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ABSTRACT

Iron is an essential element involved in many vital physiological
functions in fish. Excess of iron concentration caused some toxic effects.
The present study aims to evaluate the possible ameliorative effect of
Zeolite against iron toxicity in Nile tilapia . Tilapia fry were divided into
five groups. The 1% group (lefet as control group without any addition.
The 2™ | exposed to 7°mg/L of ferrous oxide. While 3, 4™ and 5™
groups exposed to same concentration of ferrous oxide (Fe,03) with 2, 4
and 8g of Zeolite/L, respectivelyy .The growth performance of O.
niloticus, fry improved with the high concentration of zeolite compared
to Fe group alone and control group. The best feed conversion ratio was
recorded in the fish fingerlings exposed to 8g of zeolite/L compared with
the control After exposure fish to Fe a reduction significantly (P<0.05) in
erythrocyte count (RBCs) haemoglobin content (Hb), haematocrit value
(Hct). These parameters were improved when zolite was applied with Fe.
The values of (RBCs), Hb and Hct were increased significantly to be as in
the control fish group. Similarly, there were significant decreased in total
protein (TP) in plasma of fish exposed to iron alone and iron with low
doses of zeolite. While, these values were improved in fish after
addition of 8 g of zeolite/ L. Whereas, plasma glucose concentration,
total lipid, cholesterol, uric acid and creatinine were increased
significantly in fish exposed to Fe alone and mixture of same dose of Fe
with low of zeolite. Similarly, alanine aminotransferase (ALT) and
alkaline phosphatase (ALP), were increased significantly in fish exposed
to Fe alone.

Addition of zeolite to Fe contaminated medium enhanced these
biochemical parameters in fish and the enzyme activities returned to be as


mailto:Adele_shalaby@yahoo.com

Used of Zeloite To Reduce The Iron Toxicity For

Enhancement The Growth Performance and ...

|

control group. Addition of zeolite to Fe contaminated medium
considerably reduced Fe absorption and accumulation in muscle and gills.

Key wards: Nile tilapia, Fe, Zeolite, growth performance, Physiological parameter.
Water born metals may alter the physiological and biochemical
parameters in fish blood and tissues. The reaction and survival of aquatic

animals depend not only on the biological state of the animals but also on the
toxicity, and type and time of exposure to the toxicant (Brungs, 1977).

Iron (Fe) is an essential element for body functions such as oxygen
transport and lipid oxidation and its presence constitutes a vital defense line to
protect fish against infectious diseases (Hilty et al., 2011). However, iron
excess can result in fish toxicity (Andersen et al., 1997 and Chu et al., 2007).
The concentration of iron in body tissues must be tightly regulated because in
excessive amounts it can lead to tissue damage, where it can form free radicals
(Abbaspour et al., 2014). Besides, iron is a coenzyme and is necessary for the
synthesis of hemoglobin (Yacoub, 2007) but very high intake of these elements
can cause adverse health problems. Disturbances in AST and ALT activities are
indicators of toxic conditions when these enzymes penetrate to the blood due to
cytolyses of the liver (Kaya et al., 2014).

Iron is considered a heavy metal being found in high concentrations in
aquatic environments near the miners that exploit this ore. In Brazil, the dam
located in the municipality of Mariana - MG was built to serve as a deposit of
the wastes generated during the mining process of iron, and ruptured, causing
an unprecedented environmental disaster in Brazil’s history (Barba, 2015). Iron
is also regarded as an important chemical element for many living organisms
(as a bio metal) and is vital for survival at low concentrations as it is essential
for multiple metabolic processes such as oxygen transport, DNA synthesis,
electron transport, and cofactor for many proteins (Bury and Grosell, 2003).
Iron present in water can be absorbed by the fish via gills, skin or food (Cottet
etal., 2015)
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Excess iron dissolved in the water can cause the formation of flakes of
this metal in the gills of the fish resulting in its obstruction, causing respiratory
disorders Bury et al. (2003). Animals that consume diets with high levels of
iron may have reduced growth, worse feed conversion, diet rejection, mortality,
and histopathological damage in liver cells, where excess of iron in the body is
stored in organ and tissutes (Bury and Grosell, 2003). Fish can be used as
environmental indicators, reacting immediately to any changes in the aquatic
ecosystem, through physiological changes such as changes in opercular beating,
unusual swimming, gill changes and feeding changes or difficulties (Hundley
and Navarro, 2018).

Zeolites are used in industry, agriculture, environment protection and
even in medicine. Zeolites have a relatively high Si/Al compositional ratio
which gives it is special ion-exchange selectivity for large monovalent cations.
Natural or synthetic zeolites (sodium aluminum silicates) are known to easy
adsorb metal ions by exchange reactions Jain (1999). Zeolites are microporous
crystalline hydrated aluminosilicates, which have found various applications
because of their very unique physicochemical characteristics such as ion
exchange and adsorption—desorption properties. Significant progress has been
made in recent years on applications of these inorganic adsorbents in different
industries including agriculture, aquaculture, water and wastewater treatment,
air purification and petrochemicals (Ghasemi et al. 2016). Natural zeolites are
porous and hydrated aluminum silicates that have ion-exchange and adsorption
properties that due to their a large surface area (Xia et al., 2009). However, the
findings of many other studies that zeolite (Clinoptilolites) are shown to be
highly effective regarding the metabolic utilization of nitrogen in animals in
addition to its ability to improvement of fish meat quality and growth
(Mumpton & Fishman, 1977 and Stetca & Morea, 2013).

Zeolite has been recommended and used effectively in reducing toxic
effects of feed materials infected with aflatoxins (Jand et al., 2005). Moreover,
zeolite can be used as an antimicrobial agent (Haile and Nakhla, 2010). Forms
of zeolite have been used to remove ammonium from aqueous solutions by
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cation exchange capacity (Wen et al., 2010) and help in reducing ammonia
production by pellets (Wu-Haan et al., 2007) because the zeolites have many
important characters such as ion exchange, filtering, odor removal, chemical

sieve, water softener, stabilization of soil and gas absorption (Kocakusak et al.,
2001). Shalaby et al. (2018) Showed that the addition of zeolite to Cd
contaminated medium enhanced these biochemical parameters in fish and the
enzyme activities returned to be as control group., also addition of zolite to Cd
contaminated medium considerably reduced cadmium absorption and
accumulation in gills. Simillary, these result are agreement with those of
Shalaby et al. (2021) in Same of trend after exposure of tilapia to iron toxicity.

AND METHODS

Ferric oxide: It was obtained from EI-Nasr Chemical Company (Cairo, Egypt).

Zeolite: Samples of zeolite were taken from the Enli Mining Company open pit
mine in Manisa-Gordes in Western Anatolia.

The crushed original zeolite was ground and passed through 300 x 600-
um sieves and was dried in an oven at 100 £ 5 °C for 24 h. It was characterized
by X-ray diffraction (XRD) and chemical analysis. Chemical composition of
zeolite samples was determined by the usual analytical methods for silicate
materials. Standard wet chemical analysis was adopted.

Table 1. Chemical composition and physical properties of natural zeolite.

