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Abstract—It is noticed that the conventional interpretation of systematic errors (or, what is the same, the list
of varieties of systematic errors) generally reflects the actual situation, which does not exclude some refilling
and specification with the appearance of new types of measurements and the sophistication of the existing
ones. These additions should not mean the abolition of the general metrological, time-tested classification.
In recent decades, trends have appeared aimed at replacing the meanings of terms and definitions with those
uncharacteristic of them, or at introducing terms that have no real meaning at all into metrological practice.
This, in turn, led to the emergence of erroneous concepts ensuring the accuracy of the results of quantitative
chemical analysis and to the creation of far from perfect regulatory documents, which, among other reasons,
was due to an uncritical attitude to international standards. Such concepts bring inaccuracies and erroneous
recommendations into monographs and textbooks containing sections related to the metrological aspects of
chemical analysis.
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Some general remarks. By the middle of the 20th
century, a problem has appearred the essence of which
was that the experimental data obtained for identical
sampless and under nominally identical conditions,
but in different laboratories by different researchers,
were frequently inconsistent. These included data
concerning the composition of substances, the values
of physicochemical parameters characterizing numer-
ous indicators (kinetic, thermodynamic, etc.) of pro-
cesses, and fundamental constants. This problem has
remained valid and is becoming increasingly import-
ant because of the inclusion of an exponentially
increasing number of substances into research and
practical applications, increasing requirements for the
performance of high-duty materials, and the quality of
foods regarding the tightening of environmental stan-
dards. This problem is common for various measure-
ments, implementing which is aggravated by the diffi-
culty or the impossibility of ensuring sufficient control
over a significant part of the experimental conditions
or, in other words, by many uncontrolled and diffi-
cult-to-control sources of errors. These sources ulti-
mately lead to shifts in an entire series of the results of
measurement from the true value of the measured

quantity, thus forming an error acting as a systematic
error under stable experimental conditions. System-
atic errors have increasingly become the predominant
factor in the total error of the results of measurement,
thus leading to discrepancies noted in the experimen-
tal data.

As for the data characterizing the results of quanti-
tative chemical analysis, the problem of their validity
(completeness of the exclusion of systematic errors),
which remains common and relevant for various types
of measurements, becomes most acute here, especially
for low and trace concentrations. This is explained by
the complexity of the processes on which chemical
analysis as a measurement process is used, numerous
sources of errors, and the superposition of their
effects [1]. As we move towards ever-lower concentra-
tions of components as analytes, the relative errors of
the results of determinations increase, often reaching
the order of the determined concentrations and even
higher (see, for example, [2–6]). Estimation of such
errors in validating the results of analysis is a challeng-
ing task. The problem of accuracy control is even more
complicated for small and trace concentrations
because of the increased role of interfering factors that
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remain out of the control, which leads to a significant
decrease in the efficiency of the standard addition
method and interlaboratory experiments. Because of
large discrepancies in the results obtained by different
laboratories—participants in an interlaboratory exper-
iment,—caused by the dominant role of systematic
errors, the difficulties in creating certified reference
materials (CRMs) increase.

