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Abstract
Accuracy and repeatability of the results obtained by potentiometric
determination mostly depend on the stoichiometric ratio between the quantity of titrant
used and the quantity of sample to be examined. During the optimization of the method,
care should be taken to adjust the sample amount to provide suitable volume of titrant,
in order to avoid the titration error with consumption above 90% of the total burette
volume. In this study suitable approach for optimization of method for potentiometric
titration of glycine with 0.1 M perchloric acid was demonstrated, followed by
evaluation of measurement uncertainty of the results. The results obtained from the
method validation study (statistical error as estimate for precision, and proportional
systematic error and additional systematic error as estimates of bias) were used for
estimation of uncertainty of measurement of the result, using top-down approach.
Comparable estimates for combined (0.5%) and expanded uncertainty (1.0%) were also
obtained using two different approaches: bottom-up approach and top-down approach
using data from participation in proficiency testing studies.

Key words: potentiometric titration, measurement uncertainty, bottom-up / top-down
approach

Introduction

Potentiometric titration is a non-specific, but a very precise method, playing an
important role in quantitative pharmaceutical analysis. Individual monographs in
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European Pharmacopeia (Ph. Eur.) describe potentiometric titration methods for the
quantitative determination of the active substances, whenever the identification and
purity tests are sufficiently characteristic and specific. All analytical procedures
described in individual monographs are validated in accordance with the accepted
scientific practice and recommendations on analytical validation, therefore validation of
these procedures in routine analysis is not performed, as long as the described analytical
procedure and reporting instructions are strictly followed and system suitability criteria
are fulfilled. In certain cases, in order to permit the use of standard titration equipment,
the quantity of the sample taken for the potentiometric titration, should be adjusted to
enable titrant consumption in the range between 20% and 90% of the total burette
volume. The total consumption volume can be estimated from the stoichiometric ratio
of the chemical reaction between the analyte and titrant, and the amount of sample can
be adjusted according to the available equipment. Whenever adjustments are made to
the analytical procedure, suitability of the method has to be demonstrated following
formal validation procedures and taking into account the estimated uncertainty of
measurement (Council of Europe, 2021; EDQM of the Council of Europe, 2015; OMCL
Network/EDQM of the Council of Europe, 2020a).
Glycine (C2H5NO2) is the simplest (and the only achiral) amino acid, with a
hydrogen atom as its side chain. It has a role as a nutraceutical, a hepatoprotective
agent, a micronutrient, a fundamental metabolite, and a neurotransmitter (Glycine, n.d.).
The quantitative test for the quality control of glycine, described in Ph. Eur. monograph
01/2017:0614 is based on titration with 0.1 M perchloric acid, using potentiometric
determination of the endpoint. The estimated quantity of glycine to be used according to
this method requires consumption of about 9.3 mL of 0.1 M perchloric acid, volumetric
solution. Therefore, titration of glycin according to Ph. Eur. monograph requires more
than 90% of the total burette volume when using standard titration equipment with a
10.0 mL burette, which is the most common predefined configuration of the automated
instrument for potentiometric titration used in most laboratories. In order to provide
consumption in the range between 20% and 90% of the total burette volume, the amount
of glycine stated in the monograph should be adjusted, which requires a validation study
and evaluation of measurement uncertainty in order to verify the fitness for purpose of
the adjusted method (Magnusson and Örnemark, 2014). Several approaches for
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evaluation of measurement uncertainty in potentiometric titrations were described (Liv,
2021; Rodomonte et al., 2006). The bottom-up approach is based on evaluation of the
uncertainty arising from each individual source and combination of the individual
values for uncertainty using statistical processes (Joint Committee for Guides in
Metrology (JCGM/WG1), 2008). The top-down approach is based on estimation of the
combined contribution to the uncertainty, using method performance data (e.g.
validation study data, collaborative study data, proficiency testing study data, control
charts, and data from testing certified reference materials). When using this approach, it
has to be provided that the method is used within the scope and demonstrating the
relevance to prior studies (e.g. comparable precision, satisfactory performance, and
quality control results compliant with the established analytical acceptance criteria)
(Barwick and Ellison, 2000; Elison and Williams, 2012; OMCL Network/EDQM of the
Council of Europe, 2020b, 2020c).
The aim of this study was to optimize the method for potentiometric titration of
glycine, by adjusting the proposed amount of the sample to the available burette volume
and to evaluate the measurement uncertainty using validation data (top-down approach)
as a proof for the accuracy and precision of the results. In order to demonstrate the
applicability of this approach, the obtained uncertainty estimate was compared to
uncertainty estimates obtained using bottom-up approach according to the guidelines for
evaluation of uncertainty in measurement (Elison and Williams, 2012; Joint Committee
for Guides in Metrology (JCGM/WG1), 2008) and top-down approach using data from
participation in proficiency testing studies (PTS) (OMCL Network/EDQM of the
Council of Europe, 2020c).

