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ABSTRACT

The present work aimed to, study identification of the effect of heavy metals on marine fish
cultures, recording the clinical signs and PM lesions associated with such toxicity and finally
monitoring of some heavy metal concentrations in both fish tissues and water that the fish live in it. In
this study we used 600 fish (300 fish) O. niloticus and 300 seabream fish (Seabream Sparus aurata L.)
that were collected and showing clinical signs from private fish farms in Alexandria and Behaira
governorate, Egypt. The fish were subjected to full clinical, postmortem (PM) lesions, parasitic and
mycological as well as bacteriological examinations. The fish in this study were allotted into 6 groups,
Group I: of 100 O. niloticus fish that not take any treatment and considered as a control group, Group
Il: of 100 seabream fish and considred as a control group, Group II1I, of 100 O. niloticus fish and
treated with 9 X 10* CFU penicillum, Group 1V: of 100 O. niloticus fish treated with 0.7 mg/L
cadmium, Group VI: of 100 Seabream fish treated with 9 X 10> CFU penicillum, Group 1V: of 100
Seabream fish treated with 0.7 mg/L cadmium. The experimental period extended to 7" weeks, this
study coblcuded that, the toxicity of the fish with heavy metals differ according to the type of fish
species and level of heavy metals that commonly polluted the water and presence of cadmium in the
water can facilitate the toxicity of fish with other types of the heavy metals as copper, lead, and copper
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and the higher concentration of heavy metals observed in water, liver and flesh of fish, respectively.

INTRODUCTION

Fish considered as one of the main
sources of national income that Egypt depends
on, stimulating local market economies, and
important source of foreign exchange.
Moreover, marine waters are the immediate

alternative sources for water needed for
mariculture and fortunately, Egypt has
numMerous marine resources of the

Mediterranean and Red Seas. (Sadek,2000).

The world aquaculture production in
2001 was approximately of 37.9 million tons,
which represents around 41% of that obtained
from  extensive  captures  for  human
consumption. Also, Marine fish culture is
dominated by Atlantic salmon (Salmo salar) led
by Norway, then Chile, United Kingdom,
Canada and Ireland. Other economically

important marine fish are Gilthead Seabream
(Sparus aurata), Seabass (Dicentrarchus
labrax) and Turbot (Scophthalmus maximus) in
countries such as Greece, Italy, France, Spain
and Portugal, and Yellowtail (Seriola
quinqueradiata), Ayu (Plecoglossus altivelis),
Flounder  (Paralichthys  olivaceus) and
Seabream (Pagrus major) in Japan. (FAO,
2003). In 2008, the world aquaculture
production in major species groups showed that
freshwater fishes continued to dominate with a
production of 28.8 million tonnes (54.7 percent)
valued at US$40.5 bhillion (41.2 percent),
followed by mollusks (13.1 million tonnes),
crustaceans (5 million tonnes), diadromous
fishes (3.3 million tonnes), marine fishes (1.8
million tonnes) and other aquatic animals (0.62
million tonnes) (FAO, 2010).
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In general, many metals occur naturally
in marine environments; some of them are
classified as pollutants which are only when
added by man in sufficient amounts to produce
deleterious effects on some features of the
ecological system (Freedman, 1989). In aquatic
systems, heavy metals have received
considerable attention due to their toxicity and
accumulation in biota (Mason, 1991). Stephen
et al. (2000) mentioned that metals generally
enter the aquatic environment through
atmospheric  deposition, erosion of the
geological matrix, or due to anthropogenic
activities caused by industrial effluents,
domestic sewage, and mining wastes. Some of
these metals, such as Cd and Pb, are toxic to
living organisms even at quite low
concentrations, whereas others, such as Zn and
Cu, are biologically essential and natural
constituents of aquatic ecosystems, and
generally only become toxic at wvery high
concentrations. The effects of heavy metals on
human health and the environment are of great
interest today, especially for aquatic products.
(Uluozlu et al., 2007).

The important heavy metals and their
recommended international permissible limits
(PL) in water (mg / L.) and fish tissues (ug / g
dry wt) were summarized in table the following:

Premissble limit of most important heavy metals that
causes toxicity to the fish.

