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Abstract. Cesium-137 is one of the primary radionuclides used as an indicator of
environmental radiological contamination. Due to its relatively long half-life (30 years), it poses
a significant radiological hazard, as it can penetrate and accumulate in various tissues and
organs, causing internal exposure.

To prevent the accumulation of radionuclides in the human body and reduce associated health
risks, as well as to ensure the safety of food products in Ukraine and the European Union,
maximum permissible levels of cesium-137 in food are regulated at the legislative level.
Radiological monitoring of foodstuffs is routinely conducted using gamma-spectrometric
analysis, which allows for rapid identification and quantification of radionuclide content.
According to DSTU EN ISO/IEC 17025:2019 General Requirements for the Competence of
Testing and Calibration Laboratories, all analytical methods used by state laboratories must be
validated and accredited.

This article describes the procedure for conducting abbreviated validation of the method for
measuring the specific activity of cesium-137 in control water samples artificially enriched with
the analyte, using a scintillation gamma spectrometer. The study was conducted at the State
Research Institute for Laboratory Diagnosis and Veterinary and Sanitary Expertise. The
suitability of the method for its intended purpose was evaluated based on key parameters such
as measurement accuracy and intermediate precision.

The validation results demonstrated that the measurements of cesium-137 specific activity did
not exceed the normative limits specified by the measurement method. Therefore, this method
can be considered suitable for specific applications, providing accurate and reliable results.
Keywords: cesium-137, control samples, gamma spectrometry, accuracy, precision, bias,
method suitability

Radioactive contamination of the environment is considered one of the greatest dangers
of the modern world, as radioactivity can negatively affect both the environment and its
inhabitants for many years (Gupta, 2018; IAEA, 2011; Kashparov, 2019; Russell, 2015).

According to literature data, the radionuclides cesium-137 and strontium-90 play the
most significant role in the radiological contamination of the biosphere. Due to their relatively
long half-lives—30 years for cesium-137 and 29 years for strontium-90—they can accumulate
significant doses of radiation (Jeskovsky, 2019; Kotelevych, 2019; Malimon, 2023). The main
sources of these radionuclides entering the air environment are nuclear tests and accidents at
nuclear power plants (Fesenko, 2013; IAEA, 2019).

One of the main radionuclide contaminants in food consumed by humans is cesium-137
(Zdrojewicz, 2016; Romanchuk, 2019). Long-term consumption of products contaminated with
radiocesium can cause inflammatory processes in various tissues and organs of the human
body, with the most pronounced inflammation observed in the gastrointestinal tract, urinary
tract, and reproductive system (Dutov, 2015; Gudkov, 2012; Godyn, 2016; Konoplev, 2020).
To prevent the accumulation of radionuclides in the human body and reduce the negative
impact of radiation on health, as well as to ensure the population has safe food, Ukraine and
the European Union have legally established maximum permissible levels of cesium-137 in
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food products. Additionally, in accordance with current regulations, systematic monitoring of
food products for radiological indicators, including the measurement of cesium-137 and
strontium-90 content using spectrometric analysis methods, is conducted. These methods
allow for rapid identification and quantitative determination of radionuclide content in the matrix
(Zdrojewicz, 2016).

According to DSTU EN ISO/IEC 17025:2019 General requirements for the competence
of testing and calibration laboratories, all methods used by state laboratories of the State
Consumer Service of Ukraine must be validated and accredited. Validation provides an
understanding of the capabilities and limitations of the method during routine use and ensures
the reliability of the obtained results (Initial validation and transfer, 2010; Eurachem guide,
2016; 1SO17025:2019; ISO 5725).

The aim of study. To determine the suitability of the spectrometric method for
measuring the specific activity of cesium-137 in water samples using a scintillation gamma
spectrometer and Progress software.

Materials and methods. The research was conducted at the State Scientific and
Research Institute for Laboratory Diagnostics and Veterinary and Sanitary Expertise, Kyiv,
Ukraine. The test material consisted of control water samples enriched at a level of 1.80 Bq/kg
with a standard solution of cesium-137 radionuclide type RR'3’Cs No. 08-030-24, with a
nominal volumetric activity of cesium-137 of 100 Bqg/kg +20%.

Measurements of the specific activity of cesium-137 in the control samples were
performed using the Gamma Plus universal spectrometric complex with an Nal detection block
and Progress software.

Results and discussion. This article describes the parameters used for the
abbreviated validation of the scintillation gamma spectrometry method using control samples
enriched with cesium-137 analyte. The research included the specifics of the measurement
method, taking into account all critical stages of the process. The suitability of the method for
the intended purpose was confirmed based on key parameters such as the accuracy and
intermediate precision of the measurement results (Initial validation and transfer, 2010;
ISO17025:2019; ISO 5725).

Before starting the measurements, preliminary preparation of the control samples was
performed using the physical concentration method. The specific activity of cesium-137 was
measured according to the methodology for measuring radionuclide activity using a scintillation
gamma spectrometer with software "Progress".