Materials and methods
Reagents, materials and equipment
Glycine (purity 99.0-101.0%) was obtained from Merck KGaA. Perchloric acid
0.1 M in glacial acetic acid (PCA) volumetric solution (Fisher Chemical) was used for
titration (certified concentration: 1.0002 mol/L). Standardization of volumetric solution
was performed against a primary volumetric standard, potassium hydrogen phthalate,
RV (KHP) purchased from Merck KGaA (100.00% ± 0.05%, k = 2, for approximately
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95% level of confidence). The solvents used for analysis, formic acid (FA) and glacial
acetic acid (GAA), with analytical grade, were obtained from Fisher Chemical.
The titration was performed on DL 50 METTLER TOLEDO potentiometric
titrator, equipped with automatic burette with capacity of 10 mL, qualified according to
the OMCL guideline for qualification of automatic titrators (OMCL Network/EDQM of
the Council of Europe, 2020d) and analytical balance (Sartorius BP221S, d = 0.1 mg)
calibrated and verified according to OMCL guideline for qualification of Balances
(OMCL Network/EDQM of the Council of Europe, 2020e).

Standardization of 0.1 M perchloric acid in glacial acetic acid
The volumetric solution, 0.1 M perchloric acid in glacial acetic acid, was
standardized before use according to European Pharmacopoeia, 4.2.2, by titration of
0.170 g of potassium hydrogen phthalate, dissolved in 50 mL of anhydrous acetic acid,
determining the end point potentiometrically.

Determination of content of glycine
45.0 mg of glycine were dissolved in 5 mL of anhydrous formic acid, followed
by the addition of 30 mL of anhydrous acetic acid and immediately titrated with 0.1 M
perchloric acid, determining the end-point potentiometrically. Three independent
determinations were performed.

Validation of the method
The optimized method regarding the amount of glycine was validated according
to the Technical guide for the elaboration of monographs of European pharmacopeia
(EDQM of the Council of Europe, 2015) (hereinafter: Technical guide). Seven different
quantities of glycine (15.1, 22.9, 23.9, 37.1, 46.0, 47.6 and 67.7 mg) were titrated under
the prescribed conditions, in a randomized order to obtain end-point volumes in the
range between 20% and 90% of the total burette volume (10 mL). The obtained data
were analyzed statistically (using Microsoft Excel 2013), and compared against the
acceptance criteria given in the Technical guide (EDQM of the Council of Europe,
2015).
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Estimation of the measurement uncertainty
The measurement uncertainty of the results for the quantitative determination of
glycine, obtained using the optimized method, was estimated by three different
approaches: the bottom-up approach, top-down approach using data from validation
study and top-down approach using data from participation in PTS (Elison and
Williams, 2012; Joint Committee for Guides in Metrology (JCGM/WG1), 2008; OMCL
Network/EDQM of the Council of Europe, 2020c, 2020b).

Results and discussion

In this study, we have optimized and validated a procedure for the quantitative
determination of glycine using automatic titration equipment with 10 mL burette and
potentiometric end-point detection.

Optimization of the method
A method for potentiometric titration of glycine using 0.1 M perchloric acid in
glacial acetic acid was optimized with adjustment of the amount of glycine used for
titration to provide consumption in the range between 20% and 90% of the total burette
volume of 10.0 mL, based on the stoichiometric ratio of the chemical reaction between
glycine and perchloric acid.

Standardization of 0.1 M perchloric acid in glacial acetic acid
The titre of 0.1 M perchloric acid was calculated according to equation (1).

