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Abstract The concentrations of the natural radioac-
tivity in water, soil and sediment samples collected
from Bendimahi River which originates near the
Tendürek Mountain (Van, Turkey), its tributaries and
Van Lake (Turkey) were measured. The gross-alpha
and gross-beta radioactivity concentrations were
investigated in May and August in 2005. Determina-
tion of the gross-alpha and gross-beta radioactivity of
river water, soil and sediment samples was obtained
by using gas-flow proportional counter, PIC-MPC
9604-α/β counter. In water samples, the obtained
results show that in May; gross-alpha and gross-beta
activity concentrations varied between 0.063–0.782
and 0.021–0.816 Bq l−1 and in August the values
were 0.009–0.037 and 0.081–3.116 Bq l−1, respec-
tively. The gross-alpha and gross-beta activity con-
centrations in soil samples ranged from 0.800 to
4.277 Bq g−1 and 0.951 to 11.773 Bq g−1 in May and
0.686 to 4.713 Bq g−1 and 0.073 to 9.524 Bq g−1 in
August, respectively. Concentrations ranging from 0.782

to 4.596 Bq g−1 and from 0.482 to 10.372 Bq g−1 in
May and from 0.580 to 5.824 Bq g−1 and from 0.303 to
9.702 Bq g−1 in August for gross-alpha and gross-beta
radioactivity were observed in sediments, respectively.
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Introduction

Radioactivity present in surface waters is mainly due to
the presence of radioactive elements in the earth's crust.
The earth's crust contains small amounts of uranium,
thorium, and radium as well as radioactive isotopes of
potassium. The average of 238U in earth's crust has been
estimated to be 2.7 mg kg−1 and the average of 232Th
content of the earth's crust about 9.6 mg kg−1 (Lide
1994). Uranium in phosphate rock deposits throughout
the world range from 3 to 400 mg kg−1 (Guimond
1978). Surface water and especially ground water play
an important role in the migration and distribution of
these radionuclides in the earth's crust. Human activities
have contributed to the increased concentration of some
of radionuclides in the environment (Baxter 1996;
Bradley and Roberts 1998).

Natural waters contain a small and variable
quantity of alpha and beta emitters from decay of
uranium and thorium and their daughters, together
with 40K (UNSCEAR 1993). Concentrations of
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natural radionuclides in water can be related to the
physico-chemical conditions and the geological for-
mation of the area.

Contributed natural radioactivity to marine system
and aquatic media is mainly due to the U- and Th-
series radionuclides and natural K (Yu and Mao 1994;
Drndarski et al. 1996). An aquatic ecosystem has very
low levels of radioactive contaminants and serves as
the environmental transport medium of radionuclides.
Since water helps to transport and distribute the
elements in the earth, the aquatic ecosystem is greatly
affected by the radioactive substances (Santschi and
Honeyman 1989). Rivers transport particulate materi-
als and dissolved species from land to sea. The
radioactivity of lake and river sediments is generally
low due to the presence of uranium in disequilibrium
with its daughters. The ocean and its sediments serve
as an important reservoir and a redistribution system
for radionuclides.

The determination of radionuclides in environmental
samples is a crucial task in relation to the protection of
human health. Water quality is an important parameter
of environmental studies. One of the drinking water
standards were established by World Health Organiza-
tion (WHO) for gross-alpha and gross-beta radioactivity
concentrations (WHO 2006). World Health Organiza-
tion recommends for the limits of gross-alpha and
gross-beta radioactivity concentration in drinking water
below 0.5 and 1.0 Bq l−1, respectively. In Turkey, the
first guideline was recommended by the Institute of
Turkish Standards (ITS 2001). According to this
guideline, radioactivity concentrations in drinking
water for gross-alpha and gross-beta should be 0.1
and 1.0 Bq l−1, respectively. If one of the guideline
values is exceeded, radionuclides have to be identified
and their individual activity concentrations need to be
measured.

