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Abstract �²  The sustainability of quality assured and reliable 
environmental radiation monitoring is an essential element in 
the Radioecological Monitoring Program of Kozloduy NPP. 
Thus, ensuring reliable control and detection of all possible 
changes in the radiological situation in the vicinity of the nuclear 
facility.  

The Lab capacity is based on well-established in practice, 
validated techniques and radioanalytical methods within the 
accreditation scope of the KNPP Radioecological Monitoring 
Testing Laboratory (RM-TL) according to EN ISO/IEC 17025.  

The paper presents the RM-TL participation and experience 
in the 2022-2023 Interlaboratory Comparisons (ILC) and 
Proficiency Testing (PT). The statistical analyses show good 
compliance with the reference values, as a quality and precision 
guarantee in respect of the environmental monitoring 
performance at Kozloduy NPP. A good laboratory practice is in 
place in the radioanalytical field, comparable with the 
international level. 

Keywords �²  interlaboratory, comparison, calibration, 
measurement, testing, radioanalytical, accreditation, ALMERA 

I. INTRODUCTION  

There are 50 years of experience in detailed and systematic 
studies of all major environmental components – air, water, 
soil, plants, food, etc. The scope of monitoring comprises: 
Sampling, laboratory-based, and automated radiation 
monitoring within the 30-km supervised area (SA), and the on 
KNPP site. All the measurements are carried out by accredited 
ISO17025 RM Laboratory.  

In scope of accreditation are various validated 
radioanalytical methods to assess and quantify technogenic 
radioactivity in the environment. The main tool for ensuring 
the quality of measurements and radioanalytical analyses is 
inter laboratory quality control (QC) by regular participation 
in interlaboratory comparisons (ILC) and proficiency tests 
(PT). Main results for 2023 are described in the paper.  

ALMERA-IAEA Membership since 2005 of KNPP-RM 
Laboratory helps us to achieve comparability of analytical 
results, traceable to the SI system. ALMERA also contribute 
development of reliable radioanalytical methods; 

II. MAIN RADIOANALYTICAL METHODS 

In RM Laboratory are used well -established in practice, 
validated techniques and radioanalytical methods 
(ВЛМ/ВЛМК) within the accreditation scope of the 
Radioecological Monitoring Testing Laboratory (RM-TL) 
under БДС EN ISO 17025, as follow:  

• Dosimetry – Thermo-luminescent dosimetry (TLD), 
Instrumental low-background dosimetry; 

• Gamma-ray spectrometry (HPGe) – Direct 
spectrometry measurements, Radiocaesium in water 
(radio-chemical/RCh-analysis); 

• Low-background radiometry – Total alpha/beta 
activity;  

• Liquid scintillation spectrometry – Tritium in water, 
Tritium and carbon-14 in gas and aerosol emissions, 
Determination of Sr isotopes (RCh-analysis); 

• Alpha spectrometry – Pu, Am Cm isotopes (RCh-
analysis). 

For the purposes of interlaboratory comparisons, validated 
methods BLM1, BLM2, BLM3, BLM4 and BLM5 are used. 
Measurement conditions are related to the sample activity and 
expected sensitivity (MDA) of analyses. 

Benefits of Interlaboratory Comparisons (ILC) and 
Proficiency Testing (PT) are: 

• Ensuring output comparability on a national and 
international level; 

• Verifying the calibration of the testing equipment and 
devices; 

• Verifying the laboratory analysis and measurement 
methods used; 

• Personnel experience and development; 

• Reliability of the reported results; 

• Recognition of the laboratory’s competence; 

• Successful maintenance of the EN ISO/IEC 17025 
accreditation; 

• International collaboration and exchange of laboratory 
practices; 

• ALMERA/IAEA membership (since 2005); 

• Maintaining emergency preparedness, etc. 

III. QUALITY CONTROL OF LAB MEASUREMENTS 

Quality assurance (QA) of measurements and analyses in 
the radioanalytical laboratory is a basic prerequisite for 
effective and reliable radiation control. It is necessary to 
perform QA at all stages of radioecological monitoring: 
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sampling, transportation and storage of samples, 
physicochemical preparation of samples, radiochemical 
analyses, measurement of radioactivity, calculations, 
evaluation and reporting of results. At the heart of this process 
is the analysis of samples for quality control, by conducting 
internal laboratory and external laboratory control. 

Internal laboratory control includes: 

• analyzing blank samples ("blank samples") in order to 
detect possible contamination of measuring 
equipment, laboratory equipment and reagents; 

• analyzing labeled samples ("blind/spiked samples") 
containing a certain imported activity of one or more 
radionuclides; 

• analyzing duplicate samples ("duplicate samples") to 
control the reproducibility of the results. 

External laboratory control includes: 

• analyzing standardized samples ('reference materials') 
with known chemical and radionuclide composition. 
In these cases, it is necessary that the matrices of the 
standardized samples correspond to or are close to 
those of the routinely determined samples; 

• participation in national and/or international inter-
laboratory comparisons of samples (inter-comparison 
samples). 

The external laboratory control in the RM department is 
carried out through regular annual participation in 
international and national inter-laboratory comparisons. The 
analysis of comparative samples is the main criterion for 
guaranteeing the accuracy of the measurements and 
eliminating systematic errors in the overall course of the 
analyses, since the subjectivity associated with the internal 
laboratory control is completely avoided.  

The results of the participation of the RM Department in 
the international and national inter-laboratory comparisons for 
2023 and previous year show established good laboratory 
practice, in relation to the established statistical criteria. 

For the past two years RM-TL participated internationally 
in PTB/BfS (Germany) ILC’s, ALMERA/IAEA Proficiency 
Test, as well as Interproject Ltd ILC on national level. The 
results are subject to a thorough control during the 
accreditation audits by Executive Agency "Bulgarian 
Accreditation Service", according to the requirements of item 
7.2.2 Validation of methods and item 7.7 Ensuring the validity 
of the results, БДС EN ISO/IEC 17025:2018. 

IV. INTERLABORATORY COMPARISONS (ILC) AND 

PROFICIENCY TESTING (PT) 

Results of RM-TL Participations in ILC & PT, 2022-2023: 

1) BfS-PTB, Germany, Bericht 44. Ringversuch „Fortluft 

2022”, Kontrolle der Eigenüberwachung radioaktiver 

Emissionen aus Kernkraftwerken (Fortluft) [1]: 

• Gamma ray spectrometry (G1/ВЛМ1) of filter, PTB 
No. 2022-1521 

• 126 participants from Europe 

• Samples (Spiked) radionuclides – 57Co, 60Co, 95Zr, 
95Nb 

• ξ Evaluation of the laboratory participation, where the 
result may be: 

  
Equation 1 

 
• Ai and Asoll : average value from laboratory 

measurements and Sollwert  

• u(Ai) and u(Asoll) : Standard uncertainty of the average 
laboratory value and Sollwert 

• Acceptable, [z, ξ] ≤ 2; Warning, 2 < [z, ξ] < 3;  Not 
acceptable, [z, ξ] ≥ 3 

 Table 1 

The analysis of reported results in Table 1 shows that: 

• The average value of six reported measurements was 
used to evaluate the laboratory. (Lab. No 65) 

• ISO 13528:2022, Statistical methods for use in 
proficiency testing by interlaboratory comparison 
were used. 

• The obtained results show very good accuracy for 
low-active samples with relative bias from the 
reference value for all radionuclides below 4.8%. 

