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FOREWORD

The Analytical Laboratories for the Measurement of Environmental Radioactivity
(ALMERA) network, established by the IAEA in 1995, makes available to Member States a
world-wide network of analytical laboratories capable of providing reliable and timely
analysis of environmental samples in the event of an accidental or intentional release of
radioactivity. The network is a technical collaboration of existing institutions. It provides an
operational framework to link expertise and resources, in particular when a boundary-
transgressing contamination is expected or when an event is of international significance. The
Chemistry Unit of the IAEA Terrestrial Environment Laboratory in Austria is the central
coordinator of the ALMERA network's activities.

The TAEA organizes proficiency tests for ALMERA members on a regular basis. These
proficiency tests are designed to monitor and demonstrate the analytical performance and
technical capabilities of the network members, and to identify gaps and challenging areas
where further development is needed.

Continued membership in ALMERA network has benefits in training and educational
opportunities, enhanced mutual trust in results and methodology and objective evidence for
accreditation purposes.

The performance evaluation results of the proficiency tests performed in the frame of the
ALMERA network are not anonymous for those laboratories nominated to participate as
ALMERA members.

This report describes the methodology employed and the results obtained in the IAEA-CU-
2008-04 proficiency test on determination of naturally occurring radionuclides in
phosphogypsum and water.

The TAEA officer responsible for this publication was A. Shakhashiro of the IAEA
Environment Laboratories.



EDITORIAL NOTE

The use of particular designations of countries or territories does not imply any judgement by the
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (Whether or not indicated as registered) does
not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement
or recommendation on the part of the IAEA.
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1. INTRODUCTION

Phosphogypsum is generated as a by-product of the phosphoric acid based fertilizer industry.
The discharge of phosphogypsum on earth surface deposits is a potential source of enhanced
natural radiation and heavy metals, and the resulting environmental impact should be
considered carefully to ensure safety and compliance with environmental regulations.

A reliable determination of technologically enhanced naturally occurring radioactive materials
in phosphogypsum is necessary to comply with the radiation protection and environmental
regulations.

This proficiency test (PT) is one of the series of the ALMERA network proficiency tests
organised on a regular basis by the Chemistry Unit of the IAEA Terrestrial Environment
Laboratory. These proficiency tests are designed to identify analytical problems, to support
Member States laboratories to maintain their preparedness and to provide rapid and reliable
analytical results.

In this PT, the test item set consisted of six samples: one phosphogypsum (the IAEA-434
reference material) and five water samples spiked with natural radionuclides. The main task
of the participating laboratories was to identify and quantify the activity levels of
radionuclides present in these matrices. The tasks of IAEA were to prepare and distribute the
samples to the participating laboratories, to collect and interpret analysis results and to
compile a comprehensive report.

The certified massic activity values of all radionuclides used in this PT were fulfilling the
requirements of metrological traceability to international standards of radioactivity.

In this PT, 306 test items (reference materials) were prepared and distributed to 52
participants from 40 countries in November 2008. The deadline for receiving the results from
the participants was set tol5 May 2009. For gross alpha/beta results the deadline was one
working day from the date of sample delivery.

The participating laboratories were requested to analyse Ra-226, U-234 and U-238 in water
samples 01 and 02, and gross alpha/beta in water samples 03, 04 and 05. In the
phosphogypsum sample number 06 the participants were asked to analyse Pb-210, Ra-226,
Th-230, U-234 and U-238. Fifty two laboratories registered to take part in the proficiency test.
Of these, 49 laboratories reported their results to the JAEA. The analytical results of the
participating laboratories were compared with the reference values assigned to the reference
materials, and a rating system was applied.

The laboratories which responded to this proficiency test and contributed their efforts to the
present work are highly appreciated and acknowledged.

Three National Metrology Institutes (NMI) and six expert laboratories took part in the
characterization campaign of the IAEA-434 phosphogypsum reference material, namely:
ERISS, Australia (A. Bollhofer), PTB, Germany (H. Wershofen), HAA, Hungary (S. Tarjan),
KINS, Republic of Korea (S. Kim and Y. J. Kim), KRISS, Republic of Korea (S. H. Lee),
LNE-LNHB, France (M. Moune), IJS, Slovenia (M. Korun), AECS, Syria (M. S. Al-Masri),
and the Agency’s Laboratories in Seibersdorf.

The IAEA is appreciative of the contribution of these institutes, which was at no cost to the
IAEA.



The summary evaluation of this PT has shown that 67% of the overall reported analytical
results fulfilled the evaluation criteria applied in this PT.



2. MATERIALS AND METHODS
2.1. Proficiency test objectives

The measurement of phosphogypsum and water samples containing a mixture of
radionuclides with an unknown (to the participants) composition was aiming at (i) assessment
of the analytical performance of the participating ALMERA network laboratories in analyzing
natural radionuclides, (ii) testing the analytical system response in case of emergency and (iii)
encouraging the participating laboratories in finding remedial actions where shortcoming in
analytical performance are detected.

2.2. Participants

A total of 49 laboratories reported their results to the IAEA. Figure 1 shows the geographical
distribution of the countries of the participants. A full listing of participants is given in
Appendix III.

2.3. Preparation of the proficiency test materials
The following proficiency test materials were considered:
e Two water samples (100 mL) spiked with Sr-90 and Th-230;
e One blank water sample for determination of gross alpha/beta;
e Two water samples (500 mL) spiked with Ra-226, U-234 and U-238;

e One phosphogypsum sample (250 g) for determination of Pb-210, Ra-226, Th-230,
U-234 and U-238.

Figure 2 and Figure 3 show the PT materials sets.

Figure 2: Combining the PT materials Figure 3: A set of the PT materials.
of each set.
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2.3.1. Preparation of the spiked water samples 01 and 02

Three hundreds kg of tap water outsourced in one batch from Seibersdorf laboratories were
used to prepare all spiked water samples. The blank water was acidified and then analysed for
the radionuclides of interest. It was found that the activity value of each measurand of interest
in this PT was below the detection limit of the analytical method which is far below the
spiked activity value in the spiked samples.

The water samples 01 and 02 were gravimetrically prepared in two batches. A portion of
170 kg of the blank water prepared above was spiked with an appropriate amount of a mixture
of certified single radionuclide solutions of Ra-226, U-234 and U-238 traceable to the
international standard of radioactivity. Table 1 shows the identification of the certified
solutions of each radionuclide used in spiking the water samples in this PT.

For homogenising the spiked water a pump with multiple outlets was used to mix the water in
a tank of 600 1. The homogenised spiked water was bottled in 500 mL portions in appropriate
plastic bottles. The total mass of the bottle with the label was registered for further control.

Table 2 lists the target values and the associated combined uncertainty in the water samples.

TABLE 1: IDENTIFICATION OF THE CERTIFIED SOLUTIONS OF EACH RADIONUCLIDE USED IN
SPIKING THE SOIL AND WATER SAMPLES IN THIS PT

Nuclide Source manufacturer

Ra-226 AMERSHAM - RAY 44

U-234 NIST 4321C and ISOTRAK UEP 10020
U-238 NIST 4321C

Th-230 NIST 4342A

Sr-90 NIST 4234A

2.3.2. Preparation of the spiked water samples 03, 04 and 05

Sample 03 was the blank acidified water which was used for preparation of the spiked water
samples.

Water samples 04 and 05 for gross alpha/beta measurements were gravimetrically prepared in
two batches. Two portions of 40 kg of the blank water were spiked with an appropriate
amount of a mixture of certified single radionuclide solutions of Th-230 and Sr-90 traceable
to the international standard of radioactivity.

The homogeneity test results provided experimental evidence that satisfactory levels of
homogeneity within and between bottles were attained.



The water samples 03, 04 and 05 were filled in bottles of 100 mL and weighed on an
appropriate balance, and the mass was recorded for further control.

TABLE 2. TARGET VALUES AND RESPECTIVE STANDARD COMBINED UNCERTAINTIES OF THE
MEASURANDS OF INTEREST IN WATER SAMPLES.

Radionuclides écc)gzgiration %gggri;?nty I:,AP thB
[Bake'] [Bake'] el
U-234 0.56 0.02 15 15
Sample 0115 38 0.36 0.01 15 15
Ra-226 0.69 0.04 20 20
U-234 1.20 0.04 15 15
Sample 02 15 38 1.25 0.04 15 15
Ra-226 1.93 0.09 20 20
Sample 03 Gross alpha <0.2
Gross beta <0.2
Sample 04 Gross alpha 3.93 0.08 Not applicable
Gross beta 15.7 0.3
Sample 05 Gross alpha 7.68 0.15
Gross beta 30.7 0.6

The reference date is 01 December 2008; the combined standard measurement result
uncertainty is expressed at 1o level.

2.3.3. Verification of the target activity values and homogeneity test

The final target activity value in water samples for each radionuclide was calculated from the
certified activity values assigned to each radionuclide, taking into account the successive
gravimetric dilution steps, the mass of spiking mixture and the amount of water being spiked
as determined from weighing. The combined standard uncertainty includes two major
components: uncertainty of the certified solution and weighing uncertainty.

To confirm the assigned target values and to test the homogeneity of the test items two bottles
from each water sample were analyzed in ARPA Lombardia, Department of Milano
laboratory, Italy. The measurement results obtained by the laboratory were in good agreement
with the assigned target values and demonstrated that the homogeneity of the water samples
fits the purpose of this PT.

2.3.4. Analytical procedure applied in analysis of water samples

The ARPA Lombardia laboratory reported the following summary of the applied analytical
procedure for the determination of gross alpha/beta, Ra-226, U-234 and U-238 in water
samples.



2.3.4.1.  Analytical procedure for gross alpha/beta measurements

A weighed amount of sample (8 g) was transferred in a scintillation vial. Quicksafe 400
(Zinsser) scintillation cocktail (12 mL) was added and the sample was measured by liquid
scintillation counting. The instrument calibration was performed using U-236 and Sr-90/Y-90
sources.

The standard method had to be modified as the sample acidity was out of the acceptable
range. New calibrations were performed in similar matrix to take into account the increase of
spill-over.

2.3.4.2. Analytical procedure of Ra-226, U-234 and U-238

Uranium isotopes were extracted from a weighed amount of sample (100 g), previously
acidified by 14 M nitric acid (5 mL), by a selective scintillation cocktail (double extraction,
10 + 10 mL of cocktail).

The cocktail was then degassed with Argon and measured by liquid scintillation counting.

The scintillation cocktail was homemade and prepared by dissolving bis-etylhexyl
ortophosphoric acid (HDEHP), naphthalene and fluorescent substance (PBBO) in p-xylene.

Calibration was performed using U-236 source.

Radium-226 was measured through Rn-222 and short live daughters at secular equilibrium. A
weighed amount of sample (10 g) was transferred in a scintillation vial. Optiscint (Perkin
Elmer) scintillation cocktail (10 mL) was added to the sample (this cocktail is not miscible
with aqueous samples).

2.3.4.3.  Counting method

Samples (20 mL Teflon coated vials) were measured by a Quantulus 1220 LS counter
applying alpha-beta discrimination optimized for the specific sample-cocktail mixture.
Quench was kept under strict control by SQP(E) measurement.

Radium-226 measurement was performed after the secular equilibrium between Ra-226 and
Rn-222 and its short live daughters was attained (1 month). The target values of the water
samples with the respective uncertainties are presented in Table 2.

2.3.5. Preparation and characterization of the IAEA-434 phosphogypsum (sample 06)

The IAEA-434 RM [1] was collected from a processing plant located in Gdansk (Poland) in
2003. The matrix composition is: CaSO4*2H,0 (96%), P,Os (1-2%), F Total (1.2%), SiO;
(1%), Al,03 (0.2%).

The milled material was homogenised in one lot in a clean atmosphere at a temperature of
20+2 °C and a relative humidity of 55%. The used homogeniser was a clone mixer of 1000
litre capacity.

Bottling of IAEA-434 was done under normal laboratory conditions; 1000 bottles was filled
in one day taking all precautions to avoid segregation. The bottles were labeled arranged into



plastic boxes and sterilized using gamma ray irradiation with a total dose of 25 kGy using a
Co-60 source.

The bottle size was 900 mL with wide secure-sealed cover to preserve the integrity of the
reference material in the bottle. The amount of the material in each bottle was 250 g.

2.3.5.1. Homogeneity study of the [IAEA-434

10 bottles covering the whole bottling range were randomly selected; three independent
sample portions at 12.5 g from each bottle were analyzed using gamma spectrometry for Pb-
210, Ra-226, Th-230, U-234 and U-238. The homogeneity of Ra-226 was also tested by
analyzing three sample portions of one gram from five bottles using alpha spectrometry
technique. The analysis of homogeneity study was performed under repeatability conditions
to minimize variations.

The outcome of the homogeneity study demonstrated that the uncertainties due to between
and within bottles heterogeneity up, were generally very small and the material could be
considered sufficiently homogeneous for the tested radionuclides at the range of mass used.

The calculated parameters of the homogeneity study are listed in Table 3. It can be noticed
that the uncertainty associated with the between-bottles heterogeneity is reasonably small.

TABLE 3: BETWEEN-BOTTLES UNCERTAINTIES ASSOCIATED WITH THE MATERIAL’S
HETEROGENEITY OF THE IAEA-434

Standard uncertainty associated
with the between-bottles

Nuclide heterogeneity
[%0]
Pb-210 0.76
Ra-226 0.45
Th-230 0.36
U-234 0.41
U-238 0.33




2.3.5.2.  Characterization and assignment of target values of the measurands of the
IAEA-434

The material was initially characterized at the Agency’s Laboratories in Seibersdorf during
the feasibility study phase. Then the characterization of the material took place within the
interlaboratory comparison piloted by the Agency’s Laboratories in Seibersdorf in
cooperation with the Consultative Committee on Ionization Radiation (CCRI) of the
International Bureau des Poids et Mesure (BIPM). The results reported in this comparison
were used to derive the property values of the measurands of interest.

The test portion mass for the analysis was proposed to be at least 1 gram for radiochemical
analysis and 50 grams for gamma spectroscopy analysis. To assess the digestion difficulty of
the phosphogypsum, and to assist users of the IAEA-434 in selecting the dissolution
technique, the TAEA laboratories in Seibersdorf performed several dissolution experiments,
the most effective one was based on using of HNO3 and HF acids.

As an example for the measurement of gamma emitting nuclides in the IAEA-434 the
gamma-spectrum of phosphogypsum is shown on the Fig 3. The low energy part is shown in
Fig 4. The sample was closed in a 250 cm’ metal (radon tight) sample container. The
spectrum was collected after 30 days when the Ra-226 Rn-222 equilibrium was reached. A
special low background n-type HPGe detector 30% relative efficiency with CARBON-EPOXI
window was used for the spectrum collection. The shielding was made of 7 cm low
background lead and 3 mm of cupper.

The property values of all radionuclides of the IAEA-434 were established on the basis of a
robust approach proposed by David L. Duewer [2] and the Mixture Model Median (MM-
median) of the analytical results reported by the expert laboratories was calculated. The MM-
median is a direct analogue of the median. It is the location which divides the Mixture Model
Probability Density Function (MM-PDF) into two sections of equal area. The MM-median is
closely related to the median. It is robust to outliers and also accounts for the reported
uncertainty of each measurement result.

To estimate the standard uncertainty associated with the property value the MM-median based
Standard Deviation S(MM-median) was calculated from the span of the central 50% of the
MM-PDF density function [2].
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Figure 4. Low energy part of the gamma spectrum.




2.3.5.3.  Determination of Pb-210, U and Th isotopes in phosphogypsum

Ten bottles of phosphogypsum were selected, and then 5 sample portions at around 0.5 g were
randomly taken from each bottle and weighed into microwave containers. For checking
chemical recovery, Pb*" carrier (30 mg), U-232 and Th-229 (its daughter Ra-225) were added.
The samples were digested in a microwave oven using the following program: 150°C for
15 min and at 190°C for 25 min. The sample solutions were then transferred to plastic
centrifuge tubes and centrifuged for 10 min. The supernatants were transferred to Teflon
beakers. The residues were transferred back into the microwave containers with 3 mL HNO;,
and 2 mL of 40% HF were added. The residue was digested in a microwave oven using the
same program as mentioned above. The solutions were combined with supernatants and 0.1g
H3;BO; was added and then evaporated with three portions of 5 mL of 65% HNO; to remove
HF. The residue was dissolved in 30 mL of 2 M HCI.

2.3.5.4.  Sequential separation of Pb-210, U, Th and Ra-226 using Sr resin, TEVA and
UTEVA

After sample digestion, the solutions were loaded on Strontium Resin columns,
preconditioned in advance with 100 mL 2M HCI. The columns were rinsed with 100 mL of
2 M HCI and 25 mL 6 M HNOs to remove the non-retained ions. The effluent and washing
solutions were combined into a beaker and used for analysis of uranium and thorium. Lead
was eluted with 60 mL 6 M HCI. A Pb-210 source was prepared as lead oxalate and measured
by liquid scintillation counting [3].

