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ABSTRACT

The aim of this study is to determine the transfer factor soil-to-plant and to assess the concentration level of nat-
ural and artificial radionuclide (**U, **°Ra, ***Ra, **Th, **K and *’Cs) in samples from Saluga and Ghazal Pro-
tectorate area in Aswan, Egypt, by using High Pure Germanium detector (HPGe) Environmental Radioactivity
Measurements Labrotary in faculty of science Qena. Reported values for natural radionuclides ranged from 8.81
+ 0.64 to 28.88 = 2.10, from 6.98 £ 0.51 to 26.01 + 1.89, from 12.29 + 0.89 to 33.32 £ 2.43, from 12.53 £ 0.91 to
32.81 + 2.39 and from 383.90 + 27.95 to 711.98 + 51.83 Bq-kg_1 for 28U, 2Ra, *®Ra, *’Th and “K, respectively.
¥Cs activity concentration was found to be in the range from 0.36 = 0.03 to 9.73 + 0.71 Bq-kg ' and was calcu-
lated through transfer factor TF reported in this article.
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1. Introduction

There is always a need to have baseline background level
information about natural radionuclides and the radio-
logical impact of radionuclides released to the terrestrial
environment is usually predicted by mathematical mod-
els in which the transfer of radionuclides from soil to the
plant is described with the transfer factor (TF). The most
commonly encountered radionuclides are ***U, *’Th,
their decay products and *’K. It is important to under-
stand the behaviour of natural radionuclides in the envi-
ronment (distribution pathways, mobility, transfers, etc.)
because the information can be used as a natural analo-
gue for the long-term behaviour of materials and process-
ses in developing and testing models, and in obtaining
the associated parameter values appropriate for radiolog-
ical performance assessments [1].

Natural radionuclides occur in soil and they are incor-
porated metabolically into plants, and ultimately find
their way into food and water. Manmade radionuclides
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behave in a similar manner, and worldwide contamina-
tion of the food chains by radionuclides produced during
tests of nuclear weapons in the atmosphere has taken
place during the past half century [2].

The study of the background level of *’Cs in soil is
really important as it is the main source of inventory of
radionuclides into the food cycle. Its presence in soil
would clearly indicate that the area under study might
have received some fallout radioactivity in the past. It is
extremely difficult, rather impossible, to exactly pinpoint
the source of contamination.

Many studies on food contamination radionuclides in
the environment and their transfer or pathway mechan-
ism to plant, animals, and human population have been
reported [3,4]. Considerable efforts are being made by
many authors in many parts of the world to measure the
activity of radionuclides in the food chain and to estimate
the soil-plant transfer [5].

The uptake of radionuclides by plants from the soil is
normally described by the transfer factor (TF) and the
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ratio of radionuclide concentrations in vegetation and soil.

TFs can be based on the quantity of soil and expressed as
the ratio of activity (Bqkg™') in dry weight of plant to
activity (Bq-kg™') in dry weight of soil [6], or can be
based on surface area of soil and expressed as Bq-kg '
dry weight of plant to Bq'm 2 in soil [7]. A wide range of
TFs have been observed, mainly as a result of different
soil and vegetation types and environmental conditions.
Interactions between radionuclides and plants are very
complicated and depend on many factors such as type
and shape of plants, soil characteristics, behavior of ra-
dionuclides, climatic conditions, etc. [2].

These types of studies have attracted the interest of
scientists global wide, especially in the developed coun-
tries in the last decade. Thus in Qena city, surveys on
natural radiation and radioactivity measurements were
organized, covering Upper Egypt since 1990. Obtained
results are published in several articles, either published
or in press. The main topic of these studies is determined
natural radioactivity concentrations in soil, rocks, build-
ing materials, crops and water as well as exposure of the
Egyptian population to terrestrial gamma radiation [5,
8-13].

2. Materials and Methods
2.1. Sampling and Sample Preparation

A total of 35 soil and 35 plant samples (different plants)
were collected randomly from Saluga and Ghazal Pro-
tectorate area in Aswan, Egypt Figure 1. The masses of
the collected soil samples varied between 250 and 350
gm. The samples were ground, crushed to fine grain size
of about 100 mesh and sieved in order to homogenize it
and remove big size. The samples were then drying at
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Figure 1. Map of the investigated area (Saluga and Ghazal
Protectorate).
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100°C for 48 h to ensure that moisture is completely re-
moved. Plant samples were dried for 10 - 15 h at 100°C
in an electric oven to obtain a constant dry weight. The
sample was powdered, charred to get homogenize sam-
ple.

