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Accumulation of some heavy metals and biochemical
alterations in muscles of Oreochromis niloticus from the River
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agricultural, sewage and industrial sources. The present study
aimed to evaluate levels of some heavy metals (Cu, Mn, Pb and

ggﬁgﬁ;ﬁjs Zn) in certain tissues (gills, intestine and muscles) of
Accumulation Oreochromis niloticus collected from different sites of the River
Heavy metals Nile at Upper Egypt during winter and summer (2009). Moreover
Fish the effect of accumulated heavy metals on total proteins, total
Proteins lipids and the activities of transaminase enzymes (ALT and AST)
Lipids in the fish muscles were studied. The obtained results revealed
Enzymes that the abundance of heavy metals in fish organs followed the

order: Mn>Zn>Pb>Cu. The highest levels of the heavy metals
was recorded in the intestine and the lowest was recorded in the
muscles. The concentrations of Cu in the fish muscle were below
the maximum permissible limit, however, Mn, Pb and Zn
exceeded the permissible limits. Total proteins, Total lipids and
activities of ALT and AST were significantly lower in the
muscles of the studied fish.

1. INTRODUCTION

Nowadays, pollution of the aquatic environment is a serious and growing problem
throughout the world. Increasing number and amount of industrial, agricultural and
commercial chemicals discharged into the aquatic environment have led to various
deleterious effects on the aquatic organisms, including fish. Heavy metals contamination of
aquatic system has attracted the attention of several investigators in both the developed and
developing countries of the world.

The fact that heavy metals cannot be destroyed through biological degradation and have
the ability to accumulate in the environment make these toxicants deleterious to the aquatic
environment and consequently, to man.

Rivers represent the most complex aquatic systems in terms of transport and
interactions of heavy metals with geochemical and biological processes. The River Nile
nowadays suffers from several environmental problems.
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According to the National Water
Research Center (NWRC, 2000), the River
Nile from Aswan to Al-Kanater Barrage
receives wastewater discharge from 124
point source, of which 67 are agricultural
drains and the remainders are industrial
sources.

Bio-monitoring of hazardous
substances in tissues of aquatic organisms
has been successfully applied during recent
years for heavy metals pollution (Lamas et
al., 2007).

Fish are often at the top of the aquatic
food chain and metals are accumulated in it
to concentrations much time higher than that
present in water and sediment. Fish can
absorb heavy metals through epithelial or
mucosal surface of the skin, gills and
gastrointestinal tract (Jovanovic et al., 2011)
Fish in the River Nile was used as a
biological marker for its pollution .The
impact of heavy metals on fish affects
directly or indirectly human health
(NWQCU,1995). Oreochromis niloticus is
one of the aquatic organisms affected by
heavy metals, so it was frequently used as a
metal biological marker in toxicological
studies (Rashed, 2001 a&b). Studies from
the field and laboratory experiments showed
that accumulation of heavy metals in fish
tissues is  mainly  dependent  on
concentrations of metals in water and
exposure period. The bioaccumulation of
heavy metals in the different fish tissues had
been studied by several investigators (Gad
and Yacoub 2009; Cao et al., 2010; Malik et
al., 2010; Jovanovic et al., 2011; Ebrahim
and Taherianfard, 2011).Biochemical profile
in fish has proved to be a sensitive index for
evaluation of the fish metabolism under
metallic stress .Studies proved that, fish
subjected to metals shoed reduced levels of
proteins, lipids, ALT and AST activities in
the muscles (Almeida et al ., 2001; Atli and
Canli, 2007; Mohamed and Gad, 2008).

The aim of the present study was to
investigate the distribution of some heavy
metals (Cu, Mn, Pb and Zn) in certain tissues
(gills, intestine and muscles) of O. nilotucus
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inhabiting seven locations in the River Nile
during winter and summer seasons (2009).
Also the effect of the pollution of the River
Nile on some biochemical parameters and
enzyme activities in the muscles of fish were
studied.

2. MATERIAL AND METHODS
2.1 Sampling:

Samples of Oreochromis niloticus (L.)
fish were collected during winter (Joinery)
and summer (August) 2009  from seven
stations along the main channel of the River
Nile at Upper Egypt covering different
environmental conditions .The sampling
stations included Aswan reservoir, Chema,
Com Ombo, Naga Hammadi, Qus, El Menia
and El Hawamdia. The weights of the fish
samples ranged from 77 tol25g and the
lengths from15 to21.5 cm.