2)  BfS, Bestimmung von Alpha- und Betastrahlern in 

Wasser, Ringversuch 2/2022, BfS report UR – 01/2023 [2] 

• Alpha (ВЛМ4/5) and beta (ВЛМ2/3) spectrometry, 
ICM of model and real water, BfS 1M/2022 and 
1R/2022 

• 56 participants from Europe 

• Samples (spiked) radionuclides - 3H, 89Sr, 90Sr, 234U, 
235U, 238U, 238Pu, 239/240Pu, 241Am, 244Cm 

• The fit-for-purpose testing criteria [4] are as follows: 

• Criterion,   

Equation 2 

•  

• Acceptable (A), [ZWert] ≤ 2 

• Warning (W), 2 < [ZWert] < 3 

• Not acceptable (N), [ZWert] ≥ 3 

• S = 0.1 ∙ C�5 for ICM, L12/ВЛМ2 

• S = 0.2 ∙ C�5 for A24/ВЛМ4/5, C11/ВЛМ3 

• CL : Average value from laboratory measurements L 

Radionuclide 
Certified 

Value 
RM-TL Value Relative 

bias, % 
�‡���t 

Score 
�~�����F���h), Bq/g 

57Co �ï�X�ì�ô���F���ì�X�ì�ó �î�X�õ�ò�ñ���F���ì�X�ì�ð�ï -3.73 0.36 
60Co �î�X�ì�ó���F���ì�X�ì�ñ �í�X�õ�ó�ð���F���ì�X�ì�ñ�õ -4.62 0.40 
95Zr �ñ�X�í�ô���F���ì�X�î�í �ð�X�õ�ï�ì���F���ì�X�í�ò�ô - 4.82 0.42 

95Nb �í�ì�X�õ�ì���F���ì�X�ð�ò �í�ì�X�ó�ð�ð���F���ì�X�î�í�í - 1.42 0.09 
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• C�5 : Reference value (Sollwert) 

• S: Maximum acceptable relative bias (MARB) 

• Criterion,   

Equation 3 

 

• u(CL): Standard uncertainty of the average laboratory 
value (L) vs. the average value of all laboratories with 
excluded outliners. 

• u(C�5): Standard relative reference value uncertainty 
(Sollwert) 

• Applying both statistical criteria, the results are 
evaluated and shown in Table 2: 

z �z Critical comment Recommended actions 

< 2 < 2 Acceptable not required 

< 2 > 2 

The result meets the accuracy 
criteria, but the measurement 

bias is larger than the one 
provided by the participants 

Recalculation for the 
purpose of verifying  
the measurement 

uncertainty 

> 2 < 2 

The result is pretty inaccurate, the 
calculated measurement 

uncertainties are probably higher 
than the normally acceptable bias 

Verify the reliability of the 
measurement method 

> 2 > 2 The result is excessively 
inaccurate 

�s���Œ�]�(�Ç���š�Z�����u���š�Z�}���[�•���(�]�š-for-
purpose features 

 

Results for Probe 1/2022, Modellwasser  

Nuclide 
Average 

RM-TL value 
(Mittelwert) 

Reference 
value 

(Sollwert) 

z-wert/ 
Evaluation 

�z-wert/ 
�«valuation 

Accuracy, 
% 

3H 42.9 39.8 0.772 / �¤ 0.472/ A +7.8 
89Sr 72.4 85 0.744/ �¤ 1.02/A -14.8 
90Sr 11 12.7 0.663 / �¤ 1.01 /A -13.4 
234U 0.796 0.840 0.530 / �¤ 0.469/ A -5.2 
235U 0.0368 0.0390 0.577/ �¤ 0.847/ A -5.6 
238U 0.800 0.857 0.665 / �¤ 1.04/ A -6.7 

238Pu 0.611 0.757 0.964 / �¤ 1.59 /A -19.3 
239/240Pu 0.814 0.898 0.468/ �¤ 0.735/ A -9.4 

241Am 0.775 0.789 <0.10/ A 0.132/ A -1.8 
244Cm 0.472 0.551 0.721/ A 1.12/ A -14.3 

 

Results for Probe 2/2022, Realeswasser 

Nuclide 
Average 

RM-TL value 
(Mittelwert) 

Reference 
value 

(Sollwert) 

z-wert/ 
Evaluation 

�z-wert/ 
Evaluation 

Accuracy, 
% 

3H 63.7 59.0 0.780 / �¤ 0.461/ �¤ +8.0 
90Sr 2.86 3.34 0.714 / �¤ 1.04/ A -14.4 
234U 0.307 0.326 0.586/ A 0.492/ A -5.8 
235U 0.0159 0.0216 2.65 /W 3.73/ N -26.4 
238U 0.525 0.528 <0.10/ A <0.10/ A -0.6 

238Pu 0.154 0.154 <0.10/ A <0.10/ A +0.0 
239/240Pu 0.204 0.206 <0.10/ A <0.10/ A -1.0 

241Am 0.221 0.228 0.160/ A 0.209/ A -3.1 
244Cm 0.199 0.190 0.239/ A 0.258/ A +4.7 

 Table 2 

The analysis of reported results shows that: 

• The average value of two reported measurements is 
used for evaluating the laboratory. (lab. No 49- 1) 

• ISO 13528:2022, Statistical methods for use in 
proficiency testing by ILC is applied. 

• The model water results (Probe 1M/2022) are of good 
accuracy for the analyses within the accreditation 
scope and for the out of-scope analysis (234U, 235U and 
238U are determined based on the ICM method), where 
the reference value bias (Sollwert) do not exceed 
19.3% for low-active sample. 

• The RM-TL criteria have been met (accuracy <15% 
for high-active samples and <30% for low-active 
samples). 

• The two criteria of the organiser (z-wert > 2 and ζ-
wert) of the comparison have been met for all nuclides. 

• The real water results (Probe 1R/2022) are of good 
accuracy with expert-determined value bias 
(Gesamtmittelwert) not exceeding 14.4% for the 
accredited methods. 

• 234U, 235U and 238U have been determined based on the 
ICM method, which is outside the scope of the 
accredited methods at the RM-TL. 

• Only for 235U the accuracy is -26.4%, which results in 
z-wert > 2 and ζ-wert > 2, and the result is not 
acceptable. 

3) BfS, Bestimmung von Gammastrahlern in Wasser 

Ringversuch 1/2023, BfS report UR – 01/2024 [3] 

• Gamma spectrometry (ВЛМ1) of model and real 
water, BfS 1M/2023 and 2R/2023 

• 67 participants from Europe 

• Samples (spiked) radionuclides – 22Na, 54Mn, 57Co, 
60Co, 88Y, 134Cs, 137Cs, 133Ba, 152Eu, 212Pb, 207Bi, 241Am 

• The fit-for-purpose testing criteria [4] are the same as 
previous BfS, Ringversuch 2/2022  

• The obtained results are of very good accuracy, with 
the deviations from the reference value not exceeding 
5.6 %. This confirms the high quality of gamma 
spectrometry measurements at RM-TL, KNPP. 

• The two criteria of the comparison organizer are met 
for all nuclides. For 60Co both estimates (z-wert and 
ζ-wert) do not exceed 0.1. 

