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1.- INTRODUCTION

The evaluation of radionuclide concentrations in soils with respect to natural
background levels and regulatory control actions, the estimation of potential environ-
mental transport to man and the study of the magnitude and extent of deposition espe-
cially for long-term releases are very good reasons to carry out a radiological characteri-
zation of soils. Two are principaly the radiological effects derived from the radioacti-
vity in soils including also building materials: the internal irradiation of the lung by the
alpha particle emitting short-lived decay products of ?Rn and *Rn and the external
irradiation of the body by gamma rays emitted by the radionuclides “in situ”.

There are three main sources of radionuclides in soils: naturally occuring sources,
technologically-enhanced naturally occurring sources and man-made sources. For all
cases, the main problem in the development of a radiological characterization protocol
of soil concerns the selection of the sampling measurement method.

“In situ” gamma radiation measurements determine the radiation field properties
and approximate concentrations of radionuclides giving us quick location of areas of
greatest concentrations. Nevertheless, their development is very expensive and they
normally require an aerial measuring system with sophisticated measurement instru-
mentation. An alternative method, but also compatible with the refered above, is the
identification of radionuclides “in the lab” which not only cover the total objectives
achieved with the “in situ” measur ements at low cost but also makes it possible
through the knowledge of the **Ra content in the soil to elaborate a first map including
areas with potential high indoor radon levels.

For the development of measurements “in the lab”, there is a wide variety of well
established techniques. Gamma spectrometry is probably the most common technique
used in this field. Nevertheless, few data are available about studies concerning an
intercomparison of results obtained from different sources. The aim of the present
Report is to show the results of an intercalibration carried out on 13 different laborato-
ries, all of them involved in the Radiation Protection Programme and almost all of
them, also participants in the 1st Intercomparison Exercise developed en 1992.

2.- CRITERIA DESIGN OF THE INTERCOMPARISON EXERCISE

The main objective of the intercomparison was to bring together the principal
laboratories of Europe involved in this kind of measurements applying the gamma
spectrometry as an analytical technique. A total of 13, from Portugal, United Kingdom,
Ireland (2), Belgium, The Netherlands, Sweden, Denmark, Greece,Italy, Portugal and
Spain, have been participating in the Exercise.

In the development of the Intercomparison, the strategy was to evaluate the radio-
activity content through the measurement of *K, *’Ra, ?*Ac and #Th in two samples:
phosphate and sand.

A total of 26 samples, 13 in each group, of 1 kilogram in weight were prepared
and sent to the laboratories participating. For 5 laboratories with E1, E3, E5, E9 and E12
code, exactly, the same sample, in Marinelli geometry was measured. :

After measurement, the laboratories submitted the results including a total des-
cription of the procedure with data, (reported in more detail in the Appendix of this
Report), about the methodology adopted by them to carry out analysis of the samples.




An important aspect of the intercomparison was that no reference data was given
to any of the'laboratories and that it was the laboratories themselves who defined their
calibration procedures.

3.- RESULTS OF THE MEASUREMENTS

As stated above, the Appendix presents a summary of the main protocols and
procedures adopted by the laboratories participating. Parameters as weight of the sam-
ple, counting time or Lower Limit of Detection (LLD) are included. For the first two,
we can see the enormous difference, not only in the weight of the sample employed,
ranging from 0.050 Kg to 1.300 Kg, but also in the counting time chosen, covering a
range between 70,000 s and 500,000 s.

Directly related with these values is the third parameter considered, the lower
limit of detection (LLD). As we know, LLD, for each radionuclide content in the soil
sample depends on several factors such as nuclide mixture, activity concentration, den-
sity and measuring time. The values of the LLD in Bq.kg” for each radionuclide measu-
red, related to the different experimental conditions of measurement of the laboratories,
are also given in the Appendix. In the same Appendix appear information for each
laboratory about the detector type and design as well as sample preparation. Finaly,
characteristics of the counting system, activities calculations from data spectrum and
calibration technique are included in the protocol data.

Table 1 shows the form sheet filled for the laboratories in their reporting data for
the two samples studied. The choice of the energies lines was decided according a gene-
ral criteria. The gamma lines 242 and 352 keV for #Ra are not used due to interference
from other nuclides, #*Ra for the first and 2"Bi for the second. For the same reason, the
evaluation of the #?*Ra from corrected counts in 186 keV line results in an overestimation
of the *Ra activity. This is because the low energies, 63 keV and 93 keV of the lines
used for the measurement of **U will result in greater density effects, which result in an
underestimation of the *U activity and an overestimation of the *Ra activity. This
effect is minimize if a planar LiGe (area: 2000 mm?, thickness: 20 mm) is available for

the analysis of these lines.
For weighted mean, WM, we use the expresion:
X
T
.
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and for the standard deviation of the mean, S:
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3
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where X, is the activity for an individual peak, and S, is the associated statistical coun-

ting error for that peak.

