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MIPEJICTAaBHUIITBO MOJIi 3pocTae, ajke Ha Mep-
momy camiti y 2022 poui y4acHUKIB 1 TocTen
OyJ10 TpOXH OiIbIIE TPHOXCOT, a HA APYTOMY —
Maiike 1’ ITCOT.

SIK 1 3a3BHUYai, KOKHMI MaB MOXKJIHU-
BICTh CaMOCTIiHO oOpatu ajs cebe HaiOiIbII

[{poro poky camiT 3MIHHMB 1 CBOIO JIOKAIlIIO —
Brepuie BiH BinOyBca y KBII «IlapkoBwuii», ne
B1JIBilyBaui OIIHWIN KOM(OPTHICTE poOOTH Ta
SKICTh CEPBICY.

[lin wac camity mpairoBajga BHCTaBKa
00JTaTHAHHA Ta TEXHOJOTIYHHUX PIlIEHb Y ray-
31 TBapuHHUIITBa Livestock Expo 2024, Ha sxii
CBOI eKkcro3ullii npeacraBuiau nonan 40 KoM-
MaHIH-MMOCTaYaJIbHUKIB TMPOAYKTIB, TOCIYT Ta
iHHOBaIi# i1 cektopy. OcoOMUBy MOJSIKY BU-
CJIOBJIFOEMO KoMIaHisM Vencomatic, AgriGo,
Fenix Agro, RUTS Tta 4 Ctuxii, SKi BUCTYyIHIN
EKCKJIFO3MBHUMH TIapTHepamu 3axomay, Ta Odi-
niitHoMy naprtHepy — kommnanii SocTrade.

Opranizaropu 1poropiuroro UKRAINIAN
LIVESTOCK SUMMIT BuUCIOBIIOIOTE HIHPY
MOJIIKY 3a JIOTIOMOTY y HOro oprasi3zarfii 4uc-

JICHHUM KOMITaHiSIM-TIApTHEpaM, a TaKOX Me-
mia, siki iHQopMyBadM Mpo KWOTro MiATOTOBKY 1

3pyuHuii  ¢gopmar  pobotu. Hixto  He
MIPUB’SI3aHUIN IO CTIIBIS B 3ali KOH(PEPEHIIIMH,
TOMY MOXHA OyJIO CIIyXaTH BHCTYIHM CIIiKepiB ~ BHCBITJIIOBAJIM CaMmy IMOJIIO.

ab0 X CITIIKYBaTHCh 3a YAIIKOIO KaBH 3 KOJe- Mo sycrpiui  Ha  UKRAINIAN
raMi B JIayH)X-30HI, Bi/IBilyBaTH BHCTaBKOBI LIVESTOCK SUMMIT nactynHoro poky!

CTEHIM YH TPOBOJUTH IiJIOBI II€PETOBOPH.
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USING RETROSPECTIVE DATA TO ASSESS THE
UNCERTAINTY OF INDICATORS OF BIOLOGICAL
SAFETY OF FOOD AND FEED RAW MATERIALS

Abstract

The results of the analysis of the advantages and disadvantages of the use of retrospective data for the implementation of
the evaluation of uncertainty in the measurement of indicators of biological safety of food and feed raw materials are given. The
model measurement procedure used quantitative determination of genetically modified organisms by means of polymerase chain
reaction in real time 250 measurement results of certified reference material with a content of 0.1% genetically modified soybean
line obtained under conditions of intra-laboratory reproducibility and 10 results of relevant inter-laboratory comparisons with the
participation accredited provider. The suitability of retrospective data was assessed by the Shapiro-Wilk criterion and statistical
controllability analysis using standardized score charts and modified Shewhart charts, uncertainty by 4 methods described in gen-
eral and branch international guidelines and regulations. The results of using a combination of modified Shewhart maps demon-
strate the acceptability of this approach for establishing the suitability of retrospective measurement results as input data for uncer-
tainty assessment. By integrating additional "fitness limits" to a set of standardized control limits, this analysis acquires the ability to
simultaneously establish not only stability, through the interpretation of geometric patterns, but also compliance with specific crite-
ria. Using this approach, objective evidence of the suitability of retrospective data for estimating measurement uncertainty was ob-
tained. The distribution of retrospective data obtained under conditions of intralaboratory reproducibility is assumed to be normal.
As a result of the assessment of statistical controllability and compliance with the established criteria, objective evidence of the suit-
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ability of the data for uncertainty assessment was obtained. Analysis of uncertainty intervals of subgroups with the volume of 25
measurements, using 4 assessment methods, demonstrated significant variability in the results of measuring biological safety indica-
tors. The uncertainty interval could narrow or widen by almost 100% of the value within fifty measurements. Median values obtained
using different uncertainty estimation methods were 2.69%, 22.69%, 39.23, and 43.08%. This variability is due to the limited cover-
age of sources of uncertainty, which is inherent in each of the analyzed methods. The most optimal method is the evaluation based on
the routine measurement of the certified reference material. Retrospective results of routine measurement of certified reference mate-
rial and interlaboratory comparisons are an effective source of input data for assessing the uncertainty of the results of measuring
biological safety indicators of agricultural raw materials. There is a need for further research to establish an assessment model that
will provide an opportunity to take into account the optimal number of influential sources of uncertainty that are inherent in biologi-
cal systems and cannot be simultaneously taken into account using existing approaches offered by standard assessment methods.
Key words: control, quality, safety, statistics, uncertainty, measurement.

Introduction

Assessment of compliance of agricultural prod-
ucts with established safety criteria is carried out in ac-
cordance with analytical results provided by the laborato-
ry. Mutual recognition of such results, which is based on
accreditation by bodies that have an international MRA
(The Mutual Recognition Arrangement), requires the
presence of a procedure for assessing the uncertainty of
measurements carried out by the laboratory, at least with-
in the scope of accreditation. This requirement is of sig-
nificant importance because, in addition to the estab-
lished wide list of indicators (Directive 2002/32/EC of 7
May 2002. OJ L 140, 30.5.2002; Commission regulation
EC Ne 1881/2006 of 19 December 2006. OJ L 364,
20.12.2006), the concept of safety requires a risk-
oriented approach to decision-making, which should be
based on taking into account the uncertainty of the results
of measuring quantitative indicators ILAC G17:01.