Varieties of systematic errors (components of the
systematic error of a result of measurement) were
listed in Fundamentals of Metrology, a classic work by
M.F. Malikov [7], and in educational literature [8, 9].
The classification of the reasons for the occurrence of
systematic errors in the results of quantitative analysis
is multifaceted, because their sources are numerous,
and they can often be both different and coinciding for
different test samples, methods, and implementations
of methods in analytical procedures. Sources of errors
typical of quantitative chemical analysis were listed in
sufficient publications, for example, [1, 10, 11]. The
most significant in terms of their effect on the quanti-
tative determinations of low concentrations were sys-
tematized in [11]. A detailed list of systematic errors,
specifying and supplementing the general metrologi-
cal classification in relation to chemical analysis, was
presented in [1]. However, this does not mean the
abolition of the conventional classification: all the
sources listed in it reflect the actual situation, which
does not exclude, if necessary, additions and specifi-
cations as new types of measurements appear, the old
ones become more complicated, and the range of tasks
is expanded. The terms and definitions used in metro-
logical practice (or newly developed ones) should not
contradict the general, time-tested classification of
errors. However, trends have appeared in recent
decades aimed at replacing the meanings of terms and
definitions with those uncharacteristic of them, or at
introducing terms that have no actual meaning at all
into metrological practice. This, in turn, led to the
emergence of erroneous but stable concepts in validat-
ing the accuracy of the results of analysis or in creating
regulatory and technical documents, the careful
adherence to which can lead to results that have noth-
ing in common with reality. This sutuation is due to
the absence of well-defined ideas in many researchers
regarding the sources of systematic errors that are
common for all kinds of measurements, and many rea-
sons that are specific to chemical analysis. Erroneous
concepts, confusion of concepts, and the use of low-
quality terminology in publications and normative
documents can be traced back to the lack of a connec-
tion between the essential works on the theory of mea-
surements in general and the works developed the fun-
damentals of chemical metrology, which also solved
many of fundamental issues of quantitative analysis as
a measuring process.

Below is our view of the current situation in inter-
related directions.
JOURNAL O
Incorrect terms and definitions related to the prob-
lem of the accuracy of the results of measurement. Erro-
neous conclusions and recommendations. To character-
ize objectively the current situation, it is sufficient to
confine ourselves to some typical examples of the use
of terms, definitions, recommendations, and prescrip-
tions that are fundamentally inconsistent with the
basic provisions of metrology.

Our primary interest was in the consideration of an
example of the international standard ISO Standard
5725-1:1994. Part 1 (Russian version is GOST R ISO
5725-1-2002) [12], being restricted to its first part,
which contains the main provisions and definitions.

Considering the terms recommended by the ISO
standard, we first focus on the term “reproducibility
standard deviation” (Clause 3.19, Section 3. Defini-
tions).

The reproducibility of measurements characterizes
the closeness of individual values in a series of mea-
surement results obtained under different conditions.
In other words, this is the degree of spread relative to
the obtained average result in a series of measure-
ments, i.e., standard deviation.

It would seem that everything is clear. However,
the term “standard deviation of reproducibility” was
revealed as “the standard (root-mean-square) devia-
tion of the results of measurements (or tests) obtained
under the conditions of reproducibility” (Clause 15),
which did not previously exist in the domestic regula-
tory and technical documents, appeared. If this term is
interpreted based only on its formulation (there is no
need to prove that the name of the term must corre-
spond to its definition), we will come to an absurdity:
as, according to the formulation of the term, repro-
ducibility itself acts as a random variable, then a series
of reproducibility is required to determine the “stan-
dard deviation of reproducibility.” The situation is so
far from mathematical rigor that an analogy with the
well-known “salty salt” suggests itself. Regarding the
term “reproducibility condition,” it is disclosed as
“the condition under which the results of measure-
ments (or tests) are obtained by the same method on
identical test samples in different laboratories, differ-
ent operators using different equipment” (Clause 3.18,
Section 3. Definitions). However, acceptable repro-
ducibility (we emphasize, in the region of analytically
accessible concentrations) can also be achieved when
an interlaboratory experiment is performed using dif-
ferent methods. This circumstance is considered in the
Russian regulatory document GOST 16263-70 [13],
where the reproducibility of measurements is defined
as the quality of measurements, reflecting the proxim-
ity of the results of measurements performed under
different conditions (in different times, in different
places, by different methods and means). As is known,
different methods are used to determine the certified
characteristics of certified reference materials in dif-
ferent laboratories. The very term “reproducibility
F ANALYTICAL CHEMISTRY  Vol. 78  No. 8  2023
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conditions” does not seem appropriate from the
standpoint of linguistic norms either.

