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Abstract: The objective of this study was to evaluate the toxic impact of wastewater discharge effluent on
aquatic environment. Lead, Zinc, Copper and Cadmium were determined in some tissues of sharp toothed
African Catfish (Clarias garipinus) and Nile tilapia (Oreochromis niloticus) collected from only two sites and
water samples from all six sites. The concentration of heavy metals in water was within the permissible limits
for discharge drain water into River Nile (Egyptian law 48/1982). A significant difference between the four metals
in different / similar tissues of different / similar species (p<0.05), with the exception of lead / cadmium metal
concentration in fish edible part tissues were higher than the permissible levels according to Egyptian
Organization for Standardization and Quality Control. Randomly amplified polymorphic DNA technology and
Micronucleus test were applied to evaluate the genotoxic effects of wastewater effluent on (Clarias garipinus
and Oreochromis niloticus). Results of RAPD and Micronucleus test showed that both wastewater effluents
and agriculture drains were genotoxic to fish.
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INTRODUCTION essential metals since they play an important role in

Heavy metals pollution in aquatic environment has essential metals, as they are toxic, even in trace amounts
become a worldwide problem during past few decades. [7]. El-Naggar et al. [8] determined the concentration of
This fact is mainly attributed to their persistent stability heavy metals in fish samples collected from River  Nile
and toxic effect to aquatic as well as terrestrial creatures and its two branches (Damietta and Rossetta) including
[1]. Among environmental pollutants, metals are of El-Oqsur,  El-Menia, El-Hawamdia,  Shoubra  El-Khema,
particular concern, due to their potential toxic effect and El-Rahawy drain, Kom Hamada, Talkha, El-Serw and
ability to bioaccumulate in aquatic ecosystems [2]. Heavy Faraskourn and found that the concentration of Cu, Pb
metal concentrations in aquatic ecosystems are usually and Cd were at high level in all regions. Bahnasawy et al.
monitored by measuring their concentrations in water, [9] determined the concentration of Zn, Cu, Pb and Cd in
sediments and biota [3] which generally exist in low levels samples of two fish species (Mugil cephalus and Liza
in water and attain considerable concentration in ramada) from five locations in Lake Manzala. The highest
sediments and biota [4]. Fish muscle is commonly concentrations of metals were in gills tissue and the
analyzed to determine contaminant concentrations and to lowest were in muscles tissue. Metals in the fish muscles
assess the health risks because it is the main part were within the permissible limits according to EOSQC
consumed by humans. Fish can be considered as one of [10]. Elnimr [11] studied the concentration of heavy metals
the most significant indicators in freshwater systems for in fish samples (Tilapia nilotica and cat fish) collected
the impact of metal pollution [5]. The commercial and from Kafer-El-Zayat and  found  that  the  concentration
edible species have been widely investigated in order to of Pb, Zn and Cd were 1.2, 1.03 and 0.17 mg kg
check for those hazardous to human health [6].  Heavy respectively, these results are  higher than the permissible
metals such as copper, iron, chromium and nickel are limits of EOSQC [10] except Zn.

biological systems, where cadmium and lead are non-
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The randomly amplified polymorphic DNA (RAPD) The objective of the present study was to evaluate
analysis method developed by Williams et al. [12] and the  heavy  metal  content  in  water and fish of
Walsh and McClelland [13] is a simple and sensitive agricultural  drains  and  use a multi biomarker approach
method and appears effective in detecting genetic in an invasive fish species to assess the impact of
damages [14]. This technique has been successfully pollution by using the RAPD-PCR technique and
applied to detect genotoxicity of pollutants in aquatic Micronucleus test.
organisms or bacteria. The effect of metal pollution in rice
seedlings [15], ultraviolet radiation in a marine macroalgae, MATERIALS AND METHODS
Palmaria palmata [16] and benzo(a) pyrene in the RTG-2
fish cell line have been studied using RAPD assay [17]. Study Area:  Study  area  of  this  research  work is
The presence of different potent genotoxic substances in located near  a   primary   municipal   wastewater
the aquatic environment has  led  to  the  development treatment  plant namely Abu-Rawash wastewater
and adaptation of many modern and reliable techniques treatment plant. The treatment plant is one  of  the
for quick monitoring. This technique is  more cost greatest Cairo wastewater treatment plants with a
effective and less labour intensive than other similar kinds treatment capacity of 0.4×10  m /day. The plant receives
of molecular techniques like Arbitrarily Primed - PCR (AP- more than 8.5×10  m /day so more than 50% of the effluent
PCR) in addressing a particular problem [18]. African leaves the plant after screening without any further
catfish (C. gariepinus) is one of the most important primary  treatment.  Water  samples were collected
tropical cultured fish due to high growth rate, high monthly from six sites as presented in Figure 1 and Table
stocking-density capacities, high consumer acceptability 1. Sample number 6 was collected from drain number 6
and high resistance to poor water quality and oxygen which is totally agriculture drain water without sewage
depletion [19, 20]. Moreover, it has been used in discharge. Two points (samples 5 and 6) had fish while
fundamental research and considered as an excellent the others (samples 1, 2, 3 and 4) were totally sewage and
model for toxicological studies [21, 22]. had no fish.

