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Abstract

The main objective of the current study was to estimate the levels of
heavy metals residues in the flesh of farmed freshwater fish and fresh water
samples collected from different localities. Fifty random fresh fish samples (20
cultured, Oreochromis niloticus, 20 cultured African catfish and 10 cultured
Mugil cephalus) and 30 fresh water samples were collected from Kafr-EI Sheikh
governorate Moreover, forty fish samples (20, cultured Oreochromis niloticus
and 20 cultured African catfish) and 20 water samples were collected from
Menofia governorate. The fish samples were collected from the same sites and at
the same times where water samples were collected throughout two successive
years of (2013-2014). Collected cultured fresh fish and water samples were
analyzed for heavy metal residues using Atomic Absorption Spectrophotometer
(AAS). The results indicated that the concentration of Mercury, Lead, Cadmium
and Arsenic residues in fresh water were higher than their levels in fish flesh
samples under the study. Also the results indicated that the concentration of
Mercury, Lead, Cadmium and Arsenic residues in both fresh water and fish flesh
samples in Menofia were higher than their levels in Kafr- El Sheikh. The results
revealed that the concentration of Mercury, Lead, Cadmuim and Arsenic residues
in the flesh of cultred African catfish were higher than the permissible limits
recommended by E.O.S.Q.C (2010) and FAO/WHO (1992) in both governorates
under the study and the least concentration of such heavy metals residues was
found to be in flesh of cultured Oreochromis niloticus followed by cultured

Mugil cephalus.
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Introduction

Fish and fish products are considered as a main source of animal proteins
of high biological value, easily digestible and of high nutritional constituent due
to its generous supply of minerals and vitamins. Consumption of fish provides a
source of lean protein, highly enriched with omega-3 fatty acids and essential
nutrients; however, it may be a main source of heavy metals which constitutes a
risk for human if harvested from water contains high concentration of these
metals (Petre et al., 2012).

The world aquaculture production showed that freshwater fishes are the
dominant species of fish with a production of 28.8 million tons (54.7 percent) valued
at US $ 40.5 billion (41.2 percent) followed by mollusks (FAO, 2014). Fish can be
considered as one of the main sources of the national income that Egypt depends on,
stimulating local market economies, and important source of foreign exchange
(Sadek, 2000).

In recent years, the unscrupulous industrial practices and environmental
pollution can result in dissipation of heavy metals to water and concentration of
these metals and other environmental agents that are related to environmental
toxicity in farmed fish (Noveli et al., 1998). The pollution of aquatic environment
with heavy metals constitutes a serious public health hazards for human being.
Freshwater fish is more sensitive to heavy metals than marine species especially

those of public health significance (Sorensen, 1991).

Heavy metals are persistent type of pollutants and cannot be broken down or
destroyed over long time of heat treatment and become permanent additives to
aquatic environment and their persistence enhances their potential to reach and
affect human health (Levensen and Barnard, 1998). From public health point of
view heavy metals including Mercury, Lead, Cadmium and Arsenic are of our
primary concern because they are toxic for human being even if present in traces and

they are always present in high concentration in wastes disposed in water of Nile
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river and Lakes. (Abd El-Kader, 1993). To the best of our knowledge, there is a
limited data on the level of contamination of fresh water fish with heavy metals in
Menofia and Kafr-El-sheikh governorates. Therefore, the main objective of the
current study was to estimate the levels of Mercury, Lead, Cadmium and Arsenic in
the flesh of cultured Oreochromis niloticus, African catfish and Mugil cephalus as

well as in the fresh water collected from both governorates.

Materials and Methods

Collection of samples

Fifty fresh fish samples (20 cultured Oreochromis niloticus, 20 cultured
African catfish and 10 cultred Mugil cephalus) and 30 water samples were
collected from Kafr-El sheikh Moreover, forty fresh samples (20 cultured
Oreochromis niloticus and 20 cultured African catfish) and 20 water samples
were collected from Menofia. The body weight of cultured Oreochromis niloticus
and African catfish specimens were ranged from 50 — 200 gm and 100 — 400gm
respectively. The water samples were collected according to the technique
described by A. P. H. A (1995).