Examining the terms proposed by the ISO stan-
dard, it is evident that their names do rarely reflect
their meaning due to the mix-up of concepts. Thus, in
Section 1. Scope (Clause 3.9), the term “laboratory
bias” is named among the recommended terms, which
is defined as the difference between the mathematical
expectation of the measurement results obtained in a
separate laboratory and the accepted reference value.
If the certified value of the determined component in
the standard sample is taken as the reference value,
then, to obtain the indicated difference, the certified
value should be reproduced under the conditions of
this laboratory. In other words, the reference material
should be analyzed as an unknown sample. Next, the
average value of the results of replicate determinations
should be found. However, such a difference, by defi-
nition, is nothing more than an estimate of the system-
atic error of the result of measurements obtained in a
given laboratory using a particular method for analyz-
ing a particular sample. If we apply the concept of
“laboratory systematic error” to a diverse set of sam-
ples, techniques, and concentrations, we end up with
a lot of “laboratory systematic errors,” which can only
cause chaos because one of the key notions of metrol-
ogy, the systematic error of the result of measurement,
has been replaced with the term “laboratory bias.”
Systematic errors in the results of analysis can also be
caused by factors during the analysis under the condi-
tions of other laboratories. It is not possible to isolate
errors that are exclusive to this laboratory from those
that are common among other laboratories, because of
the complexity and inseparability of the processes
leading to errors in quantitative analysis.

In Clause 3.10 and on, the term “bias of the mea-
surement” is used. This term is revealed as “the differ-
ence between the mathematical expectation of the
results of measurements obtained in all laboratories
using this method and the true (or, in its absence, the
accepted reference value of the measured characteris-
tic),” therefore, the reference value. (We assume that
the term “all laboratories” does not mean all the labo-
ratories of the world, but only those taking part in the
interlaboratory experiment, and it would also be help-
ful to find out from the compilers of the standard when
the “presence” of the true value, which always
remains unknown, is ensured.) Let us consider
whether the specified difference can be of cognitive
and applied value, given that the analyst is interested
in the final error of the result of analysis when imple-
menting this method in a particular laboratory, as well
as the error limits for a given confidence probability,
which can be calculated on when implementing the
procedure. Note 6 to Clause 3.10 states: “The system-
atic error of a measurement method is estimated by the
deviation of the mean value of the results of measure-
ments obtained from numerous different laboratories
using the same method.” It is unclear from which
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
value the mean value deviates, apparently, from the
reference value. If the certified value of the concentra-
tion in the standard sample is taken as the reference
value as the most reliable means of controlling the
accuracy, then, to find the difference between the
mathematical expectation and the reference value, the
material of the standard sample should be subjected to
an interlaboratory analysis like an unknown sample.
Moreover, as provided by the standard, the method
should be the same for all laboratories. Then, we
determine the difference between the obtained overall
average value and the certified concentration. How-
ever, the use of one and the same method is still asso-
ciated with the dominant action of many uncontrolled
sources of errors that are not related to the core of this
method. The results of laboratories remain inconsis-
tent even when the same method is used [14]. The dif-
ference between the obtained overall average result
and the certified value for a standard sample, which is
also established as a generalized average result accord-
ing to the data of an interlaboratory experiment, even
performed using different methods, may be insignifi-
cant, which gives reason to doubt its cognitive and
applied value.

Another term introduced by ISO 5725-1-2002,
“laboratory component bias”, is defined as “the dif-
ference between the laboratory bias and the measure-
ment method bias.” Regarding the real components of
this difference, such a term cannot be considered as
having a meaning. In addition, with its introduction
into the metrological circulation, we get, similar to the
“laboratory systematic error”, a set of “laboratory
components of the systematic error.”

The need in the very abundance of terms also raises
doubts.

The consequence of an uncritical attitude to the
international standards was the development and
implementation of Russian and interstate regulatory
documents that duplicate the shortcomings of ISO
standards, for example, RMG 61-2010 [15]. The set of
terms and their meanings recommended by this docu-
ment coincide with the terminology of ISO, so the
conclusions drawn from the results of the analysis of
ISO terms can be extended to the considered recom-
mendations. However, we additionally note some
inaccuracies. The term “assigned analysis accuracy”
seems to be unhelpful, because it can be interpreted as
estimated as a deterministic and stable value in time,
rather than probabilistic. In implementing a proce-
dure in analytical practice, it is customary, and not
without reason, to reuse reference materials after a
certain period to control the accuracy of the results of
analysis and take measures to maintain it. It seems
appropriate to indicate the accuracy that can be offi-
cially guaranteed (for example, by a standard for an
analysis method) instead of using the concept of
“fixed error,” allowing for ambiguous interpretation.
o. 8  2023
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Accuracy can be specified with the error limits of the
result of analysis, estimated probabilistically.