Metals PLin Reference PLin Reference
water fishes
o1 EOSQC
WHO ' (2005)
Lead (Pb) 0.050 (1984) 05 FAO/WHO
' (1992)
05 EOSQC
Mercury 0.001 WHO ' (2005)
(Hg) ’ (1984) 05 FAO/WHO
’ (1992)
0.10 EOSQC
Cadmium 0.005 WHO ' (2005)
(Cd) : (1984) 0.05 FAO/WHO
' (1992)
Copper 02 FAO 10 FAO/WHO
(Cu) : (1985) (1984)
: FAO FAO/WHO
Zinc (Zn) 2.0 (1985) 60 (1984)
WHO Food Stuff
Iron (Fe) <1.0 (1984) 30 (1972)
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Also, Wong et al. (2001) evaluated the
levels of six heavy metals (Cd, Cr, Cu, Ni, Pb,
and Zn) in different tissues of three species of
cultured marine fishes (Epinephelus areolatus,
Lutjanus russelli, and Sparus sarba) collected
from three fish culture sites in Hong Kong and
they found that, in general, tissues of all three
species contained high concentrations of Zn and
Cu, but much lower concentrations of Ni, Pb,
Cd, and Cr and Similar pattern of heavy metal
concentrations was observed in sea water and
sediment. Moreover, Gonads of all three species
contained high concentrations of Zn. On the
other hand, liver seemed to be the primary organ
for Cu accumulation. Also, (Coetzee et al.,
2002) illustrated that the fish gills have a high
tendency to accumulate heavy metals. While,
(Zehra et al., 2003) monitored the heavy metal
distribution in the edible marine fish, ‘Dandya’
and they found that the concentration level of
Cu, Cd, Zn, and Pb in nine different samples of
fish muscles have been found to range from 0.3-
0.55 (Cu), 0.04-0.15 (Cd), 3.65-4.32 (Zn) and
0.25-0.5 (Pb) pg / g. Fish muscles have a low
tendency to accumulate the heavy metals to
which they are exposed (Canli and Atli, 2003;
Karadede et al., 2004 and Yilmaz, 2005). Dugo
et al. (2006) investigated the bioaccumulation of
trace metals (Zn, Cu, Se, Cd, and Pb) in cultured
Dicentrarchus labrax tissues, liver and muscle,
from the Sicilian coasts of Mediterranean Sea.

Dural et al. (2006) investigated the
bioaccumulation of the heavy metals (Fe, Zn,
Cd) in the liver, gill, gonad and muscle tissues
of Dicentrarchus labrax, Mugil cephalus and
Sparus aurata and found that the heavy metal
levels were generally higher in the liver and gill
than the gonad and muscle tissues in three
species and the concentrations of Zn
concentrations in the muscle tissues exceeded
the acceptable levels for a food source for
human consumption and other metals in the
edible parts of the investigated fish were in the
permissible safety levels for human uses.

Gill tissue is an organ having a large
surface and separates blood from water in fish
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and is very susceptible to changes in
concentrations of the variables (heavy metals,
temperature, pH etc.) in the environment. These
variables affect the structural integrity of the gill
and cause morphological changes. For this
reason gills are good indicators of water
pollution (Koca et al., 2007).

Bahnasawy et al. (2011) stated
that in Lake Manzala, the heavy metals in the
water in water and fish tissues followed the
same order: Zn > Cu > Pb > Cd. The mean
concentrations of metals in the water were as
follow: Cu, (0.055); Zn, (0.311); Cd, (0.020);
and Pb, 0.022 mg/L. Authors mentioned that the
Cd level in the water was found to be higher
than the permissible limit recommended for
drinking water. Moreover, Gills of the examined
fish contained the highest concentration of all of
the measured metals, while muscles retained the
lowest. Also, Yabanli et al. (2012) studied the
trace metals, Cadmium (Cd), Mercury (Hg) and
Lead (Pb) concentrations of 76 pieces of frozen
European Seabass (Dicentrarchus labrax
Linnaeus-1758) and gilthead Seabream (Sparus
aurata Linnaeus-1758) fillets, produced and
marketed in Turkey, were determined using
Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) after microwave damp burning
process, and results obtained were assessed in
terms of public health and they found that the
maximum heavy metal levels for sea bass and
sea bream fillets were determined as 256.50,
216.22 pg / kg for Cd; 414.79, 338.46 pg / kg
for Hg; 1047.61, 147.14 pg / kg for Pb,
respectively. At the end of the study, the levels
of cadmium (for 3 samples) and lead (for 1
sample) were higher than the recommended
legal limits of the European Union for human
consumption.

It was observed that exposure to copper
toxicity resulted in coagulation of the mucus
layer of the gills, which inhibited oxygen
transport and caused respiratory stress or
reduced the number of lymphocytes and
granulocytes in the blood, leading to reduced
phagocytosis (Mushiake et al., 1985).

