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ABSTRACT

Burullus Wetland has recently witnessed major cleansing and development
operations to rehabilitate the lake from severe pollution. Therefore, the current study
aimed to evaluate the health and physiological status of some economic fish species
caught from the wetland. The present investigation determined the content of Cd, Pb,
As, and Cr in the muscle tissues of eight fish species caught from the studied area,
Oreochromis niloticus, Sarotherodon galilaeus, Oreochromis aureus, Coptodon
zillii, Chelon auratus, Liza ramada, Dicentrarchus punctatus, and Poecilia reticulata
by using ICP-OES inductively coupled plasma atomic emission spectroscopy. The
results showed that the accumulations of Cd, Pb, As and Cr in muscle tissue were
0.005-0.3, 0.012-1.4, 0.12-1.25, and 0.8-2.15ug/ g wet weight tissues, respectively.
The fish metal pollution index (MPI) decreased in the order, O. aureus> C. auratus >
O. niloticus > P. reticulata > S. galilaeus > L. ramada > D. punctatus> C. Zzillii.
The activities of Na'/K* and Ca®*ATPases enzymes in muscle, and gill showed
significant differences (P<0.05) between the examined species and non-significant

Human health differences in the liver (P>0.05) among examined species. The minimum activity

appeared in O. aureus in muscle and gill tissues. Moreover, antioxidant defense
systems (SOD, CAT, and total thiol) showed significant differences (P<0.05) in the
muscle tissue of the examined species. Conclusively, this study highlighted the state
of the health of some fish species after purification and development operations in
Burullus Wetland.

INTRODUCTION

The second-largest ecosystem in the northern wetlands of the Egyptian Mediterranean
coast is the Burullus Wetland. The wetland is located in the area between the two branches of
the Nile, Rosetta, and Damietta Branches, and is connected to the Mediterranean Sea by an
inlet known as El-Boughaz (Boughaz El-Burullus). Recently, the wetland is considered the
most productive Egyptian lake yielding around 103.8 thousand tons in 2021 (GAFRD, 2021).
The wetland is characterized by a wide diversity of fish species ranging from salt, and brackish
to freshwater species (Fig. 1). The wetland was a home to more than 35 species of which
family Cichlidae is the most abundant followed by the family Mugilidae. Moreover, moronids,
soles, seabream, European eel, catfishes, shrimp, anchovy, and small sardines have inhabited
the lake. Among the most profitable species in fish production are four species from the family
Cichlidae Coptodon zillii (Gervais, 1848), Oreochromis niloticus (Linnaeus, 1758),
Sarotherodon galilaeus (Linnaeus, 1758), and Oreochromis aureus (Steindachner, 1864).
Following these are two moronid species Dicentrarchus punctatus (Bloch, 1792) and
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Dicentrarchus labrax (Linnaeus, 1758), as well as two species from family mugilidae Chelon
auratus (Risso, 1810) and Liza ramada (Risso, 1827). The wetland receives a combination of
drainage water from fish farms, sewage, agriculture, and industry through eight drains.
Additionally, the Brenbal Canal on the western side of the wetland supplies fresh Nile water
(EI-Adawy et al., 2013; Alzeny et al., 2024).

Even though the phrase heavy metal is not well defined, it is frequently used to refer to
metals that have a density higher than that of water. Heavy metals like cadmium (Cd),
chromium (Cr), arsenic (As), zinc (Zn), mercury (Hg), copper (Cu), nickel (Ni), and lead (Pb)
are defined as elements that have atomic masses higher than 20 and densities more than
5.0g.cm . From a biological perspective, heavy metals even at extremely low concentrations
may pose a threat to plants and animals. Due to the severity of their detrimental effects, the
United States Environmental Protection Agency (USEPA) designated Cd, As, Hg, Pb, and Cu
as primary concern pollutants that require close monitoring (Kumar et al., 2024) for their
danger to human health and exhibiting an extreme toxicity even at deficient metal exposure
levels (Jarup, 2003). Toxic effects occur when excretory, metabolic, storage, and
detoxification mechanisms can no longer counter uptake (Obasohan et al., 2008), eventually
leading to physiological and histopathological changes (Georgieva et al., 2014).

