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ABSTRACT

The present study aims to investigate some heavy metal
concentrations in water and fish organs (liver, gills, muscles) of O.
niloticus. Water samples were taken from the two different farms
by a PVC tube column sampler at depth of half meter from the
water surface during the period from December 2018 to May 2019
taken to lab. of central lab for Aquaculture Research (EI-
Abbasssa), Sharkia, Samples were collected from two different
fish farms, Abbassa fish farms that located in Abbassa District,
Central Laboratory for Aquaculture Research (CLAR) Abou
Hammad, Sharkia, and the second sampling area is private fish
farm in the way of Ismailia canal, Sharkia Governorate. In the 1%
fish farm the mean metals concentration in the water of 1% fish
farm decreased in the order: Fe > Mn > Zn >Cu > Cd > Pb, while
in the 2"%ish farm was Fe > Mn > Zn > Cd > Cu> Pb. All mean
metals (Zn, Mn, Cu and PDb) concentrations in water were under
the guiding lines set by (ECS, 1994). While Fe and Cd
concentration their ratio exceeded the guiding lines. Fe
concentration was 2.13 mg/L and 5.93 mg/L in both 1% and 2"
fish farm respectively and Cd concentration was 0.02 mg/L and
0.05 mg/L in both 1% and 2" fish farm respectively. While Fe
exceeded the guiding line value by 1.13 mg/L and 4.93 mg/L in
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both 1%t and 2" fish farm respectively, Cd also exceeded the
guiding line value by 0.01 mg/L and 0.04 mg/L in both 1% and 2"
fish farm respectively. The mean metals concentrations in the fish
muscle tissues exceed permissible limits in the 1% fish farm was
(Cu) exceeded by 0.9 mg/g and exceeded by1.69 mg/g in 2nd fish
farm and (Fe) exceeded only by11.96 mg/g in the 2" fish farm.

Key words: Heavy metal pollution

Introduction

Commercial aquaculture facilities require abundant clean water with
oxygen, pH and nutrient levels at a suitable level to support the growth of
farmed species (Wallace, 1993). Variations beyond acceptable ranges for
these water parameters lead to stress, impaired health by disrupting
physiological functions as ionic regulation, liver and kidney functions (Conte,
2004) and mortality. Thus, optimal fish health is best achieved by rearing fish
in a good environment, with good nutrition, and a minimum stress. The major
benefit of farmed fish is that they provide a good and low-cost source of
polyunsaturated fatty acids which can enhance cardiovascular health in
humans. However, consumers have been surprised to find that several natural
and man-made toxic substances are at higher concentrations in farmed than
wild fish (Cole, et al., 2009). This situation is pronounced in Egypt, where
Ministry of Irrigation prohibits the use of irrigation water in fish farms, and
always recommends use of drainage water.

According to the Egyptian Law No. 124/1983, only brackish and marine
water, and infertile land that is not suitable for agriculture, can be used in
aquaculture. Water supply should be restricted to water from lakes and drains,
and the use of fresh (i.e. irrigation) water is prohibited. Agricultural drainage
waters containing high concentrations of different pesticides, fertilizers runoff
and heavy metals (Alne-na-ei, 2003; Khallaf, et al., 2003; Tayel, et al., 2007;
Authman, 2008 and Authman, et al., 2008). Heavy metal pollution is one of
the greatest national health problems with referring to peoples eating fish
foods, it requires special and intense effort at all levels; individual, groups,
national, and international.

Indeed, there are several predisposing factors that progress the disease
occurrence and increase its prevalence including; stress resulted from
overcrowding of intensive systems, bad handling of fish, bad hygienic
conditions, low water and bad management, insufficient oxygen, unsuitable
pH and temperature (Simmons and Gibson, 2012).

Heavy metals are inorganic chemicals that are non- biodegradable, cannot
be metabolized and will not break down into harmless forms since they leave
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biological cycles very slowly. Elements such as cadmium, copper, lead and
zinc are considered most dangerous in the ecotoxicological aspect
(Golovanova, 2008). Metal ions can be incorporated into food chains and
concentrated in aquatic organisms to a level that affects their physiological
state and causes drastic environmental impact on all organisms. Such health
risk may over shadow the cardiovascular benefits from the consumption of
certain farmed fish, Moreover, aquaculture products are sometimes banned
due to rejection of export consignments.

In aquatic ecosystems, heavy metals have received considerable attention
due to their toxicity, accumulation in biota (Dural, et al., 2006) and
biomagnification in the food chain (Erdogrul and Ates, 2006). The main
sources of heavy metal pollution are the sewage disposal, agriculture drainage
water containing pesticides and fertilizers and industrial effluents (Santos, et
al., 2005 and Singh et al., 2007). Heavy metals from natural and
anthropogenic sources are continually released into aquatic ecosystems and
accumulated in aquatic organisms especially fish which situated at the top of
the food chain and can accumulate large amounts of heavy metals (Yilmaz, et
al., 2007).

Fish are considered as one of the most susceptible aquatic organisms to
toxic substances present in water (Alibabié, et al., 2007), and the same time
considered as the major part of the human diet due to high protein content, low
saturated fat and sufficient omega fatty acids which are known to support good
health therefore, various studies have been taken worldwide on the
contamination of different fish species by heavy metals (Sivaperumal, et al.,
2007and Bhattacharya, et al., 2010).

Heavy metals may accumulate in fish either through direct consumption of
water or by uptake through epithelia like the gills, skin, and digestive tract
(Burger, et al., 2002). Eventually, dietary intake of these metals poses risk to
human health as fish occupied a significant part of human diet (Turkmen, et
al., 2005). For these reasons, heavy metals load in fish has become an
important worldwide concern, not only because of the threat to fish but also
due to the health risks associated with fish consumption (Begum, et al., 2013).

The heavy metal accumulation in farmed fish is limited to a number of
studies comparing tissue metal concentrations between farmed and wild
caught fish (Calvi, et al., 2006; Yildiz, 2008 and Nawaz, et al., 2010).

Fish are particularly vulnerable and heavily exposed to pollution because
they cannot escape from the detrimental effects of pollutants as they are
feeding and living in the aquatic environments (Saleh and Marie, 2014).