Chemical composition Wt. Physical properties

SiO, 69.31 Appearance porosity (%), 41.5

Al,O3 13.11 Appearance density (g/cm3), 2.27

Fe,0° 1.31 Weight of per unit volume (g/cm3), 1.32
CaO 2.07 Water absorption (original) (%), 31.3

MgO 1.13 Water absorption (grinding) (%), 103.7
Na,O 0.52 Oil absorption (g 0il/100 g sample), 51
K,0 2.83 Whiteness (%), 68

SO; 0.10 Original bleaching (g sample/g tonsil), 1.95
H,O 6.88 Active bleaching (g sample/g tonsil), 1.92

Si/Al 4.66 pH 7.5
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Experimental fish:

Healthy Nile tilapia "Oreochromis niloticus™” specimens with an average
body weight of 9.5 + 0.3 g obtained from Abbassa fish farm, Abbassa, Abou-
Hammad, Sharkia, Egypt were acclimated in laboratory conditions for two
weeks prior the experiment.

The experiment consist of five groups of the studied fish were holded for
90 days to evaluate the effects of different sublethal concentrations of ferrous
oxide with or without Zeolite on the growth performance , physiological and
biochemical assays. These groups were divided to the first group was kept as
control. Second group was exposed to the 7emg ferrous oxide /L only . The
third ,fourth and fifth groups exposed to same dose of Fe with 2,4 and 8 g of
zeolite /L respectively Each group consisted of 20 fish was divided into two
replicates of tenth fish each replicate .Then maintained in glass aquaria
supplied with dechlorinated aerated tap water at a temperature of 26+2 °C, pH
7.2+0.2 and dissolved oxygen 5.5 + 0.5 mg/l.. The feeding rate was holded at
the percent of 3% of the body weight daily.

Table 2. Experimental Design Outline.

Treatment Ferrous oxides (Mg/L) Zeolite (G)
T1

T2 75

T3 75

T4 75

T5 75

Water quality measurements:

Water samples were collected weekly at 15 cm depth from each
aquarium. Dissolved oxygen (DO) and water temperature were measured in situ
with an oxygen meter (YSI model 58, Yellow Spring Instrument Co., Yellow
Springs, OH, USA). Unionized ammonia was measured using DREL/2 HACH
kits (HACH Co., Loveland, CO, USA) and pH with a pH meter (Digital Mini-
pH Meter, model 55, Fisher Scientific, Denver, CO, USA). All treatments, DO
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concentrations ranged from 4.1 to 4.6 mg/L, and water temperature average was

26.5+0.8 °C, pH value ranged from 7.2 to 7.6. Unionized ammonia were
measurement according to (APHA, 2000). Water quality parameters were
within acceptable ranges for fish growth (Boyd, 1984).

Fish growth measurement:
Growth performance was determined and feed utilization was
calculated as follows equation: Wg=W2-W1 was Weight gain

Specific growth rate (SGR) was calculated according to Jauncey and Rose,
(1982). SGR=100(INW2 -InW1)/T

Relative body weight gain (RBWG) was calculated according to the following
equation RBWG= (wt2-wtl) x100/wtl

Where W1 and W2 are the initial and final weights, respectively, and T is the
number of days of the experimental period.

Hematological and biochemical analysis:

At the end of the experiment, blood samples were taken from the caudal
vein of non-anaesthetized fish by sterile syringe. 0.5 ml of the blood containing
EDTA as an anticoagulant was used for erythrocyte count (Dacie and lewis,
1984), haemoglobin content (Van kampen, 1961) and haematocrit value
(Britton, 1963).

Plasma was obtained by centrifugation of whole blood at 3000 rpm for 15
min and nonhaemolyzed plasma was stored in deep freezer for biochemical
analyses. The muscle and gills of all fish specimens were collected and tpred
for tissue analysis.

Alanine amino transferase (ALT) were determined according to the
method of Reitman and Frankel (1957). Alkaline phosphatease was measured
by using Diamond diagnostics kits according to the method of Bergmeyer
(1972). The uric acid a determined according to Caraay (1955) and the glucose
were estimated according to the method of Trinder (1969), while creatinine was
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determined according to (Kaplan, 1984). Total protein was determined
according to Henry (1964) and total lipids according to Schmit (1964).
Cholesterol and High-density lipoprotein (HDL) was determined as CHOD-
PAP method according to Allain et al. (1974). All of these parameters were
measured using specific reagent kits purchased from Diamond Diagnostic
Company.

Fe residue: Iron was measured in muscles and gills according to method of
Eaton and Stinson (1983).

Statistical Analysis:

The obtained data were subjected to analysis of variance according to
Snedecor and Cochran (1982). Differences between means were done at the 5%
probability level, using Duncan’ s new multiple range test (Duncan, 1955).

D DISCUSSION

Water quality parameters :

Water quality parameters were analyzed as represented in Table (3).
Water temperature was to (24.06 °C) consistent in all treatments. It was within
the limits of optimal survival and growth of tilapia (Yildirim et al., 2009)..
Similarly, salinity showed no variation among treatments. Throughout the
experiment, dissolved oxygen level was decreased significantly to (3.02) in Fe
group alone as compared to control and other treatments. Limits of dissolved
oxygen for tilapia is ranged between 3.0-4.0 mg/L (Popma, 1999). In the
present study, the DO values were below the limits except for treatment with 15
g/L zeolite. This was due to the high concentration of ammonia (Table 3).
Mokhtari-Hosseini et al. (2016) stated that the existence of ammonium ion in
water can cause the depletion of dissolved oxygen levels in water .

pH were measured at their lowest levels as 7.47+ 0.15 and the highest was
recorded as 9.34+0.16. In general, tilapia can survive in pH ranging from 5 to
10 but do best in a pH range of 6 to 9. In addition, pH is an important parameter
affecting the sorption process at the water-dsorbent interfaces (Mazloomi and
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Jalali, 2016). The total ammonia NHj3 total alkalinity and No, concentration was
increased significantly in Fe alone group (T2) when compared to the control
group. While, addition of zeolite to anther treatment caused reduction of these
parameters similar the control group. EC were significantly different between
the treatments when compared to the control group. In addition, Oz et al. (2016)
found that addition of zeolite inside or outside net bag had reduced the
concentration of ammonia in aquarium water. However, the use of zeolite in a
net bag gave more advantages in terms of high adsorption levels of ammonia.
Zeolite exchanges sodium ions for ammonium ions and shifts the ammonia
equilibrium away from toxic un-ionized ammonia, thus preventing an increase
in its level (Ghiasi and Jasour, 2012). The ranges of water quality parameters
were within the acceptable ranges for fish culture (Boyd, 1984). On the other
hand, the reduced ammonia concentrations at zeolite fish groups may be due to
zeolite efficacy to adsorb ammonia. This adsorption efficacy depends on zeolite
dose (Shalaby et al., 2021).

Table 3. The water quality in experimental of O. niloticus after exposed to iron
alone and mixed with doses of zeolite.

