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Abstract 

Interlaboratory comparison 07/2022: AOX in natural and wastewaters 

Proftest SYKE carried out the interlaboratory comparison (ILC) for the determination of AOX in the 

synthetic sample, river water as well as pulp and paper industry effluent samples in August-September 

2022. In total, there were 5 participants in the comparison. 

The used assigned values were based on the mean value of the homogeneity tests results of the expert 

laboratory. The performance of the participants was evaluated by using the scores based on the differ-

ence of the participant’s result and the assigned value, D% values, and En scores. In this interlaboratory 

comparison 90 % of the results based on En scores were satisfactory and 90 % of the D% values of were 

≤ |15 %|. 

Warm thanks to all participants in this interlaboratory comparison! 

Keywords: AOX, interlaboratory comparison, water analysis, water and environmental laboratories 

Tiivistelmä  

Vertailumittaus 07/2022: AOX luonnon- ja jätevesistä 

Proftest SYKE järjesti elo-syyskuussa 2022 vertailumittauksen AOX määrityksille synteettisestä vesi-

näytteestä, jokivedestä sekä massa- ja paperiteollisuuden jätevedestä. Vertailumittaukseen osallistui yh-

teensä 5 laboratoriota. Määrityksen vertailuarvoina käytettiin asiantuntijalaboratorion homogeenisuus-

testauksen mittaustulosten keskiarvoa. Osallistujien tuloksia arviointiin D%- ja En-arvojen avulla. Koko 

tulosaineistossa oli En-arvoilla arvioituna 90 % hyväksyttäviä tuloksia ja D%-arvoista 90 % oli ≤ |15 %|. 

Kiitos vertailumittauksen osallistujille! 

Asiasanat: AOX, laboratorioiden välinen vertailumittaus, vesianalyysi, vesi- ja ympäristölaboratoriot 

Sammandrag  

Jämförelse mellan laboratorier 07/2022: AOX i naturvatten och avloppsvatten 

Under augusti-september 2022 genomförde Proftest SYKE en jämförelse mellan laboratorier, som om-

fattade bestämningen av AOX i natur- och avsloppsvatten. Denna prövning hade totalt 5 deltagarna. 

Som referensvärde av AOX koncentration användes medelvärdet om homogenitetstestning resultaten av 

expertlaboratoriet. Resultaten värderades med hjälp av D%- och En-värden. I denna jämförelse var 90 % 

av resultaten värderades med En-värden acceptabla och 90 % av D%-värden var ≤ |15 %|. Ett varmt tack 

till alla deltagarna i testet! 

Nyckelord: AOX, jämförelse, vattenanalyser, vatten- och miljölaboratorier 
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1 Introduction 

Proftest SYKE organized the interlaboratory comparison (ILC) for the analysis of AOX in natural water 

and pulp and paper industrial wastewater in August-September 2022 (AOX 07/2022).  

Finnish Environment Institute (SYKE) is appointed National Reference Laboratory in the environmental 

sector in Finland. The duties of the reference laboratory include providing proficiency tests and other 

interlaboratory comparisons for analytical laboratories and other producers of environmental infor-

mation. This interlaboratory comparison has been carried out under the scope of the SYKE reference 

laboratory and it provides an external quality evaluation between laboratory results, and mutual compa-

rability of analytical reliability. The interlaboratory comparison was carried out in accordance with the 

international standard ISO/IEC 17043 [1] and applying ISO 13528 [2] and IUPAC Technical report [3]. 

Proftest SYKE is accredited by the Finnish Accreditation Service as a proficiency testing provider 

(PT01, ISO/IEC 17043, www.finas.fi/sites/en). The organizing of this interlaboratory comparison is in-

cluded in the accreditation scope of Proftest SYKE.  

2 Organizing the interlaboratory comparison 

2.1 Responsibilities 

Organizer 

Proftest SYKE, Finnish Environment Institute SYKE, Laboratory Centre  

Mustialankatu 3, FI-00790 Helsinki, Finland 

Phone: +358 295 251 000, Email: proftest@syke.fi 

The responsibilities in organizing the interlaboratory comparison  

Mirja Leivuori coordinator  

Riitta Koivikko substitute for coordinator  

Keijo Tervonen technical assistance  

Markku Ilmakunnas technical assistance 

Sari Lanteri technical assistance 

Analytical expert Sonja Latvakoski, Metropolilab Oy 

Subcontracting Analytical expert and AOX analysis, Metropolilab Oy  

(T058, www.finas.fi/sites/en) 

2.2 Participants 

In total 5 laboratories participated in this ILC (Appendix 1), four from Finland and one from abroad. 

