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Abstract An investigation of radioactivity and some
heavy metal distribution in soil and sediment of the
river basin (Bendimahi River, Van-Turkey) was
conducted in two seasons of 2005. The samples of
soil and sediment were collected from the basin and
investigated for concentrations of some heavy metal
and natural radioactivity. Concentrations of Pb, Cr,
Mn, Fe, Co, Cu, Zn and Cd have been determined by
Atomic Absorption Spectrometry (AAS), gross-alpha
and gross-beta activity concentrations have been
obtained by using gas-flow proportional counter in
nuclear spectroscopic system. Correlation analysis
was made for radioactivity and heavy metal concen-
trations and the Pearson correlation coefficients
between gross-alpha and gross-beta radioactivity and
heavy metal were determined.

Keywords Gross-alpha . Gross-beta . Heavymetal .

Natural radioactivity . Sediment . Soil

1 Introduction

Environmental pollution due to increase of the
industrial activities is one of the most significant
problems of this century. Pollution of the environment
by toxic contaminants such as heavy metal ions arises
as a result of many activities.

Pollution in soil systems is strictly related to
human activities such as industry, agriculture, burning
of fossil fuels, mining and metallurgical processes and
their waste disposal. Toxic elements, such as heavy
metals and metalloids, can be retained by soils and/or
mobilised to soil solution by biological and chemical
mechanisms with a potential impact on human health
(contamination of drinking water supplies, uptake by
vegetation and input into the food chain; Giuliano et
al. 2007). In contrast with organic pollutants, heavy
metals cannot be biologically or chemically degraded,
and thus may either accumulate locally or be trans-
ported over long distances.

Soil pollution by heavy metals is critical because the
soil can purify only slowly and partially, and pollutants
tend to accumulate in it (Kabata-Pendias and Pendias
2001). Soil properties, according to the variability in
organic and inorganic soil constituents, may have a
strong influence on progressive heavy metal accumula-
tion (Alloway 1995). In addition, metals can be
adsorbed onto the surface of minerals, like clay
minerals and high concentrations of heavy metals can
accumulate in sediments. The accumulation of metal
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contaminants in sediments can pose serious environ-
mental problems to the surrounding areas. Trace metal
contamination in sediment could affect the water
quality and the bioassimilation and bioaccumulation
of metals in aquatic organisms, resulting in potential
long-term implications on human health and ecosystem.

When the heavy metal contamination is very high
(thousands of mg/kg) and the metal sorption capacity
of the soil is exceeded, metals adsorbed in soils can
runoff into rivers or lakes or leach into the ground-
water, causing accumulation in animals, plants and
people (Mulligan et al. 2001).

Fig. 1 Locations of sampling sites
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The Bendimahi River basin is located in Northeast
Van, Turkey. The Bendimahi River bounded by the
latitudes 38°50′0″ and 39°20′0″ N and the longitudes
43°40′0″ and 44°10′0″ E (Fig. 1) drains the Çaldıran
Lowland and its basin lay through the Muradiye
Lowland and its surround. The Bendimahi River have
flowed in stream bed formed the basalt lavas
discharging from Tendürek Volcano. The Bendimahi
River basin covers with volcanic terrains of the
Tendürek Mountain and consist of basaltic, andesitic
and granitic rocks. The minerals containing radio-
nuclides which are found in constitution of these
rocks are subsequently transported towards surface
waters (Oruç et al. 1976). The geological and
hydrological detail of the site is given in Zorer et al.
(2007). In the studied area, while May is the wettest
season, August is the most arid season.

Because of having a variable and typical geolog-
ical combination of volcanic, magmatic and sedimen-
tary deposits, the Bendimahi River basin was
considered to be a representative area for the study
of soil and sediment. The purpose of this paper was to
analyse heavy metal concentrations for some ele-
ments (Cd, Co, Cr, Cu, Fe, Mn, Pb, and Zn) and
natural radioactivity concentrations found in soil and
sediments.