2.2 Determination of heavy metals

A representative sample of 1g dry
weight of each tissue (gills, intestine and
muscles) was taken from 8 fish specimens of
Oreochromis niloticus. The samples were
digested according to the method described
by Goldberg et al. (1993) in which
concentrated nitric and perchloric acids with
ratios of 5Sml + 5ml were used in Teflon
beakers on a hot plate at 50 °C for about 5
hours till complete decomposition of organic
matter. The digested solutions were cooled to
room temperature, filtered and diluted to a
final volume of 50 ml using deionized
distilled water. The concentrations of copper,
manganese, lead and zinc in the gills,
intestine and muscles of O. niloticus were
measured by SHIMADZU atomic absorption
spectrophotometer model AA- 6800
equipped with Flame Unit and auto-sampler
SHIMADZU ASC- 6100 in Mediterranean
Sea branch of National Institute of
Oceanography & Fisheries. Results were
expressed in mg/Kg dry weight of the tissue.
2.3 Biochemical analysis:

Samples from muscles of the studied
fish were subjected for calorimetric analysis
of total proteins content (Henry, 1964)
(SPECTRUM  kit, Egypt), total lipids
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(Knight et al., 1972). ALT and AST
activities were calorimetrically assayed
following the method of Reitman and
Frankel (1957), using SPECTRUM Kkit.

2.4 Statistical analysis: The data were
computed, expressed as means + standard
error and statistically analyzed (Snedecor,
1962).

3. RESULTS

3.1 Metals Concentration in fish Tissues
Tables (1-4) show the concentrations of the
analyzed metals in the tissues (gills, intestine
and muscles) of O. niloticus from seven
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stations of the River Nile during winter and
summer seasons 2009. The lowest
accumulation levels of the tested metals were
recorded in the muscle, while the highest
ones were recorded in the intestine.

3.2 Copper (Cu):

Table (1) shows the concentrations
of Cu in the studied tissues of O. niloticus
from the seven stations of River Nile. Cu
accumulation in the studied tissues of fish
followed the order: intestine>gills>muscles
for all stations in winter and summer
seasons. The highest level of Cu in different
fish organs was recorded in winter season.

Table 1: Concentrations of copper (mg/kg dry wt.) in different organs of O. niloticus collected from River Nile

during summer and winter (means +SD)

Stati Gills Intestine Muscles
atons 1 2 1 2 1 2
Aswan Reservoir 4.0+0.01 5+0.03. 7.3+0.01 9.7+0.03 2.1+0.01 14.8+0.03
Chema 10.+0.03 11.40.04 19+0.01 35.240.04  2.3+0.02 4.0+0.01
Com Ombo 5.4+0.03 6.3+0.02 27+0.04 28+0.02 3.2+0.01 4.5+0.04
Naga Hammadi 52+40.02  6.7+0.03 30.6+0.03 26+0.03 3+0.01 3.7+0.02
Qus 8.3+0.04  9.6+0.02 30+0.05 74+0.02 3.8+0.04 5.4+0.01
El-Menia 4.9+0.01 5.5+0.01 17+0.04 23.6+0.01 3.9+0.01 4.7+0.03
ElHawamdia 6.8+0.03 8.0+0.01 13+0.01 20+0.01 3.0+0.02 3.84+0.01

I-summer samples 2- winter samples

3.3 Manganese (Mn)

Table (2) shows the concentrations of
Mn in the studied tissues of O. niloticus. Mn
accumulation in tissues of fish was in the
following order: intestine>gills>muscles for

all studied stations in winter and summer
seasons. The highest accumulation of Mn in
different fish organs was recorded in summer
season.

