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Abstract

The increasing demand for fish, driven by its high nutritional
value, is challenged by heavy metal pollution in aquatic
environments from urbanization and industrial activities. This
study examines the accumulation of heavy metals (Cu, Zn, Pb,
Cd, Hg) in Oreochromis niloticus (Nile tilapia) and Clarias
gariepinus (African catfish) from Lake Manzala, Egypt, using
Atomic Absorption Spectrophotometry. Results revealed
species-specific metal accumulation patterns: O. niloticus
accumulated higher levels of Zn (122.15 pg/g) and Cu (75.23
Kg/g), whereas C. gariepinus showed elevated Pb (0.441 pg/g),
Cd (0.235 pg/g), and Hg (0.183 ug/g) concentrations. Liver
tissues consistently exhibited the highest metal concentrations,
followed by gills, gonads, and muscles. The metal levels in fish
muscles were below FAO/WHO legal limits, indicating their
safety for human consumption. These findings highlight the
importance of species-specific assessments and ongoing
monitoring to understand environmental contamination and
ensure food safety. Further research into the mechanisms of
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metal accumulation and their ecological and health impacts is
essential.

Introduction

Fish is highly valued for its nutritional benefits, offering high-
quality protein, essential vitamins (A, D, E), and minerals
(phosphorus, selenium, iron, calcium, iodine, magnesium).
Additionally, fish is a rich source of omega-3 fatty acids (EPA
and DHA), which have been linked to numerous health benefits,
including reduced risks of arrhythmias, endothelial dysfunction,
coronary heart disease, Alzheimer's disease, and blood clotting
(Burger & Gochfeld, 2005; Brunner et al., 2009; Tuzen, 2009;
Ganjavi et al., 2010; Kromhout et al., 2012; Beveridge et al.,
2013; Parian & Mullin, 2016). Consequently, the American
Cancer Society and the American Heart Association
recommend consuming fish at least twice a week (Fernandes et
al., 2012).

However, the aquatic environments of fish are increasingly
contaminated by pollutants, particularly heavy metals, due to
human activities and industrialization. Heavy metals such as
mercury, lead, and cadmium are toxic even at low
concentrations, while essential metals like copper and zinc
become harmful at high levels (Yilmaz, 2005; Turkmen et al.,
2008; Tuzen, 2009; Sary & Velayatzadeh, 2014; Alkan et al.,
2015). Lake Manzala in Egypt, a significant fishery resource, is
heavily polluted with untreated industrial, domestic, and
agricultural wastewater, resulting in metal contamination above
permissible limits and posing risks to the ecosystem and human
health (Ali, 2008; Abdel-Rasheed, 2011; Bahnasawy et al.,
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2011; El-Khayat et al., 2015; Zahran et al., 2015; Arnous &
Hassan, 2015).

A previous study conducted by (Sallam et al., 2019) reported
heavy metal concentrations in three fish species from Lake
Manzala: Nile tilapia, flathead grey mullet, and African catfish.
The study found that the mean concentrations of mercury (Hq),
lead (Pb), and cadmium (Cd) among these species followed the
order Nile tilapia > African catfish > flathead grey mullet, while
arsenic_(As) concentrations were highest in flathead grey
mullet. These findings highlight significant seasonal variations
and species-specific _accumulation patterns, with potential
health hazards indicated for consumers (DOI: 10.1111/1750-
3841.14676).

Given the critical role of Lake Manzala in Egypt's fish
production amidst increasing contamination, it i1s essential to
assess heavy metal residues in fish species commonly
consumed in the region. Lake Manzala-also-faces-eutrophication

ool i and ] e Achide g

Omame;2047)—This study aims to measure levels of copper,
zinc, lead, cadmium, and mercury in Nile tilapia (Oreochromis

niloticus) and African catfish (Clarias gariepinus) from Lake
Manzala to determine their safety for human consumption.
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These species, which differ in habitat and feeding habits, are
vital food sources in the region.

