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Introduction
The in-situ gamma ray spectrometry is the method for rapid determination o.f a

radionuelide concentration on and in the soil. Standard methods of in-situ spectrometry [1]
are based on an assumption of gamma radiation attenuation by the soil. The standard

methods require that assumption about the radiation attenuation by the soil have to be made
in advance.

This contribution is aimed to the possibility of improving the in-situ gamma
spectrometry to be independent on a knowledge about a depth distribution of 137Cs in soil
and sufficiently sensitive for the measurement of the post-Chernobyl U7Cs at present, as well.
The depth distribution of 137Cs averaged over a large area of soil is obtained by unfolding of
the detector responses to primary and in soil forward scattered photons. The proposed
method employs detector with and without collimator. The 137Cs distributions obtained
from in-situ measurements are analysed, and comparisons are made to the results obtained with
soil sampling and with standard in-situ spectrometry., as well.

Methods
The detector response N(i) to ith characteristic of gamma ray field above ground with

radionuclide distributed homogeneously in horizontal direction is described by integral
equation :

=Ja(i,QA(QdC i=l,2 n (1)

where a (i,Q [Bq .̂m2] - detector response in gamma field of plane source of unit activity -
per-area located at the depth C,, A(C, ) dC, [Bq.m'2] - activity of the plane source to be determined,
C, [kg.m'2] - depth in the soil in units mass-per-area.

The unknown activity A(Q in soil profile is obtained by unfolding of the Equation
CD [6].

The essential consideration of unfolding method is the linear independence of set of
detector responses calculated a(i,Q (response matrix). The most promising and versatile
unfolding code seems to be SAND n [7]. In practice, the good representation of activity
distribution requires more steps in interval of soil depth that exceeds the number of the
gamma field characteristics; as a consequence a first order approximation of the activity
concentration in the soil profile must be introduced.

The response matrix is obtained by calculations in combination with experimental
calibration.

In order to verify the reliability of the described method the comparison between
laboratory measurements of soil samples and the analysis of the in situ recorded spectra is
performed.

Calculations! procedure and results
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The detector response a (i,Q to ith characteristic of gamma field with flux <)>(i£,0,E)
per-unit-activity of plane radionuclide at the depth C, in the soil can be described as follows:

a (i,Q= il 4<i£ )e,E).R(i,e,E)de.dE [Bq'.m2] (2)

where R(i,9,E) - detector response in peak of total absorbtion for a parallel photon beam of
energy E at angle 9.

The Equation (2) can be simplified by assumption that the dependences R(i,9,E) are in
the energy range of photons from 0.62 up to 0.662 MeV constant:

CT (i,Q= I <D(i,<; ,G).R(i,e)d9 (3)

where OG&Q) d9 * photon flux at angle 9 integrated over energy, R(i,9) - angular dependence
of detector response for a parallel photon beam of energy 0.662 MeV.

The photon flux O has been calculated by our Monte Carlo code SOILSC.
Homogeneous and isotropic plane source of thickness 0.5 cm was simulated up to 85

g.cm'2 of depths in the soil, starting with the plane source on the ground. The plane source
radii were chosen 100 m to represent an infinitive plane soil contamination with radionuclide
137Cs.

Photon interaction processes of photoelectric absorbtion and Compton scattering (8)
had been taken into account in the Monte Carlo program.

Experimental calibration and response matrix
A portable N-type high purity germanium HPGe detector with relative efficiency of

12,5% and resolution ofl,7keVfor 1,33 MeV gamma rays has been used. The detector was
supported by a tripod at a height 100 cm above the ground. The orientation of the detector
is facing downward.

A cylinder-shaped has been used to modify the distribution of track lengths in soil
of photons impinging to the detector surface. The collimator is made from of lead cylinder
with the outer/inner diameter 19/10 cm and height 10 cm laying on aluminium cylindere
with the outer/inner diameter 30/10 cm and height 2cm. The collimator was located on the
detector axis at height of its bottom 100 cm above the ground.

The experimental calibrations were aimed to determinate the responses R(i,9) (in
Equation. 3) of collimated and uncollimated detector in the energy region 0.62-0.655 MeV and in
peak of total absorbtion of the 0.662 MeV photons, as well, and to asses the background in the
energy region 0.62-0.655 MeV due to photons from the natural sources.

The detector responses (in peaks of total energy absorbtion) to scattered and
unscattered photons of the plane source 137Cs in dependence of depth in mass-per-area
calculated from Equation 3 are shown in Fig.l.

The detector responses to primary photons of energy 0.662 MeV are marked by a, and
to scattered photons with energies 0.62 - 0.655 MeV are marked by bj.