2 Experimental

2.1 Sample Collection

Sample collection and preparation is an important step
in the analysis of soils and sediments. Totally fifteen
sampling sites have been determined in Bendimahi
River basin. The location of the sampling sites is
given in Fig. 1. May and August were chosen as a
representative of two seasons and the sampling were
carried out during May and August in 2005. The
points of sampling were selected by considering
transportation facilities and by means including
tributaries of the river. Fifteen samples of soil and
sediment were collected along the Bendimahi River
basin. The soil samples were collected in the distance
from 50–100 m of the river and the sediment samples
were collected from the bottom or side of the river.
The soil and sediment samples were collected at least
2 kg weight and put into vacuumed plastic bags. The
samples were remained at room temperature for

several days. Then, they were dried in an oven at
80°C temperature for 12 h and grinded with mill.

2.2 Chemical Analysis

About 5 g of dried and grinded soil and sediment
samples was sieved through a stainless steel sieve
(75 μm) and reduced to a powder. Then, they were
dried in an oven at 106–110°C temperature for 2 h.
About 1 g of the powdered samples was accurately
weighed into each pre-cleaned vessel and digested at
room temperature with HCl/HNO3 (3:1) mixture
(15 mL per 1 g of sample) for 24 h (Nieuwenhuize
et al. 1991) Following, the suspensions were evapo-
rated at 80°C until dryness. Then, 10 mL 2 mol/L
HNO3 was added to residues. The final suspensions
were filtered through a Whatman No 42 filter paper to
eliminate the remaining solids and washed by double-
distilled water. The remaining solids on the filter
paper are contents of the silica in the soil and
sediment samples and they are discarded. The
digested solutions were analysed by AAS (Solaar
AA Series). Three measurements were made at each
sample for the statistics.

AAS calibration was carried out using standard
solutions whose concentrations ranged between 10
and 0.5 mgL−1. Calibration standards of Cu, Zn, Pb,
Mn, Fe, Co, Cr and Cd were prepared by appropriate
dilution of the 1,000 mgL−1 stock solutions (Merck).
The prepared standard solutions were 0.5, 1, 2, 4, 6,
8, 10 mgL−1.

2.3 Measurement of Radioactivity

About 400 mg of powdered sediment and soil of
each sample was transferred into a 2-in. diameter
stainless steel planchette. Finally, all samples were
counted for gross-alpha and gross-beta activity con-
centrations by nuclear spectroscopic system which
contains a gas-flow proportional counter (PIC-MPC
9604, UK).

The counting time was 1,000 and 100 min for
gross alpha and beta, respectively, by four indepen-
dent detectors in the system, simultaneously. Each of
samples was counted for three times and the results
were given in arithmetic mean with the statistical
errors. Detailed information and all obtained data
could be found in earlier publication (Zorer et al.
2007)
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3 Data Analysis

The analysis of variance (two-way ANOVA) was used
to determine concentrations of heavy metals, gross-
alpha and gross-beta radioactivity in soil and sediment
samples. All statistical calculation was carried out on
SAS/STAT statistical calculation program (SAS 2003).

4 Results and Discussions

The means of the obtained results from samples
analyzed for tree times were calculated, because
each result was considerably similar. The frequen-
cy distribution of heavy metals, gross-alpha and
gross-beta radioactivity in soil and sediment sam-

Fig. 2 Frequency distribution of heavy metals, gross-alpha and gross-beta radioactivity in soil samples in May
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ples in May and August are also shown in Figs. 2,
3, 4 and 5.

4.1 Chemistry

Soil According to Fig. 2, the concentration of Pb for
five samples was about 30 mg/kg. In two samples, the
concentration of Pb varied between 90 and 100 mg/kg.
The mean and range distribution of Zn were 163.81
and 79.81–234.03 mg/kg, respectively. In seven
samples, the average value of Zn was about 160 mg/kg.
The concentration of Cu was about 40 mg/kg in 4
samples, while the value of Cu was 50 mg/kg in other
three samples. The mean concentrations of Cr and Co
were 127.4 and 34.76 mg/kg, respectively. The concen-
tration of Cr was 100 mg/kg in six samples; however, the
concentration of Co was 30 mg/kg in five samples. In six
samples, the concentration of Cd was determined
between 1.0 and 1.5 mg/kg. The average value of Cd
was about 0.5 mg/kg in five samples.