Thus, knowledge of the uncertainty interval is of
crucial importance for all stakeholders who interpret the
results of the analysis of safety factors, as it forms the
conditions for finding a reasonable balance between the
error of the first and second kind ASME B89.7.3.1 —
2001 R20109.

Due to the variability inherent in almost all
components of biological systems, an effective Type B
uncertainty assessment, with a detailed calculation of the
contribution of each individual source, may be limited in
applicability or unable to provide the required level of
detail. In such a case, a direct determination of the com-
bined uncertainty, taking into account the influence of all
or most of the type A sources, may be most appropriate
(Ellison et al., 2012). Nevertheless, establishing the actu-
al uncertainty interval of the current method, even with
the help of this approach, is not always economically
feasible and able to provide optimal coverage of influen-
tial sources, since their detailed evaluation with the in-
clusion of a sufficient sample volume and duplication of
measurements can lead to significant material costs.

The use of retrospective data can have a positive
impact on both the quality and the economic component
of the type A uncertainty assessment procedure. Such
data can include a database of routine measurement of a
certified reference material (CRM) or an intra-laboratory
test of a blind sample, a chain of inter-laboratory compar-
isons with the participation of an accredited provider
(ICAP), etc. However, in the case of using such data, it is
necessary to substantiate their suitability, taking into ac-
count changes that could affect the characteristics of the
method during the time from the moment of receipt (EI-
lison et al., 2012).

The purpose of this study was to evaluate the
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suitability of modified control charts with an integrated
additional set of "limits of agreement" for making a con-
clusion about the possibility of using the data to estimate
the uncertainty of measurement, and to analyze the suita-
bility of the type A approach to uncertainty estimation,
using retrospective data.

To achieve the goal, the following tasks are set:

1. To evaluate the suitability and features of the
application of modified control charts to establish the
statistical controllability of the process and analyze the
compliance of the results of retrospective measurements
of biological analytes with the requirements for accuracy
and stability, within the framework of the formation of an
evidence base that the results of these measurements can
be objectively applied taking into account changes,
which could affect the process over time.

2. Conduct an analysis of existing approaches to
uncertainty assessment, including:

-estimation of the combined standard uncertain-
ty using the standard deviation of the sample, calculated
relative to the arithmetic mean of a series of measure-
ments performed under reproducibility conditions;

-estimation of the combined standard uncertain-
ty using the standard deviation of the sample, calculated
relative to the reference value, taking into account the
bias;

-assessment of the combined standard uncertain-
ty using the standard deviation of the general population,
calculated by an accredited provider based on the results
of an interlaboratory comparison;

-assessment of the combined standard uncertain-
ty using the standard deviation of the general population,
calculated by an accredited provider based on the results
of an interlaboratory comparison, taking into account the
laboratory bias;

3. To compare the results obtained using four
approaches to the assessment of measurement uncertain-
ty, taking into account the requirements for the use of
extended uncertainty in decision-making regarding the
safety of food and fodder agricultural raw materials.

4. To analyze the suitability of the uncertainty
assessment using a retrospective analysis of the sequence
of results of routine measurement of SRM, the statistical
controllability of which is confirmed by modified control
charts, and the chain of results of interlaboratory compar-
ison with the participation of an accredited provider.

Materials and methods

Model measurement procedure. A sample con-
sisting of the results of 250 consecutive routine meas-
urements of the concentration of genetically modified
soybean line MON 40-3-2 in SRM with an assigned con-
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centration of 0.1%, which was taken as a reference value,
was used as a model for practical testing of the re-
searched concept. These measurements were carried out
in conditions of intra-laboratory reproducibility in the
period from 04.02.2019 to 21.11.2022 at the testing cen-
ter of the SP "SZHS Ukraine".

The method of determining the content of
GMOs was used as a model due to the fact that this pro-
cedure contains a significant number of operational stag-
es, which is carried out by different operators, requires
the use of SRM during routine measurement, has rela-
tively low limits for the qualitative and quantitative de-
termination of the analyte, and returns a result with accu-
racy to the thousandth.

Research materials. The research material was
the results of measurements of four batches of CPM line
of genetically modified soybean MON 40-3-2 produced
by ERM (European Reference Material), catalog humber
ERM-BF410dp. Compliance with the requirements of
ISO 17034 is confirmed by quality certificates under
numbers 0516 dated 03/13/2019, 0833 dated 10/01/2019,
0943 dated 10/10/2022 0944 dated 10/10/2022 1SO
17034:2016. The certified attributed concentration value
of the reference material was 10.0 g/kg, which was equal
to 0.1% of the GM content of the material, with an ex-
panded uncertainty of each batch of +0.6 g/kg.

In addition, the results of the participation of the
testing center of the SP "SZHS Ukraine" in ten rounds of
interlaboratory comparisons with the participation of an
accredited provider, by the method of quantitative deter-
mination of the content of genetically modified soybeans
by the polymerase chain reaction method in real time,
with the participation of the provider "Bipea" 1SO 9001
accreditation certificate No. 9912427 were used , 1SO
17043 accreditation certificate #1-1495 for the period
from 2014 to 2019 inclusive.

Identification of sources of uncertainty. The
identification of sources of uncertainty that had or could
have an impact on the measurement result was performed
using the method of root cause analysis with graphical
display using the method of Ishikawa diagrams (Ishika-
wa, 1985) and according to 1SO 31000:2018 and ISO
31010:2019 (Cause and Effect Diagram).

Evaluation of the statistical controllability of the
process. Checking the normality of the distribution of the
research sample was carried out according to the
Shapiro-Wilk test (Jitendar Vij, 2011; Buja et al., 2009),
according to the formula regulated by I1SO 5479:1997:

(X1 an-it1(Kn—ip1 — ¥)I?
E(Xi _ Xave)z , (1)
where W — is the Shapiro-Wilk criterion;

Xi — is the individual value of the sample, which
was previously sorted according to the non-ascending
principle;

Xave — is the arithmetic mean of the sample;

a; — table coefficient;

m — is a coefficient equal to (n-1)/2 for samples
consisting of an even number of measurements and n/2
for samples with an odd number of measurements.