Two of the participants reported that they have accredited quality management system based on 

ISO/IEC 17025 and one participant reported quality management system based on ISO 9000 standards, 

while two participants did not report their accreditation status. Four participants used accredited analyti-

cal methods at least for a part of the samples.  

http://www.finas.fi/sites/en
http://www.finas.fi/sites/en
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2.3 Samples and delivery 

The delivered samples included synthetic sample, natural water sample (river water) as well as pulp and 

paper industrial wastewater sample. 

The synthetic sample (A1A) was prepared by diluting from reagent produced by Fluka. Pulp and paper 

industrial wastewater sample (P2A) was from a paper mill in southeast Finland. Natural water was col-

lected from river Ilolanjoki in Porvoo. The sample preparation is described in more detail in Appen- 

dix 2. 

The samples were delivered on 29 August 2022 to the participant abroad and mainly on 30 August 2022 

to the national participants. The samples arrived to the participants mainly on 31 August 2022.  

The results were to be reported at the latest on 13 September 2022. Participants delivered the results 

mainly accordingly, one participant delivered the results on 15 September 2022. The preliminary results 

report was delivered to the participants via ProftestWEB and email on 20 September 2022. 

2.4 Homogeneity and stability studies 

The homogeneity of the samples was tested by analyzing AOX in all test samples. More detailed infor-

mation of homogeneity test is shown in Appendix 3. According to the homogeneity test results, all sam-

ples were considered homogenous. 

Based on the previous experience of the provider it is known that the samples were stable during the 

given test period.  

2.5 Feedback from the interlaboratory comparison 

The feedback from the interlaboratory comparison test is shown in Appendix 4. The comments from the 

participants mainly dealt with their results reporting. The comment from the provider focused to the 

missing sample arrival documents and deviation of replicate results. All the feedback from the interla-

boratory comparison is valuable and is exploited when improving the activities.  

2.6 Processing the data 

2.6.1 Pretesting the data 

To test the normality of the data the Kolmogorov-Smirnov test was applied. The outliers were rejected 

according to the Grubbs test before calculating the mean. The results which differed from the data more 

than 5×srob or 50 % from the robust mean, were rejected before the statistical results handling.  

The participants were to report replicate results for all the measurements. The replicate results were 

tested using the Cochran’s test, which compares the within-laboratory deviation of each participant to 

the standard deviation of the replicate results of all the participants. The replicate results which differ 

significantly from others are outliers. The Cochran’s test rejects the results having significantly higher 

within-laboratory deviation than the results the average, regardless their z score evaluation.  

More information about the statistical handling of the data is available from the Guide for partici- 

pant [4]. 
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2.6.2 Assigned values 

The used assigned values were based on the mean value of the homogeneity test results of the expert la-

boratory (Table 1). The selected assigned values were supported by the sample preparation, where the 

target concentrations were: A1A 75.0 µg/l, N3A: 150 µg/l, and P2A: 1.20 mg/l. The expanded uncer-

tainty of the assigned value (k=2) was estimated as the combined uncertainty of the analytical standard 

deviation and the standard deviation between the samples of the homogeneity test results. Detailed in-

formation of the assigned values, and their uncertainties are shown in Appendix 5.  

The assigned values based on the mean of the results are not metrologically traceable values. As it was 

not possible to have metrologically traceable assigned values, the best available values were selected to 

be used as the assigned values.  

The extended uncertainty of the assigned values varied between 2.7 – 4.0 % (at the 95 % confidence 

level, Appendix 5). After reporting the preliminary results report no changes have been done for 

the assigned values. 

2.6.3 Result assessment procedure 

The results of this interlaboratory comparison were evaluated both with the En scores and D% values. 

As the number of reported results was low the performance evaluation was done by means of En scores 

(’Error, normalized’, Appendix 6). The En score is given when the participant has reported the ex-

panded measurement uncertainty with their results. 