The data were taken from soil samples in August
(Fig. 3) show that the concentration of Pb was 18 mg/kg
in four samples and the concentration of Zn was 70 mg/
kg in seven samples. The concentration of Cu was
determined as 16 mg/kg in six samples. In five samples,
11 mg/kg was obtained for Cu. The concentration of Cr
reached 20 mg/kg in ten samples. The concentration of
Mn was about 16 mg/kg in four samples. The value of
Mn obtained from six samples varied between 20 and
24 mg/kg. The average value of Co was about 5 mg/kg
in four samples, while in the other four samples, these
values were 9 mg/kg. The mean and range distribution
of Fe were 509.3 and 331.9–780.6 mg/kg, respectively.
In three samples, the average value of Fe was about
450 mg/kg. The concentration of Fe ranged between
500 and 600 mg/kg in six samples. The concentration of
Cd was 0.25 mg/kg in five samples.

Sediment It is seen in Fig. 4 that the concentration of
Pb for five samples was about 35 mg/kg and the
concentration of Zn for four samples was 100 mg/kg.
For Cu, in eight samples, the average value was
15 mg/kg. The mean and range concentrations of Cr
were 85.5 and 22.9–275.4 mg/kg, respectively. In ten
samples, the concentration of Cr was about 50 mg/kg.
The value of Mn reached 90 mg/kg in four samples
and reached 150 mg/kg in another three samples. The
values of Co were found to be 15 mg/kg in seven
samples. Cd concentration of three samples was found

to be 0.4 mg/kg, while the concentration of other
three samples has been found to be about 0.7 mg/kg.

Figure 5 shows the change of the heavy metal
concentrations in sediment samples in August. The
average concentration of Pb was 20 mg/kg in four
samples. The concentration of Zn obtained from nine
sediment samples changed between 40 and 60 mg/kg.
The values of Cu were found to be 10 mg/kg in five
samples and reached between 25 and 30 mg/kg in four
samples. The mean and range concentrations of Cr
were 42.85 and 13.63–136.26 mg/kg, respectively. The
value of Cr in eight samples was about 20 mg/kg. For
Mn, the repeated value in five samples was 10 mg/kg.
The concentration of Mn changed between 15 and
25 mg/kg in eight samples. The concentration of Co
was about 8 mg/kg in six samples. In all samples, the
values of Fe ranged between 223.3 and 706.8 mg/kg.
The average concentration of Fe was 350 mg/kg in five
samples and 400 mg/kg in another three samples. The
value of Cd was 0.1 mg/kg in six samples.

A comparison between the heavy metal levels in
the soil and sediment samples with those of other
rivers is shown in Table 1. It can be seen that the
concentrations of all heavy metals in soil samples are
lower than in Tinto River. Except for Zn and Cr
concentrations, the concentrations of the other ele-
ments are lower than in Zarga River. Table 1 shows
that with the exception of Co which was higher than
in Pearl River, all other elements in sediment samples
were lower than in the other rivers compared.

Trace metals in soils and sediments may exist in
different chemical forms or ways of binding. Trace
metals may be recycled via chemical and biological
processes, within the sedimentary compartment and
back to the water media (Forstner 1985; Tessier
and Campbell 1987). Trace metals can be deposited
and incorporated into sediment after entering aquatic
system. Sediment is an integral and dynamic part of
river basins. Sediments are usually considered as a sink
for trace metals, but they can also become a source
under certain conditions. The mobility and bioavail-
ability of the metals varied significantly with the soil
and sediment’s properties: particle size, organic matter,
carbonates, pH, redox potential and water flow.

