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The aim of this work was to compare sampling techniques for pasture, soil and
deposition, planned for radioactivity surveillance in emergency situations in the
Nordic countries. The basis of the survey was a questionnaire, sent to radiation
protection authorities and laboratories. Sampling of pasture is performed with a
cutting height between 1 and 5 cm above the ground from an area of about 1 m2
The sampling plots are usually randomly positioned. Soil samples, 3 to 20 cores in
various patterns, are generally taken by a corer of varying diameter. For deposition
sampling, precipitation collectors of different sizes are used. When comparing
results, the differences between laboratories should be borne in mind so that proper
corrections can be made. It is, however, important to consider that, especially in an
emergency situation, the use of standardised methods may worsen the results if these

methods are not part of the daily work.

Introduction

In the event of a nuclear accident, which has
caused fallout of radioactive material on the
ground, suitable sampling and analysis methods
are of great importance to obtain data for deci-
sions made by different authorities (e.g. grazing
restrictions). The measurement data are also
important when calculating the further transport
of the radioisotopes in the ecosystems and for
assessment of the radiation dose to man.

Since several different organisations and
authorities may be involved in sampling and

measurements it is important that the results
are comparable and not influenced by differ-
ences in the sampling procedure. To study the
homogeneity of sampling and analysis methods
planned for radioactivity surveillance in emer-
gency situations in the Nordic countries a ques-
tionnaire (Appendix 1) was sent out to 13 labo-
ratories and radiation protection authorities in
the five Nordic countries. These are not the only
laboratories active in sampling in the case of
an emergency situation, but merely represent a
sample. This work is based on the response from
7 of the laboratories (presented in Appendix 2),
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representing all of the five Nordic countries.

The sampling methods included in this study
are sampling of pasture, soil and deposition. The
methods presented are also restricted to tech-
niques for emergency preparedness and monitor-
ing, and sampling techniques for scientific stud-
ies of special processes are thus not included.
Also included in the comparison are methods
for sample preparation for measurement, type
of measurement and sample storage (since the
main purpose of the measurements is to obtain
rapid results, mainly sampling for gamma spec-
troscopic measurements are surveyed). A similar
study, covering more sample types, was reported
in 1985 (Taipale 1985) and many of the sam-
pling methods then used are still valid.

Results and discussion
Sampling of pasture

Table 1 shows a summary of sampling methods
for vegetation (pasture). The cutting height of
the grass varies between 1 and 5 cm above the
ground and the sampled areas are usually about
1 m% The positioning of the sampling plots on
the investigated area (field) is usually at random
and the number of plots taken over the area
varies between the laboratories.

The analysis is mostly made with high-
resolution gamma spectrometry, but also with
Nal(T1)-detectors, on fresh and/or dried sam-
ples. In some cases also ashed samples are
analysed. Both fresh weight and dry weight are
determined and the results are given in Bq kg™
fresh weight, Bq kg™' dry weight and Bq m™.
The samples are usually stored dried, frozen or
ashed.

The methods for sampling of pasture are
also discussed in IAEA-TECDOC-1092 (IAEA
1999). In this report the recommendations are
that at least 1 kg of vegetation is sampled from
an area of 1 m? or more and that the grass is cut
2 cm above the ground. The procedures in use
in the Nordic countries (among the laboratories
participating in this study) agree in most cases
with these recommendations. The difference in
cutting height between 1 and 5 cm may, how-
ever, have a great influence on the results. In
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Sweden 5 cm is a standard cutting height, rec-
ommended by the Swedish Radiation Protection
Authority, which is aimed to give comparable
results in Sweden.

Soil sampling

A summary of sampling methods for soil is
shown in Table 2. Soil samples are generally
taken by different models of corers (varying
diameter), down to a depth of 5 to 50 cm.
The number of cores taken at the sampling site
ranges from 3 to 20 and the cores are usually
sliced. The activity in the top soil is in some
cases determined in the first slice, with thickness
in the range 2-5 cm. Eventually, the activity
in the top soil is determined using a number
of shallow cores, in addition to deeper profiles
used to determine the depth distribution. Several
sampling patterns are used and also the habit
of pooling the samples differs between the labo-
ratories.

The analysis is made with HPGe- or Ge(Li)-
detectors on fresh or dried samples, depending
on the expected radionuclides present. A method
where a complete soil core is scanned vertically
by a collimated Ge-detector to determine the
depth distribution is also used. In these measure-
ments the soil core is placed on a rotating
turntable and moved vertically in 5 mm steps
during the measurement (Finck and De Geer
1992). Both fresh weight and dry weight are reg-
istered for comparison with field-gamma spec-
trometry and determination of the soil humidity.
The results are given in Bq kg™ fresh weight,
Bq kg dry weight or Bq m™.