As the expanded measurement uncertainty was reported only by some participants, the participant re-

sults were evaluated also by means of D% values. Those give the difference between the assigned value 

and reported participant results. D% values can be interpreted as the measurement error for the results, 

to the extent to which the assigned value can be considered reference quantity value. The D% values 

were given to all measurands and samples for which the assigned value was set (Table 1). 

 

𝐷𝑖% =
100 (𝑥𝑖−𝑥𝑝𝑡)

𝑥𝑝𝑡
% , where 

xi = participant’s result, xpt = assigned value 

After reporting the preliminary results report no changes have been done for the result assess-

ment procedure. 
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3 Results and conclusions 

3.1 Results 

The summary of the results is presented in Table 1. The terms in the results table are explained in Ap-

pendix 6. The results and the performance of each participant are presented in Appendix 7 and the re-

ported results with their expanded uncertainties (k=2) are presented in Appendix 8. The summaries of 

the En scores and D% values are shown in Appendix 9.  

Table 1. The summary of the results in the interlaboratory comparison AOX 07/2022. 

Measurand Sample Unit Assigned value Mean Median s s % nall Acc En % 

AOX A1A µg/l 72.2 73.2 72.3 5.2 7.1 5 100 

  N3A µg/l 146 140 141 7 4.7 3 100 

  P2A mg/l 1.14 1.17 1.16 0.12 10.4 5 75 

s: the standard deviation, s %: the standard deviation as percent, nall: the total number of the participants,  

Acc En %: the results (%), where En  1. 

In this ILC the participants were to report replicate results for AOX measurements. The repeatability of 

the replicate results was tested using ANOVA statistical handling (Table 2). The estimation of the ro-

bustness of the methods could be done by the ratio sb/sw. For the robust methods the ratio sb/sw should 

not exceed 3. The criterion was fulfilled for AOX in sample N3A and in P2A. In the synthetic sample 

A1A the robustness criterion was not fulfilled (Table 2). In this ILC the ratio sb/sw varies between 2.0 

and 4.2. In the previous similar ILC, AOX 15/2016 the ratio varied between 0.93–20, thus the ratio was 

somewhat better in this ILC [5].  

Table 2. The summary of repeatability based on replicate determinations (ANOVA statistics). 

Measurand Sample Unit Assigned value Mean sw sb st sw% sb% st% sb/sw 

AOX A1A µg/l 72.2 73.2 1.22 5.11 5.26 1.7 7.0 7.2 4.2 

  N3A µg/l 146 140 2.65 6.25 6.79 1.9 4.5 4.8 2.4 

  P2A mg/l 1.14 1.17 0.057 0.114 0.127 4.8 9.8 11 2.0 

Ass.val.: assigned value; sw: repeatability standard error; sb: between participants standard error; st: reproducibility standard 

error. 

3.2 Analytical methods 

The participants could use different analytical methods for the measurements in the PT. The used ana-

lytical methods and results of the participants grouped by methods are shown in more detail in Appen-

dix 10.  

All participants measured AOX based on EN ISO 9562 international standard, thus there were no differ-

ences due to the used methods.  

3.3 Uncertainties of the results 

Together with their results, the participants were to report the expanded uncertainties (k=2) as percent-

age. Only one participant did not report the measurement uncertainty with their results (Table 3, Appen-

dix 10). To promote the enhancement of environmental measurements’ quality standards and traceabil-

ity, the national quality recommendations for the data entered the water quality registers have been pub-

lished in Finland ([6], Table 3). For many participants the reported measurement uncertainties were in 
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the same scale with the recommendations. The reported measurement uncertainties were almost in the 

same scale than in the previous similar ILC [5]. 

The most used approach to evaluate the measurement uncertainty was based on using the internal qual-

ity control data (synthetic sample and/or routine sample replicates, Appendix 11). Other approach was 

using the internal quality control data and the results obtained from proficiency tests. Depending on the 

sample and measurand, at maximum two participants used MUkit measurement uncertainty software for 

the evaluation of their uncertainties, which is available on the webpage: www.syke.fi/envical/en [7, 8]. 

Generally, the used approach for evaluating the measurement uncertainty did not make definite impact 

on the uncertainty evaluations.  

Table 3. The ranges of the reported expanded uncertainties by participants (Ui%) as percent and quality 

criteria for natural waters and wastewaters published by Finnish Environment Institute [6]. 

