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Comparison of the results of pH measurements in a buffer solution 

Abstract. As a result of the increasing need to study the choice of the assigned value 

during the inter-laboratory comparisons is becoming more and more relevant. Since the 

assigned value is a reference point when comparing the results of the participants of the 

qualification test. Frequently, qualification verification providers face a number of 

problems when choosing the assigned value. An incomplete analysis of the results of 

interlaboratory comparisons will lead to an inaccurate assessment of the competence of 

the laboratory, which contributes to the revocation of the certification of the accreditation 

of the laboratory participant. 

This article attempts to provide a complete statistical analysis of the results of 

interlaboratory comparisons from the beginning to the end of the tour with the content of 

all statistical analyses recommended in GOST ISO/IEC 17043-2013. 

The results of interlaboratory comparisons conducted in testing laboratories of 

Kazakhstan aimed at ensuring metrological traceability of pH measurements in a buffer 

solution are presented. The reference values of the buffer solution are determined in the 

state scientific metrological center. 

Keywords: Traceability; reference laboratory; metrology; testing laboratory; 

interlaboratory comparison. 
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Introduction 

 

The relevance of the article. Participation in interlaboratory comparisons is one of the 

mandatory conditions for confirming the technical competence of the laboratory in accordance with 

GOST ISO/IEC 17025-2019, one of the forms of quality management of measurement results in 

laboratories (clause 7.7 of GOST ISO/IEC 17025-2019). [1]       

Interlaboratory comparisons are a necessary and effective tool for ensuring the uniformity of 

measurements in the country and the quality of measurements in laboratories. Interlaboratory 

comparisons - organization, execution and evaluation of measurements or tests of the same or several 

similar samples by two or more laboratories in accordance with pre-established conditions. [2] 

Research methods: alternative experimental methods and robust statistical methods. 

The main part. The interlaboratory comparisons considered in this article were carried out 

according to the MLS schedule for 2020. [3] 

The purpose of the work was to check the competence of the laboratory by means of 

interlaboratory comparisons. The subject of verification is the technological, informational and 

methodological support of the traceability of measurements in testing laboratories (IL). 

The test was aimed at assessing the comparability of the results of laboratory measurements in 

sludge when determining the pH in a buffer solution. 

10 IL were taken in interlaboratory comparisons. 

The measurement results obtained during interlaboratory comparisons can be further used by 

laboratories for internal control of their performance indicators. 

The article presents the specific results of the participants with a detailed statistical analysis in 

accordance with GOST ISO/IEC 17043-2013 and ST RK ISO 13528-2010. 

The coordinator of the comparisons was RSE "KazInMetr". Certificate of accreditation no. KZ. C. 

01. 1512 is valid for"05" August 2024. [4] 

The comparison program "Determination of pH in buffer solution" involved 10 laboratories with 

different pH measurement technologies. It shows the level of acids and alkalis in the water, determining  
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what effect this can have on plants and fish. This indicator is an important indicator that affects a 

person's well-being. The deviation of this value from the norm indicates problems in the water supply, 

which should be paid attention to. 

 

Description of samples for qualification testing 

 

The sample of the qualification verification program was the state standard sample (GSO) pH of 

the reference buffer solution of the 2nd category of EBR2 7.41 pH, which is an aqueous solution of 

potassium dihydrophosphate and sodium monohydrophosphate. Extended uncertainty of the assigned 

value (k=2, P=95%) ±0.01 pH. The assigned value of the sample was established by an experimental 

calculation method according to the procedure for preparing GSO. 

Traceability of the assigned value is ensured by using a standard sample of the 2nd category, an 

aqueous solution of sodium tetraborate 10-water; traceability to the standards of units of mass and 

volume is ensured by using verified scales, measuring flasks in accordance with State verification 

schemes for measuring mass and volume. 

The samples were labeled, divided into portions with the indication of the sample code. In order 

to maintain confidentiality, the correspondence of the cipher of the sample and the participant of the 

comparisons was available only to one of the comparison coordinators. 

The delivery of all samples was carried out simultaneously. All samples were tested for stability 

and uniformity before delivery. The results of uniformity and stability are presented in Tables 1, 2. 

