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Abstract
Heavy metals are a major environmental problem and have become a global problem due to

their high toxicity and their ability to accumulate in the body of living organisms. The aim of
this study was to investigate the concentrations of heavy metals such as arsenic (As), cadmium
(Cd), chromium (Gago-Ferrero et al.), copper (Cu), silver (Hg), manganese (Mn), nickel (Ni)
and zinc (Zn) in samples of water and fish from the Malayer Dam in Hamadan Province, Iran.
Samples of water and fish were collected in five steps (in May, June, September, October,
February) from 19 locations in Kalan dam route of Malayer, in Hamedan, Iran. Water and fish
species including Vimba vimba and Cyprinus carpio species were transferred to the laboratory.
Fish samples were digested by 4 ml HNO; and 1 ml HCIO,4. The amounts of heavy metals in
water and fish were determined using ICP-AES and Duncan's test (0.05) was used for data
analysis with SAS software. Results showed that the mean concentrations of the studied heavy
metals were lower than the WHO, FAO, and USEPA guidelines for drinking water. The mean
concentrations of Zn and Cr were significantly higher than other heavy metals in water samples.
The results also showed that the highest concentrations of heavy metals (except Zn) were
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observed in spring than other seasons. The mean concentration of the heavy metals for Cyprinus
carpio followed the sequence Cr> Zn>Ni>Cu>Cd>Hg>As>Mn in first sampling. There were
significant correlations between all heavy metals’ accumulation in the Cyprinus carpio fish with
heavy metals concentration in water samples. The results showed that the concentration of
heavy metals in fish samples was correlated with the concentration of heavy metals in water
samples and the accumulation of heavy metals in fish increased with increasing concentrations
of heavy metals in water samples. The concentrations of heavy metals studied in fish are lower
than those limits in the WHO and FAO guidelines and will not cause any harm in human
consumption.
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Table 1. Heavy metals limitation in drinking and agricultural waters according to some national and international
standards (FAO, 1983, USEPA, 2005, ISIR, 2010, WHO, 2012)

Drinking Irrigation
ety ikl water water
- ISIRI ISIRI
pg L USEPA WHO 1053 FAO WHO 1053
As - 10 - 100 - -
Cd 5 3 3 10 10 10
Cr 100 50 50 100 100 100
Cu 1300 2000 2000 200 200 200
Hg - 1 - - - -
Mn - 500 - 200 - -
Ni - 20 - 200 - -
Zn 5000 3000 3000 2000 2000 2000
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Table 2. Average, maximum and minimum concentrations of heavy metals in the water samples at different times

Date of q

sampling As Cd Cr Cu Hg Mn Ni Zn
Average 8.9%" 1.0° 47.1° 8.4 2.9° 7.2° 4.3 49.1*

21.2.1396 Max 185 2.3 57.8 18.4 6.6 9.8 6.4 89.9
Min 1.4 0.1 40.4 5.8 0.4 5.3 1.8 26.0

Average 9.6% 1.0% 40.1° 11.1° 2.7° 7.4 3.9° 53.7°

19.3.1396 Max 18.7 2.6 49.7 19.0 4.3 9.8 5.7 96.6
Min 4.0 0.2 30.0 7.3 0.2 5.0 1.2 32.1

Average 6.2° 0.02° 36.0° 2.4° 3.2° 3.4° 1.3° 65.6°

23.6.1396 Max 8.7 0.08 42.2 3.9 5.6 5.8 2.0 95.2
Min 4.0 0.0 30.3 1.0 1.3 1.0 0.99 45.7

Average 6.3° 0.02° 41.4° 2.2° 3.0 4.7° 1.3° 68.6%

17.7.1396 Max 8.1 0.05 46.4 3.2 4.5 7.1 2.0 86.9
Min 4.8 0.0 38.3 1.2 1.2 1.0 1.0 51.8

Average 6.9 0.05° 32.8° 2.3° 0.96° 3.3° 2.2° 41.2°

20.11.1396 Max 10.6 0.09 37.6 3.4 1.8 4.9 3.6 56.9
Min 4.7 0.01 30.5 1.2 0.32 1.0 0.82 30.8

Similar letters indicate no significant difference at 5% level with Duncan’s test.
Similar letters show significant differences between the averages of heavy metals.
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Table 3. Average concentration of heavy metals in fish tissue (ug g * dry weight)
Date of sampling As Cd Cr Cu Hg Mn Ni Zn
Cyprinus 23.6° 47.3° 83.9° 53.6° 38.0° 3.1° 55.0° 63.0°
carpio
21.2.1396 Dead 13.9 ND 45.6 4.8 27.4 15 36.0 72.1
Cyprinus
carpio
Cyprinus 33.7° 46.5% 77.5b 75.1° 26.2° 2.2b° 36.2° 79.0°
carpio
el Vimba ND ND ND 132 ND 012 150 224
vimba
Cyprinus 16.3° 15.7° 25.4° 16.3° 43.1° 1.8° 11.9° 92.1°
carpio
23.6.1396 Vimba ND ND 381 100 142  ND 263 177
vimba
Cyprinus 17.7° 17.5° 32.9° 11.2° 37.5° 2.7%° 15.0° 95.8*
carpio
17.7.1396 Dead 10.0 11.3 51.2 11.2 21.8 0.41 22.5 62.8
Cyprinus
carpio
Cyprinus 20.4° 21.6° 26.2° 16.1° 17.0° a.9” 24.5° 35.7°
carpio
20.11.1396 Vimba ND ND 128 45 032  ND 249 319
vimba
WHO - 0.2 10 10 0.5 - 0.885to 100

ND: These elements were not detectable

Similar letters indicate no significant difference at 5% level with Duncan’s test.
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Table 4. Correlation between measured concentrations of heavy metals in water and fish at different times

Heavy

metals Heavy metals concentration in fish
in water

As Cd Cr Cu Hg Mn Ni Zn

As 0.93* - - - - - - -
Cd 0.84 0.99** - - - - - -
Cr 0.28 0.65 0.77 - - - - -
Cu 0.92* 0.96** 0.95* 0.98** - - - -
Hg -0.02 0.14 0.30 0.20 0.90* - - -
Mn 0.80 0.94* 0.98** 0.91* -0.07 0.65 - -
Ni 0.79 0.99** 0.96** -0.91* -0.19 0.50 -0.96** -
Zn -0.39 -0.45 -0.30 -0.33 -0.76 0.04 -0.59 -0.96**

* Significant correlation at 0.05 level and ** highly significant correlation at 0.01 level.
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