎ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǳƭǘ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ISO 13528 (Statistical Methods for Use in Proficiency Testing by Interlaboratory Comparisons) as  
 

n

s
u R

mean ÖÖ= 25,12
 

 
with: 
 
sR  reproducibility standard deviation  
n number of data for this level 
2 coverage factor for the expanded uncertainty 
1,25 correction factor (according to ISO 13528 to be used for robust methods) 
 
¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ŦƻǊ ǇǊƻŦƛŎƛŜƴŎȅ ŀǎǎŜǎǎƳŜƴǘ ˋpt was calculated in accordance with the 
9ǳǊƻǇŜŀƴ v!κv/ 5ƛǊŜŎǘƛǾŜΥ ˋpt = 0,25 * xpt . 
 

A z-score was calculated for each measurement result derived from the assigned value xpt and the 
standard deviation for proficiency assessment ̀ pt: 
 

ᾀ
ὼ ὼ

„
 

The assessment of the results was as follows:  
|z| Җ 2.0  satisfactory 
2.0 < |z| < 3.0 questionable 
|z| җ 3.0 unsatisfactory 
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Results of evaluation  
 
Number of participants: 
PT round Determinands Number of participants Number of participants reporting 

results 

UKWIR 13/16 Estrone (E1) 
17̡ -Estradiol (E2) 
мтʰ-Ethinylestradiol (EE2) 
 

14 12 

UKWIR 14/16 Atenolol 
Carbamazepin 
Erythromycin 
Propranolol 
 

15 14 

UKWIR 15/16 Cypermethrin 
 

6 6 

UKWIR 16/16 Diclofenac 
 

5 5 

 
 
In the following figure the percentage of satisfactory, questionable and unsatisfactory results are 
illustrated. 
 

 
 
 

Explanation of tables and graphs in the appendix  
The appendix contains the PT data for all parameters and all samples in tables and graphs. For each 
parameter the following illustrations are given: 
 

Parameter table 
In these tables the following values for each concentration level are listed: 

¶ assigned value in µg/l 

¶ expanded uncertainty of the assigned value in % 
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¶ standard deviation of the data set  in µg/l, calculated using the Q-method (due to the often 
low number of participants this standard deviation estimate is not very reliable) 

¶ standard deviation for proficiency assessment in µg/l for the calculation of z-scores (25 % of 
the assigned value) 

¶ rel. standard deviation for proficiency assessment in % 

¶ tolerance limits above and below in µg/l and % όƭƛƳƛǘ ŦƻǊ ŀǎǎŜǎǎƳŜƴǘ ŀǎ ΨǎŀǘƛǎŦŀŎǘƻǊȅΩύ 

¶ number of values in this level 

¶ number of not satisfacǘƻǊȅ ǾŀƭǳŜǎ ό ΨǉǳŜǎǘƛƻƴŀōƭŜΩ ƻǊ ǳƴǎŀǘƛǎŦŀŎǘƻǊȅΩύ ōŜƭƻǿ ŀƴŘ ŀōƻǾŜ ǘƘŜ 
assigned value and the percentage of these values in total 

 

Mean vs. spiked amount 
Here the assigned values are shown versus the spiked amount of determinand including the 
respective expanded uncertainties (k=2).  
 

Relative standard deviation 
The diagrams for the rel. standard deviation vs. the assigned value show the values compared to the 
fixed standard deviation for proficiency assessment (horizontal line at 25%) and the concentration 
dependence. 
 

Used methods 
The percentage of analytical techniques used are shown here. 
 

Sample table 
In this table all results of the participants are noted together with uncertainties (where reported). For 

these uncertainties z-scores (zeta-scores) are calculated according to the formula 

‒
ὼ ὼ

ό ό

 

With 
 x = result of the participant 
 xpt = assigned value 
 ulab Ґ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǎǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǘȅ 
 ux,pt = standard uncertainty of the assigned value 

z-scores can be used for the plausibility check of measurement uncertainties. The type of assessment 
is equivalent to that of z-ǎŎƻǊŜǎΣ ƛΦŜΦ ŀƴ ŀōǎƻƭǳǘŜ ǾŀƭǳŜ ƻŦ Җ нΣл Ŏŀƴ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ΨǎŀǘƛǎŦŀŎǘƻǊȅΩΦ  

z-scores above this value indicate an underestimation of the measurement uncertainty. 
This table also contains the assigned value and its uncertainty as well as the tolerance limits  
(z = ± 2,0). 
 