According to the obtained results, while pollution in
the soil samples has not increase downstream, in the
sediment samples is partially different, because the soil
samples have especially characterized soils transported
from the highlands by rainwater and erosion. Heavy
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metal concentrations and distributions were generally
influenced by regional background levels. Geological
factors are major controls on the distribution of metals.
Since the soils in the studied area are direct derivatives of

volcanic bedrock, it is important to know the geochem-
ical characteristics of the underlying bedrock. The
minerals, which are found to be in volcanic rocks, have
influenced the heavy metal content in the soils. Olivine

Fig. 3 Frequency distribution of heavy metals, gross-alpha and gross-beta radioactivity in soil samples in August
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[(MgFe)2SiO4], siderite (FeCO3), pyrite (FeS2), hema-
tite (Fe2O3), magnetite (Fe3O4) and pyrrhotine (Fe1-xS)
minerals found in magmatic rocks especially basaltic
rocks have enhanced the iron content of the soil. Also,
chalcopyrite (CuFeS2) and bornite (Cu5FeS4) have

increased the copper content, while sphalerite (ZnS),
chromite (FeCr2O4) and cinnabar (HgS) have increased
the zinc, chromium and mercury content, respectively.
Additionally, the minerals of garnet group have affected
the heavy metal content in the magmatic rocks. The

Fig. 4 Frequency distribution of heavy metals, gross-alpha and gross-beta radioactivity in sediment samples in May
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distribution of heavy metals in the soil and sediments
were dependent on the sampling places along the river.
The heavy metal concentrations in soil samples
collected from different sampling places have differed
from each other. The heavy metal concentrations in the

samples collected from the sites, whose altitude is high,
have generally found to be high. When the sampling
sites approach the lake, the altitude has decrease and
the level of ground water has increase. Therefore, the
element concentrations have lowered. However, in the

Fig. 5 Frequency distribution of heavy metals, gross-alpha and gross-beta radioactivity in sediment samples in August
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all heavy metals, the iron concentrations are higher than
the other element concentrations. These have originated
from that the Fe content in the minerals in the basin is
very high. While the positive associations of certain
heavy metals (in our case Cd and Zn) with the organic
carbon content of the sediment might be attributed to
anthropogenic impacts (Rubio et al. 2000), Cu generally
shows high affinities to both dissolved and particulate
organic matter (Pettine et al. 1996; Adamo et al. 2006).
Cu, Pb, and Zn showed a similar distribution in the
study area. These trace metals in the sediments had

distinct geochemical behaviours, and possibly originat-
ed from major anthropogenic sources through inputs of
water and air. As a result, the trace metals (Cu, Pb, and
Zn) were accumulated in the sediment at the freshwa-
ter–saltwater interface.

4.2 Radioactivity

The gross-alpha and gross-beta radioactivity concen-
trations in soil and sediment samples in May and
August are shown in Table 2 and Table 3, respectively.

Table 1 Comparison of heavy metal levels (mg/kg) in soil and sediment samples between Bendimahi River and with other rivers

River Pb Zn Cu Cr Mn Co Fe Cd References

Soil
This study 32.43 117.27 34.20 80.89 20.92 22.26 509.30 0.82
Tinto 1196 645 709 123.67 282 181 98,574 1.59 Rufo et al. 2007
Zarga 93.05 103.71 44.33 72.50 34,884 Abderahman

and Abu-Rukah 2006
Guadiamar (unaffected soil) 38.2 109 30.9 68.6 678 12.4 0.33 Cabrera et al. 1999
Guadiamar (affected soil) 234 487 104 61.7 602 12.5 1.69 Cabrera et al. 1999
Sediment
This study 33.23 75.43 20.34 64.18 75.11 16.15 396.5 0.39
Po 52.65 303 76.78 1.81 Farkas et al. 2007
Pearl 34.8 106.05 28.6 67.35 11.76 Ip et al. 2007
Evros 60.1 115.0 43.0 77.3 0.40 Kanellopoulos et al. 2006
Upper Scheldt 233 1455 107 732 11.9 Vandecasteele et al. 2002
Tizsa 475.9 778.6 301.5 758 36,628 Osan et al. 2007
Szamos 86.7 797.3 153 1873.7 31,033 Osan et al. 2007
Tur 41.6 2080 66.8 1922.3 36,825 Osan et al. 2007

Table 2 The gross-alpha and beta activity concentrations of soil and sediment samples in May

Sample code Gross-α (Bqg−1) Gross-β (Bqg−1)