The inadequate preparation of the document is
demonstrated by the renaming of the means for mon-
itoring the accuracy of the result f analysis, which were
always given identical according to their metrological
purposes, to “means for monitoring the indicator of
the accuracy of the analysis procedure” (section
“General Provisions”).

Erroneous recommendations and other inaccura-
cies can be found in monographs and textbooks.
Below are just some of numerous examples that testify
to the systemic rather than random nature of the mix-
ing of concepts. Such a situation could not develop
without connection with low-quality regulatory and
technical documentation.

For example, in the section “Systematic Errors” of
the fundamental textbook [16], the accuracy of analy-
sis is defined as “a collective characteristic of a
method or procedure, including their accuracy and
reproducibility.” However, the accuracy of the results
of a quantitative chemical analysis is mainly deter-
mined not so much by the features of a particular
method or procedure, but by the conditions for imple-
menting the analysis procedure. Therefore, if we dis-
cuss the accuracy of the analysis, it is more correct to
use the term “accuracy of the result of analysis (or
result of measurement) in using this procedure.” It was
noted in the recommendations [17] that {… one cannot
abstractly speak about the accuracy of a particular
method “in general,” because different methods of anal-
ysis of a specific substance often give results of approxi-
mately equal accuracy; i.e., after the sources of gross
errors are eliminated (‘the procedure has been worked
out’ in the words of analysts), several corresponding
methods become almost equally accurate.}

The same section of the textbook [16] proposes the
statement that “The main contribution to the total error
is made by methodological errors due to the method of
determination. The methodological error includes errors
in sampling, converting the sample into a form convenient
for analysis (dissolution, fusion, sintering), and errors in
the operations of preconcentration and separation of
components.”

However, such a conclusion conflicts with the gen-
erally accepted definition of the error of a method and
the actual state of affairs. Metrology recognizes a
method error as a component of systematic measure-
ment error, which is caused by deficiencies in the
method or the model it is based on [7, 8]. This defini-
tion essentially coincides with the definition in GOST
R ISO 5725-1-2002, where the method error is
defined as “a component of the systematic measure-
ment error due to the imperfection of implementing
the accepted measurement principle.” Consequently,
no components of the systematic error of the result of
analysis (most of them) fall under the definition of the
systematic error of the method. Insufficient perfection
JOURNAL O
of the method may be due to the incompleteness of the
chemical reaction used in the method, the incom-
pleteness of precipitation, etc. In the same quotation,
we read further on the same reasons: “Particular atten-
tion should be paid to the errors related to the chemi-
cal reaction used for detecting or determining a com-
ponent. In gravimetry, such errors are caused by at
least a small but noticeable solubility of the sedimen-
tation or coprecipitation processes.” The causes of
errors can usually be pinpointed and the magnitude of
the error can be lowered to an acceptable level, though
this does not guarantee the elimination of great dis-
crepancies when using the same method in an inter-
laboratory experiment. This verifies that the major
contributor to the error of the result of the examina-
tion of many, mostly uncontrolled, sources is not the
failure of the system. The sampling error and the errors
associated with the conversion of the sample into a
form convenient for analysis (contamination, loss),
contributing significantly to the formation of the over-
all systematic error along with other sources and often
being common for different methods, should be
attributed to operational rather than methodological
errors [1]. For the same reason, instrumental errors
cannot be attributed to methodological ones either.
We emphasize that the use of even an impeccable pro-
cedure in a particular laboratory is accompanied by
the effect of numerous sources of errors and their
superposition, which requires using such means of
accuracy control as certified reference materials.