Generally, Heavy metals are chemical
stressors and the development of disease will
reflect interactions between the host, the disease
causing situation and stressors (Austin and
Austin, 1993). Also, Suppression of immune
system and immune response may results from
the action of several pollutants including heavy
metals which provide opportunities for entering
of many pathogens, but till now the effect of
heavy metals on the immune system and

immune response is not fully understood
(Storelli et al., 2002).
Knittel ~ (1981) demonstrated  that

Steelhead trout were exposed to sublethal
concentrations of Copper at 7 and 10 pg / L for
96 hours and infected with Yersinia ruckeri
caused more fish to die of infection than control
fish (no copper). Infection susceptibility
increased with time of exposure to a single
dosage of copper (10 pg/l), reaching a
maximum at 48 hrs. Lowering the copper
concentration to 5 pg/l caused the infection
susceptibility to occur at 24 hours. The
infectious dose of Y. ruckeri was lower in fish
exposed to 10 pg/1 copper for 48 h than control
fish. Moreover, Hetrick et al. (1982) stated that
there was high susceptibility of Striped bass
(Morone saxatilis) challenged with V.
anguillarum and Pasteurella piscicida that
exposed to sublethal doses of copper delivered
to the aquaria for 96 hours prior to challenge.

Baker et al. (1983) tested Chinook
salmon, Oncorhynchus shawytscha (Walbaum),
and Rainbow trout, Salmo gairdneri, to
determine if sublethal copper exposure would
increase their susceptibility to V. anguillarum
infection and found that the higher copper
concentrations produce peak susceptibility to
infection in shorter time periods. Rainbow trout
stressed by copper required about 50% fewer
pathogens to induce a fatal infection than non-
copper exposed fish. Furthermore, exposure to
toxic level of copper lead to increase the
susceptibility to infections by Edwardsiella
tarda (Mushiake et al., 1984).
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Omima Aboud (2010) evaluated the
effects of lead, mercury and cadmium on both
humoral and cellular immune response of
Oreochromis niloticus toward Ps. fluorescence.
The results revealed that, lead, mercury and
cadmium have inhibitory effect on phagocytic
activity of fish macrophages and so having an
inhibitory effect on cell mediated immune
response also these metals having inhibitory
effect on humoral immune functions which is
manifested by low levels of antibodies and high
mortality rates in fish exposed to these metals
than in the control fish after experimental
infection by Ps. fluorescence.

The prevalence of heavy metals by a high
levels have been well documented in several
cultured and wild freshwater fish species,
however, only a few surveys on the prevalence
of heavy metals toxicity responsible for
outbreaks in marine fishes. Therefore, we have
to explore this field to know how we can protect
the Egyptian Mari culture against these toxicity.

The present work aimed to, study
identification of the effect of heavy metals on
marine fish cultures, recording the clinical signs
and PM lesions associated with such toxicity
and finally monitoring of some heavy metal
concentrations in both fish tissues and water that
the fish live in it.

MATERIALS AND METHODS
Fish

In this study we used 600 fish (300
fish) O. niloticus and 300 seabream fish
(Seabream Sparus aurata L.) that were collected
showing clinical signs from private fish farms in
Alexandria and behaira governorate, Egypt. The
fish were subjected to full clinical, postmortem
(PM) lesions, parasitic and mycological as well
as bacteriological examinations.

Experimental design
The fish in this study were allotted into 6
groups:
Group I: 100 O. niloticus fish that not take any
treatment and considered as a control group.
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Group II: 100 seabream fish and considred as a
control group.

Group 11 100 O. nilaticus fish and treated with
9 X 10% CFU penicillum.

Group 1V: 100 O. niloticus fish treated with 0.7
mg/L cadmium.

Group VI: 100 Seabream fish treated with 9 X
10% CFU penicillum.

Group 1V: 100 Seabream fish treated with 0.7
mg/L cadmium.

Gross clinical examination

Clinical examination of naturally and
experimentally infected fishes was performed to
investigate any clinical abnormalities according
to the method described by Amlacher (1970).

Postmortem (PM) examination

Necropsy was performed on variable
number of freshly dead and moribund fishes for
detection of PM lesions according to Conroy
and Herman (1981).

Parasitological and Mycological examinations

Parasitological examination methods
were carried out according to Williams and
Jones (1994).

Mycological examination was applied
using the primary isolation medium for fungi
culture on Sabouraud's dextrose agar medium
(SDA) according to Whitman (2004).