A source of uncertainty of some percent in the analysis of a gamma spectrum is
correlated with the gamma abundance referred in the main handbooks. An example of
these differences is referred in the Table 2. Nevertheless, in the Exercise, the values




employed by the participants for the intensity of the peaks were all of them almos
similar.

Finally, almost all errors mentioned by the laboratories in their reports are pureh
statistical errors due to the counting in each peak and in the background. Errors due t«
scattering of the data points around the fitted efficiency curve or due to simplification
in the self-absorption calculations given by the participants range in the 7% to 10%
which are only included in the final error by some of the laboratories.

=+ 3.a) Analysis of *’Ra content in the samples

Figures 1 and 2 show the results for the two samples by using the data resulting o.
the weighted means for all energy lines of the gamma spectrum. In both cases the
median and the percentiles 25% and 75% are included. Also, in Table 3 it can be obser-
ved the data concerning a resume corresponding to the laboratories.

Tables 4 and 5 show the same data but now derived from the individual measure
ments of the 609.32 keV and 1764.51 keV lines of the spectrum. From these data, ir
Figure 3 it is represented the ratio, for both samples, in the #Ra concentrations derivec
from both peaks. Assuming a ratio of one as a very good result, we found higher values
corresponding to the laboratories whose results are offside the range given by the per-
centiles described above.

Moreover, for the total of the laboratories, the value for #?*Ra concentration for the
1764.51 keV line is higher than that derived from the 609.32 keV peak. This is, in fact,
related to the problem in the evaluation of the detection efficiency for higher energies.

= 3.b) Analysis of **Ac and *Th content in the samples

Tables 6 and 7 show the average values from the two lines that have been measu-
red for the participants. In Figures 4, 5, 6 and 7 appear the results submitted by each
laboratory and in all of them it can be appreciated a good agreement and a small dise-
quilibrium in the **Th decay chain for the phosphate sample but not for the sand sam-
ple. In all cases the median and the percentiles 25% and 75% are included.

= 3.c) Analysis of “K content in the samples

Table 8 shows the average values for this radionuclide including in Figures 8 and
9 the individual data for each laboratory. As in the previous figures, the median and the
percentiles 25% and 75% are included. As we can see, the agreement between the parti-
cipants is very high. This is, of course, related with the good resolution for the 1461 keV
peak in the spectrum analysed.

As a global resume of the results, Table 9 shows the laboratories whose results are
in between the percnetiles 25% and 75% (IN) and outside of this range (OUT) giving a
general view about the intercomparision. The results achieved show that, in general,
the capability of the participant laboratories in developing good measurements by
gamma spectrometry is high but, as we also concluded in the first intercomparision, the
development of intercomparison exercises that could allow the participants to identify
conditions that might cause problems in their measurements are absolutely necessary
to ensure a good quality control in the results achieved.
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Y-line Intensity | Counting | Sample Act. lo
(KeV) (%) time Weight conc (%)
(s) (Kg) (Bq/Kg)
295.22
609.32
1120.28
1764.51
Weighted mean
all lines above
Y-line Intensity | Counting | Sample Act. lo
(KeV) (%) time Weight conc (%)
(s) (Kg) (Bq/Kg)
911.07
968.90
Weighted mean
all lines above
Y-line Intensity | Counting | Sample Act. lo
(KeVv) (%) time Weight conc (%)
O (Kg) (Bq/Kg)
238.62
583.15
2614.47
Weighted mean
all lines above
Y-line Intensity | Counting | Sample Act. I
(KeVv) (%) time Weight conc (%)
O) (Kg) (Bq/Kg)
1460.75
Table 1




Energy ICRP HASL DOE
(KeV)
4 1461 10.7 10.7 10.67
12gj 1621 2.7 1.8 2.7
727 11.8 7.0 11.8
22pp 300 3.4 3.4 3.4
238 44.6 '45.0 44.6
s § | 860 12.0 4.7 [2.5
2615 99.8 36.0 99.8
2AC 338 12.0 [12.3 11.4
211 29.0 29.0 27.7
969 17.5 17.5 16.6
2B 609 46.1 45.0 46.3
1120 I5.0 i5.2 5.1
1764 15.9 15.4 15.8
24pPp 295 19.2 18.7 19.2
352 37.1 36.6 37.2
242 7.5 7.3 7.5
Table 2
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INTERCOMPARISON OF MEASUREMENIS
BY GAMMA SPECTROMETRY
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ZRa from weighted mean all lines in PHOSPHATE