Since fish is a major food source for the human population, the levels of non-essential
trace elements in fish are significant and it has been reported that fish from freshwater bodies
receiving industrial effluents are unsafe for human consumption due to high tissue levels of
some heavy metals (Maitera et al., 2012; Tyokumbur & Okorie, 2014). Determining the
amounts of trace element contamination through chemical biomonitoring and biomarker
evaluation which serves as an early indicator of biological effects is essential for safeguarding
aquatic biota (Annabi et al., 2013), and consequently human health.

Fish toxicity brought on by heavy metals is complex. But every metal has distinct
properties that result in a different toxicological mechanism of action. Fish biochemical and
physiochemical characteristics, along with the bioaccumulation of these metals, can serve as
useful markers for tracking and evaluating the effects of this particular kind of pollution.
Therefore, this may facilitate the timely and efficient management of water pollution, protect
aquatic ecosystems from damage, avoid biomagnification, preserve the integrity of the food
chain, and reduce the likelihood of extinction (Kumar et al., 2024).

Since 2010, lake Burullus (Burullus wetland) has been subjected to major cleansing and
developmental processes. The current study aimed to regard the impact of the recent
development of the lake on the health conditions of the commercial fish species caught from
salt (around the Boughaz), brackish, extending to fresh water at a depth reaching 900 meters
inside the lake.
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Fig. 1. Commercial fish species in Burullus Wetland

MATERIALS AND METHODS

1. Location of study and sampling

Samples were collected during the winter of 2024 from Burullus Wetland; the
collection of the sample started from El-Boughaz region and extended up to 900m depths in the
wetland to obtain the brackish species and the freshwater samples in the lake (Fig. 2; yellow
circles).

Eight fish species caught from the studied area, Oreochromis niloticus, Sarotherodon
galilaeus, Oreochromis aureus, Coptodon zillii, Chelon auratus, Liza ramada, Dicentrarchus
punctatus, and Poecilia reticulata, were transported in ice-cold boxes for the laboratory
analysis.



1100 Hasanein et al., 2024

2. Fishery data

The fishery data concerning the annual catch composition and amount from Burullus
Wetland was obtained from both field trips and GAFRD statistical yearly book from 1991 to
2021.
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Fig. 2. The map of Burullus Wetland showing the sites of samples collection (yellow circles)

3. Samples identification, sorting, and preparation

Samples were identified and sorted into species according to ideal routine work. The
frozen samples were defrosted and washed in deionized water before the skin was swiftly and
gently peeled off. Isolation of the liver, gills, and dorsal muscles was done swiftly and
completely; the tissues were washed and weighed in an isotonic saline solution. The tissue
homogenate (10% wi/v) was made in a ratio of 1-9 times ice-cold phosphate buffer (0.1M), pH
7.4 for an antioxidant test.
4. Estimate the metal pollution index (MPI) and the content of muscles heavy metals

The content of heavy metals was calculated as 0.5g of the muscle tissue samples that
dissolved in 5ml conc. HNO3 solution at 85°C till complete muscle digestion and then filtered
and diluted the filtrate up to 25ml of distilled water (Mohamed et al., 2017). Metals evaluated
by ICP-OES's inductively coupled plasma atomic emission spectroscopy, and the equation of
(Usero et al., 1997) was applied as follows:
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MPI= (M. XMXMsX......... XMn) 1/n

Where, Mn is the metal content (ug/g wet tissues), and n is the number of examined metals.
5. Evaluation of the activity of Na*/K* and Ca*" ATPases

The method of Uner et al. (2005) was used to evaluate the activity of Na*/K* and Ca**
ATPases in the tissues of the liver, gill, and muscle by quantifying the amount of inorganic
phosphate (Pi) at 25°C, and the incubation media was prepared following the method of Ames
and Dubin (1756).
6. Calculation of the content of muscle total thiol and antioxidant activity

The level of muscle content of total thiol (T-SH) was assessed based on the method of
Sedlak and Lindsay (1968), as a non-enzymatically antioxidant. Evaluation of enzymatic
antioxidant activity was conducted adhering to the guidelines of Paoletti and Mocali (1990)
for superoxide dismutase (SOD) activity. However, catalase (CAT) activity was evaluated
using the method of Aebi (1984).
7. Statistical analysis

One-way ANOVA was performed for data analysis, and the GraphPad Prism program,
Version 5.0, was used for multiple Tukey test comparisons. P-values were considered
significant at a value< 0.05. Each reading reflects the mean values + SD.

