8" International Symposium on Tilapia in Aquaculture 2008 531

EFFECT OF WATER HYACINTH AND CHLORELLA ON WATER
POLLUTED BY HEAVY METALS AND THE BIOCHEMICAL AND
PATHOPHYSIOLOGICAL RESPONSE OF EXPOSED FISH

IBRAHIM, M. SHAKER'!, MOHAMED WAFEEK' AND SALAH MESALHY ALY

1. Central Laboratory of aquaculture Research, Abbassa, Sharkia, Egypt .
2. WorldFish Center, Regional Research Center for Africa & West Asia, Abbassa,
Sharkia, Egypt.

Abstract

This study aimed to investigate the ability of selected
macrophytes to purify some metal pollutants from the water and
the effect of such reaction on fish. A total of 720 from each of Nile
tilapia (Oreochromis niloticus) and African Catfish (Clarias
gariepinus), with mean initial weight 40+4 g and 505 g
respectively, were collected from Abbassa Fish Hatchery. They
were divided to 13 subgroups, each of 3 replicates. Each replicate
was reared in a glass aquarium and fish were given a diet of 25%
crude protein. The ranges of water parameters were, pH (7.9-8.2),
temperature (25-29 ©C), total ammonia (0.4-0.6 mg/l), salinity (0.2
g/l) and dissolved oxygen (5.2-6.4mg/l). Thirty nine aquaria were
used for each experimented fish species and divided to four equal
groups. Groups 1-4 survived in water exposed to Pb (0.01+0.001),
Cd (0.01+0.001), Hg (0.001+0.001) and a mixture of Pb +Cd +
Hg, respectively. The 5 group served as a negative control. The
first three aquaria of each treated group were provided by water
hyacinth (Eichhornia crassipes), other 3 aquaria were stocked with
Chlorella sp. and the last three aquaria were left with the metals
without treatment. The water and gill, liver as well as muscles of
experimented fish were analyzed for metal concentrations. Blood
samples and tissue specimens were tested for serum biochemistry
and histopathology. The results showed the negative impact of
such metals, in a single or mixed form on the serum level of
cholesterol, triglycerides, LDH, acid phosphatase and alkaline
phosphatase. This negative effect was also recognized through the
remarkable circulatory, degenerative, necrotic and inflammatory
changes in various organs of experimented fish. On the other hand,
the results also demonstrated the efficiency of macrophytes
(hyacinth and chlorella) in reducing the pollutant effect of some
heavy metals in water, and decreasing their negative impact and
residual effect on the exposed fish.
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INTRODUCTION

The heavy metal ions Cu? +, Zn? +, Mn? +, Fe? +, Ni* +, and Co® * are essential
micronutrients for plants, with Fe? + being required by the highest concentrations,
while Cd**, Hg?*, and Pb** are the non essential metals (Kunze et al., 2001).

However, when present in excess, all these metals are toxic. Each plant species has
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different tolerance levels to the different contaminants. Tilstone and Macnair (1997)
defined heavy metal tolerance as the ability of plants to survive concentrations of
metals in their environment that are toxic to other plants.

Several aquatic macrophytes have been used for the removal of heavy metals
from the waste water. The use of these plants in biomonitoring of metals (Cardwell et
al., 2002) or as biofilters for polluted water (Dunbabin and Bowmer, 1992), and the
aspects of removal (Miretzky et al., 2004, Hassan et al., 2007) besides the toxicity of
these metals for the plants (Drost et al., 2007) were studied.

In recent years much attention has been given to wastewater treatment using
the aquatic plants and recycling of the treated water. After treatment, these aquatic
plants can be used for biogas production, as fiber, compost production for solid waste
amendments (Haque and Sharma, 1986). Among all, the aquatic macrophytes
Eichhornia crassipes, Lemna minor and Spirodela polyrhhiza have a very high growth
rate and heavy metal accumulation capacity (Cardwell et al., 2002, Miretzky et al.,
2004, Hassan et al., 2007). These plants can survive in extreme conditions and can
tolerate very high concentrations of heavy metals which make them an excellent
choice for Phytoremediation. Studies on this aspect are restricted to one or a few
plants and focus on the removal of 1-3 selected metals.

Aquatic macrophytes have great potential to accumulate heavy metals inside
their plant body. These plants can accumulate heavy metals 100,000 times greater
than in the associated water (Mishra et al., in press). Therefore, these macrophytes
have been used for heavy metal removal from a variety of sources (Miretzky et al.,
2004, Hassan et al., 2007, Mishra et al., 2008). The aquatic macrophytes are thought
to remove metals through their attachment to the cell wall, accumulation in the root or
some parts of the plant.

Analysis of biochemical parameters could help to identify the target organs of
toxicity as well as the general health status of animals. It may also provide an early
warning signal in stressed organism (Folmar, 1993). The plasma transaminase GOT
GPT, as well as acid and alkaline phosphatases (entering the blood after the cell
necrosis of certain organs) can be used to establish the tissue damage of the liver and
kidney (Nemcsok and Boross 1982). Environmental stress caused marked elevations in
plasma glucose levels (Martin and Black 1998). The elevated activities of lactate
dehydrogenase in blood reflect damage to the liver, kidney and muscle tissues
(Kalender et al., 2005). Cholesterol is an essential structural component of cell
membranes, it is the outer layer of plasma lipo proteins and the precursor of all
steroid hormones. The primary function of triglycerides is to store and provide cellular
energy (Yang and Chen, 2003).
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The present study aimed to investigate the capacity of selected aquatic plant
(water hyacinth and Chlorella) to remove some metal pollution from the water and the

effect of such reaction on the serum biochemistry and histopathology of affected fish.

MATERIALS AND METHODS

Fish: A total of 720 from each of Nile tilapia (Oreochromis niloticus) and African
Catfish (Clarias gariepinus), mean initial weight of 40 £4 g and 50 5 g respectively,
were collected from Abbassa Fish Hatchery (Central Laboratory for Aquaculture
Research (CLAR) Abou Hammad, Sharkia, Egypt. They were divided into four equal
groups (each of 180 fish), each of 3 equal subgroups (60 fish each), each subgroup of
3 replicates (20 fish/replicate). Another 60 fish from each species were served as a
control negative group and subdivided into 3 equal replicates. Each replicate were
reared in a glass aquarium (40x30x40 cm) that was supplied with an aerator and
acclimatized for two weeks. Fish were given a diet of 25% crude protein two times per
day at feeding levels of 3% from the live body weight, 5 days per week.

Water quality: The average water quality parameters ranges were, pH (7.9-8.2),
temperature (25-29 ©°C), total ammonia (0.4-0.6 mg/l), salinity (0.2 g/I) and dissolved
oxygen (5.2-6.4mg/l).