The study guide [18] includes the section “System-
atic Error of the Procedure (Method) of Analysis” and
proposes a mathematical model that essentially corre-
sponds to the meaning of the term “systematic error of
the analysis method” given by the ISO standard. We
quote verbatim:

{The non-excluded systematic error of the analysis
procedure can be judged from the results of the analysis of
a standard sample (CRM) with a known analyte concen-
tration, obtained in different laboratories using different
portions of the same CRM. The systematic error of the
CRM thus passes into the category of random ones. In
this case, we can accept that

where θ is the total non-excluded systematic error, 
is the analysis result for the CRM, and xCRM is the analyte
concentration in the CRM.}

This difference is actually the difference between
the two generalized average concentrations obtained
from the results of two interlaboratory experiments in
the analysis of an identical sample (see above). We
note once again that we make this conclusion if we
take into account that the certified characteristics of a
standard sample are determined as generalized aver-
ages based on the results of an interlaboratory experi-
ment (see above). The cognitive value of such a differ-
ence seems rather doubtful, if we acknowledge our

M meas CO ,x xθ ≈ θ = −

measx
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arguments given in considering the term “systematic
error of the method.” Considerable costs of actually
repeating the interlaboratory experiment should also
be taken into account.

Monograph [19] contains the following statement:
“Modern research methods (in particular, mass spec-
trometry) make it possible to determine the relative
atomic (molecular) mass with an accuracy that signifi-
cantly exceeds practical needs.” The quote continues:
“Hidden systematic errors are inherent in most methods
used to analyze samples of complex composition. How-
ever, several methods are practically free from such errors
(for example, isotope dilution mass spectrometry), but
they are extremely expensive, applicable only to individ-
ual cases, and rarely used for routine analyses.”

However, it is known that systematic errors are
inherent to all measurements without exception rather
than to “most methods,” no matter where and by
whom they are carried out. One can only talk about a
negligibly small or, depending on the task, an admissi-
ble value of the error.

As for the conclusion that the accuracy of atomic
mass measurements using the most efficient methods
of analysis exceeds practical needs, this statement can-
not be considered true: significant interlaboratory dis-
crepancies also occur in using mass spectrometry
methods, which was confirmed, for example, by stud-
ies performed by IAEA to determine trace levels of ele-
ments in fish samples [5]. However, isotope dilution
mass spectrometry was not used in these studies. Even
for the most efficient methods, no stages of chemical
analysis can be completely controlled, which necessi-
tates the use of certified reference materials. Unfortu-
nately, objective information about the actual accu-
racy of the results of analysis performed specifically by
isotope dilution mass spectrometry could not be
found. The estimate, taking into account the high effi-
ciency of the method, seems to be relevant. The
monograph claims the accuracy of the analysis using
this method is higher than necessary, but the evidence
provided is not persuasive, as it is assumed that all
stages of the analysis can be controlled completely.

The same monograph uses the term “reliably
recorded systematic error of the method.” The
appearance of this term was probably a consequence of
introducing the term “assigned error of the analysis
procedure” (see, for example, [15]). As was already
noted, the accuracy that can be guaranteed in advance
using a specific procedure can only be estimated prob-
abilistically. Consequently, it is suitable to use a partic-
ular concept of accuracy, which can be ensured (for
example, by a standard sample for an analysis method)
indicating potential margins of error.

Summarizing the results of the consideration of the
terms used in modern regulatory and technical docu-
ments and publications on the metrological aspects of
chemical analysis, we found it is often in conflict with
the terms adopted in metrology or allows their incor-
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
rect interpretation. Still, the need in keeping to the
precise terms should not mean the cancellation of
ideas that are not written into regulatory documents,
but clearly show the essence of the matter and are not
in opposition to the precise terms.

