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Avrticle History: In the current study, a comparison was conducted between different
Received: Oct. 3, 2023 water drains (Bahr El-Bagar, EI-Rahawy and Um EI-Resh) and the River
Accepted: Oct. 21, 2023  Nile water at EI-Kanater sector in terms of muscle pollution. In addition, the
Online: Oct. 28, 2023 effect of pollution on heavy metals concentrations in the liver and gills of
fish samples from different locations was studied. All heavy metal

concentrations examined for the Nile tilapia harvested from El-Rahawy and

Kfayw_ord_s: Um El-Resh were lower than the permissible limits, except for lead which

Nile tilapia, : : :
showed slightly higher values. The levels of all studied metals such as Fe,

Heavy metals, : o

. : Zn, Cu and Pb were above the permitted levels for human consumption in

River Nile, - : .

Pollutions Bahr El-Bagar drain. Cons_equently,_flsh conSl_Jmpt_lon_from Bahr El-Bagar
drain should not be permitted. While, the Nile tilapia sampled from the
River Nile is safe for human consumption. Higher pollution levels were
recorded for Bahr El-Bagar drain, with regard to four heavy metals
including Fe, Zn, Cu and Pb. Consequently, a strict monitoring program
should be applied in order to sustain the safety of the Nile tilapia for
consumers.

INTRODUCTION

The eutrophication of drain water resulting from municipal sewage and
agricultural drain water loaded with fertilizers leads to higher photosynthetic activity.
Algae, which are lately eaten by fish, absorb huge amounts of heavy metals during
photosynthesis. EI- Wasify et al.( 2019) explained that polluted water transfer heavy
metals through the food chain; with natural food uptake by fish, metals increase in fish
tissue, and subsequently become a threat to human beings. EI-Sheekh (2009) postulated
that, the bioaccumulation of heavy metals in fish can reach up to 106 times their
concentration in water through natural food uptake.

At current times, pollution of aquatic environment is considered a growing and
important problem worldwide since heavy metals accumulate in fish through food chain
at toxic concentrations (Al- Kenawy & Aly, 2015). Therefore, fish are considered as bio-
indicators of aquatic system health (Wildianarko et al., 2000). Fish are used in
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evaluating aquatic health, especially the Nile tilapia that has ecological value, being
economically important as food for low income families (Alaa, 2012).

Fish muscles constitute the edible part of fishes that are used in evaluating health
risk and permissible limits since humans obtain approximately 25% of animal protein
from its consumption (Bahnasawy et al., 2009; El Batrawy et al., 2018).

The current study investigated the concentrations of nine heavy metals (Fe, Zn,
Cr, Mn, Ni, Cu, Co, Pb and Cd) in muscles, gills and livers of the Nile tilapia, compared
to the national and international permissible limits. The main objectives of the Egyptian
government are to improve the quality of harvested fish. Several authors assessed that the
Egyptian drains include 90 drains covering agricultural drains, industrial drains as well as
untreated sewage drains (Abd EIl Satar et al., 2017; Gohr et al., 2019).

Contamination of fish organs is an early warning of water quality problems, and it
is used to safeguard public health (Mansour & Sidky, 2002; Darweesh et al., 2019). El
Sayed et al. (2011) elucidated that, the concentrations of heavy metals in edible parts of
fish can be used to compare and bio monitor safety of fish consumption among different
locations.

Fish uptake of heavy metals can be performed through two mechanisms: polluted
water (adsorption) and from feeding on polluted algae and plankton present in the food
chain, consequently fish are considered as an indicator of pollution (Ali et al.,2016).

Tilapia is known as one of the cultivated species used in fish culture in Egypt and
is reared in drain water according to the Egyptian Law. Therefore, the study of pollution
of the Nile tilapia reared in drain water is important to protect human health.

The objectives of the current study included the comparison between different
water drains (Bahr EL-Bagar, EL-Rahawy and UM EI-Resh) and the water of the River
Nile at EI-Kanater sector in terms of muscles pollution. The effect of pollution on heavy
metals concentrations in the liver and gills of fish sampled from different locations was
also studied.