 

Results for Probe 1/2023, Modellwasser  

Nuclide 
Average 

RM-TL value 
(Mittelwert) 

Reference 
value 

(Sollwert) 

z-wert/ 
Evaluation 

�z-wert/ 
�«valuation 

Accuracy, 
% 

54Mn 18.3 17.9 0.252 / �¤ 0.301/A +2.2 
57Co 23.1 23.6 0.250/ �¤ 0.310/A -2.1 
60Co 30.5 30.6 < 0.10/�¤ < 0.10/A -0.3 
134Cs 53.6 56.8 0.576 / �¤ 0.753/A -5.6 
137Cs 12.0 12.1 0.157/ �¤ 0.192/A -0.8 

241Am 4.22 4.09 0.318/ �¤ 0.293/A +3.2 

 

41



 

Results for Probe 2/2023, Realeswasser 

Nuclide 

Average 
RM-TL 
value 

(Mittelwert) 

Reference 
value 

(Sollwert) 

z-wert/ 
Evaluation 

�z-wert/ 
Evaluation 

Accuracy, 
% 

22Na 1.99 2.04 0.245/�¤ 0.272/�¤ -2.5 
54Mn 0.274 0.265 0.321/A 0.249/A 3.4 
60Co 3.46 3.49 < 0.10/�¤ < 0.10/A -0.9 
134Cs 3.76 3.58 0.503/�¤ 0.555/A 5.0 
137Cs 5.99 5.96 < 0.10/�¤ < 0.10/A 0.5 
133Ba 2.01 2.04 0.172 / �¤ 0.195/A -1.5 
152Eu 3.90 3.98 0.201/�¤ 0.237/A -2.0 

Table 3 

4) IAEA-TERC-2023-02 ALMERA Proficiency Test  

• Exercise for determination the content of man-made 
radionuclides in water, soil and surface contamination 
of a simulated filter. [6] 

• A total of 99 laboratories successfully reported data in 
the IAEA-TERC-2023-02 ALMERA proficiency test 
exercise. Our laboratory is No.85. 

• Target radionuclides – alpha, beta & gamma emitters 

• 5 PT spiked samples: Sample 1 (water, 60Co, 241Am, 
3H, 234U, 235U, 238U), Sample 2 (water, 134Cs, 137Cs, 
125Sb, 90Sr), Sample 3 (QC), Sample 4 (Japanese soil, 
134Cs, 137Cs), Sample 5 (filter, 134Cs), Sample 6 (filter, 
134Cs) 

• Evaluation criteria of results [7, 8]: 

Results reported by participants were evaluated using the 
following stepwise approach. The evaluation follows the 
methodology applied for the annual IAEA proficiency testing 
schemes in the areas of radionuclide measurements and trace 
element analysis.  

Relative bias (Samples 1, 2, 4, 5, 6 and 7) The relative bias 
is the relative difference between the reported and the target 
value (the best estimate of the true value)  

Equation 4 

 

The relative bias is compared to the Maximum Acceptable 
Relative Bias (MARB) which has been determined for each 
property value, considering the analytical methods, the 
analyte level in the sample and the complexity of the analysis. 

When , the result is rated "Accepted 
(A)" for trueness.  

Evaluation approach for radionuclide activity 
concentration values (Samples 1, 2 and 4) and activity values 
per sample (Samples 5, 6 and 7) Based on fit-for-purpose and 
good laboratory practice principles, the expanded relative 
uncertainty should cover the relative bias (as defined in 2.1): 
The P value corresponds to the relative combined uncertainty 
of the relative bias: 

Equation 5 

 

 The relative bias is then compared to the expanded 
uncertainty of the relative bias: 

  

Equation 6 

  

where k is the coverage factor: k = 2.58 for a level of 
confidence of 99%. When the above criterion is fulfilled, the 
reported result is not significantly different from the target 
values considering the uncertainties associated with both 
values. The reported uncertainty of measurement is large 
enough to cover the bias of the method. In addition, the P value 
is compared to the MARB.    �3���”���0�$�5�%  

When this criterion is fulfilled, the measurement 
uncertainty is not overestimated and fit-for-purpose in relation 
to the MARB criterion of this PT exercise. When both criteria 
related to the measurement uncertainty are fulfilled, the 
reported result is rated "accepted (A)” for precision 
(measurement uncertainty). The result is rated "Not Accepted 
(N)" for precision if either of the two conditions are not 
fulfilled. The final score is assigned according to the detailed 
evaluation described above. The possible scores are listed 
below:  

• "Accepted (A)" when both, trueness and precision were 
rated "Accepted"  

• "Not Accepted (N)" when the trueness rating is "Not 
Accepted"  

• "Warning (W)" when the trueness rating is “Accepted” 
but the precision rating is "Not Accepted"  

Evaluation parameters calculated for intercomparison 
analyte values. Z-Score  

The Z score provides information on the trueness of the 
reported value in relation to the standard deviation for 
proficiency assessment �1�3�7 , which is assigned based on 
fitness for purpose.  

Equation 7 

 

The following criteria apply for performance ratings based 
on obtained z scores  

• |z| ≤ 2 ... accepted (A)  

• 2 < |z| < 3 ... questionable (Q)  

• |z| ≥ 3 ... not accepted (N) 

• Reported results for the analyzed PT samples are 
evaluated as follows: 
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Results for Sample 1 (water) 

Nuclide 
Reference 

values 
RM-TL value  

(Lab. 85) Rel. Bias 
% 

P-Test % 
Activity (A �F��u), Bq/kg 

3H 29.�ì���F���í.5 33.66 �F��5.05 16.07 15.87 
60Co 14.�ó���F��0.7 14.4 �F���ì.7 - 2.04 6.80 

241Am 22.3 �F 1.1 22.8 �F 1.1 2.24 6.90 
234U 5.�ð�ð���F���ì.27 4.80 �F��0.48 - 11.76 11.16 
235U 0.�î�ò�ì���F���ì.01 0.221 �F��0.018 - 15.00 9.01 
238U 5.�ò�ì���F���ì.28 4.82 �F��0.38 - 13.93 9.34 

 

 

 

 

Table 4 

The final rating for all radionuclides reported by LI-RM in 
the five analyzed samples is an "accepted" result status, which 
corresponds to a satisfactory performance. 

The participation of LI-RM in 2023 in the proficiency test 
IAEA-TERC-2023-02, organized by the International Atomic 
Energy Agency (IAEA, Austria), with tests to determine 
gamma-, alpha- and beta-emitting radionuclides in water 
samples, gamma-emitting radionuclides in soil and a 
simulated filter has been evaluated by the organizer as 
successful in terms of accuracy and uncertainty for all nuclides 
in and out of accreditation range.  

A high accuracy was achieved in the analysis of the 
samples for the gamma-emitting radionuclides for the 
measured matrices (max deviations from the reference values 
did not exceed 5.56 %). The max deviation from the reference 
activity of 3H is +16.1 %, while for the reference activity of 
90Sr does not exceed 0.7%.  

The competence and qualification of the laboratory 
personnel, as well as the suitability and correct application of 
the validated in-laboratory methods are confirmed. 

5) ILC by INTERPROJECT LTD under a technical 

project for fit-for-purpose testing No. IP-UW-199/2023 

• RM-TL participates in fit-for purpose test No. IP-
UW-199/2023 under laboratory No. ПВИ/16-14. 

• Tests to determine natural uranium, total alpha 
activity and total beta activity. 

•  Underground (spring) water sample 

• Technical device - Low-background alpha/beta 
radiometric instrumentation Protean TC/09/PR 

• Total alpha in compliance with “Methodology to 
determine total alpha activity in water” - ВЛМ8/2010 

• Total beta under “Methodology to determine total 
beta activity in air, water, milk, and vegetation” - 
ВЛМ7/2010 

• Natural uranium is in accordance with ISO 17294-2 
„Water quality - Application of inductively coupled 
plasma mass spectrometry (ICP-MS), Part 2: 
Determination of selected elements including 
uranium” [5], where ICP mass-spectrometer is used. 

• Four results for each of the water sample 
measurement indicators have been submitted. 

• The Z-criterion and 3S-criterion for evaluation have 
been applied,   

Equation 8 

•  

• where Xi is the average result and Si is the RMS bias 

• The participation is successful if both criteria are met: 

       X-���6���”���;�L���”���;�����6����������������������������-�����”�=�L���”�� 

    Table 5 

The analysis of reported results shows that: 

• The participation is evaluated as successful for all 
characteristics (Certificate No IP-UW-199-14/ 2023). 

• The results from IP-UW-199-14/2023 can be used to 
validate ВЛМ8/2010 for α/β instrumentation, 
TC/09/PR. 