The representative powdered samples were packed in a
standard plastic container (7.5 X 5.5 cm) and after prop-
erty tightening the threatened lid, the containers were
sealed with adhesive tape and left for at least 4 weeks
before counting by gamma spectrometry in order to en-
sure that the daughter products of ***Ra up to *'°Pb and of
22Th up to 2Pb in secular equilibrium with their respec-
tive parent radionuclides and then the gamma ray spec-
trum was accumulated to up to 900 min [14] .

Saluga and Ghazal is one of the protectorate area in
Egypt located on an area of five square kilometers in the
River Nile are north of Aswan dam. It is a green area
characterized by the sovereignty of some types of trees
including acacia and approximately 94 different species
of plants including those that solely grow in these islands.
This protectorate is famous for its migrating birds, more
than 60 bird species have been recorded, including spe-
cies that have lived and reproduced in these islands since
the ancient Pharaonic times, such as bittern, hoopoe and
Egyptian geese.

2.2. Experimental

Radioactivity measurements of the samples were per-
formed by gamma-ray spectrometry, using a coaxial
high-purity germanium detector and multichannel ana-
lyzer; it has a potopeak relative efficiency of about 45%
and an energy resolution of 1.91 keV at the 1332 keV
gamma-ray transition of ®Co. The detector was cali-
brated in absolute efficiency using a mixed twelve ra-
dionuclides gamma standard QCY48 [13].

To reduce the counting background, a cylindrical lead
shield with a fixed bottom and a movable cover, con-
taining two inner concentric cylinders of copper and
cadmium, was placed over the detector. The environ-
mental y-ray background at the laboratory site was de-
termined using the same standard plastic container under
identical measurement conditions from measurements
prior, during and after the experiments, it was found that
the background levels in the laboratory were maintained
constant during the whole period of the measurements
(two months).

2.3. Calculation of Elemental Concentration

Count rates for each detected photopeak and activity for
each of the detected nuclides are calculated, the spectra
were either analyzed with the computer program Maestro
2.1 (EG & G ORTEC) or manually using a spreadsheet
to calculate the natural radioactivity. The specific activity
(in Bq'kg "), 4z of a nuclide 7. and for a peak at energy E,
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is given by:
_ NP
t.-1, (E}')'g(Ey)'M

(1)

AEi

where NP is the number of count in a given peak area
corrected for background peaks of a peak at energy E,
S(Ey) the detection efficiency at energy E, ¢ is the
counting time in second, /, (Ey ) the number of gammas
per disintegration of this nuclide for a transition at energy
E, and M is the mass in kg of the measured sample.

Assuming attainment the secular equilibrium in the
uranium and thorium decay products series, the y-ray
transitions to measure the concentration of the assigned
nuclides in the series[15], ***U determined from ***"Pa
through 1001.03 keV, 226Ra was determined via its
daughters (*'*Pb and *'*Bi) through the 351.93 keV and
609.3 keV p-lines, while the **Th was determined
through the **T1 and *'*Pb emissions at 583.19 keV and
238.63 keV respectively, but **Ac at 911.20 keV was
used to determined ***Ra. K-40 was determined from the
1460.83 keV y-line, and a small peak found around the
line 661.7 was used to determine the activity concentra-
tion of *’Cs. The spectra were either evaluated with the
computer software programme Maestro (EG & G OR-
TIC), or manually with the use of a spread sheet (Micro-
soft Excel) to calculate the natural radioactivity.

2.4. Calculation of Statistical Error for
Measurement Process

To correct A, to actual activity in sample, we must
apply the necessary corrections to the count rate. Some
typical corrections include:

1) Counter efficiency = ¢

2) Emission probability of emitted radiation = /

To get the relative uncertainties of input value.

u’(4,)
A?

)

2

u(NP)
(nP)

from spectra evaluation

NP = NP — N,
where the NP is net peak and N, is counting of back-
ground

2.5. Transfer Factor

Transfer factor (TF), which is the ratios of specific activ-
ities in plant and soil (in Bq-kg™' dry weight plant part
divided by Bq-kg ' dry weight soil), can be used as an
index for the accumulation of trace elements by plants or
the transfer of elements from soil to plants[16,17].