The accuracy of the measurements was assessed under conditions of intermediate
convergence. For this purpose, one operator conducted ten consecutive studies of the control
samples using the same measurement method, the same instrument, while changing one
factor (day of measurement).

The obtained measurement results were processed using generally accepted statistical
methods and are presented in Table 1.

The accuracy of the measurement expresses how close the average value of an infinite
number of measurement results is to the reference value. Since it is impossible to perform an
infinite number of measurements, the accuracy was evaluated through «bias». For this
purpose, the average value of the ten measurements, which was 1.89 Bqg/kg, was compared
with the reference value of 1.80 Bg/kg. According to the obtained data, the "bias" value can be
considered insignificant, as it was only 0.09 Bg/kg.

Figure 1 shows a histogram evaluating the accuracy of the measurements by
determining the percentage recovery of the added analyte (cesium-137) to the matrix (water).
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Table 1
Results of measurements of control samples enriched with cesium-137
Added Parameters of the state of Standa
the premises Measur rd Relative .
standard L Bias
Research A h | ement | deviati | standard
at the T tmosp . (b),
days empe ‘i : results, on, deviation
level, rature Humidi eric Ba/k 3 RSD). % Ba/kg
Bg/kg oc | tv.% | pressure, a/kg (), | ( ), %
Ba/kg
kPa

1 20 58 100.0 1.71
2 20 63 100.3 1.96
3 20 63 100.3 1.97
4 20 67 100.6 1.98
5 20 63 100.1 1.83
6 1.80 20 67 100 3 198 0.12 6.50 0.09
7 20 64 100.8 2.05
8 20 55 100.3 1.68
9 20 58 100.0 1.90
10 20 63 100.3 1.84

e=@==upper regulatory value
for control samples

e=@==results of measurement
of control samples

matrix

«=@==|ower regulatory value
70 = 70 o 70 o 70w 70 g 70 g 70 g 70w 70 o 70 for control samples

supporting value

percentage of analyct returning from

days of measurement of control samples

Fig.1. Percentage recovery of the added cesium-137 analyte in the control water
samples

Analyzing the histogram data, it is noted that the percentage recovery of the analyte in
the measured control samples enriched with cesium-137 relative to the reference value of 1.80
Ba/kg (100%) ranged from 93% to 114%. Therefore, the measurement results can be
considered acceptable and reliable, as they fall within the normative value (100+30%) specified
by this measurement method.

The second important indicator for evaluating the suitability of the method is the
intermediate precision of the measurements, usually expressed by statistical parameters
characterizing the dispersion of measurement results, such as convergence and intra-
laboratory reproducibility.

In this work, we used the method of simultaneously determining convergence and intra-
laboratory reproducibility of measurement results described in ISO 5725-3:2005 Accuracy
(trueness and precision) of measurement methods and results. For this purpose, three series
of measurements were conducted, with three measurements in each series. Convergence was
assessed within one series (measurements were performed by one operator on the same
instrument within one day). Intra-laboratory reproducibility of the measurement results of the
control samples was performed under maximally different conditions (series), with tests
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conducted by different operators on different instruments on different days. The results of the
measurements are presented below in Table 2.
Table 2
Results of measurements of the specific activity of cesium-137 in control samples
under conditions of convergence and intra-laboratory reproducibility

Parameters of the state of the Measurement results,
Research PTeMISes Measuring Balkg
Temper - . :
days Humidity | Atmospheric series
ature, o X1 X2 X3
o Yo pressure, kPa
C
1 20 63 100.2 A 1.87 1.67 1.62
2 21 55 100.0 B 1.79 1.96 1.83
3 21 59 99.6 C 1.86 2.13 1.82
Relative standard deviation of convergence, % 7.07
Relative standard deviation of convergence of internally laboratory 816
reproduction, % '

According to the data in the table, the smallest spread of measurement results was
observed when conducting studies under convergence conditions. In contrast, conducting
studies under intra-laboratory reproducibility conditions was accompanied by an increase in
the variability of measurement results and a greater spread between them.

Since precision depends on the concentration of the analyte in the control sample, it is
advisable to express it through the relative standard deviation. The calculation of the relative
standard deviation was performed in accordance with the Guideline Fitness for Purpose of
Analytical Methods. A Laboratory Guide to Method Validation and Related Topics (Eurachem
guide, 2016). The relative standard deviation of convergence was evaluated as intra-group
precision and amounted to 7.07%, while the relative standard deviation of intra-laboratory
reproducibility—as the square root of the sum of the squares of intra-group and inter-group
precision—was 8.16%.

In summary, the obtained data indicate that this method is suitable for use, as the
obtained values of the relative standard deviation of convergence and the relative standard
deviation of intra-laboratory reproducibility did not exceed the relative standard deviation
established by the measurement method (no more than 30%).

Conclusions.