Sample Ui% Recommendation % 

A1A 12–20  - 

N3A 15–20  ± 15 

P2A 10–16  ± 20 

4 Evaluation of the results 

The performance evaluation of the participants was based on the En scores and D% values (Appen- 

dix 9). The En scores were interpreted as follows: 

Criteria 

Criteria 

Performance 

Performance –1.0  En  1.0 Satisfactory 

En < –1.0 or En > 1.0 Unsatisfactory 

The summary of the performance evaluation and comparison to the previous performance is presented 

in Table 4. The results of four participants could be evaluated using En scores for synthetic sample and 

pulp and paper industrial wastewater sample. Evaluation based on En scores was possible for two partic-

ipants in natural water sample. Thus, also the approximate evaluation based on D% values was done for 

all participants and samples.  

In total, 90 % of the results were satisfactory based on the En scores (Appendix 9). In the previous simi-

lar ILC, AOX 15/2016, the performance was satisfactory for 81 % of the participant results evaluated 

based on En scores [5]. In this ILC, 90 % of the D% values were ≤ |15 %| (Appendix 9).   

The pulp and paper industrial wastewater was the most challenging to measure as 75 % of the results 

were satisfactory based on En scores (Table 4). Also based on D% values one result was higher than  

15 % for the same sample (Appendix 9).   

Table 4. Summary of the performance evaluation in the interlaboratory comparison AOX 07/2022. 

Sample Satisfactory results, En % Remarks 

A1A 100 
In the ILC AOX 15/2016 100 % of the results evaluated 
based En values were satisfactory [5]. 

N3A 100 
In the ILC AOX 15/2016 75 % of the results evaluated 
based En values were satisfactory [5]. 

P2A 75 
In the ILC AOX 15/2016 67 % of the results evaluated 
based En values were satisfactory [5]. 

http://www.syke.fi/envical/en
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5 Summary 

Proftest SYKE carried out the interlaboratory comparison (ILC) for AOX analysis in waters in August-

September 2022 (AOX 07/2022). Three types of samples were delivered to the participants: synthetic 

sample, river water sample as well as pulp and paper industry wastewater sample. Altogether five par-

ticipants joined in the ILC. 

The used assigned values were based on the mean value of the homogeneity test results of the expert la-

boratory. The performance of the participants was evaluated by using the scores based on the difference 

of the participant’s result and the assigned value, D% values, and En scores. In this interlaboratory com-

parison 90 % of the results based on En scores were satisfactory. The performance of the laboratories 

was higher than in 2016 when 81 % of the results were satisfactory based on En scores [5]. In this ILC, 

90 % of the D% values were ≤ |15 %|. 

6 Summary in Finnish 

Proftest SYKE järjesti vertailumittauksen AOX määrityksiä vesistä tekeville laboratorioille elo-syys-

kuussa 2022 (AOX 07/2022). Vertailumittauksessa testattiin AOX määritykset synteettisestä näytteestä, 

massa- ja paperiteollisuuden jätevedestä sekä jokivedestä. Vertailumittauksessa oli 5 osallistujaa. 

Testisuureen vertailuarvona käytettiin asiantuntijalaboratorion homogeenisuustestausten mittaustulosten 

keskiarvoa. Tuloksien arvioinnissa käytettiin osallistujatuloksen ja vertailuarvon välistä erotusta, D%- 

arvoa, sekä En-arvoja. Jälkimmäisessä huomioitiin osallistujien tulosten laajennettu mittausepävarmuus 

sekä vertailuarvon epävarmuus. Koko tulosaineistossa oli 90 % hyväksyttäviä tuloksia En-arvoilla arvi-

oituna. Hyväksyttävien tulosten määrä oli En-arvoihin perustuvassa arvioinnissa korkeampi kuin edelli-

sessä vuoden 2016 vertailussa, jolloin hyväksyttäviä tuloksia oli 81 % [5]. Vertailumittauksessa 90 % 

D%-arvoista oli ≤ |15 %|. 
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Appendix 1. Participants in the interlaboratory comparison 

Country Participant 

Finland Eurofins Nab Labs, Pori 

  KVVY Tutkimus Oy, Tampere 

  Stora Enso Oyj Research Centre Imatra 

  UPM-Kymmene Oyj, Pietarsaari 

    