Total Total Total

Treatment pH DO . NH3 o NO2 Temp E.C Salinity
ammonia alkalinity hardness
751+ 5.23+ 0.44+ 0.02+ 142.00+ 141.60+ 1.43+ 24.06x  457.20+ 0.26+
B 0.13e 0.19ab 0.02e 0.01e 3.74cd 10.78 0.51b 1.24a 9.28¢c 0.01ab
9.34+ 3.02+ 2.55+ 1.76x 149.60+ 126.00+ 2.31% 24.06+ 515.00% 0.33
2 0.16a  0.1lab 0.07a 0.23a 2.04bc 2.97 0.19a 1.24a 23.69ab 0.02ab
T3 8.72+ 5.44+ 1.48+ 0.46 133.60+ 128.80+ 119+  24.06+  480.20% 0.26+
L) 0.19bc 0.25a 0.04c 0.12c 3.08de 2.42 0.23b 35.40a  10.25bc  0.003ab
Ta 7.89+ 5.16+ 1.49+ 0.10+ 145.60 115.60+ 153+  24.06  478.00% 0.28+
0.16d  0.22ab 0.06¢c 0.04de 2.32bc 1.47 0.34ab 1.24a 19.24bc 0.08ab
5 747+ 5.05+ 0.46+ 0.012 142.00+ 111.20+ 0.92 24.06 495.20+ 0.31%
0.15e 0.09ab 0.040e 0.003e 3.74cd 2.15 0.08b 1.24a 7.94abc 0.02ab

The same letter in the same column is not significantly different at P<0.05.
Growth performance:

Table (4) shows that there was no significant difference between the
experimental groups in body weight at the start of the experiment. At the end of
the experiment (after 12-week culture), it was observed that the exposed to iron
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alone (T2) significantly decreased (to 23.00+£0.115¢g/fish and 13.81+0.106 g/fish
P<0.05) in final body weight and weight gain of Nile tilapia respectively as
compared to the to the control group (28.47+0.087 and 19.20+0.063,
respectively). Similarly, the addition of zeolite by 2 and 4 g/L with same dose
of iron toxicity was non significantly variation in same parameter. While
addition of high dose of zeolite 8g/l with same dose of iron was improved
significantly in final body weight and weight gain of Nile tilapia to 30.53
+0.087 g and 21.36 +£0.121 (g/fish), respectively. when compared to Fe alone
(T2) and similar the control group (28.47+0.087 and 19.20+0.063,
respectively). In same table, the specific growth rate (SGR) and relative growth
rate (REG) were decreased significantly to 1.53+0.008 and 1.504 +0.012% in
Nile tilapia exposure to iron toxicity when compared to the control group. On
the other hand, addition of 8g/l of zeolite with same iron dose toxicity was
improved significantly in SGR and REG respectively in Nile tilapia when
compared to iron toxicity alone and similar the control groups (Table 3). Ghiasi
and Jasour (2012) found that, the final weight gain of Angel fish
(Pterophyllumscalare) with exposed to 10 & 15 g¢/L zeolite were higher
compared to control group (without addition of zeolite). Related to the results
of current study, addition of 20 g/L showed the highest weight gain and 15 g/L
zeolite resulted in second highest in weight gain of Red Hybrid Tilapia
compared to other treatments. According to these findings it can be concluded
that addition of 15 g/L of zeolite in water not just the best for water quality
improvement but was also the best dose for better growth performance of fish.
Besides, the study performed by Yildirim et al. (2009) showed that, the growth
performance of tilapia zilli fed with fish feed diets containing 2% of zeolite
showed an significant increase compared to control group.
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Table 4. Growth performance in O. niloticus after exposed to iron alone and
mixed with doses of zeolite.

Item Initial Final Weight
Groups Weight weight gain DWG SCR RCR
- 9.27° 28.47° 19.20° 0.319° 1.87° 2/068°
+0.031 +0.087 +0.063 +0.0011 +0.003 +0.006
T 9.172 23.00¢ 13.81¢ 0.230¢ 1.53¢ 1.504¢
+0.070 +0.115 +0.106 +0.0018 +0.008 +0.012
T 9.232 25.52° 16.29° 0.271° 1.69° 1.763"
0.070+ +0.029 +0.042 +0.0007 +0.010 +0.017
4 9.17° 25.51¢ 16.34° 0.272° 1.71° 1.785°
+0.067 +0.289 +0.289 +0.0048 +0.018 +0.031
5 9.19°2 30.53? 21.36° 0.355° 2.00° 2.236°

+0.034 +0.087 +0.121 +0.002 +0.011 +0.227

The same letter in the same column is not significantly different at P<0.05.

Results in Table (5) show that FCR, FER and PER were decreased
significantly to 1.097+0.012, 42.57+0.523 and 1.44+0.018, (p<0.05),
respectively in Nile tilapia exposed to Fe alone as compared to the control
group. Whereas the addition different dose of zeolite to iron toxicity was caused
improved significantly (p<0.05) in this parameters when compared to the Fe
alone and similar to the control group.

Table 5. Feed intake (FI), feed conversation ratio (FCR), feed E ratio(FER),
protein E ratio (PER), protein valuation (PPV) and (E.U) in
O. niloticus after exposed to iron alone and mixed with doses of

zeolite.
Items FI FCR FER PER PPV E.U
treatment
- 35.418° 1.85¢ 54.07 1.82° 26.21% 21.07°
+0.555 +0.023 +0.675 +0.023 +0.537 +0.408
T2 27.2631 1.097° 42571 1.448 17.75° 15.09¢
+0.844 +0.012 +0.523 +0.018 +0.446 +0.325
. 35.288°¢ 2.00° 46.31° 1.56° 24.91°¢ 16.78°¢
+0246 +0.046 +0.495 +0.017 +0.414 +0.262
4 38.26h° 2.16" 50.05" 1.69° 23.43° 17.34°
+0.5652 +0.0239 +1.157 +0.039 +0.302 +0.197
5 42.023° 2.355° 50.76° 1.71b° 27.86° 19.76°
+0.428 +0.089 +0.298 +0.010 +1.01 +0.678

The same letter in the same column is not significantly different at P<0.05.
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Protein content in fish body was significantly lower in the group exposed
to Fe alone than the control group and all other groups (mixture of same doses
of Fe with different dose of zeolite) (Table 6). Contrarily, total lipids content in
fish body high significantly (23.11%, p<0.05) in fish exposed to Ferric oxides
when compared to the control group (19.15%); while it values were at same
trend in all other groups (mixture of Fe with zeolite) when compared to the
control group (Table 6). Ash content was significantly higher to (19.22, 19.10.
19.90 and 20.07 %; p<0.05) in fish exposed to Fe alone and mixture of different
levels to zeolite respectively when compared to the control group (17.04 %)
.Dry meter in fish body was significantly affected with treatments.