Index i=l is the case of the uncollimated detector, i=2 is the collimated detector,
front of the collimator was at the same distance 100 cm above the soil as the detector front.

The statistical accuracy of calculated detector responses depends on the source depth.
For all results of the detector response to primary photons, the standard deviations were
within 5%. The standard deviation of the detector responses to scattered photons with energies
0.62-0.655 MeV is up to 20% for plane source 137Cs on the ground, 15% for source in the
depths up to 3.5 g.cm'2, 10% for source in deeper depths and 20% at the depth under 30 g.cm"2.
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The detector responses to various characteristics of photon field shown that they are
clearly different from each other up to soil depth of about 30 gem'2 and therefore can be used
as elements of the response matrix in the Equation (1).

Application to post-Chernobyl l}7Cs
The photon spectra were recorded over lawns in Southern Slovakia. In-situ gamma

spectrometry was performed with and without collimator at the height 100 cm above the
centre of the square area used for soil sampling. The finiteness of lawn was taken into
account by geometric factor calculated by SOILSC.

Figure 2 shows the pulse height distribution measured by the unshielded detector
at a location on the lawn. In the lower part of the figure the detail of the spektrum in energy
interval 0.5 - 1.0 MeV is shown. Exponential approximation of the spectrum in the interval 0.67 -
0.9 MeV, bold line in the figure, is used for assessment of background of measurement of
0.62-0.655 MeV photons scattered in the soil.

The activities of l37Cs and 134Cs are sufficient to appear as discrete peaks in the
measured in-situ spectra and the forward scatterings of 0.662 MeV photons in the soil can be
evaluated.

Fig.3-5 show depth distributions of the 137Cs activity in soil measured in surrounding of
Bratislava, the places were in distance 20 km from each other. The results obtained by
presented method are compared to results by soil sampling. The relative standard deviation of
the 137Cs activity in soil samples were <10% for each depth of soil.

The downward transport of 137Cs have occurred to a peak concentration that
lies below the surface of lawns. The differences between presented method and soil
sampling of the distributions in Fig.3 and 4 are in 10% of relative standard deviation, except
dstributions at the deeper depths where resolution of unfolding method is worse. Unfolded
distributions in Fig.5 is determined with large uncertainties because of relatively low activity of
137Cs in soil.

The 137Cs activity-per-mass and/or activity-per-area in soil determined by presented
method of deconvolution, by sampling method and by standard in-situ spectrometry using the
exponential depth distribution in the soil, that has been determined by exponential least
squares fit of results of soil sampling, are given in Table 1.
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Fig. 1 Response matrix of the in-situ equipment used in this paper. The lines a,, and bx are
responses of the uncollimated detector to 0.662 MeV and to 0.62-0.655 MeV photons,
respectively. The lines a, and b ; are the same as a, and b p but for the collimated detector.
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Fig.2 Impulse height spectrum as detected over a lawn in Southern Slovakia. At the bottom of
the figure is the middle part of the spectrum in more detail. The bold line is an exponential
approximation of the spectrum in the energy region 0.67-0.9 MeV.
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Fig.3 Distribution of the 137Cs activity in soil profile of the lawn in the locality No. 1 determined
by presented method and by soil sampling, as well. The thicknesses of the soil layers were 3.3
g.cm'2. The soil consists of light black earth.

9000

3000-

7000

_ 6000-
CM

E 5000-

I" 4000-

3000-

2000-

I

1000-j

0-r

I
II
4.5

r
i

Soil sampling

Unfolded

JZL
13.5 18 22.5 27

Depth of layer [g.cm ~ -2]

•

31.5 36

Fig.4 Distribution of the '"Cs activity in soil profile of lawn in the locality No.2 determined by
presented method and by soil sampling, as well. The thicknesses of the soil layers were 4 5
g.cnr. The soil consists of clay.
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Fig.5 Distribution of the 137Cs activity in soil profile of lawn in the locality No.3 determined by
presented method and by soil sampling, as well. The thicknesses of the soil layers were 6.0
g.cm'2. The soil was mixture of clay and small stones.

No. of Presented method Soil sampling Standard method
locality

r
2"

3 ' "

[kBq.m"2]

6.3±1.6

13.2+3.5

1.2±0.5

[Bq.kg-1]

274±68

-

39±16

[kBq.m-2]

6.8±0.7

13.8±1.5

l.l±0.2

[Bq.kg-1]

258±26

-

36±7

[kBq.m2]

-

12.5

-

[Bq.kg1]

307

-

33

Table 1.137Cs activity in soil of lawns in Southern Slovakia determined by the method presented
in this paper, by the soil sampling and by the standard in-situ spectrometry using the depth
distribution in the soil according to the results of the soil sampling.