6 3

6 3

Fig. 1: Map showing the sampling collection.
 Fish sample collection*
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Table 1: Sampling location and the distance from Abu-Rawash wastewater treatment plant and fish sample collection
Location Cu Pb Cd Zn
Barakat drain 0.012±0.01 0.002±0.01 0.009±0.1 0.1±0.07a a a a

Abdul-Rahman 0.05±0.02 0.002±0.01 0.010±0.1 0.13±0.17a a a a

Al-Remal drain 0.04±0.02 0.002±0.01 0.026±0.1 0.12±0.14a a a a

Al-Moheet drain( after ) 0.02±0.01 0.02±0.01 0.011±0.1 0.06±0.05a a a a

Al-Moheet drain (before) 0.05±0.01 0.02±0.01 0.006±0.02 0.06±0.07a a a a

agricultural drains 0.01±0.01 0.03±0.05 0.008±0.1 0.04±0.01a a a a

Egyptian law 48/1982 0.20 5 0.01 5
* Fish sample collection, after WWTP discharge,  before WWTP discharge1 2

Sampling: Sub-Surface water samples were collected A12: 5'-TCGGCGATAG-3', A17: 5'-GACCGCTTGT-3', A20:
using acid washed, distilled water rinsed polyethylene 5-GGG TAA CGC C-3, A19: 5-CAA ACG TCG G-3 and
bottles. Samples were collected at  monthly  interval A20: 5'-GTTGCGATCC-3'. The primers were obtained from
during one year's period from April 2008 to March 2009. the Operon Technology. DNA amplification reactions
Fish samples (Clarias garipinus, Oreochromis niloticus) were performed under conditions reported  by  Williams
were collected from El-Moheet drain and agriculture et al. [12] and Plotsky et al. [28]. PCR amplification was
drains (Fig. 1). The collected samples were transported conducted in 50µl reaction volume containing 100 ng
alive in a large plastic water container supplied with genomic DNA, 100 mM dNTPs, 40 nM primer (Bio Basic
battery aerators as a source of air and washed with Inc. Canada), 2.5 units of Taq DNA polymerase. The PCR
distilled water. reactions were carried out in a thermocycler (Bioer-Xp

Heavy metals Analysis: Water samples were preserved min at 94°C, followed by 45 cycles of 1 min denaturation
immediately after collection by acidifying with at 95°C,1 min annealing at 36°C and 2 min extension at
concentrated HNO  to pH < 2; by using 5 ml for 1 liter of 72°C. Final extension at 72°C, for 5 min was allowed before3

water sample. Heavy metals were extracted from the holding the reaction at 4°C for 10 min. Reaction products
collected water samples using nitric acid digestion method were stored at 4°C prior to electrophoresis.
according to APHA [22]. Fish samples (1.0 g dry weight)
were digested with 6 ml of HNO  (65%) and 2 ml of H O Gel Electrophoresis: Each sample of RAPD products (103 2 2

