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Abstract: The contamination of water, sediments and biota with heavy metals is of important concern because
of their toxicity, persistence and bio-accumulative nature. The present researchers was aimed to study the
effects of seasons on the concentrations of Pb, Cd, Cu, Cr and Fe i water, sediment and freshwater fish
(Clarias gariepinus) collected from the whole course of the River Nile form its spring at Aswan to its estuaries
at Damietta and Rosetta. Water, sediment and fish samples collected from Damietta and Rosetta sites displayed
highest metal concentrations. This was expected due to the fact that the level of contamination 1s greater
downstream River Nile, compared to upstream sampling sites. The highest seasonal mean levels of the selected
heavy metals in water and sediment samples were recorded during spring period along the whole course of the
River Nile. The lowest ones were recorded during autumn for nearly all heavy metals. The levels of heavy metals
in the tissues of the selected fish showed highly sigmficant differences between seasons. According to the
result of the present research, seasonal variations of heavy-metal levels in the tissues of African catfish follow
sinusoidal curves. The maximum level of most heavy metals was detected during summer which represents the
growth period of the African catfish. The minimum level of most metals was recorded during autumn period
which corresponds the breeding season of Clarias gariepinus. This confirmed the accumulation of some metals
in the gonad tissue which intern eliminated from the tissue during spawning seasons.
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INTRODUCTION

Heavy metals are generally and naturally found at
very low concentrations while elevated concentrations are
commonly associated with pollution from human activities
(Forstner and Wittman, 1981; Idodo-Umeh, 2002). The
contamination of freshwater with heavy metals has
become a matter of great concern over the last few
decades because of the threat to public water supplies,
their devastating effects on the ecological balance of the
aquatic environment and their damage caused to the
aquatic life (Suzuki ez af., 1988; Klavins et al., 2000). Total
heavy metal concentrations in aquatic components can
mirror the present pollution status of these areas
(Haiyan and Stuanes, 2003). While some of these heavy
metals (Fe, Ca, Cu and Na) are essential nutrients that are
required in enzymatic biochemical activities i the body,
some others like Cu, Pb and Hg are extremely toxic

even at low concentrations (Kakulu and Osibanjo, 1988,
Fagbemi and Oshodi, 1991). Toxic heavy metals in the
aquatic environment get to man either directly from
drinking water or indirectly through food chain and have
been implicated m many human health conditions
(Forstner and Wittman, 1981; Bruins et af., 2000,
Hussein et al., 2005). Therefore, monitoring of such
metals 15 mmportant for safety assessment of the
environment and human health in particular.

Sediments are important sinks for heavy metals and
play a significant role in the remobilization of
contaminants in aquatic systems under favourable
and m interactions between water and
(Asaolu et al, 1997). Monitoring the
concentration of heavy metals m the sediment is
important since knowledge of the heavy metal levels in

conditions
sediments

sediments gives vital mformation regarding their sources,
distribution and degree of pollution. This 1s for the fact
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that sedimentation has been regarded as one of the most
important fluxes in aquatic systems (Asaoclu et al.,, 1997,
Zoumis ef ai., 2001). The release of trace metals from
sediments into the water body and consequently to fish
will depend on the speciation of metals and the physical
and chemical characteristics of the aquatic system
(Morgan and Stumm, 1991).

Fish have been the most popular choice as test
organism and for monitoring acuatic toxicity because fish
are often at the top of the aquatic food chain and may
concentrate large amounts of some metals from the water.
Accumulation patterns of contaminants in fish depend
both on uptake and elimination rates (Hakanson, 1984).
So, fish might prove a better media than water for
detecting heavy metals contamination of freshwater
ecosystemn (Barak and Mason, 1990). Fish have been used
for many years to determine the pollution status of water
and are thus regarded as excellent biological marker of
metals mn aquatic ecosystem (Bahnasawy et al., 2009).