Chemiicals: The analytical grade pure chemicals were used as source of metal ions:
cadmium chloride (CdCl,2.5 H,0), Mercury sulphate (HgS04.2H,0), and lead chloride
(PbCl,). Stock solutions of heavy metals were obtained by dissolving each metal salt in
distilled water and the pH of the tested solutions was adjusted to 7.0.

Experiment: Thirty six aquaria were used for each experimented fish species and
divided to four equal groups (each of 9 aquaria). Groups 1-4 survived in water
exposed to Pb (0.01+0.001), Cd (0.01+0.001), Hg (0.001+0.001) and a mixture of Pb
+Cd + Hg, respectively. The 5™ group served as a control negative group. The first
three aquaria of each group were provided by water hyacinth; the other 3 aquaria
were stocked with Chlorella sp. and last three aquaria were left with the metal without
treatment. In this experiment, 8 plants of water hyacinth (Eichhornia crassipes) with
an average weight of 45 g+ 6.5/ plant and 1 liter chlorella sp. (3.5x10° organism/I)
were used. The experiment was extended to 45 days period where fish samples were
taken every ten days from all aquaria for analyses.

Metal analysis: The dills, liver and muscles were sampled for the analysis of metal
concentration. Eight fish were collected each ten days from all groups including the
control. Tissue samples were dried at 65 °C and kept in desiccators until digestion.
Dry tissue was digested with 1:1 HNOs; (Suprapurl grade, Merck, Germany) and

samples were fumed to near dryness on a hot plate at 120 °C overnight. After
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digestion, the residue was dissolved in 10 ml of 0.2 N HNOs and kept in a refrigerator
until analyzed for the heavy metals. Cadmium concentrations of tissues were
measured using a graphite furnace atomic absorption spectrophotometer (Model
Thermo Electron Corporation, S. Series AA Spectrometer with Gravities furnace, UK).
Accumulation factor (AF) is often used to compare the body burden of an organism
with the degree of contamination in the water. The following definitions are used
here: Accumulation Factor SAF= Mefw, exp-Me gy, contro/ MEwater Where [Me] fw, exp.,
[Me] fw, control, [Me]water are the metal concentrations in the experimental group,
control group and water, respectively, in mg/g (Holwerda, 1991).

Biochemical Estimations: Fish from each experimental and control groups were
bled from the dorsal aorta into sterilized glass vials at 4 °C containing the
anticoagulant, 1% dipotassium 4ethylenediamine tetra acetate (EDTA).
Phosphomonoesterases such as acid phosphatase and alkaline phosphatase activity
were assessed according to Hillmann (1971). The lactate dehydrogenase (LDH)
activity was measured according to the method reported by Dito (1979). Cholesterol
level was determined by the method of Henry (1974). Triglycerides were analyzed by

the method of Schettler and Nussel (1975).

Histopathological examination: Tissue specimens of experimented fish were fixed in
10% phosphate buffer formalin. Five micron thick paraffin sections were prepared and
stained with hematoxylin and eosin (H & E) (Drury and Wallington, 1980).

Statistical analysis: It was performed using the analysis of variance (ANOVA). Duncan's
Multiple Range Test was used to determine the significant differences between means at
P<0.05. Standard errors of treatment means were also estimated. All statistics were

carried out by using Statistical Analysis Systems (SAS) program (SAS, 2000).

RESULTS AND DISCUSSION

Knowledge of heavy metal concentrations in fish is important both with respect
to nature management and human consumption of fish. The highest metal
concentrations were found in the liver and gills, while the muscle tends to accumulate
less metal. The metal concentration in the muscles tissue is important for the edible
parts of the fish. The mean concentrations of heavy metals analyzed in the muscles of
tilapia and catfish (Table 1) were lower than the maximum permitted concentrations
proposed by FAO (1983) in biological treatments. In catfish, heavy metal
concentrations in the muscles were higher than those observed in tilapia. Heavy metal
levels in different species depend on feeding habits (Mormede and Davies, 2001,
Watanabe et al., 2003), age, size and length of the fish (Al- Yousuf et al., 2000) and
their habitats (Canli and Atli, 2003). The concentrations of metals in the gills (Table 2)
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reflect the concentrations of metals in the waters where the fish species live, whereas
the concentrations in the liver represent storage of metals (Rao and Padmaja, 2000).
Thus, the liver and gills in fish are more often recommended as environmental
indicator organs of water pollution than any other organs. This is possibly attributed to
the tendency of liver and also the gills to accumulate pollutants at different levels from
their environment as previously reported in the literature (Al-Yousuf et al., 2000, Canli
and Atli, 2003). Studies carried out with different fish species have shown that heavy
metals accumulate mainly in the metabolic organs such as liver (Table 3) that stores
metals to detoxicate by producing metallothioneins (Hogstrand and Haux, 1991).
Heavy metals concentrations were lower in the muscles compared to the liver and gills
as measured in the two species of this study. Among the metals, Pb had the highest
mean value and Hg was lowest in the muscles. Similar results were reported from a
number of fish species where the muscles are not an active tissue in accumulating
heavy metals (Karadede and Unlu, 2000).

Heavy metal levels were higher in the gills than the muscles tissue of fish with
regard to mercury. Metal concentration in the gills could be due to the adhesion of
these elements with the mucus that makes it difficult to be completely removed from
the lamellae, before tissue is prepared for analysis. The adsorption of metals onto the
gills surface, as the first target for pollutants in water, could also be an important
influence in the total metal levels of the gills (Heath, 1987). Results presented in this
study in table 2 indicated that all metals in the tilapia tissues were lower than those
determined in catfish all treatments. Mercury in fish is good indicator for exposure to
organic or methyl-mercury contamination. The mercury in fish appears in the form of
methyl-mercury (Al-Majeed and Preston, 2000). Therefore, fish diet could be the main
source of exposure to methyl-mercury. Therefore, results of this study provide a basis
for assessment of human exposure to methyl-mercury. The concentrations of mercury
in the fish samples obtained in this study in water hyacinth and Chlorella treatments
are not high when compared to other elements. Mercury in the edible portion of
various fish species landed at Irish ports during 1993 ranged of 0.1-0.39 with a mean
of 0.1 within the values of our study (Nixon et al., 1994). These levels reported to be
low and are within the maximum limits of the European Commission for mercury in
fisheries products. The accumulation of metals in fish tissues increased with increasing
period, the accumulation of Pb in fish tissues higher than other metals. Relatively high
concentrations of heavy metals in gills and liver have been found in different fish
species (Tables 2 & 3).