(30%) at 280°C on a hot plate for 4 h. Finally, 2 ml of 1 N µl) was mixed with gel loading buffer and loaded onto an
HNO was added to the residue and the solution agarose gel (2%, w/ v) for electrophoresis. Amplification3

evaporated again on the hot plate, continuing until every products separated by gels were visualized and
sample was completely digested. After cooling, a further documented using the Gel Documentation system,
10 ml of 1 N HNO  was added. The solution was then Syngene Bio Imaging model: InGenius LHR (Made in UK).3

diluted and filtered through a 0.45-µ nitrocellulose
membrane filter [24]. The metal concentrations were Micronucleus Test: A drop of blood from blood and gills
measured using Atomic Absorption spectrometer Varian was mixed with a drop of fetal calf serum on a glass slide
Spectr AA (220) with graphite furnace accessory and and air-dried. The slide was fixed in methyl alcohol for 5
equipped with deuterium arc background corrector. min and stained with 5% Giemsa for 7 min. Two thousands

Random Amplified Polymorphic DNA (RAPD) determination of erythrocytes percentage that contained
DNA Extraction and RAPD Analysis: The genomic DNA micronuclei [28]. For micronuclei analysis, erythrocytes
was extracted from liver tissue according to the method were examined using an optical microscope equipped
described by Sharma et al. [25] with minor modification. Labo Americal, (USA) with an oil-immersion lens at a
The integrity of extracted genomic DNA was checked by 1000x magnification
electrophoresis in 0.8% agarose gels. The RAPD reaction
described by Becerril et al. [26] and Ferrero et al. [27] was Statistical Analysis: One way analysis of variance
performed using 5 ng DNA templates in a total volume of (ANOVA) and level of probability below p<0.05 was
25ìl. From the twenty one primers used, only six primers considered as statistically significant. Values were
selected because of their good  RAPD  profiles  were used expressed as the means ± standard error. All statistical
in this study. Their sequences are, A06:5 -GGTCCTGAC-3 tests were performed with the use of SPSS for Windows- -

 A07  5'-GAAACGGGTG-3', A09: 5'-GTGATCGCAG-3', Version 10.1., :

thermal, China) programmed with a first denaturation of 5

erythrocytes were examined for each fish for the
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Table 2: heavy metals mean concentrations (±SD) mg/ L  in water samples from different drains 1

Site Distance(m) from WWTP Location
Barakat Drain Zero Out of Abu-Rawash wastewater treatment plant
Abdul-Rahman 1500 Extension of Barakat drain
Al-Remal Drain 2900 Extension of Abdul-Rahman drain
Al-Mohet Drain(1) 3400 after the discharge point of Al-Remal drain
Al-Mohet Drain (2) 3200 before the discharge point of Al-Remal drain*

Ibrahim drain ------ agriculture drain water without sewage discharge and discharge to Al-Mohet*

Means with the same letter in the same column are not significantly different (P>0.05).

Table 3: Metal concentrations mg kg  in the muscle and liver of Cat fish and Nile tilapia.1

Location Fish species No. of fish metals concentration mg/kg
-------------------- --------------- -------------- --------------------------------------------------------------------------------------------
El-Moheet drain Cat fish 35 Origen Lead zinc copper cadmium

Liver 2.2±1.2 85±15 23±9.4 0.8±0.3a b b a

Muscle 2.1±2.4 46±12 0.5±0.2 0.8±0.3a b a a

Agriculture drains Nile tilapia 45 Liver 1.4±1.3 36±17 47±16 4.2±3.1a b b a

Muscle 0.87±0.8 1.2±1.01 20±6.5 1.2±1.3a a b a

EOSQC 1993 0.1 50 20 0.1*

 = non significant,  = significant a b

* EOSQC, Egyptian Organization for Standardization and Quality Control [10].

RESULTS AND DISCUSSION and 3.1±6.5 mg kg respectively. In Nile tilapia the means

Metals in Water: Table  2  shows  that  all  the  metals 38±42 and 1.8±1.01 mg kg  and muscle 0.87±0.8, 1.2±1.01,
(Pb, Zn, Cu and Cd) are within the permissible limits for 20±6.5, 1.2±1.3, mg kg  respectively. The maximum lead
discharge drain water into River Nile [30]. These results level permitted for fishes was 0.1 mg kg  according to
are in agreement with El-Araby [31], who stated that the Egyptian Organization for Standardization and Quality
average concentrations of heavy metals in different Control [10]. Generally, lead levels in the analyzed fish
locations in El-Moheet drain are within the permissible samples  were   found  to  be  higher  than  legal  limits.
range according to the Egyptian law [30], also Authman The high accumulation of zinc in studied fish liver agrees
[32] carried out a study on the heavy metals in Sabal with Hamed [34]. Ibrahim and Mahmoud [35] revealed that
drainage and found that the concentrations of Cd, Cu, Pb this increase is anticipated to industrial effluents from
and Zn were 0.06, 0.18, 1.48 and 0.67 mg/l respectively, Talkha Electricity station and sewage from El-Rahawy
these results are higher than the permissible limits of drain respectively. Zinc contents of the fish samples in
Egyptian law [30]. El Bouraie et al. [33] studied heavy this study ranged from 1.2–85 mg kg for Nile tilapia
metals in five drain outfalls (El-Rahway, Sabal, El-Tahreer, muscle and Cat fish liver respectively. In addition zinc
Zawyat El-Bahr and Tala), also found that the level of contents had been reported by Aucoin et al. [36] to be
metals is within the permissible limits of both Egyptian 4.62–14.6 mg kg  in different fish species. These results
laws [30]. are lower than our study. The maximum zinc level