The effluents and the washing solutions from Strontium Resin columns were combined and
then evaporated to dryness. The residue was dissolved in 20 mL 3 M HNOj and then loaded
on TEVA columns which were preconditioned in advance with 20 mL of 3 M HNOs;. The
columns were washed with 10 mL of 3 M HNOs;. The washing solution was combined with
the effluent from the TEVA column for analysis of uranium. After additional washing with
20mL of 3 M HNOs, 20 mL 8 M HCI was used to elute Th. The effluent and the first
washing solution obtained from the TEVA column were directly loaded onto UTEVA column
which was preconditioned in advance with 20 mL of 3 M HNOs. The column was washed
with 20 mL of 3 M HNOs3, SmL 9 M HCI and followed by 15 mL 6 M HCI to remove traces
of Po and Th remaining on the column. Finally, the uranium on the UTEVA column was
eluted with 6 mL H,O.

The effluent (30 mL of 3 M HNOs3) and the washing solution (20 mL of 3 M HNO3) from
UTEVA column were combined in a 200 mL volume of beaker. 4 mL of concentrated H,SO4
and 20 mL of 20% Na,SO,4 were added, and then 5 mL of Pb*" carrier (10 mg mL™") was
slowly added while stirring to form Pb(Ra)SO4 co-precipitation. The precipitation was
allowed to settle for 3-4 hours and centrifuged at 3000 rpm for 10 min. The precipitation was
dissolved in 10 mL of 0.2 M DTPA (diehtylenetriaminepentaacetic acid).

2.3.5.5.  Source preparation and measurement

The Pb fraction was evaporated 3 times with 2 mL of HNO3. The residue was dissolved in
20 mL 1 M HNOs, 0.400 g oxalic acid was added to warm the solution and adjust the pH to
3-5 with NHj(,q) to precipitate Pb-oxalate. The Pb-oxalate precipitate was filtered through a
pre-weighed filter paper (J 24 mm). The filter was washed three times with 1 mL water and
2 mL of ethanol, dried in oven at 40-50°C, cooled in a desiccator and weighted to determine
the mass of lead-oxalate and the chemical recovery gravimetrically. The lead-oxalate
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precipitate was transferred together with the filter into liquid scintillation vial, dissolved in
1 mL 6 M HNO; and mixed it with 14 mL ‘INSTA-GEL PLUS’ liquid scintillation cocktail.
Pb-210 was determined by liquid scintillation spectrometry.

U and Th fractions were three times evaporated with few mL of 65% HNOs, respectively. The
residues were dissolved in 10 mL of 10 (NH4)>SO4 plating solution with pH 2 and transferred
into electro-deposition cell. U and Th were electrodeposited onto stainless steel discs at 0.97A
for 90 min, respectively and then measured by alpha-spectrometry. An example of alpha-
spectrum for uranium isotopes is given in Figure 5.

Four mL mixed solution of 5 parts of 20% Na,SO4 with 1 part of acetic acid was added to
10 mL of 0.2 M DTPA dissolved Pb(Ra)SOy precipitation and 0.4 mL the Ba seeding solution
was added, and then allowed to sit for 30min. The colloidal suspension of Ba(Ra)SO, was
filtered through a pre-wetted polypropylene filter (Pall, 0.1um pore size, 25mm dia.) and
measured by alpha-spectrometry Figure 5.

ILinstin timi
O [

il-rm“lmn
SO 0N

SIS
Fiat
- ]
| |moiepe
T
Arsaas]
Giiae
. ES20.0
ff a0
dsoiope:
I
r
LI
| e } rl} ‘
T n.
lj I
P |
N \
|
_.'I 1 - ___,-II A e _.-' ey

Figure 5: The alpha spectra of uranium isotopes.

Table 4 shows the target values of the massic activities and associated standard combined
uncertainties of the measurands of interest.
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TABLE 4. THE TARGET VALUES AND THE RESPECTIVE STANDARD COMBINED UNCERTAINTIES
OF THE SAMPLE 06 THE IAEA-434 PHOSPHOGYPSUM REFERENCE MATERIAL.

Recommended massic Standard combined LAP MAB
. activities uncertainty*®
Nuclide (%) (%)
[Bq.kg " dry mass] [Bq.kg ™ dry mass]
Pb-210 680 58 15 15
Ra-226 780 62 20 20
Th-230 211 9 15 15
U-234 120 9 15 15
U-238 120 11 15 15

*Uncertainty is expressed
S(MM-median). Reference date: 01 December 2008.

as

a Mixture

model median based standard deviation
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3. PERFORMANCE CRITERIA

Several rating systems have been developed for determining a laboratory’s performance and
the meaning of the results of the different scoring systems are not always comparable. Among
various statistics, z-scores and u-scores are most often used. The drawback of z-scores is that
the uncertainty of the participant’s measurement result is not taken into account for the
evaluation of performance. In the case of u-scores, the evaluation includes uncertainties of the
participant measurements and the uncertainty of the assigned value. Laboratories performing
well in classical proficiency testing (z-scores) will not necessarily exhibit the same level of
performance when their analytical uncertainties are considered in the evaluation.

The proficiency testing scoring system applied by the Chemistry Unit of the IAEA Terrestrial
Environment laboratory takes into consideration the trueness and the precision of the reported
data and it includes in the evaluation both the total combined uncertainty associated with the
target value of proficiency testing samples and the total uncertainty reported by the
participating laboratories. According to the newly adopted approach, the reported results are
evaluated against the acceptance criteria for accuracy and precision and assigned the status
“acceptable” or “not acceptable” accordingly. A result must pass both criteria to be assigned
the final status of “acceptable”. The advantage of this approach is that it checks the credibility
of uncertainty statement given by the participating laboratories, and results are no longer
compared against fixed criteria but participants establish their individual acceptance range on
the basis of the uncertainties assigned to the values. Such an approach highlights not only
methodological problems affecting the accuracy of the reported data but also identifies
shortcomings in uncertainty estimation.

In addition, three other statistical parameters namely: z-score, IAEA/Laboratory result ratio
and relative bias are calculated as complementary information for the participating
laboratories.

3.1. Relative bias

The first stage in producing a score for a result Value repored (2 single measurement of analyte
concentration in a test material) is obtaining the estimate of the bias. To evaluate the bias of
the reported results, the relative bias between the reported value and the target value is
calculated and expressed as a percentage:

Value a— Value .

reportel

Biasrelative = x100% (1 )

Value target

3.2. Evaluation procedure for samples 01, 02 and 06

The proficiency test results were evaluated against the acceptance criteria for trueness and
precision and assigned the status “Acceptable”, “Warning” or “Not Acceptable” accordingly

[4].
3.2.1. Trueness

The participant result is assigned “Acceptable” status for trueness if:

Al < A2
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where:

Al = |Value arger — Value

reported

— 2 2
A2 = 258x.|u target +u reported

3.2.2. Assessment of the claimed uncertainty

To evaluate the claimed measurement result uncertainty an estimator P is calculated for each
reported uncertainty, according to the following formula:

2 2
P: u target 4 u reported x100%
Valuetarget Valuereported

P directly depends on the measurement result uncertainty claimed by the participant. The
Limit of Acceptable Precision (LAP) for each analyte respectively is defined for the
respective proficiency test in advance, including any adjustment due to the concentration or
activity level of the analytes concerned and the complexity of the analytical problem.
Participants’ results are scored as “acceptable” for the claimed uncertainty when P < LAP.
The LAP values used in the evaluation of all radionuclides are listed in Table 2.

In the final evaluation, both scores for trueness and precision are combined. A result must
obtain an ‘“acceptable” score in both criteria to be assigned the final score “acceptable”.
Obviously, if a score of “not acceptable” was obtained for both trueness and precision, the
final score will also be “not acceptable”. In cases where either precision or trueness is “not
acceptable”, a further check is applied. The reported result relative bias (R. Bias) is compared
with the maximum acceptable bias (MAB). If R. Bias < MAB, the final score will be
“acceptable with warning”. “Warning” will reflect mainly two situations. The first situation
will be a result with small measurement uncertainty; however its bias is still within MAB. The
second situation will appear when result close to the assigned property value is reported, but
the associated uncertainty is large. If R. Bias > MAB, the result will be “not acceptable”. The
MAB values used in the evaluation of all radionuclides are listed in Table 2.

3.3. Evaluation procedure for gross alpha/beta results in water sample 03

For evaluation of the analytical measurement results of gross alpha/beta in the blank water
sample 03 a factor F was calculated as the following:

F=Value veporiea. —2* uncertainty eporsed.
The participant result was assigned “acceptable” score if:
F<0.2
The participant result was assigned “warning” score if:
0.2<F <03
The participant result was assigned “not acceptable” score if:

F>0.3
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3.4. Evaluation procedure for gross alpha/beta results in water samples 04 and 05

For evaluation of the analytical results of gross alpha/beta in the spiked water samples 04 and
05 the relative bias Bias rejative Was calculated according to 3.1 and a factor R was calculated
as the following:

R= Value reported / Uncertainty reported
The participant result was assigned “acceptable” score if:
R> 2 and Bias Relative < 50%, for gross alpha

R> 2 and Bias Relative < 30%, for gross beta

The participant result was assigned “acceptable with warning” score if:
R>2 and 50% < Bias gejative < 75%, for gross alpha
R>2 and 50% < Bias geative < 60%, for gross beta
The participant result was assigned “not acceptable” score if:
R<=2 or Bias Relative >75%, for gross alpha
R<=2 or Bias Relative >60%, for gross beta

If the evaluation approach and/or acceptance criteria applied in this PT are not appropriate for
the types of analyses and application performed in one of the participating laboratories, it is
suggested to apply a self- scoring evaluation system which could fits specific requirements.
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4. RESULTS AND DISCUSSION
4.1.General

Six hundreds and twenty five measurement results were reported to the IAEA in this PT from
49 laboratories in 39 Member States.

One month after the deadline for results reporting each participant was able to download an
individual evaluation report using a dedicated on-line application to obtain a rapid feed back
on the results evaluation.

The participants’ data along with the statistical performance evaluation were compiled and
presented in two types of tables: tables of summary of the reported technical information in
the PT questionnaire regarding the applied analytical technique sorted by laboratory code as
shown in Appendix I, and the tables of the performance evaluation results sorted by analyte
are reported in Appendix II.

To have an overview of the participants’ performance for each specific radionuclide, each
radionuclide was studied individually; Table 5 shows the distribution of results scores for
each evaluated radionuclide and for each sample.

The number of reported results and obtained evaluation as acceptable/acceptable with
warning/not acceptable of each laboratory is presented graphically in Figure 7 and Table 6.
This way of results evaluation presentation allows the participating laboratories to compare
their results to those reported by other laboratories and to benchmark their performance level
with peers. In addition, all participating laboratories could share the technical information
provided in the Appendix I to identify the commonly applied analytical procedures.

The overall evaluation showed that 23% of all reported results failed to meet the PT criteria. It
was noticed that the percentage of acceptable results for natural radionuclides is slightly lower
(around 10%) than the observed level for the artificial ones. Figure 6 shows the result of the
summary evaluation of the analytical performance of the participating laboratories.

Not
acceptable
23%

Acceptable
with warning
10%

Acceptable
67%

Figure 6. Summary evaluation of the analytical performance of the
participating laboratories.
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To compare the performance level of each laboratory a normalized mean performance score

and the percentage of “Not Acceptable” scores were calculated as the following:

Normalized mean performance score (%) = ((A+W)/ NRR)*100

Percentage of “Not Acceptable scores” (%) = (N/NRR)*100

Where: A: number of obtained “Acceptable” scores,

W: number of obtained “Acceptable with warning” scores.

N: number of obtained “Not Acceptable” scores.

NRR: Total number of reported results.

The results of the calculation are shown in Table 7.

TABLE 5. SUMMARY EVALUATION OF ALL NUCLIDES SORTED BY SAMPLE.

Percentage of

Percentage of

No. of Percentage of
“Acceptable “Not
Radionuclide reported “Acceptable” ) )
with warning” | Acceptable”
results results (%)
results (%) results (%)

Ra-226 35 51 6 43
Water Sample 01 U-234 33 82 3 15

U-238 37 65 11 24

Ra-226 35 60 9 31
Water Sample 02 U-234 30 75 6 19

U-238 35 71 6 23

Gross alpha 32 81 0 19
Water Sample 03

Gross beta 38 71 5 24

Gross alpha 38 47 18 34
Water Sample 04

Gross beta 41 66 20 15

Gross alpha 38 47 21 32
Water Sample 05

Gross beta 41 76 9 15

Pb-210 48 71 10 19

Ra-226 37 73 8 19
Phosphogypsum |1 3 28 54 14 32
Sample 06

U-234 34 79 6 15

U-238 43 77 7 16
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Laboratories summary evaluation
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Figure 7: Performance evaluation results sorted by the number of
acceptable results obtained.
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TABLE 7. SUMMARY INDIVIDUAL EVALUATION SORTED BY THE NORMALIZED MEAN OF

PERFORMANCE SCORE.

Number Number. of Number of }?Iumber of Normalized Pef‘centage
Laboratory  of not “ o ., Not Mean of of “Not
code reported Acceptable Warning Acceptable”  performance  Acceptable”

results results results results (%) (%)
26 7 6 3 1 90 10
250 6 8 0 3 73 27
251 13 2 1 1 75 25
252 9 5 1 2 75 25
253 8 8 1 0 100 0
255 8 9 0 0 100
256 1 14 0 2 88 13
257 10 7 0 0 100 0
258 1 15 0 1 94 6
259 4 6 1 6 54 46
260 0 11 2 4 76 24
261 8 8 1 0 100 0
262 4 4 5 4 69 31
263 1 14 2 0 100 0
264 1 7 2 7 56 44
265 9 6 0 2 75 25
266 0 8 2 7 59 41
267 1 15 1 0 100 0
268 3 3 3 8 43 57
269 5 3 3 6 50 50
271 1 8 2 6 63 38
272 13 0 0 4 0 100
273 0 13 1 3 82 18
274 0 14 1 2 88 12
275 4 7 2 4 69 31
276 0 14 3 0 100 0
277 1 15 1 0 100 0
278 0 13 1 3 82 18
279 6 7 1 3 73 27
280 14 2 0 1 67 33
281 0 17 0 0 100 0
282 1 10 2 4 75 25
283 2 11 0 4 73 27
284 8 4 2 3 67 33
285 0 10 0 7 59 41
286 2 15 0 0 100 0
287 0 3 0 14 18 82
288 4 12 0 1 92 8
289 15 1 0 1 50 50
290 0 9 0 8 53 47
291 2 10 4 1 93 7
292 7 7 1 2 80 20
293 5 7 3 2 83 17
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Number Number. of Number of Number of Normalized  Percentage

Laboratory  of not o v e . ., “Not Mean of of “Not
Acceptable Warning ’s ’s
code reported results results Acceptable performance  Acceptable
results results (%) (%)
294 0 13 1 3 82 18
296 7 8 1 1 90 10
297 1 12 0 4 75 25
298 2 11 0 4 73 27
299 6 7 2 2 82 18
300 8 4 4 1 89 11

4.2. Recommendations and lessons learned

Based on the performance evaluation results certain recommendations to enhance the
analytical performance of the participating laboratories could be suggested. It was not
possible to find a clear correlation between the years of experience and the level of
performance. There were many cases where the laboratory declared an insufficient experience
but its reported results were acceptable. It is evident that the skills and experience of the
analyst performing the analysis at the time of the PT sample analysis is the crucial factor in
obtaining acceptable results. Proper equipment, human and material resources are of course
important factors in obtaining reliable and good quality results.

Method validation and robustness studies of the analytical procedure could assist the analyst
to know more in depth its strong and weak points, where more attention should be given and
what are the critical points in the procedure. When a laboratory reports 5-10 unacceptable
analytical results it means that it has not the appropriate tools to verify the quality of the
outcome of the analytical system, there should be a dedicated mechanism and tools which
help the analyst to assess the quality of the results produced. If the analyst does not have the
control on the analytical system, erroneous results could be reported without being detected.

It is quite normal to make mistakes in an analytical laboratory, the analytical system is a very
complex one, it even interacts extensively with human factors and even with the specific
conditions of the laboratory. However, the main objective of each laboratory should focus,
after detection of the shortcoming, on finding out the root cause of the analytical problem and
to implement the necessary actions to remediate the problem and obtain satisfactory results.

The Agency’s Laboratories in Seibersdorf would appreciate to get a feedback from the
participants who where able to benefit from this PT in finding out the root cause of the
analytical problem and were able to improve their performance in analysing natural
radionuclides.

4.2.1. Recommendations regarding Ra-226 determination

48 laboratories reported their results for Ra-226 in phosphogypsum only 19% of which did
not fulfil the PT performance criteria. This is considered a good level of performance taking
into consideration the difficulty of the matrix and non-availability of appropriate reference
material.
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Most of the laboratories used gamma spectrometry with HPGe detector; different efficiency
calibration procedures were applied. Analysts were innovative in adopting the appropriate
method for calibration of gamma spectrometer and in performing the needed corrections.