The assessment of the state of statistical control-
lability of the measurement method was carried out using
the analysis of the standardized score (Z-score) and quan-

W=
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titative Shewhart control charts (Novikov et al., 2002) for
the distribution of ranges without a given standard value
and the distribution of individual values with a given
standard value, according to I1SO 7870-1:2019 and 1SO
7870-2:2023.
The indicators of the standardized assessment
were calculated using the formula:
X; — Xp
L= ————
Sd )

where Z — is a standardized score;

X0 — reference value;

Xi — individual sample value;

Sd is the standard deviation of the sample.

As a reference value of X0, the indicators of the
average arithmetic sample and the value of the certified
reference material for n=250 were consistently used. The
standard deviation of the sample in the calculation corre-
sponded to the volume of the sample to be analyzed.

The 3o indicator was chosen as the criterion of
conformity of the indicators of the standardized assess-
ment, which corresponds to taking into account 99.7% of
the values of the measured value according to the Gauss-
Laplace distribution.

To establish statistical controllability using
quantitative Shewhart maps, the total sample with the
volume of 250 measurements was divided into 5 sub-
samples with the volume of 25 measurements. As the
central line of the map of individual values with a given
control value, the reference value of the SRM was used.
The control limits were calculated according to the for-
mulas regulated by 1SO 7870-2:2023:

ucL= Xg + 3 X S?jd’ ©)
LCL :XQ —3><Std’ (4)

where UCL — is the upper control limit;

LCL — lower control limit;

Xo — is the attributed value of the certified refer-
ence material;

Std — standard deviation of the sample;

The center line of the swing map without a giv-
en standard value was the average value of the difference
between the maximum and minimum value of the meas-
urement. The control limits were formed according to the
formulas regulated by 1ISO 7870-2:2023:

ucL — Dy X ﬂavq )

Lol = D3 X Agpe (6)

where Aave — is the average range of the sam-
ple;

D3, D4 — are constant table values.

Violation of the calculated upper or lower con-
trol limits is accepted as the compliance criterion for
evaluating statistical controllability using quantitative
Shewhart maps, using the given parameter X0, deter-
mined by the certified reference material. The criterion of
stability, which was used both for the map with the speci-
fied and for the map without the specified parameter, was
the interpretation of the patterns of the distribution of
values according to the rules of Westgaard (Westgard et
al., 1977; Westgard et al., 1981; Westgard et al., 1990)
and the rules given in the ISO 7870-2:2023 standard.

Admissible values based on an indicator equal
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to 20% of the deviation of the measurement result from
the reference value were accepted as additional evalua-
tion criteria when using quantitative Shewhart maps.
Thus, for the swing control chart, 0.2 points was taken as
the maximum acceptable value, which formed the suita-
bility interval from 0 to 0.2 points. For control charts of
individual values, the minimum and maximum accepta-
ble value formed a suitability interval from 0.8 to 1.2
points. These indicators are integrated into the control
charts as an additional set of "compliance limits".

Evaluation of measurement uncertainty. Uncer-
tainty assessment was carried out according to type A,
with the help of mathematical processing of the results
obtained by multiple measurements of SRM in condi-
tions of intra-laboratory reproducibility and the results of
participation in inter-laboratory comparisons according
to BIPM JCGM 200 2012 - International vocabulary of
metrology and ISO/IEC Guide 99:2007 International
vocabulary of metrology.

The starting concept of the calculation of the
combined standard measurement uncertainty (Combined
standard measurement uncertainty, uc), i.e., one that in-
cludes all or most of the important sources, is the square
root of the sum of the squares of the standard uncertainty
of precision and the standard uncertainty of bias.

The calculation of the standard uncertainty,
based on the arithmetic mean of repeated measurements,
was carried out according to the formula regulated by

EURACHEMY/CITAC Guide CG 4 (Ellison et al., 2012;
Lavs'ka,2023; Yeremenko, 2013):
X; — X
nin—
Upgpe =
ave , (7)

where ucAve — is the relative combined standard
uncertainty of the mean value;

Xi— measurement result;

Xave — is the arithmetic mean of measurement
results,

n —sample volume.

This calculation is relevant for methods that do
not have the ability to rely on the value of the certified
reference material, with the corresponding calculation of
the bias contribution to the combined uncertainty. Thus,
for this category of methods, the standard uncertainty of
the mean value is taken as the combined uncertainty. For
the analysis of this uncertainty assessment method, the
experimental sample was taken regardless of the refer-
ence value of the SRM and relied on the arithmetic mean
indicator.

The combined uncertainty, based on the disper-
sion relative to the reference value, taking into account
the bias, was calculated according to the formula regulat-
ed by FAO CALC/GL 59-2006 and SANTE 11312/2021:

(Sth . 100)2 N = (

Avey, %
XGT?E

-

where ucrL — is the relative combined standard
uncertainty based on the measurement of the certified
reference material;

Stdx — standard deviation of the measurement
results of the certified reference material;

Xave — is the average value of the certified refer-
ence material;

Ave, — is the arithmetic mean of the differences
between the reference value and the measurement result,
expressed in relative values from the measurement result;

Stda — is the standard deviation of the differ-
ences between the reference value and the measurement
result, expressed in relative values from the measurement
result.

Two approaches were used to estimate the un-
certainty based on the results of the interlaboratory com-
parison.

In the first approach, as an indicator of com-
bined uncertainty, the indicator of the standard deviation
of the general population, which is determined by the
provider, was taken. In this way, the category of methods
that cannot rely on the value of the certified reference
material was modeled, with the corresponding calcula-
tion of the bias contribution to the combined uncertainty.

The standard uncertainty, which is not based on
the results of interlaboratory comparisons, including the
bias, was calculated according to the formula regulated

© “3epHoBi NpoAyKTH 1 KOMOiKOpMU™, 2024

2
—— o sean o (aix 100)
n 4,70 X,

)
by FAO CALC/GL 59-2006 and SANTE 11312/2021:

fsr;dm*mﬂz A; X 10042
“"‘C:( X )+( X )

i

. 9)
where uqc — relative combined standard uncer-
tainty based on results of interlaboratory comparison;

Stdic — standard deviation of interlaboratory
comparison;

Xic — reference value of interlaboratory compar-
ison;

A — the difference between the reference value
and the result obtained by the laboratory when participat-
ing in the interlaboratory comparison;

Xi — is the measurement value obtained by the
laboratory in an interlaboratory comparison.