Table 6. Body composition 0f O. niloticus after exposed to iron alone and
mixed with doses of zeolite (n=6).

tems DM CP EE ASH
treatment
Start 23.54° 57.85 19.15' 23.13%
+0.0.23 +0.026 +0.046 +0.035
- 27.35° 59.85% 23.11° 17.04
+0.029 +0.015 +0.006 +0.020
. 26.75° 58.43 22.35° 19.22¢
+0.029 +0.015 +0.009 +0.015
. 27.97° 59.74° 21.15d 19.10°
+0.03 +0.012 +0.0.009 +0.014
4 27.40 58.65¢ 21.45° 19.90°
+0.029 +0.009 +0.009 +0.017
5 26.98° 58.91° 21.02° 20.07°
+0.020 +0.006 +0.012 +0.009

The same letter in the same column is not significantly different at P<0.05.
Physiological parameter:

In vertebrates including fish, blood is the most frequently examined tissue
in efforts to establish their health status or physiological status. Accordingly,
health status such as oxygen carrying capacity has been directly determined by
reference to main hematological indices including red blood cell (RBC),
hemoglobin concentration (Hb) and Hematocrit values (Hct) by Houston
(1990). Haematological parameters play an important role in the environmental
monitoring of toxicants in aquatic ecosystem and also act as indicators of
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disease and stress (Li et al., 2010 and Lavanya et al., 2011). Parameters such as
RBC, WBC, PCV, Hb and haematological indices (MCV, MCHC and MCHC)
are widely used as strong bio indicators in aquatic toxicology (Singh &
Srivastava, 2010 and Saravanan et al., 2011). Similarly, biochemical parameters
(glucose and protein) after due analysis are used as important indicators of
physiological status of fish and the health of the aquatic environment (Pimpao
et al., 2007). Also, Saravanan et al (2015) Measured that the potential harmful
effects of Fe,O3 (1 and 25 mg/L) on haematological, and biochemical,
responses in an Indian major carp, Labeo rohita for a short-term period of 96 h.
The results revealed significant (P\0.05) decreases in erythrocyte count,
haemoglobin, haematocrit, and protein content in the blood of fish. In the
present study, the erythrocyte count and haematocreat value in Nile tilapia
were decrease significantly to (1.36+0.014 and 10.10+0.45 %, respectively )
after exposed to iron alone when compared to the control group (1.43 £0.017
and 29.37 +0.43 %). On other hand, the hemoglobin content was high
significantly in fish after exposed to Ferric oxide. Addition of zeolite improved
health which increased hematological parameter (RBCs, H and Hct) compared
than control and treatment 2 which toxic by iron alone (Table 7).

The haemoglobin was more relevant, due to the toxicity of this
contaminant being greater and causing damage to the organism in a shorter
time. With the Fe2+ contaminated groups, there was also an increase, but
smaller when compared to the Fe3+ treatments. Fish exposed to Fe ions have
demonstrated a functional increase in blood hemoglobin levels, as Hb is
converted to MeHb, causing intoxication in animals Aggergaard and jensnm
(2001). Iron is involved in hepatic processes, and is also associated with oxygen
transport through Hb, being considered one of the most important elements for
fish homeostasis (Meynard et al., 2014). However, excess iron dissolved in the
water can cause iron flakes to form in the gills of the fish resulting in their
obstruction, causing respiratory disorders Bury et al. (2003) and the increase of
OB to overcome this provoked deficiency. In acute cases of iron poisoning
there may be necrosis of the gill tissue and loss of ammonia excretion capacity
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that concentrated in the blood of fish. Slaninova et al. (2014). While the
decrease in WBCs count in iron exposed group may be due to the increase in
corticosteroids hormones that are secreted in fish exposed to any stress, such
decrease in WBCs was modulated in pre curcumin exposed groups that may be
explained by the chelating effect of curcumin and its ability to reduce free
iron concentrations. Also, curcumin was found to be safe in Anabas testudineus
at doses of 0.5 and 1% and did not produce any hematological changes
Aggergaard and jensnm (2001). These results are in agreement with those of.
Shalaby (2007) who found that a decrease in RBCs, Hb and packed cell volume
(PCV) in the blood of Nile tilapia after cadmium intoxication. The obtained
results revealed that toxicity fish were recovered when addition of zeolite as
the RBCs, Hb and Hct in fish exposed to mixture of iron with zeolite became
similar to those of the control fish. Similar results as Shalaby et al., 2018).

Table 7. The erythrocyte count (10° cells/ pl), haemoglobin content(g/ 100 ml)
and haematocrit value (%) in blood of Nile tilapia after exposed iron
alone and mixed with doses of zeolite.

'zigjcaen t Erythrocyte count Hai(r)r;]ciglnotbm Haematocrite value
T1 1.43%+0.017 5.19°+1.4 29.37%+0.43
T2 1.36 “+0.014 13.07%+2.66 10.10°+0.45
T3 1.63°+0.025 14.59°%+1.49 17.4°+0.45
T4 1.57°+0.038 8.56 % +0.272 24.1°+2.26
T5 1.64°0.020 13.5% 0+.29 30.13%1.04

The same letter in the same column is not significantly different at P<0.05.

Alteration of blood sugar level revealed a stress response of fish
(Nemcsok et al., 1987). In the present study, the blood glucose was increased
significantly to (138.67+15.67 mg/L) in fish groups exposed to sublethal dose
of iron alone, also it values was increased significantly to (135.84+2.255 &
134.40+5.807 mg/L, P<0.05) in Nile tilapia reared by iron combined with low
doses of Zeolite (T3 &T4) respectively (Table 8). The increase in blood glucose
might be resulted from an increase in plasma catecholamines and corticosteroid
hormones (Pickering, 1981). Moreover, the hyperglycemia induced by any
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toxicant might be explained by the inhibition of the neuro-effector sites in the
adrenal medulla leading to hyper secretion of adrenaline, which stimulates the
breakdown of glycogen to glucose (Gupta, 1974).

The blood of common carp showed significant increase in glucose during
32 days of heavy metal intoxication. This might be due to the vulnerable stress
induced by the heavy metals resulted in hyperglycemia. Previous investigation
proved that, cadmium modulate the metabolism of carbohydrates, causing
hyperglycemia by stimulating the glycogenolysis in some marine and fresh
water fish species (Zikic et al., 1997; Almeida et al., 2001 and Levesque et al.,
2002). Similar trend with characteristic hyperglycemia was observed in Nile
tilapia throughout our experiment. Heavy metals increase the glucose content in
blood, because of intensive glycogenolysis and the synthesis of glucose from
extra hepatic tissue proteins and amino acids. On other hand, the addition high
levels of Zeolite to iron toxicity caused non-significant variation of blood
glucose to (89.77+2.531mg/L) similar as control group (78.333 +£9.331 mg/L)
(Table 8).

The quantitative determination of the total plasma protein reflects the
liver capacity of protein synthesis and denoted the osmolality of the blood and
the renal impairments. So it is of valuable effect in the diagnosis of the toxicity
of the fish. In the present study, the total plasma protein was decreased
significantly in Nile tilapia exposed to sub lethal doses of iron alone and the
same dose combined with low level of Zeolite (2 g/L) (Table 8). The decrease
was attributed to either a stage of hydration and change in water equilibrium
and/or disturbances in the liver protein synthesis (Salah El-Deen and Rogers,
1996). While, the addition high to levels (4 or 8g of zeolite/L were improved
synthase of protein in cells of Nile tilapia similar as control group (6.413 +
0.420 mg/g) (Table 8).
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Table 8. The changes of total protein and glucose concentration in plasma of
blood Nile tilapia after exposed to iron alone and mixed with doses

of zeolite.
treatment " Gsom) Glucose (mg/L)
T1 6.413% + 0.420 78.3337+9.331
T2 4,710+ 0.253 138.67°+15.67
T3 5.543" +0.407 135.84"+2.255
T4 5.826 °+ 0.135 134.40°+5.807
T5 6.010%+ 0.263 89.77°%+2.531

The same letter in the same column is not significantly different at P<0.05.