(Values expresed in Bq/Kg)
Sample size: 12
Mean value: 362.56 Minimum: 245.00 Maximum: 419.90
Maximum: 381.00 Percentile 25: 331.40 Percentile 75: 407.2

Standard deviation: 56.31
Coefficient of variation (%): 15.53
Statistical (typical) error of the mean: 16.25

95% confidence interval: ( 330.69 - 394.43 )

ZRa from weighted mean all lines in SAND

(Values expresed in Bq/Kg)
Sample size: 12
Mean value: 5.61 Minimum: 4.42 Maximum: 8.18
Maximum: 5.26 Percentile 25: 4.84 Percentile 75: 5.76

Standard deviation: 1.20
Coefficient of variation(%): 21.42
Statistical (typical) error of the mean: 0.34

95% confidence interval: (4.93 - 6.29)




ZRa from 609.32 KeV line in PHOSPHATE
(Values expresed in Bq/Kg)

Sample size: 12

Mean value: 351.78 Minimum: 240.00 Maximum: 405.60
Maximum: 364.50 Percentile 25: 324.10 Percentile 75: 395.5
Standard deviation: 54.08

Coefficient of variation (%): 15.37
Statistical (typical) error of the mean: 15.61

95% confidence interval: ( 321.18 - 382.38)

2Ra from 1764.51 KeV line in PHOSPHATE

(Values expresed in Bq/Kg)
Sample size: 11
Mean value: 404.46 Minimum: 302.00 Maximum: 498.40
Maximum: 405.90 Percentile 25: 381.00 Percentile 75: 447.2(

Standard deviation: 56.50
Coefficient of variation (%): 13.97
Statistical (typical) error of the mean: 17.03

95% confidence interval: (371.10 - 437.85)




Z*Ra from 609.32 KeV line in SAND
(Values expresed in Bq/Kg)

Sample size: 11

Media: 5.21 Minimum: 400  Maximum: 7.50
Maximum: 4.90 Percentile 25: 440  Percentile 75: 5.60
Standard deviation: 1.11

Coefficient of variation (%): 21.46

Statistical (typical) error of the mean: 0.33

95% confidence interval: ( 4.55 - 5.88 )

2Ra from 1764.51 KeV line in SAND

(Values expresed in Bq/Kg)
Sample size: 10
Mean value: 7.23 Minimum: 4.70 Maximum: 15.50
Maximum: 5.93 Percentile 25: 5.38 Percentile 75: 7.00

Standard deviation: 3.47
Coefficient of variation (%): 47.84
Statistical (typical) error of the mean: 1.10

95% confidence interval: ( 5.10 - 9.40)
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23A ¢ from 911.07 KeV line in PHOSPHATE

(Values expresed in Bq/Kg)
Sample size: 10
Mean value: 10.57 Minimum: 8.10 Maximum:.12.12
- Maximum: 10.87 Percentile 25: 9.30 Percentile 75: 11.4(

Standard deviation: 1.28
Coefficient of variation (%): 12.14
Statistical (typical) error of the mean: 0.41

95% confidence interval: (9.78 - 11.37 )

28 A o from 911.07 KeV line in SAND

(Values expresed in Bq/Kg)
Sample size: 10
Mean value: 4.43 Minimum: 2.50 Maximum: 5.70
Maximum: 4.51 Percentile 25: 4.23 Percentile 75: 4.6(

Standard deviation: 0.83
Coefficient of variation (%): 18.83
Statistical (typical) error of the mean: 0.26

95% confidence interval: (3.91-4.95)




2°Th from 238.62 KeV line in PHOSPHATE
(Values expresed in Bq/Kg)

Sample size: 9

Mean value: 11.12 Minimum: 7.50 ~  Maximum: 16.38
Maximum: 10.50 Percentile 25: 10.30 Percentile 75: 11.80
Standard deviation: 2.43

Coefficient of variation (%): 21.84

Statistical (typical) error of the mean: 0.81

95% confidence interval: ( 9.53 - 12.70)

#*Th from 238.62 KeV line in SAND
(Values expresed in Bq/Kg)

Sample size: 9

Mean value: 4.61 Minimum: 3.20 Maximum: 5.44
Maximum: 4.78 Percentile 25: 4.40  Percentile 75: 5.10
Standard deviation: 0.69

Coefficient of variation (%): 15.14

Statistical (typical) error of the mean: 0.23

95% confidence interval: ( 4.16 - 5.07 )
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“K from 1460.75 KeV line in PHOSPHATE

(Values expresed in Bq/Kg)
Sample size: 13
Mean value: 2114.15 Minimum: 1843.00 Maximum: 2460.00
Maximum: 2100.00 Percentile 25: 2000.00 Percentile 75: 2235.01