Bacteriological examination
a. Sampling

The fish surfaces were swapped with 70
% ethyl alcohol for surface sterilization and then
bacterial inocula were taken from liver, Kidney,
spleen and heart under complete aseptic
condition.
Spectrophotometeric method for detection the
levels of heavy metals in water and fish tissues

a. Sampling
b. Water samples

Water samples were collected from the
cage water at which the fish live in it for
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examination the concentration of the heavy
metals in water of each cage.

c. Fish sampling

At the same time, specimens of O.
niloticus and Seabream were collected from the
random fish samples of each group about (20
fish). After dissection of fishes, parts of dorsal
musculature and liver were carefully removed
and prepared for metal analysis.

Determination of heavy metals levels

The method for analysis of the heavy
metals in the water was carried out according to
APHA (1995) and in the fish tissues according
to Clesceri (1998) that was carried out using
Atomic Absorption Spectrophotometery.
Atomic Absorption Spectrophotometer (Model
Thermo Electron Corporation, S. Series AA
Spectrometer with Gravities furnace, UK,)
instrument was used to detect the heavy metals.
The concentrations of heavy metals were
expressed as mg/l for water and pg/g dry wt. for
fish tissues. Fish specimens were digested
according to AOAC (1996). All frozen fish
samples were allowed to thaw at room
temperature, washed with distilled water and
placed on filter paper to remove the excess
liquid. Their gills and musculature tissues were
dissected separately and minced using a
domestic blender, then approximately 1.0 g was
placed in a 150 ml beaker and 10 ml
concentrated nitric acid was added. After a short
soaking period, 5 ml of 60% perchloric acid was
added and the mixture was slowly heated on a
hot plate until the conclusion of growth
(approximately 2hrs). The mixture was then
heated until the appearance of dense white
fumes that indicate the nitric acid had
evaporated and perchloric acid had reached its
boiling point. The mixture was cooled; 10 ml of
25% hydrochloric acid was added then, the
solution was transferred to a 100 ml volumetric
flask that was subsequently brought to volume
with de-ionized water. Blank solution was
prepared for the background correction. Atomic
absorption spectrophotometer instrument was

used to determine cadmium, copper, lead and
mercury concentrations which were expressed as
pg / g dry weight in the Toxicology Unit of
Central Laboratory, Faculty of Veterinary
medicine, Alexandria University, Egypt.

The clinical signs and PM lesions were
recorded daily for about one week and
specimens for histopathological studies were
collected. The Specificity of death was
determined by re-isolation of injected bacteria
from freshly dead fish during the period of
observation (One week) according to (Soliman,
1988). The injected V. alginolyticus was re-
isolated from freshly dead fish for verification of
deaths.

Histopathological examination

Specimens for histopathological
techniques were freshly taken from infected
organs and tissues of the experimentally infected
M. capito during both LDg, and chronic
experiments. Samples were trimmed and fixed
in 10 % phosphate buffered formalin. Then
washed in running tap water for 24 hours then
dehydrated in different concentration gradients
of alcohol and cleared in xylol. Samples then
embedded in paraffin wax and sectioned into
thin sections of 5 microns thickness. Sections
were stained with H & E stain and examined
microscopically according to Roberts, (2001) .

Statistical analysis

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

RESULTS AND DISCUSSION

The results observed in Tables (1), (2),
(3) and (4) cleared that, there is a significant (P
< 0.05) differences of the concentration of
cadmium, copper, lead and mercury among
treated groups of fish with penicillium, cadmium
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Table (1): Effect of treatment with (9x 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on cadmium
concentrations in O. niloticus and Seabream throughout one week.

Control groups
item O. niloticus Seabream
w F L w F L
B C C B C C
1% day 273+ 152+ 137+ 231+ 141 + 121+
0.30 0.50 0.30 0.30 0.30 0.30
B C C C C
2" day 2.61+ 141+ 1.26 + 221+ 137+ 1.08 +
0.60 0.40 0.30 0.40 0.30 0.30
B C C B C C
3 day 241+ 1.26 + 111+ 2.03+ 114+ 1.01+
0.40 0.20 0.30 0.40 0.30 0.30
B C C C C D
4t day 217+ 112+ 1.03+ 1.96 + 117+ 0.48 =
0.3 0.20 0.30 0.30 0.30 0.10
B C D C D D
5 day 201+ 1.04 + 095+ 161+ 093+ 091+
0.20 0.30 0.04 0.30 0.04 0.04
C D D C D D
6" day 1.95 + 0.99 + 0.89 + 151+ 0.88 + 0.81+
0.50 0.04 0.04 0.30 0.04 0.04
C D D C D D
7" day 131+ 071 % 053+ 1.21+ 0.61+ 0.54 +
0.30 0.001 0.04 0.30 0.04 0.04

W = water, F= Flesh, L= liver . Means of different letters are significantly different at (P < 0.05).