Accumulation of metals in various organs and tissues depends upon the
way of exposure such as through diet or their elevated level in surrounding
environment (Nussey, 2000). Heavy metals exhibit different accumulation
pattern in organs (Nussey, 2000). Exchange of gases and absorption of heavy
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metals takes place from external aquatic to internal body environment through
gills (Wepener, et al. 2001).

Concentration of metals becomes toxic to the fish when its level exceeds
the permissible level. This threshold limit not only varies from metal to metal
but also from one species to another (Mansour and Sidky, 2002). Toxic
effects of metals become more pronounced when various metabolic activities
inside the body of organism fail to detoxify. Consumption of contaminated
fish with heavy metals can result hazardous effects on human health (Morais,
et al. 2012). Adverse effects of heavy metals may include serious threats like
renal failure, liver damage, cardiovascular diseases and even death (Rahman,
et al. 2012).

Heavy metals are non-biodegradable and persistent contaminants in the
environment causing serious illness in fish, animals and human. Heavy metals
after entering into aquatic environment accumulate in tissues and organs of
fish that enter the food chain and elevate up to the highest level of consumers
(Akan, et al., 2009).

It is also possible that environmental toxicants may increase the
susceptibility of aquatic animals to various diseases by interfering with the
normal functioning of their immune, reproductive and developmental
processes (Eissa, et al., 2013).

Nile Tilapia (Oreochromis niloticus) is a teleost fish with a worldwide
distribution; therefore it is a good model for assessing the impacts of different
environmental pollutants on aquatic ecosystems. A comparative study of five
economically important taxa of tilapia showed that Nile Tilapia (Oreochromis
niloticus) presents a God gifted strong immune system that maximizes their
capability to tolerate biotic and abiotic types of stress (Eissa, et al.,2012).

Nile Tilipia Oreochromis niloticus fish adsorb soluble heavy metals
causing accumulation in liver and muscles with highly significant quantities,
thus showing caused toxicological effects (Osman, et al., 2009).

The heavy metals of the widest spread concern to human health are lead,
mercury and cadmium (Kris- Etherton, et al., 2003; Chen, et al., 2007 and
Din, et al., 2008). It is thus evident that heavy metal toxicity is a subject that
requires the attention of scientists and policy makers to increase public
understanding of the severity of conditions caused by toxic elements and help
at minimizing heavy metal related illnesses and deaths (Achparaki, et al.,
2012). This has encouraged researchers worldwide to study heavy metals
pollution in air, water, and foods to avoid their harmful effects and to
determine their permissibility for human consumption.

Toxicity with heavy metals is due to disrupt the function of essential
biological molecules such as protein, enzymes and DNA as metals lead to
displacement of an essential metal cofactor of the enzyme and interaction of
the metallic ions with DNA which proven to be carcinogenic to humans and
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animals (Hodgson, 2011). In the body, heavy metals resist chemical and
biological transformation and accumulated in the tissues including, liver,
kidney and nerve to cause toxicity. Uptake of heavy metals through food chain
in aquatic organisms may cause various pathological disorders like
hypertension, sporadic fever, renal damage or cramps in human (Gabriel, et
al., 2006). The growth, reproduction rate, mortality and physiological
functions of fish has affected by toxic effect of heavy metals.

Heavy metals from natural and anthropogenic sources continuously enter
the aquatic ecosystem where they pose a serious threat because of their
toxicity, long time persistence, bioaccumulation, and biomagnifications in the
food chain (Karadede-Akin and Unlii, 2007). Toxicity with heavy metals is
due to disrupt the function of essential biological molecules such as protein,
enzymes and DNA as metals lead to displacement of an essential metal
cofactor of the enzyme and interaction of the metallic ions with DNA which
proven to be carcinogenic to humans and animals (Hodgson, 2011). In the
body, heavy metal resists chemical and biological transformation and
accumulated in the tissues including, liver, kidney and nerve to cause toxicity.
Uptake of heavy metals through food chain in aquatic organisms may cause
various pathological disorders like hypertension, sporadic fever, renal damage
or cramps in human (Gabriel, et al., 2006). The growth, reproduction rate,
mortality and physiological functions of fish has affected by toxic effect of
heavy metals. Biomagnifications, sediments, contaminated water and
contamination in food web is also cause of deposition of heavy metal in fishes
(Javed, 2005). But still, there are some traces minerals which are very
beneficial and nutritive to health (Rehman, et al., 2013). Harmful metal is
characterized as that metal which shows extreme toxicological side effects at
low levels. Heavy metals are categorized as: essential and non-essential heavy
metals.

Essential metals:

Essential metals are (Cobalt, Chromium, Copper, Iron, Nickel, Zinc). The
essential heavy metals play biochemical and physiological functions in plants
and animals. They are important constituents of several key enzymes and play
important roles in various oxidation-reduction reactions.

Nonessential:

Nonessential are (Arsenic, Cadmium, Mercury, Lead) (Umer, etal., 2017).
Although heavy metals are considered as the oldest known toxins harmful to
humans, heavy metal toxicity remains a very general subject due to the variety
of symptoms caused by heavy metal poisoning. Lead (Pb), Mercury (Hg) and
Cadmium (Cd) are some of the most commonly found metals associated with
several adverse effects to humans due to their accumulation in the human body
caused through any dietary products especially fish (Achparaki, et al., 2012).
Lead, due to its vast use for industrial purposes is a very dangerous toxic
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element that can induce oxidative stress to human tissues and DNA. Mercury
is easily absorbed by the human body and is extremely harmful for all groups
of people, especially women of reproductive age and children as it affects the
fetus and the normal development of young individuals. Cadmium is easily
accumulated by plants and animals and reaches humans through the food chain
affecting many organs and causing serious illnesses. It is thus evident that
heavy metal toxicity is a subject that requires the attention of scientists and
policy makers to increase public understanding of the severity of conditions
caused by toxic elements and help at minimizing heavy metal related illnesses
and deaths (Achparaki, et al., 2012). Heavy metals may accumulate in fish
either through direct consumption of water or by uptake through epithelia like
the gills, skin, and digestive tract (Burger, et al., 2002). Eventually, dietary
intake of these metals poses risk to human health as fish occupied a significant
part of human diet (Turkmen, et al., 2005). For these reasons, heavy metals
load in fish has become an important worldwide concern, not only because of
the threat to fish but also due to the health risks associated with fish
consumption (Begum, et al., 2013).