MATERIALS AND METHODS

The present study was carried out at the Central Laboratory of Environmental
Quality Monitoring, Ministry of Water Resources and Irrigation, Egypt. The objectives of
study was to compare heavy metals accumulation in medium-sized Nile tilapia harvested
from three major drains (Bahr El-Bagar, EI-Rahawy and Um EI-Resh) compared to those
harvested from the River Nile at El Kanater El Khyria. Nine heavy metals were tested for
their accumulation in different organs of the Nile tilapia (liver, gills and muscles)
harvested from these different sites. The tested fish tissues were examined for levels of
heavy metals (cadmium, chromium, cobalt, copper, lead, iron, zinc, nickel and
manganese) on dry matter basis. Random samples of medium-sized Nile tilapia (300-350
grams each) were harvested from each drain as well as the site chosen along the River
Nile to examine the variation of the levels of heavy metal accumulations among different
sites as well as among different organs.
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1. Heavy metals analysis in fish
To determine heavy metals accumulation in different organs of the Nile tilapia,
harvested fish were dissected to separate liver, gills and muscles of each fish. These
organs were oven dried at 105°C for 12 hours until constant weight was obtained. One
gram dry weight of each organ was transformed to ash using muffle furnace (550°C).
Digestion of ash was performed using concentrated nitric acid, which was diluted with
2N HCI to a constant volume.The digested solution was cooled to room temperature,
filtered and diluted to reach a final volume of 25ml using deionized water. Heavy metals
concentrations in selected organs were determined according to APHA (1998) guidelines
using Inductivity Coupled plasma device (ICP OES 5300 DV,U.S.A). All metals
concentrations in the Nile tilapia tissues were reported in mg/kg dry weight since dry
weight comparison yields stable figures for comparison.
2. Study area
The study sites are located in northern Egypt. Three drains were selected during
the current study. Bahr EI-Baqgar drain is located in the eastern Delta passing through
Qalubyia, Shargia, Ismailia and Port Said Governorates, and most drains are located in
the Shargia Governorate, with coordinates of 31" 7°0" N and 32" 6’0" E. It runs from
Cairo to Lake Manzala for about 170 km, with a depth range of 1 — 3m and width
range of 30-70m (Taha et al., 2004; Fouad et al., 2020), whereas El-Rahawy drain lies
between latitudes 3010 N to 30'12 N and longitudes 312 E to 31°'3 E. It is about
12.41km and passes through EI-Rahway village, receiving from many villages that are
established along its sides agricultural and domestic wastes that are left without
purification in addition to the sewage of El-Giza Governorate while discharging these
wastes directly without treatment into the Roetta branch of the River Nile (EI-Sheekh et
al., 2010). On the other hand, Um EI-Resh drain is in Port Said Governorate and is
disbursed into Bahr Al-Bagar drain at EI Kanater EI-Khyria 30° 11' 53" N 31° 07' 28" E.
Compared to the River Nile, Bahr EI-Bagar and El-Rahawy drains are characterized by
heavy pollution of sewage and industrial wastes.
3. Sampling
Within each site, all nine metals were analyzed in triplicate samples, and sampling
was repeated three times during the summer season. All fish samples analyzed during the
experiment totaled 108 specimens (27 specimens from each site). Each analyzed sample
was a composite sample from three fishes (pooled samples). Each sample included one
gram dry weight tissue taken from each dissected organ, with triplicate samsples from
each site replicated three times during the summer season.
4. Statistical analysis

The descriptive analyses of data (means and standard deviations) were obtained
using the computer program (SPSS In., version 8.0 for windows). The experiment was
designed and statistically analyzed as a completely randomized design. Data were
subjected to one-way analysis of variance, and Duncan multiple range test was used to
determine differences among treatment means (Duncan.1955). Probability level (0.05)
was set for significance. Duncan multiple range test was employed to detect significant
difference among means in different locations and different tissues.
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RESULTS AND DISSCUSION