The PT participants reported in the questionnaire a wide range of analytical methods taken
from the open literature such as ASTM E 181-98(2003), CIEMAT PR-X2-04, DOE RA-06-
RC, IAEA-TRS-295, IAEA-TECDOC-1401, ISO 10703:2007, NEN5623 (Dutch), NF M 60-
803, NF M 60-805-5 and DOE EML HASL-300. Many laboratories used computational
calibration such as Monte Carlo for efficiency calibration. Few laboratories used spiked milk
powder for calibration; others used some matrix reference materials such as IAEA-Soil-6 and
IAEA-RGU ore. One laboratory reporting the used of well detector where a sample portion of
only 2 grams was used in the analysis of the phosphogypsum and reported acceptable result
which indicates the suitability of the material for measurement using small sample portion in
well detectors.

Many laboratories applied radiochemical separation and alpha spectrometry measurement.
Technical details of successful application of digestion procedure, radiochemical separation
and auto-plating including were reported by the participating laboratories and summarized in
Appendix L

The shortcomings shown in the performance level of the participating laboratories in gamma
measurements of Ra-226 could be attributed to several factors. These factors are related to the
gamma spectrometry procedure utilised by each laboratory; some of these factors are the use
of inappropriate calibration standards or procedure, sample geometry, interference of gamma
lines and their densities. Furthermore, the radionuclides of interest in this specific sample are
interrelated. Therefore, the decay and ingrowth of daughter radionuclides and their secular
equilibrium with their parents should be reached.

Many laboratories reported the use of plastic container for as measurement geometry. The
analysts in this case assumed the tightness of such type of containers. However, in practice
most of plastic containers are not Rn-222 tight and they allow the emanation of the noble gas
even through the walls of the container. Special containers should be used and validated for
Ra-222 tightness and not only air tightness.

Certain laboratories reported not acceptable results for Ra-226 due to negative bias. The main
reason could be due to the fact that most of the laboratories have used different gamma lines
instead of the main gamma energy line 186 keV for Ra-226. In this case one issue should be
considered which is the time required to establish secular equilibrium between Ra-226 and its
daughters and to avoid the escape of Rn-222 from the container. This is always conducted by
storing the sample in Ra-222-tight containers for at least 3 weeks. Air tight container does not
mean that the same container is Rn-222 tight; this should be verified and demonstrated. The
negative bias could be related to the equilibrium situation and could be caused either by using
a sample container which is not Rn-222-tight, or due to a wrong calibration standard or
calibration procedure.

A smaller group of laboratories reported not acceptable results for Ra-226 due to a positive
bias which could come from inappropriate correction factor for gamma attenuation in the
sample or due to the use of inappropriate gamma energy line which suffers from spectral
interference. This could be overcome by using a calibration standard with a density similar to
the test sample applying a correct calibration procedure.
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In water samples the performance level was lower than in phosphogypsum due to the low
activity level and more complex analytical procedure needed comparing to phosphogypsum.

A more detailed examination and study of the reported technical information related to the
applied analytical procedures will take place in a forthcoming IAEA publication to give more
in-depth information and conclusions about the effect of different procedures on the level of
analytical performance based on the results of this PT.

4.2.2. Recommendations regarding Pb-210 determination

37 laboratories reported their results for Pb-210 in sample 06 phosphogypsum, 19% of them
where not acceptable. This level of performance is comparable to the level of performance in
the 2007 PT for the determination of Pb-210 in soil samples [5]. In the contrary, the results
evaluation of 2005 PTs resulted in 59% of unacceptable reported results for the same analyte
in soil [6]. This might suggests a general improvement in the analytical performance of the
population of laboratories interested in Pb-210 determination in solid matrix.

In this PT the majority of laboratories measured the Pb-210 at 46.52 keV using n type wide
energy range HPGe detector and applying a calibration procedure and corrections.

Equally successful determinations were reported by several laboratories using radiochemical
procedures such as the separation of Pb-210 after the addition of a stable carrier according to
the method of chromate precipitation followed by lead chloride precipitation. Then mixing the
source with scintillation cocktail and perform measurement using Liquid Scintillation
Spectrometer.

Many laboratories that used radiochemical procedure failed in proper implementation of the
procedure which resulted in unacceptable results, the exact technical reason of the
shortcoming should be investigated. Little information was reported in the questionnaire on
the chemical recovery correction. The main reason for unacceptable results could be attributed
to a non validated radiochemical procedure or to incomplete digestion procedure.

Some laboratories stated that they used gamma detectors with energy range from 200 keV
which might be not suitable for Pb-210 measurement; also some laboratories extrapolated the
efficiency calibration to cover the Pb-210 energy which resulted in unacceptable results. The
most frequent reasons for failure in Pb-210 are discussed in more details in [7].

4.2.3. Recommendations regarding U-234, U-238 determination

34 and 43 laboratories reported their results for U -234 and U-238 respectively. Different
methods were used successfully in this PT. Alpha spectrometry with various extraction and
purification procedures was used successfully; more details on applied procedures could be
found in Appendix L.

The uranium content of the water samples was a few Bq/kg only. In this case the low activity
level was the main cause of analytical difficulty during the analysis.

To obtain a good quality of gamma spectrum it would have required a special low background
detector and a well controlled quality of the laboratory air to avoid the effect of Rn-222 on the
analysis, “Rn-free” laboratory air would be the best option. The enrichment of the radon
progeny in the detector shielding could lead to an uncontrolled (random) positive bias which
is comparable to the activity level in the sample.
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Using a chemical separation and alpha spectrometry the radiochemical purity of the applied
reagent and tools may be the crucial and critical point for both of uranium and radium
determinations. The analysis and statistical monitoring of the “blank™ sample could help to
recognize false positive result or positive bias. In particular, this factor is important due to the
similarity of the chemical behaviour of Ba compounds which contains a traces amount of Ra.

4.2.4. Recommendations regarding gross alph/beta determination

The gross alpha/beta measurements are considered to be primarily screening determinations,
therefore, this PT was aimed at testing the ability of a laboratory to determine if significant
radioactivity level is present or not. Also the PT aimed at testing if a laboratory could by an
erroneous analytical result trigger a false alarm which might cause wrong decisions and waste
of resources. For this reason the acceptance criteria were fairly wide for alpha/beta
measurements.

The participants were not informed in advance about the nuclides used in spiking the water
samples. This was in the design of the PT to check the effect of calibration with different
nuclides on the final results. Also to simulate the real situation in a laboratory where in a real
sample the radionuclides present will not be known, and hence a calibrated instrument used
successfully in this PT cannot be assumed to give similarly accurate and precise measurement
results on real and routine gross alpha/beta determination.

Different radionuclides were successfully used in calibration such as: K-40, Sr-90/Y-90,
Cs-137, U-236, U-238, Am-241 and Pu-242.

4.2.5. Recommendations regarding Ra-226, U-234 and U-238 determination

Gamma spectrometry is not the best suited method for the measurement of Ra-226 and
Uranium isotopes in water as the expected concentration is usually low (less than 1 Bq/kg in
drinking waters) and the background contribution quite high when compared to the expected
values. Furthermore, U-238 lacks direct gamma emissions and can be measured only
assuming radioactive equilibrium with daughter nuclide Th-234 (useful gamma emissions at
63.3 keV and 92.4-92.8 keV); U-234 lacks gamma emissions and no reliable assumptions can
usually be made on its equilibrium with parent and daughter nuclides (it is well known that
U-234 is not even in secular equilibrium with U-238, due to different chemical-physical
behaviour of the two Uranium isotopes in aquifers [8] [9] [10]); Ra-226 has a direct gamma
emission at 186.2 keV strongly interfering with both U-235 gamma emission and background
contribution and, as outlined in par. 4.3.1, its measurements by Rn-222 and daughter nuclides
needs specific care in order to avoid radon losses and assure radioactive equilibrium.

However, gamma spectrometry is often used as it is a well established and widely diffused
technique (furthermore, high efficiency detectors with low background are more and more
often available); in such a case, special care has to be taken to assess background contribution
e.g. by repeated background measurements and a thorough statistical analysis of results (in
low level measurements the variability of repeated measurements can be higher than the
counting - Poisson - uncertainty of single measurement, and the background contribution and
uncertainty can be best assessed as average and standard deviation of repeated
measurements). Sample containers must be filled to the top as any air headspace can cause
uneven radon dispersion (and consequently affect the actual geometrical efficiency). The use
of updated and internationally agreed Nuclear Data Tables is strongly supported
(e.g. [11][12]) in order to avoid mistakes due to the use of out-of-date gamma ray intensities.
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Measurements by liquid scintillation counting, both in homogeneous and in non homogeneous
phase, rely on daughter nuclides at equilibrium and must be performed using radon tight
containers (e.g. polytetrafluoroethylene (PTFE), polyethylene-PTFE coated or high density
polyethylene vials); furthermore, radon extraction yield cannot usually be directly measured
and must be assessed on the basis of the results of method validation, that should include a
thorough evaluation of both repeatability and robustness. Counting can be performed
considering alpha or alpha + beta window: in the last case, blank contribution has to be
carefully checked to account for possible reagent contamination (e.g. K-40 is often present at
detectable levels in commercial liquid scintillation cocktails) and for fluctuations well beyond
the variability expected on the basis of counting (Poisson) statistic.

Measurements based on emanometry are widely used; in this case a critical point is the
evaluation of Rn-222 extraction yield from the radium solution since internal yield tracers are
not available and the recovery strongly depends on degassing procedure (gas flow, bubble
size, etc.); a particular effort must be put in method validation, with special regard to
repeatability assessment.

Ra-226 can be measured by direct alpha counting of Ba(Ra)SO4, precipitated and deposited
on filter; in this case Rn-222 and short live daughters contribution to alpha counting is a
critical point as radon can be trapped in sulphate crystals in variable amounts thus affecting
actual counting rate. Again, method validation and repeatability assessment are key points.

The radium co-precipitation with barium sulphate is often used as a preliminary step for
concentration and purification, and can be applied in all the above reported methods. In such
cases, the assessment of chemical yield is necessary and it is wusually performed
gravimetrically by weighing the recovered Ba(Ra)SO4; yield overestimates can occur when
similar elements (e.g. calcium) are co-precipitated. The use of radioactive tracer (e.g. Ba-133
that can be measured by gamma spectrometry) overcomes this problem.

The determination of chemical yield is as well the limiting factor for the determination of
radium isotopes by alpha spectrometry, as the use of the most commonly employed yield
tracer Ra-225 relies on multiple assumptions on its equilibrium both with parent (Th-229) and
daughter (Ac-225) nuclides. Furthermore, the whole procedure is cumbersome and requires
operator high skill.

Uranium measurement by alpha spectrometry is a well established procedure but not the
easiest one. Special care should be taken in order to avoid cross contamination that can occur
when the same laboratory materials and deposition device (beakers, deposition cells, etc.) are
used for the analysis of waters, soils etc. Use of disposable materials is strongly recommended
as far as possible.

Uranium can be measured by liquid scintillation counting following extraction by homemade
scintillation cocktail containing specific complexing agents (e.g. HDEHP) or by specifically
designed commercial cocktails (e.g. URAEX® by Ordela, Inc.). As internal yield tracers can
hardly be used due to poor spectral resolution, the evaluation of overall efficiency and
repeatability are key points of method validation.

For all the above reported methods, traceability of radioactive sources used for calibration or
as internal yield tracers must be assured at any time. Liquid solutions of tracer nuclides are
often provided without any indication about expiry date, which (if present) actually refers to
the sealed, untouched source. Once opened (and diluted), internal procedures should be
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applied for their management (dilution included) possibly including periodical check of actual
concentration

4.3. Technical information provided by the participants

Appendix I contains the summary of the reported technical information. For each laboratory,
the years of claimed experience in analysis and summary of analytical procedure and counting
method is summarized.
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5.  CONCLUSIONS

The IAEA-CU-2008-04 PT was successfully completed with high level of reporting-back the
analytical results, whereas 94% of the registered laboratories reported their results to the
IAEA. Most of the participants were able to quantify certain number of radionuclides of
interest in phosphogypsum and water. 23% of all reported results did not pass the proficiency
test acceptance criteria.

This PT provides the possibility to improve the ALMERA laboratories comparability and
reliability of the determination of natural radionuclides in environmental matrices.

This PT shows the need for further improvement of the analytical performance for
determination of natural radionuclides in aqueous samples at low level of radioactivity. The
performance level of such determinations was the lowest in this proficiency test.

A second PT on the same radionuclides is recommended to assess any improvement in the
analytical performance based on the lessons learned in this PT.
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APPENDIX I
SUMMARY OF THE REPORTED TECHNICAL INFORMATION
SORTED BY LABORATORY CODE

The summary technical information on the analytical procedures applied in the laboratories of
the PT participants is presented as reported by the participants without editing.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the IAEA or any of its staff members thereof.

In these tables, laboratory information is presented in ascending order of the laboratory code.
The blank cells indicate that no technical information was provided. The listed years of
experience is as reported by the participants according to their judgment.

The abbreviation “NR” in the Table of Appendix I denotes “Not reported”.
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Lab
code

Years of
experience

Counting method

Summary of the applied analytical
procedure

26 > 3 years

NR

NR

Reference materials Verified methods

HPGe gamma spectrometry Self-absorption
corrections

NR

NR

The efficiency calibration was performed
using a cocktail provided by the Metrology
Laboratory consisting of several isotopes to
span the energy range of interest. The system
was calibrated for the same geometry of the
sample. The efficiency calibration was
performed using a cocktail provided by the
Metrology Laboratory consisting of several
isotopes to span the energy range of interest.
The system was calibrated for the same
geometry of the sample. The counting system
consist of a 25% GX Canberra HPGe. The
Pb-210 was determined in the low energy
range and corrected for the sample self-
absorption.

The sample (175 g) was weighed in a 7 cm
plastic vial routinely used at our laboratory
as gamma counting geometry. The plastic
vial was wrapped with Aluminium foil to
wait for Radon ingrowth. We waited more
than 30 days before gamma counting. The
plastic vial containing the sample was placed
directly on the 25% efficiency GX Canberra
HPGe detector and counted for 60000
seconds.

detector.
Efficiency

Gamma-spectrometry,  HPGe
Software: Gamma Trac.
calibration: multinuclide standard.

Sample Marinelli

container.

preparation: 0,5 1

Measurements were performed with 40%
HPGe gamma spectrometer "Canberra".
Spectra were evaluated with Canberra Genie
2000 v3.1. Gamma spectrometer was
calibrated with cocktail mixture (241Am,
109Cd, 139Ce, 57Co, 60Co, 137Cs, 113Sn,
858Sr, 88Y, 203Hg) with 0.46 g/cm3 density.

25 g of dried sample were transferred to
50 mL plastic box. The cover of the box was
tied to the box with silicone glue. After 28
days activity was measured.

250 1 - 3 years
251

252 >3 years
253 > 3 years
255 > 3 years
256 >3 years

34

Kim et al, App. Radiation. & Isotope. (2001)
275-2

Radium in water sample was co- precipitated
with Barium sulphate, which was purified
with EDTA solution. Water sample was
dried in stainless dish under IR lamp.

PG added with Ba carrier was decomposed
by HF and Nitric acid, and radium was
coprecipitated with Barium sulphate ppt.,
which was purified with EDTA solution.

100 mL, 200 mL, 300 mL, and 500 mL of
ground water spiked with standard Sr-90 and
Am-241, and then dried into planchette,
which used for counting efficiencies of gross
alpha and gross beta.

Purified Barium(Ra) sulfate was suspended
in Instagel XF and UltimaGold AB, and then
measured using LSC after 21 days. Radium
in standard Ra solution was coprecipitated



Lab
code

Years of
experience

Counting method

Summary of the applied analytical
procedure

with Barium sulphate, and then measured
with the same cocktail composition for
calibration.

257

> 3 years

In-house method.

Efficiency calibration is performed using a
certified multi-radionuclide solution in 4M
HCI(QCY.48), with energies ranging from
59.54 keV to 1836.06 keV. Energy
calibration is performed with several point
and volume sources in the same energy
range. During gamma spectroscopic analysis
the sample were put on top of the detector
used. For the sample analysis 4 detectors
were used, namely: a GeLi (Model 7229), a
HPGe (Coaxial), a LEGe (Model GL2020-
7500) and an XtRa (Model GX10021). An
in-house experimental-numerical method is
applied to correct for differences in self-
absorption between the calibration source
and sample matrix for energies < 200 keV.

The samples were enclosed in plastic
cylindrical containers of Imm thickness
(volume 285mL, height 69mm), sealed with
an epoxy resin against the escape of Radon.
The sample completely filled the container.
The net mass of the sample was determined
using a balance (accuracy 0.1g). Dry mass
was determined using a separate portion of
the sample, after drying overnight.

258

> 3 years

Direct measure of the sample with
germanium  detector.  Calibration  of
proportional gas counter with Sr-90 and U-

236 certified standard solution

ISO 9696 - ISO 9697. The laboratory for the
determination of Ra226, and U-238 in water
did not use gamma spectrometry, but liquid
scintillation and  alpha  spectrometry
respectively.

259

NR

HPGe: With liquid solutions containing
multiple  radionuclides. PIPS:  Energy
calibration with four different radionuclides.
A Petri dish was filled with the sample and
set aside for 3-4 weeks to allow re
equilibrium between Ra-226 and the short-
lived Rn-222 daughters. Ra-226 and Pb-210
were determined with HPGe. Ra-226 via Bi-
214 and Pb-214. Self-absorption in the
sample was corrected for using a point
source

U and Th: 1.024 gram sample was dissolved
in 1.5 litre of slightly acidic water and Th-
229 and U-232 added. The organics in the
sample were destroyed with H202 and
MnO4- and U and Th co-precipitated with
MnO2. MnO2 was collected by decantation
and centrifugation, and dissolved with HCl
and H202. The silicates in the sample were
dissolved with HNO3 + HF. U and Th were
then separated using UTEVA and their
activities determined with alpha
spectrometry.