𝑇𝑖𝑡𝑟𝑒(𝑃𝐶𝐴) = 𝑀

𝑚(𝐾𝐻𝑃) ∙ 𝑃(𝐾𝐻𝑃)
(𝐾𝐻𝑃)

∙ 𝑉1 (𝑃𝐶𝐴) ∙ 𝐶(𝑃𝐶𝐴)

(1)

where: 𝑚(𝐾𝐻𝑃) is the mass (mg) of potassium hydrogen phthalate, 𝑃(𝐾𝐻𝑃) is the potency
of potassium hydrogen phthalate stated in the certificate of analysis, 𝑀(𝐾𝐻𝑃) is the molar
mass (g/mol) of potassium hydrogen phthalate (𝑀(𝐾𝐻𝑃) = 204.2), 𝑉1 (𝑃𝐶𝐴) is volume
(mL) of titrant used for titration and 𝐶(𝑃𝐶𝐴) is the nominal concentration of the titrant
(0.1 M).
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The value of 1.008 for the titre was obtained, calculated as mean value of three
independent determinations, with relative standard deviation, RSD = 0.05 %.

Validation of the method
The results obtained from the method validation study were evaluated by linear
regression. The obtained values for the regression equation (𝑦 = 𝑏𝑜𝑏𝑠 ∙ 𝑥 + 𝑎𝑜𝑏𝑠 ), the
slope (𝑏𝑜𝑏𝑠 ), the extrapolated intercept (𝑎𝑜𝑏𝑠 ), and the determination coefficient are
given in Table 1.

Table 1

The results (Table 2) for proportional systematic error (bias), precision
(statistical error), practical relative error, the relative standard deviation, and relative
accuracy were within the acceptance limits stated in Technical guide (EDQM of the
Council of Europe, 2015), except for the additional systematic error (bias).

Table 2

According to the Technical guide, if the first or second criteria are not fulfilled,
but low and acceptable bias at the target titration volume (8 mL ± 1 mL for a 10 mL
burette) are shown, then the criteria for the relative accuracy (practical relative error) at
the target titration volume should be fulfilled (EDQM of the Council of Europe, 2015).
Since the repeatability and accuracy of the titration from 6 replicates are within the
limits, therefore the adjusted procedure is considered verified for use (the criteria for
practical relative error is fulfilled).

Determination of content of glycine
The content of glycine in per cent was calculated using equation (2):

𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝐺𝑙𝑦𝑐𝑖𝑛𝑒 ( %) =

𝐶(𝑃𝐶𝐴) ∙ 𝑀(𝑔𝑙𝑦𝑐𝑖𝑛𝑒) ∙ 𝑉2 (𝑃𝐶𝐴) ∙ 𝑇𝑖𝑡𝑟𝑒(𝑃𝐶𝐴)
1000 ∙ 𝑚(𝑔𝑙𝑦𝑐𝑖𝑛𝑒)
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where: 𝐶(𝑃𝐶𝐴) is the nominal concentration of the perchloric acid (0.1 M), 𝑀(𝑔𝑙𝑦𝑐𝑖𝑛𝑒)
molar mass (g/mol) of glycine, 𝑉2 (𝑃𝐶𝐴) is consumption (mL) of the titrant, 𝑚(𝑔𝑙𝑦𝑐𝑖𝑛𝑒) is
the mass (mg) of glycine and the 𝑇𝑖𝑡𝑒𝑟(𝑃𝐶𝐴) as calculated using equation (1). Three
independent determinations were performed and average value was calculated (Table
3). The selected amount of glycine for the titration (45.0 mg) provided consumption
within the range of linearity of the method.

Table 3

Evaluation of measurement uncertainty
Specification of the measurand and identification of the uncertainty sources The measurand is the content of glycine expressed as per cent, calculated using
equations (1) and (2). The average value of three determinations (99.9 %) was used as
an assigned value. The relevant sources of uncertainty shown in Fig. 1, where identified
using the equations (1) and (2) and are presented in a cause and effect diagram (Ellison
and Barwick, 1998; Kufelnicki et al., 2005).

Fig. 1

Quantification of measurement uncertainty - The uncertainty of measurement of each
source was quantified by evaluating the uncertainty arising from identified uncertainty
sources and then combining them in combined standard uncertainty (bottom-up
approach) and by determining directly the combined contribution to the uncertainty on
the result using method performance data (data from validation study and data from
participation in PTS) (Elison and Williams, 2012; Joint Committee for Guides in
Metrology (JCGM/WG1), 2008; OMCL Network/EDQM of the Council of Europe,
2020c, 2020b).

