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Abstract The levels of heavy metals were determined
in the water of Bendimahi River Basin, statistically
analysed and compared to natural gross radioactivity
concentration. Fifteen samples of water were collected
from Bendimahi River and Van Lake for two seasons
in 2005. Water samples were analyzed for eight trace
elements and concluded together with gross-alpha and
gross-beta radioactivity concentrations. Atomic absorp-
tion spectrometry (AAS) was used to determine the
concentrations of heavy metals in water samples
collected from Bendimahi River basin. Correlation
analysis was made for radioactivity and heavy metal
concentrations and the Pearson correlation coefficients
between gross-alpha and gross-beta radioactivity and
heavy metal were determined. The concentrations of all
metals were found to be higher than WHO, EC, EPA
and TSE-266 guidelines for drinking water, except for

Zn and Cu. Generally, the heavy metal concentrations
in water samples obtained in May and in August were
found to be in sequence of Fe>Zn>Pb>Cr>Cu>Mn>
Co>Cd and Fe>Zn>Cu>Pb>Cr>Mn>Co>Cd, respec-
tively. The gross-alpha and gross-beta activity concen-
tration varies between 0.063 and 0.782, 0.021 and
0.816 Bq l−1 in samples collected in May, and 0.009
and 0.037, 0.081 and 3.116 Bq l−1 in samples collected
in August.
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Introduction

Environmental contaminant is a major problem being
faced by the society. One of the many pollutants in
the environment is heavy metals. The presence of
heavy metals in atmosphere is due to a natural and an
anthropogenic origin. Heavy metals are among the
most toxic pollutants present in marine, groundwater
and industrial wastewater. The source of heavy metals
in environment, and more specifically in water
systems has been attributed primarily to man made
sources, such as agricultural activities and stack
emissions from industrial sources. While the toxic
metal compounds turned back to earth arrive to
surface waters with river, rain and snow waters, they
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may be mixed to groundwater by filtering from soil.
However, natural waters also contain toxic metals
depending upon the structure of bedrock. Farming
and forestry also contribute to the contamination of
the aquatic media by metals due to the use of
fertilisers and pesticides (Friberg et al. 1986).

Trace elements have important effects in the life
processes. The most activities have concentrated some
of heavy metals in certain areas up to the dangerous
levels of living organism (Chatterjee and Chatterjee
2000). Trace elements such as lead, mercury, arsenic,
copper, zinc and cadmium are toxic for the humans
even at very low level of intake and accumulated in
living organisms and produce disease and disorders.
The toxic metals can be taken up directly by humans
and animals through the inhalation of dusty soil or
they may enter the food chain as a result of their
uptake by edible plants and animals (Gleyzes et al.
2002; Tuzen 2003; Moreno et al. 2005) or leach down
to groundwater and contaminate drinking water
resources, and may cause, in both cases, hazards to
the health of humans and animals (Senesil et al.
1999).

Radioactivity in surface waters is mainly origi-
nated from radioactive elements in the earth’s crust.
Surface water and especially ground water play an
important role in the migration and distribution of
these elements in the earth’s crust (Doğru and
Külahcı 2004). Concentrations of natural radionu-
clides in water could be related to the physico-
chemical conditions and the geological formation of
the area.

Natural radioactivity arises mainly from the primor-
dial radionuclides, such as 40K, and the radionuclides
from the 238U and 232Th and their decay products,
which are present at trace levels in all ground
formations (Tzortzis et al. 2004). It should be taken
into account that water input from rain and river runoff
could affect the distribution of these radionuclides.

The purpose of this study was to the determine Co,
Fe, Mn, Zn, Cr, Cd, Cu and Pb and statistically
comparison to natural radioactivity in water of
Bendimahi River basin for two seasons. The knowl-
edge of concentrations and distributions of the heavy
metals and gross-alpha and gross-beta radioactivity in
water samples are of interest since it provides useful

information in the monitoring of environmental
contaminations (Özmen et al. 2004).