Review of Literature

The pollution of the aquatic environment is a global concern,
with heavy metals being significant toxicants due to their
toxicity, persistence, and bioaccumulative properties (Usal et
al., 2008). Industrial development, population growth, and
urbanization have exacerbated heavy metal levels in aquatic
ecosystems (Sarkar et al., 2016). These metals enter water
bodies through atmospheric deposition, erosion, and
anthropogenic activities such as industrial effluents, sewage,
and mining (Raja et al., 2009; Aladetohun et al., 2013). They
can accumulate in marine organisms, including fish, which are
then consumed by humans, posing health risks such as liver
damage, renal failure, and cardiovascular disease (Uzoamaka,
2016).

Mercury (Hg): One of the most toxic heavy metals, mercury,
occurs naturally and is released through human activities,
including industrial processes (Erdogrul, 2007). In aquatic
systems, inorganic mercury is converted into highly toxic
methylmercury by bacteria, which accumulates in fish and
poses significant health risks to humans, such as neurological
damage and kidney failure (Khallaf et al., 1998; Soliman, 2006).

Cadmium (Cd): Toxic to aquatic organisms, cadmium
contamination arises from industries like ceramics, batteries,
and agriculture (Dheina, 2007). It can cause renal failure, bone
damage (ltai-itai disease), and various cancers in humans
(Fatoki et al., 2002). Cadmium exposure also leads to severe
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cellular damage and immune system impairment (Afshan et al.,
2014).

Lead (Pb): Exposure to lead results in numerous health issues,
including abdominal pain, cardiovascular diseases, and
cognitive impairments (Ansari et al., 2004). Major sources
include vehicle emissions, ceramics, and plumbing (EI-
Bakkoch, 2009).

Copper (Cu): An essential element, copper in high doses can
cause anemia, liver, and kidney damage (Ansari et al., 2004).

Zinc (Zn): While essential for numerous bodily functions,
excessive zinc intake can cause severe health issues, such as
vomiting and liver damage (Khallaf et al., 1998).

Heavy metals enter fish through the skin, gills, and digestive
tract, where they are absorbed and transported to various organs
(Mohammed and Khamis, 2012). Prolonged exposure can lead
to numerous abnormalities in fish, including behavioral changes
and developmental disruptions (Akan et al., 2012). Fish, as the
final link in the aquatic food chain, reflect the environmental
contamination of their habitats (Shakweer, 1998).

Numerous studies have documented heavy metal accumulation
in fish species worldwide. For instance, Adeyeye and Ayola
(2013) found significant metal accumulation in the liver and
gills of Clarias gariepinus in Nigeria, while Ibrahim et al. (2013)
reported high levels in Clarias gariepinus from Egypt, deeming
them harmful for consumption. Various regulatory bodies, such
as the WHO, FAO, and EU, have established permissible limits
for heavy metals in food (Achide and Omame, 2017).
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Monitoring heavy metal levels in fish is crucial for public health
and understanding aquatic ecosystem health.

Materials and Methods
Fish Collection and Preparation:

The study utilized two commercially important fish species with
high nutritional value: Nile tilapia (Oreochromis niloticus) and
African catfish (Clarias gariepinus). These fish were purchased
from local fishermen at Lake Manzala (EI-Mataria region)
during July and August 2017 (Figures 1 and 2).

- Fig. 1: Nile tilapia, Oreochromis niloticus

Fig 2 : The African cat fish, Clarias gariepinus

Upon collection, the fish were placed in clean plastic bags,
stored in an icebox, and transported to the Zoology Department
Laboratory at the Faculty of Science, Damietta University. In
the laboratory, the total length and weight of each fish were
measured to the nearest millimeter and gram, respectively.
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Sample Preparation:

Each fish specimen was dissected using sterilized stainless-steel
equipment. Samples of the epiaxial muscles, liver, gills, and
gonads were placed in pre-weighed, clean, dry 25 ml beakers.
These samples were then dried in an oven at 80°C for 48 hours.

Digestion Process:

The dried samples were digested using a mixture of
concentrated nitric acid (HNO; , 69%) and concentrated
perchloric acid (HCIO, , 70%) in a 2:1 ratio on a hot sand bath.
Digestion was continued until the solution became clear. Once
clear, the digest was allowed to cool, filtered through acid-
resistant filter paper, and transferred to 25 ml volumetric flasks.
The solutions were then diluted to the mark with distilled water
and stored in clean, sterile plastic bottles until the determination
of selected heavy metals using an Atomic Absorption
Spectrophotometer (AAS).