Erroneous interpretation of the problem of the ade-
quacy of certified reference materials and test samples.
One of the most important parts of the strategy for ref-
erence materials is to guarantee their adequacy to the
test samples. This field is also full of statements that
are far from the principles of the practical use of certi-
fied reference materials. Let us dwell on an example,
even though the only of its kind, published in a repu-
table Encyclopedia of Modern Natural Science [20], and
we quote:

{From the point of view of practical application, certi-
fied reference materials of composition are divided into
adequate and inadequate with respect to the sample.
Adequate certified reference materials are as close as
possible in chemical composition to the test sample. They
are necessary when using analytical methods that react
sharply to the presence of “third” elements, i.e. to all
components of the sample, and not only to the elements
being determined. These methods include, for example,
X-ray fluorescence, spark source atomic emission analy-
sis, solid-state mass spectrometry, etc. Neutron activa-
tion analysis, wet chemical and physicochemical meth-
ods, and inductively coupled plasma–atomic emission
spectrometry do not usually require the use of adequate
reference standards. This allows for producing fewer
kinds of reference materials than the number of samples
that require chemical analysis (steels, alloys, raw mate-
rials, environmental samples, etc.).}

However, the use of certified reference materials
always requires their adequacy to the samples under
study. The choice of whether to use one or the other
standard sample should be determined by how com-
patible they are with the samples. If we cannot achieve
an acceptable level of adequacy, using those certified
reference materials is not an option. Samples that do
not accurately represent the ones being analyzed only
gives distorted information about the analyte concen-
tration. In this case, we should select other certified
reference materials according to the analytical task.
The statement that activation analysis, wet physico-
chemical and chemical methods, and inductively cou-
pled plasma–atomic emission spectroscopy do not
necessitate the use of reference standards, opposes the
conventional practice of chemical analysis: a major
number, if not most, of certified reference materials
are used in these methods. As for the attempts to
shrink the variety of certified reference materials, the
implementation of such possibilities is not due to the
mythical absence of the need in creating reference
materials adequate to the samples. If a standard sam-
ple (or a set of certified reference materials) can be
used to analyze several varieties of a specific material
(substance), then we can consider it as a group stan-
o. 8  2023
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dard sample or a set of such samples [21]. Their appli-
cability is determined by the principle and features of
the method (methods) of sample analysis and the
requirements for the accuracy of its results [21]. Most
types and sets of certified reference materials are
developed and used precisely as group samples. Using
these certified reference materials is a valuable
resource, so long as the increasing gap between the
certified reference materials and the substances being
studied does not cause any improper results [21].

Ratio of systematic and random errors in the results
of quantitative chemical analysis. Surprisingly, recent
textbooks and generalizing monographs do not reflect
the dominant role of systematic errors and the increase
of this role with a decrease in the determined. More-
over, in [18], the dominant role was given to random
rather than systematic errors: “… the need to find out
the causes of occurrence and to eliminate systematic
errors does not always arise, but only where they are
comparable with a random error and do not allow mea-
surement with a given accuracy”. Thus, according to
the text given, the systematic error is lower than ran-
dom until it becomes comparable to random. This is
although the dominant role of systematic errors in
many types of measurements and, especially, in quan-
titative chemical analysis has been multiply confirmed
since the last quarter of the 19th century. Let us cite
the only statement contained in the monograph
devoted to the spectral analysis of pure substances
[22]: “Extensive experimental data indicate that inter-
laboratory errors, which can be considered a character-
istic of systematic errors …, sometimes exceed random
intralaboratory errors by an average of 3–4 times, and
sometimes by 10 or more times; discrepancies are usually
the greater, the lower the concentration of the element
being determined.” This situation remains a fact today
(see section “Some general remarks”). Assessing the
numerous data in publications and documents has
revealed patterns that describe how errors in interlab-
oratory measurements vary with decreasing concen-
tration, depending on the type of base and method of
quantitative analysis [1, 23]. Namely the dominance
of the systematic error that necessitated the creation of
such means of accuracy control as certified reference
materials.