Metals in Fish: The concentration of metals (Pb, Cd, Zn copper accumulation in this study might be due to
and Cu mg kg ) in the dry tissues of muscle and liver of industrial and sewage wastes. These results agree with1

Catfish and Nile tilapia were summarized in Table 3. those obtained by El-Naggar et al. [8] who mentioned that
Comparison of the extent of heavy metal accumulation in values for Cu were 18– 55 mg kg  and added that this
the analyzed tissues showed that the differences in increase is anticipated to industrial, drainage and sewage
distribution among different tissues were statistically effluents. Concentrations of Cu in the fish samples were
significant for all assessed metals (p < 0.05). The between 0.5– 47 mg kg . The maximum copper level was
accumulated metal concentration in liver was higher than
its level in the muscles.

For Catfish, mean concentrations of Pb, Zn, Cu and
Cd, in the liver were 2.2±1.2, 85±15, 23±9.4 and 0.8±0.3 mg
kg  respectively. For muscle were 2.1±2.4, 8.4±12, 23±231

1

of Pb, Zn, Cu and Cd in the liver were 1.4±1.3, 47±16,
1

1

1

-1

1

permitted for fishes is 50 mg kg  [10]. The elevation of1

1

1

observed in Nile tilapia and the minimum copper level in
Cat fish. The copper values are similar to the values of
Bahnasawy et al. [9] (3.8–5.2 mg kg ). The maximum1

copper level permitted for fishes is 20 mg kg  according1

to  Egypt  Food  Codex  [10].   Copper   levels  in  analyzed
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fish samples were found to be higher than legal limits. (TWW) has genotoxic effects on fish. The different band
The values of cadmium accumulation in present study profile (appearance/disappearance) between polluted
(0.8-4.2 mg kg  dry weight), for Cat fish liver and muscle fishes and control fishes was shown. A total of 257 bands1

and  Nile tilapia liver respectively, were higher than with an average of 5.3 bands per primer were detected.
those obtained by Yacoub [37]. Moustafa et al. [38] found Our results are similar to that obtained by Yoon and Kim
that the concentration values for Cd were 09–1.9 mg kg , [40]. They used oligodecamers (20 - mer random primers)1

while the maximum Cadmium level permitted for fishes is to study genetic similarity and diversity between two
0.1 mg kg  according to EOSQC [10]. Cadmium levels in populations of Korean catfish (Silurus asotus) and the1

some fish species were found to be higher than legal average of bands obtained were 8.2–13.6 band per primer.
limits. Additionally, the length of all the bands obtained in our

Evaluation of Genotoxicity in fish 5) and, this band length was detected in the previous
RAPD-PCR: It is documented that wastewater often work [40]. Rocco et al. [41] analyzed the genotoxic effects
contains genotoxic substances that can resist different of zebra fish DNA integrity after exposure to
stages of the treatment process. RAPD-PCR and DNA pharmacological agents present in aquatic environments
fingerprinting was performed on Catfish and Nile tilapia based on RAPD method and they found that the bands
fish genome to evaluate the genomic toxicity occurred to generated by the six primers were between 450 bp and
fishes obtained from polluted areas compared with those 2000 bp in length and also Zhiyi and Haowen [42]
obtained from control one. 20 primers (10-mer random analyzed the genotoxic effects of cyclophosphamide
primers) were used in our study. And from all used Danio rerio (zebra fish) with RAPD method and found that
primers only six primers were reacted and resulted in the bands generated by the six primers were between from
positive and detectable bands (Fig. 2-5). Statistically, the 300 to 2000 bp in length.
number of bands detected within the same group of fish Compared with the control fish, fishes exposed to
was not significantly different (p > 0.05), but were TWW recorded the emergence of 101 (new bands) and
significant in the numbers of bands observed between the disappearance of 77 bands for cat fish, while, fish
polluted fishes   and    control    fishes.    Results   showed polluted with agriculture drain yielded 51 (new band) and
appearance of new bands in polluted fishes which are not 19 bands disappeared. So, the total number of bands
present in the control. Interestingly, our results are in which disappeared in response to both treatments was 96
agreement with Zhang et al. [39]. RAPD profiles obtained while those bands which emerged are 152. These results
from our   study   showed   that   the   treated  wastewater illustrated  that;  treated  wastewater   was  more genotoxic