The need to make an adequate assessment of the
level of heavy metal contamination in the environment has
led to the initiation of several pollution monitoring
programmes and research work. In Egypt, as in many
other countries, the assessment of heavy metals levels in
water, sediment and biotic resources in many natural
water bodies has received considerable attention in the
recent past (Ishii et al., 1985; Kareleeson-Norrgren et al.,
1985, Olsson et al, 1988, Mohamed et al, 1990,
Khallaf et al., 1994, Zaky, 1995, Gray ef af., 1997,
Chan et al., 1999, Osman and Kloas, 2010). However, the
effects of seasons
matrices have not been adequately addressed. This study
therefore focuses on the effects of seasons on the
concentrations of Pb, Cd, Cu, Cr and Fe m water, sediment
and freshwater fish (Clarias gariepinus) collected from
the whole course of the River Nile form it spring at Aswan
to its estuaries at Damietta and Rosetta.

on metal concentrations in these

MATERIALS AND METHODS

Study area: Six sampling sites were selected along the
whole course of the River Nile from its spring at Aswan to
its estuaries at Rosetta and Damietta (Fig. 1).

Sampling: Water, sediment and tissues samples from the
selected sites were sampled bimonthly from the main
course of the River Nile during the period from July 2009
to June 2010. Water samples (108 samples) were collected
by polyvinyl chloride Van Dom water sampler (5 L
capacity) at 2 m depths. Sediment samples (108 samples)
were collected by using Ekman burdge sampler and kept
frozen until analyzed. Sampling and preservation of water
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Fig. I: Map showing the sampling sites along the
whole course of the River Nile from its spring at
Aswan to its estuaries at Damietta and Rosetta
branches

and sediment samples were done according to the
traditional marnual methods (APHA, 1998). African catfish
(Clarias gariepinus) were caught by gill net from the
selected sites (72 specunens). The target organs
(muscles, gills, gonads and liver) were excised and
transported 1n liquid nitrogen container to the laboratory
for chemical analysis.

Sample analysis: Total Pb, Cd, Cu, Cr and Fe were
measured in water samples after digestion using Graphite
Furnace Atomic Absorption (GFAA) spectroscopy. A
mixture of nitric acid and the material to be analysed was
refluxed in a covered Griffin beaker. After the digestate
has been brought to a low volume, it was cooled and
brought up in dilute nitric acid (3% v/v). The sample was
filtered, allowed settling and preparing it for analysis
(APHA, 1998).

Sediment samples were allowed to defrost then
air-dried m a ciwculating oven at 30°C and sieved
mechanically using a 2 mm sieve. For the digestion of
samples, 1 g sieved sediment was digested with repeated
additon of mtric acid and hydrogen peroxide. For



Environ. Res. J., 6 (3): 321-328, 2012

Graphite Furnace AA (GFAA) analysis, the resultant
digestate was reduced in volume and then diluted to a
final volume of 100 mI.. The elements of concern (Pb, Cd,
Cu, Cr and Fe) in the samples were determined by Atomic
Absorption Sectrophotometer (AAS).

About 1 g portions of fish tissues (muscles, gills,
gonads and liver) were digested by means of a microwave
after addition of nitric acid and hydrogen peroxide. The
results were calculated in milligram per kilogram wet
weight (mg kg™ wet wt). Chemicals concentration were
analysed according to German mdustrial standard,
DIN 38406-6, (DEV, E6) with an Atomic Absorption
Spectrometer using flame and graphite furmace technique.
Mean concentrations of the selected heavy metals n
water, sediment and tissues are shown in Table 1.

Statistical analysis: All values from chemical analyses
were presented as meantSD. Data obtaned from the
experiment were subjected to one way Analysis of
Variance (ANOVA) test using the Statistical Package
for the
between heavy metals of water, sediments and tissues
calculated by the application of
correlation analysis in order to
the nature and the sources of the polluting substances.