1. Cadmium pollution

The observed levels of cadmium in muscle tissues of the Nile tilapia ranged from
0.165- 0.602mg/ kg ( Table 1) among different sites during the current study and were
lower than the upper guideline limits of 2.0mg/ kg, as recommended by (WHO, 1995;
FEPA, 2003). For all sampled fish from all sites, Cd values were lower than the
acceptable permissible limits approved by USEPA (2000) and FDA (2001). Moreover,
values were lower than the Egyptian law (E.O.S.Q.C, 1993), which indicated permissible
limits of 2.0mg/ kg on dry weight basis. Higher cadmium concentration in the Nile tilapia
may originate from pesticides and superphosphate. The main sources of Cd
contamination include agricultural activities and industrial activities (electrical appliances
and ceramics) as reported by Ahmed et al. (2018). Cicik and Engin (2005) explained
that cadmium is absorbed from water by gills and from food (i.e. algae and plankton) via
digestion, and thereafter is transported by blood to the liver, where accumulation takes
place. Khaled (2004) postulated that cadmium could be adsorbed through gills and
absorbed through food chain, with a distribution pattern in a decreasing order (liver>
gills> muscls).

2. Lead pollution

The highest Pb concentration (5.94 mg/kg) in muscles was recorded in Bahr El
Bagar drain, while intermediate values were recorded in El-Rahawy and Um EIl Resh
locations (2.46 & 2.89mg/ kg, respectively). It was noticed that the lowest muscles'
pollution was recorded in the River Nile site (0.028mg/ kg). Consequently, fish obtained
from Bahr El Bagar exceeded the permissible limits representing a high risk to the health
of consumers.

Accumulation of lead in tilapia muscles may be due to the use of fertilizers,
gasoline, paints and cosmetics (Ahmed et al., 2018). Excessive lead levels among drains
have primarily induced by house hold plumping. In this respect, Sharmeen et al., (2014)
reported that domestic sewage is a major source of lead. The levels of Pb observed in fish
muscles sampled from the River Nile were lower than the upper permissible limits of
2.0mg/ kg (WHO, 1985; FEPA, 2003).The highest Pb concentration was observed in the
muscles of tilapia from sewage drains (Bahr El Bagar and ElI Rahawy):(2.89-5.94
mg/kg),while Pb in the River Nile recorded lower values. Lead concentrations in sampled
tilapia fluctuated between 2.46 & 5.94mg/ kg on dry weights basis in all studied drains,
recording values higher than the permissible limits reported by WHO (1989), Egyptian
laws (1993) and E.C. reports (2006) which indicate a maximum permissible limit of
2.0mg/ kg on dry weight basis.

Callender (2014) illustrated that atmospheric deposition, phosphate mineral
sources and rock weathering are main inputs for heavy metals pollution in aquatic
environment. Helmy et al. (2020) claimed that lead accumulation in water could be
ascribed to industrial and agricultural discharges, dust polluted by lead in air and lead
contained in pesticides and dissolution of lead plumping (Sepe et al, 2003).

The concentration of lead during the current study showed the lowest values in the
muscles of the Nile tilapia (0.028 mg/kg dry weight) gathered from the site chosen in the
River Nile, while intermediate values were recorded in the Nile tilapia muscles (2.46-2.89
mg/kg dry weight) in EI-Rahawy and Um EI-Resh drains. Fish samples collected from
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Bahr El-Bagar drain had the highest lead concentrations compared to those of other
locations. Ibrahim and Omar (2013) postulated that cadmium and lead are considered
the most toxic heavy metals in terms of carcinogenic hazard. The sewage drains
examined during the current study (Bahr El Bagar and ElI Rahwy drains) had higher
muscles' pollution than those of Um EI-Resh drain.

When sampling locations were compared, the River Nile site had muscle
concentration of cadmium (0.139mg/ kg), while the respective concentration of lead
recorded a value of 0.028mg/ kg, which are considered well below the permissible
guideline limits, being safe for human consumption. Whereas, Bahr El Bagar and El
Rahawy sewage drains were above the permissible limits in terms of muscle
concentrations regarding the health hazards of cadmium and lead. The potential human
health risk under the exposure to lead above the permissible limits through adult ingestion
includes both carcinogenic and non-carcinogenic hazards. Edible fish tissue for cadmium
were within the Egyptian organization laws (1993), while those for lead in all drains
were above the permissible limits of the Egyptian organization guidelines (1993).