RESULTS

1. The bioaccumulation of heavy metal

Table (1) shows the bioaccumulation of heavy metal concentrations (ug/g wet weight) in
the muscle tissue of fish species with the MPI and the standard maximum permissible limits
(MPLs). The present results showed significant differences (P<0.05) in the accumulation of Cd,
Pb, As, and Cr among the examined species.

The accumulation of Cd in muscle tissue ranged from 0.005 to 0.3 pg/g wet weight tissues
and decreased in the order, O. aureus > C. auratus > O. niloticus > C. zillii > P. reticulata >
S. galilaeus > D. punctatus > L. ramada. The accumulation of Pb in muscle (0.012-1.4 ug/g
wet weight tissues) was decreased in the order O. aureus > O. niloticus and P. reticulata > C.
auratus > S. galilaeus > D. punctatus > L. ramada > C. zillii. The means of accumulation of
As in muscle tissues (0.12-1.25 pg/g wet weight tissues) decreased in the order P. reticulata >
O. aureus > O. niloticus > C. auratus > L. ramada > S. galilaeus > zillii > D. punctatus. The
accumulation of Cr in muscles (0.8 -2.15 pg/g wet weight tissues) decreased in the order O.
aureus> P. reticulata >C. auratus > O. niloticus > S. galilaeus and D. punctatus > L. ramada
> C. zillii,

On the other hand, MPI decreased in the following order: O. aureus> C. auratus > O.
niloticus > P. reticulata > S. galilaeus > L. ramada > D. punctatus > C. zillii.

2. The activity of Na*/K* and Ca?*ATPases

The activities of Na'/K® ATPase enzyme in muscle, and gill showed significant
differences (P<0.05) among the examined species, but non-significant differences was shown
in the liver (P>0.05) (Fig. 3). The activity of Na'/K" ATPase enzyme in the liver tissue was >
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in both the muscle, and gill activity among the examined species. The minimum activity of
Na'/K* ATPase enzyme appeared in O. aureus in muscle and gill tissues. The activity of
Ca®*ATPase in muscle and gill showed significant differences (P< 0.05) among the examined
species, but non-significant differences in the liver (P>0.05) (Fig. 4). The minimum activity of
Ca®*ATPase appeared in O. aureus in the muscle and gill tissues of O. aureus and C. auratus.

Table 1. The bioaccumulation of heavy metal concentrations (ug/g wet weight) in muscle tissue of some fish

species with the metal pollution index (MPI) (Values represent the meanSD, * significant differences)

Species Cd Pb As Cr MPI
Dicentrarchus punctatus 0.006+0.001 0.035+0.004 0.12+0.01 0.95+0.1 0.07
Chelon auratus 0.25+0.001 1.2+0.005 0.84£0.12 2.05+0.2 0.83
Liza ramada 0.005+0.001 0.034+0.004 0.7£0.11 0.85+0.1 0.1
Poecilia reticulata 0.008+0.001 1.3+0.008 1.25+0.19 2.1+0.18 0.41
Oreochromis niloticus 0.2+0.002 1.3+0.007 0.9+0.11 1.3+0.11 0.74
Sarotherodon galilaeus 0.007+0.001 1.0+£0.002 0.5+0.001 0.95+0.1 0.24
Oreochromis aureus 0.3*+0.001 1.4*+0.009 1.0+0.17 2.15*+0.22 0.97
Coptodon zillii 0.009+0.001 0.012+0.003 0.14+0.002 0.8+0.1 0.06
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Table 2. The maximum permissible limit MPL of bioaccumulation of the investigated heavymetals