The prevalence of renal failure and liver cirrhosis in human was markedly
increased in the last few years, which could be linked with heavy metal
pollution in Egypt (Salem, et al., 2000 and Kamel and EI-Minshawy, 2010).

Heavy metals contamination is a serious problem in the aquatic
environment. Some of them are very important, having biological roles for
aquatic organisms, and called essential heavy metals. In contrast, other heavy
metals are considered harmful even at low concentrations. The toxic levels of
heavy metals may be of agricultural, industrial and mining activities. This will
cause water pollution and changes in the physicochemical characteristics of
the aquatic environment. This pollution has deleterious toxic effects on fish
and raises concerns over its potential impact on human health. The most
common heavy metals are arsenic, chromium, lead and mercury, which affect
human health and are considered systemic toxicants. These metals induce
organ damage even at low levels of exposure and according to the US
Environmental protection agency and international agency for research on
cancer, they classified as carcinogens. For all the above reasons, this review
was written to contribute to heavy metals' role in the environment, toxic
mechanism and toxic effects on fish. (AL-Taee et al., 2020).

Cadmium (Cd) compounds are classified as human carcinogens by several
regulatory agencies. The International Agency for Research on Cancer
(TARC, 1993) and the US National Toxicology Program have concluded that
there is adequate evidence that cadmium is a human carcinogen. This
designation as a human carcinogen is based primarily on repeated findings of
an association between occupational Cadmium exposure and lung cancer, as
well as on very strong rodent data showing the pulmonary system as a target
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site (IARC, 1993)Thus, the lung is the most definitively established site of
human carcinogenesis from cadmium exposure. Other target tissues of
cadmium carcinogenesis in animals include injection sites, adrenals, testes,
and the hemopoietic system (IARC, 1993; Waalkes and Berthan, 1995 and
Waalkes et al., 1996). In some studies, occupational or environmental
cadmium exposure has also been associated with development of cancers of
the prostate, kidney, liver, hematopoietic system and stomach (Waalkes and
Berthan, 1995 and Waalkes et al., 1996). Carcinogenic metals including
arsenic, cadmium, chromium, and nickel have all been associated with DNA
damage through base pair mutation, deletion, or oxygen radical attack on DNA
(Landolph, 1994). Animal studies have demonstrated reproductive and
teratogenic effects. Small epidemiologic studies have noted an inverse
relationship between cadmium in cord blood, maternal blood or maternal urine
and birth weight, and length at birth (Nishijo et al., 2004 and Zhang et al.,
2004).

Lead (Pb) adverse effects in children and the adult population; In children,
these studies have shown an association between blood level poisoning and
diminished intelligence, lower intelligence quotient-1Q, delayed or impaired
neurobehavioral development, decreased hearing acuity, speech and language
handicaps, growth retardation, poor attention span, and antisocial and diligent
behaviors (U.S. EPA, 2002; Kaul et al., 1999; Litvak et al., 1998 and
Amodio-Cocchieri et al., 1996). In the adult population, reproductive effects,
such as decreased sperm count in men and spontaneous abortions in women
have been associated with high lead exposure (Hertz- Picciotto, 2000 and
Apostoli et al., 1998). Acute exposure to lead induces brain damage, kidney
damage, and gastrointestinal diseases, while chronic exposure may cause
adverse effects on the blood, central nervous system, blood pressure, kidneys,
and vitamin D metabolism (ATSDR, 1992; ATSDR, 1999; Flora et al., 2006;
Kaul et al., 1999; Litvak et al., 1998; Amodio-Cocchieri et al.,1996; Hertz-
Picciotto , 2000 and Apostoli et al.,1998).

MATERIALS AND METHODS
Studying area:

Samples collected from two different fish farms, Abbassa fish farms that
located in Abbassa District, Abou Hammad, Sharkiya. The other is private fish
farm in the way of Ismailia canal, Sharkiya Governorate.

Water Supply: Agricultural drainage waters. The source of water from the
Ismailia canal by way of the EI Wadi ElI Quadim supply canal. The Ismailia
canal originates from the Nile River.
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Sampling

Water samples, One liter of water samples from taken from each of the two
different farms irrigated with agricultural drainage water by a PVC tube
column sampler at depth of half meter from the water surface during the period
from December 2018 to May 2019. Hydrogen ion concentration (pH) was
measured with pH meter (Model 25, Fisher Scientific), Salinity was
determined using a salinity-conductivity meter (model, YSI EC 300). (APHA
1985), Total ammonia. Temperature and Dissolved oxygen was measured by
using a digital oxygen meter (Model YSI 55). Total ammonia was measured
by methods described in (Boyd and Tucker 1992). Metals concentrations in
water (mg/l) were measured after digestion with HNO3 and HCI according to
(EPA 1992). Analysis for Fe, Zn, Cu, Cd and Pb then measured using Atomic
Absorption Spectrophotometer (Model Thermo Electron Corporation, S.
Series AA spectrometer with Gravities Furnace, UK) (A.O.A.C., 1990).

Fish samples were collected from the same two studied areas during the
same period of water sampling. A number of 9 naturally diseased O. niloticus
fish from each fish farm, with atotal numbers of 18 fish randomly of different
stages and different weights with average 75 + 5 gm body weight and length
13 + 2 cm. were obtained alive in taken to lab. of central lab for Aquaculture
Research (El-Abbasssa), Sharkia, during the period from December 2018 to
May 2019.

Results and Discussion

Contamination of water with heavy metals will likely modify the
biochemical and physiological parameters of fish and hence will magnitude
the severity of bacterial infection (Vinodhini and Narayanan, 2009).

In both gills and liver of fish in both studied area 1st and 2nd fish farms all
mean metals concentrations exceeded permissible limits set by FAO/WHO
(1999). The accumulation of heavy metals was in liver with high values than
gills and muscle tissues, this result matches with (Nussey, 2000) who reported
that gills, liver and kidneys accumulate heavy metals in higher concentration
in comparison to muscles (Wepener, et al., 2001) reported that muscles
exhibit lowest levels of metals accumulation among different organs, liver
accumulates higher concentrations of metals and has been used widely to
investigate the process of bioaccumulation.