Table (2): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on Copper
concentrations in O. niloticus and Seabream throughout one week.

Control groups
item O. niloticus Seabream
w F L w F L
G G C B E
1% day 3.81% 3.91+ 2.13+ 7.58+ 8.89+ 5.34+
0.80 0.9 0.40 1.12 1.12 1.12
G G H C B E
2" day 3.42+ 3,53+ 2.01% 7.19+ 8.13% 5.12+
0.40 0.50 0.10 2.12 2.40 1.12
G G J C C E
3" day 3.12+ 3.24+ 1.83+ 7.01+ 7.91+ 5.01+
0.20 30 0.30 1.12 0.40 1.12
G G J D C F
4" day 3.01 3.17+ 1.72+ 6.71+ 7.42+ 491+
0.3 0.30 0.30 1.12 1.12 1.12
H G J D C F
5" day 291+ 3.08+ 1.61+ 6.65+ 7.26+ 479+
0.20 0.30 0.30 1.12 1.12 0.80
H H J D C F
6" day 2.83% 2.98+ 151+ 6.31% 7.01% 441+
0.30 0.40 0.30 0.04 0.04 0.04
H H J D D F
7" day 2.64% 2.74% 1.23+ 6.11% 6.58% 413+
0.40 0.40 0.30 1.40 1.15 0.41

W = water; F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).
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Table (1): Effect of treatment with (9x 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on cadmium
concentrations in O. niloticus and Seabream throughout one week.(Continued).

O. niloticus group

Seabream group

item 9x10 2 CFU penicillium 0.7 mg / L cadmium 9x10 2 CFU penicillium 0.7 mg / L cadmium
w F L w F L w F L w F L
1t C C C B C C C C B C C C
day 1.97+ 141+ 1.21+ 2.31+ 1.46+ 1.33+ 1.37+ 1.31+ 211+ 1.48+ 1.39+ 1.99+
0.30 0.40 0.30 0.40 0.30 0.30 0.30 0.30 0.40 0.30 0.30 0.30
ond C C C B C C C C C C C C
day 1.81+ 1.23+ 1.12+ 2.81+ 1.73+ 1.39+ 1.21+ 1.11+ 1.97+ 157+ 1.42+ 151+
0.30 0.30 0.30 0.40 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
3rd C C C B C C C C C C C C
day 1.32+ 1.11+ 1.02+ 2.83+ 1.77+ 1.39+ 1.11+ 1.04+ 1.61+ 1.68+ 147+ 1.53+
0.40 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
4th C D D B C C C D C C C C
day 111+ | 0.93t | 0.99+ 289+ | 1.94+ | 1.52+ 1.02+ | 097 1.24+ 1.81+ 151+ | 1.61+
0.30 0.40 0.40 0.40 0.30 0.30 0.30 0.55 0.30 0.30 0.30 0.30
=0 D D D A B C D D C C C C
day 091+ | 0.87+ | 0.91+ | 3.11+ | 2.07+ | 164+ | 097+ | 0.91+ | 1.13+ | 1.99+ | 1.62+ | 1.65+
0.04 0.04 0.04 0.40 0.41 0.30 0.04 0.04 0.30 0.30 0.30 0.30
6th D D D A B C D D C B C C
day 0.78+ 0.79+ 0.81+ 3.41+ 2.18+ 1.72+ 0.87+ 0.85+ 1.02+ 211+ 1.81+ 1.74+
0.04 0.04 0.04 0.30 0.40 0.30 0.04 0.14 0.30 0.30 0.30 0.30
th D D D A B C D D D B C C
day 0.51+ 0.58+ 0.67+ 3.64+ 241+ 1.92+ 0.63+ 0.69+ 0.93+ 2.54+ 1.95+ 1.89+
0.04 0.04 0.04 0.02 0.40 0.40 0.04 0.04 0.04 0.40 0.30 0.40

W = water, F= Flesh, L= liver . Means of different letters are significantly different at (P < 0.05).

Table (2): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on Copper
concentrations in O. niloticus and Seabream throughout one week. (Continued).