From the data presented in table (4), all the tested heavy metals concentrations

in water during the experimental period varied significantly from the control groups
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(tilapia and catfish) due to the uptake of metals by water hyacinth and chlorella. The
highest uptake of metals was recorded in the first ten days followed by second ten
days and third. These results indicate that the water hyacinth and chlorella could
accumulate all metals during 20 to 30 days by about 4000-10000 times than
concentrations in water, this supports the results of Shaker, (2006) and Hassan, et al.,
(2007). Also, we can conclude that of water hyacinth and chlorella can be used as a
biological treatment of polluted water to remove all metals until the permissible limits
during about 20 to 30 days.

Floating aquatic macrophyte-based treatment systems also have potential for
removing and recovering nutrients and metals in wastewaters from animal-based
agricultural operations. In addition to the advantages cited by Hammer (1992) for
wetlands, FAMTS have the following positive attributes: (1) high productivity of several
large-leaf floating plants, (2) high nutritive value of floating plants relative to many
emergent species, and (3) easy in stocking and harvesting. Relatively few studies have
been reported on the use of floating plants and phytoplankton-based wastewater
treatment. The removal of heavy metals by water hyacinth (Eichhornia crassipes)
ranged from 80-90% in Pb, 80-90% in Cd and 60-75% in Hg. The removals of heavy
metals in all treated groups are lower than non treated metal exposed groups. These
results may be due to the complexity of these metals to reduce the accumulation by
the aquatic plant and phytoplankton (Tables 4 & 5, graph 1).

The effect of metals (Pb, Cd, Hg and Pb +Cd +Hg) in the blood plasma
parameters of Oreochromis and Clarias are shown in Tables 6 and 7. Heavy metals
pollution stresses the animals and disturbs their metabolism inhibit enzymes, damage
and dysfunction the tissues and retard their growth all that associated with
biochemical changes. The heavy metals have their own target sites of action, and
most of them are metabolic depressors. They generally affect the activity of
biologically active molecules such as transaminases, phosphomonoesterases and other
enzyme [Vijayavel and Balasubramanian, 2006]. A significant to non significant
increase in the acid and alkaline phosphatase activity, in the present work, was
observed after chronic exposure to Pb, Cd, Hg and Pb+Cd+Hg with and without water
hyacinth and Chlorella. Acid phosphatase is a lysosomal enzyme that hydrolyses the
phosphorous esters in acidic medium. This enzyme is hydrolytic in nature and acts as
one of the acid hydrolyses in the autolysis process of the cell after its death. Alkaline
phosphatase splits various phosphorous esters at alkaline pH, its activity is related to
the cellular damage. The significant difference in phosphatases activities between the
control and experimental groups of fish following the exposure to the heavy metals

may be due to the damage of hepatic tissue with disturbed normal liver function as
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seen in the histopathological examination. Increased activity of acid phosphatase and
alkaline phosphatase in blood plasma could indicate the hepatic damage by the heavy
metals. The increase in alkaline phosphatase activity after the exposure of gallium has
been implicated due to the direct toxicity of pesticide in fish liver (Yang and Chen,
2003).

LDH is a tetrameric enzyme recognized as a potential marker for assessing the
toxicity of a chemical. The elevated levels of LDH in the hemolymph might be due to
the release of isozymes from the destroyed tissues. The LDH level in the blood of the
chronic exposed fish, in the current study, was decreased in all treated groups. The
decrease in the metal exposed group was higher than those treated with water
hyacinth and chlorella. Several reports have revealed decreased LDH activity in tissues
under various pesticide toxicity conditions (Tripathi and Shukla 1990, Mishra and
Shukla 2003). This might be due to the higher glycolysis rate, which is the only
energy-producing pathway for the animal when it is under stress conditions. LDH is an
important glycolytic enzyme in biochemical systems and is inducible by oxygen stress.
The significant decline of lactate dehydrogenase activity in Oreochromis niloticus and
Clarias gariepinus blood plasma further suggest the decrease in the glycolytic process
due to the lower metabolic rate as a result of heavy metals exposure. Similar findings
have been described in plasma of Oncorhynchus mykiss acutely exposed to lindane,
and Anguilla anguilla exposed to insecticide, polychlorinated biphenyls (Strmac and
Braunbeck, 2002 and Balint, 1997).

Cholesterol is a steroid lipid found in the cell membranes of all body tissues and
transported in the blood plasma. In the present study, the cholesterol content in blood
was significantly decreased after chronic of exposure to heavy metals without using
the water hyacinth or Chlorella. The significant decrease in blood plasma cholesterol
level of Oreochromis niloticus and Clarias gariepinus, after the exposure to heavy
metals without water hyacinth and Chlorophyll sp., was similar those noticed in
Heteropneustes fossilis after exposure to aldrin and Oreochromis mossambicus after
exposure to urea (Balasubramanian et al., 1999).

Triglycerides are used to evaluate nutritional status, lipid metabolism, and their
high concentrations may occur with nephritic syndrome or glycogen storage disease
(Yang and Chen, 2003). In the present study, the activity of triglycerides, after chronic
exposure to heavy metals, was significantly decreased than those of control or the
groups treated with water hyacinth and Chlorella sp. A significant decrease in
triglycerides content in the blood plasma of Cyprinus carpio by the action of gallium

has been shown as an indication of its adverse effects on liver (Yang and Chen 2003).
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A similar effect of sublethal concentration of malathion has also been reported in
Clarias batrachus (Lal and Singh, 1987).

The microscopic examination in the gills and internal organs of the control group
revealed no marked pathological changes with normal tissue architecture and cellular
details. Some pollutants originate from industrial wastes or agriculture discharges as
heavy metals (El-Nabawi et al, 1987). Among those, lead is a highly toxic and
cumulative poison to fish. It causes black tails, lordoscoliosis, paralysis, muscular
atrophy and degeneration of the caudal fin (Hodson et al., 1982). The histopathology
of fish (Oreochromis niloticus and Clarias gariepinus,) after the chronic exposure to
lead in this study, revealed congestion in the gill lamellae and hemorrhage in the gill
arch with focal desquamation in the secondary lamellae (Fig. 1). The muscles
exhibited hyaline degeneration. Marked degeneration and necrosis in the hepatocytes
with nuclear pyknosis were seen. The hepatic vessels contained erythrocytes where
some of them were hemolyzed. Proliferation of melanomacrophages was evident in
the hepatic parenchyma (Fig. 2). The kidney suffered tubular nephrosis mainly
vacuolar degeneration and/or coagulative necrosis and focal necrosis and/or depletion
in the hematopoietic and melanomacrophage cells were seen (Fig. 3). Lead also
induced alterations in so-me hematological and serological parameters (Gill et al.,
1991). The sublethal dose, of lead, acts as a stressor causing immunosupression and
increased the susceptibility of fish to infectious diseases (Mazeaud et al., 1977). Our
histopathological results are in agreement with Hafez et al,, (2003).