Based on the obtained and analyzed results of the abbreviated validation of the
methodology for determining the specific activity of cesium-137 using a scintillation gamma
spectrometer and the Progress software, the method was found to meet key validation criteria.
In particular, the accuracy of the measurements evaluated by bias and the percentage recovery
of the analyte added to the matrix as well as the precision of the measurements, including
convergence and intra-laboratory reproducibility, were assessed using control water samples.

The validation data confirmed that under highly variable measurement conditions, the
method provides accurate and statistically reliable results. Therefore, the analytical method
can be considered suitable for further application in the radiological monitoring of food products
and water.
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Pe3rome. Lle3iti-137 € OOHUM i3 205108HUX paldioHyKridie, sKUU Crly>Xumb iHOUKamopom
padionoeiyHo20 3abpyOHEeHHSI HasKoNuWHbo20 cepedosuwa. 3asdsiku c80eMy BIOHOCHO
0oszomy rnepiody Hanieposnady (30 pokie) padioue3sili eeakaembcs Haubinbw Hebe3arneyHum
OxxepersioM 2aMma OrpOMIHEeHHS, OCKiNIbKU 30amHull MPOHUKamu ma Hakornu4yeamucs y pi3HUxX
mKaHUHax ma opaaHax opaaHi3my, CrIPUYUHSYU U020 8HYMPIWHE ONMPOMIHEHHS].

3 memoro 3anobiecaHHS Hakornu4yeaHHK padioHyKsidie 8 opaaHi3mi MHoOUHU ma 3MEeHUWEHHS
ernugy HecamueHUX ghakmopie Ha il 300p08’si, a makox 3 Memotro 3abesrie4eHHs1 HacesleHHs
6e3nedyHUMuU xap4osumu rnpodykmamu 6 YKpaiHi ma e KpaiHax €eporelicbko2ao Cor3y Ha
3aKkoHOdas4yoMy Ppi6HI pearniaMeHmMyrmbCs MaKcumMasibHO Oorycmumi pisHi uesito-137 e
Xxap4osux npodykmax. TaKkox Ha MocmiliHiti OCHO8I Mpo8ooUMbCS MOHIMOPUHE Xap4yoeux
npodykmie 3a padionio2idyHUMU rokasHuUkamu MemodoM 2aMma-CrieKmpomMempuyHo20
aHarnizy, skulu 0o038o0sisi€ WBUOKO [i0eHmugbikygamu ma KiflbKICHO 8u3Hadamu emicm
padioHykriidis.

Buxods4u 3 moeo, wo eidnosgioHo do ACTY EN ISO/IEC 17025:2019 «3azanbHi eumoau 0o
KomremeHmMHocmi surnpobysasibHUx ma KanibpysanbHux rnabopamopit» yci Mmemodu ssKumu
gosiodiromb OeprxkagHi nabopamopii 05si sU3HaYeHHS MoKa3HUKIe 6e3reKu ma ssKocmi xap4oeux
npodykmie nosuHHi 6ymu eanidogaHumu (8epughikoeaHumMu) ma akpeoumosaHUMU.

Y daHili cmammi onucaHo npouedypy rnposedeHHsT sepudbikayii MemoduKu 8UMIptO8aHHS
numomoi akmusHocmi uesito-137 8 KOHMPOsibHUX 3pa3kax 600U wmy4yHo 3b6aza4dyeHux
aHanimom uesito-137 3 8UKOpUCMAaHHSAM CUUHMUIIAUIUHO20 2aMMa-criekmpomempa.
LocnioxeHHs1 rnpoesodurnucsi Ha 6asi Haykoeso-0ocnidHoz2o iHecmumymy 3 rnabopamopHOI
OiaeHOCMUKU ma eemepuHapHo-caHimapHoi ekcriepmu3su. [lidmeepdxxeHHs npudamHocmi
0aHo20 Memody nocmassieHUM UiriiM OUiH8asu 3a makuMu KIro4o8UMU rnapamMempamu, sK:
rnpasusibHicmb ma rpoMipKHa rnpeyusitdHicms pe3yrbmamie eaUMipto8aHsb.

OckKinbku, o yciMm aHanidyrodum napamempam, pe3yrnbmamu euMiptogaHb MUMOMOI
akmueHocmi yesito-137 He nepesuwysanu HoOpMamueHi 3Ha4eHHs 3a3Ha4YeHHi MemoOUKOHO
8UMIprO8aHb, MOXeMO cmeepoxysamu wo OaHuli Mmemod rpudamHuli Orii KOHKpemHoz20
3acmocygaHHs, a ompumaHi pe3yribmamu 8UMIpPH8aHb € NMpasusibHUMU ma 0oCmo8ipHUMU.
KnroyoBi cnoBa: ue3in-137, KOHTPOSIbHI 3paskn, raMmma-CnekTpoMeTpis, NpaBUIbHICTDb,
NpeumnsinHIiCTb, «3CyB», NpuaaTHICTb MeToay
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