In this formula, to exclude the influence of the
bias of other laboratories, the determination of ubias was
performed using A only the laboratory on the basis of
which the results of the measurements under investiga-
tion were obtained. Therefore, StdA was set to 0, and the
standard bias uncertainty was taken as the relative differ-
ence between the reference value and the target laborato-
ry's measurement result. The extended measurement un-
certainty was calculated according to the formula regu-
lated by BIPM JCGM 101:2008 and ISO/IEC Guide 98-
3:2008/Suppl 2:2011:
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U=u. X k’ (10)
where uc — is the combined standard measure-
ment uncertainty;

U — expanded measurement uncertainty;

k — is the coverage factor.

The coverage factor (Coverage factor, k) is tak-
en equal to 2, which corresponds to p=0.05 and provides
consideration of approximately 95% of the distribution of
values near the normalized average.

Results and discussion

Identification of sources of uncertainty. Based
on the identification of sources of uncertainty that affect
or may affect the result of measuring the content of ge-
netically modified soybeans using polymerase chain re-
action in real time, six basic categories of sources were
identified. A graphical representation of the results of
source identification is shown in Figure 1.

To analyze the influence of the human factor, the
sample preparation process was carried out by six opera-
tors, the DNA extraction process by six operators, the
polymerase chain reaction process by five operators, on
the basis of which the measurement results were regis-
tered. In total, eleven laboratory personnel were able to
or influence the test results. During the retrospective data
collection, the areas of influence of some operators
changed regularly, while other operators were assigned to
perform a specific operation. According to the require-
ments of the analytical method, each operator performed
only one operation during the working day.

In retrospect, the sample preparation procedure
was performed by six operators, the DNA extraction pro-
cedure by six operators, and the polymerase chain reac-
tion procedure by five operators, according to which the
measurement results were recorded. The total number of
operators who could or did influence the test result,
which was taken into account in the retrospective analy-
sis, was eleven laboratory employees. In the process of
accumulating retrospective data, regular changes were
made in the sphere of influence of some operators, while
other operators were fixed on the performance of a cer-
tain operation. According to the requirements of the ana-

Amplification

Concentration

Extraction .
Operation

Calculations

Operator

Temperature

Time
Humidity

Environment

Pressure

Thermal Cyclers

lytical method, each operator performed only one opera-
tion during the work shift.

Taking into account the variability factor over
time, data accumulation was carried out during four years
of SRM measurement and six years of participation in
interlaboratory comparisons.

Control of the environmental impact was carried
out by means of daily registration and comparison of the
compliance of indicators with the criteria stipulated in the
technical documentation of the equipment, consumables
and regulatory documentation: 1SO 21571:2005/Amd
1:2013 Foodstuffs; 1SO 21569:2005/Amd 1:2013 Food-
stuffs; JICH 3.3.6.042-99; ISO/IEC 17025:2017.

The effect of the sample on the measurement re-
sult was evaluated using four batches of SRM and ten
samples provided by an accredited interlaboratory com-
parison provider;

Taking into account the impact of the equipment,
alternative equipment that performs the same function
was used. This list included changes between three am-
plifiers, four thermostats, three centrifuges, three scales,
and ten variable volume dispensers. Measuring equip-
ment was subject to regular annual calibration and as-
sessment of statistical controllability in the inter-
calibration interval, in accordance with current regulatory
requirements ISO/IEC 17025:2017.

Consumables included commercial extraction and
amplification kits, replaceable single-use dispenser tips,
single-use microtubes, and amplification plates, which
were renewed as they were used during the data collec-
tion period.

The measurement procedure is accepted as a non-
alternative factor that has not undergone modifications in
accordance with the annual update of the basic regulatory
documents.

Evaluation of the statistical controllability of the
process. To obtain the possibility of stepwise control of
the data, followed by evaluation using Shewhart maps,
descriptive statistics analysis was performed for the total
sample and subsamples with n=25. Descriptive statistics
obtained during the analysis of retrospective data of SPM
measurement in conditions of intralaboratory reproduci-
bility are shown in Table 1.

CRM

Matrix

Sampling

Condition

Preparation

Measurement result

Consumables

Dispensers Equipment

Balances

Fig. 1. ldentification of sources of uncertainty using the Ishikawa diagram
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Table 1 — Descriptive statistics of the sample of SRM measurement results

Statistics
Sample
Minimum Maximum Range Average Mode Median
1-250 0,081 0,120 0,039 0,102 0,102 0,102
1-25 0,088 0,116 0,028 0,103 0,102 0,103
26-50 0,089 0,106 0,017 0,099 0,100 0,100
51-75 0,082 0,111 0,029 0,101 0,102 0,102
76-100 0,081 0,118 0,037 0,100 0,109 0,100
101-125 0,093 0,118 0,025 0,105 0,106 0,106
126-150 0,081 0,117 0,036 0,099 0,102 0,102
151-175 0.087 0,116 0,029 0,106 0,111 0,106
176-200 0.090 0,119 0,029 0,105 0,115 0,105
201-225 0,093 0,116 0,023 0,103 0,107 0,102
226-250 0,084 0,120 0,036 0,101 0,101 0,101

Table 2 — Results of testing the normality of the sample distribution using the Shapiro-Wilk test

” Subgroup
1-50 51-100 101-150 151-200 201-250
Experimental 0,9663 0,9214 0,9328 0,7539 0,9706
Critical (p 0,05, n 50) 0,9470
Critical (p 0,01, n 50) 0,9300
Normality + - - - +

Table 3 — Descriptive statistics of two approaches to
calculating the standardized score

Analysis of standardized assessment. According
to the results of the assessment of the stability of the

Statistical Z from the ref- || Z from the mean measurement process using a standardized assessment,
indicator erence value value no contradictory values were obtained, which would in-
Minimum value BYY) 237 dic_ate the influence o_f special chtors on the results._Vio—
! i lations of the established requirements for compliance
Maximum value 2,22 2,49 were not detected. Descriptive statistics of the standard-
- - ized score are shown in Table 3.
Arithmetic mean 0,00 0.27 It should be noted that the standardized assess-
Median -0,02 0,25 ment, which is based on the reference value, forms more
Fashion 20,02 0,25 accurate data. Z indicators obtained from the reference
value have a more centered position compared to the
Swing 4,86 4,86 standardized estimate from the arithmetic mean. Accord-

ing to descriptive statistics, despite the fact that both ap-
proaches account for the same measure of swing, the

To assess normality using the Shapiro-Wilk W
test, the total sample was divided into five subgroups of
50 measurements. The results of the evaluation are
shown in Table 2.