The corresponding TF of different plants, relating the
specific activity of a given radionuclide (***Ra, ***Ra,
*2Th and *’K) For each individual plant were calculated
for all vegetation as,

TF
activity concentration of plant (Bq kg dry Weight)

activity concentration of soil (Bq kg™ dry weight)
3

3. Results and Discussions

Table 1 summarizes mean values and ranges of the ac-
tivity concentrations (Bq-kg ™' dry weight) for ***U, **°Ra,
22T, *®Ra, “K and "*’Cs and transfer factor in soil and
plant samples from Saluga and Ghazal Protectorate area
in Aswan, Egypt.

It can be seen in this table that the activity of Uranium
series via exemplify **U and **°Ra ranged from 8.81 +
0.64 to 28.88 =2.10 and from 6.98 + 0.51 to0 26.01 + 1.89
Bqkg ' for 2*U and **°Ra respectively.

The activity of 2*Th and ***Ra ranged from 12.53 + 0.91
to 32.81 + 2.39 and from 12.29 + 0.89 to 33.32 + 2.43
Bq-kg ' respectively. The activity of *’K is seen to be the
highest value than the other natural radionuclides, its values
ranged from 383.90 + 27.95 to 711.98 + 51.83 Bqkg ™.
The activity of artificial radionuclide "*’Cs were found to
fluctuated from 0.36 = 0.03 t0 9.73 +0.71 Bq-kg ™.

Figure 2 shows the frequency distributions of activity

Table 1. Mean values and ranges of the activity concentrations (Bq-kg™' dry weight) for ®U, *Ra, 2**Th, **®Ra, “°K and '¥'Cs
and transfer factor in soil and plant samples from Saluga and Ghazal Protectorate area in Aswan, Egypt.

Soil Samples

Plant Samples Transfer Factor

Radio-nuclide

Mean Value Range Mean Value Range Mean Value Range
By 19.02 + 1.43 8.81+0.64-28.88+2.10 — — — —
26Ra 16.92 +1.28 6.98+0.51-26.01+1.89 7.8 +0.65 1.36+0.10-17.58 +1.28 0.43 0.19-0.73
#2Th 21.96 + 1.66 12.53+£0.91-32.81 £2.39 6.94 +0.60 2.12+0.15-17.89 £ 1.30 0.31 0.09 - 0.88
2Ra 21.93+1.65 12.29 +0.89 - 33.32 £2.43 7.12£0.61 2.13+£0.16 - 16.66 = 1.21 0.32 0.10-0.76
YK 505.92+£37.84 383.90+£27.95-711.98+51.83 519.42+45.34 156.86+ 11.42 - 1186.46 + 86.38 1.06 0.31-2.95
B1Cs 1.90 +0.20 0.36+0.03-9.73 +£0.71 — — — —
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Figure 2. Frequency distributions of activity concentrations (Bq-kg™") in soil sample from Saluga and Ghazal Protectorate
area in Aswan, Egypt for 2%U, 2°Ra, *®Ra, *’Th, “’K and ¥Cs.

Activity (Bq.kg-1)
w2
o

Activity (Bq.kg

concentrations (Bq-kg ') in soil sample under investiga- for more than 85% of soil sample ranged between 13 to
tion from Saluga and Ghazal Protectorate area in Aswan, 25 for 28U and **Ra, while **Th and ***Ra more than 50%
Egypt for **U, **Ra, **Ra, **Th, “’K and "*’Cs. From of samples under investigation ranged between 13 and 19
the figure it can be noticed that the activity concentration Bq-kg'. More than 75% of soil samples ranged from 400

OPEN ACCESS WJINST



S.HARB ET AL. 11

protectorate is 0.86 that indicates the status of the radio-
active secular equilibrium between *Ra and **U in
these soils otherwise the mean ***Ra/***Th ratio is 0.99
referring to complete equilibrium between thorium se-

to 550 Bq-kg ' for “’K, but *’Cs much of 46% of sam-
ples under investigation to be less than 1 Bq-kg ™.

Figure 3 shows the concentration ratios that evaluated
from the measured values of activity concentrations. The
mean value **Ra/***U ratios for different soil samples of ries.
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Figure 3. Elemental correlation between natural radionuclides in soil samples from Saluga and Ghazal Protectorate area in

Aswan, Egypt.
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The mean ratios 2*Th/?%U, 2*Th/*K, 2*U/*°K and
226Ra/*%K are 0.35, 0.02, 0.199 and 0.09 for the Protecto-
rate soil. The highly significant correlation occurring be-
tween uranium and thorium is consistent with the geo-
chemical behaviour of their complexes, namely, the ten-
dency of uranium and thorium to concentrate in the fluid
phase during magma tic differentiation. Uranium and
thorium, with their daughters present in rock and soil, are
the main contributors to the absorbed dose rate in air and,
hence, to the dose absorbed by the population [18]. Ra-
dioactivity in soil results from the rock from which it is
derived. It is diminished by leaching of water, diluted by
increased porosity and by added water and organic mat-
ter, and augmented by sorption and precipitation of ra-
dionuclides from incoming water.