Preparation and analysis of water samples

The water samples were preserved by addition of one ml of concentrated
nitric acid until analysis. The analysis was conducted according to A.P.H.A.
(1985) using UNICAM 696 AA spectrometer for measuring levels of lead,

cadmium and arsenic and cold vapour technique for measuring mercury levels.
Preparation and analysis of fish samples

Digestion and analysis

Each fish sample was represented by one gram of flesh dissected from the
axial muscles behind the head. The samples were prepared and digested according to
the technique described by Shibamoto and Bjeldanes (1993). For detection of
Cadmium and Lead, 1gm of each sample was digested by 10 ml of digestion

mixture in screw capped tube after maceration by sharp scalpel (Finerty et al.,
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1990). In regard to mercury and arsenic, 0.5 gm of macerated sample was digested
in 10 ml concentrated H2SO4/HNO3 solution (1:1) as described by (Diaz et al.,
(1994). All tubes were tightly closed, shaked and allowed to stand overnight at room
temperature, then heated for 4 hours in water bath at 70°C to ensure complete
digestion followed by cooling at room temperature. The digest was filtered with
whattman filter paper and the filtrate was collected in Pyrex glass test tubes capped
with polyethylene film and kept at room temperature until analyzed for heavy metal
contents using UNICAMO969AA spectrophotometer). Estimation of heavy metals in

each examined sample was expressed by (mg/kg) of wet weight samples.

Quantitative determination of heavy metal residues

Arsenic, Cadmium and Lead absorbency were recorded directly from the
digital scale of AAS and their concentrations were calculated according to the
following equation C=R*(D/W)
Where, C = concentration of metal (mg/kg) wet weight

R = Reading of digital scale of AAS.

D = Dilution of prepared sample.

W = Weight of sample.
While, mercury concentration calculated according to the following equation Cl=
(AL/A2)*C*(D/W).
Where, C1= concentration of mercury (mg/ kg) wet weight.

Al= Absorbency reading of the sample solution.

A2= Absorbency reading of the standard solution.

Statistical analysis:

The data of heavy metal concentrations were statistically analyzed using
Chi-square, ANOVA and t-test according to (SAS, 1987). After that the results
presented in the form of figures according to Harvard graphics 4 computer

programs.



Results and discussion

Incidence of heavy metals residues in fresh water samples.

Table (1): Incidence of heavy metals residues in fresh water samples
collected from Kafr- El sheikh and Menofia governorates.

Menofia (n = 20)

No. of samples
exceeded the PL

Kafr- El sheikh (n= 30)
No. of samples
exceeded the PL

% %

Chi® = 15.35°

PL: permissible limit.

B=significant at (P < 0.01)

Table (2): Mean values of heavy metals in fresh water samples collected
from Kafr- El sheikh and Menofia governorates

Safe | ofr-El- sheikh| Menofia Overall
permissible

limits (PPM)

FAO/ WHO

Mean + SE

0.25 + 0.06

Mean +
SE

0.22 £ 0.04

0.29 + 0.07°

0.35 £ 0.06

0.24 + 0.07°

0.42 £ 0.09

0.43 + 0.15°

1.95+ 0.35

Means within the same row of different litters are significantly different
A= significant at (P < 0.05)

B=significant at (P < 0.01)

C=significant at (P < 0.001)

The results recorded in Table (1) revealed that the percentage of sample
exceeded the permissible limits recommended by FAO/ WHO (1984) for Hg, Pb,
Cd and As in water samples collected from Kafr-Elsheikh were 93.34%, 46.67%,
73.34% and 76.67%, respectively. However, the percentage of samples exceeded
the permissible limits for these heavy metals in Menofia were 95%, 95%, 100%

and 100%, respectively. Moreover, the result in Table (2) revealed that the mean
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values of concentration of Hg in water samples collected from Menofia were
significantly (P< 0.05) lower than the concentration of this heavy metal in
samples collected from Kafr- El sheikh, however, the concentrations of Pb, Cd
and As in samples collected from Menoifa were significantly (P < 0.05) higher
than the concentration of these heavy metals in samples collected from Kafr- El
sheikh.

