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Heavy Metals Assessment in Water,
Sediments and Some Organs of Oreochromis
niloticus under the Impact of Sewage Water
Abstract
The present work, aimed to estimation the physicochemical characters of water
and metals Aluminum (Al), Chrome (Cr), Manganese (Mn), Iron (Fe), Cobalt (Co),
Nickel (Ni), Copper (Cu), Zinc (Zn), Selenium (Se), Cadmium (Cd) and Lead (Pb)
accumulation in sediments and different fish organs (gills, intestine, kidney, liver,
muscles, ovary, testis and skin) of Oreochromis niloticus, which collected from
sewage water in El-kharja, New Valley, Egypt using inductively coupled plasma
mass spectrometry (ICP-MS).
The present study showed that Fe was the highest accumulation level in water,
sediments and fish tissue. Metals concentration in water following trend:
Fe>Al>Mn>Ni>Zn>Pb>Cr>Se>Cu>Co>Cd. However, metals accumulations
in sediments were as follows: Fe>Al>Ni>Mn>Cr>Cu>Zn>Pb>Cd>Se>Co.
Also, liver was highest accumulated metals organ, while muscles recorded
the lowest concentration of metals. Metals accumulation trend was:
Liver>Kidney>Ovary>Intestine>Gills>Testes>Skin>Muscle. In conclusion, the
present study revealed that the accumulation of Al, Fe, Mn, Ni and Pb in water
were above the permissible limits. However, Al and Fe in muscles were above the
permissible limits. This study showed that results of water toxicity tests and metals
accumulation in fish may be used together in the water quality assessment.
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Introduction
Water contamination caused when an input from human activities
cause an increase of a substance in fresh water, sediments and
organisms above the natural background level for that area
and for those organisms [1]. Occurrence of potential toxicants
in aquatic ecosystem causes a reduction in the quality of the
aquatic environment that results in impaired level of dissolved
oxygen (DO), pH, temperature, biological oxygen demand, and
chemical oxygen demand [2]. Though chemical monitoring
of water and sediment is a common and reliable measure to
describe the degree of contamination, it is not the case for the
overall assessment for evaluating the effects of pollution on the
environment as toxic or biological effects on organisms cannot be
obtained by this method.

complex mixture of chemicals causing multiple damages at the
organisms, population and ecosystem level, in organ function
[3, 4]. Different compounds in polluted water are reported to
damage the genetic material of exposed organisms and therefore
cause genotoxic effects. The toxicity of these elements is due
to their ability to cause, oxidative damage to living tissues [5].
Heavy metal toxicity includes the binding of heavy metals
more strongly to functional sites that are normally occupied by
essential functional groups of biologically important molecules
thus disrupting the integrity of entire cells and their membranes,
making them inactive, decomposing essential metabolites
and changing the osmotic balance around the cells [6]. The
degeneration and malformation (morphological alterations) of
the cells reflect one aspect of the cytotoxic impacts after exposure
to pollutants and serve as an index of cytotoxicity [7-9].

Organisms in aquatic environments are usually exposed to a

Metals were of particular concern due to their toxicity and
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ability to bio-accumulate in aquatic ecosystems [10] as well
as persistency in the natural environment. Recently, different
types of biomarkers have been studied and evaluated for their
acceptability to detect the biological effects as a biomonitoring
tool [11-13]. Biomonitoring, a promising tool for identifying
pollutants (bio-indicators) that affect human and environmental
health, is especially useful with organisms, thus exposed in
biological systems (biomarkers) [14].
In Egypt, the problems of the drainage canals have extremely
increased in the past years [15] where disposing of partially
treated or untreated domestic and industrial wastewater into
agricultural drains deteriorates their water quality [16]. El-Shikh
pond in Elkharja city, New Valley lies between latitudes 25° 41’
N to 25.43N and longitudes 30° 56’ E to 30° 57’ E. It is receiving
agricultural and domestic wastes without purification in addition
to sewage of El-kharja city.
The present study aimed to evaluate the physicochemical
characteristics of water, sediments and determination of heavy
metals in different tissues Oreochromis niloticus from El-Shikh Pond.