Lack of attention to the limitations of the recom-
mended methods for controlling the accuracy. The
essence, possibilities, and limitations of the known
methods for controlling and ensuring accuracy
(including the use of certified reference materials, the
standard addition method, etc.) were described in sev-
eral sources. They were most fully considered in the
monographs [1, 17, 21] and publications [23–26],
including methods that can only be used to a limited
extent as means of accuracy control in a particular lab-
JOURNAL O
oratory. However, recommendations for the use of
these particular methods in educational and method-
ological literature were often given without indicating
the need in considering actual situations limiting their
capabilities. Such methods are presented as “refer-
ence,” “exemplary,” “independent,” “trustworthy,”
etc. It is assumed that their use gives more chances to
obtain accurate analysis results. However, using even
the best methods in a particular laboratory does not
solve the problem of proving accuracy, the need for
which is obvious given the effect of numerous sources
of contamination and loss. The development of hun-
dreds of reference, independent, trustworthy, etc.
methods is not an easy task, if a method is understood
as its implementation in a specific procedure [6].

The necessity in an unbiased approach in setting
requirements on the accuracy of the result of analysis.
Solutions that enable determining the required accu-
racy were once found for two types of tasks, the differ-
ence between which is due to objective circumstances,
and based on the fact that “… the most important
characteristic of the quality of analytical control
should not be accuracy taken in isolation but its reli-
ability” [17]. If a generalized assessment is feasible,
then reliability can be decided by establishing a rela-
tionship between the size of the technological toler-
ance field and the controlled parameter, its actual dis-
tribution, and sometimes other parameters. This
approach enables, given the projected reliability, the
determination of the required accuracy or, without a
possibility of improving the accuracy, expansion of the
tolerance field. In terms of serial production, this is
the foundation for controlling industries in which
chemical composition is a measure of quality. This
problem is divided into several particular ones, for
which solutions have been found in relation to specific
circumstances.

Solutions were also found for another class of prob-
lems, related to the fact that control is individual,
because the law of distribution of controlled parame-
ters is unknown or unstable. Approaches that ensure
the determination of the permissible values of errors
are based on establishing relationships between the
accuracy of analytical control and the accuracy of
indicating the concentration of the determined com-
ponent [1, 17], considering the concept of the mini-
mum of distinction [27]. These solutions were at one
time enshrined in regulatory documents, and later
canceled for reasons that remained unknown.

The need in ensuring reliable quality control of
substances and materials also arises in the absence of a
standard for the concentration of a component, for
example, in the analytical control of products, the
quality criterion of which is purity (reagents, pure
metals, chemical and pharmaceutical preparations).
F ANALYTICAL CHEMISTRY  Vol. 78  No. 8  2023
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Different strategies have been crafted for these kinds of
samples too.

All of the above has created prerequisites for
streamlining the system of standards for substances
and materials and their test methods. Obviously, what
has been started in this direction is expedient to
resume and continue.

A detailed presentation of these solutions, the rele-
vance and effectiveness of which are still in force (con-
trary to the allegations in the introduction to the
monograph [19]), is beyond the scope of this publica-
tion. If necessary, they can be consulted from primary
sources (see, for example, [1, 17, 21]).

Let us consider what is offered by the current regu-
latory and technical documentation using one rather
eloquent example. Under Clause 5.2.1 of the section
“Development of Measurement Methods” of GOST R
8.563-2009 [28], “… requirements for measurement
accuracy are established considering all components
of the error (methodological, instrumental, intro-
duced by the operator, introduced during sampling
and sample preparation).” A special appendix lists the
“typical components” of the measurement error. Tak-
ing into account the limitations of element-by-ele-
ment accounting for systematic errors (see, for exam-
ple, [6, 7]), the approach recommended by the stan-
dard can lead to an unreasonable expansion of the
tolerance field for the concentration of the controlled
component and, therefore, an unreasonable underes-
timation of the requirements to the accuracy.

Considering what has been stated in this report, we
conclude that the current regulatory and technical
documents related to the problems of quantitative
chemical analysis, including at the international level,
should be at least revised. Appropriate steps should be
taken, focusing on the fundamentals of metrology,
plus the aforementioned recommendations for the
metrological advancement of the system of standards
for substances and materials and analysis methods.

Researchers and authors of educational and meth-
odological literature should also be aware of the basic
concepts of metrology. Returning to continuity, we
can also note the need to consider the solutions found
in the past, which not only keep their relevance but
also may be even more in demand as the tasks facing
chemical analysis become more complex.
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