V. CONCLUSIONS 

• The quality of the performed analyses and 
measurements is ensured on a national and 
international level via regular participations in 

Results for Sample 2 (water) 

Nuclide 
Reference 

values 
RM-TL value  

(Lab. 85) Rel. Bias 
% 

P-Test % 
Activity (A �F��u), Bq/kg 

125Sb 73.�ì���F���ï.6 71.4 �F��7.1  -2.19 11.10 
134Cs 40.�ì���F���î.0 38.6 �F��3.9 - 3.50 11.27 
137Cs 44.�í���F���î.2 44.6 �F��2.2  1.13 7.02 
90Sr 14.�î���F���ì.7 14.�í���F���î.0  - 0.70 15.02 

Results for Sample 4 (Japanese soil) 

Nuclide 
Reference 

values 
RM-TL value  

(Lab. 85) Rel. Bias 
% 

P-Test % 
Activity (A �F��u), Bq/kg 

134Cs 6.�õ�ï���F��0.50 6.9 �F��0.7  -0.43 12.45 
137Cs �î�ó�ì���F��17 284 �F��14 5.19 8.00 

Results for Sample 5 (simulated filter) 

Nuclide 
Reference 

values 
RM-TL value  

(Lab. 85) Rel. Bias 
% 

P-Test % 
Activity (A �F��u), Bq/kg 

134Cs 5.�ð�ì���F��0.21 5.1 �F��0.5  -5.56 10.55 

Results for Sample 6 (simulated filter) 

Nuclide 
Reference 

values 
RM-TL value  

(Lab. 85) Rel. Bias 
% 

P-Test % 
Activity (A �F��u), Bq/kg 

134Cs 7.�ô�ð���F��0.31 7.�ò���F��0.7  -3.06 10.02 
Parameter 

Assigned 
value, �y���F���^ 

RM-TL value  
�y�]���F���^�] Zi 

���/�W���y�F�í�^ 
Evaluation 

Activity (A �F��u), Bq/kg 

Total alpha 1.42 �F��0.83 1.23 �F��0.30  -0.23 Acceptable 

Total beta 0.57 �F��0.24 0.36 �F��0.01 - 0.87 Acceptable 

Natural 
uranium 

0.079 �F��
0.016 

0.081 �F��0.001  0.16 Acceptable 
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prestigious interlaboratory comparisons (ILC) and 
proficiency tests (PT), organised by IAEA-
ALMERA, BfS-PTB, National ILC providers, etc. 

• A good laboratory practice (GLP) has been 
established in conformity with leading international 
standards. 

• Kozloduy NPP’s radioecological monitoring 
accreditation under ISO 17025 (БСА № 154ЛИ) is an 
official recognition of its competence and reliability. 

• The available analytical capacity and technical 
instrumentation for on-site and environmental 
radiation monitoring provide reliable monitoring of 
the radiation status with an option to detect any 
deviation from typical background levels. 
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Abstract: The paper presents the results of 

the interlaboratory comparison EIVIC-2020 in 

which laboratories performing whole-body 

measurement of gamma-emitters took part. 

Measurements and analysis were performed on 

provided by the Organiser anthropomorphic 

phantoms containing unknown gamma-emitting 

radionuclides with unknown activity. The results of 

the measurements performed by the participants 

were processed by the Organiser and compared 

with target (assigned) activity values assessed using 

specific criteria according to the standards ISO 

28218 and ISO 13528.  
 

Keywords: Interlaboratory comparison, 

gamma-spectrometry, whole-body counting, target 

(assigned) value.  

 

I. INTRODUCTION 

The interlaboratory comparison is a project of the 

European Commission (EC, DG-ENER). The project is 

coordinated by the EURADOS (European Radiation 

Dosimetry Group), together with the IRSN-France and 

BfS-Germany and in collaboration with the CIEMAT-

Spain and the KIT-Germany. The subject of the 

European interlaboratory comparison are instruments 

for measurement of gamma-emitters in a human body. 

43 whole-body counters from 21 countries took part in 

the intercomparison. 

The determination of the content of man-made 

radionuclides in the human body is part of a method to 

estimate the radionuclides intake and the expected 

individual effective dose from internal exposure. The 

Whole-Body Counting Section, Inspection Body Type 

C, Personal Dosimetry Control Centre participated with 

two gamma-spectrometry systems – WBC-1 and 

WBC-2, and the purpose of the participation was to 

check the technical preparedness and competency in 

the area of whole-body counting. Following the 

announcement of intercomparison results, an internal 

analysis is carried out and, if required, measures are 

taken to improve the quality of the work in respect of 

calibration of the systems and subsequent 

measurements. 

II. THE INTERCOMPARISON OBJECTS WERE THE 

COUNTERS IN OPERATION. 

The WBC-1 and WBC-2 gamma-spectrometry 

systems are designed to determine the presence of 

man-made gamma-emitting radionuclides and their 

activities in the human body. The two systems perform 

measurements with fixed semiconductor high purity 

germanium detector (HPGe Canberra in WBC-1 and 

ORTEC in WBC-2 with relative efficiency 45% and 

70%, respectively) with bed-type geometry through 

horizontal linear scanning of the whole body. Lead and 

copper protection is built around the detector to ensure 

low background measurement conditions.  

 

III.  ANTHROPOMORPHIC PHANTOMS AND CALIBRATION 

OF THE SYSTEMS 

Phantoms equipped with sealed gamma-

emitting nuclides were used for calibration of gamma-

spectrometry systems intended for measurement of 

activity incorporated in a human body. The phantoms 

are models of human bodies with a wide range of 

shapes, sizes and materials used. The advantage of 

modular phantoms is their ability to resemble human 

bodies in different sizes through a certain number of 

separate modules [1].  

Modular phantom МФ2-02 ([2] and references 

cited in it) which imitates homogeneously distributed 

in a human body activity was used for calibration of 

gamma-spectrometry systems WBC-1 and WBC-2. It 

was produced in Dosimetry and Radiation Protection 

laboratory, Faculty of Physics at Sofia University “St. 

Kliment Ohridski” in 2002, and the metrological 

verification of its characteristics and its certificate 

validity was extended to 2026. (Certificate: НЦМ–

СРМ–9–364–2016). It consists of 180 identical 
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modules made of cestilen ( = 0.96 g/cm
3
, Zeff  5.5) in 

a parallelepiped shape containing certified activity of 
152

Eu (traceable to NPL UK)  and 
241

Am (traceable to 

ČMI) nuclides. The activity is incorporated in 4 

symmetrically aligned hermetically sealed holes in 

each module [2]. The nuclides used provide a spectrum 

with sufficient number of peaks of complete gamma-

quantum energy absorption in an energy range 60 keV 

to 1408 keV. The calibration by energy, energy 

resolution, and efficiency in a peak of complete energy 

absorption is performed by the personnel of WBC 

Section of Inspection Body Type C, Personal 

Dosimetry Control Centre using system-specific 

software. For routine operations depending on the 

dimensions (mass and height) of the subject to be 

measured, four measurement geometries are used (60 

kg/170 cm, 70 kg/170 cm, 80 kg/180 cm and 90 kg/180 

cm), and respective calibration is performed for each of 

them.  

 

IV. MEASUREMENTS AND PROCESSING OF THE RESULTS 

For the interlaboratory comparison purposes, 

the Organiser provided us with modular phantom 

„Saint-Petersburg brick phantom“ equipped with 

several sets of sealed sources for the implementation of 

separate tasks. The modules are made of tissue 

equivalent material (polyethylene) in the shape of 

bricks. There are several types of bricks with holes in 

which sealed sources are placed. For the purpose of the 

tasks two configurations of modules were used with 

mass of 70 kg and 90 kg, containing specific set of 

radioactive sources depending on the task, in 

compliance with the instructions provided by the 

Organiser. The sealed sources were produced of 

polyvinyl chloride tubes filled with hardened epoxy 

resin blended with radionuclide solution and 

hermetically sealed [3].  