Quantification of combined standard uncertainty using bottom-up approach - The
standard uncertainties of the molar mass of glycine and KHP were estimated according
to the International Union of Pure and Applied Chemistry (IUPAC) and Commission on
Isotopic Abundances and Atomic Weights (CIAAW) recommendations (Van Der Veen
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et al., 2021). The standard atomic weights of carbon (C), hydrogen (H), nitrogen (N),
oxygen (O) are expressed using the stated interval (𝑎, 𝑏) and the standard uncertainty
(𝑢(𝐴𝑟)) was calculated as:
𝑏−𝑎

𝑢(𝐴𝑟) = 2∙√3

(3)

The standard uncertainty of the standard atomic weight of potassium (K),
expressed as a single value, with the expanded uncertainty given in parenthesis, was
obtained by dividing the stated value by the square root of 3 (Van Der Veen et al.,
2021).
The standard uncertainties of the molar mass for glycine and KHP were
calculated by combining the standard uncertainties of the atomic mass of each element
(𝑢(𝑀𝑥 ) ), multiplied by the corresponding stoichiometric coefficients from the molecular
equations of glycine (C2H5NO2) and KHP (C8H5KO4), using following calculation
equations:

2
2
2
2
𝑢𝑀(𝑔𝑙𝑦𝑐𝑖𝑛𝑒) = √2 ∙ 𝑢(𝑀
+ 5 ∙ 𝑢(𝑀
+ 𝑢(𝑀
+ 2 ∙ 𝑢(𝑀
𝐶)
𝐻)
𝑁)
𝑂)

(4)

2
2
2
2
𝑢𝑀(𝐾𝐻𝑃) = √8 ∙ 𝑢(𝑀
+ 5 ∙ 𝑢(𝑀
+ 𝑢(𝑀
+ 4 ∙ 𝑢(𝑀
𝐶)
𝐻)
𝐾)
𝑂)

(5)

The standard uncertainties of the mass of KHP and glycine were calculated
using the stated uncertainty of measurement of the weighing result (𝑈𝑏 , k = 2, for
approximately 95% level of confidence) from the certificate of calibration of balance
(uncertainty of balance usage):
𝑈𝑏 = (1.32 ∙ 10−4 + 1.25 ∙ 10−5 ∙ 𝑅)

(6)

In the equation (6), 𝑅 was replaced with the values of the measured mass (the
mass of the KHP and glycine) and the obtained values were divided by coverage factor
of 2.
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The standard uncertainty of the purity of KHP was obtained by dividing the
expanded uncertainty stated in the certificate of analysis (100.00% ± 0.05%, k = 2, for
approximately 95% level of confidence) by the coverage factor of 2. The uncertainties
of the delivered volumes of PCA for titration of the volumetric standard KHP and
glycine, from the piston burette (10 mL) were calculated by combining the contributors
arising from the temperature expansion, 𝑢(𝑉𝑇 ) and the uncertainty of the instrument,
𝑢(𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡) , using following equation:
𝑢𝑉(𝑃𝐶𝐴) = √𝑢(𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡) 2 + 𝑢(𝑉𝑇 ) 2

(7)

The instrument's contribution to the uncertainty of the measurement
(𝑢(𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡) ) was calculated using the results for the precision (standard deviation)
and accuracy (systematic deviation (𝑑𝑟𝑒𝑙 )) obtained from the last periodic qualification
of the instrument (OMCL Network/EDQM of the Council of Europe, 2020d).

𝑢(𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡) = √𝑢2 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑢2 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦

(8)

where 𝑢2 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 is standard deviation and 𝑢2 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 is systematic deviation (𝑑𝑟𝑒𝑙 ).
The burette has been calibrated at 20 °C, but the laboratory temperature usually
varies between 16 °C and 24 °C (20 °C ± 4 °C). The uncertainty from the temperature
effect was calculated using equation (9), from the estimate of temperature range and the
coefficient of volume expansion of glacial acetic acid (1.071 ∙ 10−3 ), assuming
rectangular distribution (Acetic Acid, n.d.; Elison and Williams, 2012).

𝑢(𝑉𝑇 ) =

𝑉𝑃𝐶𝐴 ∙4℃∙1.071∙10−3
√3

(9)

The repeatability of the delivered volume and repeatability of the weighing
operation were estimated by the standard deviation, 𝑢(𝑆𝐷) of a number of repeated
determinations of the content of glycine (n = 11).
The estimates for standard uncertainties associated with each contributor,
expressed as relative standard uncertainties, were used to calculate the combined
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standard uncertainty (𝑢 𝑐 ), taking into account that the uncertainty contribution is
associated with the whole procedure and it is expressed as an effect on the final result,
using equation (10) (Elison and Williams, 2012).
𝑢𝑐
% 𝐺𝑙𝑦𝑐𝑖𝑛𝑒
𝑢𝑚(𝐾𝐻𝑃) 2