Fish exposed to cadmium could show toxicity or unusual responses (Sprague,
1987). The histopathology of fish (Oreochromis niloticus and Clarias gariepinus), after
the chronic exposure to cadmium, showed congestion in the central venous sinus of
the gills and focal epithelial desquamation in the secondary lamellae. The liver showed
nuclear pyknosis of hepatocytes with degeneration in the pancreatic acini besides
degeneration as well as necrosis of melanomacrophages (Fig. 4) Hyaline degeneration
and/or Zenker’s necrosis, in the muscles, beside edema and leukocytic infiltration and
melanomacrophages proliferation were noticed (Fig. 5). The kidney revealed tubular
nephrosis and necrosis in the hematopoietic tissue. It was stated previously that
chronic exposure to cadmium produces histopathologicasl changes similar to those
reported in the present study (Aly and Nouh, 2004).

The histopathology, of fish (Oreochromis niloticus and Clarias gariepinus) after
the chronic exposure to mercury, showed congestion and hemorrhages in the gill
lamellae. The muscles exhibited hyaline degeneration and/or Zenker’s necrosis beside
cellular infiltration and some melanomacrophages proliferation. The liver revealed

focal congestion and hemorrhage together with marked vacuolar degeneration in the
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hepatocytes, nuclear pyknosis and focal necrosis (Fig. 6). The kidney revealed tubular
degeneration and focal depletion in the hematopoietic tissue. The histopathological
findings of mercury exposed fish were more or less similar to those reported by Galab
(1997) but were dose and period dependant.

The microscopic findings of mixed heavy metal pollution were more severe in
picture but, after the addition of the aquatic plant (water hyacinth) or the
phytoplankton (Chlorella) were decreased in severity in comparison to the metal
exposed group only, where the gills showed mild edema in the gill arch and
hyperplasia in the gill lamellae (Fig. 7). The muscles suffered hyaline degeneration and
melanomacrophage proliferation. The liver revealed congestion and mild degeneration
besides aggregation of melanomacrophages. The kidneys showed mild degeneration
and proliferation of hematopoietic tissue (Fig. 8). The improvement in these pictures,
by using the chelating agents, supports the concept of Hilmy et al., (1986).

It could be concluded that, the removal of heavy metals by aquatic plant (water
hyacinth) and phytoplankton (Chlorella) improved the water quality and the health
status of exposed fish.

Legends

Fig. 1. Gills, of Oreochromis niloticus after the chronic exposure to lead, showing mild
congestion in the gill lamellae and focal desquamation in the secondary lamellae, H &
E stain, x 100.

Fig. 2. Liver, of Oreochromis niloticus after the chronic exposure to lead, showing
degeneration and necrosis in the hepatocytes and proliferation of
melanomacrophages, H & E stain, x 250.

Fig. 3. Kidney, of Oreochromis niloticus after the chronic exposure to lead, showing
vacuolar degeneration and coagulative necrosis besides focal necrosis in the
hematopoietic and melanomacrophage cells, H & E stain, x 250.

Fig. 4. Liver, of Oreochromis niloticus after the chronic exposure to cadmium,
showing necortic hepatocytes with degeneration and necrosis of melanomacrophages,
H & E stain, x 250.

Fig. 5. Muscles, of Oreochromis niloticus after the chronic exposure to cadmium,
showing hyaline degeneration, Zenker's necrosis, beside edema and leukocytic
infiltration, H & E stain, x 250.

Fig. 6. Liver, of Clarias gariepinus after the chronic exposure to mercury, showing
vacuolar degeneration in the hepatocytes, nuclear pyknosis and focal necrosis, H & E
stain, x 400.
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Fig. 7. Gills, of Clarias gariepinus after the chronic exposure to a mixture of Pb, Cd
and Hg, showing mild edema in the gill arch and hyperplasia in the gill lamellae, H & E
stain, x 250.

Fig. 8. Kidneys, of Oreochromis niloticus after the chronic exposure to a mixture of
Pb, Cd and Hg, showing mild degeneration and proliferation of hematopoietic tissue, H
& E stain, x 250.

Table 1. Average values of heavy metals in the muscles of Nile tilapia and catfish after

experimental period.

Treat Fish Pb Cd Hg Mixture
Ttem (Ma/g) | (Mg/g) | (Hg/g) Pb Cd Hg
(Mg/9) | (H9/9)

(H9/9)

control Tilapia 11.6° 10.6 3.9 10.1° 8.9° 2.8°
+1.3 +1.1 +0.2 +1.1 +1 +0.4
Catfish 11.9° | 11.12 3.9 10.7° 9.3° 3.1
+1.4 +1 +0.3a +1.2 +1 +0.4
chiorella | Tilapia 1.1° 0.9° 2.9° 0.8° 0.8° 0.7°
+0.1 +0.1 +0.2 +0.1 +0.1 +0.1
Catfish 1.3° 1.1° 2.9° 1.1° 1.0° 0.7°
+0.1 +0.1 +0.2 +0.1 +0.1 +0.1
water Tilapia 1.2° 1.0° 3.0° 1.0° 0.9° 0.8°
+0.1 +0.1 +0.3 +0.1 +0.1 +0.1
hyacinth Catfish 1.2° 1.1° 3.1° 1.1° 1.1° 0.8°
+0.1 +0.1 +0.2 +0.1 +0.2 +0.1

Means in the column followed by different letters are significantly different
(Duncan s Multiple Range Test P<0.05).

Table 2. Average values of heavy metals in the gills of Nile tilapia and catfish after the

experimental period.

Treat Pb Cd Hg Mixture
Item Fish | (ba/g) | (Hg/9) | (9/9)

Pb cd Hg
(Ma/9) | (pg/9) | (M9/9)
control Tilapia | 45.5° | 38.5° | 25.1° | 38.6° 33.72 22.4°
+4.2 +3.8 £2.2 +4.1 £3.2 +2.1
Catfish | 48.6° 40.9 28.3% | 41.7° 36.1° 22.9°
5.1 | #3.6a | 3.1 £4.2 +3.4 $2.1
chiorella Tilapia 9.5 9.2° 5.1 8.1° 8.2° 4.3°
+2.1b +1.2 +0.8b +1.1 +1.1 +0.2
Catfish 11.1° 9.9° 6.7° 9.2° 8.4° 5.1°
+2.1 £1.2 +0.6 +1.1 £1.2 +0.3
water Tilapia 10.1° 9.2° 5.5° 9.3 8.3° 5.3°
+1.8 +1.1 +0.6 £1.0 +1.1 +0.3
hyacinth Catfish 11.2° 10.7° 6.9° 10.3° 8.7° 5.6°
+1.9 +1.4 +1.0 +1.6 +1.1 +0.3

Means in the column followed by different letters are significantly different
(Duncan s Multiple Range Test P<0.05).
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Table 3. Average values of heavy metals in the liver of Nile tilapia and catfish after
experimental period.