The uric acid and creatinine levels are indicators for kidney function and
considered as important variables predicting to which limit the kidney is
adversely affected. In the present study, creatinine and uric acid (Table 9)
showed a significant increase in fish exposed to sublethal concentrations of
iron alone and or combined with lower and medium doses of Zeolite (2 & 4 ¢
zeolte/ L), respectively. These results may be due to the action of this herbicide
on glomeruli filtration rate (Abbass et al., 2002) and/or it may be cause
pathological changes of resulting in kidney dysfunction. While, the addition of
high level zeolite (89 zeolite/L) caused remove of iron toxicity and
enhancement the health of fish to decreased its parameters similar as control.

Liver plays an important and vital role in iron homeostasis (Meynard
et al., 2014). The AST, ALT and ALP activities are associated with the tissues
damages such as in the liver, gut and bile ducts (Peres et al., 2013). The activity
of liver enzymes; ALT and AST are considered as indicators for hepatotoxicity
and histopathological changes (Hassaan et al., 2018). High concentration of
iron causes damage in the metabolically active liver organ. Fe caused increased
release of the transaminase enzymes (ALT and ALP) into the blood circulation
(Udotong, 2015 and Abbas et al., 2019). The results confirmed the toxic effect
of iron and elevation in plasma ALT and ALP enzymes in Fe group alone.
Fortunately, zeolite modulated such toxic effect of iron and significantly
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decreased ALT and ALP values through chelating the excess free iron to not
destroy cell (Table 9).
Table 9. The changes of Creatinine, uric acid, Alkaline phosphatase and

Alanine aminoreansferase (ALT) in plasma of blood Nile tilapia
after exposed to iron alone and mixed with doses of zeolite.

Items Creatinine Uric Acid ALT
treatment (mg/ dI) (mg%o) ALP (1u/L) (lu/L)
. 112.6° 1.87°¢ 26.53°¢ 1357°
+0.210 +0.09 +1.37 +1.12
T 129.33%2 2,722 44.90° 47.43%
+1.83 +0.276 +2.89 +1.50

. 121.33° 2.34° 41.97° 16.58°
+1.11 +0.912 +0.792 +1.52

4 109.67 ¢ 2290 27/61°¢ 14.26°
+0.422 +0.21 +1.99 +1.46

5 106.67°¢ 1.78°¢ 21.33¢ 14.24°
+ 223 +0.07 +1.37 +0.78

The same letter in the same column is not significantly different at P<0.05.

On the other hand, total plasma lipids showed significant increase in all
treated fish groups after the exposure time (Table 10). The intensity of hyper-
lipemic state may reflect the degree of stress imposed on the animal under the
influence of toxic reagents and environmental pollutants (Saeed, 1989). The
increase of total plasma lipids may be due to the increase of lipids peroxides
formation induced by the effect of iron toxicity as previously reported by
Mousa (2004). Otherwise, the destruction of the liver cells and other organs due
to the effect of the iron increase the levels of total lipids in the plasma (Inui
1968 and Mousa, 2004).

Cholesterol is the most important sterol occurring in animal fats. It is
equally distributed between plasma and red blood cells, but in adrenal cortex, it
occurs in the esterified form. The cholesterol occurs as white (or) faintly yellow
almost odorless granules. In the present investigation, the blood cholesterol
level and HDL concentration were significantly (p<0.01) increased in heavy
metal exposed experimental groups. The increased levels of cholesterol develop
weakness in the body and swimming ability of the fish was observed in our
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study. The level of cholesterol was found to be increased (Table 10) in the
heavy metal toxicity that can generate free radicals through the oxidation of
ferrous to ferric state by the Fenton’s reaction. It is noticed that long-term effect
of heavy metals stimulates lipid peroxidation (Faix et al., 2005). These results
are agreement with those by (Vinodhini and Narayanan, 2009) who reported
that the Concentrations of red blood cells, blood glucose and total cholesterol
were significantly elevated after exposed the common carpe to 5mg/L of
combined some heavy metals. Also, (Kanyilmaz and Tekellioglu, 2016) showed
that the cholesterol concentrations of gilthead sea bream were quadratic ally
affected with dietary zeolite levels and varied between 240.70 and 384.70
mg/dL  The increase in cholesterol and triglycerides with zeolite
supplementation could be partly resulted from a linear increase in lipid retention
by fish fed zeolite added diets (Kanyilmaz et al., 2015). Similarly, The High
density lipoprotein (HDL) was increased significantly in fish exposed to all
treatment when compared to the control group.

Table 10. The changes of lipids profiles in plasma of blood Nile tilapia after
exposed to iron alone and mixed with doses of zeolite (n=6).

Items Total lipids Cholesterol HDL

treatment (mg/dl) (mg/dL) (lu/L)

T1 112.92% 1.65 75.600° +5.60 204.63°+5.14
T2 463.67° +30.577 139.98+5.108 485.2* +9.08
T3 278.20°+23.040 113.56°+2.71 457.4° + 10.65
T4 221.00°+18.166 108.43°+ 3.22 446.67° +7.24
T5 186.70°+5.369 67.41°+ 1.47 422.93"+9.25

The same letter in the same column is not significantly different at P<0.05.
Fe accumulation:

Addition of zeolite to the iron polluted of the water reduced significantly
of the iron level in aquariums water compared to that iron group only (Table
11). The data observed also a wide variation among the different organs of Nile
tilapia subjected to Fe or Fe with different doses of zeolite. The highest
concentration of Fe was found gills and the lowest amount of muscles. Table
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(11) showed that the uptake of Fe in the gills and muscle of fish exposed to the
Fe alone was 36.24+2.00 and 19.99+0.91 mg/ g dry weight respectively. It
declined significantly to 10.29+0.74 and 5.19+0.39 in gills and muscle in fish
exposure to Fe with 8 g zeolite / L (T5) respectively, similar as control groups.
Similar result are obtained by (Mancy, 2017 and Shalaby et al., 2018) they
showed that reduction of lead accumulated in the tissues of tilapia after addition
of zeolite.

Table 11. The iron accumulation in muscles and gills of Nile tilapia
(O. niloticus) after exposed to iron alone and mixed with different
doses of zeolite.

Treatment Fe (mg/g)

Organ Muscles Gills

T1 3.89+0.52" 8.02+0.19"
T2 19.99+0.91° 36.24+%2.00
T3 14.16+0.88" 27.21+1.10°
T4 12.04+1.35% 21.19+1.14°
T5 5.19+0.39%" 10.29+0.74°"

The same letter in the same column is not significantly different at P<0.05.