Table 2: Concentrations of manganese (mg/kg dry wt.) in different organs of O. niloticus collected from River

Nile during summer and winter (means +SD)

Stations Gills Intestine Muscles
1 2 2 1 2

Aswan Reservoir ~ 32.1+1.0 6+.3.0 19.3+5 10+0.3 9.9+0.1 2.8+0.7
Chema 86.7+0.3 8.5+4.5 316+6 25.2+44 38429 34+0.5
Com Ombo 111+13.0 53 +2.9 549+24 165+21 22+0.1 3.8+0.9
Naga Hammadi 54+2.0 50+3.6 371433 235+ 16 13+ 0.6 6.7+0.7
Qus 127+14.0 67+ 11 729+51 336+25 33+0.64  23+0.9
El-Menia 61.3+12 61+ 6.0  710+34  288+5.0  30+0.21 12+0.4
El Hawamdia 114+3.9 32+8 290+14 90+7.0 12+0.72 7.840.21

1-summer samples

3.4 Lead (Pb)

Table (3) shows the concentrations of
Pb in the studied tissues of O. niloticus. The
concentrations of Pb followed the order:

2- winter samples

intestine>gills>muscles in all stations during
winter and summer seasons for all studied
stations.
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Table 3: Concentrations of lead (mg/kg dry wt.)in different organs of O. niloticus collected from River Nile
during summer and winter (means +SD)

Stations Gills Intestine Muscles

1 2 1 2 1 2
Aswan Reservoir 13.840.1 10+0.3. 7+0.1 12+0.3 11.5+0.1 9.7+40.3
Chema 22.840.3 | 25+0.4 1740.8 1 13.2+0.4 1440.2 1340.1
Com Ombo 15+0.3 15+0.2 14+0.3 4 18+0.2 20+0.1 12+0.4
Naga Hammadi 2140.2 1240.3 12.6+043 1740.3 19+0.1 9+0.2
Qus 21+0.4 16+0.2 2240.5 4240.2 18+0.4 9+0.1
El-Menia 22+0.1 1540.1 21+0.4 13.6+0.1 17+0.1 11+0.3
ElHawamdia 20+0.3 1340.1 22+40.7 1 14+0.1 19+0.2 14+0.1

1-summer samples 2- winter samples
3.5 Zinc (Zn) in all studied stations except in station (4)

In Table (4) the concentrations of Zn  where, the concentrations of Pb followed the
in the studied tissues of O. niloticus showed order: gills>intestine>muscle.
the following order: intestine> gills >muscles

Table 4: Concentrat

ions of zinc (mg/kg dry wt.) in different organs of O. niloticus collected from River Nile

during summer and winter (means +SD)

Stations Gills Intestine Muscles
1 2 1 2 1 2
Aswan Reservoir 62.8+.2.0 13+.3.0 30+1.8 22+.3.0 44+ 1 45+ 3.8
Chema 72+.3.0 68+.4.5  94+8.1 87.2+44  70+.2 62+.1.3
Com Ombo 81+.3.8 13+.2.2 89+3.4 47+.2.5 53+.1.5 11+4.0
Naga Hammadi 84+.2.6 59+ 3.6 70.6+3.5 78+.3.2 66+1.7 3242.2
Qus 99+ 6.0 76+2.7 94+ 5.6 12242.4 62+.43 37+.1.2
El-Menia 72+ 5.0 52+1.4 77+ 4.6 63.6t+1.4 53+1.2 62+3.2
El Hawamdia 74+.3.0 25+.18 40+7.1 22415 60+.22  18+1.5
1-summer samples 2- winter samples

3.6 Biochemical
Table (5

parameters: muscle of O. niloticus collected from the
) presents the changes in seven stations on the River Nile during

total proteins and lipids contents in the winter and summer seasons.

Table 5: Total proteins and lipids contents in muscles of Oreochromis niloticus from River Nile (means +SD)

Stations Total proteins Total lipids
1 2 1 2
control | 15.9+.007 | 16+.0.6 | 0.67+1.8 | 0.70+0.5
Aswan reservoir 13.£0.05 14+3.2 0.82+6.3 0.79+0.06
(-16.9) (-12.5) (-22.3) (+12.8)
Chema 9.6+0.04 8 +.0.03 0.5140.02  0.50+0.04
(-39.6)* (-50.0)**  (-23.8) (-28)*
Com Ombo 7.4+.0.03  6.0+.0.02 0.64+3.4  0.45+0.06
(-53.4)**  (-62.5)**  (-4.4) (-35.7)*
Naga Hammadi 7.8+.0.02 7.5+0.03  0.53+0.0.5 0.46+.0.04
(-50.9)**  (-53.1)**  (-20.8) (-34.2)*
Qus 8.1+0.04 10.1+0.02  0.8+0.05 0.82+0.05
(-49.0)**  (-37.5)* (+19.4) (-14.28)
El-Menia 9.6+0.06 42+40.05  0.86+0.07 0.32+00.06
(-39.6)* (-73.7)**  (-4.0) (-54.2)**
ElHawamdia 8.5+0.06 6.3+.0.04  0.62+0.01  0.55+0.03
(-46.5)**  (60.6)** (-5.0) (-21.4)