Metal Concentration Determination:

Metal concentrations in tissues were presented as micrograms of
metal per gram of dry weight (ug/g dry weight). To prevent
contamination, all glassware was soaked overnight in a dilute nitric
acid solution, rinsed with distilled water, and dried before use.

Reagents and Blank Solution:

All chemicals used were of analytical reagent grade. A blank
solution was prepared to check for any possible traces of metals
in the acids or distilled water used during the digestion and
dilution of the samples.
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Quality Control:

To ensure the accuracy and reliability of the results, rigorous
quality control measures were implemented. This included the
use of analytical-grade reagents, contamination prevention
protocols, and the preparation of blank solutions to monitor for
potential contamination.

Statistical analysis

The obtained data were subjected to one - way analysis of
variance (ANOVA) and were used to assay whether sample
varied significantly between species. Possibilities less than 0.05
(P 0.05) were be considered statistically significant. All
statistical calculations were carried out with Spss.

RESULTS
Fish Lengths

The range and mean lengths of the investigated fish species are
presented in Table 1 and Figure 3. The length of Clarias
gariepinus ranged from 32.5 to 48.0 cm, with a mean length of
40.05 cm. In contrast, the length of Oreochromis niloticus
ranged from 21.7 to 28.0 cm, with a mean length of 24.7 cm.
There were significant differences between the lengths of the
examined fish species (Table 1).

Fish Weights

The range and mean weights of the studied fish species are
shown in Table 2 and Figure 4. The weight of Clarias
gariepinus ranged from 320 to 680 g, with a mean weight of 449
g. The weight of Oreochromis niloticus ranged from 215 to 420
g, with a mean weight of 285.5 g. Significant differences were
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observed between the weights of the examined fish species
(Table 2).

Metal Concentrations

The mean concentrations and associated standard deviations of
Cu, Zn, Pb, Cd, and Hg in the studied fish species (Oreochromis
niloticus and Clarias gariepinus) are shown in Tables 3-7 and
Figures 5-12. The general pattern of metal bioaccumulation in
both fish species was as follows: Zn > Pb > Cu > Cd > Hg.

Oreochromis niloticus accumulated higher concentrations of Zn
(122.15 ug/g dry weight) and Cu (75.23 pg/g dry weight). On
the other hand, Clarias gariepinus contained higher levels of Pb
(0.441 pgl/g dry weight), Cd (0.235 ug/g dry weight), and Hg
(0.183 ug/g dry weight) (Table 3).

Table 1.: The range and mean of fish lengths, cm.

Length (cm) T-test
Fishes Range :
Mean + SD | df| T Sig.

Clarias

o (32.5-48)| 40.05 = 4.68
gariepinus

. 1 19.397(0.001%**

Oreochromis

o (21.7-28)| 2474 + 2.5

niloticus
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Length mean (cm)

O. niloticus

C. gariepinus

Fishes

Figure 3.: Means of fish lengths.

Table 2.: The range and mean of fish weights, g.

Weight (g) T-test
Fishes Range
Mean = SD |df| T Sig.
-
Clarias (320-680) | 449.00 £123.13
gariepinus
1 |3.666 | 0.002**
Oreochromi
FEOCRTOMIS 1 (215-420) | 285.50 + 68.78
niloticus
®
o®
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Figure 4.: Means of fish weights.

Table (3): Mean heavy metals concentrations (ng/g dry wt.)

in the investigated fishes.

