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Abstract

The ultimate goal of research in radioecology is to be able to predict the
pathways of radioactive material in the environment and hence estimate
possible doses to the population in various regions. Knowledge of levels of
contamination are necessary to maintain control of operations of nuclear
facilities. Correct methods of sample collection, handling and preparation
are among the most important parts for a correct assessment. On basis of the
final results of radionuclide concentrations, scientific, medical and
political decisions are taken.

12.1 Introduction

Guidelines for the collection and preparation of samples is often
neglected in spite of the fact that data obtained depend to the same extent
on these parameters as well as analytical procedures. On the basis of the
data, scientific conclusions, estimation of doses to the population,
consequences, countermeasures, political, medical and legal decisions are
taken. It is therefore surprising to find that too often, especially at the
sample collection stage, planning and strategies are neglected in the cases
such as at monitoring around nuclear facilities or even at very expensive
scientific expeditions. The personnel is often poorly instructed or, even
worse have no education in the field. The collection of environmental
samples in the environment requires experience and education for a credible
result. Even the best scientist can not draw any correct conclusions if
sampling, preparation and as in many cases also the analysis are of poor
quality.

This paper is mainly a synthesis of our own experience, publications by
the EML, New York procedures manual !), a Technical Report on the subject by
IAEA, Vienna(2) and a paper presented by 0. Paakkola, STUK, Finland at a
Nordic course in radioecolgy at Lund, Sweden, 1991 (3).

12.2. General

Sometimes direct field measurements such as field gamma spectrometry
can be done and actually no sampling is performed. Sampling should reflect
releases , distribution and concentration of radionuclides. The sampling
should be representative otherwise analytical results have little meaning.

We can distinguish between different types of samples such a single,
composite random and continuous. Single and composite random samples only
reflect the situation at the time of sampling. Continuous sampling provides
information of a dynamic nature and evaluation of the impact over a period
of time.

The size of the sample is determined by the purpose, levels, number of
analysis and availability. As a general rule however the type of samples
should be selected so that they are available all year round and in
sufficient amounts.
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12.3. Air

Upon an accidental release of radionuclides to the atmosphere, the
atmosphere is the first component in which radionuclides are detected, and
based on such measurements predictions of future fate of the radionuclides
are made. This is also the most common method for continuous monitoring of
local releases and long distant transport of radionuclides released to the
atmosphere. However especially the sampling is critical and very few
intercomparison exercises have been done in order to calibrate sampling
devices.

The equipment generally consists of an air filtration unit, i.e. a
filter through which air is drawn. For volatile components such as I
activated carbon cartridge or a chemical sorbent must be used. The unit
should also have a vacuum gauge and a flow meter (integrated). The airflow
should be kept constant. Different types of filters are used such as glass
fiber, PVC and microsorban filters. The rate of air flow varies between 100

3 -1

to 10 000 m d and collection is done for short periods, hours, under an
emergency situation or up to several days. The equipment should not be
placed too close to a wall of a building to avoid filtration of
recirculating air.

After collection the filters are generally compressed to a suitable
calibrated volume for gamma spectrometry and/or ashed and/or dissolved if
assessment of beta and alpha particle emitters is going to be done. In this
case it is an advantage to use a type of filter which more easily can be
ashed and dissolved. Sometimes for qualitative monitoring filters from cars
and in those buildings can and have been used.

12.4. Water

As a general rule one can estimate that the concentration of
radionuclides per m in rain water is 10 times higher than in surface air.
Rain water can be collected using a collector with an area of 0.1 - 5 m
depending on rainfall and frequency of sampling. In many cases simple
funnels can be used. Dry fallout is collected by washing the funnel walls
with weak acid during periods of no rainfall. If large volumes are collected
the capacity of containers must be sufficiently large.

It is also possible to make a direct sorption of radionuclides,
especially radiocesium and radiostrontium, by collection on cartridge
filters impregnated with copperferrocyanide and a cation exchanger,
respectively.

If snow is to be melted, a heating coil in the collector can be used.
It is also possible to collect snow on the ground. Roofs of buildings can
alsobe used as collectors.

When collecting water samples in rivers, stagnant areas should be
avoided. In lakes sampling should not be done too close to the shoreline if
possible. At sea, for monitoring purposes surface water (1 m) and water 1 m
from the bottom are collected. For scientific purposes studying the
distribution in the whole water column concentrations in different water
masses should be reflected and special attention should be paid to
theinterphases. On board ship, surface water collection can generally be
done through the normal water house system. This water should be run
continuously or should run a few minutes before collecting.

Tap water is collected at processing plants and in homes/buildings.
The water should run for 2 minutes before collecting.

Waste water and sewage should be collected continously and in
proportion to the flow rate.