Five configurations of the provided modular 

phantom equipped with radioactive sources with 

unknown radionuclides and unknown activity were 

performed. The phantom simulates internal 

contamination of an adult with a mass of 70 kg or 90 

kg. During the implementation of the intercomparison 

tasks, calibrations were used provided with the МФ2-

02 phantom that are used in our daily work. This 

complies with the requirement set by the Organiser the 

presented results (identified radionuclides and their 

activities) to be obtained in routine measurement 

conditions. The measured activity at the moment of 

measuring each nuclide from the separate tasks was 

reported in Becquerel (Bq) and extended uncertainty 

with coverage factor k = 2.  

The activity A of the incorporated in the body 

radionuclide can be calculated by the equation: 

 

  
 

  
      , 

where: 

n - net count rate in a peak of complete gamma-

quantum energy absorption; 

ε - efficiency of registration of gamma-quantum with 

certain energy; 

η - quantum yield for a certain nuclide and the relevant 

energy of emitted gamma-quantum; 

   - dimensionless number related to the activity 

distribution inside the body; 

   - dimensionless number related to the dimensions of 

the body - mass and height; 

   - dimensionless number related to the position of the 

body during the measurement. 

The values of each of the three dimensionless 

numbers    ,    and    is one, and the values of their 

relative uncertainties included in gamma-spectrometry 

analysis are presented in Table A. 

 

The combined relative uncertainty of the 

whole body activity wA can be presented with the 

following equation: 

 

      
    

    
    

    
    

  

 
TABLE A 

SAMPLE BUDGET OF THE UNCERTAINTY 

 

 

 

 

 

 

 

 

 

 

V. RESULTS OF THE INTERCOMPARISON 

 The Organiser analysed the values reported by the 

participants after correction of the radioactive decay 

until the reference dates 01.05.2021 for Tasks 1, 2, 4 

and 5, and 01.05.2021 or 10.08.2021 for Task 3.  

The statistical processing of data provided by the 

participants was carried out by IRSN using the 

software ProLab
TM

 and consisted of the following [3]: 

- Distribution of the results; 

- Search for aberrant values (Grubbs method); 

- Relative bias according to standard ISO 

28218; 

- z-score according to standard ISO 13528. 

 

For an assigned activity value the Organiser 

considers the consensus value from participants 

determined using a Robust statistical method. This 

value is used as a target value during the 

intercomparison. 

The evaluation of the performance of participants 

was carried out according to two criteria: 

- Bias (ISO 28218) relative deviation of the reported 

value from the target value and defined as:  

 

     
                   

       
     [%], 

where: 

          - activity as a result of a routine 

measurement (value provided by a participant); 

        - activity target value (assigned value).  

According to the recommendations of ISO 28218, 

the relative deviation of the result should be in the 

range of -25% to +50% compared to the assigned 

value. 

Input value Relative uncertainty 

n 20% 

ε 2.2 % - 3.5 % 

η 0.001% 

   10% 

   1.55% 

   1% 
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- z-score (ISO 13528) indicator of a participant’s 

performance compared to other participants, defined 

as: 

 

        
                   

  
 , 

where: 

          - activity as a result of a routine 

measurement (value provided by a participant); 

        - activity target value (assigned value); 

   – standard deviation (Robust SD), obtained from 

the statistic processing of the results provided by the 

participants.  

According to the recommendations of ISO 13528: 

When |z score| ≤ 2 : the result is acceptable; 

When 2 < |z score| < 3 : the result is 

“questionable”, requires further internal analysis; 

When |z score| ≥ 3: the result is unacceptable. 

Each of the participants in the comparison is 

identified by an individual code, with gamma-

spectrometry systems WBC-1 and WBC-2 identified 

by codes ID Lab. 9 and ID Lab. 24, respectively. The 

results of the statistical processing of the data presented 

by the participants, which was performed by the 

Organiser, are presented in tabular form for each task. 

Then, the results obtained by us for each task using the 

two gamma-spectrometry systems (WBC-1 and WBC-

2 are presented, as well as their evaluation according to 

the two criteria applied. The activities presented in the 

tables are with decay correction to a reference date 

01.05.2021 (except for Tables 5 and 6 for which the 

reference date is 10.08.2021). 

Task 1: Victor phantom, 70 kg: 
 60

Co, 
133

Ba, 
137

Cs  

The sources used in Task 1 are identified as 
60

Co, 
133

Ba 

and 
137

Cs [4]. Summarised data from the evaluation of 

their activities are presented in Tables 1 and 2. 

 

TABLE 1 

RESULTS OF THE STATISTICAL PROCESSING OF THE DATA PRESENTED 

BY THE PARTICIPANTS [3] 

 Task 1 -Victor 60Co 133Ba 137Cs 

Robust mean 

(assigned value) (A ± u), Bq   
1183 ± 25 2836 ± 62 3787 ± 65 

Standard Deviation (SD)  

(Robust SD), Bq   
155 388 412 

Relative SD, % 13.12  13.68  10.87  

 

TABLE 2 

RESULTS FROM WBC-1 AND WBC-2 PERFORMANCE 

 
Task 1 -Victor 60Co 133Ba 137Cs 

W
B

C
-1

 

Activity (A ± u), Bq  1097 ± 177 2638 ± 368 3407 ± 489 
Bias, %  -7.29 -6.99 -10.02 

z-score  -0.56 -0.51 -0.92 

W
B

C
-2

 

Activity (A ± u), Bq  1114 ± 191 2752 ± 487 3431 ± 542 
Bias, %  -5.80 -2.96 -9.39 
z-score  -0.44 -0.22 -0.86 

 

 

Task 2: Emergency phantom, 90 kg: 
134

Cs, 
137

Cs  

The sources used in Task 2 are identified as 
134

Cs and 
137

 Cs [4]. Summarised data from the evaluation of 

their activities are presented in Tables 3 and 4. 

TABLE 3 
RESULTS OF THE STATISTICAL PROCESSING OF THE DATA PRESENTED 

BY THE PARTICIPANTS [3] 

Task 2 - Emergency 134Cs 137Cs 

Robust mean 

(assigned value) (A ± u), Bq   
3455 ± 50 2996 ± 60 

Standard Deviation (SD) 

(Robust SD), Bq     
313 382 

Relative SD, % 9.07  12.75  

 
TABLE 4 

RESULTS FROM WBC-1 AND WBC-2 PERFORMANCE 

 
Task 2 - Emergency 134Cs 137Cs 

W
B

C
-1

 

Activity (A ± u), Bq   3497 ± 474 3113 ± 458 
Bias, %  1.21 3.89 

z-score  0.13 0.31 

W
B

C
-2

 

Activity (A ± u), Bq  3649 ± 578 3340 ± 527 
Bias, %  5.61 11.47 

z-score  0.62 0.90 

 

 

 

Task 3: Medicine phantom, 70 kg: 
68

Ge/
68

Ga, 
88

Y 

The sources used in Task 3 are identified as 
68

Ge/
68

Ga 

(in equilibrium) and 
88

Y [4]. Summarised data from the 

evaluation of their activities are presented in Tables 5 

and 6. 