O. niloticus group

Seabream group

item 9x10 2 CFU penicillium 0.7 mg / L cadmium 9x10 2 CFU penicillium 0.7 mg / L cadmium
w F L W F L W F L W F L
15t H B D G B C D B D G J
day 257+ 8.99+ 6.98+ 3.68+ 8.66+ 711+ 6.78+ 8.51+ 6.77+ 3.88+ 195+ | 1.21+
0.40 2.12 1.12 0.40 2.12 2.15 1.12 1.12 1.12 1.12 0.30 0.30
ond H B D G B (¢} D B D G J F
day 221+ 8.46+ 6.42+ 3.61+ 8.57+ 7.23+ 6.31+ 8.19+ 6.42+ 3.89+ 194+ | 1.27+
0.40 2.40 1.12 0.40 2.12 1.12 1.12 2.12 1.12 0.40 0.30 0.40
3 H B D G B C D B D G H F
day 2.03+ | 817+ | 6.19+ | 3.68+ | 861+ | 7.33+ | 6.11+ | 8.05+ | 6.23+ | 3.91+ | 2.03+ | 1.33+
0.30 1.12 1.12 0.30 1.12 1.12 1.12 2.12 1.12 0.50 0.40 0.30
4th J c E G B C E C E F H F
day 1.88+ 7.19+ 5.81+ 3.91+ 8.93+ 7.52+ 561+ 7.81+ 547+ 411+ 2,25+ | 1.57+
0.30 2.12 0.40 0.40 1.40 1.40 0.40 1.10 1.10 1.12 0.30 0.30
5th J C E F A C E C E F H F
day 1.55+ 7.05+ 5.61+ | 4.15% 9.02+ 7.61+ 521+ 7.61% 531+ 441+ 237+ | 1.64+
0.30 2.12 1.12 0.14 1.15 1.15 0.40 0.40 0.40 0.40 0.41 0.30
6t J D E F A C F C E F H F
day 1.21+ 6.81+ 511+ | 451+ 9.19+ 7.74+ 491+ 7.22+ 511+ 461+ 251+ | 1.78+
0.30 1.12 1.12 1.12 2.17 0.04 0.44 1.12 1.12 0.04 0.40 0.30
7t J E F F A C F D F F H F
day 0.88+ 5.13+ 4.66+ 467+ 9.34+ 7.86% 411+ 6.27+ 487+ 472+ 2.63+ | 1.83t
0.04 0.40 0.40 1.12 1.04 1.04 0.40 1.04 0.44 0.44 0.40 0.44

W = water; F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).
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Table (3): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on lead
concentrations in O. niloticus and Seabream throughout one week.

Control groups
item O. niloticus Seabream
W F L W F L
C E E B E E
1% day 3.82+ 1.92+ 1.58+ 4,92+ 191+ 1.43+
0.20 0.3 0.30 1.12 0.40 0.30
C E E B E E
2" day 3.55+ 1.76+ 1.33+ 4.62+ 1.62+ 1.31+
0.50 0.70 0.30 1.12 0.30 0.30
C E E B E E
3" day 3.18+ 1.55+ 1.18+ 4.31+ 1.36+ 1.12+
0.40 0.50 0.30 1.12 0.30 0.30
C E E B E E
4™ day 3.01+ 1.43+ 1.03+ 4,11+ 1.18+ 1.05+
0.10 0.40 0.30 1.12 0.30 0.30
C E E B E E
5" day 3.01+ 1.35+ 1.03+ 4,11+ 1.13+ 1.02+
0.10 0.30 0.30 1.12 0.30 0.30
D E F C E F
6" day 2.89+ 1.21+ 0.92+ 3.88+ 1.01+ 0.91+
0.30 0.30 0.04 0.40 0.30 0.04
D E F C F F
7" day 271+ 1.03+ 0.81+ 3.41+ 0.91+ 0.78+
0.30 0.30 0.04 0.40 0.40 0.04

W = water, F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).
Table (4): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on mercury
concentrations in O. niloticus and Seabream throughout one week.

Control groups
item O. niloticus Seabream

W E L W F L

B C C C C C
1% day 0.91% 0.51+ 0.17+ 0.61% 0.43% 0.18%
0.10 0.01 0.10 0.40 0.40 0.21

B C C C C C

2" day 0.83+ 0.47+ 0.15 0.59+ 0.41% 0.15
0.30 0.40 0.10 0.04 0.40 0.10

B C C C C C
3 day 0.81+ 0.42+ 0.14 0.51+ 0.4+ 0.13+
0.10 0.20 0.10 0.10 0.01 0.01

B C C C C C
4™ day 0.74% 0.37+ 0.11+ 0.43+ 0.36+ 0.11+
0.3 0.30 0.10 0.10 0.10 0.10

B C D [¢ C D
5" day 0.66% 0.3+ 0.09+ 0.38+ 0.31+ 0.09+
0.60 0.001 0.001 0.001 0.004 0.004

B C D [@ C D
6" day 0.57+ 0.28+ 0.08+ 0.31+ 0.27+ 0.07+
0.50 0.001 0.001 0.04 0.05 0.01

C C D C [¢ D
7" day 0.46% 0.19+ 0.06% 0.27+ 0.24% 0.04%
0.40 0.001 0.001 0.04 0.04 0.001

W = water, F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).
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Table (3): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on lead

concentrations in O. niloticus and Seabream throughout one week. . (Continued).