Water supply used in aquaculture is not from fresh water (i.e. irrigation)
because it is prohibited According to the Egyptian Law No. 124/1983. Heavy
metal pollution is one of the greatest national health problems with referring
to peoples eating fish foods, it requires special and intense effort at all levels;
individual, groups, national, and international.

All mean metals (Zn, Mn, Cu and Pb) concentrations in water were under
the guiding lines except Fe and Cu concentration. Fe concentration was 2.13
mg/L and 5.93 mg/L in both 1st and 2nd fish farm respectively and Cd
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concentration was 0.02 mg/L and 0.05 mg/L in both 1st and 2nd fish farm
respectively. While Fe exceeded the guiding line value by 1.13 mg/L and 4.93
mg/L in both 1st and 2nd fish farm respectively, Cd also exceeded the guiding
line value by 0.01 mg/L and 0.04 mg/L in both 1st and 2nd fish farm
respectively.

Cadmium is easily accumulated by plants and animals and reaches humans
through the food chain affecting many organs and causing serious illnesses. It
is thus evident that heavy metal toxicity is a subject that requires the attention
of scientists and policy makers to increase public understanding of the severity
of conditions caused by toxic elements and help at minimizing heavy metal
related illnesses and deaths (Achparaki, et al., 2012). Cadmium (Cd) is toxic
at low concentrations, non biodegradable, non-essential heavy metals and has
no role in biological processes in living organisms. Thus, even in low
concentration, it could be harmful to fish (Badr, et al., 2014). But for Iron (Fe)
according to (WHO, 2011) indicate No health-based guideline value is
proposed for iron because it is not of health concern at levels found in natural
water (0.5-50.0 mg/I).

Fe in muscle tissues exceeded the permissible limits by11.96 pg/g in the
2nd fish farm, that matches with results of (Saeed, 2013) who recorded that
Fe annual mean (61.94, for O. niloticus collected from Lake Edku, Egypt, and
much lower than that reported by (Emara, et al., 2015) who showed no
significant (P<0.05) variation between the two farms, where it was (97.47 &
94.99 ng/g dw) at Al-abbassa & Shader Azzam respectively.

The mean metals concentrations in the fish muscle tissues exceed
permissible limits in the 1st fish farm was (Cu) exceeded by 0.9 pg/g and
exceeded by1.69 pg/g in 2nd fish farm and (Fe) exceeded by11.96 pg/g in the
2nd fish farm, that matches with (Abdel-Khalek, 2015) who reported a higher
Cu mean value of 11.9 pg/g dry wt. Copper (Cu) annual mean concentration
(4.31 & 7.26 pg/g dw at Al-abbassa & Shader Azzam fish farms, respectively)
in fish muscles showed very high significant (P<0.05) difference between the
two farms.

In both gills and liver of fish in both studied area 1st and 2nd fish farm all
mean metals concentrations exceeded permissible limits set by FAO/ WHO,
(1999).

Fish living in the wild as well as under cultured system are susceptible to
wide diverse of bacterial pathogens. Potentially harmful substances as heavy
metals are often released into the aquatic environment (Austin, 1999). Heavy
metals are pollutants produced by industries and mining which can be
dangerous to humans and animals even in very small quantities (WHO, 2002).

Lower levels of discharge may result in an accumulation of the pollutants
in aquatic organisms. Tilapia aquaculture industry is of increasing importance
in Egypt and the fastest growing sector in Egypt and all over the world. Water
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pollution with immunotoxic pollutants constitutes one of the most important
stressors leading to adverse effects on fish health (Mousa, et al., 2009). Fish
are held in aquaculture pens, live in an environment where they are constantly
exposed to various stress factors such as handling, crowding, and infection,
besides the exposure to pollutants and physiological changes that may lead to
immune depression and outbreaks of infections. Water pollution stresses the
cultured fish and increases susceptibility to infectious diseases, leading to high
mortalities (Austin and Austin, 2007). Bacterial fish pathogens are the most
important constraints facing development and sustainability of aquaculture
(Woo and Bruno, 1999).

Table (1): The averages of some water physiochemical parameters in the two regions
of the studied fish farms.

15t fish farm 2" fish farm

Parameter
Mean = SE Mean = SE
Temperature(°C) 28.27%+0.27 29.37%+0.19
DO (mg/l) 5.68°+0.22 6.37%+0.31
pH 8.24+0.06 8.79%+0.09
Salinity 0.32°+0.08 1.78%+0.12
ammonia 0.15°+0.05 0.262+0.07

a, b : Values having different script a and b at the same row are significantly differentp
<0.05

Table (2): The average of heavy metals concentration (mg/L) in water samples
collected from the two regions.

15t fish farm 2" fish farm GV
Parameter

Mean + SE Mean = SE
Fe 2.13%+0.11 5.932+0.14 1
Zn 0.09%+0.003 0.18%+0.07 5
Mn 0.172+0.004 0.232+0.005 0.5
Cu 0.03*+0.001 0.04%+0.001 0.4
Cd 0.022+0.001 0.052+0.002 0.01
Pb 0.0063+0.002 ND+0.0 0.05

ND: Not detectable, Guideline values (mg/l) according to (ECS, 1994).
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Table (3): The average of heavy metals concentration (mg/g dry wt.) in tissues of
tilapia fish collected from the two farms.

Metals Essential metals Heavy metals
Fe Zn Mn Cu Cd Pb
1t fish | 2nd fish | 1t fish | 2nd 1t fish | 2nd 15t fish | 2nd 15t fish | 2nd 15t 2nd
: farm farm farm fish farm fish farm fish farm fish fish | fish
T'S:ue farm farm farm farm farm | farm
Muscl 31.43b 54.96%+ | 21.572 | 32.76% | 1.35P+0 | 3.46% | 3.90%+ | 4.69%+ | 0.04%+ | 0.07% | ND?* | ND?
e +5.22 26.2 +2.12 +8.5 .03 +0.0 0.22 0.32 0.001 | 0.001 | £0.0 | 0.0
5
Gills 149.5P 178.6% | 99.562 | 113.42 | 2256+ | 37.1 | 7.28"+ | 10.962 | 0.172+ | 0.23%+ | ND? | ND?
+11.37 22.8 +134 | +204 5.8 8%16. 0.78 +0.56 0.03 0.02 | #0.0 | %0.0
3
Liver | 199.612 | 203.4%+ | 109.8° | 128.5% | 6.07%+1 | 7.182 | 6.07°+ | 8.56% | 0.38% | 0.45%+ | ND? | ND?
+225 34.9 +189 | 17.6 2 +2.4 0.56 0.47 0.02 0.03 | #0.0 | +0.0
PL* 43.0 60.0 2.0-9.0 3.0 0.1 0.214
(mg/d)

ND: Not detectable. *PL: Permissible limits (wet wt.) according to FAO/WHO

(1999).