Data are represented as means_+S.E of 6 fish
*Significantly different from control (P<0.05)
**Highly significant different from control (P<0.01)
Data in parentheses are percent of change from control
1-summer samples 2- winter samples
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The results indicated that there was a
highly significant (P<0.01) decrease in the
total proteins in muscle of the studied fish
compared to the control except in station (1)
where, there was a decrease in total proteins
in muscles of O. niloticus but not statically
significant during summer season. On the
other, hand there was a highly significant
decrease in the total lipids in the muscles of
the studied fish during winter season
(P<0.01).
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Table (6) presents the changes in the
activities of ALT and AST in the muscle of
O. niloticus collected from River Nile during
winter and summer seasons. The results
indicated that there was a highly significant
(P<0.01) decrease in the activities of ALT
and AST in the muscle of the studied fish
compared to the control during winter season
except in station (1). In summer season the
activities of ALT and AST were decreased
but statistically not significant.

Table 6: Alanine amino transferase (ALT) and aspartateaminotranseferase (AST) in muscles of Oreochromis

niloticus from River Nile (means+SD)

Stations ALT AST
1 2 1 2
control 15.7+.0.2 15+.0.2 195+8 190+9
Aswan reservoir 15+0.21 14+0.01 185+5.5 93+0.06
(-3.1) (-6.6) (-5.1) (-51.0)**
Chema 10.+0.04 8.5+.0.01 124+3.4 119+5.4
(-33.7)* (-42.0)* (-36.4)* (-37.3)*
Com Ombo 11+.0.02 8.2+.0.02 122+5 97+6
(-28.4) (-45.3)** (-37.4)* (-48.9)*
Naga Hammadi 11.6+.0.02 5.2+ .31 148+8 66+.3.4
(-29.9)* (-65.3)** (-24.1) (-65.2)**
Qus 11+0.02 8+0.04 136+0.05 67+5
(-29.0)* (-46.6)* (-30.2)* (-63.6)**
El-Menia 11+ 0.05 6.0+0.04 14543.5 65.4+8
(-29.6)* (-54.7)** (-25.6) (-65.7)**
ElHawamdia 11.8+0.05 9.1+.0.32 147+7.2 71+6.8
(-25.4) (-39.3)* (-24.6) (-62.6)**

Data are represented as means + S.E of 6 fish
*Significantly different from control (P<0.05)
**Highly significant different from control (P<0.01)
Data in parentheses are percent of change from control

1-summer samples

4. DISCUSSION

Fish are notorious for their ability to
concentrate heavy metals in their tissues .The
metals exist most probably as cationic
complexes and accumulate in the internal
organs of fish.

Copper is commonly a natural element
in water and sediment. The metal is insoluble
in water, but many of its salts are highly
soluble. Copper is a  fundamental
micronutrient to all forms of life, in enzyme
activity and random rearrangement of natural
proteins (Bower, 1979). At slightly higher

2- winter samples

but sublethal concentrations, it causes
chronic toxicity to aquatic life. Gainey and
Kenyom (1990) mentioned that exposure of
fishes to sublethal concentrations of copper
leads to cardiac activity and reduction in
heart rate. Dietary Cu level of 20 mg/Kg
significantly reduced the weight gain of
growing  tilapia  (Shiau and  Nig,
2003).Chronic toxic effects may induce poor
growth, decreased immune response,
shortened life span, reproductive problems,
low fertility and changes in appearance and
behavior (Choongo et al., 2005).
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In the present study the concentrations
of copper were measured in the gills,
intestine and muscles of Oreochromis
niloticus fish from seven stations in the
River Nile. The mean values of copper in the
fish organs followed the order: intestine >
gills > muscles. The mean values of copper
in winter were higher than in summer in all
the studied fish organs (Table 1). This may
be attributed to the drought period (winter
blockage) which causes the metal salts to
concentrates in water and ultimately
accumulate in fish.