3. Zinc and iron pollution

Bahr El Bagar site showed the highest concentration of Zn in the muscles of the
Nile tilapia (126.7mg/ kg dry weight). Lower values of Zn concentrations were detected
in the muscles of the Nile tilapia (0.635- 16.1mg/ kg) in the River Nile,Um El Resh and E
Rahawy drains. These values are considered within the safe limits for human
consumption and do not represent hazard for human health. On the other hand, fish
collected from Bahr El Bagar drain represent a greater risk hazard to human health since
muscles' value for Zn (126.7 mg/kg) exceeded the permissible limits of 40.0mg/ kg.

Zinc and iron were registered at the highest concentrations in all organs, with the
highest levels in liver and gills tissues, followed by muscles. Fish accumulated zinc and
iron from both diet (food chain) and surrounding water, with significant differences
among different sites. Since liver accumulated higher levels of heavy metals than
muscles, it is supposed that polluted food (i.e. algae and plankton) was the primary source
for uptake of heavy metals.

In addition, the Fe residues in the muscles of the Nile tilapia ranged from 6.72-
12.72mg/ kg dry weight in all drains and the River Nile alike, except for those of Bahr EI-
Bagar which averaged 154.97mg/ kg dry weight. Similarly, zinc concentration in fish
muscles of Bahr El-Bagar drain (126.77mg/ kg dry weight) was extremely high compared
to other sites, which recorded values fluctuating from 6.0- 16.1mg/ kg dry weight.

4. Muscles pollution among sites

Iron, zinc and copper were the most abundant elements in the Nile tilapia muscles,
followed by lead and cadmium, as shown in the following sequential order:
Fe>Zn>Cu>Pb>Cd. The least abundant elements followed a sequence where
chromium>Manganese >cobalt>nickel. The result of the current study (Tablel) indicate
that fish muscles had lower concentrations of all elements than gills and liver. In general,
heavy metals concentrations in tilapia muscles from the River Nile were within the
international permissible limits; whereas, fish samples collected from Bahr El-Bagar
drain showed the highest concentrations of Fe, Zn, Cu and Pb which are above the
permissible limits. Consequently, edible parts (muscles) of the Nile tilapia from River
Nile are safe for consumption. Higher concentrations of lead were observed in fish
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harvested from EI-Rahway and Um EI-Resh drains; however, all other metals were within
the permissible limits set by FAO (1983), USEPA (2000) and WHO (2017).

The accumulation trends of heavy metals in muscles during the current study
included major elements such as Zn, Fe and Cu, while other elements such as Mn, Ni, Cr
and Co were minor elements. The Nile tilapia harvested from El-Rahawy and Um El-
Resh had all heavy metal concentrations lower than the permissible limits, except for lead
which had slightly higher values than the permissible limits according to FAO (1983),
USEPA (2000) and WHO (2017). Generally, the levels of essential metals (Fe, Zn and
Cu) were higher than those of non-essential metals (Pb and Cd).This finding coincides in
with those of Aly (2016) and Yacoub et al. (2021).

Table 1. Heavy metals accumulation (mg/kg dry weight) in muscle of medium-sized Nile
tilapia harvested from different drains

Um El-

Element Bahr EI- El-Rahawy River Nile
Resh
Baqgar
cd 0.165 0.582 0.602 0.139
+0.055° +0.400° +0.181° +0.010°
Pb 5.94 2.89 2.46 0.028
+1.50° +0.943° +0.105° +0.009°
Cr 0.378 5.03 0.261 1.88
+0.060%° +1.59° +0.141° +0.282°
Co 0.280 0.483 0.269 0.518
+0.261° +0.200° +0.026° +0.165°
Mn 0.667 0.400 0.501 2.23
+0.273? +0.302° +0.405° +0.363°
Ni 0.028 0.050 0.017 0.017
+0.010° +0.019° +0.0022 +0.0022
cu 45.31 4.62 0.002 3.34
+25.66° +0.848% +0.001% +1.27°
7n 126.77 0.635 16.10 6.06
+15.33° +0.361% +2.20° +2.37%
Fe 154.97 6.72 12.72 8.54
+6.99° +1.21° +1.19° +1.78°

a,b... means in the same row with different superscripts are significantly different (P<0.05).
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5. Gills pollution among sites