O. niloticus group

Seabream group

item 9%10 2 CFU penicillium 0.7 mg / L cadmium 9x10 2 CFU penicillium 0.7 mg / L cadmium
W F L W F L W F L W F L
1ot C E E C D E B E E B E E
day 3.63+ | 1.83+ | 1.52+ | 3.91+ | 2.03+ | 1.61+ | 4.81+ | 1.98+ | 1.62+ | 4.97+ | 1.94+ | 157+
1.12 0.30 0.30 0.40 0.30 0.30 0.40 0.30 0.30 0.40 0.30 0.30
ond C E E C E E B E E B E E
day 335+ | 1.61+ | 1.25+ | 347+ | 1.89%+ | 142+ | 431+ | 1.79+ | 157+ | 4.83+ | 1.97+ | 159+
111 0.30 0.30 1.12 0.30 0.30 0.40 0.30 0.30 1.12 0.30 0.30
gr C E E C E E B E E B D E
day 314+ | 131+ | 111+ | 351+ | 194+ | 155+ | 411+ | 151+ | 141+ | 491+ | 211+ | 1.64+
0.30 0.30 0.30 0.40 0.30 0.30 0.40 0.30 0.30 0.40 0.40 0.30
4t D E E Cc D E C E E B D E
day 2.69 1.09+ | 1.02+ | 3.71+ | 2.07+ | 1.61+ | 3.91+ | 1.33+ | 1.11+ | 498+ | 218+ | 1.71+
0.30 0.30 0.30 0.40 0.40 0.30 0.30 0.30 0.30 1.10 0.50 0.30
5th D F F Cc D E C E E A D E
day 217+ | 0.99+ | 0.93+ | 3.71+ | 2.68+ | 1.68+ | 3.67+ | 1.27+ | 1.07+ | 513+ | 2.21+ | 1.79%t
0.40 0.04 0.04 0.40 0.40 0.14 0.40 0.30 0.30 0.45 0.40 0.30
6t E F F Cc D E C E F A D E
day 191+ | 0.71+ | 0.77+ | 3.99+ | 291+ | 187+ | 3.13+ | 1.01+ | 0.82+ | 561+ | 2.61+ | 191+
0.30 0.10 0.50 0.04 0.04 0.50 0.30 0.30 0.04 1.04 0.40 0.30
7t E F F B C E D F F A D D
day 121+ | 0.61+ | 0.64+ | 411+ | 3.13+ | 1.98+ | 258+ | 093+ | 0.62+ | 591+ | 2.83+ | 211+
0.30 0.30 0.04 1.12 0.17 0.30 0.40 0.60 0.04 1.04 0.40 0.40

W = water, F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).

Table (4): Effect of treatment with (9% 10 2CFU) penicillium spores and (0.7 mg / L) cadmium on mercury

concentrations in O. niloticus and Seabream throughout one week. . (Continued).

O. niloticus group

Seabream group

item 9x10 2 CFU penicillium 0.7 mg / L cadmium 9x10 2 CFU penicillium 0.7 mg / L cadmium
W F L W F L W F L W F L
1ot B C C B C C C C C C C
day 0.81+ | 042+ | 0.16+ | 0.82+ | 0.47+ | 0.19+ | 051+ | 0.46+ | 0.17+ | 059+ | 0.51+ | 0.18+
0.40 0.40 0.10 0.40 0.40 0.40 0.40 0.40 0.10 0.40 0.40 0.01
ond B A C C C C C C C B C C
day 0.74+ | 137+ | 0.14+ | 0.27+ | 049+ | 0.21+ | 047+ | 041+ 0.15 0.61+ | 051+ 0.19+
0.40 0.30 0.10 0.40 0.40 0.10 0.10 0.10 0.10 0.10 0.10 0.10
3rd B C C B C C C C C B C C
day 0.67+ | 0.33+ | 0.12+ | 0.91+ | 0.51+ 24+ 043+ | 0.39+ | 0.13+ | 0.63+ | 0.51% 0.21+
0.10 0.40 0.04 0.04 0.04 0.04 0.04 0.40 0.10 0.40 0.40 0.01
4t B C C C B C C C C B B C
day 0.59+ | 0.28+ | 0.08+ | 0.98+ | 0.63+ | 0.28+ | 0.39+ | 0.32+ | 0.11+ | 0.68+ | 0.59+ | 0.24+
0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
5th C C D A B Cc C C D B B C
day 051+ | 0.19+ | 0.07% 111+ 71+ 0.34+ | 031+ | 0.28+ | 0.08+ | 0.74+ | 0.62+ 0.28+
0.04 0.10 0.001 0.30 0.01 0.04 0.04 0.04 0.001 0.04 0.10 0.10
6t C C D A B Cc Cc C B C B C
day 041+ | 011+ | 0.05+ | 1.28+ | 091+ | 041+ | 0.18+ | 0.21+ | 0.07+ | 0.81+ | 0.77+ | 0.31%
0.04 0.01 0.01 0.30 0.51 0.04 0.10 0.04 0.001 0.14 0.14 0.04
i C D D A A C D D D D D C
day 0.22+ | 0.07+ | 0.01+ | 1.31+ | 1.07+ | 051+ | 048+ | 0.29+ | 0.18+ | 0.23+ | 0.29+ | 0.61t
0.10 0.001 | 0.001 0.30 0.15 0.15 0.20 0.40 0.04 0.04 0.04 0.04