Experimental

Sample collection

The first stage prior to the analysis is the collection of
samples. Totally 15 sampling sites have been determined
in Bendimahi River. The location of sampling sites is
given in Fig. 1. Two sampling operations were carried
out in the wet and arid season, i.e. May 2005 and
August 2005, respectively. Water samples were col-
lected into sterilized clean two liters polyethylene
bottles. Immediately after collection, the samples were
acidified with analytical grade HNO3 (E. Merck) to
prevent absorption of metals into the walls of container
and transported to the laboratory for analysis. Each
water samples was filtered through a Whatman No. 42
filter paper. Collected all samples were stored in
refrigerator at 4°C.

Chemistry

In order to determine concentrations of heavy metal in
the water samples, enrichment method via evapora-
tion was used. Each sample was individually divided
into three equal amounts (100 ml) for the statistics
and evaporated up to dryness. After evaporation, the
residues were dissolved in 10 ml HNO3 (20 vol%)
solution and then, 30 ml double-distilled water was
added to solution. The final solutions were transferred
into the plastic vials and analysed by AAS (Solaar
AA Series) (Ekpo and Ibok 1999).

Radioactivity

Each 100 ml of filtered 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″ diameter stainless steel planchette and
dried. The dried residues in each planchette was cooled
and weighed to determine their masses. Finally, all
samples were counted for gross-alpha and gross-beta
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activity concentrations by nuclear spectroscopic system
which contains gas-flow proportional counters (PIC-
MPC 9604, UK) byKrieger method (Krieger 1975). The
counting time was 1,000 and 100 min for gross alpha

and beta, respectively, by four independent 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.

Fig. 1 Locations of sampling sites
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Data analysis

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

Results and discussion

Chemistry

The mean concentrations of heavy metals in water
samples of Bendimahi River basin together with
Institution of Turkish Standards (TSE 1997), World
Health Organisation (WHO 2006), United States
Environmental Protection Agency (EPA 2002) and
European Community (EC 1998) limits in May and
August are presented in Table 1 and Table 2,
respectively. As seen Tables 1 and 2, the mean
concentrations showed that the levels of heavy metals
in water for two seasons were different from each
other on each sampling site. For two seasons, Zn and
Cu were lower than the TSE-266, WHO, EPA and EC

standards while Fe, Pb and Cd were relatively higher
than these standards. There are no regulatory stand-
ards for cobalt in water that can be used for direct
comparison with obtained data.

In Table 1, the highest and lowest concentrations of
Pb in water were found in W14 as 0.19 and in W10 as
0.01 mg l−1, respectively. The mean and range
distribution of Zn in the water samples were 0.15
and 0.05–0.17 mg l−1, respectively. Copper concen-
trations in the water samples were lower than TSE-266
standards and ranged between 0.05 and 0.11 mg l−1.
The concentration of Cr was determined between 0.11
and 0.24 mg l−1 in nine samples and was not detected
in one sample. The concentration of Mn ranged
between 0.11 and 0.23 mg l−1 in five samples. The
mean and range distribution of Co in the water samples
were 0.02 and 0.01–0.05 mg l−1, respectively. The
concentrations of Fe only in W5 and W10 were lower
than guidelines given by TSE-266, WHO, EPA and
EC. In the other samples, the concentrations of Fe were
found to be higher than these standards and ranged
between 0.21 mgL−1 and 4.47 mgL−1. The concen-
trations of Cd ranged between 0.01 and 0.03 mgl−1.
Although the concentrations of Cr, Fe, Cd and Pb in
the lake water (in W15) were higher than TSE-266

Table 1 Mean concentrations of heavy metals in water samples in Bendimahi River basin in May together with TSE-266, WHO, EPA
and EC limits

Site Heavy metal concentrations (mg l−1)