Social Sciences. The correlation coefficients

samples
Pearson

were
indicate

In all cases, p<0.05 was the accepted significance
level.

RESULTS AND DISCUSSION

The concentrations of the selected heavy metals
(Pb, Cd, Cu, Cr and Fe) in water, sediment and tissues of
Clarias gariepinus are shown in Table 1. The highest
concentrations of nearly all heavy metals were recorded
in water, sediments and tissues samples collected from
Rosetta and Damietta and the lowest ones were detected
1n the samples collected from Aswan and Kina (Table 1).
For nearly all the detected heavy metals significant
differences (F = 3.79, p<0.05) were detected between the
selected sites. A significant (p<0.05) high correlation were
observed between the concentrations of the selected
heavy metals in water in sediment and in tissues of the
African catfish (from 0.951-0.988).

The seasonal mean concentrations of the selected
heavy metals (Pb, Cd, Cu, Cr and Fe) in water, sediments
and tissues samples are shown in Table 2-4. The highest
levels of the detected heavy metals were recorded mn water
and sediment samples collected during spring at nearly all
sites. The lowest ones were recorded m water and
sediment samples collected during autumn at all sites
for most heavy metals (excluded Cr). The lowest
concentration of Cr was recorded in water and sediment
samples collected during winter along the whole
course of the River Nile (Table 2 and 3). Seasonal mean
concentrations of the selected heavy metals in the tissues

Table 1: Mean concentration and SD of the selected heavy metals in water (ppm), sediment and tissues of Clarias gariepinus (mg kg™ dry weight) collected
from different localities along the whole course of the River Nile, Egypt

Mean+SD
Localities Ph Cd Cu Cr Fe
Aswan
Water 0.01+0.02 0.004+0.004 0.03+£0.03 0.003+0.003 0.2+0.200
Sediment 3.14£2.700 0.4+0.3 0.032£0.03 8.8+1.6 397.1+291.9
C. gariepinus 7.4£3.400 1.0£1.5 14.6+£2.700 4,523 47.6£11.50
Kena
Water 0.0240.01 0.002+0.002 0.02+0.02 0.01+0.01 0.2+0.200
Sediment 3.14£2.300 0.5£0.2 0.02+0.02 11.1+14.4 379.44238.6
C. gariepinus T.443.400 1.0+1.5 14.6+2.700 4.5+2.26 47.6+11.50
Assiut
Water 0.02+0.02 0.01=0.01 0.03+0.03 0.01+0.01 0.3+0.300
Sediment 4.4+2.400 0.6+0.4 0.03+0.03 17.6+24.9 496.6+333.5
C. gariepinus 5.143.300 0.7=0.4 6.2+3.100 4.5+2.9 47.9+12.80
Beny-suef
Water 0.0240.01 0.002+0.002 0.032£0.03 0.02+0.01 0.5£0.400
Sediment 11.54£11.60 0.6=0.3 0.032£0.03 10.3£10.3 536.44351.2
C. gariepinus 5.3+4.100 0.7£0.3 T.7£2.600 4.0£2.7 94,4420, 50
Damietta
Water 0.034+0.04 0.02+0.02 0.032£0.03 0.1£0.1 0.4+0.300
Sediment 6.94+4.900 0.7£0.4 0.032£0.03 9.1£11.6 632.1£393.8
C. gariepinus 12.94+3.810 1.03x0.41 6.1+4.800 5.4+2.8 89.8+32.50
Rosetta
Water 0.14+0.100 0.01£0.02 0.1+0.030 0.1=0.2 0.5+0.500
Sediment 46.9+23.50 0.7+0.5 0.1+0.030 8.7+£8.4 698.7+287.2
C. gariepinus 15.14+8.100 1.1+0.6 13.1+4.600 7.2+2.7 95.9+27.40
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Table 2: Mean seasonal variations of the selected heavy metals (ppm) in water samples collected from different localities along the whole course of the River