Treat Pb cd Hg Mixture ug/g
Ttem (Ha/g) (Ha/9) (Ha/9)
Pb (ug/g) | Cd (pg/g9) | Hg (Hg/g)
control | Tilapia 42.2° £2.4 | 35.1°+3.5 | 24.8°+3.3 | 39.5°+4.2 | 34.1°+3.8 | 21.8°%2.2
Catfish 48.5°+3.6 | 40.1°+4.2 | 27.5°+3.1 | 40.9°+4.1 | 35.1°44.1 | 22.5%+3.2
chlorella | Tilapia 8.7°+1.1 | 8.1°+1.7 | 4.5°+0.6 7.7°+1.1 7.4°+1.2 4.1°+0.4
Catfish 11.1°+13 | 9.4°+1.6 | 6.3°+1.0 | 8.9°+1.1 | 8.1°+1.2 4.7°+0.5
water | Tilapia 9.5°+1.1 | 8.5°+1.4 | 5.5+1.0 9.2°+1.3 | 8.1°+1.3 5.1°+0.5
hyadnth | catfish | 11.2°#1.2 | 10°1.6 | 6.6°+1.0 | 10.1+1.6 | 8.3%+1.1 | 54°+04

Table 4. Average concentrations of heavy metals in water under different treatments

during the experimental period.

Days Treat. Pb Cd Hg All mixture
(hg/9) (hg/9) (Mg/9) Pb cd Hg

(Ha/g) (Ha/g) (Ha/g)

initial Initial 0.012 0.012 0.001 2 0.01°2 0.012 0.001 2
+0.001 +0.001 +0.0001 +0.001 +0.001 +0.0001

10 Control 0.009 2 0.009 2 0.0009 0.009 ® 0.009 2 0.0008 @
+0.001 +0.001 +0.0001a £0.001 +0.001 +0.0001

chlorella | 0.005° 0.006 ° 0.0005 ° 0.005 ° 0.005® 0.0006 °
+0.0004 | +0.0001 £0.0001 +0.0002 +0.0003 +0.00003

water 0.006 ° 0.006 ° 0.0006 ° 0.006 © 0.006 © 0.0006 °
hyacinth | +0.0003 | =0.0002 +0.0001 +0.0002 +0.0002 +0.00002

20 Control 0.008 0.008 0.0008 @ 0.008 ® 0.008 2 0.0008 @
+0.001a +0.001a +0.0001 +0.001 +0.001 +0.0001

chlorella | 0.003 ™ 0.003 ¢ 0.0003 0.003 ™ 0.003 ™ 0.0003 ©
+0.0002 | +0.0003 +0.00004 +0.0002 +0.0002 +0.00002

water 0.004 ™ 0.004 ™ 0.0003 ° 0.004 0.004 ™ 0.0004
hyacinth | +0.0003 | £0.0002 +0.00003 +0.0002 +0.0001 +0.00001

30 Control 0.008 ® 0.0072 0.0008 @ 0.007 @ 0.007 @ 0.0008 @
+0.001 +0.0005 +0.0002 +0.0001 +0.0001 +0.0001

chlorella | 0.002°¢ 0.002 0.0001 © 0.002 ¢ 0.002 0.0002 ©
+0.0001 +0.0002 +0.00003 +0.0001 +0.0001 +0.00001

water 0.003 ¢ 0.003 ¢ 0.0002 © 0.002 ¢ 0.002 0.0002 ©
hyacinth | +0.0003 | £0.0002 +0.00003 +0.0001 +0.0001 +0.00001

End Control 0.008 ® 0.0072 0.0007 ? 0.007 @ 0.007 @ 0.0008 @
+0.001 +0.0003 £0.0001 +0.0003 +0.0002 +0.0001

chlorella | 0.002 ¢ 0.001 © 0.0001 © 0.001 ¢ 0.001 ¢ 0.0001 ©
+0.0003 | +0.0002 +0.00003 +0.0001 +0.0002 +0.00004

water 0.002°+ | 0.002°% 0.0002 © 0.001 ¢ 0.001 ¢ 0.0001 ©
hyacinth | 0.0004 0.0003 +0.00003 +0.0002 +0.0001 +0.00003

Means in the column followed by different letters are significantly different (Duncan s Multiple Range Test

P<0.05).



542 EFFECT OF WATER HYACINTH AND CHLORELLA ON WATER POLLUTED BY HEAVY METALS AND
THE BIOCHEMICAL AND PATHOPHYSIOLOGICAL RESPONSE OF EXPOSED FISH

Table 5. Concentration of pb, Cd and Hg in Cholera sp. and water hyacinth leaves and
roots after experimental period.

Mixture
Pb Cd Hg
Treat. Fish Pb cd Hg
(Hg/9) (Hg/9) (Hg/9)
(Ha/g) (Ha/g)
Tilapia 74.66 ° 78.92° | 7042° | 71.12° | 72.14° | 62.78°
chlorella +4.5 +6.2 +8.1 +8.2 +6.8 +5.6
Catfish 75.12° 77.36° | 72.18° | 76.96° | 74.18° | 66.06°
+5.8 £8.1 £6.7 +6.9 8.6 | 6.1
Tilapia Leaves 13.56 ¢ 11.12°¢ 10.72¢ | 13.21° 12.36°¢ | 8.78°
water +2.1 +1.1 +1.2 +2.3 +1.2 +1.2
hyacinth Roots 136.56 ° 136.60° | 124.24 | 138.78 | 132.22° | 106.02
+13.3 £14.2 2 2 £13.1 | °
£10.9 £8.5 £10.3
Catfish | Leaves 13.48 121°¢ 10.88°¢ | 12.78° | 12.46° | 8.18°¢
£1.2 £2 £1.2 £1.1 £1.3 | +1.3
Roots 132.122 130.24° | 114.14 | 134.04 | 126.26° | 118.08
+11.8 £10.8 2 2 102 | °®
+12.8 £9.9 £11.2

Means in the column followed by different letters are significantly different (Duncan s Multiple Range Test
P<0.05).

@ pb @ cd O Hg O All mixture Pb @ All mixture Cd @ All mixture Hg

Initial

initial

Graph. 1. Effect of aquatic plant and phytoplankton on removal of heavy metals from

water
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Table 6. The effect of heavy metals on some biochemical parameters in tilapia nilotica
at the end of treatments with Hyacthin and phytoplankton (Chlorella).