Table (3): Incidence of heavy metals residues in cultured Oreochromis
niloticus samples harvested from Kafr- El sheikh and Menofia governorates.
Menofia (n = 20)
No. of samples
exceeded the PL

Kafr- El sheikh (n= 30)
No. of samples
exceeded the PL

% %

Chi?=11.25°

PL: permissible limit.

B=significant at (P < 0.01)

Table (4): Mean values of heavy metal residues in cultured Oreochromis
niloticus samples harvested from Kafr- El sheikh and Menofia governorates
(ppm, wet weight) (n = 40).

Safe Kafr-El- sheikh
permissible
limits (PPM)
(E.0.SQ.C
(2010);
FAO/ WHO

Menofia Overall mean

Mean + SE |Mean + SE Mean + SE

0.08 + 0.04

0.16 + 0.02°

0.12 + 0.02

0.08 + 0.03"

0.40 + 0.05°

0.24 £ 0.05

0.08 + 0.02°

0.60 + 0.11°

0.34 £+ 0.09

0.33 + 0.22°

* = (E. 0.S Q. C (2010)
** = (FAO/ WHO (1992)

3.11 4+ 0.5°

1.72 + 0.40

Means within the same row of different litters are significantly different.

A= significant at (P < 0.05)
B=significant at (P < 0.01)
C=significant at (P < 0.001)



The results recorded in Table (3) revealed that the percentage of samples

exceeded the permissible limits recommended by E. O. S.Q. C (2010) and
(FAO/ WHO 1992) for Hg, Pb, Cd and As in Kafr- El sheikh were 10%, 10%,

25% and 20%, respectively. However, the percentage of samples exceeded the

permissible limits for these heavy metals in Menofia were 5%, 50%, 60% and

100%, respectively. While, the results in Table (4) revealed that the mean values

of concentration of Hg, Pb, Cd and As in samples collected from Menofia were

significantly (P < 0.05) higher than the concentration of these heavy metals in

samples collected from Kafr- El sheikh.

Table (5): Incidence of heavy metals residues in cultured African catfish
samples harvested from Kafr- El sheikh and Menofia governorates.

Kafr- El sheikh (n=20)

Menofia (n = 20)

No. of samples
exceeded the PL

%

No. of samples o
exceeded the PL 0

Chi® = 10.44°

B=significant at (P < 0.01)

PL: permissible limit.

Table (6): Mean values of heavy metal residues in cultured African catfish
samples harvested from Kafr- El sheikh and Menofia governorates (ppm,

wet weight) (n = 40).

Safe permissible
limits (PPM)
(E.O0.SQ.C

(2010);
FAO/ WHO

Kafr-El-
sheikh

Menofia

Overall mean

Mean + SE

0.14 + 0.06

Mean + SE

0.22 + 0.04°

Mean + SE

0.18 + 0.03

0.10 + 0.04°

0.43 + 0.06°

0.27 £ 0.05

0.15 + 0.04°

0.64 +0.12°

0.40 £ 0.07

* = (E. 0.5.Q. C (2010)
** = (FAO/ WHO (1992)

0.03 + 0.00"

4.36 + 0.54°

2.25 £ 0.44

Means within the same row of different litters are significantly different.

A= significant at (P < 0.05)
B=significant at (P < 0.01)
C=significant at (P < 0.001)



The results recorded in Table (5) revealed that the percentage of sample

exceeded the permissible limits recommended by E. O. SQ. C (2010) and
FAO/WHO 1992) for Hg, Pb, Cd and As in African catfish in Kafr- El sheikh

were 25%, 15%, 35% and 20%, respectively. However, the percentage of sample

exceeded the permissible limits for these heavy metals in Menofia were 10%,
55%, 80% and 100%, respectively. While, the results in Table(6) revealed that

the mean values of concentrations of Hg, Pb, Cd and As in samples collected

from Menofia were significantly (P < 0.05) higher than the concentration of these

heavy metals in samples collected from Kafr- El sheikh.