Reference

A. O. A. C. Association of Official Agriculture Chemists (1990). Official
Methods of Analysis of the Association of Official Analytical Chemists,
15th ed. Washington, D.C.

Abdel-Khalek, A. A. (2015). Risk Assessment, Bioaccumulation of Metals
and Histopathological Alterations in Nile tilapia (Oreochromis niloticus)
Facing Degraded Aquatic Conditions. Bull Environ Contam Toxicol; 94:
77 —83.

Achparaki, M.; Thessalonikeos, E.; Tsoukali, H.; Mastrogianni, O.;
Zaggelidou, E.; Chatzinikolaou, F.; Vasilliades, N.; Raikos, N. (2012).
Heavy metals toxicity. Aristotle University Med. J. 39 (1): 20-31.

Achparaki, M.; Thessalonikeos, E.; Tsoukali, H.; Mastrogianni, O.;
Zaggelidou, E.; Chatzinikolaou, F.; Vasilliades, N.; Raikos, N. (2012).
Heavy metals toxicity. Aristotle University Med. J. 39 (1): 20-31.

48



Somaya Awad et al., 2021; Egy. J. Aquac 11(3):38-57

Agency for Toxic Substances and Disease Registry (ATSDR) (1992). Case
Studies in Environmental Medicine - Lead Toxicity. Public Health Service,
U.S. Department of Health and Human Services. Atlanta.

Agency for Toxic Substances and Disease Registry (ATSDR) (1999).
Toxicological Profile for Lead. Public Health Service, U.S. Department of
Health and Human Services. Atlanta.

Akan, J. C.; Abdulrahman, F. I.; Sopido, O. A. and Akandu, P. I. (2009).
Bioaccumulation of some heavy metals of six fresh water fishes caught
from Lake Chad in Doron Buhari, Maiduguri, Borno State, Nigeria. J.
Appli. Sci. and Sanitation, 4 (2): 103-114.

Alibabié, V.; Vahdié, N. and Bajramovi¢, M. (2007). Bioaccumulation of
metals in fish of Salmonidae family and the impact on fish meat quality.
Environmental Monitoring and Assessment, 131, 349-364.

Alne-na-ei, A. A. (2003). Contamination of irrigation and drainage canals and
ponds in the Nile Delta by heavy metals and its association with human
health risks. Egypt. J. Zool., 41: 47-60.

AL-Taee, S. K.; Karam, H. and Hana Ismail (2020). review on some heavy
metals toxicity on freshwater fishes. Journal of Applied Veterinary
Sciences, 5 (3): 78 -86 ISSN: Online: 2090-3308, Print: 1687-4072 Journal
homepage : https://javs.journals.ekb.eg

Amodio-Cocchieri, R.; Arnese, A.; Prospero, E.; Roncioni, A.; Barulfo,
L.; Ulluci, R. and Romano, V. (1996). Lead in human blood form
children living in Campania, Italy. J Toxicol Environ Health 47: 311-320.

APHA. (American Public Health Association) (1985).Standard Methods for
the Examination of Water and Wastewater. 16th ed. Washington, D.C.
1268 pp.

Apostoli, P.; Kiss, P.; Stefano, P.; Bonde, J. P. and Vanhoorne, M. (1998).
Male reproduction toxicity of lead in animals and humans. Occup Environ
Med 55:364-374.

Austin, B. (1999). The effects of pollution on fish health. Journal of Applied
Microbiology Symposium Supplement85, 2348-2428.

Austin, B. and Austin, D. A. (2007). Bacterial fish pathogens, Diseases of
farmed and wild fish" Fourth Edition, Praxis publishing Ltd, Chichester,
UK.

Authman, M. M. N. (2008). Oreochromis niloticus as a biomonitor of heavy
metal pollution with emphasis on potential risk and relation to some
biological aspects. Global Veterenaria, 2(3): 104-109.

49



Study relation between heavy metals in water and cultured fish at Abbassa fish farms, Al Sharkia, Egypt.

Authman, M. M. N.; Bayoumy, E. M. and Kenawy, A. M. (2008). Heavy
metal concentrations and liver histopathology of Oreochromis niloticus in
relation to aquatic pollution. Global Veterenaria, 2(3): 110-116.

Badr, A. M.; Mahana, N. A. and Eissa, A. (2014). Assessment of Heavy
Metal Levels in Water and Their Toxicity in Some Tissues of Nile Tilapia
(Oreochromis niloticus) in River Nile Basin at Greater Cairo, Egypt. Global
Veterinaria 13 (4): 432-443.

Begum, A.; Mustafa, A. I.; Amin, N.; Chowdhury, T. R.; Quraishi, S. B.
and Banu, N. (2013). Levels of heavy metals in tissues of shingi fish
(Heteropneustes fossilis) from Buriganga River, Bangladesh. Environ.
Monit. Assess. 185: 5461-5469.

Bhattacharya, P.; Samal, A. C.; Majumdar, J. and Santra, S. C. (2010).
Accumulation of arsenic and its distribution in rice plant (Oryza sativa L.)
in Gangetic West Bengal, India. Paddy Water Environmen; 8(1): 63—70.

Boyd, C. E. and Tucker, C. S. (1992). Water quality and pond soil analysis
for aquaculture. Alabama agric. Experim. Station. Auburn. Uni.183 pp.
Burger, J.; Gaines, K. F.; Boring, C. S.; Stephens, W. L.; Snodgrass, J.
and Dixon, C. (2002). Metal levels in fish from the Savannah River:
potential hazards to fish and other receptors. Environmental Research.

Section A, 89, 85-97.

Calvi, A. M.; Allinson, G.; Jones Salzman, S.; Nishikawa, M. and
Turoczy, N. (2006).Trace metal concentrations in wild and cultured
Australian short-finned eel (Anguilla australis Richardson). Bulletin of
Environmental Contamination and Toxicology, 77, 590-596.