W = water, F= Flesh, L= liver. Means of different letters are significantly different at (P < 0.05).
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and control group of either O. niloticus or
seabream. And also among water in which the
fish live in it and flesh and liver of examined
fish.

The results indicated that, the level of
cadmium, copper, lead and mercury
concentration in the groups treated with
cadmium of a higher concentration for heavy
metals than the groups treated with pencillum
and in control.

This results attributed to the cadmium
causes stress condition on the fish and causes
decreaseing of the fish to resistance and
immunity of the fish against toxicity with
heavy metals as well as the dysfunction of the
liver caused by cadmium causes increasing
concentration of the heavy metals in the fish
body. This results agreed with those of
(Mieiro et al., 2012 and Dsikowitzky et al.,
2013) where they reported that, dietary
cadmium causes severe dangerous effect on
the internal organs of the fish that causes
increasing concentration of heavy metals to
the fish especially in area contaminated with
heavy metals.

The concentration of heavy metals in
the seabream showed lower level than that of
the O. niloticus group and control groups.
This results attributed to the seabream fish
live commonly in marine water which of
lower level for heavy metal pollution than the
other types of water of either brackish or
fresh water and the O. niloticus commonly
fed many type of foods of either animal or
plant origin and this conditions causes the
heavy metals in environment of O. niloticus
higher than that of seabream fish. This results
agreed with those of (Dsikowitzky et al.,
2013) where they reported that, 0. niloticus
fish commonly exposed to the heavy metal
intoxication than the other type of fish.

The results also indicated that the
heavy metal concentration level decreased
progressively from the 1% week to the 7"
week of the experiment. Our results attributed
188

to the size of the fish decreased with of the
progresssion of the experiment and this
causes decreasing of the accumulation of the
heavy metals with advancement of the
experiment due to this concentration of the
heavy metals directly proprotional to the size
of the fish this results agreed with those of
(El-Sadaawy et al., 2013), where they
reported that, by increasing the size of the fish
there is an increasing of the heavy metals
concentration and accunulation in the fish.

The results indicated that, the
concentration of heavy metals in water higher
than that of flesh and the lowest concentration
observed in liver. (Table, 1). Ou results in
agreement with those of  (Abdolahpur
Monikh et al., 2013) where they reported that
the hevay metals in water that the fish live in
its of a higher concentration than its level in
the fish flesh or organs. But this results
disagree with ou results in which they found
that the liver have a higher concentration of
the heavy metals than the other organs of the
fish. Our results agreed with those of (Puel et
al., 1987) where they reported that, heavy
metals have the tendency to accumulate in
various organs of marine organisms,
especially fish, which in turn may enter into
the human metabolism through consumption
causing serious health hazards.

This study coblcuded that, the toxicity
of the fish with heavy metals differ according
to the type of the fish species and the level of
heavy metyals that commonly polluted the
water and presence of cadmium in the water
can facilitated the intoxication with other
types of the heavy metals as copper, lead, and
copper and the higher concentration of heavy
metals observed in water, liver and flesh,
respectively.

CONCLUSION
This study concluded that, the
toxicity of the fish with heavy metals differ
according to the type of the fish species and
the level of heavy metals that commonly
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polluted the water and presence of cadmium
in the water can facilitated the intoxication
with other types of the heavy metals as
copper, lead, and copper and the higher
concentration of heavy metals observed in
water, liver and flesh, respectively.
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