Soil Sediment Soil Sediment

S1 1.549±0.957 1.324±0.818 3.010±1.385 2.375±1.094
S2 1.290±0.765 1.192±0.707 8.147±3.743 5.549±2.551
S3 1.521±0.939 0.782±0.458 2.916±1.342 0.537±0.201
S4 1.096±0.642 4.596±2.835 1.313±0.488 8.609±3.958
S5 2.348±1.391 1.589±0.942 11.773±5.410 9.077±4.171
S6 1.368±0.836 2.158±1.279 1.043±0.388 10.372±4.767
S7 4.277±2.639 1.804±1.056 5.947±2.735 1.412±0.525
S8 2.089±1.289 2.612±1.612 4.332±1.992 3.416±1.573
S9 1.733±1.027 2.279±1.333 7.909±3.635 1.865±0.692
S10 1.264±0.740 2.484±1.472 0.951±0.354 9.801±4.504
S11 4.263±2.630 1.932±1.130 6.563±3.018 1.014±0.378
S12 0.800±0.475 2.880±1.777 4.086±1.879 4.466±2.055
S13 1.763±1.045 1.676±1.035 6.820±3.135 2.781±1.281
S14 1.389±0.813 1.562±0.926 1.020±0.380 7.762±3.567
S15 2.655±1.638 1.134±0.664 3.753±1.727 0.482±0.181
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Soil The gross-alpha radioactivity in seven samples
was about 1.3 Bq/g. The gross-alpha activity varied
between 1.8 and 2.3 Bq/g in four samples (Fig. 2).
The gross-beta radioactivity of eight samples ranged
between 2 and 4 Bq/g, while the activity of three
samples was about 6 Bq/g. The gross-beta activity
was almost zero in one sample in May (Fig. 2).

It is seen in Fig. 3 that the gross-alpha radioactivity
obtained from four samples in August was about
1.5 Bq/g. The gross-alpha activity of four samples
changed between 2.0 and 2.5 Bq/g, while the activity
of another four samples varied between 3.0 and
4.5 Bq/g. The average value of gross-beta activity
was about 1 Bq/g in four samples and 3 Bq/g in other

three samples (Fig. 3). The gross-beta radioactivity of
five samples varied between 6 and 9 Bq/g.

Sediment According to Fig. 4, the gross-alpha radioac-
tivity was found to be 1.5 Bq/g in 4 samples. The
activity of 6 samples changed between 2.0 and 2.5 Bq/g.
The gross-beta radioactivity was determined as 1 Bq/g
in 3 samples. The gross-beta activity of 4 samples varied
between 2 and 3 Bq/g, however, the activity of another
four samples varied between 9 and 10 Bq/g (Fig. 4).

The gross-alpha radioactivity obtained from eight
samples changed between 1 and 2 Bq/g. In three
samples, the average value of gross-alpha activity was
about 4 Bq/g (Fig. 5). The gross-beta activity was

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

Sample code Gross-α (Bqg−1) Gross-β (Bqg−1)

Soil Sediment Soil Sediment

S1 1.629±1.006 0.580±0.340 2.367±1.091 0.452±0.170
S2 1.230±0.720 4.040±2.492 1.143±0.425 3.323±1.532
S3 0.686±0.407 0.933±0.554 3.174±1.460 3.489±1.605
S4 1.284±0.752 1.962±1.148 0.650±0.243 1.381±0.514
S5 4.713±2.908 4.094±2.526 7.536±3.465 3.873±1.783
S6 1.734±1.068 4.934±2.923 8.597±3.951 6.205±2.853
S7 2.272±1.346 2.349±1.374 6.422±2.952 0.303±0.118
S8 1.634±0.957 3.798±2.343 0.073±0.044 1.930±0.895
S9 4.189±2.585 2.892±1.714 3.388±1.562 9.702±4.458
S10 3.181±1.963 2.263±1.324 5.870±2.699 0.822±0.308
S11 2.481±1.470 5.824±3.593 9.343±4.293 6.620±3.045
S12 2.161±1.264 2.378±1.409 0.913±0.341 6.047±2.780
S13 3.468±2.140 1.067±0.625 2.820±1.301 0.482±0.182
S14 1.817±1.077 4.503±2.778 9.524±4.376 5.265±2.422
S15 0.921±0.540 1.082±0.642 1.091±0.405 5.529±2.541