Nile, Egypt
Mean+85D

Seasons Aswan Kena Assiut Beny-Suef’ Darnietta Rosetta
Ph
Winter 0.03£0.02 0.01+£0.03 0.01+£0.01 0.03+0.01 0.060.02 0.1+£0.04
Spring 0.03+0.02 0.03+0.01 0.02+0.01 0.03£0.01 0.09+0.04 0.1+0.04
Summer 0.01+0.02 0.02+0.01 0.02+0.01 0.0240.01 0.0420.02 0.03+£0.01
Autumn 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.002
Cd
Winter 0.002+0.0004 0.002+4.7 0.003+6.5 0.002+0.001 0.01+0.01 0.003+0.001
Spring 0.01+0.004 0.01+0.001 0.01+£0.01 0.003£0.002 0.01£0.01 0.03+£0.02
Summer 0.002+0.002 0.002+0.003 0.001+0.001 0.004+40.001 0.01+0.01 0.03+0.004
Autumn 0.00140.002 0.00320.001 0.001+0.01 0.00340.004 0.01£0.01 0.002+0.001
Cu
Winter 0.01+0.04 0.03+0.03 0.03+0.02 0.1+0.03 0.1+0.03 0.1+0.1
Spring 0.04+0.03 0.0440.02 0.07+0.02 0.1£0.1 0.1+0.01 0.1+0.02
Summer 0.003+0.001 0.01+£0.004 0.01+£0.002 0.01+0.01 0.02+£0.02 0.1+0.02
Autumn 0.03+0.01 0.03+0.02 0.04+0.02 0.04+0.02 0.03+0.03 0.1+0.01
Cr
Winter 0.002+0.001 0.004+0,001 0.01+0.001 0.01+0.001 0.01+0.001 0.01+0.001
Spring 0.02+0.004 0.02+0.01 0.0440.01 0.02+0.01 0.0420.02 0.044+0.01
Summer 0.01+0.001 0.01+0.01 0.02+0.004 0.01+0.003 0.010.02 0.04+0.1
Autumn 0.004+0.001 0.004+0.001 0.02+0.001 0.03+0.002 0.07£0.02 0.02+0.1
Fe
Winter 0.4+0.2 0.3+0.22 0.5+0.11 0.5£0.5 0.440.3 0.3£0.1
Spring 0.5+£0.1 0.6+0.3 0.7+0.1 1.0+0.7 0.9+0.2 2.2+1.9
Summer 0.3£0.1 0.2+0.04 0.440.03 0.6+0.1 0.6+£0.2 0.7+0.02
Autumn 0.1=0.1 0.2+0.2 0.4+0.1 0.4+0.6 0.4+0.1 0.3+0.2
Table 3: Mean seasonal variations of the selected heavy metals (mg kg™ dry weight) in sediments samples collected from different localities along the whole