Pb Zn Cu Cr Mn Co Fe Cd

TSE-266 0.05 5 3 0.05 0.05 – 0.2 0.005
WHO 0.01 – 2 0.05 0.4 – – 0.003
EPA – 5 1 0.1 0.05 – 0.3 0.005
EC 0.01 – 2 0.05 0.05 – 0.2 0.005
W1 0.13 0.08 0.06 0.03 0.02 0.02 0.52 0.02
W2 0.06 0.09 0.07 0.05 0.01 0.03 0.24 0.01
W3 0.07 0.07 0.05 0.11 0.01 – 0.21 0.02
W4 0.17 0.13 0.10 0.12 0.03 0.02 0.72 0.02
W5 0.09 0.11 0.07 0.17 0.01 0.02 0.18 0.03
W6 0.10 0.09 0.07 0.19 0.12 0.03 1.15 0.01
W7 0.19 0.11 0.09 – 0.03 0.01 0.58 0.02
W8 0.06 0.09 0.09 0.04 0.02 0.02 0.31 0.01
W9 0.03 0.10 0.11 0.05 0.11 0.05 0.62 0.01
W10 0.01 0.05 0.06 0.24 0.03 0.01 0.11 0.01
W11 0,02 0.14 0.07 0.08 0.12 0.01 0.91 0.01
W12 0.11 0.17 0.09 0.15 0.03 0.04 0.23 0.01
W13 0.10 0.08 0.07 0.16 0.19 0.03 1.76 0.01
W14 0.19 0.16 0.11 0.11 0.23 0.01 4.47 0.02
W15 0.05 0.13 0.10 0.13 0.02 0.03 0.23 0.01
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standards, the concentrations of Zn, Cu and Mn were
lower than the same guidelines of TSE-266.

In Table 2, the highest concentrations of Pb were
found in W1 and W7 stations and the average value
was about 0.23 mg l−1. In 10 samples, the concen-
trations of Pb were lower than guidelines given by
TSE-266. In three samples, the average value was
about 0.09 mg l−1. The concentrations of Zn and Cu
were lower than the TSE-266, WHO, EPA and EC
standards. The highest concentrations of Zn were
found in W7 as 0.25 mg l−1. The average value of Zn
was determined as 0.17 mg l−1 in W1, W4 and W7. In
four samples, the average value was about 0.11 mg l−1.
In seven samples, the average value 0.08 mg l−1 was
obtained. Copper was detected in all samples with
range distribution of 0.12–0.08 mg l−1. The concen-
trations of Cr in 5 samples were higher than TSE-266
standards. The concentration of Cr in W1 was found to
be higher than guidelines of EPA. Chromium was not
detected in W8 and W11. The concentrations of Mn in
all samples were lower than the TSE-266, WHO, EPA
and EC standards but the concentration of Mn in W4
was higher than TSE-266, EPA and EC standards,
except for WHO standards. The concentrations of Fe in
W4, W6 and W7 exceeded guidelines given by TSE-

266, WHO, EPA and EC. In the other samples, the
range distribution of Fe was 0.08–0.16 mg l−1. The
concentrations of Cd in all samples ranged between

Table 2 Mean concentrations of heavy metals in water samples in Bendimahi River basin in August together with TSE-266, WHO,
EPA and EC limits

Site Heavy metal concentrations (mg l−1)

Pb Zn Cu Cr Mn Co Fe Cd

TSE-266 0.05 5 3 0.05 0.05 – 0.2 0.005
WHO 0.01 – 2 0.05 0.4 – – 0.003
EPA – 5 1 0.1 0.05 – 0.3 0.005
EC 0.01 – 2 0.05 0.05 – 0.2 0.005
1 0.22 0.18 0.10 0.12 0.02 0.04 0.15 0.03
2 0.02 0.10 0.09 0.02 0.02 0.00 0.13 0.01
3 0.07 0.09 0.08 0.02 0.01 0.01 0.12 0.05
4 0.03 0.16 0.10 0.05 0.27 0.02 2.15 0.01
5 0.01 0.09 0.08 0.07 0.02 0.03 0.08 0.01
6 0.12 0.18 0.09 0.09 0.05 0.04 0.62 0.01
7 0.25 0.25 0.11 0.10 0.02 0.05 0.39 0.03
8 0.08 0.11 0.08 – 0.01 0.02 0.08 0.01
9 0.05 0.08 0.12 0.02 0.02 0.06 0.16 0.01
10 0.02 0.07 0.11 0.02 0.01 0.04 0.11 0.01
11 0.01 0.07 0.09 – 0.03 0.02 0.08 0.01
12 0.03 0.10 0.11 0.02 0.02 0.05 0.09 0.01
13 0.02 0.08 0.09 0.04 0.03 0.04 0.12 0.01
14 0.02 0.10 0.10 0.04 0.02 0.05 0.10 0.01
15 0.02 0.09 0.11 0.07 0.01 0.04 0.13 0.01