260

> 3 years

Counting on High Purity Germanium, N-type
(40%). Counting time 60.000 seconds.
Analysis with Gamma Vision. Calibration is
performed with a nuclide mixture (QCY-48
from PTB (Germany)in the same geometry.
Afterwards correction for density and
composition difference was done.

A 250 mL counting box was filled with
135.68 grams of Phosphogypsum. Dry
weight was 93.7 %.
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Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
The moisture content was calculated by
determination of loss of weight, at 85 degree
Celsius in oven, overnight; then a quantity of
The sample was analyzed by gamma sample was sifted; then a net quantity of
261 >3 years spectrometry HPGE; the calibration of the 30.46 grams of sample was poured in a little
gamma spectrometry detector was carried out cylindrical —container (with the same
with a multinuclide standard source. geometry of the calibration standard source)
and analyzed by gamma spectrometry
HPGE, twice, with a counting time of
120000 seconds and 200000 seconds.
For gamma spectrometric analysis, water
samples are acidified to pH 2 and
preconcentrated by evaporation under an
infrared light to 900 mL. After
preconcentration, all water samples were
sealed into Marinelli beakers and left for 28  From open literature, ISO, National standard,
days to reach the radioactive equilibrium SO 9696 and ISO 9697, ASTM
between 226Ra and daughters (214Bi and  [nternational, Designation: E 181-98. The
214Pb). Gamma spectrometric measurement sample was acidified to stabilize it,
were performed using a HPGe detector gvaporated almost to dryness converted to
(AMETEK) with relative efficiency of 25%  the sulphate form and then ignited at 3500C.
and 40% and energy resolution of 1,85 keV A portion of the residue is transferred to a
(1332.5 keV 60Co). The analysis of each planchette and the alpha-beta activity
measured &#947;-ray spectrum has been measured. The measurements of gross alpha
carried out by a software program GAMMA  and beta activity are carried out by
VISION?-32. The radium isotope 226Ra was  &#945;&#946;-proportional ~ gas  counter
262 determined from its daughters 214Pb (295.1  p1C-WPC-9550, Protean Instrument
keV and 351.9 keV) and 214Bi (609.3 keV,  Corporation. We are used the international
1120.3 keV and 1764.5 keV). The uranium gtandard ISO 9696 and ISO 9697.
isotope 238U was determined from its
daughters 234Th (63.29 keV). We use the
international standard ISO 10703. Sample
from proficiency test with similar density
and known activities were used for
calibration. Gamma spectrometric
measurement were performed using a HP Ge
detector (AMETEK) with relative efficiency
of 25% and energy resolution of 1,85 keV
(1332.5 keV 60Co). The analysis of each
measured &#947;-ray spectrum has been
carried out by a software program GAMMA
VISION-32.
Gamma-spectrometry HPGe, peaked
background correction, decay correction, Rapid measurement with no treatments; only
263 1 -3 years multiplet deconvolution; calibration with to determinate Ra-226, Pb-210 activities. The
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multipeaks source. Alpha spectrometry with
PIPs detectors and inductively coupled
plasma-mass spectrometry (ICP-MS).

other nuclides were determined by alpha
spectrometry and ICP-MS systems.



Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
-Energy calibration with eu-152 standard
SOUICe; efﬁc1.ency Cal.l brat.lon with mix qyf14— direct measurement in Marinelli 0.51
amersham in Marinelli 0.5]; -counting . .
264 >3 years method: high-resolution gamma spectrometer geometry dry-to-wet ratio determination for
. . . . an aliquot of 5 g at 85 degree Celsius
with hpge detector with be window, counting i oht
time=24h; background subtract; bottle 0.51 overnig
geometry.
265 > 3 years NR NR
Sample prepared in a 200mL Marinelli
System calibrated with certified mixed Beaker Sealed and wait >1 month for secular
266 >3 years standard radionuclides calibration checked equilibrium Sample counted using gamma
using TAEA 326 and Soil-6 spectrometry Spectra peak area marked,
subtracted background, calculated manually
267 -3 years The same for Gamma emitting RN in water Geometrical configuration used: cylinder
plus material self attenuation correction. (diam.65 mm)100 mL.
APHA-AWWA-WEF - Standard Methods.
ISO 18589-3:2007 Measurement of
o i radioactivity. Sample was evaporated to near
calibration was madg .w1th an .extended dryness, redissolved and poured into a
gamma source containing a mixture of  gandard counting container. 10 mL of
radionuclides, trgcgable to .the national sample was evaporated onto a 7 sq. cm
268 >3 years standard  of activity. Counting between pjanchette. Phosphogypsum was poured into
20000 and 50000 s. Background measured 5 100 cc standard counting container and
for 200000s was subtracted. pressed to obtain apparent density of 1g/cc.
ISO 10703:2007 Water quality. Alpha calibration with Am-241 beta
calibration with Sr/Y-90 Sources traceable to
national standard Counting time 30 min
Background counted 30 min.
From open literature, ISO, National standard.
Gamma emitting RN in Water geometry of ) o o
Marinelli beaker using HpGe 40% eff, USing liquid scintilator counter TRI-
calibrated With standard reference material CARP_3170 Cocktail Instagel plus solution
269 with the same geometry. Geometry of Calibration Source Sr-90,Am-241(standard)
65.0gm pettery dish using HpGe 40% eff
calibrated With standard reference material
with the same geometry.
Ra-226: 500 mL in MB, HPGe detector,
efficiency calibration( Mixed source) countingtime 80000 s Activity Ra-226
271 >3 years chemical preparation Alpha PIPS detector calculated from Pb-214 and Bi-214. U-
chemical yield 238,U-234 Alpha spectrometry,
electrodeposited source using U-232 tracer
We use a Ortec 25% GeHp detector,
vy > 3 years Multiuclide certified solution Eul52, Cs137, NR

Co60 geometry plastic flask 250 mL For
counting 6 measurements were made each
one of 60000 seconds.
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Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
Gamma Spectrometer, Canberra Model, . . .
273 >3 years HPGe Detector, 45% Efficiency. Mixed Gamma as calibration source
U — Fe coprecipitation, TOPO-column
separation, electrodeposition Ra- BaSO4
U alpha spectrometry Ra alpha spectrometry colf)recipitation TOP% and cation column
calibration with internal tracer Th-alpha separation ele(;tro deposition Th- Fe
274 spectrometry calibration with internal tracer copreci it;tion TOP%-column separation
Pb-gross beta calibration with reference eleI:: troc{)eposi tién Pb Leaching PbpS ’
source precipitation, anion column separation,
PbSO4 deposition
Dissolution in weak HNO3 + HF on residue.
Th-230: Ion-exchange and electrodeposition.
275 >3years ~ Oamma  spectrometry (Ra-226) Alpha . o590’ TRa 296 MnO2+PbSO4 ppt +
spectrometry (Th-230) ICP-MS (U-isotopes) LSC U-isotopes: ICP-MS directly on
dissolved sample.
The method used is the direct introduction of
phosphogypsum (or sediments, soil, ash...)in
Spectrometers  are  calibrated usine a & plastic container which is sealed and stored
cell)libration standard produced in the %ame 25 days to reach radioactive equilibrium, if
wav that the measurelcji sample from a liquid natural radionuclides are searched. And then,
Y . . ple o q the container is directly measured on the top
276 >3 years QCY48 certified solution. Calibration spectra of a Ge(Hp)spectrometer from Canberra with
is collected until the number of counts in EG&G O Igc)ecpelec tronics. Measuring time
23211] E:gl; ISG}:rgnl;Era t\lll?;;ollog)of(t)\;vji cetra are depends on the activity contents; in routine
y y ’ measurements 24 hours. The same time is
chosen for background measurement done
with blank samples.
original method beta: Determination of Gross ~ For alpha and beta: Sample solution was
beta, Radioactivity Measurement Series heated and evaporated to dryness.
No.1,Ministry of Education, Culture, Sports, ~ calibration source: evaporated AI(NO3)3
277 >3 years Science and Technology of solution added Uranium.(alpha),U308(beta)
Japan,Tokyo,Japan.(1976) counting system: ZnS scintilation
counter(alpha), Low-background
counter(beta).
The measurement technique is based onthe  Ap acidified water sample was concentrated
use of germanium detectors coupled to a by evaporation and sulphuric acid (specific
computerized analytical system. The gravity 1.84) added, the solution was then
detectors are calibrated for efficiency usinga  eyaporated to dryness. The resulting solid
mixed radionuclide standard that covers an material was ashed in a muffle furnace. An
278 >3 years energy range Of approximately 1.20'2000 aliquot of the ground residue was used to
keV. Efﬁc1enc1es at lgwer CNergics are prepare a uniform thickness source which
determined on an individual basis. Stored was counted on a Berthold LB770 low-level
spectra are analysed using the software proportional counter for 1000 minutes.
FITZPEAKS for photopeak identification
and subsequent quantification.
Acidification, concentration by evaporation ,
279 <1 year The PSA is adjusted by Am-241 reference 3 mL sample + 17 mL cocktail (Ultima Gold
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Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
from open literature, ISO, National standard,
Lowson.R., Short.S. (1986), Australian Std Elifgzai:;ewcﬁfiia;‘i‘ii;ﬁ i3t;trii)cneriea ‘
method AS3550.5(1990) . sulphate coprecipitation, Ba & Ra precipitate
. . . collected on a filter paper. U-234, U-238 in
fﬁ?a:)grllii;;zlsdu&giis;SO‘Zer; ;)er(;(icreifld ér:: water - add U-236 tracer, ion exchange resin
; to isolat ium, electrodeposit ium.
Proportional Counter (WPC 9550) for 4 o isolate uranium, electrodeposit uranium
cy'cles of 10.0 m'1nutes per cyclg (400 SmL sample aliquots were weighed onto
minutes counting time per sample in total) . .
L stainless steel planchettes and evaporated via
Matched standards of similar mass were used . .
281 > 3 years . X gentle hotplate heat. Ten aliquots in total
to ascertain alpha and beta counting .
. were evaporated for each spiked sample,
efficiencies. The planchette standards S :
. . resulting in residual masses of ~ 50
consisted of traceable americium-241 for millierams ber sample
alpha efficiency and dried analytical grade & P ple.
1 0,
potassium §ulphate A(Assay 99{99 /) for the Ra-226, U-234, U-238 sources were counted
beta efficiency via potassium-40. Two
. by alpha spectrometry. Ra-226 recovery was
background planchettes were counted with ; .
Sy calculated by counting Ba-133 activity by
each cycle to provide instrument background amma sbectromet
performance. Errors are calculated as & P -
counting errors only.
Ra-226: Gamma counting in 35% P-type
HPGe detector in pre-calibrated 130 g
cylindrical geometry plastic bottle. Th & U
isotopes: 20-25 g sample added U-232 tracer.
Acid leaching. Hydroxide precipitation.
280 >3 vears Alpha spectrometry calibration by Pu-239 Anion exchange chromatography with 8N
y standard and Th recovery was assumed. HNO3. Elute with 8 N HCL for Th. Washing
of 8N HNO3 for U and again anion ex.
separation for U with 8 N HCL. elute with
0.1 N HCL. Electroplating of U and Th
separately and counted in PIPS alpha
spectrometer.
gamma spectrometer with mix standard for Ra-226 and Pb-226 by gamma
sources alpha spectrometry using U-232
283 >3 years e spectrometer for U-234 and 238 by
tracer and standard calibration of 4 ) . .
. . radiochemical analysis
radionuclides.
Measurement Technique and Methods: In Ra-226 Determination in samples 01 and 02:
this work an ultra low level liquid 100g of each sample was added specified
scintillation counting system has been used amount of Ba-133 tracer solution. After
for determine gross alpha and beta activity. drying the sample, the residue was dissolved
This technique involves mixing the water in HCI solution and by addition of Pb carrier
sample with a proper detection cocktail to be and H2SO4, Pb(Ra,Ba)SO4 was precipitated.
counted in a liquid scintillator. Under these The precipitate was dissolved in EDTA and
conditions, problems relating to sample self- transferred to a bubbler. Ra-226 was
285 1- 3 years

absorption and attenuation of particles by
detector windows are completely avoided.
Furthermore, alpha and beta events can be
simultaneously  recorded in separated
counting channels by pulse shape analysis
(PSA), which is based on the difference
between the delayed components of their
fluorescent decay . Instrumental setup: An
ultra-low level Perkin Elmer Quantulus 1220

measured by emanation method of Radon
gas. Uranium-234,238 Determination in
samples Oland 02: Water samples were
added U-232 tracer solution and they were
dried and changed to HCl form. Uranium
separation was performed by an anionic Bio-
Rad (1X8) (100-200mesh) resin. In order to
purify the uranium fraction (0.1 M HCI), the
eluate was extracted by Diiso-butyl ketene.
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Lab
code

Years of
experience

Counting method

Summary of the applied analytical
procedure

40

liquid scintillation counter has been used for
all gross alpha and beta and 226Ra activity
measurements. This instrument is
specifically designed for the determination of
very low level activities using both an
anticoincidence active and a passive shield
and low background Teflon-copper vials. It
also includes a pulse shape analyzer which
separates pulses produced by alpha and beta
radiations into different spectra, MCAI;
SP11( Beta type events) and SP12(Alpha
type events). An automatic sample changer
allows to measure up to 60 samples. A
computer is used to operate the system and to
store and manipulate the resulting spectra.
For each selected procedure, LS counter PSA
parameter, background; efficiency and
minimum detectable activity (MDA) were
measured as follows: ?PSA parameter: an
alpha (241Am) and a Dbeta emitter
(90S1/90Y) are separately measured and the
interference between both spectra was
determined for different PSA values; the best
PSA parameter is determined by minimizing
the sum of alpha and beta interference.
Because quenching can significantly alter the
pulse shape and therefore affect the pulse
discrimination effectiveness .the quench was
monitored by the SQP (E) instrument
parameter which corresponds to pH of the
sample and presence of dissolved oxygen

must  be controlled; ?Background:
background count rate determined by
measuring dead water samples and

scintillation cocktail in the same proportions
and conditions as real samples. Background
measurements should be repeated in order to
take account of its statistical and seasonal
fluctuations; mean count rate and standard
deviation are then used in calculations;
?Calibration: to maintain the lower possible
detection limits, analytical grade regent and
high-purity deionized water were used
throughout this work. Ideally, reference
radioisotopes used for calculation of system
efficiency should be similar to those
expected to measure. In the case of natural
radionuclides this is difficult to achieve due
to the complex nature of the numerous decay
chain and source equilibrium system. An
alternative is to chose artificial sources with
a similar emission energies range. In this
work, calibration surrogates for alpha and
beta radionuclides of 241Am ( &#945;
energy ~ 5.64 MeV ) and 90Sr (
&#946;mean energy ~ 0.2 MeV ) + 90Y
progeny ( &#946;mean energy ~ 0.93 MeV),

The uranium source was prepared as a micro-

precipitate  according to the HASL
procedure. The sources were measured
20000s.

250 mg of the sample was added U-232, Th-
229 and Po-208 tracer solutions and was
leached by HF and HNO3 in T<857c. Po, U
and Th were precipitated with Fe(OH)3. Po-
210 alpha spectrometry source was prepared
by spontaneously plating the polonium
isotopes from 0.1M HCI solution onto a
copper disk. The source was measured
10000s. We assumed that Po-210 and Pb-210
are in radioactivity equilibrium in
phosphogypsum, and then we wused the
activity concentration of Po-210 for pb-210.
The remaining solution from Polonium
plating was dried and dissolved in HCl 9M.
U and Th separation were performed by a
Bio Rad (1X8) (100-200mesh). Di iso-butyl
kenene was used for uranium purification.
Thorium purification was performed by the
second column in HNO3 form. U and Th
alpha spectrometry source were prepared as
micro precipitates according to HASL
procedure. The sources were measured
20000s.

Analytical Procedure: Samples 03, 04 and 05
were concentrated 10 times. After cooling
the samples in room temperature, 5 ml of the
concentrated water samples were transferred
in 20 mL Polyethylene vial and 15 mL of
optiphase Hisafe3 ( Perkin Elmer) cocktail
were added and samples were vigorously
shaken. Sample were measured after a 3
hours rest in dark to allow a decrease of
photo and chemi-luminenesence and decay
of short lived radon progeny with water
samples, background and standard samples
(241Am, 90Sr/90Y) were counted for 500
minutes in the same procedure.



Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
where respectively, where chosen. The
radionuclides were prepared from standard
solutions traceable to the US National
Institute of science and technology (NIST).
A spiking standard counting 6.42 Bg/sample
for 241Am and 5.095 Bg/sample for
90S1/90Y was prepared in the same
proportions and condition as real sample.
Samples are mixed with a epoxy resin and
set in a calibrated geometry. The samples are
High resolution gamma spectrometer was allowed to sit for 30 days to allow for
286 >3 years used for the determination of Ra-226. Alpha ingrowth of radon decay products (for Ra-
spectrometry was used for the determination 226). Samples for uranium determined by
of uranium. digesting the sample (microwave
digestion/hotplate), separation using UTEVA
resin.
In-house method: PO-LRA-0907 IPEN-
CNEN/SP, Sao Paulo, 2008 and Nuc Instr
Met Phys Res A278 (1989) 541-549.
The gross alpha and beta determination in
water samples was performed by using a
low-background  gas-flow  proportional
counter from EG&G Berthold, model LB Ap aliquot of 100 g of water sample was
770. The  low-background  gas-flow taken for this essay. Sample was analysed in
proportional counter efficiency calibration triplicate. Each aliquot was diluted to 1,000 g
for gross-alpha measurement was determined  with Mill-Q purified water. The Ra was co-
using an Am-241 reference source; for gross  precipitated as Ba,Pb(Ra)SO4 by adding
beta measurement using a Sr-90 reference 50 mI of 3M H2SO4. The precipitate was
source. dissolved with alkaline EDTA. When pH
For Ra-226 determination in water samples a  Was adjusted to 4.5 with glacial acetic acid,
low-background  gas-flow  proportional Ba(Ra)SO4 was re-p?eCIp.ltated, whﬂe
counter from EG&G Berthold, model LB 1nterfer1n.g .elements remained in the solut{on.
770 was used. The low-background gas-flow The prempltate.was ﬁltereq and .the chemical
proportional counter efficiency calibration Yield —determined —gravimetrically. The
287 for gross-alpha measurement of a measurement of Ra-226 activity

Ba(Ra)SO4 is determined using a Am-241
reference source, 2 inches diameter nickel
disk, were the source was electro-plated.
These sources especially prepared have
approximately 500 pCi (18.5 Bq) of Am-241
isotope (half-life=432.6 y). The self-
absorption factor was determined by
measurement of precipitates prepared with
the addition of Ra-226 standard solution,
with activity concentrations ranging between
8.7 and 20.3 Bq. The value of the self-
absorption factor obtained was 0.3001+/-
0.0065. Chemical yield was calculated
gravimetrically  considering the initial
addition of a 20 mg/sample Ba2+ carrier
solution. The gravimetric recovery of the
precipitates obtained for these tested water
samples was (95+/-3)%. The LLD for this
method was 2.2 mBg/kg for Ra-226 for a 200

concentration was performed 21 days after
the precipitation.

100mL-capacity polyethylene flasks were
loaded with an amount of each sample as
received. Sample was analysed in duplicate.
The flasks - cylindrical with 4cm height -
were weighted using an analytical balance,
before and after filling. After counting, the
dry-to-wet mass ratios were determined by
drying to constant mass.
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Lab Year.s of Counting method Summary of the applied analytical
code experience procedure
minutes counting time at the 95% confidence
level.
Detector-Type and Model: HPGe XTRa
Canberra GX2518(25% relative efficiency).
Method of  efficiency calibration:
multinuclide standards using reference
materials, prepared in house in the same
geometry of the samples. Self-attenuation
correction was applied for the measurement
of Pb-210 (gamma energy 46keV).
Canberra  gamma-spectrometry  system,
HPGe detector, the system is calibrated with S
288 > 3 years multinuclide standard in standard Marinelli Measuring time: 259200 seconds.
0.45 L, 1.0 g/lcm"3 density.
Sample was shifted to a Marinelli beaker
From open literature, ISO, National standard, having capacity 200 gm and a reference
289 >3 years TIAEA Technical Report 295. material TAEA soil 327 was also counted in
the same geometry on a HPGe detector.
290 NR NR NR
291 NR NR NR
292 NR NR NR
In-house method. The calibration was made
with a multinuclide standard solution of
Isotope Products Laboratories it was spilt in
Marinelli Beaker of 0.5 L, and taken to 450 mL of the samples were spilt in
volume of with solution carrier of the stable Marinelli Beaker of 0.5 L, these were sealed
isotopes of the different RN in the Metrology and rested for 30 days. Later they were
Laboratory of our Institute. counted during 100 000 seconds three times,
the Ra-226 was evaluated in the photopeak
203 >3 vears The calibration was made with Po-210 and of 609 keV.
y Sr-90 in solution and evaporated like the
samples. 250 grams of the sample were 100 grams of samples were evaporated, the
spilt in Marinelli Beaker of 0.5 L, it was evaporation residues were spilt directly in
sealed and rested for 30 days. Later they planchette and dried to constant weight and
were counted during 60 000 seconds three counted in a alpha and beta counting system
times, the Pb-210, Ra-226 and U-238 were
evaluated in the photopeak of 46.5, 609 and
63.3 keV respectively.
Calibration source is prepared with spiking embedding of sample in epoxy resin in
294 of artificial soil (mostly SiO2) as method is standard size container and waiting for
usually used for sediments or soils. ingrowth radon daughters.
The spectrometers are calibrated with
traceable radionuclide activity standards
supplied by ~ PTB.  Direct gamma (Cja 55 g of the sample was gravimetrically
296 1-3years  measurements on two different spectrometers
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from January to April 2009, but needed to be
interrupted for routine measurements several
times. Finally, sum spectra from each

transferred into a polypropylene container.



Lab
code

Years of
experience

Counting method

Summary of the applied analytical
procedure

spectrometer were formed and evaluated for
the final results. Self-attenuation correction
was applied by use of the GESPECOR code.

297

> 3 years

Gamma-spectrometer DSA-1000 "Canberra”,
detector GX5019 with Be window (0,5mm
thick. Calibration on CRM CBSS 2
(Cert.No:9031-OL-06/08)

Th-230 and U-234 on ICP-MS 1.
mineralization 2. Selective allocation on
anion-exchange columns 3. Measuring on
ICP-MS Ra-226, Pb-210 and U-238 on
gamma-spectrometry 1. 3 aliquots the dried
up sample is transferred to hermetic closed
measuring vessel. 2. Vessels are stored
within 14 days for achievement of balance
Ra-226 with daughter radionuclides. After
that measurements on gamma-spectrometer
are carried out.

298

> 3 years

The sample was measured in eight
germanium detectors; the reported result is
obtained as a non weighted average over the
results individual results. The detectors are
calibrated  biannually  with  calibrated
solution.

The sample material was pressed in a plastic
canister with the diameter of 90 mm to the
height of 35 mm. The sample was sealed to
minimize the exhalation of radon. The
activity of U-238, Th-230 and Pb-210 were
obtained from the count rate in the 63 keV,
68 keV and 46 keV peaks respectively. The
Ra-226 concentration was obtained from the
count rates of the 242, 295, 352, 609 1120
and 1765 keV peak, belonging to radon
daughters. The radon exhalation was taken
into account on the basis of the calculated
disequilibrium between Ra-226 and Rn-222.

299

> 3 years

We analyzed the sample by gamma-spectrum
and have achieved our results on the basis of
radiochemistry: we know that the production
of phosphogypsum separate U-234, U-238
and Th-238 from Ra-226; therefore we
suppose the equilibrium of the U-238 decay
chain before Ra-226, and attribute to all
these nuclides the activity found for Pa-
234m. The other values have been performed
directly by gamma spectrum.

We used a 500 cc Marinelli geometry, with
reference to a 0.5 g/cm3 density. The
counting method is gamma spectrometry
HPGE.

A 50 cc sample has been evaporated and
dried on a 48 mm planchette, and then
measured by a gas proportional counter.

Since the aim is to find natural nuclides, the
Th-230 energy is chosen as reference. The
efficiency to self-absorption curve has been
fitted counting planchette where we put the
same Th-230 activities and different aliquots
of solids. All measurements are performed
by Berthold technology.

300

> 3 years

ISO 10703 and in-house method.

Calibration sources Am-241, C-136 and Ra-
226; Efficiency determination for alpha, beta
and Ra-226; Opti Phase Hisafe 3; LSC
Quantulus 1220 Wallac.

Sample was concentrated to 60 mL,
Freeze drying 38 mL.

Reference material QCY48 from Amersham,;
Dual efficiency calibration; 24h
measurement.







APPENDIX II

PERFORMANCE EVALUATION TABLES SORTED BY ANALYTE

All results listed in this Appendix are expressed in Bg/kg units at a reference date set to
01 December 2008.

The abbreviations used in the Table header are explained below:

Rep. Value:
Rep. Unc.
Unc. [%]
Rel. Bias
Al and A2
True

P

Prec.

Reported measurement result value for the analyte of interest in Bq/kg.
Reported standard measurement result uncertainty in Bg/kg.

Reported standard measurement result uncertainty in percentage.
Relative bias calculated according to formula (1) in paragraph 3.1.
Evaluation estimators for trueness please see 3.4 in the report body.
Evaluation score for Trueness please see 3.4 in the report body.
Evaluation estimator for precision please sees 3.4 in the report body.
Evaluation score for Precision, please see 3.4 in the report body.
Evaluation estimator for evaluation of the blank sample 03.

Acceptable: The reported measurement result fulfils the PT criteria.
Acceptable evaluation is denoted on the S-shape graphs with a bold-blue
square.

Acceptable with Warning: Although the relative bias of the reported
measurement result meets the PT criteria, but a flag was raised due to either
underestimated or overestimated measurement result uncertainty.
Acceptable with Warning evaluation is denoted on the S-shape graphs with
a bold-orange circle.

Not Acceptable: The reported measurement result did not fulfil the PT
criteria. Not Acceptable evaluation is denoted on the S-shape graphs with a
black rhombus.

The evaluation results are presented in ascending order of the laboratory code.
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Performance evaluation of Ra-226 measurement results
Spiked water sample 01
Target Value: 0.69 £+ 0.04 [Bq/kg]

— 3.5
2
5 30
m
'5 25
% 2.0
<15 ?
§ 10 PR A
® o5 — .ﬂﬂ_ﬁ;cn::@m_'_.
PSR A
00 M
R RERE R R R E R R RN PR PR H R R
Laboratory code

code  Vahe Une [ B Al A2 Tme P Pree (o
250 1.62 0.15 9.26 134.8 0.93 0.40 N 10.9 A N
251 0.33 0.04 12.80  -52.5 0.36 0.15 N 14.1 A N
253 0.72 0.07 10.35 3.6 0.03 0.22 A 11.9 A A
256 0.59 0.05 7.84 -14.9 0.10 0.16 A 9.7 A A
258 0.73 0.04 5.07 5.8 0.04 0.14 A 7.7 A A
259 0.88 0.04 4.55 27.5 0.19 0.15 N 7.4 A N
260 0.60 0.07 11.67 -13.0 0.09 0.21 A 13.0 A A
262 0.51 0.04 7.84 -26.1 0.18 0.15 N 9.8 A N
263 0.61 0.07 11.48 -11.6 0.08 0.21 A 12.9 A A
264 3.76 2.44 64.95 4446  3.07 6.30 A 65.2 N N
266 0.63 0.06 9.52 -8.7 0.06 0.19 A 11.1 A A
267 0.62 0.08 13.04  -10.0 0.07 0.23 A 1427 A A
268 1.00 1.00 100.00 449 0.31 2.58 A 100.2 N N
271 0.42 0.06 1442  -38.7 0.27 0.19 N 1554 A N
272 5.85 1.92 32.82 747.8 5.16 4.95 N 333 N N
273 0.66 0.11 15.91 -4.3 0.03 0.29 A 16.93 A A
274 0.65 0.06 8.94 -5.9 0.04 0.18 A 10.7 A A
275 0.59 0.10 16.95 -14.5 0.10 0.28 A 17.91 A A
276 0.59 0.06 10.37  -14.5 0.10 0.19 A 11.9 A A
277 0.69 0.02 3.07 -0.7 0.00 0.12 A 6.56 A A
278 0.43 0.03 6.98 -37.7 0.26 0.13 N 9.1 A N




Lab Rep. Rep. Unc. Rel. Final

code Value Unc. [%] Bias Al A2 True P Prec Score
281 0.82 0.05 6.10 18.8 0.13 0.17 A 8.41 A A
282 0.40 0.05 1272 419 0.29 0.17 N 1398 A N
285 0.62 0.04 7.06 -9.7 0.07 0.15 A 9.1 A A
286 0.69 0.04 5.97 -0.4 0.00 0.15 A 8.32 A A
287 0.94 0.06 6.38 36.2 0.25 0.19 N 8.6 A N
288 0.73 0.12 16.44 5.8 0.04 0.33 A 1743 A A
290 1.20 0.07 5.83 73.9 0.51 0.21 N 8.2 A N
292 0.57 0.06 9.76 -16.8 0.12 0.18 A 1135 A A
293 1.10 0.80 72.73 594 0.41 2.07 A 73.0 N N
294 775 59 7.61 11221  774.3 1522 N 9.6 A N
296 0.70 0.30 4286 14 0.01 0.78 A 4325 N W
297 0.10 0.10 100.00 -85.5 0.59 0.28 N 1002 N N
298 0.79 0.05 6.33 14.5 0.10 0.17 A 8.58 A A
300 0.53 0.03 5.66 -23.2 0.16 0.13 N 8.1 A W
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Performance evaluation of Ra-226 measurement results
Spiked water sample 02
Target Value: 1.93 £+ 0.09 [Bq/kg]
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Laboratory code

code  Vahe Une [ B Al A2 Tme P Pre (o
250 2.70 0.25 9.26 39.9 0.77 0.69 N 10.4 A N
251 1.66 0.07 4.22 -14.0 0.27 0.29 A 6.3 A A
253 1.95 0.20 10.00 1.0 0.02 0.55 A 11.0 A A
256 1.73 0.09 5.20 -10.4 0.20 0.33 A 7.0 A A
258 2.05 0.07 3.17 6.2 0.12 0.29 A 5.6 A A
259 2.45 0.12 4.90 26.9 0.52 0.39 N 6.8 A N
260 1.87 0.14 7.49 -3.1 0.06 0.43 A 8.8 A A
262 1.62 0.04 2.47 -16.1 0.31 0.25 N 53 A w
263 1.70 0.20 11.76  -11.9 0.23 0.57 A 12.7 A A
264 6.04 2.30 38.08  213.1 4.11 5.94 A 38.4 N N
266 1.30 0.10 7.69 -32.6 0.63 0.35 N 9.0 A N
267 1.77 0.13 7.50 -8.1 0.16 0.41 A 8.8 A A
268 1.50 3.00 200.00 -22.3 0.43 7.74 A 200.1 N w
269 0.85 0.41 48.24  -56.0 1.08 1.08 A 48.5 N N
271 1.00 0.10 10.00  -48.2 0.93 0.35 N 11.0 A N
273 2.04 0.30 1446 5.7 0.11 0.80 A 15.2 A A
274 1.75 0.15 8.57 93 0.18 0.45 A 9.8 A A
275 1.71 0.20 11.70  -11.4 0.22 0.57 A 12.6 A A
276 1.76 0.06 3.56 -8.7 0.17 0.28 A 5.9 A A
277 1.95 0.06 2.92 1.0 0.02 0.27 A 5.5 A A
278 1.41 0.06 4.26 -26.9 0.52 0.28 N 6.3 A N




Lab Rep. Rep. Unc. Rel. Final

code Value Unc. [%o] Bias Al A2 True P Prec Score
281 175 005 286 93 018 027 A 55 A A
282 222 026 1171 150 029 071 A 126 A A
285 203 015 718 54 0.10 044 A 8.6 A A
286 199  0.11 553 3.1 006 037 A 7.2 A A
287 250 020 800 295 057 057 N 9.3 A N
288 2.16 030 1380 119 023 08l A 147 A A
290 193 008 415 0.0 000 031 A 6.2 A A
292 154 013 844 202 039 041 A 9.6 A A
293 0.60 021 3500 -689 133 059 N 353 N N
294 24000 12000 500 12425 23980 30960 N 6.8 A N
296 250 070 2800 295 057 182 A 284 N N
297 185 022 11.89  -4.1 008 061 A 128 A A
298 226 012 531 17.1 033 039 A 7.1 A A
300 1.6 008 500 -17.1 033 031 N 6.8 A w
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Performance evaluation of Ra-226 measurement results