course of the River Nile, Egypt

Mean+tSD

Seasons Aswan Kena Assiut Beny-suef Darnietta Rosetta
Ph
Winter 2.6+1.400 3.8+3.5 3.943.500 15.3£8.500 10.7+£3.800 21.2+9.700
Spring 6.8+4.010 T.8£1.6 5.4£2.700 13.3£2.150 14.9+£7.500 27.6£9.700
Summer 4.1+1.100 3.9+1.9 3.441.600 4.443.100 7.4£3.100 21.1+11.30
Autumn 1.6+0.600 1.9+£0.3 1.8+1.800 6.7+6.900 4.8+1.700 11.7£6.100
Cd
Winter 0. 7£0.600 0.7+04 0.5+0.100 0.4+0.400 0.4+0.100 0.2+0.100
Spring 0. 7£0.400 0.8+0.3 0.9+0.200 0.9+£0.300 1.4+0.200 1.3+£0.500
Summer 0.2+0.100 0.4+0.1 0.94+0.200 1.1+0.600 1.4+0.100 1.2+0.300
Autumn 0.3+0.100 0.440.02 0.7+0.100 0.6+0.200 0.6+0.100 0.440.030
Cu
Winter 9.443.400 13.9+4.4 17.2+1.200 14.7+4.100 26.5+5.040 38.7+3.800
Spring 16.8+5.300 17.746.8 17.7+6.500 15.8£8.100 26.8+6.800 32.9£13.70
Summer 15.3+£3.100 13.4+5.6 11.5+2.800 10.5£2.400 18.9+4.040 22.01+£7.60
Autumn 8.9+4.700 9.7+£6.2 11.1+0.600 6.9+£2.700 22.1£2.500 18.6+10.70
Cr
Winter 2.8£1.400 0.6+£0.5 1.8+0.800 4.8+£2.800 8.4+4.400 9.6£1.700
Spring 11.7+£2.600 8.6+2.6 5.141.300 12.8+4.100 18.1=0.400 19.44+5.100
Summer 8.442.900 T.6£1.02 12.9£3.800 10.2£2.700 17.2+1.800 18.9+£2.700
Autumn 8.14+3.300 5.4+0.9 T.14£3.700 8.9+2.400 16.5+£2.300 17.343.600
Fe
Winter 331.6+152.2 451.02+124.5 638.6+28.50 807.5+65.30 867.04+134.4 971.1+24.10
Spring 508.2+143.8 556.7+£75.8 559.6+188.8 839.6+£56.30 866.5+171.40 891.1+£132.9
Summer 440, 7£32.30 408.7+95.2 405.3+£53.20 393.2+£104.5 475.2442.100 516.9+54.30
Autumn 349.3449.20 311.1+49.5 457.4£121.8 496.9+78.30 515.7+47.200 520.4461.90
of the African catfish exhibited their highest The contamination of sediments, water and biota with

concentration during summer at nearly all sites. The
lowest levels of these heavy metals were recorded m the
tissues sampled during winter and/or autumn depending
on the sampling site (Table 4).
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heavy metals i1s of mmportant concern because of their
toxicity, persistence and bio-accumulative nature
(Tkem et al., 2003). Generally, the natural sources of heavy
metals in coastal waters are through land, heavy fresh
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Table4: Mean seasonal variations of the selected heavy metals (mg kg™ dry weight) in tissues samples of Clarias gaviepinus collected from different localities

along the whole course of the River Nile, Egypt

Mean+SD

Seasons Aswan Kena Assiut Beny-Suef Darnietta Rosetta
Ph

Winter 8.6+3.30 3.3£2.60 2.3£1.90 2.04£1.9 14.7£2.50 17.6+4.400
Spring 4.942.90 2.8+1.50 3.2+1.60 7.4+1.40 11.6+£1.70 16.3+6.500
Summer 9.34+1.80 7.3£0.80 7.9+£2.60 7.4£2.60 14.9+1.60 18.5+1.600
Autumn 9.03+2.7 6.9+2.40 7.7+£1.30 7.1£4.10 14.4+1.20 17.9+£8.600
Cd

Winter 0.54+0.30 0.60.20 0.3£0.20 0.4+0.20 0.5£0.20 0.6+0.100
Spring 0.2+0.20 0.6£0.20 1.01£0.1 1.0+£0.10 1.04+0.6 1.7+£0.800
Summer 2.240.70 1.0+0.40 1.08+0.3 1.1+0.20 1.2+0.30 1.9+0.300
Autumn 0.54+0.30 0.7£0.20 0.5+£0.20 0.4+0.20 1.0+£0.20 0.8+0.400
Cu

Winter T.4£2.90 3.9+3.40 T.4+2.30 8.4+2.20 5.7+£3.80 11.0449.50
Spring 6.943.80 494210 6.712.70 7.7£3.40 7.03£2.9 11.0+£5.500
Summer 8.6+2.90 7.6£6.40 9.6+2.10 9.9+3.70 11.9£3.40 16.02+12.1
Autumn 4.3+3.10 23210 3.5+1.20 6.2+4.50 2.6£2.80 14.8+16.70
Cr