Group Treat. Chole- Trigly- LDH Acid Alk.
sterol cerides phosph. Phosph.
Control 80.2° 50.3° 138.6° 0.322¢ 0.150 °+
+1.3 +2.2 +3.8 +0.003 0.002
L+H 75.2° 35.8°8 120.3°+2.9 0.359°¢ 0.210°
+1.1 +1.3 +0.002 +0.009
L+C 73.2° 34.1° 116.5°+3.1 0.375° 0.212°
+1.2 +1.2 +0.005 +0.011
] Lead 69.8 33.3° 108.3 “+2.8 0.392° 0.230°
- +0.9 +1.1 + 0.003 + 0.011
Control 80.2° 50.3° 138.6° 0.322¢ 0.150 °
+1.3 +2.2 + 3.8 +0.003 + 0.002
C+H 70.2° 34.2° 106.2 °+ 2.1 0.448 ¢ 0.230 ®
+1.2 +1.2 +0.003 +0.013
C+C 69.3° 31.1°¢ 96.4 ¢ 0.476 ° 0.241°
e +2.1 +1.1 +24 +0.008 +0.11
g Cadmium 63.8 ¢ 30.5°¢ 93.5t1.9 0.513° 0.255°
S +1.3 +13 +0.009 +0.014
Control 80.2° 50.3° 138.6° 0.322¢ 0.150 °
+1.3 +2.2 + 3.8 +0.003 +0.002
M+ H 57.8° 26.8 96.3 °+2.2 0.530°¢ 0.280°
+ 0.8 +°0.8 + 0.009 +0.013
M+ C 56.4°+ 25.6° 86.3 ¢ 0.570° 0.310°
0.9 +0.6 +1.8 +0.010 +0.011
g Mercury 50.3 °+ 20.2°¢ 82.4¢ 0.620 , 0.320°
= 0.7 +0.7 +1.7 +0.009 +0.012
Control 80.2° 50.3° 138.6° 0.322¢ 0.150 °
+1.3 +2.2 + 3.8 + 0.003 +0.002
Mx+H 78.6° 46.2°+ 131.2°+1.7 0.345°¢ 0.165°%+
+1.9 1.5 + 0.006 0.003
Mx+C 75.0° 43.2° 126.4 “£2.3 0.354° 0.172°
+1.2 +1.6 £ 0.011 + 0.008
jé Mixture 72.1°¢ 40.2 121.49+1.9 0.366 ° 0.185°%+
= £0.9 £1.8¢ £0.009 0.007

The means have the same latter in the same treatment (Pb, Cd, Hg and their mixture) for the same item
are not significant P>0.05
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Table 7. The effect of heavy metals on some biochemical parameters in catfish Clarias
gariepinus at the end of treatments with Hyacthin and phytoplankton.

Group Treat. Chole- Trigly- LDH Acid Alk.
sterol cerides phosph. Phosph.
Control 92.32 56.2 2 153.2° 0.340 ¢ 0.178 ¢
£2.5 £1.3 £2.6 +0.008 +0.005
L+H 76.2° 46.3° 133.6° 0.466 ° 0.230°¢
+1.8 +0.8 £2.1 +0.015 +0.008
L+C 70.3¢ 43.4¢ 130.8° 0.478° 0.250 °
+1.8 $1.1 $1.7 +0.017 +0.009
5 Lead 64.6 ¢ 40.2 128.8 0.489 2 0.269 2
. £2.1 +0.9d £2.2b £0.019 +0.008
Control 92.32 56.2 2 153.2° 0.340° 0.178 ¢
£2.5 £1.3 +2.6 +0.008 +0.005
C+H 70.3° 36.7° 128.4° 0.538° 0.270°
£1.6 +0.8 £3.1 £0.017 +0.008
C+C 46.2 ¢ 336° 126.2° 0.551°2 0.285°2
£ £2.2 +0.8 +1.8 +0.018 +0.009
E Cadmium 59.2 ¢ 324° 125.3° 0.560 ° 0.298 °
S £1.7 £0.7 2.1 £0.018 +0.009
Control 92.32 56.2 2 153.2°2 0.340 ¢ 0.178 ¢
£2.5 £1.3 £2.6 £0.005 +0.005
M+H 62.3° 28.3° 170.3° 0.602 ° 0.310°¢
£1.4 +0.8 $1.2 +0.021 +0.008
M+C 58.2°¢ 24° 98.2 ¢ 0.635°2 0.340°
- £1.6 £0.7 £2.3 £0.024 £0.012
g Mercury 52.3¢ 21.6°¢ 96.4 ¢ 0.670° 0.380°
= +1.5 +1.1 +1.9 +0.018 +0.008
Control 92.32 56.2 2 153.2° 0.340° 0.178 ¢
£2.5 £1.3 £2.6 +0.005 +0.005
Mx+H 75.4° 48.2° 147.2° 0.401° 0.199°
£2.1 £1.1 +2.8 +0.015 +0.008
Mx+C 73.2° 45.2¢ 143.2° 0.425° 0.205°
+1.8 +0.8 £19 +0.018 +0.009
i::* Mixture 70.4°¢ 40.2 144.1° 0.433° 0.225°
= +2.1 +1.2d +2.1 +0.021 +0.008

The means have the same latter in the same treatment (Pb, Cd, Hg and their mixture) for the same item
are not significant P>0.05.



545

IBRAHIM, M. SHAKER et al.

1)

(8)



546 EFFECT OF WATER HYACINTH AND CHLORELLA ON WATER POLLUTED BY HEAVY METALS AND

10.

11.

12.

THE BIOCHEMICAL AND PATHOPHYSIOLOGICAL RESPONSE OF EXPOSED FISH

REFERENCES

Al-Majeed, N. B. and M. R. Preston. .2000. An assessment of the total and methyl
mercury content of zooplankton and fish tissue collected from Kuwait territorial
waters. Marine Pollution Bulletin, 40, 298-307.

Aly S. and W. G. Nouh. 2004. Toxopathologic and electron microscopic studies on
catfish (Clarias gariepinus) experimentally survived in cadmium chloride polluted
water. Egypt. J. Comp. Path. & Clinic. Path., 17 (21= (pooled sample of 5 gills)) :
148-166.

Al-Yousuf M. H., M. S. EI-Shahawi and S. M. Al-Ghais. 2000. Trace metals in liver,
skin and muscle of Lethrinus lentjan fish species in relation to body length and
sex. Sci Total Environ, 256:87— 94.

Balasubramanian, P., T. S. Saravanan and M. K. Palaniappan. 1999. Biochemical
and histopathological changes in certain tissues of Oreochromis mossambicus
(Trewaves) under ambient urea stress, Bull. Environ. Contam. Toxicol. 63 pp. 117-
124.

Balint, T., J. Ferenczy, F. Katai, I. Kiss, L. Kraczer, O. Kufcsak, G. Lang, C.
Polyhos, 1. Szabo, T. Szegletes and J. Nemcsok. 1997. Similarities and differences
between the Massive eel (Anguilla anguilla L.) devastation that occurred in lake
Balaton in 1991 and 1995, Ecotoxicol. Environ. Saf. 37 pp. 17-23.