CONCLUSION

It could be concluded that water pollution with iron included significant
negative impact in the growth performance, hematological and biochemical
parameters together with marked high accumulation of iron in muscle and gills
of Nile tilapia. Addition some chelating agents as zeolite could decrease the
toxic effects of iron and improve fish condition

REFERENCES

Abbaspour, N.; R. Hurrell and R. Kelishadi, 2014. Review on iron and its
importance for human health. J. Res. Med. Sci. the official J. Isfahan
University of Medical Sci., 19: 164.



Shalaby et al. 87 -

Abbass, H.H.; K.H. Zaghloul and M.A. Mousa, 2002. Effect of some heavy
metal pollutants on some biochemical and histopathological changes
in blue tilapia, Oreochromis aureus. Egypt. J. Agric. Res., 80 (3):
1395 - 1411

Aggergaard, S. and F.B. Jensenm, 2001. Cardiovascular changes and
physiological response during nitrite exposure in rainbow trout.
Journal of Fish Biology, 59 (1): 13-27.

Allain, C.C.; L.S. Poon; C. Chan and W. Richmond, 1974. Enzymatic
determination of total serum cholesterol. Clin. Chem., 20: 470- 475.

Almeida, J.A.; E.L.B. Novelli; M. Dal-Pai Silva and R. Alves-Junior, 2001.
Environmental cadmium exposure and metabolic responses of the Nile
tilapia Oreochromis niloticus. Environ. Pollut, 114: 169-175.

Andersen, F.; M. Lorentzen.; R. Waagbo and A. Maage, 1997.
Bioavailability and interactions with other micro nutrient three dietary
iron sources in Atlantic salmon, Salmo salar, smolts, Aquacult. Nutr.,
3: 239-346.

APHA (American Public Health Association), 2000. Standard Methods for
the Examination of Water and Wastewater (20th edition). Washington,
D.C, 301 pp.

Barba, M.D., 2015. Mesmo sem ser toxica, lama de barragem em Mariana
deve prejudicar ecossistema por anos. In BBC Brasil.

Bergmeyer, H.U., 1972. Standardization of enzyme assays. Clinical
Chemistry, 18 (11): 1305-1311.

Boyd, C.E., 1984. Water Quality in Warm water Fishponds. Auburn
University Agriculture Experimental Station, Auburn, Alabama, USA,
245 pp..

Britton, C.J., 1963. "Disorders of The Blood" 9 " ed. I. A. Churchill, Ld.
London.

Brungs, W.A.; J.H. McCormick; T.W. Neiheisel; C.E. Spehar and G.N.
Stokes, 1977. Effects of pollution on freshwater fishes. J. W.P.C.F,
Washington DC, 49: 1425-1493.




Used of Zeloite To Reduce The Iron Toxicity For

- o Enhancement The Growth Performance and ...

Bury, N.R. and M. Grosell, 2003. Iron acquisition by teleost fish.
Comparative Biochemistry and Physiology, 135 (2): 97-105.

Bury, N.R.; P.A. Walker and C.N. Glover, 2003. Nutritive metal uptake in
teleost fish, J. Exp. Biol., 206: 11-23.

Caraay, I., 1955. Determination of uric acid in serum. Am. J. Clin. Path., 5:
840-849.

Chu, JM.; S.M. Chen and C.H. Huang, 2007. Effect of dietary iron
concentrations on growth, hematological parameters and lipid
peroxidation of soft-shelled turtles, Pelodiscussinensis, Aquacult, 269:
532-537.

Cottet, M.; S. Descloux; P. Guédant; A. Godon and P. Cerdan, 2015. Total iron
concentrations in waters and fish tissues in the Nam Theun 2 Reservoir
area (Lao PDR). Environtal Monitoring and Assessentment, 187 (8): 529.

Dacie, J.V. and S.M. Lewis, 1984. “ Practical Haematology” P22 6" ed
Churchill Living Stone. London. Mellbourne and Newyork, 22pp.

Duncan, D.B., 1955. Multiple range and multiple (F) test. Biometrics, 11: 1- 42.

Eaton, D.L. and M.D. Stinson, 1983. Concentration of lead, Iron, cadmium,
mercury and copper in the cray fish (Pacifasticus leniusculus) obtained
from a lake receiving urban runoff. Arch. Environ. Contam. Toxicol., 12:
693- 700.

Faix, S.; Z. Faixova; Boldizarova; P. Javorsky, 2005. The effect of long-term
high heavy metal intake on lipid peroxidation of gastrointestinal tissue in
sheep. Vet.Med.Czech, 50 (9): 401 405.

Ghiasi, F. and M. Jasour, 2012. The effects of natural zeolite (clinoptilolte) on
water quality, growth performance and nutritional parameters of fresh
water aquarium fish, angel (Pterophyllum scalare). International Journal
of Research in Fisheries and Aquaculture, 2 (3): 22-25.



Shalaby et al. -

Gupta, P. K. 1974. Malathion induced biochemical changes in rats. Acta.
Pharmacal. Toxicol., 35: 191-194.

Hassaan, M.S.; M.A. Soltan; E.Y. Mohammady; A.M. Elashry; E.R. El-
Haroun And S.I. Davies, 2018. Growth and physiological responses of
Nile tilapia, Oreochromis niloticus fed dietary fermented sunflower meal
inoculated with Saccharomyces cerevisiae and Bacillus subtilis.
Aquaculture, 495: 592-601.

Haile, T. and G. Nakhla, 2010. The inhibitory effect of antimicrobial zeolite on
the biofilm of Acidithiobacillus thiooxidan. Biodegradation, 21: 123-134.

Henry, R.J., 1964. Colorimetric determination of total protein. In: Clinical
Chemistry. Harper and Row Publ., New York. pp 181.

Hilty, F.M.; J.T. Knijnenburg; K.F. Teleki; R.F. Hurre.; S.E. Pratsinis and M.B.
Zimmermann, 2011. Incorporation of Mg and Ca into nano structured
Fe203 improves Fe solubility in dilute acid and sensory characteristics in
foods. J. Food Sci., 76: 1-10.

Houston, A., 1990. Blood and circulation. In: Methods for Fish Biology (ed.
by C.B. Shreck & P.B. Moyle), pp. 273— 322. American Fisheries
Society, Bethesda, MD, USA.

Hundley, G. and R. Navarro, 2018. Integration of Nile tilapia (Oreochromis
niloticus L) production Origanum majorana L and Ocimum basilicum L
using aquaponics technology. Acta Scientiarum. Technology, 40: e35460.

Inui, Y., 1968. Pathological study on effects of carbon tetrachloride poisoning
on the ell liver. Bull. Freshwater Fish Res. Lab., 18 (2): 157-167.

Jain, S.K., 1999. Protective roles of zeolite on short and long term lead toxicity
in teleost fish Heteropneustes fossilis. Chemosphere, 39 (2): 247-251.

Jand, S.; K. Paviter and N. Sharma, 2005. Mycoses and mycotoxicoses in fish:
A review. J. Anim. Sci., 75: 465-476.



Used of Zeloite To Reduce The Iron Toxicity For
Enhancement The Growth Performance and ...