TABLE 5 

RESULTS OF THE STATISTICAL PROCESSING OF THE DATA PRESENTED 

BY THE PARTICIPANTS [3] 

Task 3 - Medicine 68Ge/68Ga 88Y 

Robust mean 

(assigned value) (A ± u), Bq   
4219 ± 151 4263 ± 127 

Standard Deviation (SD) 
(Robust SD), Bq   

428 595 

Relative SD, % 10.15  13.96  

 
TABLE 6 

RESULTS FROM WBC-1 AND WBC-2 PERFORMANCE 

 
Task 3 - Medicine 68Ge/68Ga 88Y 

W
B

C
-1

 

Activity (A ± u), Bq   4010 ± 535 3861 ± 561 
Bias, %  -4.95 -9.44 

z-score  -0.49 -0.68 

W
B

C
-2

 

Activity (A ± u), Bq  4127 ± 602 4247 ± 655 
Bias, %  -2.19 -0.36 
z-score  -0.22 -0.03 

 

 

 

Task 4: Calibration phantom, 70 kg: 
133

Ba, 
152

Eu  

The sources used in Task 4 are identified as 
133

Ba and 
152

Eu [4]. Summarised data from the evaluation of their 

activities are presented in Tables 7 and 8. 

TABLE 7 
RESULTS OF THE STATISTICAL PROCESSING OF THE DATA PRESENTED 

BY THE PARTICIPANTS [3] 

Task 4 - Calibration 133Ba 152Eu 

Robust mean 

(assigned value) (A ± u), Bq   
20535 ± 460 25730 ± 728 

Standard Deviation (SD) 

(Robust SD), Bq   
2106 3258 

Relative SD, % 10.26  12.66  
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TABLE 8 
RESULTS FROM WBC-1 AND WBC-2 PERFORMANCE 

 
Task 4 - Calibration 133Ba 152Eu 

W
B

C
-1

 

Activity (A ± u), Bq   19253 ± 2460 24807 ± 3159 
Bias, %  -6.24 -3.59 

z-score  -0.61 -0.28 

W
B

C
-2

 

Activity (A ± u), Bq  20094 ± 2685 25493 ± 3346 
Bias, %  -2.15 -0.92 

z-score  -0.21 -0.07 

 

 

Task 5: Calibration phantom, 90 kg: 
133

Ba, 
152

Eu  

The sources used in Task 5 are identified as 
133

Ba and 
152

Eu [4]. Summarised data from the evaluation of their 

activities are presented in Tables 9 and 10.  

 
TABLE 9 

RESULTS OF THE STATISTICAL PROCESSING OF THE DATA PRESENTED 

BY THE PARTICIPANTS [3] 

Task 5 - Calibration 133Ba 152Eu 

Robust mean 

(assigned value) (A ± u), Bq   
25782 ± 496 32668 ± 685 

Standard Deviation (SD) 
(Robust SD), Bq   

2760 3750 

Relative SD, % 10.71 11.48  

 
TABLE 10 

RESULTS FROM WBC-1 AND WBC-2 PERFORMANCE 

 
Task 5 - Calibration 133Ba 152Eu 

W
B

C
-1

 

Activity (A ± u), Bq   27092 ± 3449 33707 ± 4281 
Bias, %  5.08 3.18 

z-score  0.47 0.28 

W
B

C
-2

 

Activity (A ± u), Bq  27770 ± 3650 33875 ± 4431 
Bias, %  7.71 3.69 
z-score  0.72 0.32 

 

It should be noted that the the nuclide configuration in 

Tasks 4 and 5 is appropriate for calibration of whole 

body counting gamma-spectrometry systems because it 

covers a wide range of energy (80 keV to 1408 keV) 

and the activity level is such that it can provide 

maximum measurement time for collecting enough 

statistical information.  

 

VI. CONCLUSION 

 The results from the participation in the 

interlaboratory comparison indicate a very good 

performance of Inspection Body Type C - Personal 

Dosimetry Control Centre in the area of whole-body 

counting. The determined activities of the 

radionuclides in the different tasks show excellent 

reproducibility of results obtained from both of the 

gamma-spectrometry systems. The calculated 

deviations compared to the assigned values are in the 

range of -10.02 % to +11.47 % (as per 

recommendations ISO 28218 the permissible range is   

-25 % to +50 %). The highest absolute value obtained 

for the z-score is 0.92. All of this is a proof for the 

correct calibration using the МФ2-02 modular phantom 

and confirms the competency of the staff performing 

the activities related to whole body counting. 

The high accuracy reached in determining the 

gamma-emitting radionuclides in the human body, 

evidence for which are the results from the 

participation in the the EIVIC-2020 interlaboratory 

comparison, is a prerequisite for a maximum realistic 

assessment of the expected individual effective dose 

due to internal exposure. 
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Abstract: The report presents the results of the 

participation of Ionising Radiation Measurement 

Laboratory, Metrology Assurance Department of 

Kozloduy NPP in interlaboratory comparisons IAEA-

TERC-2022 and IAEA-TERC-2023 held in the period 

30.06.2022 ÷ 07.10.2022 and 10.07.2023÷06.10.2023 on 

measurement of surface alpha and beta contamination of 

a simulated filter with surface contamination. 

Keywords: interlaboratory comparison, surface 

contamination, contamination. 

 

1. INTRODUCTION 

The interlaboratory comparisons IAEA-TERC-

2022-01 and IAEA-TERC-2023-01 on measurement of 

anthropogenic radionuclides in water, soil and surface 

contamination of a simulated filter are organised by the 

International Atomic Energy Agency (IAEA). 

The main objective of our participation in 

interlaboratory comparisons is to demonstrate the 

laboratory competency in measurements in the field of 

surface contamination by comparing the results of our 

measurements with the results obtained by the 

International Atomic Energy Agency with subsequent 

analysis and identification of measures, if needed, to 

improve the performance by reviewing measurement 

methods and measuring equipment calibration. 

125 laboratories from different countries 

participated in the interlaboratory comparison in 2022, 

and 128 laboratories participated in the comparison in 

2023. 

Due to the large number of participants, the 

reference laboratory needs a long period of time to 

process the results, therefore the report with the results 

is published in the following calendar year. 

2. OBJECTS OF THE COMPARISON 

The Ionising Radiation Measurement 

Laboratory, Metrology Assurance Department of 

Kozloduy NPP participated in comparison of a 

simulated filter with surface contamination (Sample 5) 

in IAEA-TERC-2022-01 and simulated filter with 

surface contamination (Sample 7) in IAEA-TERC-

2023-01, which were prepared and provided to all 

participants. 

The results of IAEA-TERC-2022-01 

comparison for Sample 5 shall be declared in 

(counts.cm-2/second) for nuclides 239Pu and 90Sr by 

01 January 2022. Sample 5 represented a wide-area 

filter with dimensions 15x10 cm and area 150 cm2. 

The result of IAEA-TERC-2023-01 comparison 

for Sample 7 shall be declared in Bq/sample for nuclide 
90Sr by 01 January 2023. The filter represented a circle 

with area 18 cm2. 

3. EQUIPMENT AND STANDARDS USED FOR THE TWO 

COMPARISONS 

3.1. Equipment  

➢ Interlaboratory comparison IAEA-TERC-2022-01 

RDS-31 Multi-purpose Survey Meter ID 

No. 2900079 with detector unit type ABP 150, ID 

No. 1602649. The Survey Meter has valid certificates 

for metrological verification and calibration. The 

metrological characteristics of the Survey Meter are 

shown in Table 1. 

 Table 1 
- α β 

Background, s-1 α < 0,1 β < 8 

Measuring 

range, s-1 
0.1÷100,000 6÷100,000 

- 241Am 60Co 60Cs 60Sr/90Y 

Efficiency 4π, 

% 
21 13 25 30 

Efficiency 2π, 

% 
44 23 35 44 

➢ Interlaboratory comparison IAEA-TERC-2023-01 

Alpha/Beta Counting System iSolo500L, ID 

No. 13000009. The counter has valid certificates for 

metrological verification and calibration. The 

metrological characteristics of the counter are shown in 

Table 2. 