Canli M. and G. Atli. 2003. The relationships between heavy metal (Cd, Cr, Cu,
Fe, Pb, Zn) levels and the size of six Mediterranean fish species. Environ Pollut,
121(1):129- 36.

Cardwell, A., D. Hawker and M. Greenway. 2002. Metal accumulation in aquatic
macrophytes from southeast Queensland, Australia. Chemosphere 48, 653—-663.
Dito, W. R. 1979. Lactate dehydrogenase: A brief review. In: Griffiths, J. C. ed.
Clinical Enzymology. New York: Masson Publishing, pp. 1-8.

Drost, W., M. Matzke and M. Backhaus. 2007. Heavy metal toxicity to Lemna
minor: studies on the time dependence of growth inhibition and the recovery after
exposure. Chemosphere 67, 36—43.

Drury, R. A. and E. A. Wallington. 1980. Carleton’s Histological technique 5th Ed.
Oxford, New York, Toronto, Oxford University Press.

Dunbabin, J. S. and Bowmer, K. H. 1992. Potential use of constructed wetlands for
treatment industrial waste water containing metals. Sci. Total Environ. 111, 151—
168.

El-Nabawi, A., B. Heinzow and H. Kruse. 1987. Residue levels of org-anochlorine
chemicals and polychlorinated biphenyls in fish from Alexandria region, Egypt.
Arch. Environ. Contam. Toxicol., 16 (6) 689 — 696.



13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

IBRAHIM, M. SHAKER et al. 547

FAO. Compilation of legal limits for hazardous substances in fish and fishery
products. FAO Fish Circ 1983, 464:5-100.

Folmar, L. C. 1993. Effects of chemical contaminants on blood chemistry of teleost
fish: a bibliography and synopsis of selected effects, Environ. Toxicol. Chem. 12
pp. 337- 375.

Galab M. 1997. Clinicopathological studies on fish exposed to some environmental
pollution in Manzala Lake. Ph.D. thesis, Dept of Pathology and Clinical Pathology,
Faculty of Veterinary Medicine, Suez Canal University.

Gill, S., H. Tewari and J. Pande. 1991. Effects of water borne copper and lead on
the peripheral blood in He Rosy Barb Barbus, Conchonius Hamilton. E-nviron.
Contam. Toxicol., 40: 606 — 612.

Hafez, M., M. Anisa Moustafa, S. Aly, M. El-Matbouli and W. Nouh. 2003.
Pathologic and Electron microscopic evaluation of the effect of water pollution with
Lead acetate in the health status and immune response of catfish (Clarias
gareipinus) Suez Canal Vet. Med. J., VI (1): 81 — 101.

Hammer, D. A. 1992. Designing constructed wetlands systems to treat agricultural
nonpoint source pollution. Ecol. Eng. 1 (1-2), 49-82.

Haque, A., S. Sharma. 1986. Water hyacinth to fight water pollution. Sci. Reporter
(December), 757-762.

Hassan, S. H., M. Talat and S. Rai. 2007. Sorption of cadmium and zinc from
aqueous solutions by water hyacinth (Eichhornia crassipes). Bioresource Technol.
98, 918-928.

Heath A. G. 1987. Water pollution and fish physiology. Florida: CRP Press, p. 245.
Henry, R.J.U.M. 1974. Clinical Chemistry Z. Aufl., Harper and Row, Publishers,
New York, pp. 1440-1443.

Hillmann, G. Z. 1971. Continuous photometric measurement of prostrate acid
phosphatase and alkaline phosphatase activity, Z. Klin. Chem. Klin. Biochem. 9 pp.
273.

Hilmy, A. m., N. A. El-Domiaty, A. Y Daabess and E. M. Abou Taleb. 1986. The use
of the chelating agent EDTA in the treatment of acute cadmium toxicity, tissue
distribution and some blood parameters in the Egyptian toad, Bufo regularis.
Comp. Biochem. Physiol c., 85 (1):67- 74.

Hodson, P., D. Dixon, D. Spry, D. Whitte, and J. Sprgute. 1982. Effect of growth
rate and size of fish on rate of intoxication by waterborne lead. Cana-d. J. Fish
Aquatic Sci., 39: 1243 — 1251.

Hogstrand C. and C. Haux. 1991. Binding and detoxification of heavy metals in
lower vertebrates with reference to metallothionein. Comp Biochem Physiol, 100c
(1/2):137-41.



548 EFFECT OF WATER HYACINTH AND CHLORELLA ON WATER POLLUTED BY HEAVY METALS AND

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

THE BIOCHEMICAL AND PATHOPHYSIOLOGICAL RESPONSE OF EXPOSED FISH

Holwerda, D. A. 1991. Cadmium kinetics in freshwater clams. V. Cadmium-copper
interaction in metal accumulation by Anodonta cyngnea and characterization of
metal binding protein. Arch Environ. Contam. Toxicol. 21, 432-437.

Kalender, S., A. Ogutcu, M. Uzunhisarciki, F. Acikgoz, D. Durak, Y. Ulusoy and Y.
Kalender. 2005. Diazinon-induced hepatotoxicity and protective effect of vitamin E
on some biochemical indices and ultrastructural changes, Toxicology 211 pp. 197-
206.

Karadede H. and E. Unlu”.2000. Concentrations of some heavy metals in water,
sediment and fish species from The Atatu'rk Dam Lake (Euphrates), Turkey.
Chemosphere, 41:1371-6.

Kunze R., W. B. Frommer and U. I. Flu"gge. 2001. Metabolic engineering in
plants: the role of membrane transport. Metab Eng, 4:57- 66.

Lal, B. and T.P. Singh .1987. Impact of pesticide on lipid metabolism in the
freshwater catfish, Clarias batrachus, during the vitellogenic phase of its annual
reproductive cycle, Ecotoxicol. Environ. Saf. 13 pp. 13-23.

Martin K. L. Jr. and M. C. Black.1998. Biomarker assessment of the effects of coal-
strip mine contamination on channel catfish, Ecotoxicol. Environ. Saf. 41 pp. 307-
320.

Mazeaud, M., F. Mazeaud and E. Donal-dson.1977. Primary and second-dary
effects of stress in fish: Some new data with general review. Trans. Am. Fish.
Soc., 106: 210m — 212.

Miretzky, P., A. Saralegui and A. Fernandez Cirelli. 2004. Aquatic macrophytes
potential for the simultaneous removal of heavy metals (Buenos Aires, Argentina).
Chemosphere 57, 997-1005.

Mishra R. and S. P. Shukla. 2003. Endosulfan effects on muscle malate
dehydogenase of the freshwater catfish Clarias batrachus, Ecotoxicol. Environ. Saf.
56 pp. 425- 433.