For heavy metals accumulation in the gills of Nile tilapia (Table 2) considering
the studied sites, Bahr EI-Bagar drain had the highest levels of accumulation with respect
Zinc (178.3 mg/kg), iron(174.5 mg/kg), copper (78.0 mg/kg) and lead (9.44 mg/kg).
However, EI-Rahawy drain had higher levels of copper (47.9 mg/kg) in the Nile tilapia
gills. Donia et al. (2017) showed higher concentrations of heavy metals in gill samples
compared to muscle samples. Gill tissues are in direct exposure to contaminated water
which adsorbs to the external surface of gill apparatus (Bahnasawy et al., 2009). The
high levels in gills of fish may be explained by adsorption and absorption of heavy metals
complexing with the mucus covering the external surface of gills. While, the thick layer
of mucus covering gills allow the absorption of metals (Salaah et al., 2022). Al Naggar
et al. (2018) showed that the gills and liver of the Nile tilapia had the highest levels of
heavy metals compared to edible muscles. Remarkably, the type of organ in fish
determines the concentration of heavy metals, being higher in gills and lower in muscles
(Houri et al., 2018). Gills are continually exposed to water, consequently concentrations
of heavy metals in gills reveal their concentration in drain water (Romeo et al., 1999;
Ahmed et al., 2014).

Omar et al. (2015) elucidated that fish muscles' pollution could be used to
evaluate the potential risk of fish consumption. Consequently, fish muscles contamination
should be used to monitor pollution problems in aquatic environment which protect
public health. Fish can absorb heavy metals directly via gills, and indirectly through
polluted natural food (i.e. plankton through food chain). Phytoplankton and zooplankton
accumulate large amounts of different heavy metals present in the environment, while
fish feed on polluted food and concentrate it in different organs with higher
concentrations.

6. Liver pollution among sites

When heavy metals levels in liver were compared among different sites (Table 3),
it was observed that liver in Bahr El-Baqar site had higher levels of iron (365.2mg/ kg),
zinc (246.9mg/ kg), copper (63.2mg/ kg) and lead (30.7mg/ kg).This indicates that liver
in Bahr El-Baqar site had higher levels of heavy metals accumulations compared to those
of other sites. Several studies reported that the highest heavy metals concentrations
accumulated in the liver of fish and the lowest heavy metals concentrations accumulated
in muscles and gills (Mohamadi et al., 2011). Al-Kenawy and Aly (2015) investigated
heavy metals accumulation in different organs of fish and found that most metals'
accumulation takes place in liver and gills, while fish muscles had the least metals levels.
Moreover, Ghannam et al. (2015) explained that liver and gills have greater
physiological role than muscles, leading to varying accumulation levels among different
organs. In addition, liver is regarded as the primary organ of detoxification in fish and
vertebrates. The distribution of heavy metal concentrations among organs followed the
order of: liver>gills>muscles according to Alaa (2012). Yacoub (2007) noticed that the
liver of fish has high metallothionein, which performs the detoxification mechanism.
While, liver is metabolically active organ, accumulating heavy metals in higher
concentrations, in contrast to muscles which are considered non-active tissue
(Bahnasawy et al., 2009).
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Table 2. Heavy metals accumulation (mg/kg dry weight) in gill of medium-sized Nile
tilapia harvested from different drains