Table 4 Pearson correlation coefficients between heavy metals with gross-alpha and gross-beta radioactivity in soil in May

Variable Gross-α Gross-β Pb Zn Cu Cr Mn Co Fe Cd

Gross-α 1
Gross-β 0.374* 1
Pb 0.447** −0.009 1
Zn 0.167 −0.121 0.639** 1
Cu 0.165 −0.243 0.583** 0.689** 1
Cr −0.008 −0.236 0.152 0.327* 0.818** 1
Mn 0 0 0 0 0 0 1
Co 0.400** −0.051 0.850** 0.626** 0.731** 0.395** 0 1
Fe 0 0 0 0 0 0 0 0 1
Cd 0.279 −0.011 0.367* 0.278 0.257 0.149 0 0.337* 0 1

**p<0.01

*p<0.05
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almost zero in three samples (Fig. 5). In another three
samples, the gross-beta radioactivity was found to be
6 Bq/g. The gross-beta radioactivity changed between
1 and 3 Bq/g in four samples.

Contamination of soil with radionuclides is a
worldwide problem, which has been given interest
after the development of nuclear technology itself
over the last few decades. Uranium and thorium are
two naturally occurring radioactive elements in the
general environment and these isotopes are the
heaviest naturally occurring radio-nuclides. Along
with their radioactive decay products, they are
transferred to water and plants from soil and then to
humans through ingestion routes. These radioactive
elements are concentrated mostly in the surface layers
of soil as their migration downwards is limited and
depends on the many chemical and physical con-
ditions of the soil system (Lieser 1995; Bunzl et al.

1992) Pollution enters the river through scattered
point sources (industrial and urban effluent), as well
as diffusely along the entire length of the river
(agricultural activity). Therefore, the presence of
natural radioactivity in the studied area 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 (Zorer et al. 2007).

4.3 Statistical Studies

Pearson correlation coefficients between heavy metals
and gross-radioactivity in soil samples for two
seasons are presented in Table 4 and Table 5, while
the results of correlation analysis in sediment samples
for two seasons are shown in Table 6 and Table 7,

Table 5 Pearson correlation coefficients between heavy metals with gross-alpha and gross-beta radioactivity in soil in August

Variable Gross-α Gross-β Pb Zn Cu Cr Mn Co Fe Cd

Gross-α 1
Gross-β 0.344* 1
Pb 0.132 −0.167 1
Zn −0.155 −0.235 0.390** 1
Cu −0.251 −0.432** 0.298* 0.602** 1
Cr −0.267 −0.311* 0.078 0.298* 0.854** 1
Mn 0.106 −0.366* 0.077 0.680** 0.491** 0.327* 1
Co −0.175 −0.228 0.221 0.571** 0.820** 0.805** 0.527** 1
Fe −0.170 −0.087 0.228 0.811** 0.649** 0.564** 0.652** 0.810** 1
Cd 0.416* 0.130 0.169 −0.136 −0.046 −0.085 0.138 −0.078 −0.214 1

**p<0.01

*p<0.05

Table 6 Pearson correlation coefficients between heavy metals with gross-alpha and gross-beta radioactivity in sediment in May

Variable Gross-α Gross-β Pb Zn Cu Cr Mn Co Fe Cd

Gross-α 1
Gross-β 0.419** 1
Pb −0.123 −0.115 1
Zn −0.403** −0.182 0.283 1
Cu −0.441** −0.294 0.249 0.589** 1
Cr −0.523** −0.304* 0.223 0.569** 0.935** 1
Mn 0.111 −0.205 0.413** 0.342* 0.309* 0.246 1
Co −0.378* −0.314* 0.363* 0.697** 0.894** 0.850** 0.540** 1
Fe 0 0 0 0 0 0 0 0 1
Cd 0.012 0.221 0.555** 0.264 0.173 0.134 0.274 0.317* 0 1

**p<0.01

*p<0.05
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respectively. Table 4 has shown that there were strong
interactions between Pb and Zn, Cu, Co and between
Zn and Cu, Co. In addition, significant correlations
were also found between Cu and Cr, Co and between
Cr and Co. There was strong interaction between
gross-alpha and Pb amounts, as there is no evidence
that Co causes gross-alpha increases. All of correla-
tions were positive in soil samples in May.