O)

Fishes
Heavy
; ; T-test
Imetals Cl.art.as Oref)ch.romls . &
gariepinus niloticus
T
Mean + SD Mean+SD Mean+SD test Sig.
"\.,‘.
Zinc 120.73 £78.18 | 122.151+68.01 121.44+72.81 [0.08(0.93
Copper [30.535+44.28 75.23+£135.82 [52.88 +£102.85(1.97|0.05
Lead 0.441+£0.38 0.326+0.227 0.38 +0.318 [1.63]0.10
Cadmiu | 0.235+0.17 0.177+0.102 0.206 =+0.141 [1.87]0.06
Mercury| 0.183+0.13 0.135+£0.084 0.159 =+0.108 (2.02]0.05
* Significant at level 0.05
k’b,). 83 @ )|



JKC Knowledge Crown Journal
Zinc (Zn) Concentrations

Zinc concentrations detected in the organs of O. niloticus and
C. gariepinus are shown in Table 4 and Figure 6. Zn levels in
the organs of the two fish species followed the order: gonads >
liver > gills > muscles (Table 4). Zn concentrations varied
significantly between the organs of the studied fish species.

In O. niloticus, Zn concentrations ranged from 30.76 to 186.53
Kg/g dry weight, while in C. gariepinus, Zn concentrations
ranged from 42.51 to 172.18 jug/g dry weight. The highest Zn
concentrations were found in the gonads of both O. niloticus
(186.53 ug/g dry weight) and C. gariepinus (172.18 ug/g dry
weight).

The liver of O. niloticus accumulated higher concentrations of
Zn (152.56 pg/g dry weight) compared to the liver of C.
gariepinus (144.46 pg/g dry weight). The gills of C. gariepinus
contained higher levels of Zn (123.77 pg/g dry weight) than the
gills of O. niloticus (118.74 ug/g dry weight). Muscles had the
lowest Zn values in both O. niloticus (30.76 pg/g dry weight)
and C. gariepinus (42.51 pg/g dry weight).

Copper (Cu) Concentrations

Copper concentrations in the organs of O. niloticus and C.
gariepinus are shown in Table 5 and Figure 7. Cu levels in the
organs of the two fish species followed the order: liver > gills >
gonads > muscles. Cu concentrations varied significantly
between the organs of the studied fish species (Table 5).

In O. niloticus, Cu concentrations ranged from 1.63 to 285.28
Hg/g dry weight, while in C. gariepinus, Cu concentrations

ranged from 3.29 to 98.92 ug/g dry weight. The highest Cu
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concentrations were found in the liver of both O. niloticus
(285.28 ug/g dry weight) and C. gariepinus (98.92 ug/g dry
weight) (Table 5).

The gills of C. gariepinus accumulated higher concentrations of
Cu (16.05 pg/g dry weight) than the gills of O. niloticus (7.42
Kg/g dry weight). The gonads of O. niloticus contained higher
levels of Cu (6.56 pg/g dry weight) than the gonads of C.
gariepinus (3.87 ug/g dry weight). Muscles had the lowest Cu
values in both O. niloticus (1.63 pg/g dry weight) and C.
gariepinus (3.29 ug/g dry weight) (Table 5).
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Table (4): Mean Zinc concentrations (ug/g dry wt.) in

various organs of the investigated fishes.

Heavy
metals

Organs

Muscles

Gills

Liver

Gonad

Total

F-test

Mea L SD

Mean £ SD

Mean £ SD

Mean £ SD

Mea +SD
n

Sig.

0.

niloticus

30.7
+8.79
6a

118.7 ' 26.9
4° 0

152.5 265
+
6° 4

186.5

s £60.11

122.1  68.0
==
5 1

34.9

0.001**

*

C.

us

gariepin

425 28.8
+
12 8

123.7 25.5
+
7° 9

144.4 384
+
5b 6

172.1

114.6
8° *

2

120.7  78.1
==
3 7

7.73

0.001**

*

Total

36.6  21.6
==
3 3

121.2 256
=5
6 8

148.5 324
=25
1 3

179.
793 +89.38

121.4 72.8
==
4 1

*#% Significant at 0.00

Mean Zinc concentration

200 ~

150 -

100 -

50 A

m Muscles mGills

O. niloticus

Liver

Gonad

C. gariepinus

Investigated fishes

Fig. 6. Mean Zinc concentrations (ug/g dry wt.) in various
organs of the investigated fishe
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Table (5): Mean Copper concentrations (ng/g dry wt.) in
various organs of the investigated fishes.