Phosphogypsum IAEA-434 sample 6

Target Value: 780.0 + 31.0 [Bq/kg]
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Laboratory co
code  Vame Une %) B Al AT Tme P Prec (O
26 762 25 3.28 -2.3 18 103 A 5.2 A A
250 870 62 7.13 11.5 90 179 A 8.2 A A
251 630 24 3.81 -19.2 150 101 N 55 A W
252 762 58 7.61 -2.3 18 170 A 8.6 A A
253 770 40 5.19 -1.3 10 131 A 6.5 A A
255 645 60 9.31 -17.4 135 174 A 10.1 A A
256 722 17 2.35 -7.4 58 91 A 4.6 A A
257 781 31 3.97 0.1 1 113 A 5.6 A A
258 832 36 4.34 6.7 52 123 A 5.9 A A
259 630 40 6.35 -19.2 150 131 N 7.5 A w
260 650 50 7.69 -16.7 130 152 A 8.7 A A
261 748 95 1270 4.1 32 258 A 133 A A
262 580 27 4.66 -25.6 200 106 N 6.1 A N
263 660 88 1333 -154 120 241 A 13.9 A A
264 745 45 6.04 -4.5 35 141 A 7.2 A A
265 847 65 7.67 8.6 67 186 A 8.6 A A
266 666 58 8.71 -14.6 114 170 A 9.6 A A
267 849 35 4.12 8.8 69 121 A 5.7 A A
268 815 200 2454 45 35 522 A 24.9 N W
269 1029 78 7.58 31.9 249 217 N 8.6 A N
271 812 63 7.80 4.1 32 182 A 8.8 A A
272 1186 64 5.35 52.1 406 182 N 6.7 A N




code  Vae Ume (%] B Al A2 Tre P Prec (b
273 800 75 9.42 2.6 20 210 A 10.2 A A
274 696 63 9.05 -10.8 84 181 A 9.9 A A
275 630 40 6.35 -19.2 150 131 N 7.5 A W
276 672 14 2.14 -13.8 108 88 N 4.5 A W
277 751 22 2.93 -3.7 29 98 A 4.9 A A
278 467 10 2.14 -40.1 313 84 N 4.5 A N
280 773 41 5.33 -0.8 7 133 A 6.6 A A
281 625 65 10.40  -19.9 155 186 A 11.1 A A
282 1211 50 4.13 553 431 152 N 5.7 A N
283 755 41 543 -3.2 25 133 A 6.7 A A
284 601 32 533 -23.0 179 115 N 6.6 A N
285 595 18 3.08 -23.8 185 93 N 5.0 A N
286 802 40 4.99 2.8 22 131 A 6.4 A A
287 727 8 1.10 -6.8 53 83 A 4.1 A A
288 803 20 2.49 2.9 23 95 A 4.7 A A
289 802 7 0.82 2.8 22 82 A 4.1 A A
290 745 15 2.01 -4.5 35 &9 A 4.5 A A
291 669 37 5.53 -14.2 111 125 A 6.8 A A
292 346 16 4.49 -55.6 434 &9 N 6.0 A N
293 657 71 10.77  -15.7 123 199 A 11.5 A A
294 776 20 2.58 -0.5 4 95 A 4.7 A A
296 814 25 3.07 4.4 34 103 A 5.0 A A
297 610 20 3.28 -21.8 170 95 N 5.2 A N
298 810 20 2.47 3.8 30 95 A 4.7 A A
299 771 45 5.82 -1.2 9 141 A 7.0 A A
300 715 122 17.06 -8.3 65 325 A 17.5 A A
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Performance evaluation of U-234 measurement results
Spiked water sample 1
Target Value: 0.56 £+ 0.02 [Bq/kg]
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Laboratory code
code  Vale Une (%] s Al A2 T P Pree b
250 048 0045 947  -152 009 013 A 101 A A
255 055 0052 939  -I.1 0.01 0.14 A 100 A A
256 054  0.02 442 3.0 002 008 A 5.7 A A
257 056 003 606 02 000 010 A 7.0 A A
258 058 002 345 36 002 007 A 5.0 A A
259 047  0.04 851 -16.1 009 012 A 9.2 A A
260 053 003 566 -54 003 009 A 6.7 A A
263 0.49  0.08 1633  -125 007 021 A 167 N w
264 1245 869  69.82 22132. 12394 22428 A 699 N N
266 057 003 529 12 001 009 A 6.4 A A
267 058  0.038 655 3.6 002 011 A 7.5 A A
269 049 003 612  -125 007 009 A 7.1 A A
271 111 002 180 982 055 007 N 4.0 A N
273 052  0.075 1442 7.1 004 020 A 149 A A
274 053  0.048 9.09  -57 003 013 A 9.8 A A
275 054 005 926 3.6 002 014 A 9.9 A A
276 056 002 366  -0.3 000 007 A 5.1 A A
277 061 002 326 95 005 007 A 4.8 A A
278 055 006 1091 -1.8 001 016 A 115 A A
279 054 002 410  -43 002 008 A 5.4 A A
281 0.60  0.01 1.67 7.1 0.04 006 A 3.9 A A




code  Vae Ume (%] B Al A2 Tre P Prec (b
282 0.69 0.09 13.04 232 0.13 0.24 A 13.5 A A
283 1.35 0.18 1333 141.1  0.79 0.47 N 13.8 A N
285 0.64 0.06 9.81 14.6 0.08 0.17 A 10.4 A A
286 0.56 0.034  6.10 -0.5 0.00 0.10 A 7.1 A A
287 0.44 0.02 4.55 -21.4 0.12 0.07 N 5.8 A N
290 0.59 0.02 3.04 59 0.03 0.07 A 4.7 A A
291 0.48 0.03 6.25 -14.3 0.08 0.09 A 7.2 A A
292 0.48 0.05 9.54 -13.9 0.08 0.13 A 10.2 A A
294 0.53 0.046  8.61 -4.6 0.03 0.13 A 9.3 A A
296 0.57 0.012  2.09 23 0.01 0.06 A 4.1 A A
297 0.70 0.03 4.29 25.0 0.14 0.09 N 5.6 A N
298 0.61 0.04 6.56 8.9 0.05 0.12 A 7.5 A A
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Performance evaluation of U-234 measurement results
Spiked water sample 02
Target Value: 1.2 + 0.04 [Bq/kg]
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Laboratory code
Lab Rep. Rep. Unc. Rel. Final
code Value Unc. [%o] Bias Al A2 True P Prec Score
250 1.11 0.10 9.01 -7.5 0.09 0.28 A 9.6 A A
255 1.11 0.11 9.93 -7.7 0.09 0.30 A 10.5 A A
256 1.14 0.05 4.39 -5.0 0.06 0.17 A 5.5 A A
257 1.19 0.07 5.48 -1.1 0.01 0.20 A 6.4 A A
258 1.15 0.06 5.13 -4.2 0.05 0.18 A 6.1 A A
259 1.27 0.10 7.87 5.8 0.07 0.28 A 8.6 A A
260 0.95 0.04 421 -20.8 0.25 0.15 N 54 A N
263 1.06 0.16 15.09 -11.7 0.14 0.43 A 15.5 A A
264 95.02 61.7 65 7818 93.82 159.34 A 65.1 N N
266 0.72 0.04 5.11 -39.7 0.48 0.14 N 6.1 A N
267 1.19 0.08 6.88 -0.7 0.01 0.24 A 7.6 A A
271 1.46 0.03 2.05 21.7 0.26 0.13 N 3.9 A N
273 1.10 0.17 15.45 -8.3 0.10 0.45 A 15.8 A A
274 1.14 0.11 9.65 -5.0 0.06 0.30 A 10.2 A A
275 1.00 0.05 5.00 -16.7 0.20 0.17 N 6.0 A w
276 1.16 0.04 3.40 -3.0 0.04 0.15 A 4.8 A A
277 1.19 0.04 2.94 -0.8 0.01 0.14 A 4.4 A A
278 1.16 0.10 8.62 -3.3 0.04 0.28 A 9.2 A A
279 1.11 0.04 3.60 -7.5 0.09 0.15 A 4.9 A A
281 1.17 0.02 1.71 2.5 0.03 0.12 A 3.7 A A
282 1.38 0.24 17.39 15.0 0.18 0.63 A 17.7 A A




code  Vae Ume (%] B Al A2 Tre P Prec (b
283 0.25 0.03 12.00 -79.2 0.95 0.13 N 12.5 A N
285 1.17 0.11 9.41 -2.6 0.03 0.30 A 10.0 A A
286 1.13 0.07 5.84 -5.8 0.07 0.20 A 6.7 A A
287 0.85 0.04 4.71 -29.2 0.35 0.15 N 5.8 A N
290 1.10 0.02 1.64 -8.6 0.10 0.11 A 3.7 A A
291 1.03 0.05 4.85 -14.2 0.17 0.17 N 59 A W
292 1.07 0.10 9.35 -10.8 0.13 0.28 A 9.9 A A
294 1.13 0.08 7.24 -5.6 0.07 0.24 A 8.0 A A
296 1.17 0.03 2.56 -2.5 0.03 0.13 A 4.2 A A
297 1.32 0.07 5.30 10.0 0.12 0.21 A 6.3 A A
298 1.20 0.07 5.83 0.0 0.00 0.21 A 6.7 A A
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Performance evaluation of U-234 measurement results
Phosphogypsum IAEA-434 sample 6
Target Value: 120.0 + 4.5 [Bq/kg]
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Laboratory code
Lab Rep. Rep. Unc. Rel. Final
code Value Unc. [%o] Bias Al A2 True P Prec Score
26 115 6.8 5.9 4.1 5 21 A 7.0 A A
250 156 15.0 9.6 30.0 36 40 A 10.3 A A
256 129 6.0 4.7 7.5 9 19 A 6.0 A A
258 130 10.1 7.7 8.7 10 29 A 8.6 A A
260 101 6.0 5.9 -15.8 19 19 A 7.0 A A
261 120 17.0 14.2 0.0 0 45 A 14.7 A A
263 130 15.0 11.5 8.3 10 40 A 12.1 A A
264 5094 3131.0 61.5 4144.8 4974 8078 A 61.6 N N
266 91 4.7 5.2 -24.6 30 17 N 6.4 A N
267 140 5.0 3.6 16.7 20 17 N 5.2 A w
268 2808 3422 121.9  2240.0 2688 8829 A 1219 N N
269 93 20.0 21.5 -22.5 27 53 A 21.8 N N
271 132 4.9 3.7 10.1 12 17 A 5.3 A A
273 118 20.7 17.5 -1.6 2 55 A 17.9 A A
274 124 12.0 9.7 33 4 33 A 10.4 A A
275 116 7.0 6.0 -3.3 4 21 A 7.1 A A
276 120 4.1 34 0.2 0 16 A 5.1 A A
277 131 33 2.5 9.2 11 14 A 4.5 A A
278 121 8.0 6.6 0.8 1 24 A 7.6 A A
279 127 4.7 3.7 5.5 7 17 A 5.3 A A
281 123 5.0 4.1 2.5 3 17 A 5.5 A A




Lab Rep. Rep. Unc. Rel. Final

code Value Unc. [%] Bias Al A2 True P Prec Score
282 124 12.1 9.7 3.5 4 33 A 10.4 A A
283 92 10.0 10.9 -23.3 28 28 A 11.5 A A
285 124 9.2 7.4 3.5 4 26 A 8.3 A A
286 117 7.8 6.7 -2.8 3 23 A 7.7 A A
287 108 4.0 3.7 -10.0 12 16 A 53 A A
290 131 4.0 3.1 8.8 11 16 A 4.8 A A
291 113 8.0 7.1 -5.8 7 24 A 8.0 A A
292 116 10.2 8.8 -3.3 4 29 A 9.5 A A
293 160 27.3 17.0 33.5 40 71 A 17.4 A A
294 57 3.5 6.1 -52.5 63 15 N 7.2 A N
296 122 3.0 2.5 1.7 2 14 A 4.5 A A
297 150 15.0 10.0 25.0 30 40 A 10.7 A A
299 114 23.5 20.6 -5.3 6 62 A 21.0 N W
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Performance evaluation of U-238 measurement results
Spiked water sample 01
Target Value: 0.36 £ 0.01 [Bq/kg]

1.0

= 0.8

4

2

2 |

o 11

§ 0.4 NEEEE w

> 0.2

0.1 I B e L e e e e e e B s e o e L B e e e e e e N
EEEREEPEEEE R E R P R RS SRR LR R R L
Laboratory code

code  Vame Une (%] B Al AT Te P Pre gl
250 0.31 0.03 10.90  -13.3 0.05 0.09 A 11.2 A A
255 0.36 0.04 10.56 0.0 0.00 0.10 A 10.9 A A
256 0.35 0.02 4.86 -2.8 0.01 0.05 A 5.6 A A
257 0.37 0.02 6.47 3.1 0.01 0.07 A 7.0 A A
258 0.35 0.02 4.29 -2.8 0.01 0.05 A 5.1 A A
259 0.30 0.02 8.11 -17.8 0.06 0.07 A 8.6 A A
260 0.35 0.02 5.13 2.5 0.01 0.05 A 5.8 A A
262 0.90 0.40 4444  150.0 0.54 1.03 A 44.5 N N
263 0.31 0.07 22.58  -13.9 0.05 0.18 A 22.8 N W
264 3.76 2.44 6495 9439 340 6.30 A 65.0 N N
266 0.44 0.02 5.52 20.8 0.08 0.07 N 6.2 A N
267 0.38 0.03 6.67 4.2 0.02 0.07 A 7.2 A A
268 0.50 0.40 80.00 389 0.14 1.03 A 80.0 N N
269 0.31 0.07 22.58  -13.9 0.05 0.18 A 22.8 N W
271 0.73 0.02 2.33 102.8  0.37 0.05 N 3.6 A N
272 0.96 0.23 2396  166.7  0.60 0.59 N 241 N N
273 0.34 0.05 14.88  -6.7 0.02 0.13 A 15.1 N W
274 0.34 0.03 9.06 -5.0 0.02 0.08 A 9.5 A A
275 0.36 0.02 5.56 0.0 0.00 0.06 A 6.2 A A
276 0.37 0.01 3.80 1.6 0.01 0.04 A 4.7 A A
277 0.39 0.02 3.85 8.3 0.03 0.05 A 4.7 A A




code  Vae Ume (%] B Al A2 Tre P Prec (b
278 0.36 0.05 13.89 0.0 0.00 0.13 A 14.2 A A
279 0.35 0.02 4.25 -1.9 0.01 0.05 A 5.1 A A
281 0.39 0.01 2.56 8.3 0.03 0.04 A 3.8 A A
282 0.47 0.06 12.77  30.6 0.11 0.16 A 13.1 A A
283 2.74 0.25 9.12 661.1  2.38 0.65 N 9.5 A N
285 0.37 0.03 8.74 1.7 0.01 0.09 A 9.2 A A
286 0.35 0.02 6.23 -1.9 0.01 0.06 A 6.8 A A
287 0.29 0.01 3.45 -19.4 0.07 0.04 N 44 A N
290 0.36 0.01 3.85 1.1 0.00 0.04 A 4.7 A A
291 0.32 0.01 3.13 -11.1 0.04 0.04 N 4.2 A W
292 0.46 0.04 8.95 27.2 0.10 0.11 A 9.4 A A
294 0.37 0.04 9.43 3.1 0.01 0.09 A 9.8 A A
296 0.37 0.01 2.19 1.4 0.01 0.03 A 3.5 A A
297 0.33 0.01 3.03 -8.3 0.03 0.04 A 4.1 A A
298 0.39 0.03 7.69 8.3 0.03 0.08 A 8.2 A A
300 0.75 0.04 533 1083  0.39 0.11 N 6.0 A N
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Performance evaluation of U-238 measurement results
Spiked water sample 2

Target Value: 1.25 +- 0.04 [Bq/kg]
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Laboratory code
Lab Rep. Rep. Unc. Rel. Final
code Value Unc. [%] Bias Al A2 True P Prec Score
250 1.19 0.11 9.24 -4.8 0.06 0.30 A 9.8 A A
255 1.18 0.12 1020 -5.9 0.07 0.33 A 10.7 A A
256 1.18 0.05 4.24 -5.6 0.07 0.17 A 53 A A
257 1.19 0.07 5.47 -5.0 0.06 0.20 A 6.3 A A
258 1.28 0.06 4.92 2.4 0.03 0.19 A 59 A A
259 1.30 0.11 8.46 4.0 0.05 0.30 A 9.0 A A
260 0.97 0.04 4.12 -22.4 0.28 0.15 N 5.2 A N
262 1.55 0.60 38.71  24.0 0.30 1.55 A 38.8 N N
263 1.05 0.17 16.19  -16.0 0.20 0.45 A 16.5 A A
264 6.04 2.30 38.08 3834 4.79 5.94 A 38.2 N N
266 0.72 0.04 5.15 -42.5 0.53 0.14 N 6.1 A N
267 1.19 0.08 6.88 -4.6 0.06 0.24 A 7.6 A A
271 1.49 0.02 1.34 19.2 0.24 0.12 N 3.5 A W
273 1.15 0.18 15.65 -8.0 0.10 0.48 A 16.0 A A
274 1.16 0.11 9.48 -7.2 0.09 0.30 A 10.0 A A
275 1.00 0.02 2.00 -20.0 0.25 0.12 N 3.8 A N
276 1.20 0.04 3.39 -4.4 0.05 0.15 A 4.7 A A
277 1.21 0.04 2.89 -3.2 0.04 0.14 A 4.3 A A
278 1.17 0.10 8.55 -6.4 0.08 0.28 A 9.1 A A
279 1.18 0.04 3.39 -5.6 0.07 0.15 A 4.7 A A
281 1.16 0.02 1.72 -7.2 0.09 0.12 A 3.6 A A




code  Vae Ume (%] B Al A2 Tre P Prec (b
282 1.50 0.26 17.33  20.0 0.25 0.68 A 17.6 A A
283 0.39 0.04 1026  -68.8 0.86 0.15 N 10.7 A N
285 1.30 0.12 9.31 4.0 0.05 0.33 A 9.8 A A
286 1.15 0.07 5.81 -7.8 0.10 0.20 A 6.6 A A
287 0.89 0.04 4.49 -28.8 0.36 0.15 N 5.5 A N
288 1.74 0.39 22.41 392 0.49 1.01 A 22.6 N N
290 1.16 0.02 1.55 -7.0 0.09 0.11 A 3.6 A A
291 1.05 0.05 4.76 -16.0 0.20 0.17 N 5.7 A W
292 1.07 0.10 9.35 -14.4 0.18 0.28 A 9.9 A A
294 1.18 0.09 7.22 -5.8 0.07 0.24 A 7.9 A A
296 1.19 0.03 2.52 -4.8 0.06 0.13 A 4.1 A A
297 1.16 0.03 2.59 -1.2 0.09 0.13 A 4.1 A A
298 1.26 0.07 5.56 0.8 0.01 0.21 A 6.4 A A
300 1.4 0.07 5.00 12.0 0.15 0.21 A 59 A A
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Performance evaluation of U-238 measurement results
Phosphogypsum IAEA-434 sample 6