It is seen in Table 5 that significant positive
correlations occur between Pb and Zn and between
Zn and Cu, Mn, Co, Fe. The correlations between Cu
and Cr, Mn, Co, Fe and between Cr and Co, Fe were
found to be significant. However, there were also
strong interactions between Mn and Co, Fe and
between Co and Fe. The significant correlation was
found between gross-beta and Cu. While correlations
between heavy metals were positive, correlation
between gross-beta and Cu was negative.

The correlation analysis of sediment samples in
May (Table 6) shows that there were strong inter-
actions between Pb and Mn, Cd and between Zn and
Cu, Cr, Co. In addition, significant correlations were
also found between Cu and Cr, Co and between Cr
and Co and between Mn and Co. The correlations
between gross-alpha and gross-beta, Zn, Cu, Cr were
found to be significant. While the correlations
between heavy metals and between gross-alpha and
gross-beta were positive, the correlations between
gross-alpha and Zn, Cu, Cr were negative.

According to Table 7, there were strong interac-
tions between Pb and Zn, Cd and between Zn and Cu,
Cr, Co. However, the correlations between Cu and Cr,
Co, Fe and between Cr and Co, Fe were found to be

significant. The significant correlations were also
found between gross-alpha and gross-beta, Cr and
between gross-beta and Cu, Co. While the correla-
tions between heavy metals and between gross-alpha
and gross-beta were positive, the correlations between
gross-alpha and Cr and between gross-beta and Cu,
Co were negative.

5 Conclusions

In this study we investigated the distribution of heavy
metals and natural radioactivity in soil and sediment
samples of Bendimahi River basin. The highest
concentrations of heavy metals were found for Zn,
Cr and Fe elements. In soil and sediment samples, the
final results have shown significant positive correla-
tions between gross-alpha radioactivity and Pb, Co
and between gross alpha radioactivity and gross-beta
radioactivity, respectively. Also, the significant nega-
tive correlations were found between gross-beta
radioactivity and Cu and between gross-alpha radio-
activity and Zn, Cu, Cr. It can be deducted from this
study that the gross alpha and gross beta radioactivity
concentrations and rates of heavy metal are high in
river basin since Bendimahi river basin covers with
volcanic terrains, basaltic, andesitic and granite rocks.
Tendurek mount is an active volcanic structure.

This research demonstrates that drainage basins
also received inputs of anthropogenic heavy metals
due to use of waste water and agricultural fertilizers in
this basin. However, the river sediment is considered
as a durable repository of the river pollution by

Table 7 Pearson correlation coefficients between heavy metals with gross-alpha and gross-beta radioactivity in sediment in August

Variable Gross-α Gross-β Pb Zn Cu Cr Mn Co Fe Cd

Gross-α 1
Gross-β 0.456** 1
Pb −0.099 −0.080 1
Zn 0.013 −0.177 0.599** 1
Cu −0.316* −0.445** 0.323* 0.681** 1
Cr −0.468** −0.350* 0.167 0.460** 0.886** 1
Mn 0.228 −0.167 −0.049 0.066 0.181 −0.092 1
Co −0.335* −0.551** 0.215 0.438** 0.816** 0.737** 0.235 1
Fe −0.361* −0.150 0.351* 0.272 0.512** 0.550** −0.125 0.350* 1
Cd −0.117 −0.160 0.545** 0.349* 0.084 −0.080 −0.072 −0.045 0.358* 1

**p<0.01

*p<0.05
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radionuclides, because water pollution components
are deposited in the sediment.

Since Bendimahi River basin cover with volcanic
terrains especially basaltic rocks, the gross alpha and
gross beta radioactivity and heavy metal concentra-
tions are found to be high. The minerals, which are
found in these volcanic rocks (basalt, andesite and
granite), have influenced both natural radioactivity
and the heavy metal concentrations.
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