Organs
F-test
Heavy Muscles Gills Liver Gonad Total
metals
M M
eiiSD Mean+SD | Mean=SD eziSD Me:::tSD F | Sig
0. 0.5 1.3 (285.28 120.5 33 135.8 (53.9(0.001**
1.632+ 7.42°+ + 6.56%+ 22+
miloticus 0 9 b3 6 2 1 6 *
¢ 1.1 16.05 5.0 1.3 58.210.001**
gariepinu 3.29bi0 bﬂ:4 98.922+37.70 3.87"ﬂ:7 30.53+44.27 9 .
s
Total 2.46i1'1 11.74&:5'7 192.101129‘2 5.22:|:2'8 52.88:|:102'8
9 0 0 5 5
**% Significant at 0.001
Muscles = Gills Liver Gonad
o C300 1 pam—
X o
o .=
© E1s0 -
G O
o C
s 8120 1
60 ‘ |
O ] —
O. niloticus C. gariepinus
Investigated fishes

Fig.7. Mean Copper concentrations (ng/g dry wt.) in
various organs of the investigated fishes

Lead (Pb) Concentrations

The mean concentrations of Pb in various organs of the
investigated fish species are shown in Table 6 and Figure 8.
There was a significant difference in Pb concentrations among
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different organs of O. niloticus, whereas the concentration of Pb
in the organs of C. gariepinus did not vary significantly (Table
6).

Pb concentrations in O. niloticus and C. gariepinus followed the
order: liver > gonad > gills > muscles.C. gariepinus
accumulated the highest levels of Pb in its liver (0.521 pg/g dry
weight), gonads (0.455 pg/g dry weight), gills (0.445 pg/g dry
weight), and muscles (0.344 pg/g dry weight).In O. niloticus,
the concentrations of Pb in the organs were as follows: liver
(0.493 ng/g dry weight), gonads (0.417 ug/g dry weight), gills
(0.233 pg/g dry weight), and muscles (0.163 pg/g dry weight).

Table (6): Mean Lead concentrations (ug/g dry wt.) in
various organs of the investigated fishes.

Organs

Heav F-test

y Muscles Gills Liver Gonad Total

metal M

s |Mean+SD | Mean=SD |Mean+SD |Mean+SD e:::I:SD F| Sig

.32 . .54 2 : .

Claria 0.344ﬂ:03 0.445i0 38 0.521ﬂ:05 0.455ﬂ:O > 0.441&:0 . 0> 0.792
3 9 2 8 2 5

Tilapi |0.163 0.03 [0.233* 0.05(0.493 0.27 [0.417 0.25 0.22 |6.6(0.001**
+ + + + 0.326+

a a3 5 73 b5 7 4 *

Total 0.254&:(2)'24 0.33912'29 0.507d:g'41 0.436d:g'25 0.38412'31

*#% Significant at 0.001
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Fig. 8. Mean Lead concentrations (ug/g dry wt.) in various

organs of the investigated fishes.

The mean concentrations of Cd in various organs of O. niloticus
and C. gariepinus are shown in Table 7 and Figure 9. There was
a significant difference in Cd concentrations among different
organs of C. gariepinus, while no significant difference was
observed in the Cd concentrations among the organs of O.
niloticus.Cd concentrations in the organs of both O. niloticus
and C. gariepinus increased in the following order: liver > gills
> gonads > muscles.

C. gariepinus accumulated the highest levels of Cd in its liver
(0.369 pg/g dry weight), gills (0.243 pg/g dry weight), and

' gonads (0.220 pg/g dry weight). In contrast, O. niloticus

exhibited a higher level of Cd in its muscles (0.143 pg/g dry
weight) compared to the muscles of C. gariepinus (0.110 pg/g
dry weight). The concentrations of Cd in the organs of O.
niloticus were as follows: liver (0.234 pg/g dry weight), gonads
(0.153 pg/g dry weight), and gills (0.178 ug/g dry weight). The
muscles of both O. niloticus and C. gariepinus had the lowest
levels of Cd (Table 7).
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Table (7): Mean Cadmium concentrations (ng/g dry wt.) in
various organs of the investigated fishes.