Table (7): Incidence of heavy metals residues in cultured Mugil cephalus
samples harvested from Kafr- El sheikh governorate.

Kafr- El sheikh (n=10)

the PL

No. of samples exceeded

%

Chi‘ = 5.44° B= significant at (P < 0.01)

PL: permissible limit.

Table (8): Mean values of heavy metals residues in cultured Mugil cephalus
samples harvested from Kafr- El sheikh governorate (ppm, wet weight) (n

=10).

Safe permissible limits
(PPM)
(E. O.S Q. C (2010);

Kafr- El sheikh

Means + SE

0.13 +£0.01

0.09 + 0.001

0.14 + 0.01

0.02 + 0.001

* (E.0.S. Q. C 2010). ** (FAO/ WHO 1992)

The results recorded in Tables (7) and (8) revealed that the % of samples

exceeded the permissible limits recommended by (E. O. S Q. C 2010) and
(FAO/ WHO 1992) for Hg, Pb, Cd and As in cultured Mugil cephalus samples
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10%, 30%, 40% and 60% respectively. Also the mean concentration values of
Hg, Pb, Cd and As samples in Kafr- Elsheikh were 0.13, 0.09, 0.14 and 0.02

respectively.

The observed results were in agreement with previous researchers who
reported that the incidence of heavy metals residues contamination of fresh water
and fish differ from locality to another according to the source and degree of
pollution of water (Hem,1972) (Horvarth and Mattraw, 1972) El-Nabawi et al.,
1987).

These higher concentrations of heavy metals in Menofia may be attributed
to the contamination of water in this governorate with the drainage of factories in
the Quesna industrial region. The higher concentrations of Cadmium and Arsenic
than those of Mercury and lead may be explained by higher concentration of
these metals in the drainage of these factories. This explanation is in agreement
with (Davis (1984) who reported that the elevation of Cadmium and Arsenic
levels in water and fish muscle samples may be attributed to collection of the
examined samples from contaminated aquaculture exposed to, combustion of

gasoline and drainage of industrial factories.

The results recorded in Tables 2, 4, 6 and 8 indicated that the
concentrations of heavy metals residues in fresh water were higher than their
levels in fish flesh samples under the study. These results were in agreement with
those of (Puel et al., (1987), (abdo Lahpur monikh et al., (2013) who reported
that the concentrations of heavy metals in water was higher than their
concentrations in the fish flesh. However, these results were in disagreement with
those of (Storelli et al., (2002) who reported that the concentration of (Pb) and
(Cd); in fish samples were several times higher than their concentration in water.
The concentration of heavy metals residues in flesh of African catfish was higher
than that of Oreochromis niloticus in different localities under the study. The
results were in agreement with the results of (Dsikowitzky et al., (2013) who
reported that African catfish commonly exposed to the heavy metals

contamination more than other types of fish as Mugil cephalus and Oreochromis
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niloticus. Moreover, the results were also in agreement with the results of (El-
sadaawy et al., (2013) who reported that by increasing the size and body length
of the fish there is increasing in the surface area of fish and consequently
increasing of heavy metals bioaccumulations in fish. In general, the
bioaccumulation of heavy metal residues' in fresh, fish flesh may be attributed to
different factors such as fish species, age of fish, lipid content of fish, mode of
feeding and the level of water column in 'which fish living either pelagic or
benthic fish.

Conclusion

It can be concluded from this study that the incidence of heavy metals
contamination of fresh water and fish differ from locality to another according to
the source and degree of water pollution. Fresh water and fish species
contamination with heavy metals residues in Menofia is higher than that of Kafr-
Elsheikh. Consumption of Oreochromis niloticus followed by Mugil cephalus is
safe on human health than other types of fish species under the study due to its

low content of heavy metals residues in its flesh.
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