Element Bahr EI-  El-Rahawy Um El- River Nile
Resh
Baqgar
cd 0.358 0.376 3.31 0.135
+0.106° +0.125° +1.51° +0.039°
Ph 9.44 3.06 9.96 0.487
+1.50° +0.320° +0.941° +0.174°
c 0.393 6.06 0.681 0.260
r +0.01° +2.94 +0.254° +0.072°
Co 1.359 1.61 0.213 0.436
+0.700° +0.197° +0.070° +0.069°
Mn 5.79 11.71 0.340 1.89
+1.35° +0.696° +0.113? +0.174°
Ni 0.04 0.06 0.020 0.027
+0.02% +0.028° +0.004? +0.003%°
cu 78.04 47.92 15.36 3.86
+12.97¢ +15.17° +1.34° +0.671°
7n 178.33 24.76 21.85 12.86
+53.66° +2.094 +1.76° +0.216%
Fe 174.53 18.93 18.72 11.25
+23.55° +0.615° +0.068% +0.4332

a,b... means in the same row with different superscripts are significantly different (P< 0.05).

The higher heavy metals concentrations in liver of fish can be ascribed to the
presence of a binding protein (metallothionein), which works in metal homeostasis,
lowering metal toxicity (Abd El-Khalek et al., 2012). While, muscles have lower level
of this binding protein (Papagiannis et al., 2004). Liver is the organ with the highest
heavy metals concentrations followed by gills, while muscle tissue has the lowest
concentrations ( EI-Sayed et al., 2011). Liver accumulates the highest level of all heavy
metals, while muscles accumulate the lowest concentration according to khaled (2004).
Gills accumulated intermediate levels of all heavy metals, which showed that polluted
natural food (algae and plankton) is the primary source for heavy metals uptake. The
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above results agree with the findings of numerous authors (Saeed & Shaker, 2008;
Farouk, 2009; Yosef & Goma, 2011; Abd-El-Khalek et al., 2012; El-Shaer & Al
Abssawy, 2019; Aly et al., 2020; Farouk et al., 2020).

Table 3. Heavy metals accumulation (mg/kg dry weight) in liver of medium-sized Nile
tilapia harvested from different drains

Bahr El- Um El- ) .
Element Bagar El-Rahawy Resh River Nile
cd 0.287 2.35 2.33 0.991
+0.110° +1.303° +0.953° +0.721%
ob 30.76 8.30 18.08 2.86
+11.105° +2.630%° +1.172° +0.7332
Cr 0.690 5.90 0.591 457
+0.201% +1.499° +0.276° +0.846°
Co 0.582 2.85 0.771 0.035
+0.140° +0.848° +0.237% +0.030°
Mn 4.76 8.63 0.674 2.13
+0.461° +2.993¢ +0.193? +0.424 %
Ni 0.065 0.070 0.066 0.042
+0.014% +0.012° +0.046° +0.0392
cu 63.23 58.51 13.24 3.67
+22.81° +25.43° +0.868° +0.4312
7n 246.96 47.87 18.41 16.64
+37.16° +13.71% +1.45 +1.962
Fe 365.23 165.55 24.13 17.38
+141.81° +32.34% +5.30° +2.722

a,b... means in the same row with different superscripts are significantly different (P<0.05).
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7. Standard permissible limits

The levels of all studied metals (Fe, Zn, Cu and Pb) were above the permitted
levels for human consumption with respect to Bahr El-Bagar drain. Consequently, fish
consumption from Bahr El-Bagar drain should not be permitted. EI-Rahawy and Um EI-
Resh drains had acceptable values of all heavy metals, except for lead where it ranged
from 2.46- 2.89mg/ kg, which are not acceptable according to WHO, FAO and the
Egyptian standards. The lowest heavy metal pollution in sampled fish was observed in
the River Nile fish and were within the acceptable values for fish consumption according
to the European Commission (EC, 2006) and World Health Organization (2017).

According to world-wide standards, the results of the current study had acceptable
permissible levels for fish consumption in the River Nile station at EI-Kanater, while Um
El-Resh and El-Rahawy drains had slightly higher levels of lead in fish but acceptable
levels for all other heavy metals under study.