 Table 2 
- α β 

Background, cpm α < 0,1 β < 8,3 

Energy range, MeV 3.0÷6.4 0.125÷2.2 

Efficiency 4π, % 
241Am 60Sr/90Y 

30 22 

3.2. Standards 

➢ Interlaboratory comparison IAEA-TERC-2022-01 

The standard radioactive sources used in the 

calibration have valid calibration certificates. The 

uncertainty of the standards is shown in Table 3. 

Table 3 
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Type ID No. Nuclide u, % 
Calibration 

certificate 

SIR 07032 AK-7384 90Sr 2,5 031531/25.09.2017 

6П9 10082 239Pu 5,7 16.МО.СВК.712 

➢ Interlaboratory comparison IAEA-TERC-2023-01 

The standard radioactive source used in the 

calibration has a valid calibration certificate. The 

uncertainty of the standard is shown in Table 4. 

Table 4 

Type ID No. Nuclide u, % 
Calibration 

certificate 

EM145  355039 90Sr/90Y 2,0 21-ИЙЛ/25.09.2017 

4. MEASUREMENT AND PROCESSING OF THE 

RESULTS 

The equipment used in the measurement shall be 

calibrated by suitable radioactive sources in 

compliance with [1]. Filter measurement and 

processing of the results shall be carried out in 

compliance with [2]. 

The instructions [3] and [4] provided by the 

International Atomic Energy Agency were followed in 

measurement and processing of the results for the two 

comparisons. 

Uncertainty budgets were prepared to determine 

the uncertainty of the measurements. In general case 

the uncertainty of the measurements is calculated by 

equation (1)  

 

𝑢(𝑟𝑒𝑝𝑜𝑟𝑡) = √𝑢𝑛
2 + 𝑢𝑒

2 + 𝑢𝑤
2                  (1) 

 

where: 
𝑢𝑛 is the uncertainty of the measurements 

𝑢е is the uncertainty of the standard radioactive source 

𝑢𝑤 is the uncertainty of the non-homogeneity of the detector 

unit  

The evaluation of the performance of 

participants is carried out using the Z-Score: 

 

𝑧 = |
𝑉𝐴𝐿𝑈𝐸reported−𝑉𝐴𝐿𝑈𝐸𝑡𝑎𝑟𝑔𝑒𝑡

𝑟𝑜𝑏𝑢𝑠𝑡 𝑆𝐷
|                   (2) 

 
where: 
𝑉𝐴𝐿𝑈𝐸reported is the measured value 

𝑉𝐴𝐿𝑈𝐸𝑡𝑎𝑟𝑔𝑒𝑡 is the target value declared by the International 

Atomic Energy Agency 

𝑟𝑜𝑏𝑢𝑠𝑡 𝑆𝐷 is the net root mean square uncertainty of the 

target value 

If: 

Z-Score < 2 the result is acceptable (A) 

2 > Z-Score < 3 the result is “Warning” (W) 

Z-Score > 3 the result is “Not accepted” (N) 

5. COMPARISON RESULTS 

The participants in the comparison are assigned 

individual codes. The Ionising Radiation Measurement 

Laboratory was assigned code 280. 

The results, depending of the reports 

submitted by the participants, were provided in the 

FINAL REPORTS dated 14 November 2022 and 23 

November 2023.  

5.1. Interlaboratory comparison IAEA-TERC-

2022-01 

The results of Ionising Radiation Measurement 

Laboratory are shown in Table 5. 

Table 5 

Nuclide 
VALUEtarget SDtarget VALUEreport SDreport 

Z-Score 
(counts.cm-2)/second 

239Pu 0,081 0,052 0,1025 0,0087 0,41 
90Sr 0,158 0,052 0,1828 0,0125 0,30 

 

The graphs below show the results of all 

participants for Sample 5. 

 
239Pu 

 
 

 
 

Accepted (A) 

86,4 %

Warning (W) 5,6 %

Not acceped 

(N) 8,0 %

PU-239 PARTICIPANTS 125 
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5.2. Interlaboratory comparison IAEA-TERC-

2023-01 

The results of Ionising Radiation Measurement 

Laboratory are shown in Table 6. 

 

Table 6 

Nuclide 
VALUEtarget SDtarget VALUEreport SDreport RB MARB 

Bq % % 
90Sr 4.520 0,220 4,901 0,196 8,4 30,0 

 

The graphs below show the results of all 

participants for Sample 7. 

 

 

 

 

 

90Sr 

 

 

 

6. CONCLUSION 

The results of the Ionising Radiation 

Measurement Laboratory obtained in the 

interlaboratory comparisons show that the radiometric 

measurements of the surface contamination are 

performed in the laboratory at a very good level 

following the standards in the field. The positive results 

obtained in the comparisons show that the 

measurements methods and the radiometric equipment 

calibration performed in the laboratory are appropriate 

and the results obtained are credible. 

 

  

Accepted 

(A) 93 %

Warning (W) 4 %
"Not accepted 

(N) 3 %

SR-90 PARTICIPANTS 126 Accepted (A) 47 %

Warning (W) 3 % Not accepted (N) 50 %

SR-90 PARTICIPANTS 128 
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Summary: This report discusses the metrology 

assurance of electronic personal dosimeters and portable 

dosimeters used to measure neutron radiation. 

It contains a short description of the methods 

used to ensure metrological traceability and reliability of 

the individual dose measurement and radiation control 

performed using the various types of neutron radiation 

measuring instrumentation. 

Keywords: Neutron dosimeters, metrology as-

surance, calibration, metrological verification 

1. Introduction 

Ionising radiation measurement is performed in 

multiple fields of production and monitoring activities 

at Kozloduy NPP EAD and is particularly important in 

the area of radiation protection. 

The metrology assurance of neutron dosimeters 

allows precise and reliable measurement using equip-

ment used at various Kozloduy NPP EAD structural 

units. 

The metrology assurance of ionising radiation 

measurements at Kozloduy NPP EAD is performed by 

the Ionising Radiation Measurement Laboratory and the 

Ionising Radiation Measurement Laboratory at the 

Lovech-based Directorate General 'Measures and Meas-

uring Instruments' (DG MMI) and is an important pre-

requisite for ensuring compliance with:  

− technical specifications; 

− radiation protection requirements; 

− dose exposure limits of personnel working 

in an ionising radiation environment; 

− ALARA; 

− Measurements Act 

Kozloduy NPP EAD implements personal dose 

rate monitoring for its staff as part of radiation monitor-

ing activities aimed to ensure people are protected 

against the harmful impact of ionising radiation, in com-

pliance with the Regulation on Radiation Protection (up-

dated), State Official Gazette, No. 16 from 20 February 

2018, In effect as of 20 February 2018, Regula-

tion No. 32 on the Conditions and Procedures 

for Performing Personal Dosimetry Monitor-

ing of the Individuals Working with Sources of 

Ionising Radiation. 

Kozloduy NPP EAD uses electronic personal 

dosimeters for neutron radiation type EPD-N2 made by 

MGP Instruments, France. 

Portable neutron dosimeters are used to perform 

radiation technological monitoring of premises, items 

and equipment in the controlled area. They are also used 

in the transportation of spent nuclear fuel. The portable 

dosimeters used to measure neutron radiation at Ko-

zloduy NPP are produced by various companies and in-

clude the following types: ДКС-96 (DKS-96), МКС-01Р 

(MKS-01R), FH40G-L, NSN31045, 2222A, LB 134. 

 

2. Metrology Assurance Activities 

To ensure the expected high quality and relia-

bility of measurement results meeting national and in-

ternational standards, Kozloduy NPP EAD performs 

metrological assurance of electronic personal dosime-

ters used for personal dosimetric monitoring, and of 

portable dosimeters used for neutron radiation monitor-

ing. 