Standard deviation: 165.01
Coefficient of variation (%): 7.80
Statistical (typical) error of the mean: 45.76

95% confidence interval: ( 2024.45 - 2203.85 )

“K from 1460.75 KeV line in SAND
(Values expresed in Bq/Kg)

Sample size: 13

Mean value: 47.49 Minimum: 20.80 Maximum: 74.00
Maximum: 48.50 Percentile 25: 46.00 Percentile 75: 49.00
Standard deviation: 11.14

Coefficient of variation (%): 23.46

Statistical (typical) error of the mean: 3.09

95% confidence interval: ( 41.43 - 53.55 )
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LABORATORY CODE
El E2 E3 E4 E5 E6 E7 E8 E9 EIOEIIEI2EI3

2¢Ra Phosphate vV v OO - v Qv Q0000 0AQ
(ALL LINES)

26Ra Sand guv - v v Qv v O Q4 v
(ALL LINES)

2¢Ra Phosphate Qv O - v Qv v 00 0 0 Q4
(609.32 keV LINE)

22¢Ra Sand oo -ddv dv v v -
(609.32 keV LINE)

2¢Ra Phosphate v v O - 00 0v aOoaggag - Q4
(1764.51 keV LINE)

#Ra Sand v - 0QQv dv a - -
(1764.51 keV LINE)

2Ac Phosphate v 00 QQvv 0O - - 4O0v Q4
(ALL LINES)

2¢Ac Sand Q0 QQv uuv g - v v v
(ALL LINES)

28Th Phosphate v 00 00dv v O0Q04dv O 0 v
(ALL LINES)

22Th Sand v 000 v Ov OO 0 0Qav
(ALL LINES)
“K Phosphate Ov UOv 00 v Ov 4dv 4 Q4

(1460.75 keV LINE)

“©K Sand Qv v J 0 Qv Qv v Qv Q4
(1460.75 keV LINE)

@Q-=IN, ¢ =0um

LABORATORIES WHICH RESULTS ARE IN BETWEEN THE PERCENTILES
25%-75% (IN) AND OUTSIDE OF THIS RANGE (OUT)




APPENDIX

Details of the measurement systems and procedures
employed by the participants in the intercomparison.




1.- Laboratory:

Department of Physics
Trinity College

Dublin 2

Ireland

2.~ Scientists:

Professor LR. McAulay

3.- _Application of the measurements:

Measurement of environmental radioactivity.

4.- Sample preparation and characteristics:

Supplied in Marinelli beakers by the University of Cantabria.

5.- Detector type and design:

Ortec hyperpure germanium high resolution system used with Marinelli beaker of 450 ml. Rel. eff.: 17.5%
at 1332 keV photons; Resolution:1.85 keV at 1332 keV. 10 cm lead shielding. Shielded volume:
0.26x0.40x0.36 m.

6.~ Counting system:

Silena 8000 channel multichannel gamma ray spectrometry. Counting time: 229000 s for phosphate and
110000 s for sand Background time: 1000000 s.

7.- Activities calculations from data spectrum:

»Th, »Ra,Th and “K determined from spectra. Software* program used for analysis.

8.- Calibration technique:

Amersham and NBS multienergy standards used primarily. Also international intercomparisons to ensu-
re compatibility with other techniques.

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

2.0 Bq/Kg for=Th
3.0 Bq/Kg for #Ra
10.0 Bq/Kg for «K




1.- Laboratory:

Swedish Radiation Protection Institute
S5-17116 Stockholm
Sweden

2.- Scientists:

Rolf Falk
Hans More

3.- Application of the measurements:

Environmental surveys.

4.- Sample preparation and characteristics:

The samples were transferred as they were received into Aluminium Marinelli beakers of 0.651
volume, and left for more than 24 days before measurement.Weight of the samples: Phosphate: 0.55 Kg,
Sand: 1.07 Kg.

5.- Detector type and design:

Ortec Hp-Ge detector. Size: 50 mm diameter by 44.6 mm length; Rel. eff.: 16% at 1332 keV photons;
Resolution: 1.7 keV at 1332 keV.
Shielded dimensions: 38x38x34 ¢cm Pb.

6.- Counting system:

Ortec amplier and ND 66 MCA, 4096 channels. Counting time: 3 x 259200 s.
Background time: 360000 s.

7.- Activities calculations from data spectrum:

Peak search by standard ND programmes and background subtraction.Evaluation for #¢Ra at 295, 609,

1120 and 1765 keV; =Th at 238, 583 and 2614 keV for 2*Th and 338(*), 911 and 968 keV for *Ac; *K at 1460
keV. All reported activities are weighted means for all used gamma lines for a given nuclide over three
measurements. (*) not used for phosphate sample.