Samples should be acidified if they are stored. However as one example
I will escape if treated in this manner.
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12.5. Soil

Soil samples should reflect total deposition, vertical distribution and
availability to plants/crops. The coring tool should penetrate to a depth of
25-30 cm depending on purpose and soil characteristics. The area should be
undisturbed and be in open terrain. The diameter of the coring tool should
be known in order to calculate fluxes/integrated deposited activities.

One should assure a minimum of mixing by biological activity. About 10
cores should be taken at one site and can be composited into a single
sample. Depending on vertical radionuclide distribution, based on previous
experience, the soil core is sliced in 1-3 cm sections.
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FIG.l Relationship between the areal deposition (Bq m ) of Pu and
Cs in carpets of grass, lichen and moss from Sweden follwing the

Chernobyl accident.

The soils should be dried slowly. The dry mass is determined, stones
discarded, the soil crushed and eventually sieved (2 mm). Depending on the
purpose, vegetation and organic material are removed but can be used for the
calculation of the total deposition. Results are then presented on dry
weight concnetration basis (Bq kg ) and on areal basis (Bq m ).

12.6. Grass and other vegetation.

For grass a considerable area is needed to be considered
representative. Grass does only trap a fraction of deposited activity and is
generally used in the early stages of contamination or in studies of food
chains (grass-cow-milk). Slopes with abnormal run-off and contamination from
soil should be avoided. Cutting is done about 5 cm from the ground or closer
if necessary.
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Of great importance are bioindicators such as mosses and lichens which
effectively trap deposited activity from atmospheric deposition. Carpets of
lichens and mosses can be used with advantage for estimating total
depositions over longer periods. The plants should not be in the shade of
trees. As for grass the areas should be undisturbed and not for example have
been grazed by animals. Figure. 1 shows a comparison how grass, mosses and
lichens reflect deposition from the Chernobyl accident at different
localities in Sweden.

Other important types of samples and bioindicators are ferns,
especially for radiocaesium, due to their particular cycling of potassium and
also needles of spruce and pine. Needles of spruce and pine might to some
extent substitute air filtration units when atmospheric dispersion from a
nuclear facility is studied and expensive filtration equipment needing
electricity can not be used. Figure. 2 gives an example of a study of
uranium isotopes around a nuclear fuel fabrication facility.

12.7. Food

For sampling food the problems are considerable. The sampling should
either reflect the environmental contamination or the transfer to man. In
many countries milk is the major route for radioisotope (cesium, iodine,
strontium) transport to man. Samples are stored for a short time in a
refrigerator or, for longer term storage a preservative is used. One can
choose between local collections or collections at milk factories depending
on countries, local fallout or even global fallout.
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Figure 2. 23SU/238U activity ratios (means + 1 SD) (Fig. 2a) and
2 3 4U/2 3 8U activity ratios (means ± 1 SD (Fig. 2b).

FIG.2 The 234U/238U activity ratio as a function of distance from a nuclear
fuel fabrication facility using airsampler, deposition, wheat ear and spruce
needles.
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Meat can be collected at slaughter houses and samples from several
animals are then pooled. Cereals are collected at grain silos. Regional food
items such as lake fish, mushrooms and game animals can be important for the
radionuclide transfer to man for certain groups of people. Game animals
often contain higher concentrations of radionuclides. Fruit, vegetables and
berries should be collected at the retail market.

12.8. Aquatic organisms

For aquatic organisms ease of sampling, bioaccumulation potential,
andseasonal variations should be considered. There is a great deal of
knowledge about bioindicators such as mussels and marcroalgae from previous
studies around nuclear facilities and laboratory experiments and they
constitute generallyexcellent types of samples for monitoring releases and
dispersion of radionuclides in the marine environment. Figure. 3 shows the
dispersion of activation products from a nuclear power plant using the brown
alga Fucus vesiculosus as bioindicator.

Many fish species are mobile and may not represent the region in which
they were collected although for the study of transfer of radionuclides to
man it is an important type of samples.

For the fresh water environment mussels, vegetation such as Equisetum
sp., fresh water mussels, water lilies and fish from different tropic levels
are most common and suitable.

Biological samples do not always show the existant concentration in
water but is an index of average levels over a certain period of time.
Figure. 4 shows the observed activity ratio fish/water in a lake reflecting
fallout, runoff and seasonal variation(4).
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FIG. 3. Variation in radionuclide concentrations in Fucus vesiculosus. by
distance from a nuclear power plant.

275



137,Observed concentration factor of Cs

10 000

8 000

6 000

4 000

2000

137,
in

Year

muscle-tissue of pikeFIG. 4 Observed concentration factors of '"'Cs
during the period 1961-1974 (From Carlsson, 1976)

12.9. Sediment and sedimenting material

Undisturbed sediment layers can be used to follow changes in the
surrounding water and migration in the sediments. Sedimenting material is
collected for this purpose with specially constructed traps. Fine, suspended
particulate material can also be collected on cartridge filters.