Organs
F-test
Heavy Muscles Gills Liver Gonad Total
metal
S Mea .
Mean+ SD [Mean + SD [Mean+ SD |Mean + SD n +SD | F | Sig.
Claria 0.110jE 0.08 0.243"‘i 0.05 0.369jE 0.24 0.220*’i 0.12 02354 0.16(5.3{0.004*
b 9 ¢ 8 2 0 ¢ 517 8 |6 *
Titapi] 43,0961 6 178 2 01310 2342 011§ 153 2. 903 1774 0101161 1g6
® a 8 7 3 8 2 |9
Total (0.126 + 0'37 0.211 + 0';0 0.302 + 0'519 0.186 + 0'110 0.206+ 0'114

** Significant at 0.01

Muscles mGills Liver Gonad
c 0.4 -
E -503
203 -
3]
85
Lc) 80'2 1
g5
S “o1
0.0 -
O. niloticus C. gariepinus
Investigated fishes

Fig. 9. Mean Cadmium concentrations (pg/g dry wt.) in
various organs of the investigated fishes.

Mercury (Hg) Concentrations

The mean concentrations of Hg in various organs of O. niloticus
and C. gariepinus are shown in Table 8 and Figure 10.
Significant differences were found in Hg concentrations among
different organs for both O. niloticus and C. gariepinus. Hg
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concentrations detected in O. niloticus and C. gariepinus
increased in the following order: liver > gills > gonads >
muscles. The liver of both O. niloticus and C. gariepinus
accumulated the highest levels of Hg. Additionally, all the
organs of C. gariepinus accumulated higher levels of Hg than
those of O. niloticus.The concentrations of Hg in the organs of
C. gariepinus were as follows: liver = 0.308 pg/g dry weight,
gills = 0.185 pg/g dry weight, gonads = 0.153 ug/g dry weight,
and muscle = 0.087 ug/g dry weight. Meanwhile, the
concentrations of Hg in the organs of O. niloticus were as
follows: liver = 0.225 ug/g dry weight, gills = 0.151 pg/g dry
weight, gonads = 0.118 ug/g dry weight, and muscle = 0.046
Kg/g dry weight.

Table (8): Mean Mercury concentrations (ug/g dry wt.) in
various organs of the investigated fishes.

Heav Organs
F-test
y Muscles Gills Liver Gonad Total
metal Mea
s Mean+ SD |Mean+ SD |Mean+ SD |Mean + SD n +SD | F Sig.
0.087 0.02|0.185 0.02]0.308 0.04]0.153" 0.02 : 001%*
Claria| ", =+ + + + 0.183ﬂ:0 12 8.87 0.001
5 ¢ 3 a 6 ¢ 5 5 *
Tilapi|0.046 0.03|0.151  0.06|0.225 0.05 0.05 0.83(18.30.001**
+ + + 1184+ 135+
a a 3 b 9 ¢ 5 0.118 6 S 6 | 5 *
0.06 0.07 0.11 0.06 0.10

066+ 168+ 266+ b +
Total |0.066 5 0.168 1 0.266 5 0.136 9

**% Significant at 0.001

0.159+
8
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Fig.10. Mean Mercury concentrations (pg/g dry wt.) in
various organs of the investigated fishes.

Heavy Metal Concentrations in Fish Organs

Heavy metals concentrations in the organs of fish species are
presented in Tables 9 and 10 and Figures 11 and 12.
Significant differences were observed between Zn, Cu, Pb, and
Hg concentrations in muscles, gills, liver, and gonads of O.
niloticus, while Cd did not show significant differences
between these organs (Table 9).