Sample graphs of concentrations 
!ƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǳƭǘǎΣ ǎƻǊǘŜŘ ŦƻǊ ǾŀƭǳŜǎΣ ŀǊŜ ǎƘƻǿƴ ƘŜǊŜ ǾŜǊǎǳǎ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ŎƻŘŜǎΦ ¢ƘŜ ŀǎǎƛƎƴŜŘ 
value and its uncertainty as well as the tolerance limits are also included. 
 
 

z-score graphs 
In a similar way the z-scores attributed to the participantsΩ results are shown here versus the 
laboratory codes. 
 
Graphs of expanded uncertainty 
The expanded uncertainty is shown if laboratories reported uncertainties. 
 
-yscore graphs 
LŦ ƭŀōƻǊŀǘƻǊƛŜǎ ǊŜǇƻǊǘŜŘ ǳƴŎŜǊǘŀƛƴǘƛŜǎΣ ʸ-scores were calculated and are shown versus the laboratory 
codes.  
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UKWIR 13/16 

 

Mean vs. spiked amount 
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1 0,0252 2,67 0,0040 0,0063 25,00 0,0377 0,0126 50,00 -50,00 11 0 1 9,1

2 0,0316 3,10 0,0039 0,0079 25,00 0,0474 0,0158 50,00 -50,00 11 6 1 63,6

3 0,0542 2,61 0,0110 0,0135 25,00 0,0812 0,0271 50,00 -50,00 10 2 1 30,0

 sum 32 8 3 34,4

estrone
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Relative standard deviation 

 

25 % is the value used as standard deviation for proficiency assessment.  

Used methods 
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0147 -1,7 s

4 0,020736 -0,7 s

7 0,02 -0,8 s

8 0,0194 -0,9 s

10 0,018 -1,1 s

11 0,0325 1,2 s

15 0,066 0,03 2,7 6,5 u

16 0,016 0,002 -8,7 -1,5 s

18 0,019 -1,0 s

19 0,032 0,009 1,5 1,1 s

24 0,0204 0,006 -1,5 -0,8 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

estrone - 1

0,02516

0,03773

0,01258

± 0,00067
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0125 -2,4 q

4 0,016959 -1,9 s

7 0,0167 -1,9 s

8 0,0159 -2,0 s

10 0,015 -2,1 q

11 0,0254 -0,8 s

15 0,091 0,041 2,9 7,5 u

16 0,011 0,001 -29,4 -2,6 q

18 0,016 -2,0 s

19 0,021 0,006 -3,5 -1,3 s

24 0,0171 0,005 -5,6 -1,8 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

estrone - 2

0,03158

0,04737

0,01579

± 0,00098
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0262 -2,1 q

4 0,03601 -1,3 s

8 0,0362 -1,3 s

10 0,031 -1,7 s

11 0,0514 -0,2 s

15 0,111 0,05 2,3 4,2 u

16 0,027 0,003 -16,4 -2,0 s

18 0,033 -1,6 s

19 0,044 0,013 -1,6 -0,8 s

24 0,0341 0,01 -3,9 -1,5 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

estrone - 3

0,05416

0,08124

0,02708

± 0,00142
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Mean vs. spiked amount 
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1 0,0270 2,95 0,0042 0,0067 25,00 0,0405 0,0135 50,00 -50,00 12 3 0 25,0

2 0,0322 2,93 0,0042 0,0080 25,00 0,0483 0,0161 50,00 -50,00 11 3 0 27,3

3 0,0623 3,33 0,0036 0,0156 25,00 0,0934 0,0311 50,00 -50,00 12 3 0 25,0

 sum 35 9 0 25,7

17-beta-estradiol
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Relative standard deviation 

 

25 % is the value used as standard deviation for proficiency assessment.  