The Bendimahi River basin is located in Northeast
Van, Turkey. The Bendimahi River drains the Çaldıran
Lowland and its basin lay through the Muradiye
Lowland and its surround. The Bendimahi River basin
covers with volcanic terrains of the Tendürek Mountain
and consist of basaltic, andesitic and granitic rocks.
The minerals containing radionuclides which are found
in constitution of these rocks are subsequently trans-
ported towards surface waters (Oruc et al. 1976).

In this work, we aimed to determine the natural
radioactivity concentration of the Bendimahi River
and Van Lake for two seasons (spring and summer).

The reason for this selection is that May and August
is the wettest and the most arid months of the region,
respectively. For this purpose, gross-alpha and gross-
beta radioactivity concentrations in waters, soils and
sediments of Bendimahi River basin were determined
by using gas-flow proportional counter in nuclear
spectroscopic system.

Experimental

Sample collection

Samples were collected from Bendimahi River where
entries into Van Lake. Figures 1 and 2 show a
geological map of the studied area and the location
of sampling sites, respectively.

The samplings were carried out for two seasons
since selected seasons are the wettest and the most
arid season of the studied area. During May and
August 2005, fifteen samples of each water, soil and
sediment were collected along the Bendimahi River
basin. Water samples were collected into sterilized
clean 2-l polyethylene bottles to determine gross-alpha
and gross-beta activity concentrations. Sediment and
soil samples collection was simultaneously done with
water sample collection at each sampling point.

Sample preparation

Collected water samples were immediately acidified
in situ with concentrated HNO3 (Analytical Grade, E.
Merck) by adding only a several drops to prevent a
growth of microorganisms, pH stability and to
minimize water-wall interactions. Then, they were
transported to the laboratory for the analysis. Each
water samples was filtered through a Whatman No 42
filter paper and the solid matter was discarded. The
diameter and pore size of the filter paper were
125 mm and 2.5 μm, respectively. After filtration,
100 ml of each water sample was poured into 250 ml
beakers and slowly evaporated at low temperature
(about 60°C) until approximately 4–5 ml of water
remained. After all, each sample was poured into 2-in.
diameter stainless steel planchette and dried. The
dried residues in each planchette were cooled and
weighed to determine their masses.

The soil and sediment samples were collected at least
2 kg weight and put in vacuum plastic bags directly after
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collection to prevent them from atmospheric humidity,
and once arrived in the lab, the sediment are taken from
the bags to dry in the air at room temperature for several
days. Then, both soil and sediment samples were dried
in an oven at 80°C for 12 h and grinded with mill. The
samples were sieved through a stainless steel sieve
(75 μm) and reduced to a powder. About 400 mg of
powdered sediment and soil of each sample was

transferred into a 2-in. diameter stainless steel plan-
chette. Distilled water was used to evenly spread the soil
and sediment samples on the planchette. It must be
noted to amount of residue obtained from evaporation,
while the gross alpha radioactivity measurement in
water samples is made. If amount of residue is higher
than 400 mg, the effect of self-absorption of radiation
increases and the fewer particles arrive to detector.

Fig. 1 A geological map of the studied area
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Finally, all samples were counted for gross-alpha
and gross-beta activity concentrations by nuclear
spectroscopic system which contains a gas-flow
proportional counter (PIC-MPC 9604, UK).

The instrumentation to count the gross alpha and
gross beta activities was α/β counter of the multi-
detector low background type with four sample

detectors (PIC-MPC 9604, UK). The sample detectors
are gas flow window-type counters with an ultra-thin
window. The counting gas was a mixture of 90%
argon and 10% methane. All samples were placed in a
2-in. diameter stainless-steel planchette for counting.
The operating voltage on the detector was selected as
1,515 V.

Fig. 2 Locations of sampling sites
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The system was calibrated for alpha and beta
energies by preparing standard samples which contain
equal concentrations. 241Am (3.78 kBq) and 90Sr
(3.76 kBq) were used to calibrate the system for alpha
and beta energies, respectively. The calibration sources
were obtained from their salt form as AmCl3 in 1 M
HCl and SrCl2 in 0.1 M HCl for alpha and beta
calibrations, respectively. The self-absorption curve
was obtained individually for alpha and beta and used
for all samples counts with also counting geometry
corrections. The mean counting efficiencies for the
system are found to be 3.8% for alpha and 9.5% for
beta concentrations.