Materials and Method
Study area
The present study was extended from April to July 2014 and
carried out in El-shikh Pond, which located in El-kharja city, New
Valley governorate, Egypt lies between latitudes 25° 41’ N to
25.43N and longitudes 30° 56’ E to 30° 57’ E which extends for
4.33 Km. This drain receives untreated domestic sewage from
numerous villages in addition to the agricultural and industrial
wastes (Figures 1A and 1B). The renewal of the water in the
pond is very low. The pond fauna exhibits low diversity, with
Oreochromis niloticus as the dominant species.
•

Samples collection: 150 specimens of Oreochromis
niloticus were collected (from April to July 2014). The wet
weight and total body length of the fish were measured,
blood sampling was done.

•

Sample Preparation: Fish were transported to the
laboratory for blood smears analysis. Ten water samples
and sediment were collected and transported to the
laboratory for water quality analysis.

•

The physicochemical characteristics

Some physicochemical characters as temperature, pH,
Conductivity and turbidity were measured by using water checker
U-10 Horiba Ltd at the same time of sample collection. Other
characters such as Dissolved oxygen, Biological Absorbed oxygen,
Chemical consumed oxygen, Total dissolved Solids, Nitrate, Total
nitrogen; Total alkalinity and Organic carbon were measured by
traditional manual methods [17, 18].
•

Determination of heavy metals: Sampling water, sediments
and fish samples were collected from the studied sites
during summer 2014.

Water sampling: Duplicate water samples were taken with a
water sampler from five localities in the studied area between
10:00 and 12:00 a.m. at a depth of 30 cm below the water surface
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Figure 1 Map shows studied area.

and stored at 4 ◦C in a clean 1000 ml sampling glass bottles [19].
Sediment sampling: Duplicates of five core samples of sediment
up to 20 cm in length were taken from selected area with polyvinyl
chloride (PVC) corers [20]. The corers were immediately sealed
and stored at 4°C.
Fish sampling: fish were collected from the same area where
water and sediment samples were collected. Then stored frozen
for further investigation. Fish gills, liver, kidney, muscles, skin and
gonads were minced and well mixed, then approximately 1.0 g
was placed in a 150 ml beaker and 10 ml concentrated nitric acid
was added. The mixture was then heated until the appearance of
dense white fumes that indicate the nitric acid had evaporated.
The mixture was cooled, then 10 ml of 25% hydrochloric acid was
added and the solution was transferred to 250 ml volumetric
flasks that were subsequently brought to volume with deionized
water.
Each sample of water was put in screw-capped tube till complete
dryness. Ten ml of concentrated nitric acid was added to the
sample to dryness, and then diluted to 20 ml with deionized
water. The solution was filtrated, transferred to 250 ml
volumetric flask, marked and stored refrigerated till analysis. For
the digestion of sediment samples, 1-2 g wet weight is digested
with repeated additions of nitric acid and hydrogen peroxide, the
resultant digested is reduced in volume while heating and then
diluted to a final volume of 250 ml. All metals concentrations
in the samples were determined by inductively coupled plasma
mass spectrometry (ICP-MS) (Thermo Fisher Scientific, Bremen,
GmbH).

Ethical Statement
All experiments were carried out in accordance with Egyptian laws
and University guidelines for the care of experimental animals. All
procedures of the current experiment have been approved by the
Committee of the Faculty of Science (New Valley branch) of Assiut
University, Egypt.