Chen, Y. Q.; Edwards, J. J.; Kridel, S. J.; Thornburg, T.; Berquin, I. M.
(2007). Dietary fat gene interactions in cancer. Cancer. Metastasis. Rev. 26:
535-551.

Cole, D. W.; Cole, R.; Gaydos, S. J.; Gray, J.; Hyland, G.; Cole, M. L;
Powell-Dunford, N.; Sawhney, C. and Au, W. W. (2009). Aquaculture:
Environmental, toxicological, and health issues. Int. J. Hyg. Environ.
Health, 212: 369-377.

Conte, F. S. (2004). Stress and the welfare of cultured fish. Appl. Anim.
Behav. Sci., 86: 205-223.

Din, J. N.; Harding, S. A.; Valerio, C. J.; Sarma, J. ; Lyall, K;
Riemersma, R. A.; Newby, D. E.; Flapan, A. D. (2008). Dietary
intervention with oil rich fish reduces platelet-monocyte aggregation in
man. Atherosclerosis. 197(1): 290-6.

Dural, M.; Goksu, L. Z. M.; Ozak A. A. and Derici, B. (2006).
Bioaccumulation of some heavy metals in different tissues of Dicentrachus
labrax L, 1758, Sparus aurata L, 1758 and Mugil cephalus, L, 1758 from

50



Somaya Awad et al., 2021; Egy. J. Aquac 11(3):38-57

the Camlik Lagoon of the eastern cost of Mediterranean (Turkey). Environ
Monit Assess 18:65-74.

E.P.A. (1992). Method 3005A. Test Methods for Evaluating Solid Waste.
Laboratory manual physical/chemical methods. Office of Solid Waste and
Emergency Response, Washington, DC.

E.S.C. Egyptian Chemical Standards, (1994). Protection of the Nile River
and Water Stream from pollution, Ministry of Irrigation, Cairo, Egypt, Law
No 4.

Eissa, A. E.; Hussein, H. A. and Zaki, M. M. (2012). Detection of Avian
Influenza (H5N1) in some fish and shellfish from different aquatic habitats
across some Egyptian provinces. J. Life Sci., 9: 2702-2712.

Eissa, A. E.; Tharwat, N. A. and Zaki, M. M. (2013). Field assessment of
the mid winter mass kills of trophic fishes at Mariotteya stream, Egypt:
chemical and biological pollution synergistic model. Chemo., 90: 1061-
1068.

Emara, M. M.; Farag, R. S.; Dawah, A. A.; Fathi, M. (2015). Assessment
of Heavy Metals Concentration in Water and Edible Tissues of Nile Tilapia
(Oreochromis niloticus) from two Fish Farms Irrigated with Different
Water Sources, Egypt. Int. J. Envi, Vol: 04 : 108-115..

Erdogrul, Z. and Ates, D. A. (2006). Determination of cadmium and copper
in fish samples from Sir and Menzeletdam lake Kahramanmaras, Turkey.
Environ Monit Assess 117:281-290.

FAO/WHO. (1999). Expert Committee on Food Additives. Summary and
conclusion, 53rd meeting, Rome, 1-10 June.

Flora, S.J.S.; Flora, G.J.S. and Saxena, G. (2006). Environmental
occurrence, health effects and management of lead poisoning. In: SB
Cascas, Sordo J (eds.): Lead: Chemistry, Analytical Aspects,
Environmental Impacts and Health Effects. Elsevier Publication,
Netherlands. 158- 228.

Gabriel, O. M.; Rita, O.; Clifford, A. and Kennedy, O. (2006). Heavy metal
pollution of fish of Qua. Iboe River Estuary: possible implications for
neurotoxicity. The internet J. of Toxicol. 3(1):1-6.

Golovanova, I. L. (2008). Effects of heavy metals on the physiological and
biochemical status of fishes and aquatic invertebrates. Inland Water
Biology, 1(1): 93-101.

Hertz- Picciotto, 1. (2000). The evidence that lead increases the risk for
spontaneous abortion. Am J Ind Med 38: 300-309.

51



Study relation between heavy metals in water and cultured fish at Abbassa fish farms, Al Sharkia, Egypt.

Hodgson, E. (2011). A Text Book of Modern Toxicology.4th edition, British
Toxicology Society, SBN: 978-0-470-46206-5.

International Agency for Research on Cancer (IARC, 1993) Monographs
— Cadmium. Lyon, France.

Javed, M. (2005). Heavy Metal Contamination of Freshwater Fish and Bed
Sediments in the River Ravi Stretch and Related Tributaries. Pakistan J. of
Biol. Sci. Pakistan, J. Biol. Sci. 8:1337-1341.

Kamel, E. G. and EI-Minshawy, O. (2010). Environmental Factors
Incriminated in the Development of End Stage Renal Disease in EI-Minia,
Upper Egypt. Int Urol. Nephrol. 2: 431-437.

Karadede-Akin, H.; Unli, E. (2007). Heavy metal concentrations in water,
sediment, fish and some benthic organisms from Tigris River, Turkey.
Environ. Monit. Assess. 131: 323-337.

Kaul, B.; Sandhu, R. S.; Depratt, C, Reyes, F. (1999). Follow-up screening
of lead-poisoned children near an auto battery recycling plant, Haina,
Dominican Republic. Environ Health Perspect 107(11): 917-920.

Khallaf, E.A. M. ;Galaland, M. and Authman, (2003). The biology of
Oreochromis niloticus in a polluted canal. Ecotoxicology, 12: 405-416.

Kris-Etherton, P. M.; Harris, W. S.; Appel, L. J. (2003). AHA Nutrition
Committee, American Heart Association.. Omega-3 fatty acids and
cardiovascular disease: new recommendations from the American Heart
Association. Arterioscler. Thromb. Vasc. Biol. 23(2):151-152.

Landolph, J. (1994). Molecular mechanisms of transformation of
CH3/10T1/2 C1 8 mouse embryo cells and diploid human fibroblasts by
carcinogenic metal compounds. Environ Health Perspect 102: 119-125.