10. Samples of human origin

Samples should reflect internal contamination. This can be done by
collectingurine, usually as 24 hour samples. For storage of samples
preservatives should be used. Acid can be used for storage up to 1 month.
Urine samples can be evaporated for further counting or radiochemical
analysis. Caution must be taken to avoid samples catching fire.

Other samples are feces, hair, teeth, blood, liver, kidney, bone, lung
etc, taken from autopsies. When ashing blood and liver, the volumes of the
samples often expands initially and care must be taken ad eventually smaller
portions are sequentially ashed.

Whole body counting is a special case where a representative group,
critical group or occupational personnel are measured generally for
radiocesium, potassium but also for other gamma emitting radionuclides,

I, Co, etc.

12.11. Identification of samples

The sample protocol should contain information on weather conditions,
routine facts, (time, place, amount, method of collection, amount collected,
wet and dry weight, tracers, preservatives added, name of collector, etc.),
environmental conditions, other facts about quality of sample, and good maps
of the collection site.
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When handling samples cross contamination should be avoided. Disposable
containers should be used if possible

12.12. Drying, evaporation and ashing

Drying permits longer storage time, and use of a low temperature oven
at 105 °C is recommended. Freeze drying should be done for sediments if
possible in order to avoid cementation.

For concentration of liquids at reasonable volumes evaporation is
normal procedure. Try to avoid spattering. Some radionuclides might be lost
(iodine, tritium). Faster evaporation can be done under reduced pressure.

Specific radionuclides such as radiocaesium, radiostrontium, Pb,
actinides and technetium can be concentrated by precipitation techniques(eg.
ammonium -molybdo-phosphate, carbonate precipitation, MnO precipitation,

hydroxide precipitation, hydroxide precipitation). After reduction they can
be sorbed on copper ferocyanate, cation exchanger, MnO impregnated filters,

and anion exchange resins.
Before radiochemical separation ashing is generally required for solid

samples. Use Ni-trays or porcelain beakers eventually covered with an
aluminum foil. Also aluminum trays or pyrex glass can be used up to 450-500
C. The ashing time depends on type and quality of the material, but usually

16-24 hours is sufficient. Organic matter must be eliminated by treatment of
the sample with HNO or using an oxidizing agent such as Na O . Yield

determinants are added before the ashing.

12.13. Sampling restrictions

Without prior permission, collection of sediments is not allowed
within the economic coastal zone. For other types of samples different
countries apply different regulations. Sampling within restricted areas
(military, national parks, zoological botanical gardens) is generally not
permitted. For autopsy samples, permission is generally needed. For whole
body counting one needs the permission of the individual but not in an
emergency situation or for occupational personnel having this done as a
routine control.

For the rare , protected species, special permission is always needed.
For the Antarctic region special permission is necessary for collecting
animals

12.14. Sample Banking

The importance in having a good system for banking environmental
samples for radioactivity analysis can not be overlooked. This is generally
easier to manage than for the case of organic compounds or heavy metals
(loss of compounds, contamination etc). Several "new " radionuclides can
later be
subject to analysis due to special events, accidents, development of
analytical techniques etc.

One simple system can be managed within a laboratory, with samples
numbered consecutively and using good labelling. The information can be kept
in a simple filing system or as a database or both. Too often scientists
tend to invent their own system for the samples they have interest in or
have collected as if the samples were their own property. Soon you will
discover that several scientists are using the same system, and you will
have several samples with the same number such as A 1, A 2 etc. Labelling
will be poor, and the scientist will have left the laboratory with a large
number of samples eventually left behind. This represents high costs for
collecting and would it be benificial if the samples could be identified.
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12.15. Preparation methods

12.15.1 Decomposition

The first step in radionuclide analysis of alpha and beta emitters is
to dissolve the sample. For dry oxidation the use of unnecessarily high
temperatures should be avoided due to escape of volatile elements and the
formation of oxides which are difficult to dissolve. The usual temperature
range is 550 - 600 °C. The use of acids such as H SO , HNO , MG(N0 ) ,

MG(CH COO) improves the ashing procedure.

Wet oxidation has advantages such as the lower temperature avoids
escape of volatile elements and a low pH minimizes losses due to adsorbtion.
The disadvantages are formation of compounds of low solubility and eventual
higher activity (ex. polonium, uranium) in blank samples due to the large
amounts of mineral acids needed. Different wet oxidation systems such as
Different wet oxidation systems such as HNO -HC10 , HNO -H SO , HNO -HCL,

3 4 3 2 4 3
H O +Fe can be used. Also oxidative fusion for example with Na 0 , NaOH,

2 2 2 2
KHSO , Na CO , K S O is effective.

4 2 3 2 2 7
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