Mishra, R. and S. P. Shukla. 2003. Endosulfan effects on muscle malate
dehydogenase of the freshwater catfish Clarias batrachus, Ecotoxicol. Environ. Saf.
56 pp. 425- 433.

Mormede S., I. M. Davies. 2001. Heavy metal concentrations in commercial
deepsea fish from the Rockall Trough. Cont Shelf Res, 21(8— 10): 899- 916.
Nemcsok, J. and L. Boross. 1982. Comparative studies on the sensitivity of
different fish species to metal pollution, Acta. Biol. 33 pp. 23-27.

Nixon, E., A. Rowe, D. McLaughlin. 1994. Mercury concentrations in fish from Irish
Waters in 1993. Marine Environmental Series/94 Fisheries Leaflet 162, Department
of the Marine, Dublin.



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

IBRAHIM, M. SHAKER et al. 549

Rao L.M. and G. Padmaja. 2000. Bioaccumulation of heavy metals in M. cyprinoids
from the harbor waters of Visakhapatnam. Bull Pure Appl Sci, 19 A (2):77-85.
Schettler, G. and E. Nussel. 1975. Method for triglycerides, Aeb. Med. Soz. Med.
Prav.Med. 10 pp. 25.

Shaker, I. M. A. 2006. Water hyacinth as a biological treatment for sewage
wastewater in aquaculture earthen ponds. Egypt. J. Aquat. Biol. & Fish 10, 1-20.
Singh, N. N., A. K. Srivastava and A. K. Srivastava .1993. Biochemical changes in
the freshwater Indian catfish, Heteropneustes fossilis following exposure to
sublethal concentration of aldrin, J. Environ. Biol. 14 (1) pp. 7-12.

Sprague J. B. 1987. Effect of cadmium on freshwater fish: Inj Niriagu J.O.:
cadmium in the aquatic environment. John Wiley and Sons Inc, 139-169.

Statistical Analysis System (SAS). 2000. SAS program Ver 6.12, SAS Institute
Incorporation, Cary, NC 27513, USA.

Strmac, M. and T. Braunbeck.2002. Cytological and biochemical effects of a
mixture of 20 pollutants on isolated rainbow trout (Oncorhynchus mykiss)
hepatocytes, Ecotoxicol. Environ. Saf. 53 pp. 293-304.

Strmac, M. and T. Braunbeck. 2002. Cytological and biochemical effects of a
mixture of 20 pollutants on isolated rainbow trout (Oncorhynchus mykiss)
hepatocytes, Ecotoxicol. Environ. Saf. 53 pp. 293-304.

Tilstone G. H. and M. R. Macnair. 1997. The consequence of selection for copper
tolerance on the uptake and accumulation of copper in Mimulus guttatus. Ann Bot,
80:747-51.

Tripathi, G. and S. P. Shukla. 1990. Malate and lactate dehydrogenases of a
freshwater cat fish, impact of endosulfan, Biomed. Environ. Sci. 3 pp. 52-58.
Tripathi, G. and S. P. Shukla .1990. Malate and lactate dehydrogenases of a
freshwater cat fish, impact of endosulfan, Biomed. Environ. Sci. 3 pp. 52-58.
Vijayavel, K. and M. P. Balasubramanian. 2006. Fluctuations of biochemical
constituents and marker enzymes as a consequence of naphthalene toxicity in the
edible estuarine crab Scylla serrata, Ecotoxicol. Environ. Saf. 63 pp. 141-147.
Watanabe K. H., F. W. Desimone, A. Thiyagarajah, W. R. Hartley and A. E.
Hindrichs. 2003. Fish tissue quality in the lower Mississippi River and health risks
from fish consumption. Sci Total Environ, 302(1-3):109 -26.

Yang J. L and H. C. Chen. 2003. Effects of gallium on common carp (Cyprinus
carpio): acute test, serum biochemistry, and erythrocyte morphology,
Chemosphere 53 pp. 877-882.

Yang, J. L. and H. C. Chen. 2003. Serum metabolic enzymes activities and
hepatocyte ultrastructure of common carp after gallium exposure, Zoological
Studies 42 pp. 455-461.



550 EFFECT OF WATER HYACINTH AND CHLORELLA ON WATER POLLUTED BY HEAVY METALS AND
THE BIOCHEMICAL AND PATHOPHYSIOLOGICAL RESPONSE OF EXPOSED FISH

Sl g g _auall jualially & glal) slal) o 3 ¢lsl) Gulada g i) a9 Sl
B8 Jaga 8l g il bl dland o sl il b saal)

e Alhas pa? o 3dg 2T Ul se SLE a2 sl it

8 5 ol RSl 5 1 gl 5 58 sl Jonall -1
L5 - Al () llaws S A5l JSsall -2

e Gl yualiall A1) e B, lSl Gilada g Jaall 3 )5 Sl 5508 Al )l dalena 4 ja5 (A
Allasd Ao @lly s 5 lea B L30a e IS 30550 — 4 spadlSU - alia )11 jualing 45 glall 5Ll
e Jleabide gane 12 M Crads g 58 IS (o 4San 720 SRS i, (& 3Y) o se jill 5 ald)
b5 Ac gana i 4 e I de genall Cud Aalall 4ol ass K ala) pass 36
Sl 2,5 o seaiall (5 AT (J5558) 4 Jlie de sene Cnd jumie JSTy (ilaal) Lgay sy yusalial)
233 45 830 A i) & i 5 S SIS e 43U
-1 Lo Joaniiall il pal cuilS
OS5 Al (35 5)) jemie sliiiuly el (e ST andlall s 2SI (8 jealiall maes oS15 -1
AN Al (358 sl Sla
A1 8 il SIS Calade o il a5 el Aal Jaly ealiall o) 5 A lef -2
3K 5 AN Q5 Al 5 el Lals Y1 5 el
XSS5 e ania 10000 Y 4000 oo e Slo S I laday Jall 25538 -3
 Blally jaaliall
asa s Alla (& painll (a8 paS ClaS gaead o S K lada g Jall 2 )53 )08 5005 -4
Cilina 585 ) (25 Laa 5 AT jualie ga Claead B2 5a 5 dlla 8 Lgle 83 e Allay
Bl e ST Ll 4 slal) jualiall aaend e dagal jall ol 3,08 -5
olall & glall jualiall avans 8 Sy sSI 5l Juill 3 5 G daal 5 (35 8 Mlia (K3 al -6
aalall i sill 5 3 juda (o)l 5 gyl el 5 Ll olall & slall jualiall -7
.LDH dlis
Ao 1S5 Lila sall Mlansl) [l 53 (g Cataan Sl 51U Jall 3 )5 < elas -8
L3l 45 glal) 8laall A ol gual) Asdlaall 8 Sy ) ISH of Juill a5 5 lasialy Al i -9
Lalle Lo 7 sansall 3 g0all (N J poa ) e