Statistical Analysis
The basic statistics of the measured parameters were estimated.
The patterns of variation due to different tissues were tested by
using one-way ANOVA. The differences between means were
done by using The Tukey-HSD test. Range test was used as a post
hoc test to compare between means at p>0.05. The software
SPSS, version10 (SPSS, 1998) was used.
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Results
Water quality: Physical-chemical parameters
The increased metals level in water resources caused by
agricultural and domestic wastes are one of the main indicators
of chemical contamination. So the water physical-chemical
parameters shown in Table 1. The physicochemical characteristic
of water in selected area recorded in Table 1 during the period of
investigation (April to July 2014). The negative impact of different
sources of pollutants (sewage and agricultures) discharged into
the selected area; water confirmed by conductivity, turbidity,
dissolved oxygen, nitrogen and nitrate content in El-Shikh pond
as shown in table 1. Except temperature, pH, Nitrates, DO,
BOD and COD in the studied area, the physical character of
water was above the permissible limits of EOS (1993). Metals
concentration in water following trend: Fe>Al>Mn>Ni>Zn>Pb>
Cr>Se>Cu>Co>Cd. Also, the concentration of Al, Fe, Mn, Ni and
Pb were above the permissible limits (Table 1) recommended
by EOS (1993), and WHO (2008) referring to bad condition of
the aquatic ecosystems studied. Iron then Aluminum showed
the highest concentration of metals in sediments, followed by
Ni>Mn>Cr>Cu>Zn>Pb>Cd however, Cobalt the Selenium showed
the lowest one (Table 2).
Estimation of heavy metal residues in fish organs exhibited
different patterns of heavy metal accumulations, some above and
other under the permissible limits (Table 3) reflecting fish history,
organ specificity, and variability of aquatic ecosystem status. Liver
showed a highly significant increase in Fe, Ni, Co, Cu, Zn, Se and Cd
as a target organ. However, Al and Mn accumulated significantly in
kidney (Table 3). So, the highest concentration of metals recorded
in liver while muscles recorded the lowest concentration of
metal. The accumulation pattern of metals in different tissue
recorded as Table 3. This study showed that Al (66.42 ± 3.26 ppm)
and Fe (38.53 ± 1.52 ppm) were above the permissible limits that
recommended by EOS (1993) and WHO (2008).

Discussion
Increases use of metal based fertilizers in agricultural revolution
could result in the continued rises in the concentration of metal
pollutants in fresh water due to the water run-off [21, 22]. In
this respect, [23] postulated that the bioaccumulation of heavy
metal in fish body did not follow the same order of abundance
in the ambient water. Moreover, Kock and Hofer [23] reported
that even low concentration of heavy metal in water may result in
high concentrations in fish flesh, which often collects the lowest
percent of such metals.
Because of its great impact on aquatic life, water temperature
is an important component of a water quality assessment [22].
Temperatures affect the ability of aquatic organisms to grow,
reproduce, escape predators, and compete for habitat [24,
25]. The High levels of heavy metals during spring and summer
could be attributed to the changes associated with higher water
temperatures, which can cause higher activity and ventilation
rates in fish [26].
Our results showed that the physicochemical characteristics
of water in the selected area were recorded at intervals (Table
© Under License of Creative Commons Attribution 3.0 License
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1) during the period of investigation. The concentration of Al,
Fe, Mn, Ni and Pb were above the permissible limits (Table 1)
recommended by EOS (1993), and WHO (2008) referring to bad
condition of the aquatic ecosystems studied. Iron then Aluminum
showed the highest concentration of metals in sediments, on the
other hand, Cobalt the Selenium showed the lowest one (Table 2).
Aquatic organisms are exposed to contaminants through direct
uptake from the water phase, indirect uptake through food or
both. The direct uptake is influenced by the total concentration
and the bioavailability of the contaminant, as well as by the
physiological factors of the individual organisms [27]. The
bioavailability and subsequent bioaccumulation of metals is
related to the chemical specification of the elements, which is
influenced by the physicochemical conditions of the environment
(e.g., pH, conductivity, dissolved oxygen) which may be altered by
the input of wastewaters [28].
Similar to our results, Omar [29] reported that high concentration
of heavy metals studied in sediment samples result from
precipitation of these metals from the water column under
slightly elevated pH conditions recorded in the area, and from
the adsorption of heavy metals onto organic matter and their
settlement downwards.
Our results showed that kidney showed the highest concentration
of Al and Mn. Similarly, Authman et al. (2012) and Ibrahim
(2014) found that kidney of O. niloticus contained the highest
concentration of Al+3 and Mn+2 respectively.
It can be noticed that the highest bioaccumulation were
observed in the organs, mainly implicated in metal metabolism.
High contaminated fish may cause health risks to human. The
significant increases of Cu, Cd, Zn, Fe, Ni and Se in our results
where confirmed by Kaoud and El-Dahshan [30] who found that
the concentration of Cd and Cu in tissues was high in the liver.
Also, the high accumulation of Zn in fish liver agrees with [31, 32].
In addition, Ibrahim (2014) reported that the liver was the target
organ for Fe and Ni in Oreochromis niloticus.
On the other hand, the lowest levels of these metals and minerals
were found in the muscle compared with other tissues and organs.
Similar results have been reported in Oreochromis niloticus [30]
and other fish species [33-35]. The reason for this may be that
muscle tissue is less active compared with other tissue samples
and organs of fish. Muscle is the major tissue of interest under
routine monitoring of metal contamination because it is consumed
by people. Skin and muscle samples contained low concentrations
of metals. It was shown that metal accumulation in fish tissues or
organs depends on their physiological role. For instance, dermal
route is usually a minimal contributor of exposure, due to the
often effective barrier provided by the external epithelium [36].
Numerous recent studies have confirmed that muscle and skin in
fish have many lower concentrations of metals than liver, kidney,
gills and bones [37, 38].