According to the obtained data, group 1-50 and
201-250 showed a normal distribution of data at p 0.05.
Group 101-150 demonstrated normality at p 0.01. For
groups 51-100 and 151-200, not enough data were ob-
tained to make a conclusion about the normality of the
distribution. Accordingly, taking into account EA-4/02
M:2022, it was concluded that the data of the subgroups
and the total sample were removed from the normal dis-
tribution. Accordingly, the data are suitable for further
analysis.

location relative to the centerline, the Z-score relative to
the mean, shows a bias of about 0.3 standard deviations
toward overestimation, according to the study sample.
This can be a significant bias in the case of methods of
research of biological indicators that have a high sensitiv-
ity to external factors and for samples with a small vol-
ume, in which the mathematical expectation can differ
significantly from the real state of the indicator.

Analysis of Shewhart's quantitative maps. Ac-
cording to the result of the evaluation of the process us-
ing quantitative Shewhart maps, for the analysis of the
dynamics of swings, no signs of exit from the state of
controllability were found. The set maximum permissible

14
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-

value was not violated. A graphical representation of the
assessment is shown in Figure 2.

As can be seen from the displayed results, the
map containing the data of measurement spans from 26
to 50 shows relatively shifted control limits. This is be-
cause the average range of measurements for this sample
was 0.003 percent, which is the lowest value among all
ten subgroups, while the median value was 0.007 per-
cent. However, this displacement does not exclude the
possibility of using these limits as a geometric reference
for evaluating the stability of the results. This case em-
phasizes the need to study not only the largest possible
sample, but also the joint analysis of grouped data rela-
tive to a common trend.

More important for this subgroup is the compa-
rable decrease in the average range of the measurement
results, since taking into account the results of this sub-
group can affect the result of the uncertainty assessment,
leading to a narrowing of the final uncertainty interval.
Due to the fact that the factor that led to such a decrease
in the average span had an impact only within the sub-
group 26-50, this set of measurements can be perceived
as a drop with the subsequent exclusion of its indicators
from the calculation. Alternatively, it may be recom-
mended to analyze this subgroup for outliers in the mid-
dle of the data, for example by calculating the Cochrane
test or the Grubbs test (Yeremenko et al., 2013) and ac-
cording to I1SO 5725-2:2019, if it is necessary to save as

12 3 4 5 6 7 8 9 10 011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Range of individual measurements, %

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4R 49 50

Range of individual measurements, %

51 52 53 54 55 56 57 SR 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

Range of individual measurements, %

76 77 78 79 80 81 82 K3 B4 85 86 87 HR RO Q0 91 92 93 04 95 96 97 98 99 100

Range of individual measurements, %

101 102 103 104 105 106 10

Range of individual measurements, %

7 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125

126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150

Range of individual measurements, %

151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175

Range of individual measurements, %

176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

Range of individual measurements, %

201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225

Range of individual measurements, %

226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250

Range of individual measurements, %

——R -range, — - =UCL - upper control limit, — — - CL - central line,

— - LCL - lower control limit,

ULC - upper limit of compliance

Fig. 2. Graphical representation of the evaluation of the statistical controllability of the process using control
maps of swings
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much data as possible. In addition, it should be empha-
sized the difficulties that arise when using a single list of
patterns to make a conclusion about the exit of the pro-
cess from the state of stability. To carry out an effective
analysis, it is necessary to focus on the characteristics of
the process that are formed in certain conditions of its
implementation, which also demonstrates the prospects
of processing retrospective data.

According to the result of evaluating the process
using Shuhart's quantitative maps, for the analysis of the
dynamics of individual measurement results, no signs of
exit from the state of controllability were found. The
minimum and maximum permissible values of the indi-
vidual measurement were set and were not violated.
A graphical representation of the assessment is shown in
Figure 3.

As can be seen in the graphs, maps based on a
standardized value, such as SRM, do not form sufficient-
ly rigid control limits to ensure compliance with estab-
lished requirements. In this regard, additional limits are
integrated into the map, which form the correspondence
interval based on the minimum and maximum permissi-
ble values. As you can see, this interval has an area al-
most 60% narrower than the interval of control limits.

According to the conducted study, the suitability
of modified statistical maps to meet the requirements for
the formation of objective evidence of the suitability of
retrospective data for the assessment of measurement
uncertainty has been demonstrated. On the basis of the
conducted assessment, the statistical controllability of the
analytical method in the specified time period and the

1 2 i 4 5 6 7

Individual measurements, %

B9 10 011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

2627 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

Individual measurements, %

51 52 53 54 55 56 57

Individual measurements, %

58 59 60 61 62 63 64 65 66 67 68 69 70 I 72 73 74 75

76 77 78 79 80 Bl 82 83 84 85 86 R7 88 K9 90 91 92 93 94 95 96 97 98 99 100

Individual measurements, %

101 102 103 104 105 106 107 108 109 110 100 112 113 114 115 106 117 118 119 120 121 122 123 124 125

Individual measurements, %

126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150

Individual measurements, %

151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175

Individual measurements, %

176 177 178 179 180 181 182 183 184 8BS 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

Individual measurements, %

201 202 203 204 205 206 207 208 209 2010 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225