Used methods 
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,01 -2,5 q

4 0,014261 -1,9 s

7 0,0173 -1,4 s

8 0,0149 -1,8 s

10 0,0165 -1,6 s

11 0,0283 0,2 s

15 0,016 0,007 -3,3 -1,6 s

16 0,019 0,002 -7,4 -1,2 s

18 0,018 -1,3 s

19 0,021 0,005 -2,4 -0,9 s

21 0,0104 -2,5 q

24 0,0182 0,006 -3,2 -1,3 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-beta-estradiol - 1

0,02699

0,04049

0,0135

± 0,0008
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0176 -1,8 s

4 0,016866 -1,9 s

8 0,0162 -2,0 s

10 0,019 -1,6 s

11 0,0343 0,3 s

15 0,019 0,008 -3,3 -1,6 s

16 0,022 0,002 -9,2 -1,3 s

18 0,019 -1,6 s

19 0,023 0,006 -3,0 -1,1 s

21 0,0134 -2,3 q

24 0,0193 0,006 -4,4 -1,6 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-beta-estradiol - 2

0,0322

0,0483

0,0161

± 0,00094
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0305 -2,0 s

4 0,030159 -2,1 q

7 0,036 -1,7 s

8 0,0374 -1,6 s

10 0,0368 -1,6 s

11 0,0658 0,2 s

15 0,037 0,015 -3,3 -1,6 s

16 0,039 0,004 -10,3 -1,5 s

18 0,04 -1,4 s

19 0,038 0,01 -4,8 -1,6 s

21 0,0291 -2,1 q

24 0,0402 0,012 -3,6 -1,4 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-beta-estradiol - 3

0,06229

0,09343

0,03114

± 0,00207
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1 0,0029 2,74 0,0008 0,0007 25,00 0,0043 0,0014 50,00 -50,00 12 1 2 25,0

2 0,0036 3,17 0,0010 0,0009 25,00 0,0054 0,0018 50,00 -50,00 12 0 2 16,7

3 0,0070 2,70 0,0025 0,0017 25,00 0,0105 0,0035 50,00 -50,00 11 0 2 18,2

 sum 35 1 6 20,0

17-alfa-ethinylestradiol
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Relative standard deviation 

 

25 % is used as standard deviation for proficiency assessment. 

 

Used methods 
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0016 -1,8 s

4 0,001522 -1,9 s

7 0,00291 0,1 s

8 0,00253 -0,5 s

10 0,00285 0,0 s

11 0,0048 2,7 q

15 0,0065 0,003 2,3 5,1 u

16 0,003 0,001 0,3 0,2 s

18 0,003 0,2 s

19 0,003 6E-04 0,4 0,2 s

21 0,0026 -0,4 s

24 0,00341 0,001 1,1 0,8 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-alfa-ethinylestradiol - 1

0,00287

0,004305

0,001435

± 0,000079
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,002 -1,8 s

4 0,00257 -1,2 s

7 0,00366 0,0 s

8 0,00351 -0,1 s

10 0,00326 -0,4 s

11 0,0062 2,8 q

15 0,0078 0,004 2,3 4,6 u

16 0,004 0,001 0,7 0,4 s

18 0,004 0,4 s

19 0,004 7E-04 1,1 0,4 s

21 0,00283 -0,9 s

24 0,00389 0,001 0,4 0,3 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-alfa-ethinylestradiol - 2

0,003626

0,005439

0,001813

± 0,000115
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,0042 -1,6 s

4 0,004098 -1,7 s

8 0,00636 -0,4 s

10 0,00637 -0,4 s

11 0,0127 3,3 u

15 0,0164 0,007 2,6 5,4 u

16 0,008 0,002 1,0 0,6 s

18 0,006 -0,6 s

19 0,007 0,001 0,0 0,0 s

21 0,00477 -1,3 s

24 0,00747 0,002 0,4 0,3 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 13/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