Winter 4.8+1.80 33210 1.8+0.70 2.2+0.60 4.04+0.9 7.0+1.900
Spring 5.241.04 5.0£2.40 3.1£2.20 2.4£1.90 4.8+£2.60 6.7+£3.800
Summer 5.7+1.40 8.2+0.90 6.4+1.80 54240 T7.9+£5.30 T.6+£3.300
Autumn 5.0£2.40 6.9+£0.50 4.740.80 4.2+£1.20 4.1£1.40 7.7£1.200
Fe

Winter 40.6£9.04 43.0£10.9 43.6+15.9 94.34+20.7 83.0+24.1 81.9+£17.10
Spring 55.2+16.1 67.1£10.8 55.6+19.5 112.8+10.1 93,7+50.2 101.9+38.30
Summer 56.4+£19.9 68.7£16.9 55.8+£12.1 114.3£28.9 99.1+50.3 111.2+£33.90
Autumn 42.4+12.9 52.2+10.5 38.4+8.90 90.3+9.80 81.9+22.1 92.4+19.60

water mflow, agricultural waste, aquaculture discharge
and river run off and the mechanical and chemical
weathering of rocks (Ashokkumar et al., 2009). Also, the
components washed from the atmosphere through rainfall,
windblown dust, forest fires and volcanic particles add to
the distribution of heavy metals in water (Bryan, 1984).
The detailed investigation (Osman and Kloas, 2010) of
water quality assessment along the whole course of the
River Nile concluded higher mean concentrations of
nearly all the detected heavy metals in water, sediment
and tissues samples collected from sampling sites
downstream River Nile compared to those collected from
upstream River Nile. The levels of such metals were
significantly (p<0.05) mncreased from the spring of the
River Nile at Aswan toward its estuaries at Damietta and
Rosetta sites. Such increase proves the presence of large
quantities of organic and morganic pollutants m Rosetta
and Damietta water. This finding was expected due to the
fact that the level of contamination is greater downstream
River Nile, compared to upstream sampling sites where
more domestic and mdustrial effluents have been released
mto the Nile without adequate treatment (Osman and
Kloas, 2010). Fine grain particles in sediment usually act
as effective collectors and carriers of dissolved metals
from the water column to the sediments and thus elevate
concentration of heavy metals in sediment (Chouba ef al.,
2007). Metal levels in sediment samples were higher than
those in surface water and fish samples collected from
the same sites and at the same sampling time (Osman and
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Kloas, 2010). The latter study has confirmed that
sediments are inportent hosts for toxic metals. It has been
shown that sediment permit the detection of heavy metals
that may be either absent or in low concentration in water
column.

The highest mean concentrations of the selected
heavy metals in water and sediment samples were
recorded during spring period along the whole course of
the River Nile. The lowest ones were recorded during
autumn for nearly all heavy metals. Such variations were
depending on the surrounding mdustrial and agriculture
activities. The increase of heavy metals levels during
spring proves the presence of higher mdustrial and
agricultural activities during this period along the whole
course of the River Nile. Also, increasing anthropogenic
activities along the Nile might certainly have a significant
effect on metal concentration i the coastal waters of
some sites. Significant (p<0.05) seasonal mean levels
among sites were recorded indicating the lack of
uniformity of their distribution. This can be attributed to
the different pollution levels at the studied sites and to
the differences in water chemistry at such sites. The
fluctuation in heavy metals seasonal variations among
sites depends not only on the total concentration in water
and sediment but also on the soil or sedunent properties,
metal properties and environmental factors.