 

Table 1 

Data for checking uniformity 

Bottle number Serving 1 Serving  2 

3 7,413 7,416 

8 7,417 7,415 

6 7,409 7,416 

11 7,416 7,413 

14 7,407 7,404 

20 7,41 7,414 

27 7,408 7,411 

26 7,412 7,409 

38 7,406 7,412 

41 7,408 7,404 

General average 7,41100 

SKO (Sx), standard deviation 0,00357 

Sw, sample standard deviation for all samples 0,00288 

Ss, standard deviation between samples 0,00293 

 

Table 2 

Data for checking  stability 

Bottle number Serving 1 Serving 2 

74 7,413 7,416 

94 7,412 7,413 

General average 7,4135 

Deviation 0,0025 
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Table 3  

Participants ' results 

Laboratory code pH value Extended uncertainty, сН 

Laboratory 1 7,36 0,06 

Laboratory 2 7,15 0,1 

Laboratory 3 7,5 0,2 

Laboratory 4 7,42 0,04 

Laboratory 5 7,4 0,1 

Laboratory 6 7,4 0,08 

Laboratory 7 7,43 0,1 

Laboratory 8 7,42 0,06 

Laboratory 9 7,38 0,08 

Laboratory 10 7,32 0,1 

 

Comparison of the assigned value with the robust average 

 

In accordance with ST RK ISO 13528: if a standard sample is used as a sample for checking 

qualifications, then after the participants have made measurements, the robust average value of x*, 

estimated from the results of the participants ' measurements, should be compared with the assigned 

value of X. In this case, the inequality must be fulfilled:  

x*-X 2 √
         

 
   

  

х* - robust average value; 

s* - robust standard deviation; 

p – number of participants; 

  - standard uncertainty of the assigned value Х. [5] 

The robust mean value and robust standard deviation are determined in accordance with the 

Annex to the ST RK ISO 13528-2010. The robust mean value is 7.40 pH, the robust standard deviation is 

0.05 pH. [6]   

The results of checking the inequality: the deviation from the assigned value with the 

uncertainty of the difference is 0,010,04. 

The choice of statistics for evaluating the characteristics of functioning 

In accordance with GOST ISO/IEC 17043 and ST RK ISO 13528, the performance characteristics of the 

participants are evaluated using the quantitative indicator z. The use of the z indicator is valid only if 

the conditions for limiting the uncertainty of the assigned value are met. If 

  0,3  

then the uncertainty of the assigned value of   is insignificant, and there is no need to take it 

into account when interpreting the results of the qualification check. If the condition is not met, then the 

uncertainty of the assigned value should be taken into account when interpreting the test results using 

appropriate quantitative indicators. 

The results of checking the condition for limiting the uncertainty of the assigned value are 

0,0050,014. This means that the z indicator will be used to evaluate the functioning characteristics of 

the listed measured values, which does not take into account the amount of uncertainty of the assigned 

value. 

The standard deviation for the qualification assessment was determined from the data obtained 

from the cycle of the qualification verification project, calculated using the robust analysis of Algorithm 

A in Appendix C given by ST RK ISO/IEC 13528-2010. 
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Table 4 

Robust analysis 

Laboratory code Measuredvalue, сН 1-processing 2-processing 

  δ =0,025 

х*- δ=7,34 

х*+ δ=7,46 

δ =0,025 

х*- δ=7,34 

х*+ δ=7,46 

Laboratory 1 7,36 7,36 7,36 

Laboratory 2 7,15 7,34 7,34 

Laboratory 3 7,5 7,46 7,46 

Laboratory 4 7,42 7,42 7,42 

Laboratory 5 7,4 7,4 7,4 

Laboratory 6 7,4 7,4 7,4 

Laboratory 7 7,43 7,43 7,43 

Laboratory 8 7,42 7,42 7,42 

Laboratory 9 7,38 7,38 7,38 

Laboratory 10 7,32 7,34 7,34 

Robust average 

value, х* 

Robust standard 

deviation, s* 

7,4 

 

 

0,037 

7,4 

 

 

0,05 

7,4 

 

 

0,05 

 

Evaluation of the functioning characteristics 

Table 5  

Evaluation of a quantitative indicator 

Laboratory code Meaning сН Extended uncertainty, сН z 

Laboratory 1 7,36 0,06 -1,11 

Laboratory 2 7,15 0,1 -5,76 

Laboratory 3 7,5 0,2 1,99 

Laboratory 4 7,42 0,04 0,22 

Laboratory  5 7,4 0,1 -0,22 

Laboratory 6 7,4 0,08 -0,22 

Laboratory 7 7,43 0,1 0,44 

Laboratory 8 7,42 0,06 0,22 

Laboratory 9 7,38 0,08 -0,66 

Laboratory 10 7,32 0,1 -1,99 

 

The evaluation of the characteristics of the functioning of the laboratory was carried out 

according to the quantitative indicator z according to the formula: 

 

z=(x-X)/  

х – measurement result of the participating laboratory,  

Х – assigned value.  