Individual measurements, %

226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250

Individual measurements, %

—#%—X - individual measurement, ——UCL - upper control limit, ~---CL - central line, ——LCL - lower control
limit, - LLC - lower limit of compliance, ~—=== ULC - upper limit of compliance

Fig. 3. Graphic representation of the assessment of the statistical controllability of the process based on the
results of individual measurements
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Table 4 — Results of uncertainty assessment based on
the arithmetic mean of samples

Sample u U URel, %
1-250 0,0005 0,001 0,993
1-25 0,0013 0,003 2,48
26-50 0,0009 0,002 1,877
51-75 0,0014 0,003 2,687
76-100 0,0019 0,004 3,752
101-125 0,0014 0,003 2,68
126-150 0,0021 0,004 4,305
151-175 0,0015 0,003 2,925
176-200 0,0016 0,003 3,063
201-225 0,0012 0,002 2,37
226-250 0,0019 0,004 3,696

Table 5 — Results of uncertainty assessment based on
reference value of SRM

Sample ukz)ias, uprecision, uc, URel,
% % % %

1-250 8,1894 7,8481 11,343 | 22,686
1-25 6,7291 6,2729 9,199 18,399
26-50 4,9266 4,5656 6,717 13,434
51-75 7,1615 6,6135 9,748 19,496
76-100 9,7829 9,169 13,408 | 26,816
101-125 | 7.6478 6,8855 10,291 | 20,581
126-150 | 11,5301 | 10,4492 15,56 31,121
151-175 | 8,8437 7,5634 11,637 | 23,274
176-200 | 8,5181 7,87 11,597 | 23,194
201-225 | 6,1959 5,9696 8,604 17,208
226-250 | 9,0563 9,1052 12,842 | 25,684

Table 6 — Results of uncertainty assessment
based on interlaboratory comparisons with the par-
ticipation of an accredited provider

Year of imple- URel Bix Pt, URel Big Pt
mentation % +bias, %
2014 50,000 50,000
2015 40,000 40,000
2016 31,579 31,579
2017 40,000 56,569
2018 46,154 46,154
2019 35,294 37,203
2020 46,154 55,470
2021 30,769 68,802
2021 31,818 39,101
2022 38,462 39,223
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suitability of retrospective data for uncertainty assess-
ment were proven.

Evaluation of measurement uncertainty. The re-
sults of the uncertainty assessment based on the calcula-
tion of the dispersion of the results of independent meas-
urements carried out under conditions of intra-laboratory
reproducibility relative to their arithmetic mean are
shown in Table 4.

The results of the uncertainty assessment, based
on the calculation of the dispersion of the results of inde-
pendent measurements carried out under conditions of
intra-laboratory reproducibility relative to the reference
value of the certified reference material, taking into ac-
count the bias, are shown in Table 5.

To examine the potential reduction in uncertain-
ty estimation that was likely to occur under the condi-
tions of using data from 26 to 50, additional calculations
were performed excluding them from the total sample.
According to the results, the uncertainty based on the
arithmetic mean of the sample excluding the 26-50 sub-
group was equal to 1.441% compared to 0.993% ob-
tained in the analysis of the full sample. The uncertainty
based on the reference value excluding the 26-50 sub-
group was 23.392% compared to 22.924% obtained
when analyzing the full sample.

In accordance with this, it should be noted that
the emission has a much greater influence on the uncer-
tainty estimate, which is based on the calculation of the
dispersion of the results of independent measurements
carried out in conditions of intra-laboratory reproducibil-
ity relative to their arithmetic mean. The effect of the 26-
50 subgroup resulted in a 69 percent change in the uncer-
tainty range compared to the uncertainty calculated from
the full data sample. Because this approach relies on
mathematical expectation, it shows much greater sensi-
tivity to sample size, distribution of values, and outliers.

The effect of the 26-50 subgroup on the uncer-
tainty calculation based on the reference value resulted in
a range change of only 2% compared to the uncertainty
calculated from the full data sample. In the example un-
der analysis, this is interpreted as a minor deviation.

Further comparisons and analyzes were per-
formed with indicators calculated using the full sample.

The results of the uncertainty assessment based
on the results of interlaboratory comparisons are shown
in Table 6.

According to the obtained data, a comparative
graph of the dynamics of uncertainty, which was ob-
tained using four different approaches, was formed.

This graph is shown in Figure 4.

As can be seen from the given diagram, the
measurement uncertainty has significant variability over
time. This is due to the changes that inevitably occur
among the factors that exert or can exert an influence on
the measurement result. According to the studied data,
the uncertainty interval within fifty measurements made
during one month can narrow or expand by almost 100%
of its value and by more than two times during the stud-
ied period, despite the proven stability and compliance of
the process.

According to this, despite the lack of a direct re-
quirement to update information on uncertainty, which is
already established for the test method during the corre-
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variability over time. In addition, periodic updating of the

verification is associated with significant expenditure of
resources, which is not always justified from the point of
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view of the result.
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An alternative to experimental updating is a ret-
rospective analysis, in particular of the results of measur-
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ing certified reference material. A large number of test

’

methods aimed at establishing indicators of biological
safety of food and fodder agricultural raw materials re-
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=
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of routine research. Examples of these methods can be

) ————= * e ——— guantitative molecular genetic methods based on the pol-
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® U from the average value,
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& _ U from interlaboratory comparison with bias

Fig. 4. Dynamics of indicators of relative expanded
uncertainty obtained by four assessment approaches

sponding verification study ISO/IEC 17025:2017, there
is a need to periodically reevaluate its interval. In con-
nection with the constant updating and strengthening of
requirements for the safety of food and fodder agricultur-
al raw materials, the influence of not only qualitative
assessment of the uncertainty of the results of relevant
measurements, but also taking into account the variability
of this indicator, to ensure national and international
compliance of products, is increasing.

In accordance with this necessity, the question
of the most appropriate method of controlling the dynam-
ics of uncertainty arises. The main requirements for the
optimal method are to ensure the necessary level of eval-
uation quality, which can satisfy the interested parties
who interpret the measurement result, and the economic
feasibility of the evaluation procedure.