17-alfa-ethinylestradiol - 3

0,006982

0,01047

0,003491

± 0,000188
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UKWIR 14/16: 

 

Mean vs. spiked amount 
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1 0,0503 6,62 0,0200 0,0126 25,00 0,0755 0,0252 50,00 -50,00 13 0 10 76,9

2 0,0606 6,65 0,0172 0,0152 25,00 0,0909 0,0303 50,00 -50,00 13 0 3 23,1

3 0,1073 6,62 0,0215 0,0268 25,00 0,1610 0,0537 50,00 -50,00 13 0 3 23,1

 sum 39 0 16 41,0

atenolol
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Relative standard deviation 

 

25 % is the value used as standard deviation for proficiency assessment.  

Used methods 
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,084 2,7 q

4 0,079 2,3 q

5 0,0883 3,0 u

7 71 5641,4 u

8 0,0687 1,5 s

9 0,135 6,7 u

10 0,083 0,019 3,4 2,6 q

12 0,08 2,4 q

14 0,102 4,1 u

19 0,077 0,019 2,8 2,1 q

20 0,071 1,6 s

23 0,26 0,065 6,4 16,7 u

25 0,067 1,3 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 14/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

atenolol - 1

0,05031

0,07546

0,02515

± 0,00333
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,087 1,7 s

4 0,078 1,1 s

5 0,0888 1,9 s

7 70 4615,0 u

8 0,0744 0,9 s

9 0,118 3,8 u

10 0,088 0,019 2,8 1,8 s

12 0,08 1,3 s

14 0,0888 1,9 s

19 0,085 0,021 2,3 1,6 s

20 0,066 0,4 s

23 0,356 0,089 6,6 19,5 u

25 0,074 0,9 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 14/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

atenolol - 2

0,06062

0,09093

0,03031

± 0,00403
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,148 1,5 s

4 0,147 1,5 s

5 0,141 1,3 s

7 120 4467,9 u

8 0,1276 0,8 s

9 0,2 3,5 u

10 0,147 0,033 2,4 1,5 s

12 0,14 1,2 s

14 0,15 1,6 s

19 0,138 0,035 1,7 1,1 s

20 0,093 -0,5 s

23 0,427 0,11 5,8 11,9 u

25 0,124 0,6 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 14/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

atenolol - 3

0,1073

0,161

0,05367

± 0,0071
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Mean vs. spiked amount 
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1 0,5152 2,99 0,0951 0,1288 25,00 0,7729 0,2576 50,00 -50,00 14 0 1 7,1

2 0,5740 3,07 0,0688 0,1435 25,00 0,8610 0,2870 50,00 -50,00 14 0 1 7,1

3 1,136 2,99 0,1648 0,2840 25,00 1,704 0,5680 50,00 -50,00 14 0 1 7,1

 sum 42 0 3 7,1

carbamazepine
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Relative standard deviation 

 

25 % is the value used as standard deviation for proficiency assessment.  

Used methods 
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lab code result [µg/l] ± z-score z-score assessm.**

3 0,531 0,1 s

4 0,387 -1,0 s

5 0,721 1,6 s

7 470 3644,8 u

8 0,4986 -0,1 s

9 0,55 0,3 s

10 0,442 0,042 -3,3 -0,6 s

12 0,48 -0,3 s

14 0,552 0,3 s

19 0,587 0,147 1,0 0,6 s

20 0,536 0,2 s

21 0,489 -0,2 s

23 0,62 0,16 1,3 0,8 s

25 0,511 0,0 s

** s = satisfactory, q = questionable, u = unsatisfactory

* The stated uncertainty of the assigned value is the expanded 

uncertainty with a coverage factor k=2 corresponding to a 

confidence level of about 95%

UKWIR 14/16

assigned value [µg/l]*

upper tolerance limit [µg/l]

lower tolerance limit [µg/l]

carbamazepine - 1

0,5152

0,7729

0,2576

± 0,0154
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