8- Calibration technique:

Calibration has been done with certified activities of 2Ra and 2Th and with calculated activities for #K

and =Th. The solutions have been mixed into two different matrixes of different density, aereated concre-
te and gypsum. The efficiencies for the photopeaks have been calculated as a function of density.

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density ( 1.0 g/cc) and measuring time, for the coun-
ting system describe above are:

0.1 Bq/Kg for =Th
0.2 Bq/Kg for *Ra
1.0 Bq/Kg for «K




1.- Laboratory:

Radiological Protection Institute of Ireland
3 Clonskeagh Square

Dublin 14

Ireland

2.- Scientists:

S.Long

3.- _Application of the measurements:

Environmental soil measurements.

4.- Sample preparation and characteristics:

Prepared by University of Cantabria, Spain in Marinelli beakers. Weight of the samples: Phosphate: 0.500
Kg.Sand: 0.800 Kg.

5.- Detector type and design:

Two, high purity Germanium detectors: (i) GMX, efficiency: 40.5%; (ii)GEM, efficiency:10.9%
at 1332 keV photons. Resolution:(i) 1.89 % and (ii) 1.62 % at 1332 keV photons. Sizes: (i) 58.6 mm diame-
ter by 64.3 mm length and (ii)45.0 mm diameter by 39.5 mm length.

6.- Counting system:

Nuclear Data 9900 display system and VAX/VMS. Spectroscopy applications. Counting time: 70020 s.
Background time: 900000 s.

7.- _Activities calculations from data spectrum:

Nuclear data spectroscopy analysis package ( designed to complement VAX/VMS ).

8.- Calibration technique:

Detectors were calibrated using the Anmersham Mixed nuclide standard, code: QCY.44
9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

2.8 Bq/Kg for =Th 1.9 Bq/Kg for *Th
3.8 Bq/Kg for #»Ra for phosphate 2.1 Bq/Kgfor=Ra forsand
2.3 Bg/Kg for K 12 Bq/Kg for “K




1.- Laboratory:

Riso National Laboratory

Department of Environmental Science and Technology
Section of Ecology

P.O.Box 49 OK-4000 Roskilde

Denmark

2.- Scientists:
Dr. Sven P.Nielsen

3.- Application of the measurements:

Radioecological studies.

4.- Sample preparation and characteristics:

The intercalibration samples were not treated, since we received them ready for measurement.We
usually treat environmental samples prior to gamma counting by drying, ashing and/ or radiochemical
separation. Weight of the samples: 0.25 Kg.

5.- Detector type and design:

Type of detector: High purity Ge(Li). Rel. eff.:25-40 % at 1332 keV photons; Resolution: (1.8-2.5) keV at
1332 keV. Shielded dimensions: 10 cm lead.

6.- Counting system:

The detectors were connected through conventional amplifiers to multichannel analysers mounted in
personal computers (MCA cards).The analysers used 4000 channels at a gain of
0.7 keV per channel. Counting time: 100000-300000 s. Bakground time: 400000 s.

7.- Activities calculations from data spectrum:

The recorded spectra were transferred to a main-frame compute, where they were analysed with softwa-
re developed at this laboratory.The software permits intercalibration of detector efficiences over a range
of geometries as well as corrections for coincidence losses.

8.- Calibration technique:

The detectors are calibrated with standard sources for each nuclide at five different fillings of the sample
container.

9.- Lower Limit Detection:

Depending on factor, eg, nuclide mixture, density and measuring time, for the counting system describe
above are:

2.0 Bq/Kg for=Th
1.0 Bq/Kg for=Ra
5.0 Bq/Kg for+«K




1.- Laboratory:

National Radiological Protection Board
Chilton, Didcot, Oxon OX 11 ORQ
United Kingdom

2.- Scientists:

Dr. M. Youngman

3.~ Application of the measurements:

Environmental samples.

4.- Sample preparation and characteristics:

No sample preparation other than weighing into a NRPB half litre Marinelli beaker.

5.- Detector type and design:

P-type high purity Germanium coaxial detector. Size: 50 mm diameter by 59 mm length; Rel. eff.: 23 %
at 1332 keV photons; Resolution: 2.0 keV at 1332 keV. Shielded dimensions: 100 mm of Pb shielding wi
a Cu/Cd lining.