Given the results of the analysis of the dynamics
of the uncertainty assessment results, it is obvious that
the periodic repetition of the verification experiment in
order to establish the uncertainty is insufficient. This is
because the verification procedure provides only a point-
by-point understanding of the uncertainty interval that is
relevant to the state of the associated sources, which have
significant variability, especially in relation to testing
biological analytes. Even considering that not all uncer-
tainty factors have the same degree of influence on the
measurement result (Ellison et al., 2012), sources such as
equipment, operators, and time form a significant contri-
bution to uncertainty and are characterized by significant

ymerase chain reaction, enzyme immunoassay methods
using measurements of optical density, measurement of
the content of mycotoxins, etc. Thus, using the results of
a chain of routine measurements of the certified value of
the reference material as a reference value for uncertainty
control is an approach with sufficient justification.

However, for some methods of quantitative
analysis of biological analytes, there are no control sam-
ples. An example of this may be methods of microbio-
logical research based on counting the number of colo-
nies, membrane filtration or the most probable number.
Obtaining a reference value for such methods is a diffi-
cult task, which is traditionally solved by using the math-
ematical expectation described by the arithmetic mean of
the sample.

Another alternative is to use the standard devia-
tion of interlaboratory comparisons. However, this ap-
proach cannot take into account a large number of
sources, and the uncertainty estimate comes from the
contributions of the laboratories of the comparison par-
ticipants, limiting the description of specific laboratory
conditions. The joint influence of these factors can form
an inflated uncertainty interval.

A comparison of the relative expanded uncer-
tainties obtained by these approaches is shown in Table
7.

According to the obtained data, the median level
of uncertainty obtained using the evaluation from the
reference value is more than thirteen times higher than
the calculations based on the arithmetic mean of the
sample. In turn, this interval is less than two times lower
than the uncertainty estimated by interlaboratory compar-
ison.

The approach to uncertainty assessment using
the results of interlaboratory comparison without taking
into account the bias of the laboratory and taking it into
account, shows a difference in median values of 1.4% of
the result.

Table 7 — Comparison of values of relative expanded uncertainties obtained by different approaches

. Indicators of extended uncertainty, %
Evaluation method — : :

Minimum Median Maximum Range
From the average value 0,99 2,69 4,31 2,43 (56,38%)
From the reference value 13,43 22,69 31,12 17,86 (56,83%)
Fr.om mte_rlaboratory comparison 30,77 39,23 50,00 19,23 (38,46%)
without bias
Frpm |.nterlaboratory comparison 3158 43,08 68,80 37,22 (54,10%)
with bias
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Conclusions

The combination of standardized evaluation
maps and Shewhart control maps with the addition of
lines of maximum and minimum acceptable values to the
set of control limits have high prospects in terms of
providing objective evidence of the suitability of retro-
spective data for assessing measurement uncertainty. The
use of modified maps makes it possible to reasonably
assert the statistical controllability, stability and compli-
ance of the measurement procedure in a specific period
of time, based on the analysis of variability and average
values of measurements.

Analysis of the dynamics of uncertainty esti-
mates during six years of interlaboratory comparisons
and four years of intralaboratory routine measurement of
certified reference material demonstrate significant fluc-
tuations in the measurement uncertainty indicator, which
underwent changes of almost 100% of the estimated val-
ue during the experimental period. This variability
demonstrates the need for periodic updating of measure-
ment uncertainty assessment to support the ability to
make informed decisions regarding biological safety in-
dicators of food and feed agricultural raw materials.

Despite the ability to develop a qualitative de-
sign that takes into account a large number of sources, an
estimation approach based on the arithmetic mean of the
sample returns narrow uncertainty intervals that cannot
adequately account for bias, and at the same time is high-
ly dependent on the size of the sample and the presence
of outliers among measurement results. In addition, it
should be emphasized that, according to the obtained
data, the arithmetic mean indicator is not always the op-
timal measure of the central tendency in the conditions of
methods of analysis of biological indicators. Therefore,
this assessment method should not be preferred when an
approach based on a higher quality evidence base can be

used, including the use of certified reference material and
interlaboratory comparisons with the participation of an
accredited provider.

The use of a sample of measurement results of
certified reference material enables a balanced assess-
ment of uncertainty, taking into account the contributions
of precision and bias components. Along with this, this
method, in the case of a positive assessment of the statis-
tical controllability of the process, has a significant evi-
dential basis. However, it should be taken into account
that this approach may not be able to take into account
such a critical source of uncertainty as the sample prepa-
ration procedure, which often includes such steps as
sample homogenization, analyte release or extraction,
uniform distribution of the measurement object, and oth-
er influencing factors.

An approach based on the results of interlabora-
tory comparisons with the participation of an accredited
provider provides a significant evidence base, but takes
into account the measurement conditions of all laborato-
ries participating in the comparison. This forms a dis-
tance from the peculiarities of the implementation of the
analytical procedure in the conditions of a certain labora-
tory according to its individual influences of sources of
uncertainty. In this regard, the obtained intervals may
significantly exceed the practical uncertainty of this spe-
cific laboratory.

According to the obtained data, significant ad-
vantages of using retrospective data in comparison with
the revalidation experiment have been demonstrated,
however, there is a need for further research in order to
combine in one design the uncertainty assessment of the
largest number of sources and to provide the most rea-
sonable initial uncertainty interval for measuring the bio-
logical safety indicators of food and feed raw materials.
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BUKOPUCTAHHSA PETPOCIHEKTUBHUX JAHUX IS OINIHIOBAHHSA
HEBU3HAUYEHOCTI BUMIPIOBAHb NIOKA3HUKIB BIOJIOI'TYHOI
BE3IEKHU XAPYOBOI TA KOPMOBOI CUPOBUHHU