Conclusion
Pollution with metals in the study area, as reflected by the high
metal concentrations recorded in water and sediment samples,
because of the continuous discharge to the aquatic habitats.
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Table 1 Some physicochemical characteristics of sewage water of El-Shikh pond at Elkharja, New Valley; presented data are means ± SE of measurements undertaken
during April-July 2014.
Parameters
* PHYSICOCHEMICAL PARAMETERS:
Temperature
Electric Conductivity
Turbidity
pH
Total Hardness as (CaCO3)
Calcium Hardness
Magnesium Hardness
Magnesium Mg+2
Ammonia as (N)
Nitrites as (N)
Nitrates as (N)
Fluoride
Cyanide (CN- )
Sodium
Potassium
Calcium Ca+2
* Organic Chemical Parameters
Dissolved Oxygen (D.O)
Bio Chemical Oxygen Diamond (BOD5)
Chemical Oxygen Diamond (COD)

Unit

Results

*Guide Line

C
µS/Cm
NTU
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Ppm

25.5 ± 4.25
381.30 ± 5.09
3.51 ± 0.45*
8.33 ± 1.25
1347 ± 29*
1210 ± 33*
540+21*
129+33
1.99+0.21*
0.23+0.03*
1.06+0.41
0.62+0.01
Nil
159+23
28.9+11.2
61.12 ± 6.20

35.0
—
1.00
6.5-8.5
500
350
150
—
0.40
0.06
10
0.8
0.05
200
—
—

mg/l
mg/l
mg/l

4.36+0.31
12.8+2.11
32+3.1

≥4
60
80

0

* Heavy Metals

WHO,
2008
0.003
0.50
0.01
0.20
0.20
0.10
1.00
3.00
0.30
1.00
0.10

EOS, 1993

Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Selenium (Se)
Cobalt (Co)
Nickle (Ni)
Copper (Cu)
Zinc (Zn)
Iron (Fe)
Aluminum (Al)
Manganese(Mn)

Ppm
Ppm
Ppm
Ppm
Ppm
Ppm
Ppm
Ppm
Ppm
Ppm
Ppm

(*) Above the permissible limits of EOS (1993)

0.003 ± 0.0004#
0.20 ± 0.01
0.33 ± 0.14*#
0.09 ± 0.02
0.01 ± 0.002
0.82 ± 0.03*#
0.08 ± 0.01
0.42 ± 0.06
9.06 ± 0.86*#
7.94 ± 1.83*#
0.90 ± 0.24*#

0.01
1.0
0.10
0.40
0.20
0.10
1.0
5.0
0.30
3.0
0.10

(#) Above the permissible limits of WHO (2008).

Table 2 Metals concentration (ppm) of sewage Sediments of El-Shekh pond at Elkharja, New Valley; presented data are means ± SE of measurements
undertaken during April-July 2014.
* Heavy
Metals

Cd

Cr

Pb

Se

Co

Ni

Cu

Zn

Fe

Al

Mn

2.04 ±
0.02

4.85 ±
0.05

3.43 ±
0.05

1.50 ±
0.06

0.25 ±
0.01

150.2 ±
7.3

4.17 ±
0.02

3.57 ±
0.03

175.1 ±
20.8

173.9 ±
3.8

124.4
± 5.2

The concentrations of heavy metals reach to a dangerous level
that affecting the health of local human communities. Therefore,
this study strongly recommends the coordination of different
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efforts to Prohibition to fish from this area and rescuing the
polluted habitats from serious ecological problems using proper
management.
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Table 3 Metals concentration (ppm) in different Oreochromis niloticus organs (G: Gills, INT: Intestine, K: Kidney, L: Liver, M: Muscle, OV: Ovary, Sk: Skin and
T: Testis) that collected from El-Shikh pond at Elkharja, New Valley; presented data are (means ± SE) of measurements undertaken during April-July 2014.
Tissues
Al