study was found in the range of 100–3000 bp (Figure 2 to

Fig 2: Represent randomly amplified polymorphic genomic DNA (RAPD) of cat fish at drain water polluted with
wastewater (El-Moheet drain) using the following sets of primers: A06, A07 and A09. Lane M is one kilo base (1
kb) DNA ladder; Lane C- control; Lane- 1, 2, 3 (randomly amplified genomic DNA of cat fish). As shown in this
figure there is a different DNA profile in control fish compared to fish obtained from polluted areas using all sets
of primers.
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Fig. 3: Represent randomly amplified polymorphic genomic DNA (RAPD) of cat fish at drain water polluted with
wastewater (El-Moheet drain) using the following sets of primers: A12, A17 and A18. Lane M is one kilo base (1
kb) DNA ladder; Lane C- control; Lane- 1, 2, 3 (randomly amplified genomic DNA of cat fish). As shown in this
figure there is a different DNA profile in control fish compared to fish obtained from polluted areas using all sets
of primers. 

Fig. 4: Represent randomly amplified polymorphic genomic DNA (RAPD) of Nile tilapia at drain water No 6 using the
following sets of primers: A06, A07 and A09. Lane M is one kilo base (1 kb) DNA ladder; Lane C- control; Lane-
1, 2, 3 (randomly amplified genomic DNA of Nile tilapia). As shown in this figure there is a different DNA profile
in control fish compared to fish obtained from polluted areas using all sets of primers

Fig. 5: Represent randomly amplified polymorphic genomic DNA (RAPD) of Nile tilapia at drain water No 6 using the
following sets of primers: A12, A17 and A18. Lane M is one kilo base (1 kb) DNA ladder; Lane C- control; Lane-
1, 2, 3 (randomly amplified genomic DNA of Nile tilapia). As shown in this figure there is a different DNA profile
in control fish compared to fish obtained from polluted areas using all sets of primers
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Table 4: Mean ±SD of frequency distributions of MN in the erythrocytes of African catfish and Nile tilapia collected from El Moheet drain and agriculture drains
Collected tissues
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Gills Blood cells
-------------------------------------------------------------------- ---------------------------------------------------------------------

Fish species Control Mean±SD Polluted Mean±SD Control Mean±SD Polluted Mean±SD
Cat fish 8.21±0.63 28±3.1 1.8± 0.66 4.8± 0.6a b a b

Nile tilapia 5.38±0.42 16±2.20 0.4± 0.12 2.1± 0.4a b a b

Means with the same letter in different column are significantly different (P 0.05).