The counting time was 1,000 and 100 min for
gross alpha and gross beta, respectively, by four
independent detectors in the system, simultaneously.
Each sample was counted for three times in row and
the results were given in arithmetic mean with the
statistical errors (Dogru and Kulahci 2004). The
detection limit, i.e. minimum detectable concentra-
tion, is calculated from a combination of instrument
calibration parameters (efficiency, attenuation factor,
background and background counting time) and
sample parameters (residual mass, volume and sample
counting time). If net activity concentration is less
than calculated uncertainty, this is called not detected
(ND) or under detection limit.

Results and discussion

Waters

The mean radioactivity concentrations of gross-alpha
and gross-beta in waters of Bendimahi River in May
and August are given Tables 1 and 2, respectively.
The uncertainties given with the results are calculated
by taking k=1.96 (about double of the standard
deviation). Since the calibration was based on the
241Am source, the obtained results indicate the 241Am
equivalents. As seen in Table 1, in May, the gross-α
radioactivity concentration ranged between 0.063 and
0.782 Bq l−1. The gross-α radioactivity concentra-
tions of twelve samples were lower than 0.5 Bq l−1

and these values of eight samples were higher than
0.1 Bq l−1. The gross-β radioactivity concentration
laid between 0.021 and 0.816 Bq l−1. The gross-β
radioactivity concentrations of all samples were lower
than 1.0 Bq l−1.

Table 2 shows that, in August, the lowest and the
highest concentrations of the gross-alpha radioactivity
were determined in W9 as 0.008 Bq l−1 and in W11 as
0.037 Bq l−1, respectively. The gross-alpha radioac-
tivity concentrations of all samples were lower than
0.5 Bq l−1 and also lower than 0.1 Bq l−1. The gross-
beta activity concentrations ranged from 0.081 to
3.116 Bq l−1. The gross-β radioactivity concentrations

Table 1 The gross-alpha and beta activity concentrations of
water samples in May

Sample code Gross-α (Bq l−1) Gross-β (Bq l−1)

W1 0.099±0.059 0.118±0.052
W2 0.138±0.082 N.D.
W3 0.630±0.374 N.D.
W4 0.782±0.484 N.D.
W5 0.258±0.161 N.D.
W6 0.247±0.148 0.457±0.223
W7 N.D. N.D.
W8 0.063±0.040 0.134±0.085
W9 0.184±0.118 N.D.
W10 0.584±0.348 N.D.
W11 0.104±0.063 0.029±0.020
W12 0.225±0.134 N.D.
W13 N.D. 0.021±0.014
W14 N.D. 0.816±0.388
W15 N.D. 0.306±0.119

N.D. not detected

Table 2 The gross-alpha and beta activity concentrations of
water samples in August

Sample code Gross-α (Bq l−1) Gross-β (Bq l−1)

W1 ND 3.116±1.157
W2 0.009±0.006 0.090±0.041
W3 0.012±0.008 1.031±0.478
W4 0.027±0.021 0.081±0.066
W5 0.026±0.017 0.636±0.299
W6 N.D. 0.083±0.039
W7 0.024±0.015 0.729±0.343
W8 N.D. 0.254±0.098
W9 0.008±0.006 0.798±0.371
W10 0.014±0.008 1.033±0.479
W11 0.037±0.023 0.682±0.320
W12 0.026±0.016 0.572±0.293
W13 N.D. 1.405±0.649
W14 N.D. 1.718±0.794
W15 0.010±0.006 1.137±0.530

N.D. not detected
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of nine samples were lower than 1.0 Bq l−1. Since
95% confidence interval used for the statistics the
uncertainty of the results is found to be relatively high.