Sweden Cellulosa och miljölaboratoriet, Iggesund 
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Appendix 2. Sample preparation  

 

 
A1A 
µg/l 

N3A 
µg/l 

P2A 
mg/l 

AOX Initial concentration - 28 0.85 

Addition 
ClC6H4COOH (Fluka) 

75 

ClC6H4COOH (Fluka) 

122 

ClC6H4COOH (Fluka) 

0.35 

Assigned value 72.2 146 1.14 

First letter of the sample code indicates the sample matrix:  

A = Synthetic sample  

N = Natural water  

P = Pulp and paper industrial wastewater  
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Appendix 3. Homogeneity of the samples  

Homogeneity was tested from duplicate measurements of selected measurement from four to six samples 

of each sample types. 

Criteria for homogeneity: 

  sanal/sh<0.5 and ssam
2<c, where 

 

sh = standard deviation for homogeneity test 

sanal = analytical deviation, standard deviation of the results in a sub-samples 

ssam = between-sample deviation, standard deviation of the results between sub samples 

 

c = F1 × sall
2 + F2 × sanal

2, where 

sall
2 = (0.3 × sh)2 

F1 and F2 are constants of F distribution derived from the standard statistical tables for the 

tested number of samples [2, 3]. 

 

Measurand/Sample 

[unit]  

Concentration 

 
n sh% sh sanal sanal/sh 

 

sanal/sh<0.5? 

 

ssam
2 c ssam

2<c? 

AOX/A1A [µg/l] 72.2 4 4.7 3.39 0.57 0.17 Yes 3.55 3.61 Yes 

AOX/N3A [µg/l] 146 6 6.1 8.91 4.39 0.49 Yes 4.63 48.5 Yes 

AOX/P2A [mg/l] 1.14 6 4.3 0.05 0.02 0.49 Yes 0.0001 0.002 Yes 

Conclusion:  All criteria for homogeneity were fulfilled and the samples could be considered  

homogenous. 
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Appendix 4. Feedback from the interlaboratory comparison 

Feedback from the participants  

Participant Comments to the results Action / Proftest SYKE 

4 The participant reported the result for sample P2A in 
wrong unit. 

Due to low number of results the provider 
asked the participants to correct results in 
the requested unit.  

Feedback to the participants 

Participant Comments 

4, 5 The participants did not return the sample arrival document to the organizer. The participants 
should follow the instructions. 

1, 4 The deviation of replicate results was high in the following cases: sample A1A participant 4, sam-
ple P2A participant 1. Thus, their results were Cochran outliers. The organizer recommends the 
participants to validate their accepted deviation for replicate measurements. The participants are 
recommended to check the allowed difference for the parallel results. 
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Appendix 5. The assigned values and their uncertainties 

  

Measurand Sample Unit Assigned value Upt Upt, % Evaluation method of assigned value 

AOX A1A µg/l 72.2 1.9 2.7 Mean of homogeneity results 

  N3A µg/l 146 4 2.7 Mean of homogeneity results 

  P2A mg/l 1.14 0.05 4.0 Mean of homogeneity results 
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Appendix 6. Terms in the results tables  

The information could be applied according to the PT.  

Measurand  The tested parameter 

Sample  The code of the sample  

Assigned value  The value attributed to a particular property of a proficiency test item 

Participant’s result The result reported by the participant (when replicate results are reported, the 

mean value) 

2 × spt % The standard deviation for proficiency assessment (spt) at the 95 % confidence 

level 

z score Used for the participant’s performance evaluation in the PT.  

Calculated with formula: 

z = (xi - xpt)/spt, where 

   xi = the result of the individual participant 

   xpt = the assigned value 

   spt = the standard deviation for proficiency assessment  

Interpretation of the z scores  

 z   2 Satisfactory 

2 <  z  < 3 Questionable (warning signal), the result deviates more  

than 2 × spt from the assigned value. 

| z   3 Unsatisfactory (action signal), the result deviates more  

than 3 × spt from the assigned value. 