√(

𝑚(𝐾𝐻𝑃)

𝑢𝑃(𝐾𝐻𝑃) 2

) +(𝑃

(𝐾𝐻𝑃)

=

𝑢𝑀(𝐾𝐻𝑃) 2

𝑢𝑚(𝑔𝑙𝑦𝑐𝑖𝑛𝑒) 2

𝑢𝑀(𝑔𝑙𝑦𝑐𝑖𝑛𝑒) 2

(𝐾𝐻𝑃)

(𝑔𝑙𝑦𝑐𝑖𝑛𝑒)

(𝑔𝑙𝑦𝑐𝑖𝑛𝑒 )

) +(𝑀

) + 𝑢𝑉1 (𝑃𝐶𝐴) 2 + 𝑢(𝑆𝐷) 2 + 𝑢𝑉2 (𝑃𝐶𝐴) 2 + ( 𝑚

) +(𝑀

(10)
Expanded uncertainty 𝑈( % 𝐺𝑙𝑦𝑐𝑖𝑛𝑒) was calculated by multiplying the combined
uncertainty by a coverage factor, k = 2, for approximately 95 % level of confidence.
The values for the standard uncertainties of each individual contributor, combined
standard uncertainty and expanded uncertainty are summarized in Table 4. The result
for the content of glycine can be expressed as 99.9% ± 1.0%, (k = 2, for approximately
95% level of confidence).

Table 4

The estimates for standard uncertainty of each individual source were used for
evaluation of the contributions of the each uncertainty source to the combined standard
uncertainty (Fig. 2).

Fig. 2

From Fig. 2 it is evident that the main contributor to combined standard
uncertainty is the standard uncertainty of repeated determinations (28.0%), followed by
the contribution of the uncertainty of the volume of end-point detection (25.2% and
25.3%) and the contribution of the mass of glycine (14.7%). The uncertainty
contributions of the molar mass of glycine and KHP are negligible (less than one third
of the major contributor) and can be disregarded (Elison and Williams, 2012).
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Quantification of combined standard uncertainty using top-down approach (data from
validation studies) - Validation studies include determination of the method
performance parameters (estimate of the overall precision and bias). Therefore the
obtained data can be applied directly for estimation of the combined standard
uncertainty of the result, provided that the results are obtained by strictly following
analytical procedure, system suitability criteria are fulfilled and comparable precision of
the obtained results with the data from validation study is demonstrated (Elison and
Williams, 2012; OMCL Network/EDQM of the Council of Europe, 2020b).
The results obtained from the method validation study conducted according to
the Technical guide (EDQM of the Council of Europe, 2015) for the estimate of
precision (statistical error) and the estimate of bias (proportional systematic error and
additional systematic error), were used for estimation of combined standard uncertainty,
𝑢𝑐 , (equation 11), according to the approach described in the OMCL guideline
(PA/PH/OMCL (18) 149 R1) (OMCL Network/EDQM of the Council of Europe,
2020b).
𝑢𝑐 = √𝑢(𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛) 2 + 𝑢(𝑏𝑖𝑎𝑠) 2

(11)

where: 𝑢(𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛) is the uncertainty contribution associated with the precision estimate
(statistical error) and 𝑢(𝑏𝑖𝑎𝑠) is the uncertainty contribution associated with the bias
estimate calculated according to equation:

𝑢(𝑏𝑖𝑎𝑠) = √𝑢(𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 𝑠𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝑒𝑟𝑟𝑜𝑟) 2 + 𝑢(𝑠𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝑒𝑟𝑟𝑜𝑟) 2

(12)

The results are shown in Table 5.