In the present study, the concentrations
of Cu in the intestine of O. niloticus were
higher than the standard concentration,
however its concentrations in the gills and
muscles of the studied fish were lower than
the permissible limit of NHMRC. Gills
accumulated lesser copper than intestine,
indicating that the food is the primary
pathway for uptake of copper. Similar results
were observed in different fish species from
El Max Bay Alexandria (Khaled, 2004) .In
the present study the lowest concentrations
of Cu were observed in the muscles of
studied fish, similar to results recorded by
Khaled, (2004), Abdo & Yacoub (2005) and
Yacoub( 2007).

Manganese is an essential constituent
for bone structure, reproduction and normal
functioning of the enzyme system (Fleck,
1976). It is toxic only when present in higher
amounts, but at low levels is considered as
micronutrient (Sarkkaet al., 1978).

In the present study the mean values of
manganese in intestine were higher than
those in gills and muscles (Table 2). Values
of manganese in the fish organs were higher
in summer. Rising water temperature results
in increasing gills ventilation rate due to
higher oxygen demand for metabolic
requirements and  decreased  oxygen
concentration in the water (Joyeuxet al.,
2004) leading to higher volume of water
passing through the gills and increased
uptake of metals from the water. During
winter, elimination exceeds the uptake of
metals, leading to decreasing metal
concentrations (EL Bialy et al., 2005).
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Lead is non-essential element and
higher concentrations can occur in aquatic
organisms close to anthropogenic sources. It
is toxic even at low concentrations and has
no known function in biochemical processes
(Burden et al., 1998). It is known to inhibit
active transport mechanisms, involving ATP,
to depress cellular oxidation reduction
reactions and to inhibit protein synthesis
(Waldron and Stofen, 1974). Lead was found
to inhibit the impulse conductivity by
inhibiting the activities of
monoaminooxidase and acetylcholine
esterase, to cause pathological changes in
tissue and organs (Rubio et al., 1991) and to

impair the embryonic and larval
development of fish species (Dave and Xiu,
1991).

The mean values of lead followed the
same trend as copper: intestine > gills >
muscles. Also, these values were higher in
summer than in winter in all the fish organs.

The results showed that all the studied
fish organs were heavily loaded with lead,
whereas their levels were more than the
permissible limits of FAO(1983) and
Australian NHMRC (1987) (0.5 ug/g dry
wt.) for the first and (0.2 ug/g dry wt.) for the
second. The concentrations of Pb in intestine
reflect their concentrations in fish food
(phytoplankton) and their concentrations in
gills reflect their concentrations in water
(Romeo et al, 1999). The high
concentrations of Pb in muscles of O.
niloticus leads to hazardous effects due to
human consumption (Greenwood and
Earnshaw, 1985). The high concentrations of
Pb may be attributed to industrial wastes
inflow and the use of leaded gasoline in
boats.

Zinc is an essential element for normal
growth, reproduction and longevity of
animals (Sultana and Roa, 1998). Mining,
smelting and sewage disposal are the major
sources of zinc pollution (Skidmore, 1964).

The mean values of zinc in fish
intestine were higher than those in gills and
muscles. In summer, the mean values of zinc
in the gills, intestine and muscles were
higher than their values in winter.
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The maximum permissible level (MPL)
of zinc is 50 ug/g dry wt. according to
Australian NHMRC (Bebbington et al.,
1977) and 40 ug/g dry wt. according to Food
and Agriculture Organization (FAO, 1983).
The mean values of zinc in the gills, intestine
and muscles of O. niloticus were
significantly higher than (MPL) except in
fish muscles in winter. The concentrations of
heavy metals (Cu, Mn, Pb and Zn) varied
according to season, locality and tissue type
(Yacoub, 2007). Metal accumulation in
tissues of fish is dependent upon
environmental factors such as temperature,
size and age of fish and processes of
biotransformation and excretion (Zhou et al.,
2001).

Studies proved that, fish subjected to
metals shoed reduced levels of proteins,
lipids, ALT and AST activities in the
muscles (Almeida et al., 2001; Atli and
Canli, 2007; Mohamed and Gad, 2008).