G

INT

K

L

M

OV

SK

T

63.87 ± 12.36*#B

63.59 ± 3.80*#B

92.54 ± 7.73*#D

42.29 ± 5.77#A

66.42 ±
3.26*#B

73.07 ±
4.27*#C

69.12 ±
4.10*#BC

70.84 ± 5.46*#C

1.98 ±
0.10E

1.74 ±
0.07D

1.86 ±
0.09DE

1.72 ± 0.09D

1.47 ±
0.07A

2.26 ±
0.12C

1.62 ±
0.09B

2.28 ± 0.16C

38.53 ± 144.83 ±
1.52*#A 8.57*#E

46.91 ±
2.35*#B

44.79 ± 2.76*#B

0.03 ±
0.001A

0.25 ±
0.02F

0.04 ±
0.002B

0.10 ± 0.007D

0.91 ±
0.03B

0.90 ±
0.04B

0.89 ±
0.04B

0.85 ± 0.04B

0.30 ±
0.01A

0.38 ±
0.01C

0.33 ±
0.01B

0.75 ± 0.19E

4.38 ±
0.17A

6.71 ±
0.28C

14.55 ±
0.98G

8.06 ± 0.91D

1.11 ±
0.07A

1.52 ±
0.07B

1.53 ±
0.09B

2.50 ± 0.62C

0.01 ±
0.001A

0.01 ±
0.001A

0.02 ±
0.001B

0.03 ± 0.008C

1.89 ±
0.18#EF

1.50 ±
0.17#CD

1.44 ±
0.18#C

1.73 ± 0.18#E

EOS,
1993

WHO,
2008

50.0

30.0

20.0

10.0

10.0

10.0

30.0

30.0

10.0

1.0

10.0

2.0

20.0

20.0

40.0

40.0

50.0

50.0

0.50

0.05

2.0

0.05

K>OV>T>SK>M>G>INT>L
Cr

1.14 ± 0.09A

1.75 ± 0.07D

1.55 ± 0.08C

1.31 ± 0.15B

M>SK>INT>OV>T>K>L>G
Mn

2.53 ± 0.29CD

2.71 ± 0.38D

11.37 ± 1.99*#F

3.67 ± 0.75E

K>L>INT>G>T>OV>SK>M
Fe

56.48 ± 4.48*#C

117.50 ±
19.50*#D

154.33 ± 27.10*# 158.17 ± 38.59*#E
L>K>OV>INT>G>SK>T>M

Co

0.05 ± 0.007C

0.15 ± 0.02E

0.19 ± 0.03E

0.25 ± 0.04F

L=OV>K>INT>T>G>SK>M
Ni

0.72 ± 0.05A

1.14 ± 0.10C

1.33 ± 0.17CD

1.41 ± 0.19D

L>K>INT>M>OV>SK>T>G
Cu

0.57 ± 0.13D

0.95 ± 0.16F

0.85 ± 0.18EF

1.49 ± 0.36G

L>INT>K>T>G>OV>SK>M
Zn

5.43 ± 0.85B

9.58 ± 1.05E

11.17 ± 2.04F

16.41 ± 1.83G

L>SK>K>INT>T>OV>G>M
Se

4.92 ± 1.42D

14.80 ± 4.86E

23.38 ± 8.29F

47.59 ± 14.05G

L>k>INT>G>T>SK>OV>M
Cd

0.03 ± 0.008C

0.09 ± 0.03#D

0.17 ± 0.05#E

0.20 ± 0.05#E

L>K>INT>G>T>SK>OV>M
Pb

0.73 ± 0.08#A

1.67 ± 0.12#D

1.42 ± 0.21#C

1.24 ± 0.14#B

M>T>INT>OV>SK>K>L>G
(*) Above the permissible limits of EOS (1993)
Different letters indicate significance at 0.05.

© Under License of Creative Commons Attribution 3.0 License
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