6.~ Counting system:

Canberra Microvax Genie System. Counting time: 200,000 s. Background count time: 300,000 s.
7.- _Activities calculations from data spectrum:
Analysis including background subtraction, using Canberra VMS data acquisition and analysis packagy

8.- Calibration technique:

Standardised solution mixed radionuclides covering the energy range 60-1800 keV.
9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting systemr
describe above are:

5.0 Bq/Kg for *Th
23 Bq/Kg for=Ra
12.0 Bq/Kg for «K




1.- Laboratory:

ANPA-DISP-ARA MET
v.V. Brancati, 48

00144 Roma. Italy

2.- Scientists:

S. Marchetti
G. Torri

3.- Application of the measurements:

Environmental analysis, Radioprotection controls.

4.- Sample preparation and characteristics:

Marinelli from Cantabria were not treated. Samples in bottles were dried and transferred in Marinelli
“Disp” and sealed the 22/9/93. Weight of the samples: 0.500 Kg and 0.800 Kg for cement and soil sam-
ple, respectively.

5.- Detector type and design:

High Purity Coaxial Ge type x- from Ortec. Rel. eff.: 30.0% at 1332 keV photons; Resolution: 1.90 keV at
1332 keV. Peak-to Compton Ratio at 1332 keV: 60/ 1.

6.- Counting system:

Detector, HV and Amplifier from Ortec, ADC’s, MCA series 85 from Canberra. Counting time: 260063 s
and 300000 s for phosphate and sand sample, respectively.

7.- Activities calculations from data spectrum:

Nuclear Data Spectroscopy Analysis Package Spectran F from Canberra.

8.- Calibration technique:

Multigamma Standard type 9MLO1 from CEA (LMRI).
9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are: (at 95% confidence level)

1.1 Bq/Kg for=Th
0.5 Bq/Kg for #Ra
2.0 Bq/Kg for«K




1.- Laboratory:

SCK/CEN
Boeretang 200

240 Mol
Belgium

2.- Scientists:
Vanmarcke Hans
Slegers Willy
Hardeman Frank

3.- Application of the measurements:

Routine measurements on all kind of samples ( water, milk, food, soil, filters, etc)

4- Sample preparation and characteristics:

Samples packed in 250 ml PVC-bottle, 60 mm diameter, phosphate on 1993-09-17, sand on 1993-09-19.
Weight of the samples: Phosphate: 0.247 Kg. Sand: 0.412 Kg.

5.- Detector type and design:

Detector HpGe-crystal. Mark Canberra. Size: 41.5 mm diameter by 49 mm height. Rel. eff.: 12.2 % at
1332 keV photons. Resolution: 1.76 keV at “Co energies. Shielded dimensions: 10 cm Pb.

6.- Counting system:

Analyser Canberra series 35 plus multichannel analyser. Counting time: 70000 s. Background time:
100000 s.

7.- Activities calculations from data spectrum:

Data treatment: Cosynus, sotfware program.
8.- Calibration technique:

Self made standard solutions

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

3.0 Bq/Kg for>*Th
2.0 Bq/Kg for=Ra
10.0 Bq/Kg for «K




1.- Laboratory:

Institut de Protection et de Surete Nucleaire
DPEI/SERAC, CE/Saclay

91191 Gif sur Yvette

France

2.- Scientists:

D. Haristoy

3.- Application of the measurements:

Environmental radioactivity

4.- Sample preparation and characteristics:

After drying, samples are sieved, mixed and homogenized.Then, they are weighted and the canister clo-
sed. Two weeks is the value of the delay between packaging and the first measurement. This delay is

necessary to reach the equilibrium between the 22Rn and is short life daughters. A second measurement
is done a week after.

5.- Detector type and design:

A hyperpure p-type germanium model EGCP20 from Intertechnique, with a total active volume of 111
cc. Size: 49 mm diameter by 59 mm length. Re. eff 20%. Resolution 0.32 keV at 30 keV and 2.56 keV at
1990 keV. A lead shielding, 100 mm is surrounding the detector.

6- Counting system:

All the devices were from Intertechnique, even the computer code Intergamma. The counting time, sam-
ple and background were 170.000 s.

7.- Activities calculations from data spectrum:

All the calculations and results are performed by Intergamma.

8.- Calibration technique:

The calibration is performed using pechblende sample in the same geometry. Size: 49 mm diameter by 15
mm length. The activity of our standard is 497 Bq (19.49 g).

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

0.8 Bq/Kg for*Tl 1.5 Bq/Kg for #Tl
0.6 Bq/Kg for=Pb forsand 48 Bq/Kg for:Pb for phosphate
7.0 Bg/Kg for+K 50.0 Bq/Kg for #K
1.1 Bq/Kg for*Bi 5.3 Bq/Kg for*Bi
0.26 Bq/Kg for*Pb 0.6 Bq/Kg for*Pb




1.- Laboratory:

Kernfysisch Versneller Instituut (KVI)

Environmental Radioactivity Research and Consultancy Group (ERG)
Zernikelaan 25, 9747 AA Groningen

The Netherlands

2.- Scientists:

PROF. Dr. R.J. de Meijer (head)
Dr. ].Jansen

Dr. L.W. Put

Dr. E.R. van der Graaf

Dr. G.H.]. Tros

3.- Application of the measurements:

Analysis of the radioactivity of environmental samples, minerals, dutch coastal sands, industrial waste
and monitoring of airborne nuclear fallout.