Litvak, P.; Slavkovich, V.; Liu, X.; Popovac, D.; Preteni, E.; Capuni-
Paracka, S.; Hadzialjevic, S.; Lekic, V.; Lolacono, N.; Kline, J.; and
Graziano, J. (1998). Hyperproduction of erythropoietin in nonanemic
lead-exposed children. Environ Health Perspect 106(6): 361-364.

Mansour, S. A. and Sidky, M. M. (2002). Ecotoxicological studies. 3. Heavy
metals contaminating water and fish from Fayoum Governorate, Egypt.
Food Chem. 78(1): 15-22.

Morais, S.; Costa, F.G. and Pereira, M.L. (2012). Heavy metals and human
health. In: Environmental healthemerging issues and practice. J.
Oosthuizen (ed.), InTech China. pp. 227-246.

Mousa, M. M.; Hazzaa, M.; Abbass, I. H.; EI-Ashram, A. M. M. and
Negm, S. S. (2009). Use of Neem leaves water extract or clove oil as

52



Somaya Awad et al., 2021; Egy. J. Aquac 11(3):38-57

protective agents against bacterial infections and cadmium toxicity in Blue
tilapia; Oreochromis aureus. Egyptian J. of applied science, 24(10) 1-14.

Nawaz, S.; Nagra, S. A.; Saleem, Y. and Priydarshi, A. (2010).
Determination of heavy metals in fresh water fish species of the River Ravi,
Pakistan compared to farmed fish varieties. Environ Monit Assess.
167:461-471.

Nishijo, M.; Tawara, K.; Honda, R.; Nakagawa, H.; Tanebe, K. and Saito,
S. (2004). Relationship between newborn size and mother's blood cadmium
levels, Toyama, Japan. Arch Environ Health 59(1): 22-25.

Nussey, G. (2000). Bioaccumulation of chromium, manganese, nickel and
lead in the tissues of the moggel, Labeo umbratus (Cyprinidae), from
Witbank Dam, Mpumalanga. Water SA. 26(2): 269-284.

Nussey, G. (2000). Bioaccumulation of chromium, manganese, nickel and
lead in the tissues of the moggel, Labeo umbratus (Cyprinidae), from
Witbank Dam, Mpumalanga. Water SA. 26(2): 269-284.

Osman, A. and Werner, K. (2009). Water quality and heavy metal
monitoring in water, sediments, and tissues of the African Catfish Clarias
gariepinus (Burchell 1822) from the River Nile. Egypt. J. Environ. Protect.,
1: 389-400.

Rahman, M. S.; Molla, A. H.; Saha, N. and Rahman, A. (2012). Study on
heavy metals levels and its risk assessment in some edible fishes from
Bangshi River, Savar, Dhaka, Bangladesh. Food Chem. 134(4):1847-1854.

Rehman, H.; Rehman, A.; Fahim, U., Najeeb, U.; Zeb, S.; Igbal, T.;
Rohullah, A. T.; Rehman, N. U. and Farhan. (2013). Comparative Study
of Heavy Metals in different Parts of Domestic and Broiler Chickens. Int.
J. Pharm. Sci. Rev. Res., 23(2): 151-154.

Saeed, S. M. (2013). Impact of environmental parameters on fish condition
and quality in Lake Edku, Egypt. Egypt. J. Aquat. Biol. Fish. 17 (1), 101—
112.

Saleh, Y. S. and Marie, M. S.(2014). Assessment of metal contamination in
water, sediment, and tissues of Arius thalassinus fish from the Red Sea
coast of Yemen and the potential human risk assessment. Environ. Sci.
Pollut. Res. 22: 5481-5490.

Salem, H. M.; Eweida, A. E. and Farag, A. (2000). Heavy Metals in
Drinking Water and Their Environmental Impact on Human Health.
Proceedings of the International Conference for Environmental Hazards
Mitigation, Giza. 542-556.

53



Study relation between heavy metals in water and cultured fish at Abbassa fish farms, Al Sharkia, Egypt.

Santos, I. R.; Silva-Filho, E. V.; Schaefer, C. E.; Albuquerque- Filho, M.
R. and Campos, L.S. (2005). Heavy metals contamination in coastal
sediments and soils near the Brazilian Antarctic Station, King George
Island. Mar. Poll. Bull., 50: 85-194.

Simmons, J. H.; Gibson, S. (2012). Bacterial and mycotic diseases of
nonhuman primates. In Nonhuman Primates in Biomedical Research;
Elsevier Inc.: Amsterdam, The Netherlands; pp. 105-172.

Singh, R. K.; Chavan, S. L. and Sapkale, P. H. (2007). Heavy metal
concentrations in water, sediments and body tissues of red worm (Tubifex
spp.) collected from natural habitats in Mumbai, India. Environmental
Monitoring and Assessment, 129, 471-481.

Sivaperumal, P.; Sankar, T. V. and Viswanathan Nair, P. G. (2007).
Heavy metal concentrations fish, shellfish and fish products from internal
markets of India vis-a vis international standards. Food Chem. 102, 612-
620.

Tayel, S. I.; Ibrahim, S. A.; Authman, M. M. N. and El-Kashef, M. A.
(2007). Assessment of Sabal drainage canal water quality and its effect on
blood and spleen histology of Oreochromis niloticus. African J. Biol. Sci.,
3(1): 97-107.

Turkmen, A.; Turkmen, M.; Tepe, Y. and Akyurt, I. (2005). Heavy metals
in three commercially valuable fish species from Iskenderun Bay, Northern
East Mediterranean Sea. Turk Food Chem. 91: 167-172.

Umer, Z.; Wasif, M.; Kashif, S. R.; Saad, S.; Arooj, F. (2017). Assessment
of heavy metal contaminants from protein sources. J Food Technol Pres.
1(2):7-11.

United States Environmental Protection Agency (U.S. EPA) (2002). Lead
Compounds.  Technology Transfer Network- Air Toxics Website.
Onlineat: (U.S. EPA, 2002)http://www.epa.gov/cgi-bin/epaprintonly.cgi.

Vinodhini, R. and Narayanan, M. (2009). The Impact of Toxic Heavy
metals on The Hematolgical Parameters In Common Carp (Cyprinus
Carpiol). Iran. J. Environ. Health. Sci. Eng. 6 (1): 23-28.

Waalkes, M. P., Berthan G (Ed.) (1995). Handbook on Metal-Ligand
Interactions of Biological Fluids, Marcel Dekker; New York 2:471-482.