Jauncey, K. and B. Rose, 1982. A Guide to tilapia feeds and feeding, institute of
aquaculture. J. Fish. Biol., 21: 533-545.

Kanyilmaz, M. and N. Tekelioglu, 2016. Effects of dietary zeolite levels on
some blood parameters of gilthead eabream (sparus aurata) juveniles. j of
aqu. engineering and fisheries research, 2(3): 119-127

Kanyilmaz, M.; N. Tekelioglu; H. Sevgili; R. Uysal and A. Aksoy, 2015.
Effects of dietary zeolite (clinoptilolite) levels on growth performance,
feed utilization and waste excretions by gilthead sea bream juveniles
(Sparus aurata). Animal Feed Science and Technology, 200: 66-75.

Kaplan, A., 1984. Clin. Chem. The. C.V. Moshy Co. St. Louis. Toronto.
Princeton. 1257-1260-1032-1036 and 437 and 418.

Kaya, H.; E.S. Celik, S. Yilmaz; A. Tulgar; M. Akbulut; N. Demir, 2014.
Hematological, serum biochemical and immunological responses in
common carp (Cyprinus carpio) exposed to phosalone, Comparative
Clinical Pathol., 24: 497-507.

Kocakusak, S.; O.T. Savasct and T .Ve Ayok, 2001. Dogal Zeolitler ve
Uygulama Alanlari. TUBITAKMAM, Malzeme ve Kimya Tek. Ars.
Enst., Rapor No: KM 362, Proje No: 5015202, P.K.21, Gebze.

Lavanya, S.; M. Ramesh.; C. Kavitha. And A. Malarvizhi. 2011.
Hematological, biochemical and ionoregulatory responses of Indian major
carp Catla catla during chronic sublethal exposure to inorganic arsenic.
Chemosphere, 82: 977-985.

Levesque, H.M.; T.W. Moon; P.G. Campbell and A. Hontela, 2002. Seasonal
variation in carbohydrate and lipid metabolism of yellow perch (Perca
flavescens) chronically exposed to metals in the field. Aquat. Toxicol, 60:
257 — 267.

Li, Z.H.; J. Velisek; V. Zlabek; R. Grabic; J. Machova, J. Kolarova and T.
Randak, 2010. Hepatic antioxidant status and hematological parameters in



Shalaby et al. 91 -

rainbow trout, Oncorhynchus mykiss, after chronic exposure to
carbamazepine. Chem. Biol. Interact, 183: 98-104.

Mancy, A.E.M., 2017. Studding the effect of some ecological pollutants on
physiological and biochemical changes of Nile tilapia (Oreochromis
niloticus) in the fish farming. M. SC. Thesis. Faculty of science. Zoology
Dept. (Physiology). Zagazig University, 105.

Mazloomi, F. and M. Jalali, 2016. Ammonium removal from agqueous solutions
by natural Iranian zeolite in the presence of organic acids, cations and
anions. Journal of Environmental Chemical Engineering, 4 (1): 240- 249.

Meynard, D.; J.L. Babitt and H.Y. Lin, 2014. The liver: Conductor of systemic
iron balance. Blood, 123: 168-176.

Mokhtari-Hosseini, Z.B.; E. Kazemiyan; R. Tayebee and T. Shenavaei-Zare,
2016. Optimization of ammonia removal by natural zeolite from aqueous
solution using response surface methodology. Hemijska industrija, 70 (1):
21-29.

Mousa, M.A., 2004. Toxicological studies on the effect of machete herbicide on
some fish species. Egypt. J. Appl. Sci., 19 (5): 1-11.

Mumpton, F.A. and P.H. Fishman, 1977. The application on natural zeolite in
animal science and aquaculture. J. Anim. Sci., 45: 1188-1203.

Nemcsok, J.; L. Orban; B. Asztalos and E. Vig, 1987. Accumulation of
pesticides in the organs of carp (Cyprinus carpio L.) at 4 and 20 degrees.
Bull. Environ Contam. Toxicol., 39 (3): 370-378.

Oz, M.; D. Sahin and O. Oral. 2016. The Effect of Natural Zeolite
Clinoptilolite on Aquarium Water Conditions. Hacettepe J. Biol. & Chem,
44 (2): 205-208.

Peres, H.; S. Santos and A. Oliva-Teles, 2013. Selected plasma biochemistry
parameters in gilthead seabream (Sparus aurata) juveniles. Journal of
Applied Ichthyology, 29: 630- 636.



Used of Zeloite To Reduce The Iron Toxicity For

92
- Enhancement The Growth Performance and ...
Pickering, A.D., 1981. Stress and compensation in teleostean fishes. Response
to social and physical factors. In: Stress and Fish, Pickering, A.D. (ed.),
pp. 295-322 . Academic press, New York/London.

Pimpao, C.T.; A.R. Zampronio; A.R and H.C.S. De Assis, 2007. Effects of
deltamethrin on hematological parameters and enzymatic activity in
Ancistrus multispinis (Pisces, Teleostei). Pestic. Biochem. Physiol, 88:
122-12.

Popma, T., 1999. Tilapia: life history and biology: Southern Regional
Aguaculture Center.

Reitman, S. and Frankel, 1957. Colorimetric determination of glutamic
oxaloacetic and glutamic pyruvic transaminases. Am. J. Clin. Pathol., 28:
53-56.

Saeed, R.M.A., 1989. Effects of some herbicides on total lipids and cholesterol
levels of the Nile catfish; Clarias lazera. EMT., 6 (2): 425-432.

Salah El-Deen, M. and W.A. Rogeps, 1996. Changes in total protein and
transaminaseactivities of grass carp exposed to diquat. J. Aquatic Animal
Health, 5: 280-286.

Saravanan M.; K. Prabhu Kumar and M. Ramesh, 2011. Haematologicaland
biochemical responses offreshwater teleost fish Cyprinus carpio
(Actinopterygii: Cypriniformes) during acute and chronic sublethal
exposure to lindane. Pestic Biochem Physiol, 100: 206-21.

Saravanan, M.; R. Suganya; R. Ramesh. K. Poopal; N. Gopalan and N.
Ponpandian, 2015. Iron oxide nanoparticles induced alterations in
haematological, biochemical and ionoregulatory responses of an Indian
major carp Labeo rohita. J. Nanopart Res., 17: 274.

Schmit, J.M., 1964. Colorimetric  determination of total lipids with
sulfphosphovanillic Mixture. Ph.D. Thesis, Lyone.



Shalaby et al. 93 -

Snedecor, G.W. and W.G. Cochran, 1982. Statistical Methods. 6th edition.
lowa State Univ. Press., Amer., IA, USA, pp 593.

Shalaby, A.M.E., 2007. Effect of EDTA on reduction cadmium toxicity which
induces alteration in some haematological and biochemical profiles of
Nlle tilapia. Journal of Fisheries and Aquatic Sciences, 2 (2): 100-109.

Shalaby, A.M.; A. Diab.; A. Hendawy; M.M. El mansy; G.S. El-shimaa; and
M.A. Mally, 2018. The impact of Zeolite against Cadmium Chloride
toxicity in Nile tilapia (Oreochromis niloticus). Appasa. Int J. Aqua..,
Vol. 11. N (2): 335-358.