The main metrological assurance activities in-

clude: 

− organising and conducting initial and fol-

low-up metrological verification; 

− measuring equipment calibration; 

− maintaining reference material and ensur-

ing traceability of measurements. 

Metrological verifications are aimed to verify 

the metrological characteristics and their compliance 

with their intended use requirements. It guarantees the 

correctness of the measurements.  

Follow-up periodic inspections and calibration 

are subject to planning and are performed for all meas-

urement instrumentation used at Kozloduy NPP EAD. 

There is annual programme in place for the metrology 

assurance of measurement instrumentation subject to 

periodic verification and calibration over the coming 

calendar year. 

3. Metrology Assurance of Electronic Personal Do-

simeters 

Electronic personal dosimeters are used to per-

form operating personal dose rate monitoring of the staff 

when working inside the controlled area of Units 5&6, 

the spent fuel storage facility, fuel transportation and 

other places where neutron fluxes are present. 
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Electronic personal dosimeters are calibrated in 

personal equivalent dose Hp (10) of neutron radiation.  

Electronic personal dosimeters are used as ad-

ditional alarm dosimeters. Electronic personal dosime-

ters serve for preventive monitoring aimed to ensure 

daily individual dose exposure rates are not exceeded.  

 

Fig. 1 EPD N2 electronic personal dosimeters used to 

measure neutron radiation. 

To ensure the expected high quality and relia-

bility of the measurement results metrological assurance 

of the electronic personal dosimeters is performed, in-

cluding: type approval, calibration, initial and follow-up 

metrological verification.  

The type is approved by the Bulgarian Metrol-

ogy Institute (BMI) at the production stage or upon the 

imports in line with the provisions of the Measurements 

Act. 

Initial and follow-up metrology verification of 

the electronic personal dosimeters is performed by the 

experts at the Directorate General 'Measures and Meas-

uring Instruments' (DG MMI) with the Bulgarian Me-

trology Institute and licensed laboratories in accordance 

with Art. 5 of the Measurements Act and the Ordinance 

on Measuring Instruments, Subject to Metrological Con-

trol. 

Electronic personal dosimeters are calibrated 

by their producer and, if necessary, during verification 

using special software. 

After repairs related to the accuracy of their 

measurements, electronic personal dosimeters always 

undergo additional metrology verification. 

Every year, the Metrology Assurance Depart-

ment plans and organises the follow-up periodic verifi-

cation of electronic personal dosimeters.  

4. Metrology Assurance of Portable Dosimeters 

Used to Measure Neutron Radiation 

Portable dosimeters are used to monitor 

radiation at the site of Kozloduy NPP EAD. 

Dosimeters are calibrated in equivalent 

neutron radiation dose units. 

 
Fig. 2 Portable neutron radiation monitoring 

tool МКС-08 (МКС-08), ДКС-96 (DKS-96) with 

БДМН-96 (BDMN-96) detector unit. 

 

Metrology assurance activities include: type 

approval, calibration, initial and follow-up metrological 

verification.  

The type is approved by the Bulgarian Metrol-

ogy Institute (BMI) at the production stage or upon the 

imports in line with the provisions of the Measurements 

Act. 

The initial and follow-up metrological verifica-

tion of all dosimeters used under Art. 5 of the Measure-

ments Act and in accordance with the Ordinance on 

Measurement Instruments, Subject to Metrological Con-

trol, are performed by experts at the Directorate General 

‘Measures and Measuring Instruments’ (DG MMI) with 

the Bulgarian Metrology Institute. 

Portable dosimeters used in Kozloduy NPP 

EAD's controlled area for technological radiation moni-

toring are subject to company verification performed at 

the Ionising Radiation Measurement Laboratory. 

Dosimeters are calibrated by the producers and, 

if necessary, as part of their verification. 

After repairs related to the accuracy of the 

measurements, dosimeters always undergo additional 

metrology verification. 

Every year, the Metrology Assurance Depart-

ment plans and organises the follow-up periodic verifi-

cation of portable dosimeters. 

5. Metrology Assurance of Portable Dosimeters 

Used to Measure Neutron Radiation 

To evidence its competence and ability to ob-

tain valid results, the Ionising Radiation Measurement 

Laboratory at Kozloduy NPP EAD complies with the re-

quirements of БДС EN ISO/IEC 17025:2018 - General 

requirements for the competence, impartiality and con-

sistent operation of laboratories. 

In compliance with this document, the labora-

tory plans and performs activities to take into account all 

risks and possibilities. This increases efficiency, im-

proves the accuracy of results and prevents negative im-

pact. The laboratory is responsible for defining all risks 

and possibilities that should be considered. 
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The activities and documents meeting the re-

quirements of БДС EN ISO/IEC 17025:2018 include: 

• Measurement processes 

• Measurement instruments and systems 

• Ensuring measurement traceability 

• Measurement methods 

• Measurement conditions 

All metrological verification activities are carried 

out following established methodologies. 

Electronic personal dosimeters and portable do-

simeters used to measure neutron fluxes under Art. 5 of 

the Measurements Act are verified by the Directorate 

General ‘Measures and Measuring Instruments’ (DG 

MMI) in Lovech following the respective methodolo-

gies established by the Chairperson of the Bulgarian 

Metrology Institute. 

Portable dosimeters that are subject to company 

verification at Kozloduy NPP EAD’s Ionising Radiation 

Measurement Laboratory are verified based on a meth-

odology approved by the Head of the Quality Division. 

Depending on the type of the metrological verifi-

cation of neutron radiation measurement instruments, 

metrology assurance may include: 

• Identifying the main error 

• Indications linearity in the inspected scope 

• Measurement scope check 

• Audio signal scope 

• Statistical fluctuations check 

• Defining radiation source reference value (if 

necessary). 

All standard sources of ionising radiation used at 

Kozloduy NPP are traceable to the initial standards in 

Germany, the Czech Republic, Russia, USA, etc., as 

well as to the national standards in Bulgaria, via certifi-

cation and recertification, if needed.  
The processing of a group of results obtained 

after each verification step is performed immediately af-

ter its completion in order to make a decision whether to 

continue or terminate the verification or to perform ad-

ditional actions, settings, etc. 

The outputs of initial and follow-up verifica-

tion are documented in a metrological verification re-

port. 

All measurement instruments that meet the re-

quirements are issued verification certificates and are 

marked as fit for use. 
All measurement instruments that do not meet 

the requirements are issued a notice that they are not fit 

for use and are marked accordingly. 

6. Conclusion 

The Ionising Radiation Measurement Labora-

tory at Kozloduy NPP EAD is responsible for the me-

trology assurance of a large number of measurements 

and measurement instruments used in industrial and reg-

ulatory metrology. The principles and the methods of 

metrology assurance applied in the laboratory comply 

with the current international and national trends in the 

development of metrology assurance.  

The Measures Act currently in force complies 

with the requirements for harmonisation of the legisla-

tion of the Republic of Bulgaria with the legislation of 

the European Union and includes the following provi-

sions: 

• The metrology assurance of process measure-

ments shall be the obligation and responsibility of the 

respective structural units; 

• the maintenance and development of all refer-

ences and facilities shall be the obligation and responsi-

bility of the structural units, as well. 

Thus, the responsibility of the corresponding 

structural units is enhanced in order to ensure the quality 

of measurements. For ionising radiation measurement - 

the responsibility for the safe and environmentally 

friendly electricity generation. 

Therefore, the Ionising Radiation Measurement 

Laboratory at Kozloduy NPP EAD has focused its ef-

forts on the metrological assurance of process measure-

ments: developing programmes to assure the quality of 

all measurements, measuring instruments calibration, 

improving and developing the reference base, enhancing 

the quality of metrological verification, developing 

measurement methods, receiving inspection, etc. 
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