The soil on the top that contributes significantly to
background dose. Background concentrations of radio-
nuclides in soil vary because of many factors. Soil may
have been produced from the weathered top layer of
still-intact bedrock below or transported laterally from
the same rock unit or type some distance away. One of
methods of transport is natural phenomena such as
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earthquakes, volcanoes, and change in soil composition
from flooding.

The concentrations of the radioisotopes in different
plant samples are reported in Bq-kg™' of dry weight as
shown in Table 1. The concentration of “*Ra ranged
from 1.36 + 0.10 to 17.58 + 1.28 while both ***Ra and
2Th had the same range of activity concentrations from
2.12 + 0.15 to 17.89 + 1.30; while ***Th concentration
values approximation have the same extent, ranged from
2.13 £ 0.16 to 16.66 + 1.21. For *°K, the concentrations
ranged from 156.86 + 11.42 to 1186.46 + 86.38 Bq-kg .

Figure 4 shows the frequency distributions of activity
concentrations (Bq-kg ™' for dry weight) in plant sample
from Saluga and Ghazal Protectorate area in Aswan,
Egypt for “°Ra, **Ra, ***Th and “’K. From the figure it
is clear that the activity concentration for more than 70%
of plant sample ranged between 3 to 12 Bq-kg ™' for dry
weight for *Ra, **Ra and ***Th. For **K much of 29%
of samples under investigation to be ranged from 200 to
400 Bq-kg "' for dry weight.

Figure 5 shows the concentration ratios that evaluated
from the measured values of activity concentrations. The
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Figure 4. Frequency distribution of activity concentrations (Bq-kg™) in plant from Saluga and Ghazal Protectorate area in

Aswan, Egypt for °Ra, **Ra, *’Th and “’K.
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Figure 5. Elemental correlation between natural radionuclides in plant samples from Saluga and Ghazal Protectorate area in
Aswan, Egypt.

mean ratio **Ra/***Ra, »*Th/***Ra, #*Th/***Ra, “’K/**Ra, 22Th/**Ra ratios for different plant samples of Protecto-
*Ra/*K and *’Th/*K are 0.87, 0.89, 0.98, 0.75, 0.63  rate is 0.98 that indicate the status of the radioactive
and 0.70 for the Protectorate soil, the mean values secular equilibrium in thorium series.
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The transfer factors (TF) for *Ra, 2*Th and its daugh-
ter “*Ra and “’K were obtained soil-in plant samples
growing in Saluga and Ghazal Protectorate area in As-
wan, Egypt.

The TF in this ecosystem is as high as 0.19 to 0.73 for
**Ra, 0.09 to 0.88 for **Th, 0.10 to 0.76 for ***Ra and
0.31 to 2.95 for *K as listed in Table 1. The high value of
TF is attributed to the abundance of the organic matter in
the forest soils. The rapid recycling of natural radionuc-
lides through the soil-plant system of this undisturbed
multistoried ecosystem suggests the existence of an in-
ternal cycling that help the accumulation of natural ra-
dionuclides in this ecosystem.

4. Conclusions

The analytical results provide that all samples of this
particular area significantly contain three radioactive
isotopes (2**U, ***Th and *’K), all of which probably ori-
ginated in the ancient craters at the Saluga and Ghazal
Protectorate area in addition of the presence of '*’Cs in
the soil. The mean values of activity concentrations of
these elements (Bq-kg ') in soil samples are 19.02 + 1.43,
16.92 + 1.28,21.96 + 1.66,21.93 + 1.65, 505.92 + 37.84
and 1.90 + 0.20 for 2*U, **°Ra, »**Th, ***Ra, “’K and "*'Cs,
respectively.

The mean values of activity concentrations for **U,
Ra, *’Th, **Ra, “K and "'Cs were 19.02 + 1.43,
16.92 + 1.28,21.96 + 1.66,21.93 + 1.65, 505.92 + 37.84
and 1.90 + 0.20 Bq-kg™', respectively. The transfer fac-
tors (TF) for 226Ra, 22Th, ***Ra and *°K were 0.43, 0.31,
0.32 and 1.06, respectively.
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