4.- Sample preparation and characteristics:

The samples were transferred into polypropylene Marinelli beakers. The sample volumes were 0.5 L. The
sample masses were 0.788 Kg (sand) and 0.501 Kg (Phosphate).

5.- Detector type and design:

High purity p-type germanium, model GEM-45200-S ORTEC, 60.4 mm diameter, 78.3 mm length.
Resolution: 1.9 keV at 1.332 MeV.Rel eff. 47% at 1.33 MeV.

6.- Counting system:

EG&G ORTEC spectroscopy amplifier and HV unit, PC equipped with OXFORD PCA2 data acquisition
card. Counting times: Phosphate: 79520 s. Sand: 257400 s.

7.~ Activities calculations from data spectrum:

Quantitative analysis performed using the Gamma Trac software package produced by OXFORD.

8.- Calibration technique:

Performed using a nuclide cocktail produced by Amersham, containing known concentrations of *'Am,
1%Cd, *Co, *Ce, **Hg, "*Sn, *Sr, ¥Cs, *Y and “Co.

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

0.2 Bgq/Kg for =Ac 2.2 Bg/Kg for =Ac

0.2 Bq/Kg for=Pb forsand 25 Bq/Kg for»Pb for phosphate
0.6 Bq/Kg for«K 6.0 Bq/Kg for+K

0.9 Bq/Kg for>Bi 6.4 Bq/Kg for>Bi




1.- Laboratory:

Department of Medical Physics
Faculty of Medicine

Cardenal Herrera Orias/n
Santander

Spain

2.- Scientists:

Dr. Quindos Poncela

Dr. Soto Torres

Dr. Fernandez Navarro

Dr.. Gomez Arozamena

Lcda. Rodenas Palomino

3.- Aplication of the measurements:

Measurement of natural and artificial radioactivity in environmental samples.

4.- Sample preparation and characteristics:

Samples: Packed on 10/93 in Marinelli beaker, 800 ml volume.Weight of the samples: Phosphate: 0.500
Kg, Sand: 0.800 Kg.

5.- Detector type and design:

High Purity germanium coaxial detector, mark Canberra. Size: 51.5 mm diameter by 55 mm height. Rel.
eff. 20% at 1332 keV photons. Resolution: 1.86 keV at 1332 keV photons. Shielded dimensions: 66x66x75

cm?3( 10 ecm lead thick )

6.~ Counting system:

Analyser: Canberra multichannel analyser with MCA. Counting time: 40,000 s.
Background time: 86,400 s.

7.- Activities calculations from data spectrum:

Data treatment: Accuspec/ A software from Canberra.

8.- Calibration technique:

Calibration performed with standardised solutions of #Ra, #Th and K in the same geometry as the sam-
ples.

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

2.0 Bq/Kg for =Th
3.0 Bg/Kg for*Ra
10.0 Bgq/Kg for *K




1.- Laboratory:

Aristotle University of Thessaloniki
Nuclear Physics Department
Thessaloniki 54006

Greece

2.- Scientists:

Prof. C.Papastefanou
Dr. M.Manolopoulou
S. Stoulos
A.Joannidou

3.- Aplication of the measurements:
Radioactivity of environmental samples (e.g. soils).

4.- Sample preparation and characteristics:

In powder form or fine granules. Weight of the samples: (i) 0.040-0.050 Kg in plastic can 6 cm in diame-
ter (ii) 1.0-1.3 Kg in Marinelli beaker. '

5.- Detector tvpe and desien:

HI purity coaxial Tennelc CPVDS30-35190, 150 cc, 3”"x3” detector housing. Rel. eff.:42.6 % at 1332 keV
photons; Resolution: 1.9 keV at 1332 keV photons. Shielded dimensions: Shielded by 4” cast virgin lead
walls, 11” diameter by 18” high cavity type GDS-4 Pb Tennelec.

6.- Counting system:
Analyzer: PCA-8000 card Tennelec Nucleus. Counting time: 200000 s. Background time: 200000 s.