According to the European commission (2006), acceptable permissible limits
for heavy metals in fish muscles must be below 40.0mg/ kg for zinc; 50.0mg/ kg for iron;
10mg/ kg for chromium and 30mg/ kg for copper in edible fish flesh. The WHO
acceptable limits for the consumption of fish are 2.0mg/ kg for lead and 1.0mg/ kg for
cadmium (WHO, 1995). Essential heavy metals that include manganese, iron, cobalt, and
copper are necessary in fish metabolism but are toxic when their concentrations are high
(Gulec & Aksu, 2012). However, non-essential metals such as cadmium, chromium, lead
and nickel are toxic to fish and human, even in trace concentrations. The Western
Australian Food and Drug Regulations had set the permissible level of nickel at 5.5mg/
kg wet weight according to Plaskett and Potter (1979). In Egypt, the maximum levels of
pollution with heavy metals in fish muscles were set according to, FAO (1983) and
WHO (1989) and EOSQS (1993).

The concentrations of cobalt and manganese in the muscle of fish from the River
Nile were slitghtly higher than those of drains due to the phytoremediation and
biosorbtion of heavy metals by aquatic plants,alage and bacteria in drains compared to
the River Nile. However, the concentration of cobalt and manganese in muscle of fish
from the River Nile were within the permissible limits (0.5 mg/kg and 30 mg/kg
respectevily) according to FAO (1983) and FAO (1992).

Concentrations of the studied metals in edible parts of tilapia samples were found
within the safe limits in the River Nile station. In fish sampled from El-Rahawy and Um
El-Resh drains, heavy metals concentrations in the edible part (muscles) were within the
recommended levels for the human consumption, except for lead which had slightly
higher values, while all other metals were within the recommended values for human
consumption.

Lead concentrations in the muscles of the Nile tilapia were higher than the
standard permissible concentration of lead in Bahr El-Bagar drain (5.9 mg/kg), El-
Rahawy drain (2.89 mg/kg) and Um EI-Resh drain (2.46 mg/kg). While, lead
concentration in fish muscles samples collected from the River Nile (0.028 mg/kg) were
within permissible concentrations as recommended by WHO (1989).The increase in lead
levels in fish muscles sampled from Um EIl-Resh drain is due to the discharge of large
amount of agricultural drainage water entering into its channel.

In spite of heavy metals contamination in the edible fish muscles in El-Rahawy
and Um EI-Resh drains, all studied heavy metals did not exceed the recommended
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permissible limits, except for lead levels. However, some heavy metals in fish sampled
from Bahr El-Bagar drain exceeded the standard permissible limits and are considered
unsafe for human consumption.

Copper, iron and zinc have higher permissible concentrations in fish muscles are
considered biologically essential, and become only toxic at very high concentrations
(Bahnasawy et al., 2009). However, all other heavy metals have toxicity and lower limits
according to the Egyptian General Authority for Standards and Quality Control (Anwar
etal., 2011; Al-Naggar et al., 2018).

CONCLUSION

The concentrations of most heavy metals in muscle tissues of fish harvested from
Bahr El-Bagar drain exceeded the acceptable limits indicated by FAO and WHO
organizations since Bahr El-Bagar drain is considered as the most polluted drain in Egypt
especially with Pb, Cu, Zn and Fe heavy metals. Body concentrations of heavy metals of
the Nile tilapia harvested from the River Nile were the lowest compared to fish exposed
to drain waters during the current study. The present study showed that heavy metals
concentrations had the least values in muscles and the highest levels were recorded in
gills and liver organs, reflecting high metabolic activities in gills and liver compared to
muscles. The results of the current study indicate that the Nile tilapia fish sampled from
the River Nile are safe for human consumption, while fish sampled from Bahr EI Bagar
sewage drain represent greater risk hazard when consumed by humans due to pollution
above the safe limits caused by anthropogenic activities. Consequently, strict control by
the Egyptian Laws should be enforced over drain waters of Bahr EI-Bagar drain. Bahr EI-
Bagar drain had higher pollution of four heavy metals that include Fe, Zn, Cu and Pb.
Consequently, strict monitoring programs should be applied in order to yield Nile tilapia
which is safe for consumers.
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