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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.
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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
0,0025
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Table 3
Participants ' results
Laboratory code pH value Extended uncertainty, pH
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

1,255*)2
14

X* - robust average value;

s* - robust standard deviation;

p —number of participants;

u,- standard uncertainty of the assigned value X. [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 0,01<0,04.

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

u,<0,30

then the uncertainty of the assigned value of u,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
0,005<0,014. 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, pH 1-processing 2-processing
0 =0,025 0 =0,025
x*- 0=7,34 x*- 0=7,34
x*+ 0=7,46 xX*+ 0=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 74
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 7,4 7,4 7,4
value, x*
Robust standard
deviation, s* 0,037 0,05 0,05
Evaluation of the functioning characteristics
Table 5
Evaluation of a quantitative indicator
Laboratory code Meaning pH Extended uncertainty, pH z
Laboratory 1 7,36 0,06 -1,11
Laboratory 2 7,15 0,1 576
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 74 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)/o

x — measurement result of the participating laboratory,
X —assigned value.
o — standard deviation for the qualification assessment.
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The performance characteristic is evaluated as follows:

at |zl <2 -the quality of the test results is recognized as satisfactory;

at 2 < Izl < 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 (1z| <2), which corresponds to satisfactory performance of the work, and Laboratory 2 exceeded
the limits of the permissible values (Iz| > 3), which corresponds to unsatisfactory performance of the
work in the field of pH determination.
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Bb.Y. baiixoxaesa, A.K. JKymaraan., A.E. MoaagaxmeToBa
A.H.I'ymures amoindazor Eypasus yammorx yHusepcumenmi
Hyp-Cyaman x., Kasaxcman Pecnydauxacol

Bygepaik epitinaiageri pH eamey HaTIKeaepiH caabICTBIPY

Angaarna. KaxxeTTiZikTiH ecyiHiH HoTMKecCiHAe 3epTXaHaapaAblK CaABICTBIPY OTKi3y KesiHae
TipeK MoHIiH TaHAayAbl 3epAeley MaHbI3bI Oap >KoHe OJaH Ja acTaM ©3eKTi 00AbII Keaeai. bepiaren mon
0i4iKTiZIKTi TeKcepyre KaTBICYIIBLAapABIH HOTIKeAepiH CaABICTBIPY Ke3iHAe TipeK HyKTeci 0OOABIIT
TabbLaaAbl. JKui GiaikTiZiKTi Tekcepy mpoBaiidepAaepi TaralibIlHAaAFaH MoHALI TaHAAy KesiHAe OipkaTap
npo0aeMaaapra Tall 004aAbl. 3epTXaHaapaAblK CaABICTHIPY HOTUIKeAepiH TOABIK Taljay 3epTXaHAHbBIH
KY3BIPETTiAiriH 4941 eMec OaralayFa okeleAi, OyA KaTBICYIIbI-3epTXaHaHBIH aKKpeAUTTeY aTTeCTalllsChIH
KallTapblll aly¥a bIKIIal eTeAl.

bya makaaaaga TOCT ISO/IEC 17043-2013 ycbiHFaH OapABIK CTaTUCTMKAABIK TaljayAapAbIH
MasMYHBIMEH TypAbIH OacblHaH asIfFbIHAa AeMiH 3epTXaHaapaAblK CaABICTBIPY HOTUKeAePiH TOABIK
CTaTUCTUKAABIK TalAayAbl YChIHYFa 9peKeT >KacaaAbl.

Bydepaik epiringigeri pH eamemaepiniy MeTpoaornsaaplk OakblaaHYBIH KaMTaMachl3 eTyre
OarbITTaAFaH Ka3zakcraHHbBIH ChIHAK, 3epTxaHaJapblHAa KyprisiareHn 3epTxaHaapaAablK
CaABICTBHIPYAAapABIH HOTIKeAepi YCHIHBIAFaH. bydepaik epiTiHAiHIH Tipek MoHJAepi MeMAeKeTTiK
FBLABIMIU METPOAOIUAABIK OPTaAbIKTa aHbIKTaAFaH.

Tyiin ces3aep: KadarasdaHysl; pedepeHTTIK 3epTXaHa; MeTpPOAOTNUs; CBHIHAK 3€pPTXaHachl;
3epTxaHaapaAablK CaAbICTHIPY.

b.V. baixoxaesa, A.K. X Kymaraan, A.E. Moaagaxmerosa
Espasutickuti nayuonaronvii yrusepcumem um./1.H.I'ymuresa
Hyp-Cyaman, Kasaxcman

Canuenne pesyabTatos nsmepenuii pH B 6ygepaom pacTsope

Annotarmms. Bospacraer HeoOXOAMMOCTh M3y4yeHUs BbIOOpa IIPUIIMCAHHOTO 3HAY€HMUs IPU
IIpOBeJeHIUN MeXXAaOOpaTOPHBIX CAMYEHUII, YTO CTAaHOBUTCS Bce OoJee aKTyaAbHBIM BOIIPOCOM,
IIOCKOABKY HPUIIMCAaHHOe 3HadeHMe SBASEeTCS OIOPHOM TOYKOM IpM CpaBHEHUU pe3yAbTaToB
YJaCTHUKOB  KBaAM(pUKAIIMOHHOIO TecTa. 3adacTyl0 IpoBalidepbl IIPOBEpPKM KBaAMpUKaIUu
CTaAKUBAIOTCS C PsSAOM HpoOaeM mpu BeIOOpe IIpUMOMCaHHOTO 3HadeHu:A. Heroanbni anaams
pesyapTaToB MeXXAaODOpaTOPHBIX CAMYEHUII IIPUBOAUT K HETOYHOIM OIleHKe KOMIIeT@HTHOCTU
aabopaTopuy, 4YTO CIIOCOOCTByeT aHHyAMPOBaHMIO cepTuduUKaTa aTTecTalun y4acTHMKa-
AabopaTopun.

B aannoit crathe mpeanpuHATa MOMBITKA IIPeAOCTaBAEHN IOAHOTO CTaTUCTUYECKOTO aHaAM3a
pe3yabTaToB MeXXKAaDOpaTOPHBIX CAMYEHMII C Hadada AO 3aBepIIeHMsl Typa C COgep>KaHMeM Bcex
CTaTUCTUIECKUX aHaan308B, pekomeHAoBaHHbIX B TOCT ISO/IEC 17043-2013.

IIpeacTaBaeHBl pe3yabTaThl MeXXKAaOOPATOPHBIX CANYEHMI, IPOBEJEHHBIX B MCIIBITaTeAbHBIX
aabopatopmax — Kasaxcrana, KOTopple  HampaBAeHBI Ha  ODecrledyeHne  MeTPOAOTMYECKON
npocaexxnsaeMocTt musmepenmii pH B OydepHom pactBope. DrasoHHBIe 3HaueHUs OydepHOro
pacTBOpa onpejeaeHsl B TOCyAapCTBeHHBIM HayYHOM MeTPOAOTMYEeCKOM IIeHTpe.

KaroueBbie caoBa: 1pocaeXxmBaeMoCTb, pedepeHTHast —aabopaTopus,  MeTpPOAOTH,
UCIIbITaTeAbHas AabopaTopus, MexXKAabopaTOpHOe CANYeHNe.
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