In the event of fresh fallout only the upper
soil (5 cm) generally needs to be sampled. There
may, however, be of interest to sample larger
depths for further studies of the migration of
the fallout and these larger depths are therefore
included in Table 2. The method for soil sampling
used in Sweden (as recommended by the Swed-
ish Radiation Protection Authority) is based on
Isaksson and Finck (2002). Taking soil samples
with a corer may result in contamination of
deeper soil layers by radionuclides from upper
layers and surface soil. This cross contamination
effect was studied by Isaksson and Erlandsson
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HPGe

HPGe

HPGe

HPGe

HPGe

Ge

Detector

Not specified

28 ml, 105 ml or
250 ml beakers

25— 250 ml
beakers

200 ml cylindrical

560 ml Marinelli,
beaker

200 ml cylindrical

beaker

Measurement
geometry

(30 ml, @ 42 mm and

cylindrical beakers
110 ml, @ 74 mm)

Not specified

Dried or frozen

Cylindrical beakers at
room temperature

For short periods

Dry samples stored

Sample storage

longer time periods

refrigerator and for
dried or frozen

Bq kg™ fresh weight,

Bq kg~ dry weight

and Bq m=2

Bqg kg~ dry weight and

Bg m=

Bq kg™ d.w. (and/or

Bq kg fresh weight,
Bq kg~ dry weight

Bq kg™ fresh weight,

Reporting

BOREAL ENV. RES. Vol.7

Bqg kg~ dry weight and
Bq m, decay-corrected

to sampling

f.w.) and Bq m= decay
corrected to time of

Bqg kg~ dry weight and

Bg m=

(without stones) and

Bg m=2

sampling, or some

other reference time

if needed

2 The method described for Sweden is the official method decided by the Swedish Radiation Protection Authority (SSI).

" AUN is an abbreviation of Agricultural University of Norway.
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(1995) and was found to be negligible when a
corer of 80 mm diameter was used. Other types
of corers may, however, cause cross contamina-
tion and the disturbance of the soil ought to be
investigated for each type of corer.

Deposition sampling

Table 3 shows a summary of sampling methods
for deposition. Precipitation collectors of a wide
variety of sizes are used in sampling to deter-
mine the activity concentration in the precipita-
tion. The amount of dry deposition may also be
determined by wiping the precipitation collec-
tor. The activity measurements are made either
directly on a water sample (if the activity con-
centration is sufficiently high) or by analysing
ion exchange resins (often both anion and cation
exchange resins, together with filter papers, are
used to capture different radioisotopes in solu-
tion and in particulate material). High-resolution
gamma spectrometry is used and the results are
given in Bq I"! and/or Bq m™. In some cases hot
spots are investigated using autoradiography on
a surface soil layer.

Conclusions

In the three types of sampling studied in this
work: pasture, soil and deposition the methods
used in the Nordic countries differ to some
extent. When comparing results from different
laboratories these differences should therefore
be borne in mind so that proper corrections can
be made. It is, however, also important that each
laboratory is familiar with their sampling and
analysis methods, especially in an emergency
situation. Many laboratories take samples for
use in research and have a well functioning
procedure for this kind of sampling and meas-
urements. The use of standardised methods in a
fallout situation may therefore worsen the results
if these methods are not previously implemented
in the daily work.

Acknowledgements: This work is based on a part of the
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ance, entitled Sampling methods — A survey of methods
in use in the Nordic countries (Isaksson 2000), which was
financed by NKS, Nordic nuclear safety research. The
author is also grateful to all the participating laboratories.
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Appendix 1. Questionnaire.

Pasture sampling

How is the sampling area chosen?

What is the size of the area usually sampled?
What kind of tool is used to define the area?

How are the sampled areas distributed on a sampling site?
At what height is the vegetation cut? (If the cutting height varies for different types of vegetation, please

indicate this).
What kind of tool is used for cutting?

How are the samples prepared for measurement (weighing, drying, chemical pre-treatment, etc.)?
What kinds of detectors are used for the activity determination?

What measurement geometry is used?

How are the samples stored before and after measurement?

How are the results reported?

Soil sampling

How is the sampling area chosen?

What kind of tool is used for the soil sampling?
What is the size of the area usually sampled?

How are the samples distributed on a sampling site and how many samples are taken?

What is the depth sampled in an emergency situation?

Do you subdivide the soil? How?

How are the samples prepared for measurement (weighing, drying, chemical pre-treatment, etc.)?
What kinds of detectors are used for the activity determination?

What measurement geometry is used?

How are the samples stored before and after measurement?

How are the results reported?

Deposition sampling

Please describe the method you use for wet deposition sampling (size of precipitation collectors, ion exchange

systems, etc.)?

Please describe the method you use for dry deposition sampling?
How are the samples prepared for measurement (weighing, drying, chemical pre-treatment, etc.)?
What kinds of detectors are used for the activity determination?

What measurement geometry is used?

How are the samples stored before and after measurement?

How are the results reported?
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Appendix 2. Participating laboratories and contact persons.

Risg National Laboratory, Denmark (Sven P. Nielsen, Christian Lange Fogh, Risg, NUK-114, P.O. Box 49,
DK-4000 Roskilde, Denmark)

Finnish Centre for Radiation and Nuclear Safety (STUK), Finland (Aino Rantavaara, Ritva Saxén, Eila
Kostiainen, STUK, P.O. Box 14, FIN-00881 Helsinki, Finland)

Icelandic Radiation Protection Institute (Geislavarnir rikisins), Iceland (Sigurour Emil Palsson, Geislavarnir
rikisins, Raudararstig 10, 1S-150 Reykjavik, Iceland)

Laboratory for Analytical Chemistry, Agricultural University of Norway, Norway (Brit Salbu, NLH, P.O. Box
5026, N-1432 As, Norway)

Norwegian Radiation Protection Authority (NRPA), Norway (Astrid Liland, Statens stralevern, P.O. Box 55,
N-1332 Osteras, Norway)

Department of Radiation Physics, Goteborg University, Sweden (Mats Isaksson, Department of Radiation
Physics, SU/Sahlgrenska, SE-413 45 Goteborg, Sweden)

Department of Nuclear Physics, Lund University, Sweden (Bengt Erlandsson, Department of Nuclear Physics,
P.O. Box 118, SE-221 00 Lund, Sweden)