Table 5

Taking into account the estimate for the expanded uncertainty obtained using
this approach, the result for the content of glycine can be reported as: (99.9±1.0) %, (k =
2, for approximately 95 % level of confidence).
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Quantification of combined standard uncertainty using top-down approach (data from
PTS) - Proficiency testing is defined as evaluation of the participant performance
against pre-established criteria by means of inter-laboratory comparisons (International
Organization for Standardization, 2017). The estimates for reproducibility standard
deviation and bias provided by the PTS, cover a wide range of possible uncertainty
contributors, including the reception and storage of the samples and performing testing
in the laboratory (Rodomonte et al., 2006). Therefore, these values can be used to
directly calculate the combined standard uncertainty of testing result, which is obtained
by applying the method that was subject of the PTS (Elison & Williams, 2012; OMCL
Network/EDQM of the Council of Europe, 2020c).
According to OMCL guideline: Use of Data from Proficiency Testing Studies
for the Estimation of Measurement Uncertainty (OMCL Network/EDQM of the Council
of Europe, 2020c), combined standard uncertainty of testing result can be estimated
using the laboratory’s own data: repeatability of the test results (estimate of precision)
and the z-score value (estimate of bias); or the data from all participating laboratories in
the PTS: standard deviation of the results within and between participating laboratories
(precision and bias related components) (Eurolab, 2007). In this study, precision and
bias estimates were obtained from successful participation of the laboratory in the PTS
studies for potentiometric determination of glycine, organized by the European
Directorate on the Quality of Medicines (EDQM) (EDQM of the Council of Europe,
2014, 2016, 2018, 2021), using both: laboratory data from single participation and data
from all participating laboratories (excluding the questionable and unsatisfactory
results) (Miller and Miller, 2010).
When using laboratory’s own data from a single participation on PTS (EDQM of
the Council of Europe, 2021), the combined standard uncertainty was calculated using
the repeatability of the test results, according to the equation:

2
𝑢𝑐 = √𝑆𝑤𝑖𝑡ℎ𝑖𝑛−𝑙𝑎𝑏

(13)

where: 𝑆𝑤𝑖𝑡ℎ𝑖𝑛−𝑙𝑎𝑏 is the standard deviation of the test results (three independent
determinations). Due to satisfactory results in the proficiency test round (z-score ≤ 2),
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the bias is not significant and therefore, was discarded (OMCL Network/EDQM of the
Council of Europe, 2020c).
When relying on the results from all participating laboratories, three options
were used to estimate the measurement uncertainty: option A (use of all laboratory
results of a single participation on a PTS (EDQM of the Council of Europe, 2021)),
option B (use of the result of a single participation on a PTS (EDQM of the Council of
Europe, 2021), including the bias component) and option D (use of the result of multiple
participations on a PTS (EDQM of the Council of Europe, 2014, 2016, 2018, 2021),
excluding the bias component).
The combined standard uncertainty, (𝑢𝑐 =𝑆𝑅 ), was estimated from betweenlaboratory reproducibility (EDQM of the Council of Europe, 2021) (𝑆𝑅 ), using option
A, discarding the bias component (z-score ≤ 2).
When option B was used, the precision and bias estimates from PTS (EDQM of
the Council of Europe, 2021), were combined according to equation (11), to calculate
combined uncertainty. The between-laboratory reproducibility standard deviation, (𝑆𝑅 ),
was used as 𝑢(𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛) . The standard uncertainty of the bias 𝑢(𝑏𝑖𝑎𝑠) , was calculated
according to equation:

𝑆𝑏𝑖𝑎𝑠 2

𝑢(𝑏𝑖𝑎𝑠) = √𝑏𝑖𝑎𝑠 2 + (

√𝑛

2
) + 𝑢𝐶𝑟𝑒𝑓

(14)

where: n is the number of independent determinations performed in the laboratory (n =
3), 𝑆𝑏𝑖𝑎𝑠 was standard deviation of the results (within-laboratory repeatability) and
𝑢𝐶𝑟𝑒𝑓 was the uncertainty of the assigned value (EDQM of the Council of Europe,
2021). The bias (∆) was calculated as:
∆= |𝑉𝑎𝑙𝑢𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 − 𝑇𝑟𝑢𝑒 𝑣𝑎𝑙𝑢𝑒|

(15)

where: 𝑉𝑎𝑙𝑢𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 was the mean value of independent determinations and
𝑇𝑟𝑢𝑒 𝑣𝑎𝑙𝑢𝑒 was the assigned value for glycine in the PTS (EDQM of the Council of
Europe, 2021).
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When using option D, the individual between-laboratory reproducibility (EDQM
of the Council of Europe, 2014, 2016, 2018, 2021) (𝑆𝑅 ) (precision component) from six
participations in proficiency test rounds (EDQM of the Council of Europe, 2014, 2016,
2018, 2021) was combined to obtain the pooled standard deviation (𝑆𝑝𝑜𝑜𝑙 ):

𝑗

𝑆𝑝𝑜𝑜𝑙 = √

2
∑𝑖=1 𝐷𝐹𝑖 ∙𝑆𝑅(𝑖)

∑ 𝐷𝐹𝑖

(16)

where: 𝑆𝑅(𝑖) was the between-laboratory reproducibility from each PTS (EDQM of the
Council of Europe, 2014, 2016, 2018, 2021) round and 𝐷𝐹𝑖 represents the degrees of
freedom (DF = n-1, where n is the number of participating laboratories in each PTS).
The combined standard uncertainty 𝑢𝑐 was estimated as the pooled standard deviation
(𝑢𝑐 =𝑆𝑝𝑜𝑜𝑙 ).
The expanded uncertainty 𝑈( % Glycine) was estimated by multiplying the
combined uncertainty by coverage factor, k (k = 2, for approximately 95% level of
confidence).
The results for combined and the expanded uncertainties estimated using data
from participation PTS are shown in Table 6.