than agriculture drain. In conclusion, the number of bands environment. The detection of micronucleus (MN) in fish
that emerged was almost twice as much as those who helps us to know the status of water quality, the health of
disappeared. Zhou et al. [43] studied the effect of species and potential risk [50]. Although there are a large
nitrofurazone on Euplotes vannus using RAPD-PCR number of genotoxicity assays, only a relatively small
assay. They found that 213 bands of 155–3317 bp in number have been used for field evaluation of domestic,
molecular size range were observed in the untreated cells. agricultural and industrial effluents on aquatic
In comparison with the control ciliates, the nitrofurazone ecosystems [51]. Pacheco et al. [52] noted that only field
treated groups showed differences in RAPD profiles with studies based on the capture of wild specimens could
respect to the band intensity, disappearance of bands and provide a definitive indication about the environmental
appearance of new bands of amplified DNA. The variation state and the ichthyic population’s health. MN test in fish
of RAPD profiles showed both the time- and has the potential for detecting clastogenic substances in
concentration-dependent relationships. Interestingly, aqueous media. Since teleost erythrocytes are nucleated,
Galindo et al. [44] studied random amplified polymorphic MN has been scored in fish erythrocytes as a measure of
DNA (RAPD) assays on fish Prochilodus lineatus after clastogenic activity. Various studies showed that the
exposures to aluminum, different doses and they found peripheral erythrocytes of fish display a high incidence of
that changes in RAPD band patterns occur coincidently MN after exposure to different pollutants under field and
in gills and liver of fish exposed to aluminum for 6 and 24 lab conditions [53].
h which might reflect the genotoxic effect of Al on liver In this study, higher incidences of MN were found in
and gill cells. New fragments  can  be  amplified because the gills of fish collected from the heavily polluted areas
some sites become accessible to the primer after structural (Table 4). Such frequencies were significantly elevated
changes in the DNA taking place [45, 46]. This could be with the increasing pollution gradient (El Moheet drain).
due to point mutations and/or large rearrangements of the The frequencies of MN were significantly higher in gills
DNA. A single point mutation within the primer site can blood erythrocytes of Nile tilapia and African catfish
generate significant changes in RAPD patterns [12]. compared to control. The lower level of genotoxicity was

Micronucleus Assay: Fish erythrocytes are especially negligible contaminated sites. Consistent with these
favored for micronucleus test [47] and its feasibility has results, MN is induced in brown trout inhabiting polluted
already been established in Clarias gariepinus [48]. It was sites compared to those caught in clean rivers systems
stated by many authors that abnormal nuclear [54]. Hughes and Hebert [55] reported elevated MN
morphology is an indicator of genotoxic damage in fish frequencies in erythrocytes of Pseudopleuronectes
[18, 49]. Alternatively, various abnormal morphological americanus captured from costal areas of Long Island
forms of erythrocytes are effective indicators of contaminated by heavy metals and polycyclic aromatic
cytotoxicity [47]. hydrocarbons. Similarly, the analysis of MN frequencies

The results of MN frequencies found in fish from the in liver cells of Lepidorhombus boscii, Merluccius
different sampling sites were shown in Table 4. Fish from merluccius and Mullus barbatus sampled from the
agriculture drain, showed the lowest MN  frequencies. Liguarian Sea of Italy, revealed higher values in fish from
The highest MN frequencies were found at El Moheet polluted areas than those derived from clean areas [56].
drain site. Values were statistically different among sites. Al-Sabti and Hardig [57] demonstrated that MN

The results of this study confirmed the usefulness of frequencies in erythrocytes of Perca fluviatilis were higher
the erythrocyte micronucleus as a powerful monitoring in samples collected from polluted areas than those
tool for detecting genotoxic agents in an aquatic derived  from clean areas of the Baltic Sea. Using MN test,

observed at agriculture drains which are considered as
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Wirzinger et al. [58] detected a more pronounced relation 5. Begüm, A., M.D.N. Amin, S. Kaneco and K. Ohta,
between the amount of sewage and level of genotoxic
damage in field-collected three-spined sticklebacks.
Bagdonas et al. [59] detected higher frequencies of MN
in different fish species collected from the polluted sites
of Nemunas River, Lithuania. In finally Ali et al. [18] and
Osman et al. [60] suggested that the micronucleus test in
fish erythrocytes as a sensitive monitor for aquatic
pollution. A study carried out by Ergene et al. [61]
suggested that the genotoxic effects observed in
erythrocytes of fishes exposed to the Goksu Delta
(Turkey) are generally correlated with heavy metal content
of water samples. Therefore, we can suggest that the
induction of cytogenetic damage can be due, at least for
this analysis, to the presence of heavy metals in the
refinery effluent. The results of this study confirm the
usefulness of the erythrocyte MN and RAPD-PCR as
powerful monitoring tools for detecting genotoxic agents
in water environment.

It can be concluded that Abu rawash wastewater
treatment plant effluent and agriculture drain are
genotoxic. Wastewater effluent is much more genotoxic
than agriculture drain. African catfish was more sensitive
to genotoxic pollutants than Nile tilapia which can be
attributed to their feeding peculiarities. Metal levels in
water were in the permissible limit according to the
Egyptian low.
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