En score  Error, normalized – Used to evaluate the difference between the assigned value 

and participant’s result within their claimed expanded uncertainty. Calculated 

with formula: 

(𝐸𝑛)𝑖 =
𝑥𝑖−𝑥𝑝𝑡

√𝑈𝑖
2+ 𝑈𝑝𝑡

2
 , where 

Ui = the expanded uncertainty of a participant’s result 

Upt = the expanded uncertainty of the assigned value  

Interpretation of the En scores  

| En |  1.0 Satisfactory, should be taken as an indicator of successful 

performance when the uncertainties are valid. 

| En | > 1.0 Unsatisfactory (action signal), could indicate a need to re-

view the uncertainty estimates, or to correct a measurement 

issue. 

Md  Median 

s   Standard deviation 

s %  Standard deviation, % 

nstat  Number of results in statistical processing 

More information of the statistical calculations in international standards ISO/IEC 17043 and ISO 

13528 as well as in Proftest SYKE Guide for participants [1, 2, 4].
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Appendix 7. Results of each participant  

  
Participant 1 

Measurand Unit Sample Assigned value Participant's result Md Mean s s % nstat 

AOX µg/l A1A 72.2 71.9 72.3 73.2 5.2 7.1 5 

 µg/l N3A 146 141 141 140 7 4.7 3 

 mg/l P2A 1.14 1.34 1.16 1.17 0.12 10.4 5 

  
Participant 2 

Measurand Unit Sample Assigned value Participant's result Md Mean s s % nstat 

AOX µg/l A1A 72.2 75.9 72.3 73.2 5.2 7.1 5 

 mg/l P2A 1.14 1.19 1.16 1.17 0.12 10.4 5 

  
Participant 3 

Measurand Unit Sample Assigned value Participant's result Md Mean s s % nstat 

AOX µg/l A1A 72.2 66.0 72.3 73.2 5.2 7.1 5 

 µg/l N3A 146 134 141 140 7 4.7 3 

 mg/l P2A 1.14 1.00 1.16 1.17 0.12 10.4 5 

  
Participant 4 

Measurand Unit Sample Assigned value Participant's result Md Mean s s % nstat 

AOX µg/l A1A 72.2 72.3 72.3 73.2 5.2 7.1 5 

 µg/l N3A 146 147 141 140 7 4.7 3 

 mg/l P2A 1.14 1.15 1.16 1.17 0.12 10.4 5 

  
Participant 5 

Measurand Unit Sample Assigned value Participant's result Md Mean s s % nstat 

AOX µg/l A1A 72.2 80.0 72.3 73.2 5.2 7.1 5 

 mg/l P2A 1.14 1.16 1.16 1.17 0.12 10.4 5 
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Appendix 8. Results of participants and their uncertainties  

In figures:  

• The dashed lines describe the standard deviation for the proficiency assessment, the red solid 

line shows the assigned value, the shaded area describes the expanded uncertainty of the as-

signed value, and the arrow describes the value outside the scale. 
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Appendix 9. Summaries of the En scores and D% values  

En scores 

Measurand Sample 1 2 3 4 5 % 

AOX A1A 0.0 0.4 . 0.0 0.6 100 

  N3A -0.2 . . 0.0 . 100 

  P2A 1.4 0.3 . 0.1 0.1 75.0 

%   67 100   100 100   

-1.0 < En < 1.0 - satisfactory 
En > 1.0 or En < -1.0 - unsatisfactory 
% - percentage of satisfactory results 

  

 Satisfactory results, in total %: 90 

 

D% values 

Measurand Sample 1 2 3 4 5 

AOX A1A -0.4 5.1 -8.6 0.1 10.8 

  N3A -3.4 . -8.6 0.3 . 

  P2A 17.1 4.1 -12.7 0.9 1.8 

The D % values D % values > | 15 % | written in italics (approximately evaluation). 

The share of D % values ≤ | 15 % |, in total %: 90 
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Appendix 10. Results grouped according to the methods  

The explanations for the figures are described in the Appendix 9. The results are shown in ascending 

order. 
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Appendix 11. Examples of measurement uncertainties reported by 

the participants 

In figures, the presented expanded measurement uncertainties are grouped according to the method of 

evaluation at 95 % confidence level (k=2). The expanded uncertainties were evaluated mainly by using 

the internal quality control (IQC) data. The used procedures in figures below are distinguished e.g. be-

tween using or not using the MUkit software for uncertainty evaluation [7, 8]. 
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