For O. niloticus, the distribution of metals in the fish organs
followed this descending order: Zn > Cu > Pb > Cd > Hg. The
total concentration values of Cu, Cd, and Hg in the fish organs
were detected in the following order: liver > gills > gonads >
muscles. The sequence of Zn concentration in the organs
followed this order: gonads > liver > gills > muscles. Pb
concentrations took the following order: liver > gonads > gills
> muscles (Table 9, Figure 11).
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Similarly, for C. gariepinus, significant differences were
observed between Zn, Cu, Cd, and Hg concentrations in
muscles, gills, liver, and gonads, while Pb did not show
significant differences between these organs (Table 10). The
accumulation order of heavy metals in fish organs was as
follows: Zn > Cu > Pb > Cd > Hg. The total concentration values
of Cu, Cd, and Hg in fish organs were detected in the following
order: liver > gills > gonads > muscles. Zn contents in fish
organs were as follows: gonads > liver > gills > muscles. Pb
concentrations took the following order: liver > gonads > gills
> muscles (Table 10, Figure 12).

Table (9): Mean heavy metals concentrations (ug/g dry wt.)
in various organs of O.niloticus.

Heav Organs

F-test

Muscles Gills Liver Gonad

M
ca, D

metal

Mean2SD |MeanzSD |Mean+SD Sig.

S n

Zinc

30.748.7

118.7426.9

152.5426.54

186.5460.1

122.1468.01

34.

0.001

Coppe

1.6320.5

7.42941.39

285.24120.5

6.56543.36

75.224135.8

53.

0.001

Lead

0.1620.0

0.23340.05

0.49310.273

0.41740.25

0.326+0.227

6.6

0.001

Cadmi

0.1410.0

0.178+0.13

0.23440.113

0.15340.05

0.17740.102

1.6

0.186

Mercu

0.0410.0

0.15140.06

0.22540.055

0.11840.05

0.135+40.836

18.

0.001

**% Significant at 0.001
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®
Table (10 ): Mean heavy metals concentrations (ug/g dry
wt.) in various organs of C.gariepinus

Heav Organs
- . F-test
y Muscles Gills Liver Gonad Total
metal M M
) eEiSD Mean4SD [Mean4SD [Mean4SD eziSD F | Sig.

Zinc |42.5428.8123.7425.5|144.4438.4/172.14114. | 120.478.1/7.7|0.001
Copp |3.2941.10]16.0545.04{98.92437.7]3.87541.37 | 30.5444.2(58./0.001
Lead |0.3440.32/0.44540.38|0.52140.54/0.45540.25 | 0.44+0.38/0.3
“s |Cadm|0.1120.08)0.2430.05/0.369+0.24/0.2200.12 | 0.2340.165.3|0.004
Merc |0.0840.02/0.185240.02/0.308+0.04{0.15340.02 | 0.1840.12/8.8/0.001

** Significant at 0.01 *#% Significant at 0.001
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Pearson correlation between heavy metals in
investigated fish

the

The Pearson's correlation matrix between the concentrations of
heavy metals in the investigated fishes is shown in Table 11.
Zinc showed a positive significant correlation with copper
(r=0.233), lead (r=0.225), cadmium (r=0.323), and mercury
(r=0.388). Copper is correlated with lead (r=0.283) and mercury
(r=0.366). There was a correlation between lead and cadmium

(r=0.242), and a correlation between cadmium and mercury
(r=0.341).

Table (11): The correlations coefficient between heavy
metals concentrations in the investigated fishes.

Heavy Zinc Copper Lead | Cadmium | Mercury
metals

Zinc 0.233* 0.225%* (0.323%** 0.388**
Copper 0.283* 0.196 0.366**
Lead 0.242%* 0.091
Cadmium 0.341**
Mercury

* Significant at 0.05 ** Significant at 0.01

In O.niloticus, there was a remarkable positive
correlation between Zinc and lead (=0.637 ) , zinc and mercury
(r=0.434 ). Copper had positive correlation with lead (r=0.561)

and mercury (r=0.556) (table 12).
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Table (12): The correlations coefficient between heavy
metals concentrations in all organs of O.niloticus

Heavy Zine Coppe Lead Cadmiu | Mercur
metals r m y
Zinc 0.284 | 0.637* 0.211 0.434**
Copper 0.561* 0.254 | 0.556**
Lead 0.241 0.311
Cadmiu 0.183
Mercury

* Significant at 0.05 ** Significant at 0.01

In C.gariepinus, a positive correlation was found
between zinc and cadmium (r=0.404), Zinc and mercury
(r=0.386), copper and cadmium ( r=0.481), copper and
mercury( r=0.551 ). Cadmium had positive correlation with
mercury (r=0.361) (table 13).