Anomauin

Hasedeno pesynomamu ananisy nepesae ma HedoiKié 8UKOPUCTNAHHA PeMPOCHEKIMUBHUX OAHUX 07 peanizayii
OYIHIOBAHHS HEBUSHAYEHOCMI BUMIDIOBAHHA NOKA3HUKIE 0i0N02IYHOI Oe3neyHOoCmi Xapyoeoi ma KopMoBoi CUpOBUHU.
MooenvHow npoyedyporo 8UMIPIOBAHHS BUKOPUCMAHO KIIbKICHE USHAYEHHS 2eHeMUYHO MOOUDIKOBAHUX OP2aHi3MiE 3d
00nOMO2010 NONIMEPA3HOT TaHYI020801 peakyii' y pexcumi peanvrHo2o yacy 250 pe3yiomamie SUMIPIOSAHHS Cepmu@iKo-
sanoeo peghepercroco mamepiany 3 emicmom 0,1% ninii cenemuuno mMoOupiKosanoi coi, Wo oMpUMAaHO 8 YMOBAX 6HY-
mpiwHbo 1abopamophoi eiomeoprosarnocmi ma 10 pe3yiomamis 8i0N0GIOHUX MINCIAOOPAMOPHUX NOPIBHSIHb 3 YUACTIO
axpedumosanozo nposaiidepa. Ilpuoammnicmes pempocnexmuenux 0anux oyinwoeanu 3a kpumepiem Llanipo-Yinka ma
aHanizy CmMamucmuyHoi KOHMpOIbOBAHOCMI 3 BUKOPUCIAHHAM KApmM CMAHOAPMU308AHOL OYIHKU | MOOUDIKOBAHUX
xkapm Lllyxapma, nesusnauenicmos — 4 memooamu, wo ONUCAHI Y 3A2ANbHUX MA 2ATY3€6UX MIHCHAPOOHUX KEPIBHUYMEBAX
ma nopmamusax. Pezynomamu euxopucmanna xombinayii mooughikosanux kapm Lllyxapma O0emoncmpye npuiinam-
HiCMb 0aH020 NiOX00Y 0151 BCMAHOBNEHHS NPUOAMHOCTI PEeMPOCHEeKMUBHUX Pe3VIbMAamie UMIPDIOBAHHS 8 IKOCMI 6Xi0-
HUX OaHUX OYIHIO8AHHA HesusHauenocmi. Lllnaxom inmezpayii 000amKo8uUx «mexnc NPUOAMHOCMI» 00 KOMNJIEKMY Cma-
HOAPMU308AHUX KOHMPOTIbHUX MediC, OAHULl AHANI3 HAOYBAE MONCIUBOCII OOHOUACHO20 8CMAHOBICHHS He auue cmadi-
JIBHOCMI, 3a OONOMO20I0 IHMepnpemayii 2eoMempuyHUX namepHie, a i 6i0N0GIOHOCMI KOHKpemHumM Kpumepisim. 3 eu-
KOPUCMAHHAM OAHO20 NIOX00Yy OMPUMAHO 00 €KMUGHUX OOKA3I6 NPUOAMHOCMI PemPOCNEeKMUSHUX OAHUX OJisl OYIHIO-
BAHMSL HEGUHAYEHOCTI BUMIPIOGAHHS. P03n00in pempocnexmuenux 0anux, OMmpumMaHux 6 ymMo8ax HympiuiHvo 1abopa-
MOpPHOI 8i0MEOPI0GAHOCHI, NPULIHAMO 3a HOpMaabHe. B pe3ynvmami oyinio8auHa cmMamucmuyHoi KOHMPOIbOBAHOCH
ma iOnoGiOHOCMI 6CMAHOBNIEHUM KpUmMepiam 0YI0 OmpuMaro 06'€ekmusHi 00Ka3u NpuOAmHOCmi OaHux O01s OYiHKU
Heguznauenocmi. Ananiz iHmepeanie HesU3HAUYEHOCMI nid2pyn 3 06csa2om 25 8UMIPIOBatb, i3 3ACMOCYBAHHAM 4 Memooie
OYIHIOBAHHS, NPOOEMOHCMPYBAB 3HAUHY 8aAPIADENbHICMb PE3YTbMAmMie SUMIPIOSANHHS OI0I02TUHUX NOKA3HUKIE Oe3neKu.
Inmepsan nesusnavenocmi mie 38yacysamucs abo posuiuprosamucs maice na 100% snavenns y medicax n'smoecamu
sumipie. MedianbHi 3HAYeHHs, OMPUMAHI I3 3ACMOCY8AHHAM PIZHUX MemOOi8 OYIHIOBAHHS HEBU3HAYEHOCMI, CINAHOBUNIU
2,69%, 22,69%, 39,23 i 43,08%. Hana sapiabenvHicme 00yMO8IeHA 0OMENCEHICMIO OXONIEHHS 0dcepel HeBU3HAUeHO-
cmi, Wo € NPUMAMAHHUM 071 KOJCHO20 3 NPOAHANI308aHUX Memoodie. Halbinbw onmumanibHumM mMemooom noKa3aHo
OYIHIOBAHHS, WO OA3VEMbCA HA PYMUHHOMY GUMIDI cepmuikoeanozo pegepencrozo mamepiany. Pempocnexmugni
pe3yibmamu pymuHHO20 GUMIPIOSAHHS CePMUPIKOBAHO20 pehepeHCcHO20 Mamepiany ma MinciabopamopHux NOpieHsIHb
€ ehekmusHUM 0dceperom 6XIOHUX OAHUX OJil OYIHIOBAHHS HEBUSHAYEHOCMI De3VIbmamie SUMIPIOGAHHS NOKA3ZHUKIE
bionoeiunoi be3neunocmi CilbCbK020CN00apcvkoi cuposunu. Icuye nompeba nodanvbuio2co 00CaioNHCeHHA Ol 6CMAHO0G-
JIeHHs MOO€i OYIHIOBAHHS, WO HAOACTb MONCIUBICING 8PAXYE8AMU ONMUMANLHY KiNbKICMb 8NIUBOSUX 0diCepell HeGU3HA-
yeHocmi, AKi € NPUMAMAHHUMY O OIONI02IUHUX CUCEM, MA He MOXCYMb OYMu 0OHOYACHO 8PAXOBAHUMU 3 8UKOPUC-
MAHHAM ICHYIOUUX NIOX00i8, WO NPONOHYIOMbCA CIMAHOAPIMHUMU MEMOOAMU OYIHIOBAHHSL.

Kniouosi cnosa: konmpons, akicms, 6e3neunicme, CmamucmuKka, HeGU3HAYEHICHb, UMIPIOGAHHA.
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