  – standard deviation for the qualification assessment. 
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The performance characteristic is evaluated as follows: 

at |z| ≤ 2  -the quality of the test results is recognized as satisfactory; 

at 2 < |z| ≤ 3 -the quality of the test results is considered doubtful and subject to additional 

verification; 

at |z | > 3-the quality of the test results is considered unsatisfactory. 

 

Conclusion 

 

The analysis of the measurement results presented by the laboratories participating in the 

comparisons showed that the majority of the participants in the comparisons successfully coped with 

the task of measuring the controlled indicators. 

The conducted interlaboratory comparison to ensure the reliability of measurements can be 

considered as a metrological certification of a standard sample. Such a model will allow laboratories to 

participate in interlaboratory comparisons without a certified standard sample, which significantly 

affects the absence of a standard sample in medical laboratories. 

The values of the z indicators except for Laboratory 2 did not exceed the limits of the permissible 

values (|z| ≤ 2), which corresponds to satisfactory performance of the work, and Laboratory 2 exceeded 

the limits of the permissible values (|z| > 3), which corresponds to unsatisfactory performance of the 

work in the field of pH determination. 
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Буфеслік есітіндідегі сH өлшеу нәтижелесін талыттысу 

 

Аодатра. Қажеттіліктіо өтуініо нәтижетінде зестханаасалық талыттысу өткізу кезінде 

тісек мәнін таодауды зесделеу маоызы бас және пдан да аттам өзекті бплыр келеді. Бесілген мән 

біліктілікті тектесуге қатытушыласдыо нәтижелесін талыттысу кезінде тісек нүктеті бплыр 

табылады. Жиі біліктілікті тектесу рспвайдеслесі тағайындалған мәнді таодау кезінде бісқатас 

рспблемаласға тар бплады.  Зестханаасалық талыттысу нәтижелесін тплық талдау зестхананыо 

құзысеттілігін дәл емет бағалауға әкеледі, бұл қатытушы-зестхананыо аккседиттеу аттеттациятын 

қайтасыр алуға ықрал етеді. 

Бұл мақалада ГОСТ ISO/IEC 17043-2013 ұтынған баслық ттатиттикалық талдауласдыо 

мазмұнымен тусдыо батынан аяғына дейін зестханаасалық талыттысу нәтижелесін тплық 

ттатиттикалық талдауды ұтынуға әсекет жаталды. 

Буфеслік есітіндідегі сН өлшемдесініо метсплпгиялық бақылануын қамтаматыз етуге 

бағытталған Қазақттанныо тынақ зестханаласында жүсгізілген зестханаасалық 

талыттысуласдыо нәтижелесі ұтынылған. Буфеслік есітіндініо тісек мәндесі мемлекеттік 

ғылыми метсплпгиялық псталықта анықталған.  

Түйін төздес: қадағалануы; сефесенттік зестхана; метсплпгия; тынақ зестханаты; 

зестханаасалық талыттысу. 
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Сличение сезультатпв измесений сН в буфеснпм саттвпсе 

 

Аннптация. Впзсаттает  непбхпдимптть  изучения выбпса рсиританнпгп значения рси 

рспведении межлабпсатпсных тличений, чтп ттанпвиття вте бплее актуальным впрсптпм, 

рпткпльку рсиританнпе значение являеття прпснпй тпчкпй рси тсавнении сезультатпв 

учаттникпв квалификаципннпгп тетта. Зачаттую рспвайдесы рспвески квалификации 

тталкиваюття т сядпм рспблем рси выбпсе рсиританнпгп значения. Нерплный анализ 

сезультатпв межлабпсатпсных тличений рсивпдит к нетпчнпй пценке кпмретентнптти 

лабпсатпсии, чтп трптпбттвует  аннулиспванию тестификата аттеттации  учаттника-

лабпсатпсии. 

В даннпй ттатье рседрсинята рпрытка рседпттавления рплнпгп ттатиттичеткпгп анализа 

сезультатпв межлабпсатпсных тличений т начала дп завесшения туса т тпдесжанием втех 

ттатиттичетких анализпв, секпмендпванных в ГОСТ ISO/IEC 17043-2013. 

Пседттавлены сезультаты межлабпсатпсных тличений, рспведенных в итрытательных 

лабпсатпсиях Казахттана, кптпсые нарсавлены на пбетречение метсплпгичеткпй 

рсптлеживаемптти измесений сН в буфеснпм саттвпсе. Эталпнные значения буфеснпгп 

саттвпса прседелены в гптудасттвенным научнпм метсплпгичеткпм центсе.  

Ключевые тлпва: рсптлеживаемптть, сефесентная лабпсатпсия, метсплпгия, 

итрытательная лабпсатпсия, межлабпсатпснпе тличение. 
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