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

Site Radioactivity (Bq l−1)

Gross-α Gross-β

1 0. 10±0.06 0.12±0.05
2 0.14±0.08 N.D.
3 0.63±0.37 N.D.
4 0.78±0.48 N.D.
5 0.26±0.16 N.D.
6 0.25±0.15 0.46±0.22
7 N.D. N.D.
8 0.06±0.02 0.13±0.09
9 0.18±0.10 N.D.
10 0.58±0.35 N.D.
11 0.10±0.06 0.03±0.01
12 0.23±0.13 N.D.
13 N.D. 0.02±0.01
14 N.D. 0.82±0.39
15 N.D. 0.31±0.12

N.D. Not Detected
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0.01 and 0.05 mg l−1 and were found to be higher than
the TSE-266, WHO, EPA and EC standards.

Generally, heavy metals concentrations in the
waters in May and August were decreased in
sequence of Fe>Zn>Pb>Cr>Cu>Mn>Co>Cd and
Fe>Zn>Cu>Pb>Cr>Mn>Co>Cd, respectively. Asubiojo
et al. (1997) studied the levels of heavy metals in
drinking and groundwater samples and reported the
sequence to be in Zn>Mn>Cu>Pb>Cr>Co>Cd in
groundwater samples. In the previous study, the
concentrations of heavy metals in drinking water
were investigated and found the sequence to be in

Fe>Cr>Cu>Zn>Mn>Pb>Cd (Öztürk and Yilmaz
2000). Özmen et al. (2004) investigated the concen-
trations of major elements and heavy metals in
surface waters and found the sequence to be in
Na>Mg>K>Ca>Fe>Zn>Mn>Cu.

The metals in lakes and rivers come from natural
sources as well as artificial sources, such as rock
weathering, soil erosion or dissolution of water-
soluble salts. Since heavy metals are normally found
in constitution of rock and ores, they can be found in
organisms, waters, sediments and soils (Reddy and
Prasad 1990). The metals in the natural waters are
found as free ions, inorganic and organic compounds
and absorbed by particular materials. In the sediment,
though heavy metals are precipitated or absorbed,
they convert into ionic forms with some physical and
chemical effects and can show their toxic effects
(Freedman 1989). However, depending on the pH,
some heavy metals which have high solubility in
water have toxic properties. Thus, they damage the
environment and human health.

The Bendimahi River and its tributaries settle in
volcanic terrains of the Tendürek Mountain. Heavy
metals found in the rocks and soils of the basin are
transported by rainwater to river and lake. The metals
transported by rainwater and increased by human
activities have affected water quality of river. The
most important human activities in the studied area
are agricultural cultivation and fertilization. The
heavy metals are transported either dissolved in water
or as an important part of suspended sediments.
Heavy metals may be volatilized to the atmosphere
or stored in lake and river sediments.

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

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

Gross-α 1
Gross-β −0.20 1
Pb 0.06 0.54* 1
Zn −0.22 0.49* 0.35* 1
Cu −0.21 0.37 0.15 0.44** 1
Cr 0.44* 0.21 0.00 −0.19 −0.08 1
Mn −0. 40* 0.41 0.21 0.25 0.19 0.03 1
Co −0.11 0.08 −0.15 0.02 0.39* −0.11 −0.13 1
Fe −0.36* 0.70** 0.46** 0.33* 0.31* −0.03 0.84** −0.14 1
Cd 0.19 0.49* 0.37* 0.09 −0.07 −0.04 −0.01 −0.24 0.22 1

*p<0.05

**p<0.01

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

Site Radioactivity (Bq l−1)