Table (13): The correlations coefficient between heavy
metals concentrations in all organs of

C.gariepinus.

Heavy . .

Zinc | Copper | Lead | Cadmium | Mercury
metals
Zinc 0.254 | 0.073 | 0.404** 0.386*
Copper 0.242 | 0.481** | 0.551**
Lead 0.202 0.05
Cadmium 0.361*
Mercury

* Significant at 0.05 ** Significant at 0.01
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Discussion

The increasing human population has heightened the demand
for food, with fish being a staple for many worldwide due to
their nutritional benefits. However, aquatic environments are
facing pollution from urbanization and industrial development,
particularly heavy metals, which pose significant health risks.
Fish can accumulate these metals, impacting human health upon
consumption. This study investigated heavy metal
accumulation in various fish species, revealing species-specific
patterns influenced by factors like feeding habits, habitat, and
pollution levels.

The results indicated differential heavy metal accumulation
among fish species, with Oreochromis niloticus accumulating
high levels of Zn and Cu, while Clarias gariepinus showed
elevated concentrations of Pb, Cd, and Hg. Such variations align
with  previous studies, highlighting  species-specific
bioaccumulation tendencies. Factors—such—as—feeding—habits;

habitat proximity to sediment, and pollution levels influence
metalaccumulation. The findings from Sallam et al. (2019)

support these results, as Nile tilapia showed higher mean
concentrations of Hg, Pb, and Cd compared to African catfish
and flathead grey mullet in their study. This pattern suggests
that Nile tilapia may be more susceptible to accumulating heavy
metals due to its feeding habits and habitat proximity to polluted
sediments in Lake Manzala.

Liver tissue consistently exhibited the highest metal
concentrations, particularly Cu, Pb, Cd, and Hg. The liver
serves as a vital organ for detoxification and metabolism,

storing metals for subsequent elimination. Gills, being in direct
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contact with water, also accumulated significant metal levels
due to their role in gas exchange and osmoregulation. Muscles,
with lower metabolic activity, showed the lowest metal
concentrations, consistent with previous findings across fish
species.

Comparisons with other studies including that of Sallam et al.
(2019) underscored variability in metal accumulation across
different water bodies and species, influenced by ecological
factors and sampling conditions. Importantly, metal levels in the
analyzed fish remained below legal limits set by regulatory
bodies like the FAO/WHO, reassuring the safety of consuming
these fish.

In summary, this study elucidates species-specific patterns of
heavy metal accumulation in fish, driven by ecological factors
and pollution levels. Understanding these dynamics is crucial
for assessing environmental health and ensuring food safety.
Further research into the mechanisms of metal accumulation
and their impacts on ecosystems and human health is warranted.

Conclusion

This study addresses a critical knowledge gap by investigating
heavy metal concentrations in Oreochromis niloticus and
Clarias gariepinus from Lake Manzala. Significantly different
metal levels were observed between the two fish species,
highlighting the importance of species-specific assessments in
understanding environmental contamination.

Moreover, significant variations were found among the
accumulation of metals in different organs of the studied
species. The accumulation pattern for Cu, Cd, and Hg showed a
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hierarchy of liver > gills > gonads > muscle, while Zn exhibited
a pattern of gonads > liver > gills > muscles. Pb concentrations
followed the order of liver > gonads > gills > muscle.

Regarding food safety, the findings suggest that the muscle
tissue of the investigated fish species falls within acceptable
limits proposed by the WHO and FAO. Thus, based on the
samples collected and analyzed, consumption of the muscle
tissue appears to be suitable for human consumption without
posing significant health risks due to heavy metal
contamination.

This study not only contributes valuable data on heavy metal
concentrations in fish from Lake Manzala but also underscores
the importance of ongoing monitoring and regulation to ensure
food safety and environmental health. Continued research in
this area is essential for mitigating potential risks associated
with heavy metal pollution in aquatic ecosystems.
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