Fish swviving at highly polluted areas accumulate
higher levels of heavy metals than those swrviving at less
polluted area of the same lake (Balmasawy et al., 2009). In
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the present research, mean levels of the selected heavy
metals mn the tissues of African catfish follow the same
pattern as in water and sediment in being higher at
Damietta and Rosetta. This indicated a close correlation
between the concentration of metals in water and in fish.
Such correlation was proved in the present research by
the application of Pearson correlation analysis which
exhibited high significant correlation (from 0.951-0.98R)
between the concentrations of the selected heavy metals
in water in sediment and in tissues of the African catfish.
Fish has been reported to accumulate metals from water
by diffusion via skin and gills as well as oral
consumption/drinking of water (Nussey et al., 2000
Oguzie, 2003; Osman ef al., 2010). Knowledge of heavy
metal concentrations in fish is important with respect to
nature of management and human consumption of fish
(Osman and Kloas, 2010). The previous research
(Osman and Kloas, 2010) concluded that heavy metal
residues in the tissues of Clarias gariepinus exhibited
different patterns of accumnulation and distribution among
the selected tissues and localities. Tt was evident from
such study that liver was the site of maximum
accumnulation for the elements followed by gills whle
muscle was the over all site of least metal accumulation.
The low accumulation of metals in muscle is particularly
umportant because muscles contribute the greatest mass
of the flesh that is consumed as food (Osman and Kloas,
2010).

The seasonal variations of heavy metals in fish were
reported by many researchers (Hamza-Chaffai et al., 1996;
Khallaf et al., 1998, Thrahim et al., 1999). In the present
study, the levels of heavy metals in the tissues of fish
showed highly significant differences between seasons.
The maximum level of nearly all the selected heavy metals
were recorded in the tissues of fish sampled during
summer along the whole course of the River Nile. The
highest metal levels in the tissues of fish during summer
were followed in the present study by a remarkable DNA
damages in the tissues of African catfish sampled during
summer period (Osman ef al., 2011). The lowest metals
levels were recoded in fishes collected during winter
and/or autumn at all sites examined which corresponding
less industrial and agricultural activities along the Nile
course. The rate of accumulation and the ability of the
tissues to detoxify particular metals also differ greatly.
The concentrations of the selected heavy metals present
are dependent on the anthropogenic mput mto the Nile.
This would disrupt a sinusoidal curve pattern. The results
of the present study suggested that seasonal variation of
heavy-metal levels in the tissues of African catfish
Clarias gariepinus collected from the River Nile was
follow sinusoidal curves. The maximum level of most
heavy metals was detected durmg summer which
represent the growth period of the African catfish.
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Borchardt et al. (1988) suggested that seasonal
variations of metal levels in M. edulis follow a growth
peried n late spring/early summer causes rapid mereases
in biomass which results in lower metal levels when they
are expressed in relation to this mcreased biomass.
Accumulation and elimination of metals are also affected
by spawmng (O’'Leary and Breen, 1998). If these metals
are stored in the gonad tissue they may be eliminated from
the tissue during spawning. According to Van Qordt et al.
(1987) the spawning season of C. gariepinus extended
between May and August. Thus, some of the recorded
changes in metal levels in the tissues of C. gariepinus can
be attributed to spawning and/or to anthropogenic
influences. Accordingly, the minimum level of most metals
was recorded during autumn period which correspond the
breeding season of Clarias gariepinus. Ansari et al
(2004) reported that variations of the metals concentration
at given site may be often be due to seasonal changes of
the orgamsms tissues weight rather than to any variability
1n the absolute metal content of the organism.

CONCLUSION

Generally, the increase 1n  heavy metals
concentrations in the Nile water and sediment during
spring period might be attributed to the direct inputs from
different sources (industrial and agricultural wastes).
Most of the factories along the Nile course research
anmually during the period from December to June
reaching to their maximum capacity during March (spring).
Also, the agricultural activities increase during spring
period which led to a remarkable increase of the
agricultural discharges mto the River Nile. In addition, the
increase n density of boats and ship during spring which
discharge its effluent directly to the Nile containing high

amount of Pb in both the dissolved and particular phases.
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