Gross-α Gross-β

1 N.D. 3.12±1.16
2 0.02±0.01 0.09±0.04
3 0.02±0.01 1.03±0.48
4 0.03±0.01 0.08±0.05
5 0.03±0.01 0.64±0.30
6 N.D. 0.08±0.04
7 0.02±0.01 0.73±0.34
8 N.D. 0.25±0.10
9 0.02±0.01 0.80±0.37
10 0.02±0.01 1.03±0.48
11 0.04±0.02 0.68±0.32
12 0.03±0.01 0.57±0.29
13 N.D. 1.41±0.65
14 N.D. 1.72±0.79
15 0.02±0.01 1.14±0.53
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Radioactivity

The mean concentrations of gross-alpha and gross-beta
in water samples of Bendimahi River inMay and August
are given Tables 3 and 4, respectively. The gross-alpha
and beta radio activity concentrations were not detected
in nine and seven samples, respectively, in two seasons.
Deeply analysis on the radioactivity concentration is
prepared to be published in a separate work.

Data analysis

Pearson correlation coefficients between heavy metals
and gross-radioactivity in water samples for two seasons
are presented in Tables 5 and 6, respectively. Table 5
has shown that there were strong interactions between
Pb and Zn, Fe and Cd and between Cu and Co and Fe.
There were strong interaction between gross-alpha and
Cr, Mn and Fe. While correlation between gross-alpha
and Cr were positive, correlation between gross-alpha
and Mn and Fe were negative. There were strong
interaction between gross-beta and Pb, Zn, Fe and Cd
and all correlations were positive.

From Table 6, significant correlations were found
between Pb and Zn, Cr and Cd and between Cu and

Zn, Cr and Cd. There were strong interaction between
gross-alpha and gross-beta and Mn. For two seasons,
the highest correlations in water samples were found
between Mn and Fe.

Conclusions

This work, according to our best knowledge, is the
first detailed study of trace element and statically
comparison to natural radioactivity concentrations in
water samples in Bendimahi River basin. It provides a
good baseline for setting standards for water quality
in the basin.

Heavy metals are released into the Bendimahi
River and its tributaries from industrial activities,
polluted air, agricultural cultivation and fertilization.
The heavy metals are transported either dissolved in
water or as important part of suspended sediments.
Because of having a variable and typical geological
combination of volcanic, a magmatic and sedimentary
deposit, Bendimahi River basin was considered to be
a representative area.

It has been shown that the trace heavy metal
quality of waters in Bendimahi River basin is

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

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

Gross-α 1
Gross-β −0.32* 1
Pb −0.09 0.30 1
Zn 0.00 0.10 0.67** 1
Cu 0.07 0.11 0.18 0.24 1
Cr 0.03 0.06 0.67** 0.38* 0.11 1
Mn 0.34* −0.03 −0.18 0.23 −0.01 −0.02 1
Co −0.16 0.19 0.26 0.02 0.41* 0.34 −0.16 1
Fe 0.28 −0.25 −0.05 0.35* −0.02 0.09 0.97** −0.16 1
Cd −0.13 0.27 0.54** 0.33* −0.11 0.03 −0.16 −0.17 −0.10 1

*p<0.05

**p<0.01

Table 7 Comparison between heavy metal levels (mg l−1) in water samples in Bendimahi River with other rivers

River Pb Zn Cu Cr Mn Co Fe Cd References

Bendimahi 0.08 0.12 0.09 0.09 0.05 0.03 0.56 0.02 This study
Siahroud 0.08 0.09 <0.01 – 0.17 – 0.33 0.01 Charkhabi et al. 2005
Guadiamar 0.04 0.35 0.03 0.47 2077 0.09 Alonso et al. 2004
Ganges 0.03 0.19 0.02 – 0.20 – 0.19 – Sarkar et al. 2007
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generally good for some metals. For two seasons, Zn
and Cu concentrations were lower than the guidelines
given by TSE-266, WHO, EPA and EC while Fe, Pb
and Cd concentrations were relatively higher than
these guidelines. A comparison between the heavy
metal levels in the water samples with those of other
rivers is shown in Table 7. It can be seen that, except
for Mn, the concentrations of other heavy metals in
water samples are higher than in the other rivers
compared. Correlation analysis showed that interac-
tion between some metals was significant. For two
seasons, the highest correlations in water samples
were found between Mn and Fe.

The relationship between heavy metals and both
gross alpha and gross beta radioactivity concentration
is statistically shown.
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