Target Value: 120.0 £ 5.5 [Bq/kg]
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Laboratory code

code  Vame Une (%] B Al AT Te P Pre oo
26 110 6.5 26 110 9.70 2197 A 7.5 A A
250 155 17 250 155 35.00 46.10 A 11.9 A
255 98 15 255 98 22.10 4122 A 16.0 A A
256 116 5.0 256 116 4.00 19.18 A 6.3 A A
257 121 8.5 257 121 0.60 26.12 A 8.4 A A
258 120 9.7 258 120 0.40 2877 A 9.3 A A
260 98 6 260 98 22.00 21.00 N 7.6 A w
261 102 16 261 102 18.00 43.65 A 16.3 A A
262 102 16 262 102 18.00 43,65 A 16.3 A A
263 124 13 263 124 4.00 36.42 A 114 A A
264 138 17.2 264 138 18.00 46.59 A 13.3 A A
266 95 4.9 266 95 25.00 19.00 N 6.9 A N
267 130 5 267 130 10.00 19.18 A 6.0 A A
268 81 45 268 81 39.00 116.96 A 55.7 N N
269 99 21 269 99 21.00  56.01 A 21.7 N w
271 127 7.03 271 127 7.40 23.03 A 7.2 A A
272 722 34.6 272 722 602.15 9044 N 6.6 A N
273 107 18.8 273 107 13.10 5054 A 18.2 A A
274 121 11 274 121 1.00 31.73 A 10.2 A A
275 112 7 275 112 8.00 2297 A 7.8 A A
276 119 4.0 276 119 1.40 17.61 A 5.7 A A




code  Vae Ume (%] B Al A2 Tre P Prec (b
277 127 3.2 277 127 7.00 1642 A 5.2 A A
278 119 8 278 119 1.00 2505 A 8.1 A A
279 122 4.51 279 122 1.84 1835 A 5.9 A A
280 164 36 280 164 4390 9447 A 22.6 N N
281 122 5 281 122 2.00 19.18 A 6.1 A A
282 123 12 282 123 3.00 3406 A 10.8 A A
283 96 10 283 96 2400 2944 A 11.4 A A
284 90 14.0 284 90 3020 38.81 A 16.2 A A
285 120 8.5 285 120 0.02 2612 A 8.4 A A
286 123 8.2 286 123 3.20 2547 A 8.1 A A
287 92 3.00 287 92 28.00 16.16 N 5.6 A N
288 123 6 288 123 3.00 21.00 A 6.7 A A
289 71 8.22 289 71 49.19 2552 N 12.5 A N
290 130 4 290 130 9.80 1755 A 5.5 A A
291 115 8 291 115 5.00 2505 A 8.3 A A
292 109 9.7 292 109 10.92 2875 A 10.0 A A
293 160 27.3 293 160 4020 7185 A 17.6 A A
294 56 3.5 294 56 64.00 1682 N 7.8 A N
296 126 3 296 126 6.00 16.16 A 52 A A
297 110 11 297 110 10.00 31.73 A 11.0 A A
298 120 10 298 120 0.00 2944 A 9.5 A A
299 114 23.46 299 114 6.31 62.17 A 21.1 N W
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Performance evaluation of Pb-210 measurement results
Phosphogypsum IAEA-434 sample 6
Target Value: 680.0 +29.0 [Bq/kg]

1100

__ 1000

% 900 +

8. 500 N .H- +

Z || H._+_+ » !

2 700 | | || [

|

2 oo\ =i [

S ol o]

% 00 ¢

300 +—r—F—r—+—+—+—r—+—"———r
EEEF RIS ELEE P PR EEFE RS S SR R R L PR
Laboratory code

code  Veme Une 4 B Al A2 Tre P Pree (b
26 671 15 23 -1.3 9 85 A 4.8 A A
250 681 49 7.2 0.1 1 147 A 8.4 A A
251 620 39 6.3 -8.8 60 125 A 7.6 A A
252 1276 105 8.2 87.6 596 281 N 9.3 A N
257 716 73 10.2 53 36 203 A 11.1 A A
258 691 58 8.4 1.6 11 167 A 9.4 A A
259 840 50 6.0 23.5 160 149 N 7.3 A N
260 870 180 20.7 279 190 470 A 21.1 N N
261 627 82 13.1 -7.8 53 224 A 13.8 A A
262 590 122 20.7 -13.2 90 324 A 21.1 N W
263 540 51 9.4 -20.6 140 151 A 10.4 A A
264 742 62 8.4 9.1 62 177 A 9.4 A A
265 585 54 9.2 -14.0 95 158 A 10.2 A A
266 744 91 12.2 9.4 64 245 A 12.9 A A
267 662 23 3.5 -2.6 18 95 A 5.5 A A
268 430 112 26.0 -36.8 250 298 A 26.4 N N
273 614 31 5.0 9.8 67 109 A 6.6 A A
274 681 62 9.1 0.1 1 177 A 10.1 A A
276 572 28 4.9 -15.8 108 104 N 6.5 A w
277 799 40 5.0 17.5 119 127 A 6.6 A A
278 660 70 10.6 -2.9 20 195 A 11.4 A A




Lab Rep. Rep. Unc. Rel. Final

code Value Unc. [%o] Bias Al A2 True P Prec Score
280 765 70 9.1 12.5 85 195 A 10.1 A A
281 711 75 10.5 4.6 31 207 A 11.4 A A
283 804 50 6.2 18.2 124 149 A 7.5 A A
284 592 45 7.6 -12.9 88 138 A 8.7 A A
285 629 24 3.9 -1.5 51 98 A 5.8 A A
287 428 16 3.7 -37.1 252 85 N 5.7 A N
288 640 21 33 -5.9 40 92 A 54 A A
290 933 31 33 37.2 253 110 N 54 A N
291 728 55 7.6 7.1 48 160 A 8.7 A A
293 782 86 11.0 14.9 102 234 A 11.8 A A
294 651 26 4.0 -4.3 29 100 A 5.8 A A
296 682 17 2.5 0.3 2 87 A 4.9 A A
297 670 23 34 -1.5 10 95 A 5.5 A A
298 750 30 4.0 10.3 70 108 A 5.8 A A
299 449 53 11.7 -34.0 231 155 N 12.4 A N
300 619 124 20.0 -9.0 61 329 A 20.5 N w
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Performance evaluation of Th-230 measurement results
Phosphogypsum IAEA-434 sample 6
Target Value: 211.0 £+ 4.5 [Bq/kg]

400

g 350

o

m, 300 l

2 ot e

S . ¢ |

; 200 = h—ﬂ‘.q i

N

,-é 150 4 +

X EESFEREE R EREPEERFE RS R85
Laboratory code

code Vel Une (% B Al A2 Tme P Prec ot
250 158 19 12.0 -25.1 53 50 N 12.2 A N
256 248 14 5.6 17.5 37 38 A 6.0 A A
259 270 16 5.9 28.0 59 43 N 6.3 A N
260 204 14 6.9 -3.3 7 38 A 7.2 A A
261 182 82 45.1 -13.7 29 212 A 45.1 N w
263 222 30 13.5 5.2 11 78 A 13.7 A A
266 271 9 34 28.5 60 26 N 4.0 A N
268 367 45 12.3 73.9 156 117 N 12.4 A N
269 300 67 22.3 42.2 89 173 A 224 N N
271 211 6 3.0 0.0 0 20 A 3.7 A A
273 219 17 7.8 3.8 45 A 8.0 A A
274 216 20 93 2.4 5 53 A 9.5 A A
275 219 15 6.8 3.8 8 40 A 7.2 A A
276 237 6 2.7 12.3 26 20 N 35 A W
277 227 10 4.2 7.6 16 27 A 4.7 A A
278 195 18 9.2 -7.6 16 48 A 9.5 A A
279 187 6 3.1 -11.6 24 19 N 3.7 A w
281 224 10 4.5 6.2 13 28 A 4.9 A A
282 129 30 233 -38.9 82 78 N 234 N N
285 270 18 6.8 27.9 59 48 N 7.1 A N
287 199 11 5.5 -5.7 12 31 A 5.9 A A




Lab Rep. Rep. Unc. Rel. Final

code Value Unc. [%] Bias Al Al True P Prec Score
288 247 25 10.1 17.1 36 66 A 10.3 A A
290 195 5 2.5 -7.4 16 17 A 33 A A
292 148 14 9.3 -30.0 63 37 N 9.5 A N
294 204 37 18.1 -3.3 7 96 A 18.3 N w
297 207 20 9.7 -1.9 4 53 A 9.9 A A
298 270 40 14.8 28.0 59 104 A 15.0 A A
299 114 23 20.6 -46.1 97 62 N 20.7 N N




68

Performance evaluation gross alpha measurement results
Water Sample 3 (Blank water)
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Activity concentration [Bq/kg]
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Laboratory code
Lab code Rep. Value  Rep. Unc. Unc. [%] F Final Score
26 0.11 0.06 55 -0.01 A
252 0.07 0.007 9 0.06 A
253 0.10 0.015 16 0.07 A
256 1.60 0.52 33 0.56 N
258 0.15 0.02 15 0.10 A
260 0.48 0.08 17 0.32 N
262 0.06 0.04 63 -0.02 A
264 0.04 0.005 11 0.03 A
265 0.03 0.004 16 0.02 A
266 0.06 0.001 2 0.06 A
267 0.13 0.09 69 -0.05 A
268 0.60 0.70 117 -0.80 A
271 0.42 0.15 37 0.11 A
273 2.63 0.74 28 1.15 N
274 0.06 0.01 21 0.04 A
276 0.19 0.033 17 0.13 A
278 0.23 0.19 83 -0.15 A
281 0.11 0.04 36 0.03 A
282 0.04 0.007 18 0.03 A
283 0.25 0.04 16 0.17 A
284 <0.777 0.00 - - A
285 0.03 0.00 9 0.03 A
286 0.17 0.20 118 -0.23 A




Lab code Rep. Value Rep. Unc. Unc. [%] F Final Score
287 1.50 0.10 7 1.30 N
288 0.28 0.15 54 -0.02 A
290 4.80 0.60 13 3.60 N
291 0.31 0.06 19 0.19 A
293 0.05 0.05 100 -0.05 A
294 0.09 0.02 24 0.05 A
297 0.20 0.40 200 -0.60 A
298 26.50 35 13 19.50 N
299 0.19 0.032 17 0.12 A
300 0.08 0.004 5 0.07 A
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Performance evaluation of gross alpha measurement results
Spiked water sample 4
Target Value: 3.93 £+ 0.08 [Bq/kg]
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Laboratory code
Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
26 1.04 0.2 19.23 -73.5 W
252 1.78 0.18 10.11 -54.7 W
253 2.39 0.09 3.77 -39.2 A
256 3.08 0.81 26.30 -21.6 A
258 3.20 0.22 6.88 -18.6 A
259 11.00 2.00 18.18 179.9 N
260 3.10 0.30 9.68 21.1 A
261 2.20 0.4 18.18 -44.0 A
262 1.24 0.11 8.62 -68.4 W
263 2.50 0.50 20.00 -36.4 A
264 1.15 0.07 5.81 -70.7 W
265 0.80 0.015 1.88 -79.7 N
266 1.31 0.02 1.45 -66.7 W
267 2.00 0.50 25.00 -49.1 A
268 0.40 1.00 250.00 -89.8 N
269 0.26 0.05 19.22 -93.5 N
271 2.61 0.716 27.44 -33.6 A
273 8.00 1.80 22.50 103.6 N
274 0.82 0.08 10.02 -79.2 N
276 2.03 0.11 5.17 -48.4 A
277 2.90 0.50 17.24 -26.2 A




Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
278 3.15 0.77 24.44 -19.8 A
281 3.05 0.15 4.92 -22.4 A
282 0.97 0.15 14.99 -75.2 N
283 491 0.44 8.96 24.9 A
284 0.18 0.25 138.67 -95.4 N
285 0.08 0.01 7.41 -97.9 N
286 2.18 0.36 16.51 -44.5 A
287 20.10 1.10 5.47 411.5 N
288 4.95 1.24 25.05 26.0 A
290 9.80 0.90 9.18 149.4 N
291 2.65 0.26 9.81 -32.6 A
293 1.46 0.18 12.33 -62.8 W
294 291 0.08 2.68 -26.0 A
297 15.90 1.99 12.52 304.6 N
298 8.90 1.9 21.35 126.5 N
299 2.38 0.24 10.00 -394 A
300 1.1 0.06 5.45 -72.0 W
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Performance evaluation of gross alpha measurement results
Spiked water sample 5
Target Value: 7.68 £+ 0.15 [Bq/kg]

Activity concentration [Bg/kg]
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Laboratory Code
Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
26 3.32 0.38 11.45 -56.8 W
252 1.77 0.18 10.17 -77.0 N
253 5.21 0.2 3.84 322 A
256 8.33 1.92 23.05 8.5 A
258 8.00 0.56 7.00 4.2 A
259 22.00 4.00 18.18 186.5 N
260 7.40 0.60 8.11 3.6 A
261 4.10 0.80 19.51 -46.6 A
262 3.36 0.18 5.45 -56.3 W
263 5.60 0.50 8.93 27.1 A
264 2.50 0.11 4.58 -67.4 w
265 1.46 0.02 1.37 -81.0 N
266 2.90 0.04 1.52 -62.2 W
267 5.90 0.80 13.56 232 A
268 1.40 1.10 78.57 -81.8 N
269 0.46 0.09 19.57 -94.0 N
271 13.12 3.504 26.71 70.8 w
273 11.50 1.90 16.52 49.7 A
274 1.85 0.19 10.27 -75.9 N
276 476 0.20 4.26 -38.0 A
277 6.70 0.73 10.90 -12.8
A




Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score

278 7.20 1.6 2222 6.2 A
281 6.36 0.21 3.30 -17.2 A
282 3.48 0.51 14.66 -54.7 W
283 4.99 0.41 8.22 -35.0 A
284 0.82 0.52 63.81 -89.3 N
285 0.19 0.01 432 97.6 N
286 5.30 0.61 11.51 -31.0 A
287 23.60 1.30 5.51 207.3 N
288 9.89 1.48 14.96 28.8 A
290 16.50 1.20 7.27 114.8 N
291 5.18 0.07 1.35 -32.6 A
293 3.59 0.26 7.24 -53.3 w
294 6.57 0.14 2.13 -14.5 A
297 29.10 291 10.00 278.9 N
298 14.60 22 15.07 90.1 N
299 7.57 0.76 10.04 -1.4 A
300 3.3 0.16 4.85 -57.0 w
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Performance evaluation of gross beta measurement results
Water sample 3 (Blank water)
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Laboratory code
Lab code Rep. Value Rep. Unc. Unec. [%] F Final Score
26 0.11 0.03 27.27 0.05 A
252 0.18 0.018 9.94 0.15 A
253 0.33 0.046 13.86 0.24 w
255 0.21 0.05 24.76 0.10 A
256 1.98 0.41 20.71 1.16 N
258 0.38 0.03 6.84 0.33 N
260 0.44 0.09 20.45 0.26 W
262 0.16 0.05 32.72 0.06 A
263 0.19 0.02 7.89 0.16 A
264 0.15 0.01 - 0.13 A
265 0.14 0.013 9.35 0.11 A
266 0.12 0.00 1.67 0.12 A
267 0.10 0.03 30.00 0.04 A
268 0.00 2.00 - -4.00 A
269 0.12 0.01 10.92 0.09 A
271 0.14 0.109 80.15 -0.08 A
273 2.11 0.42 19.91 1.27 N
274 0.19 0.03 14.97 0.13 A
275 14.00 5 35.71 4.00 N
276 0.25 0.02 - 0.21 A
277 0.10 0.06 58.00 -0.02 A
278 0.28 0.15 53.57 -0.02 A




Lab code Rep. Value Rep. Unc. Unc. [%] F Final Score
279 4251.74 0.82 0.02 4250.10 N
281 0.10 0.03 30.00 0.04 A
282 0.94 0.18 19.15 0.58 N
283 0.03 0.09 300.00 -0.15 A
284 <2.820 0.00 - - A
285 0.10 0.01 7.84 0.09 A
286 0.13 0.10 71.97 -0.06 A
287 1.70 0.10 5.88 1.50 N
288 0.29 0.12 41.38 0.05 A
290 334.40 5.30 1.58 323.80 N
291 0.21 0.02 9.52 0.17 A
293 0.30 0.15 50.00 0.00 A
294 0.31 0.09 29.97 0.12 A
297 0.20 1.10 550.00 -2.00 A
298 2.60 0.7 26.92 1.20 N
299 0.19 0.03 15.79 0.13 A
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Performance evaluation of gross beta measurement results