The gross-alpha radioactivity concentration in
water samples is defined as the total radioactivity of
all alpha-emitters which in this case is mainly due to
uranium and radium isotopes since if thorium is
present it will be insoluble in water (Osmond and
Ivanovich 1992). The values of gross-alpha radioac-
tivity originated from these alpha-emitters in water

samples depend on the geological characteristic of
deep-water intakes (basalt rocks) and the content of
mineral components. These alpha emitters arrive to
surface waters with rain and snow waters. Alpha
emitters mixed to groundwater by filtering from soil
have contributed to the increased concentration of
gross-alpha in water samples.

The gross-beta radioactivity in natural water is due
to the natural long-lived isotopes 40K, 210Pb and
228Ra (Cothern et al. 1986); others are artificial

Table 3 The gross-alpha and beta activity concentrations of
soil samples in May

Sample code Gross-α (Bq g−1) Gross-β (Bq g−1)

S1 1.549±0.957 3.010±1.385
S2 1.290±0.765 8.147±3.743
S3 1.521±0.939 2.916±1.342
S4 1.096±0.642 1.313±0.488
S5 2.348±1.391 11.773±5.410
S6 1.368±0.836 1.043±0.388
S7 4.277±2.639 5.947±2.735
S8 2.089±1.289 4.332±1.992
S9 1.733±1.027 7.909±3.635
S10 1.264±0.740 0.951±0.354
S11 4.263±2.630 6.563±3.018
S12 0.800±0.475 4.086±1.879
S13 1.763±1.045 6.820±3.135
S14 1.389±0.813 1.020±0.380
S15 2.655±1.638 3.753±1.727

Table 4 The gross-alpha and beta activity concentrations of
soil samples in August

Sample code Gross-α (Bq g−1) Gross-β (Bq g−1)

S1 1.629±1.006 2.367±1.091
S2 1.230±0.720 1.143±0.425
S3 0.686±0.407 3.174±1.460
S4 1.284±0.752 0.650±0.243
S5 4.713±2.908 7.536±3.465
S6 1.734±1.068 8.597±3.951
S7 2.272±1.346 6.422±2.952
S8 1.634±0.957 0.073±0.044
S9 4.189±2.585 3.388±1.562
S10 3.181±1.963 5.870±2.699
S11 2.481±1.470 9.343±4.293
S12 2.161±1.264 0.913±0.341
S13 3.468±2.140 2.820±1.301
S14 1.817±1.077 9.524±4.376
S15 0.921±0.540 1.091±0.405

Table 5 The gross-alpha and beta activity concentrations of
sediment samples in May

Sample code Gross-α (Bq g−1) Gross-β (Bq g−1)

SED1 1.324±0.818 2.375±1.094
SED2 1.192±0.707 5.549±2.551
SED3 0.782±0.458 0.537±0.201
SED4 4.596±2.835 8.609±3.958
SED5 1.589±0.942 9.077±4.171
SED6 2.158±1.279 10.372±4.767
SED7 1.804±1.056 1.412±0.525
SED8 2.612±1.612 3.416±1.573
SED9 2.279±1.333 1.865±0.692
SED10 2.484±1.472 9.801±4.504
SED11 1.932±1.130 1.014±0.378
SED12 2.880±1.777 4.466±2.055
SED13 1.676±1.035 2.781±1.281
SED14 1.562±0.926 7.762±3.567
SED15 1.134±0.664 0.482±0.181

Table 6 The gross-alpha and beta activity concentrations of
sediment samples in August

Sample code Gross-α (Bq g−1) Gross-β (Bq g−1)