Shalaby, A.M.; M.K. Khames; A. Fathy; A.G. Gharieb and E.A.A. Abdel-
Hamid, 2021. Effect of zeolite to reduce the ammonia toxicity and
improvement the growth performance and physiological status in Nile
tilapia (Oreochromius niloticus.Egyp. J. of Aquatic. Biol. and Fisheries,
25 (1): 583-603.

Singh, N.N. and A.K. Srivastava, 2010. Haematological parameters as
bioindicators of insecticide exposure in teleosts. Ecotoxicology, 19: 838—
854.

Slaninova, A.; J. Machova and Z. Svobodova, 2014. Fish kill caused by
aluminium and iron contamination in a natural pond used for fish rearing:
a case report. Veterinary Medicine, 59 (11): 573-581.

Stetca, G. and A. Morea, 2013. Physiological effects of natural zeolites in fish
feed, Bulletin UASVM Animal Science and Biotechnologies, 70 (2): 395-
396.

Trinder, P., 1969. Determination of glucose concentration in the blood. Ann.
Clin. Biochem., 6: 24.

Udotong, J.I.R., 2015. Assessment of diagnostic enzymes as indices of heavy
metal pollution in Tilapia fish. Int. J. Biotechnol. Bioeng., 9: 670-674.

Van Kampen, E.J., 1961. Determination of haemoglobin. Clin. Chem. Acta, 5:
719-720.



Used of Zeloite To Reduce The Iron Toxicity For

94
- Enhancement The Growth Performance and ...
Vinodhini, R. and M. Narayanan, 2009. The impact of toxic heavy metals on
the hematological parameters in common carp (cyprinus . carpio) lIran. J.
Environ. Health. Sci. Eng., 6 (1): 23-28.

Abbas T.W.; T. B. lIbrahim; M.Y. Elgendy and M.F. Abdel Zaher, 2019. Effect
of Curcumin on Iron oxicity and Bacterial Infection in Catfish Clarias
gariepinus. Pak. J. Biol. Sci., 22: 510-517.

Wen, T.; X. Zhang; H. Zhang and J. Liu, 2010. Ammonium removal from
aqueous solutions by zeolite absorption together with chemical
precipitation. Water Sci. Technol., 61: 1941-1947.

Wu-Haan, W.; W. Powers; C. Angel; C.l. Hale and T. Applegate, 2007. Effect
of an acidifying diet combined with zeolite and slight protein reduction on
air emissions from laying hens of different ages. Poult. Sci., 86: 182-190.

Xia, Y.; G. Walker; D. Grant and R. Mokaya, 2009. Hydrogen storage in high
surface area carbons: Experimental demonstration of the effects of
nitrogendoping. J. Am. Chem. Soc., 131: 16493-16499.

Yildirim, O.; A. Tiirker and R. Senel, 2009. Effects of natural zeolite
(Clinoptilolite) levels in fish diet on water quality, growth performance
and nutrient utilization of Tilapia (Tilapia zillii) fry. Fresenius
Environmental Bulletin, 18 (9): 1567-1571.

Yacoub, A.M., 2007. Study on Some Heavy Metals Accumulated in Some
Organs of Three River Nile Fishes from Cairo and Kalubia Governorates.
African J. Biol. Sci., 3: 9-21.

Zikic, R.V.; A.S. Stajn; B.l. Ognjanovic; S.Z. Pavlovic; Z.S. Saicic, 1997.
Activities of superoxide dismutase and Catalase in erythrocytes and
transaminases in the plasma of Carps (Cyprinus Carpio. L.) exposed to
cadmium. Physiol. Res., 46: 391 396.

Ghasemi, Z.; I. Sourinejad; H. Kazemian and S.Rohani, 2016. Application of
zeolite in aquaculture industry: a review in Aquaculture, 1-21.



Ao of gandl) AIat)) g gall) cN M il dand) dpaw JI Y g 30 aladdiu)
(Oreochromis niloticus) Al bl dlau) 3

¢ Caaallae Ake ola) < ald s deaa Jile
" e Al oamad) add Jule < Gused Gl deaa

Crondd 5 S pall Janalls L3 aud " i slsindl) pud " sllawd) L ol gad g oy i) ad
A il — Lulselly Aoy

g—.‘ﬂ‘ y
abaial o 53 Ll sale A8y aiallaay maall yeaie i dud ol Gaad) 34 (5 al
Gl s AibaS oy dn domdll Gyl Qe oo (Qdgl) S Dol 4 ualial

sl b dllad b anilald) g cDliaell Al sl jiaial S )

(Alaall de sanal) IV de sanadl S 5 G cDlas dused 3 e p5 S
S /a0 aae VO) yaalll jeaial Zigee ual) de el ) 40D de genall G jad Laiy 43 laall
yaal) e Aala) de el uin D) dueladl s dad )5 AN) e pendl) G i SIS L
A0S sl 5 Aon sl silanell il paall A 5ol e 31 23 Ay jaill Aled (g Lagy Ar il Al
t ) el @il g aaal) jeaiel S sadl
Culg 3l e ja ddlal Jaa ol Loy aé aaal) deja ) Caca e Al 4o gaaaly 51321 Jsaill
sl ¥ ana Cppaad ) Adliag)

sl Tan sl 138 0 g3 (g Y aah Aln) Lei i apaall i e ey Ll LY 8
ol VY Gt ) (53l

ALT, ) cle seadd 28U cile 3015 ol 5Ssla 3 dygine 3ol Jaasl Y

po LBl (b Losdll Ay 0 Sy Js sty S AN saall g ALP sacldll iliu sdll

b LS anhll (o ghad) I clubd) 33 cole sy i aaall de ja i e ) @l
adg Mg waall e haglae i i ) el ddaliall de gead)

Cumad A ) LDy 4 Adgdl gsiaall 8 5 gime Lamliddl s —f
Cud g 3l ddbal aay el B Asig ) (s ginall (5 gina Cruad Caaa Laiy L 3sdk 2l paial
A I A



Used of Zeloite To Reduce The Iron Toxicity For

- ' Enhancement The Growth Performance and ...
L el eVl O Lanll g andlall 3 padl) jeaial oS 0 o) 52 Jaa gl —0
L jral) e ganally juaial) A S) ) gally ol 5 Galiad) G Laiy Jadé aoal) de ja )
al g 3l dwaall (e dagladl
i Al Al sl 5 dan ol gusdll il pall 3 Lgale sl Cgan il Ciaia)
) Gl s Al sl (s il y (e Y) Bliilly 5 sSslall duig aall cilis€a S
Erglall L T gl I culg 3 e aa A de s dilia) a8 Ladie dlland) Ay paall _aS)
13 203 I sas aaalll Easlad) el daw gl I el g 50 ddlaal o) Galiiud B lee paally
sy sla il gy ol a A ddaly aa g 135 Laa ) lan) 338 ()5S 3Ll (e sl
sl e Leibead @lland) A il daadiuad) el 3l Caal)