In various fish species, proteins are of
importance as  structural compounds,
biocatalysts and hormones for control of
growth and differentiations. So variation in
fish proteins could be used as bioindicator
for monitoring physiological status of the
tested fish (Begum and vijayaraghavan
1996).

In the present study, the examined O.
niloticus collected from different stations of
the River Nile exhibited lowered protein
value in muscles during winter season, which
was suggested as a metabolic adaptation to
food shortage in the environment (White et
al.,1986). During this period of inadequate
food supply, energy required for metabolic
maintenance may be provided from
utilization of protein reserves which mainly
accumulate in the muscle tissues (Haggag et
al., 1999). Besides, this protein depletion
could be attributed to change in the water
quality of River Nile as a result of the
discharged effluents from different sources,
including hydrocarbons found in sewage
wastes and heavy metals in the industrial and
agricultural drainage. (Zaghloul, 2000). This
may be explained as the exposure to metals
(as Cu and Zn) may lead to high
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accumulation in gills that cause a structural
damage and a reduction in oxygen
consumption causing sharp reduction in the
metabolic rate of fish and consequently
decrease protein contents in  tissues.
Moreover, decreased tissues protein in fish
living in polluted environment may be a
result of decreased insulin level caused by
metal toxicity (Zaghloul, 2001). Insulin is
known to have profound effects on the
proteogenic pathways in fish. It stimulates
the inward cellular transport of amino acids,
particularly in  muscle, leading to
intracellular accumulation of amino acid
with subsequent decrease of protein contents
(Reda et al., 2002).

Concerning the effects of different
pollutant in the River Nile on muscle lipids
contents of the studied fish the obtained data
showed highly significant decrease during
winter season but in summer the decrease in
total lipids in muscles was statistically non
significant. The decrease in total lipids
contents in muscle of the studied fish may
be due to secretion of catecholamine and
corticosteroids in the blood after the toxicant
stress that produces an enhanced metabolic
rate which in turn reduces the metabolic
reserves (as proteins and lipids) (Marie,
1994). Also, the decrease in muscles total
lipids may be due to the use of energy-rich
lipids for energy production during toxic
stress as previously reported by Sancho et
al.,, (1998). The decreased lipids content
observed in the present investigation agrees
is with that recorded in muscle of fish
exposed to different pollutants (Chandra et
al., 2004 and Blaner et al., 2005).

The environmental pollution in the
River Nile induced a marked decrease in the
muscle ALT and AST activities. The results
indicate that under the influence of different
heavy metals or in a state of stress, the
damage of muscle tissues may occur with
concomitant liberation of transaminase into
the circulation (Allen, 1995).The decreased
activities of ALT and AST indicate
disturbance in the structure and integrity of
cell organelles, like endoplasmic reticulum
and membrane transport system (Humtsoe et
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al., 2007). Marie (1994) stated that the
reduction in ALT and AST activities in fish
exposed to metals could be attributed to the
high accumulation of metals in fish tissues.
Therefore, the depletion of enzymes in the
fish tissues observed in the present study can
be attributed to the increased metals
accumulation in the tissues. The reduction in
the muscle ALT and AST activities in the
fish exposed to various pollutants and heavy
metals, in particular have been reported by
Rao (2006); Humtsoe et al. (2007) and

Mohamed and Gad (2008).
In conclusion, the results of the present
study revealed that the abundance of

heavy metals in fish organs followed the
order: Mn>Zn>Pb and Cu. The highest
accumulation of the heavy metals was
recorded in the intestine and the lowest
values was recorded in the muscles. The
concentrations of Cu in the fish muscle were
below the maximum permissible limit, while
Mn, Pb and Zn in the muscles exceeded the
permissible limit. It was found that the
environmental pollution in the River Nile
induced significant changes in the proteins
lipids and activities of ALT and AST of the
muscles of the studied fish.

It is recommended that treatment of
drainage industrial wastes water, sewage and
agricultural wastes must be conducted before
discharge into the River Nile besides
washing of the river by elevation of water
level once a year in the flood period. Also,
enforcement of all articles of laws 48/ 1982
and 4/ 1994 regarding the protection of
River Nile and the environment must be
taken into consideration.
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