SED1 0.580±0.340 0.452±0.170
SED2 4.040±2.492 3.323±1.532
SED3 0.933±0.554 3.489±1.605
SED4 1.962±1.148 1.381±0.514
SED5 4.094±2.526 3.873±1.783
SED6 4.934±2.923 6.205±2.853
SED7 2.349±1.374 0.303±0.118
SED8 3.798±2.343 1.930±0.895
SED9 2.892±1.714 9.702±4.458
SED10 2.263±1.324 0.822±0.308
SED11 5.824±3.593 6.620±3.045
SED12 2.378±1.409 6.047±2.780
SED13 1.067±0.625 0.482±0.182
SED14 4.503±2.778 5.265±2.422
SED15 1.082±0.642 5.529±2.541
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isotopes, such as 90Sr and 137Cs. However, the gross
beta activity in water samples in the studied area
could be affected by the fallout of the Chernobyl
accident. Radioactive elements including plutonium,
iodine, strontium and caesium were scattered over a
wide area after the Chernobyl explosion in 1986.
Iodine, strontium and caesium were the most danger-
ous of the elements released, and have half-lives of
8 days, 29 years, and 30 years respectively. The
isotopes Strontium-90 and Caesium-137 are therefore
still present in the area to this day. 137Cs and 90Sr in
soil exist with different ratios in different soil depths.
Precipitation and flooding erode radionuclide on
surface soils. These dissolved species may reach near
the river and groundwater.

Soil and sediments

The mean radioactivity of the gross-alpha and gross-
beta in soil samples of Bendimahi River in May and
August are given Tables 3 and 4, respectively. As
seen in Table 3, in May, the gross-alpha and gross-
beta radioactivity concentrations varied between
0.800 and 4.277 Bq g−1 and between 0.951 and
11.773 Bq g−1, respectively. Table 4 shows that the
gross-alpha and gross-beta radioactivity concen tra-
tions in August ranged from 0.686 to 4.713 Bq g−1

and from 0.073 to 9.524 Bq g−1, respectively.
The mean concentrations of gross-alpha and gross-

beta radioactivity in sediment samples in May and
August are presented in Tables 5 and 6, respectively.
According to Table 5, in May, the lowest and the highest
concentrations of gross-alpha and gross-beta radioactiv-
ity were determined as 0.782 and 4.596 Bq g−1 and as
0.482 and 10.372 Bq g−1, respectively. In Table 6, the
gross-alpha and gross-beta radioactivity concentrations
in August varied between 0.580 and 5.824 Bq g−1 and
between 0.303 and 9.702 Bq g−1, respectively.

Unlike for drinking water, there are no regulatory
standards for radiological contaminants in soils or
sediments that can be used for direct comparison with
obtained data.

The obtained results showed that the gross-alpha
and gross-beta radioactivity concentrations in soil
and sediment samples were found to be relatively
higher than observed results in the other works
(Yuanxun et al. 2003; Stephen 2004). This can be
explained by the presence of igneous rocks in the
basin of Bendimahi River, leaching of natural radio-

nuclides from the rocks and soils together with
rainwater into the basin and the frequently usage of
basin terrains as agricultural area. Uraninit and
thorite in hornblende found in constitution of
andesite, trachyte, rhyolite and granite rocks include
uranium and thorium radionuclides. The leached
radionuclides due to igneous rocks, soils and agricul-
tural area are transported to under terrains and into
rivers by rainwater and erosion. Agricultural fertil-
izers products contain various trace elements such
as uranium and thorium decay series members and
40K (NCRP 1987). The use of fertilizers in agricul-
tural areas can increase the concentrations of these
natural radionuclides in soils. For example, the
potassium content of soils of arable lands is strongly
influenced by the use of fertilizers (Eisenbud and
Gessel 1997).

Conclusions

The main target of this work was to determine the
natural radioactivity in the basin of Bendimahi River
by determining gross alpha and gross beta radioactiv-
ity concentrations. In the most of water samples of the
basin of Bendimahi River, the concentrations of
gross-alpha (especially, in samples collected in May)
and gross-beta radioactivity (especially, in samples
collected in May) were higher than in the guidelines
given by WHO for drinking water. Natural radioactiv-
ity is directly related to the kind of geological layers
crossed by waters and of their physico-chemical
conditions. The gross-alpha and gross-beta radioactiv-
ity concentrations for two seasons are higher than the
guidelines given by the authorities. It is demonstrated
that the obtained results are greatly affected by
geological structure.

It was found that the concentrations of gross-alpha
and gross-beta radioactivity in soil and sediment
samples were relatively higher than those in other
rivers. The obtained results showed that the geolog-
ical formation and agricultural areas strongly affected
the occurrence of natural radioactivity.
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