Waalkes, M. P.; Misra, R. R.; Chang, L.W. (Ed.) (1996). Toxicology of
Metals. CRC Press, Boca Raton, FL 231-244.

Wallace, J. (1993). Environmental considerations: In: Salmon Aquaculture.
Publ.: Fishing News Books. London: pp: 127-143.

Wepener, W.; Van Vuren, J. H. J. and Du Preez, H. H. (2001). Uptake and
distribution of a copper, iron and zinc mixture in gill, liver and plasma of a
freshwater Teleost, Tilapia sparrmanii. Water SA: 27(1): 99-108.

54


http://www.epa.gov/cgi-bin/epaprintonly.cgi

Somaya Awad et al., 2021; Egy. J. Aquac 11(3):38-57

Wepener, W.; Van Vuren, J. H. J. and Du Preez, H. H. (2001). Uptake and
distribution of a copper, iron and zinc mixture in gill, liver and plasma of a
freshwater Teleost, Tilapia sparrmanii. Water SA: 27(1): 99-108.

WHO. (2002). World Health organization. Department of communicable
diseases surveillance and response.

WHO. (2011). "Guidelines for drinking-water quality, Geneva: World Health
Organisation.

Woo, P. T. K. and Bruno, D. W. (1999). Fish diseases and disorders. Vol. 3,
Viral, Bacterial and Fungal infections. CABI Publishing, London, U.K.
Yildiz, M., (2008). Mineral composition in fillets of sea bass (Dicentrarchus
labrax) and sea bream (Sparus aurata). A comparison of cultured and wild

fish. Journal of Applied Ichthyology, 24, 589-594.

Zhang, Y. L.; Zhao, Y. C.; Wang; J. X. ; Zhu, H. D., Liu, Q.F.; Fan, Y.
G. et al. (2004). Effect of environmental exposure to cadmium on
pregnancy outcome and fetal growth: a study on healthy pregnant women
in China. J Environ Sci Health B 39: 2507-2515.

55



Study relation between heavy metals in water and cultured fish at Abbassa fish farms, Al Sharkia, Egypt.

E15a A As ) Fall dla) g oball 8 ALEL falaall ¢ 4ABMad) 4 )
Acdalls dllany)

sac) ariallae e <7 gaie guliyl Tdaas 33100 48 deaa (e 3 gana daaa dpan
fa il dasa el |

ASandl 35 5 ¢ gad (538 yall Jarall dae ) 30 gadl S ye @llanll) (ial ol 5 daia and )

48 55 Al

O soall 3L daalas - slall 440S o o g5 ySall g il i Y

Sl 4Sand) 55 3 Eganl (53 pall Jarall dued 3l Gl 3S e 4 i) g slaall and oY

Alans¥l Gl yal 5 daua and Cigay Gutiy 5 YoV ale Cladall eV Gadadll (e 3l -€

VoA ael )3l &l S e

) padlall

)9 s () aal ey o sai A33e N1 2 ) clelal g gl (e s2a) 5 JI Y Alall el A 53
& Gl ban (ad )l e i G ASend) claiiall e oy el Gllall 4l 8 L
s s Manll & ) e aal e sanl s o Ll 4l & ) 3e

Ay el ) G sl (e Lagalae Olaaiud GUllly Gdie 5 3all (a JST slaall (e e 34T o3
SV ol all dAa y uld iy slall mhas e e il e i PVC 4usil adaud
Gl 58 5is anslall s, pH Ol Dlea NS ge i€ A Gald Slen alasiuly Gl
)5 5 uel) (men Jie S il lle (alaaWl aag dlae ey @l 5 oluall 3 ALE 5 dymilal)
il (e

e* slaalaallaa o US4 jall prisasdl ie ) jall (e de ) 30 JS slie (3o il aal g o o
Ao i Gab o Lals e e (A5 AT 5 A58 Sl sl Al £ ) 3e (e Ao 3
Lemsani i dalita o) b (Al all llend (e dSen VA (and s, 48 80 ddailas aglic Loy
O e 45 (V) e GlSand | e slaall e a3 o3 31 5l uds 84 e ) all e
Aaud) 5550 Eisadd (S el Jerally Wile 5 Mlawd) dna Jone ) pelii 55 (5 AY)
Y od s YoV A jress cple s el 8 A8 53l Asilae anbially

SYS il b JE ebal G pdlad) Awa3Si O GV ae il
Fe>Mn>Zn>Cd>Cu SV gl 4l 4o )5l b La Fe>Mn>Zn>Cu>Cd>Pb
e ST 5V 4o )l olaa (B o spadlS 5 Gulanill 5 aimiall 5 i3l aaadl (g0 IS 38 55 of G
DSl adaasg ol (W1 4 3all (8 las JulB 58 5 (IS Ph palba 1) Laiy 43l 4e ) 3l
S5V e ) el slaal) OUIat o OIS (3 abaal) < 38 55 S oS5 ¢4l ae ) all olia (b
5V olpas i) 4 iliall 4y ol el U (e 8304l 5 Ls 7 sensall Canaill cn 2 453
SV el e v g ge, o) laie saaadl Caill i o gedlSH 3 55 Lai (V99 €) 4l
Dlie L = sansall dpnaill i 3y 5 L paally | gily Al 5 (V) (e )l (00 DS 8
Vel s Gl £,47 ),

olbaall sl Gl Lgie Conan (Al & ) Sl as o cland) e (8 (alaall G S 55 (el o3
AU 5 pdlaall g anlll o) Jad (e iliaal) ()5S

56



Somaya Awad et al., 2021; Egy. J. Aquac 11(3):38-57

(e 023l Ly 7 gansal) ol ol pialatal) (e ST clandl 0S5 andld 8 Galaall &l € 53
Al d gl aaay Al A el laele (1499) daud allall daall dadaia s glil) dalaie Jd
el s mallall e ST Al 3 Gabaall el il 38 55 S5 aall) 5T sl T anilall 8

V1A e s (¥ de el (8 el pa/al e e 8 laiey aalll Al 8 (ulall 3S 5 0 5
V1,870 iy Ll aalll Al (8 aaald) 5 55 2 5 L $4ill) Ao 3all A ol sa/pl s e
s Al e dal) B ol sa/el e (e

57