Table 6

The obtained results from estimation of the uncertainty of measurement of the
results for potentiometric determination of glycine using data from PTS, indicate that
the values obtained using only precision estimates, excluding the bias component are
underestimated (the result for the combined uncertainty was 0.4% and for expanded
uncertainty was 0.8%). In this case, the options using a single result of participation in
PTS and using results from all participant laboratories in PTS; Options A and D
described in the OMC guideline (OMCL Network/EDQM of the Council of Europe,
2020c) are not applicable, since the bias is a significant contributor to the measurement
uncertainty. This was confirmed also from the results from the validation study (high
value for additional systematic error as an estimate for the bias) and from the bottom-up
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approach (high contribution of the determination of the volume of end-point detection
and the mass of glycine shown in Fig. 1. The results obtained using Option B described
in the OMCL guideline 0.5% and 1.0% for the combined and expanded uncertainty
respectively, are comparable with estimates for measurement uncertainty obtained using
the bottom-up approach and method performance data from validation studies. The
results obtained in this study have shown that all three approaches described, can be
used for evaluation of measurement uncertainty. The cause and effect analysis
performed in the bottom-up approach helped in understanding the effect of different
sources on the measurement uncertainty, revealing the repeatability of the method
(estimate of precision) as the most significant contribution, followed by the contribution
of the determination of volume of end-point detection and the mass of glycine (estimate
of bias), to the measurement uncertainty of the result. Therefore, the bottom-up
approach is more relevant when developing a new analytical method and in the cases
where no method performance data are available. Both top-down approaches are equally
applicable when the bias component is considered in the estimate of the combined
standard uncertainty. The selection of the best approach for evaluation of measurement
uncertainty in routine analysis will depend on the degree of knowledge of the analytical
method and available method performance data.

Conclusion

In this study suitable approach for optimization of potentiometric method was
demonstrated by evaluation of measurement uncertainty for the potentiometric titration
of glycine with 0.1 M perchloric acid. The analytical procedure for quantitative
determination of glycine using potentiometric titration equipment with 10 mL burette
was optimized regarding the quantity of sample, in order to provide consumption below
90% of the total burette volume, and validated. The results obtained from the method
validation study for the estimate of precision (statistical error) and estimate of bias
(proportional systematic error and additional systematic error), were used for estimation
of combined standard uncertainty, 𝑢𝑐 , using top-down approach. The obtained
uncertainty estimate was comparable to uncertainty estimates from bottom-up approach
and top-down approach using data from participation in proficiency testing studies,
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indicating that data from validation study (statistical error as estimate for precision and
proportional systematic error and additional systematic error as estimates of bias) are
suitable for calculating directly the combined contribution to the uncertainty on the
testing result. This approach is simple and suitable for evaluation of measurement
uncertainty whenever deviation of the analytical procedure of a well-established method
is needed or method performance parameters are optimized.
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Резиме
Евалуација на мерната наеодреденост по оптимизација на метод за
потенциометриска титрација на глицин
Елена Трајкоска Бојаџиска*, Хрисанта Гоџо, Јелена Ацевска, Наталија Наков,
Анета Димитровска, Катерина Брезовска
Фармацевтски факултет, Универзитет „Св. Кирил и Методиј“,
Мајка Тереза 47, 1000 Скопје, Република Северна Македонија
Клучни зборови: потенциометриска титрација, мерна неодреденост, bottom-up /
top-down
Точноста

и

повторливоста

на

резултатите

добиени

при

потенциометриска титрација воглавно зависат од стехиометрискиот однос помеѓу
количината на употребениот титрант и количината на примерок што треба да се
определи. При оптимизација на методот, треба да се внимава да се прилагоди
количината на примерокот за да се обезбеди соодветен волумен на титрант, со цел
да се избегне грешка при титрацијата доколку се троши повеќе од 90% од
вкупниот волумен на биретата. Во оваа студија прикажан е соодветен пристап за
оптимизација на метод за потенциометриска титрација на глицин со 0,1 М
перхлорна киселина, проследено со евалуација на мерната неодреденост на
резултатите. Резултатите добиени од студијата за валидација на методот
(статистичка