7.- Activities calculations from data spectrum:

GDR-PC software program provided by Tennelec-Nucleus

9.- Calibration technique:

NBS and IAEA standard solutions calibrated sources ( gamma sources ).
10.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

3.3 Bq/Kg for>Th 0.3 Bq/Kg for*Th
1.3 Bq/Kg for#Ra for (i) sample 0.12 Bq/Kg for ®Ra for (ii) sample
74.0 Bq/Kg for *K 7.4 Bq/Kg for “K




1.- Laboratory:

LNETI/ Departamento de Proteccao e Seguranca Radiologica
Estrada Nacional 10

2686 Sacavem Codex

Portugal

2.- Scientists:

A.O. Bettencourt
A.M. Brogueira
M.M.G. Ribau Teixeira

3.- Aplication of the measurements:

Environmental radioactivity.

4.- Sample preparation and characteristics:

After mixing and homogenization, samples are dried and weighted and kept for at least one month until
equilibrium of #Ra with radon daughters being reached.The samples are then measured by direct
gamma spectrometry. Weight of the samples: Phosphate: 0.055 Kg,

Sand: 0.097 Kg.

5.- Detector type and design:

a) Sand sample has been counted on a hiperpure p-type germanium, model CPV DS-30-35200 Tennelec,
with a total active volume of 159 cc. Rel. eff.: 35% at 1332keV photons; Resolution: 2.0 keV at 1332 keV
photons. Shielded dimensions: Lead shielded in a cubic volume with 600 mm edge and 100 mm thick and
internally a 1.5 mm copper thick.

b) Phosphate sample has been counted on a hiperpure p-type germanium detector, IGC 20, PGT, with a
109 ce active volume, relative eff. 20% and a resolution of 2.0 keV at 1332 keV.The shielding is a Silena
standard cylindrical one.

6.- Counting system:

The counting system used for sand sample was a EG&G 918 MCB which is run by a Maestro I software
package. The phosphate sample was counted on a Silena System (7239/s/16 K MBuffer and a 7411
ADC).Counting time: 108000 s.Background time: 216000 s.

7.- Activities calculations from data spectrum:

The evaluation of activities was performed by SAMPO in the case of sand sample and by SILGAMMA in
the case of phosphate spectra.

8.- Calibration technique:

The calibration has been performed with samples in a geometry similar to that of the measurement pre-
pared from a QCY44 mixed gamma stadard source, supplied by Amersham.

9.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

2.3 Bq/Kg for=Ac 5.2 Bq/Kg for ®Ac

1.3 Bq/Kg for=Ra EG&G system 7.9 Bq/Kg for»Ra SILENA system
15.2 Bq/Kg for “K 73.8 Bq/Kg for *K

0.6 Bq/Kg for=Th 1.3 Bq/Kg for=Th




1.- Laboratory:

Nuclear Engineering Laboratory
National Technical University of Athens
15780 Athens

Greece

2.- Scientists:

Prof. M. Angelopoulos, Head of the Laboratory
Prof. S.E. Simopoulos

Mr. M. Anagnostakis

3.- Aplication of the measurements:

Radioactivity of environmental samples (e.g. soils).

4.- Sample preparation and characteristics:

The samples were packed on 27-Oct-93 in 282 ml plastic cylindrical containers, 72 mm diameter. Weight
of the samples: Phosphate: 0.265 Kg. Sand: 0.428 Kg. To allow for equilibrium of radium and thorium
with their decay products the samples were analysed three weeks after the containers were sealed.

5.~ Detector type and design:

Two Germanium detectors were used: 1) Coaxial HPGe ( Canberra 7229P-3020) Rel. eff.: 33.8 % at 1332
keV photons; Resolution: 1.78 keV at 1332 keV photons. Shielded dimensions: 12”x12"x16", 4" thick
shield of ol steel with a Cu/Cd lining (Gamma Products G12), Peak/ Compton 66.5:1 at 1332 keV.

2) Coaxial HPGe ( Canberra 7229-7500) Rel. eff.: 23.8 % at 1332 keV photons; Resolution: 1.78 keV at 1332
keV photons. Shielded dimensions: 55 mm thick universal lead shield with a Cu/Cd lining (Canberra
7410), Peak/ Compton 47:1 at 1332 keV.

6.~ Counting system:

Canberra type: 3106D HVPS, 2020 amplifier, 85 & 35 series MCA. Counting time: 150000-200000 s.
Background time: 500000 s.

7.- Activities calculations from data spectrum:

The collected spectra were transferred to a super-mioni computer HP 9000/ 370 where they were analy-
sed with in house developed Unix software (SPUNAL).

9.- Calibration technique:
Detectors were calibrated using the Amershan Mixed Nuclide Standard QCY.44
10.- Lower Limit Detection:

Depending on several factors, eg, nuclide mixture, density and measuring time, for the counting system
describe above are:

2.0 Bq/Kg for=Th
1.0 Bq/Kg for=Ra for (i) sample
8.0 Bq/Kg for K