Spiked water sample 4

Target Value: 15.7 £ 0.3 [Bq/kg]

Activity concentration [Bg/kd]
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Laboratory code
Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
26 4.87 0.3 6.16 -69.0 N
252 11.50 1.2 10.43 -26.8 A
253 12.95 0.45 3.47 -17.5 A
255 13.26 2.02 15.20 -15.5 A
256 13.60 1.40 10.29 -13.4 A
258 14.30 0.74 5.17 -8.9 A
259 14.00 4.00 28.57 -10.8 A
260 12.70 0.60 4.72 -19.1 A
261 11.40 1.60 14.04 -27.4 A
262 10.75 0.28 2.62 -31.5 W
263 12.50 2.00 16.00 -20.4 A
264 13.72 0.39 2.87 -12.6 A
265 13.50 0.06 0.44 -14.0 A
266 14.00 0.33 2.32 -10.8 A
267 15.00 1.10 7.33 -4.5 A
268 8.50 2.10 24.71 -45.9 W
269 19.13 1.72 8.99 21.8 A
271 12.82 3.413 26.62 -18.3 A
273 15.50 2.50 16.13 -1.3 A
274 10.80 1.00 9.26 -31.2 W
275 36.00 5 13.89 129.3 N
276 12.45 0.46 3.72 -20.7 A




Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
277 10.00 0.30 3.00 -36.3 W
278 20.10 23 11.44 28.0 A
279 5664.41 0.82 0.01 35979.0 N
281 12.38 0.16 1.29 -21.1 A
282 20.84 3.21 15.40 32.7 W
283 14.72 0.79 5.37 -6.2 A
284 8.41 1.01 11.95 -46.4 W
285 1.11 0.01 1.26 -92.9 N
286 11.41 0.65 5.70 -27.3 A
287 113.00 6.00 5.31 619.7 N
288 13.50 23 17.04 -14.0 A
290 331.90 5.30 1.60 2014.0 N
291 10.10 0.50 4.95 -35.7 W
293 10.30 0.55 5.34 -34.4 W
294 12.06 0.26 2.16 -23.2 A
297 11.70 1.75 14.96 -25.5 A
298 11.20 0.8 7.14 -28.7 A
299 12.80 0.57 4.48 -18.5 A
300 133 0.7 5.26 -15.3 A
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Performance evaluation of gross beta measurement results
Spiked water sample 5
Target Value: 30.7 +- 0.6 [Bq/kg]
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Laboratory code
Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
26 14.89 0.7 4.70 -51.5 W
252 26.80 2.7 10.07 -12.7 A
253 30.82 0.9 2.92 0.4 A
255 30.94 4.69 15.14 0.8 A
256 31.60 2.40 7.59 2.9 A
258 31.42 1.60 5.09 2.3 A
259 31.00 7.00 22.58 1.0 A
260 30.80 1.50 4.87 0.3 A
261 23.10 2.70 11.69 -24.8 A
262 25.10 0.49 1.94 -18.2 A
263 26.00 2.80 10.77 -15.3 A
264 31.13 0.84 2.70 1.4 A
265 30.50 0.09 0.30 -0.7 A
266 30.90 0.95 3.08 0.7 A
267 35.30 1.60 4.53 15.0 A
268 23.80 3.00 12.61 -22.5 A
269 44.70 3.40 7.61 45.6 W
271 97.53 25.345 25.99 217.7 N
273 31.10 5.10 16.40 1.3 A
274 26.00 2.30 8.85 -15.3 A
275 63.00 5 7.94 105.2 N




Lab code Rep. Value Rep. Unc. Unc. [%] Rel. Bias Final Score
276 28.61 1.03 3.60 -6.8 A
277 24.00 0.50 2.08 -21.8 A
278 47.70 53 11.11 55.4 W
279 139352 0.82 0.00 453816.1 N
281 30.06 0.25 0.83 -2.1 A
282 26.04 3.98 15.28 -15.2 A
283 26.31 1.99 7.56 -14.3 A
284 18.72 2.02 10.81 -39.0 W
285 2.38 0.09 3.90 -92.2 N
286 25.90 1.40 5.41 -15.6 A
287 250.00 13.00 5.20 714.3 N
288 29.80 1.79 6.01 -2.9 A
290 328.50 5.20 1.58 970.0 N
291 22.10 0.70 3.17 -28.0 A
293 29.07 0.84 2.89 -5.3 A
294 28.70 0.56 1.95 -6.5 A
297 26.50 2.50 9.43 -13.7 A
298 28.80 1.1 3.82 -6.2 A
299 29.70 1.32 4.44 -3.3 A
300 30.3 1.5 4.95 -1.3 A
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CODE

26

250

251

252

253

255

APPENDIX III
LIST OF PARTICIPATING LABORATORIES'

LABORATORY

CENTRAL RADIOLOGICAL LABORATORY,
HUNGARIAN AGRICULTURAL AUTHORITY,
FOGOLY U. 13 - 15 P.0. BOX 1740 H-1182,
BUDAPEST, 94

HUNGARY

MONITORING DEPARTMENT NATIONAL
RADIATION PROTECTION INSTITUTE
BARTOSKOVA 28 140 00, PRAHA, 4.

CZECH REPUBLIC

DEPARTMENT OF ADVANCED SYSTEMS,
ENVIRONMENT AND URBAN DEVELOPMENT
DIVISION INSTITUTE FOR SCIENTIFIC RESEARCH
P.O. BOX 24885 SAFAT, 13109

KUWAIT

SERVICO DE ANALISES AMBIENTALIS INSTITUTO
DE RADIOPROTECAO E DOSIMETRIA COMISSAO
NACIONAL DE ENERGIA NUCLEAR
SEANA/IRD/CNEN AVENIDA SALVADOR
ALLENDE S/N RECREIO DOS BANDEIRANTES CEP
22780-160, RIO DE JANEIRO,RJ

BRAZIL

ENVIRONMENTAL BOARD RADIATION SAFETY
DEPARTMENT LABORATORY KOPLI 76 10416,
TALLINN

ESTONIA

KOZLODUY NUCLEAR POWER PLANT
LABORATORY - ENVIRONMENTAL MONITORING
SECTION SAFETY & QUALITY DIVISION 3321
KOZLODUY KOZLODUY NPP PLC.

BULGARIA

! Only those laboratories who reported their results were listed in the list of participating laboratories
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256 LIVING & ENVIRONMENTAL RADIOACTIVITY
ASSESSMENT DEPARTMENT KOREA INSTITUTE
OF NUCLEAR SAFETY 19, GUSEONG-DONG,
YUSONG-GU, P.O.BOX 114 DAEJEON, 305-338

REPUBLIC OF KOREA

257 NATIONAL TECHNICAL UNIVERSITY OF ATHENS
NUCLEAR ENGINEERING DEPARTMENT SCHOOL
OF MECHANICAL ENGINEERING BUILDING K
IROON POLYTECHNEIOU 9 GR-15780 ATHENS

GREECE

258 LABORATORIO AMBIENTALE CENTRALE
ELETTRONUCLEARE DI TRINO SO.G.I.N
LABORATORIES STRADE STATALE 31 BIS 13039,
TRINO VERCELLI

ITALY

259 HEALTH & SAFETY DEPARTMENT INSTITUTE FOR
ENERGY TECHNOLOGY INSTITUTTVEIEN 18,
P.0. BOX 40 N-2027, KJELLER
NORWAY

260 LABORATORY FOR RADIATION RESEARCH RIVM
ANTONIE VAN LEEUWENHOEKLAAN 9,
P. 0. BOX 1 NL-3721, BILTHOVEN
THE NETHERLANDS

261 ENEA ISTITUTO DI RADIOPROTEZIONE
LABORATORIO TRISAIA STRADA STATALE
IONICA 106, KM 419,5 175026, ROTONDELLA
MATERA
ITALY

262 INSTITUTE OF OCCUPATIONAL AND
RADIOLOGICAL HEALTH DR DRAGOMIR
KARAJOVIC DELIGRADSKA 29 YU-11000,
BELGRADE

SERBIA
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263

264

265

266

267

268

269

ENEA ISTITUTO DI RADIOPROTEZIONE
LABORATORIO CASACCIA VIA ANGUILLARESE
301 1-00123 SANTA MARIA DI GALERIA ROMA

ITALY

SNN - NUCLEAR POWER PLANT
ENVIRONMENTAL LABORATORY
RADIOPROTECTION DEPARTMENT STRADA
MEDGIDIEI 1, C.P. 42, 905200, CERNAVODA,
JUD.CONSTANTA,

ROMANIA

RADIATION PROTECTION CENTRE KALVARIJU
153 LT-08221, VILNIUS

LITHUANIA

RADIOCHEMISTRY AND ENVIRONMENT GROUP
MALAYSIAN NUCLEAR AGENCY SELANGOR
DARUL EHSAN BANGI, 43000, KAJANG,
SELANGOR D.E,,

MALAYSIA

ISTITUTO DI RADIOPROTEZIONE LABORATORIO
SALUGGIA ENEA RESEARCH CENTRE STRADA
PER CRESCENTINO I-13040, SALUGGIA
(VERCELLI)

ITALY

RADIATION PROTECTION ENVIRONMENTAL
PROTECTION INSTITUTE FOR NUCLEAR
RESEARCH CAMPULUI STREET, 1,

P. 0. BOX 78, R-115400, PITESTI

ROMANIA

JORDAN ATOMIC ENERGY COMMISSION
RADIATION SERVICES AND CALIBRATION
DEPARTMENT (RSCD) SHAFABADRAN,
P.0. BOX 70 AMMAN (11934)

JORDAN
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271

272

273

274

275

276

277

TECHNOPOLE SIDI THABET, 2020 SIDI THABET,
P.O. BOX: 204, 1080 TUNIS CEDEX

TUNISIA

SECCION VIGILANCIA RADIOALOGICA
AMBIENTAL COMISION CHILENA DE ENERGIA
NUCLEAR AMUNATEGUI 95 CASILLA 188-D
6500687, SANTIAGO

CHILE

BRAZILIAN NUCLEAR ENERGY COMMMISSION
POCOS DE CALDAS LABORATORY
RADIOCHEMISTRY DIVISION RODOVIA POCOS DE
CALDAS-ANDRADAS, KM 13 CEP: 37701-970 POCOS
DE CALDAS, MG

BRASIL

RIS LAB - SETTORE LABORATORIO ISPRA-
INSTITUTO SUPERIORE PER LA PROTEZIONE E LA
RICERCA AMBIENTALE VIA DI CASTEL ROMANO,
100 00128, ROME

ITALY

RADIATION RESEARCH DEPARTMENT BUILDING
204 RISOE NATIONAL LABORATORY FOR
SUSTAINABLE ENERGY, TECHNICAL UNIVERSITY
OF DENMARK FREDERIKSBORGVEJ, 399,

P.O0. BOX 49 DK-4000, ROSKILDE

DENMARK

UNIVERSIDAD DEL PAIS VASCO LABORATORIO
DE MEDIDAS DE BAJA ACTIVIDAD - DPTO.
INGENIERIA NUCLEAR Y MECANICA DE FLUIDOS
- ESCUELA TECNICA SUPERIOR DE INGENIERIA -
ALAMEDA DE URQUIJO, S/N 48013 BILBAO

SPAIN

JAPAN CHEMICAL ANALYSIS CENTER 295-3,
SANNO-CHO, INAGE-KU, CHIBA-SHI, CHIBA, 263-
0002

JAPAN



278

279

280

281

282

283

551 SOUTH BECQUEREL AVENUE HARWELL
SCIENCE AND INNOVATION CAMPUS, DIDCOT,
OXFORDSHIRE OX11 0TB

UNITED KINGDOM

RADIOACTIVE ANALYSIS LABORATORY
LEBANESE ATOMIC ENERGY COMMISSION
AIRPORT ROAD RIAD EL SOLH 1107 2260,
P.0. BOX 11-8281 BEIRUT

LEBANON

ENVIRONMENTAL ASSESSMENT DIVISION LOW
LEVEL COUNTING LABORATORY BB-51 BARC
HOSPITAL BHABHA ATOMIC RESEARCH CENTRE,
ANUSHAKTI NAGAR MUMBALI, 400 085
MAHARASTRA

INDIA

INSTITUTE FOR ENVIRONMENTAL RESEARCH
AUSTRALIAN NUCLEAR SCIENCE AND
TECHNOLOGY ORGANIZATION BUILDING 34,
NEW ILLAWARRA RD LUCAS HEIGHTS MENAI,
2234 NEW SOUTH WALES

AUSTRALIA

ENVIRONMENTAL SURVEY LABORATORY
BHABHA ATOMIC RESEARCH CENTRE TARAPUR
ATOMIC POWER STATION COLONY VIA BOISAR
P.O. TAPP, THANE DISTRICT TARAPUR, 401 504
MAHARASHTRA

INDIA

CENTRE FOR TECHNOLOGY OF RADIATION
SAFETY AND METROLOGY PTKMR-BATAN J1.
NATIONAL NUCLEAR ENERGY AGENCY LEBAK
BULUS RAYA NO. 49 PASAR JUMAT JAKARTA,
12440

INDONESIA
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284

285

286

287

288

289

86

ORIA HULUBEI NATIONAL INSTITUTE OF R&D
FOR PHYSICS AND NUCLEAR ENGINEERING (IFIN-
HH) 407 ATOMISTILOR STR. P.O. BOX MG 6 R-
077125, MAGURELE ILOF COUNTY

ROMANIA

NATIONAL RADIATION PROTECTION
DEPARTMENT.

IRANIAN NUCLEAR REGULATORY AUTHORITY
NORTH KAREGAR STREET 14155-4494

14374, TEHRAN

IRAN

RADIOANALYTICAL SERVICES
AUSTRALIAN RADIATION PROTECTION AND
NUCLEAR SAFETY AGENCY (ARPANSA)

619 LOWER PLENTY ROAD

YALLAMBIE, 3085

AUSTRALIA

LABORATORIO DE RADIOMETRIA AMBIENTAL
INSTITUTO DE PESQUISAS ENERGETICAS E
NUCLEARES,

AV. PROF. LINEU PRESTES 2242

CIDADE UNIVERSITARIA

CEP 05508 000, SAO PAULO,

BRAZIL

BULGARIA RADIOACTIVITY MEASUREMENTS
LABORATORY DEPARTMENT, EXECUTIVE
ENVIRONMENT AGENCY, MINISTRY OF
ENVIRONMENT AND WATER, 136 TZAR BORIS III
BLVD. BG-1618, SOFIA

BULGARIA

ENVIRONMENTAL MONITORING GROUP/HEALTH
PHYSICS DIVISION

PAKISTAN INSTITUTE OF NUCLEAR SCIENCE

& TECHNOLOGY (PINSTECH)

POST OFFICE NILORE,

45650, ISLAMABAD

PAKISTAN



290

291

292

293

294

296

297

ATOMIC ENERGY COMMISSION, 17TH NEESAN
STREET DAMASCUS, P.O.BOX 6091, DAMASCUS

SYRIAN ARAB REPUBLIC

CHINA INSTITUTE FOR RADIATION PROTECTION

NO. 102 XUEFU STREET, 030006 TAITYUAN, SHANXI

CHINA

KING ABDULAZIZ CITY FOR SCIENCE AND
TECHNOLOGY, KING ABDULLAH RD. P.O. BOX
6086 RIYADH 11442

SAUDI ARABIA

LABORATORIO DE VIGILANCIA RADIOLOGICA
AMBIENTAL INSTITUTO NACIONAL DE
INVESTIGACIONES NUCLEARES CARRETERA
MEXICO-TOLUCA, KM 36.5 LA MARQUESA,
MUNICIPIO DE OCOYOACAC C.P. 52750 EDO. DE
MEXICO

MEXICO

NATIONAL RADIATION LABORATORY
108 VICTORIA ST

P.0. BOX 25099

CHRISTCHURCH

NEW ZEALAND

ENV. RADIOACTIVITY PHYSIKALISCH-
TECHNISCHE BUNDESANSTALT BUNDESALLEE
100 D-38116, BRAUNSCHWEIG FEDERAL

GERMANY

RESEARCH DEPARTMENT OF
RADIATIVE METROLOGY (RDRM)
BELARUSSIAN STATE INSTITUTE
OF METROLOGY
STAROVILENSKY TRAKT 93
220053 MINSK

BELARUS
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298

299

300

88

JSI, JAMOVA CESTA 39 P.P. 3000 1000 LIJUBLJANA
SLOVENIA

CENTRALE ELETTRONUCLEARE DI CAORSO
SO.G.ILN LABORATORIES

VIA FERMI FRAZ. ZERBIO,
1-29012 CAORSO (PIACENZA)

ITALY

SWEDISH RADIATION SAFETY AUTHORITY
SSM SOLNA STRANDYV. 96.
171 16 STOCKHOLM

SWEDEN
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