грешка

како

параметар

за

проценка

на

прецизноста,

и

пропорционална систематска грешка и дополнителна систематска грешка како
параметри за проценка на точноста) беа искористени за проценка на
неодреденоста на резултатот од мерењето, користејќи top-down пристап.
Споредливи

вредности

за комбинираната (0,5%) и

проширената мерна

неодреденост (1,0%), се добиени со примена на два различни пристапи за
определување на мерната неодреденост: bottom-up пристап и top-down пристап,
користејќи податоци од учеството во меѓу-лабораториски студии.
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Table 1. Results from linear regression analysis
Parameter

Results
𝑦 = 132.33 ∙ 𝑥 + 0.028

Regression equation
2

Coefficient of determination (R )

0.9999

Slope (𝑏𝑜𝑏𝑠 ) ± standard error

132.33 ± 0.353

Intercept (𝑎𝑜𝑏𝑠 ) ± standard error

0.028 ± 0.014
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Table 2. Calculated values and acceptance limits for the validation criteria
Parameter

Calculated values

Acceptance limit

Proportional systematic error (bias)

0.135%

< 0.3%

Additional systematic error (bias)

0.462%

< 0.4%

Precision (statistical error)

0.262%

< 0.3 %

Practical relative error

0.597%

< 0.67 %

Relative standard deviation (n=6)

0.3%

< 0.5%

Relative accuracy

0.009 mL

< 1.0 mL
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Table 3. Content of glycine calculated from three independent measurements
Sample

𝑉2 (𝑃𝐶𝐴) (mL)

𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝐺𝑙𝑦𝑐𝑖𝑛𝑒 (%)

1

6.03

99.9

2

6.05

100.1

3

5.93

99.7
Average

99.9

SD

0.2
RSD
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Table 4. Values from the potentiometric titration of glycine and associated uncertainties
Symbol

Description

Value

𝑢

Relative 𝑢

𝑚(𝐾𝐻𝑃)

Mass of KHP

169.9 mg

0.000067 g

0.00039

𝑃(𝐾𝐻𝑃)

Purity of KHP

100.00%

0.025% 0.00025

𝑀(𝐾𝐻𝑃)

Molar mass of KHP

204.22 g/mol

0.0047 g/mol

0.000023

𝑉1 (𝑃𝐶𝐴)

Volume for KHP titration

8.253 mL

0.0205 mL

0.0025

𝑉2 (𝑃𝐶𝐴)

Volume for glycine titration

6.095 mL

0.0152 mL

0.0025

𝑆𝐷

Standard deviation (n=11)

99.9%

0.2762 mL

0.00276

𝑚(𝑔𝑙𝑦𝑐𝑖𝑛𝑒)

Mass of glycine

45.8 mg

0.000066 g

0.00145

𝑀(𝑔𝑙𝑦𝑐𝑖𝑛𝑒)

Molar mass of glycine

75.1 g/mol

0.0013 g/mol

0.0000175

Combined uncertainty, 𝑢 𝑐

0.47%

Expanded uncertainty 𝑈( % Glycine)

0.95%
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Table 5. Uncertainty contributions calculated using top-down approach (validation data)
Parameter

Symbol

Result

Uncertainty contribution

𝑢(𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛)

0.26%

associated with the precision
Uncertainty contribution

𝑢(𝑏𝑖𝑎𝑠)

`

0.40%

associated with the bias
Combined standard uncertainty 𝑢(𝑐)

0.47%

Expanded standard uncertainty 𝑈( % Glycine)

0.95%
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Table 6. Uncertainty contributions calculated using top-down approach (PTS data)
Description

𝑢𝑐

𝑈( % Glycine)

Using a single result of participation in PTS

0.40%

0.80%

Option A

0.40%

0.80%

Option B

0.50%

1.01%

Option D

0.40%

0.80%

Using results from all participant laboratories in PTS
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Uncertainty of
balance (
)

Accuracy
Repeatability

Temperature

Accuracy
Temperature
Instrument

Uncertainty of
balance (
)

Repeatability
Standard
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Fig. 1. Cause-effect diagram of the uncertainty sources for quantitative determination of
glycine.
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Fig. 2. Contribution of each uncertainty source to combined standard uncertainty.
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