M.P.L Cd Pb As Cr
FAO (1983) 0.05 0.5 0.12-1.0 1.0
FAO/WHO (1989) 0.1 0.5 - -
FAO/WHO (1993) 0.05 0.5
USFDA (1993) - - - 12-13
EOSQC (1993) 0.1 0.1 - -
FAO/WHO (1999) 0.214
FAO(2003) 2.0 0.2 - -
EPA (2003) 0.5-1 - - -
FAO/WHO (2004) - 2.0 -
EC (2006) 0.05 0.3 - -
WHO (2006) 0.5 - - -
EC 2008, EC 2011) 0.050 0.3
WHO (2006) 0.5 - - -
FAO (2010) 0.1 - - -
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Fig. 3. The activity of Na*/K* ATPase in muscle, liver and gill tissue for eight fish species fromBurullus Wetland.
(Each value represents the Mean + SD)
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Fig. 4. The activity of Ca?*ATPase in muscle, liver, and gill of eight fish species from BurullusWetland (Each value represents
the Mean + SD)

3. Antioxidant defense system

The SOD showed significant differences (P<0.05) in the muscle tissue of the examined
species (Fig. 5). The maximum activity of SOD appeared in O. aureus and C. auratus. The
enzymatic activity of CAT was significantly elevated (P< 0.05) in the muscle tissue of O.
aureus and C. auratus compared to other examined species (Fig. 5). The nonenzymatic
antioxidants, total thiol revealed significant differences among the examined species (P< 0.05).
The minimum means value appeared in O. aureus (Fig. 5).
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Fig. 5. Antioxidant status in muscle tissues of eight fish species from Burullus Wetland ( Eachvalue represents the Mean + SD)

DISCUSSION
Muscle tissue is the primary edible portion of fish and is important for human nutrition.

Therefore, the concentration of metals in this edible tissue is crucial (EI-Sappah et al., 2012).
The factors that influence the bioaccumulation of heavy metals in different species are the size
of the animal (Yi & Zhang, 2012), feeding patterns and preferred habitats (Jiang et al., 2018),
adaptability to metal loads, the physical and chemical properties of the aquatic environment; all
affect the concentrations of the bioaccumulation of metals (Liu et al., 2018). The present
investigation showed a significant variation in the means concentrations of heavy metals
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among the examined species. This result revealed a decrease in the range of bioaccumulation of
metals in the muscle tissue of the examined species from the previous studies performed in this
lake. Our result concerning the Cd concentration (0.005-0.3ug/ g) is below the maximum
permissible limit of FAO (2003), EPA (2003), and WHO (2006), while remaining above the
permissible level of FAO (2010). Cd concentration in the current study is below that of Ezzat
et al. (2024) recorded in the muscles of O. niloticus at Burullus Lake during 2021. Moreover, it
is below the result of Abdel-Kader and Mourad (2020) in 2018. Cd is the most poisonous
metal even when found with low concentrations (Flora et al., 2008; Govind & Madhuri
2014). The primary source of Cd in the ecosystem is thought to be phosphate fertilizer, but
excessive Cd levels can also be linked to mining, industrial, and other activities (Dimari et al.,
2008). Cd caused irregular swimming, anemia, fractured vertebrae, and growth fish
deficiencies (Larsson, 1977), lower digestive efficiency (Sastry & Gupta, 1979), and
osmoregulatory problems (Reid & McDonald, 1988). Moreover, it caused mortality of fish
(Peterson et al., 1983; Eisler, 1985), and hematological and biochemical consequences (Haux
& Larsson, 1984). Due to its exceptionally long biological half-life and prolonged retention in
organisms during bioaccumulation, Cd has a toxic effect and causes harmful consequences on
human health (Webb, 1975; Tsuehiya, 1978).

In this study, Pb level in the muscles exceeds the permissible limit recommended by
EOSQC (1993), FAO/WHO (1993), FAO/WHO (1999), and EC (2006) amended by EC
(2008, EC 2011). Our results remained below the level recorded in the study of Ezzat et al.
(2024) conducted on the muscles of O. niloticus from Burullus Wetland. Moreover, it is below
the result of Abdel-Kader and Mourad (2020) on the muscle tissue of some species collected
from Burullus Wetland in 2018. Lead (Pb) has no known function in biological processes and
IS toxic even at low concentrations (Flora et al., 2008). Lead fish poisoning in Egypt is mostly
caused by industrial and agricultural wastes (EI Nabawi et al., 1987). Growth retardation
brought on by prolonged Pb exposure has been related to learning and behavior impairments
that may be permanent in children as well as death (Schwartz et al., 1986; Rossi, 2008). Pb
concentrations higher than 0.1mg/ | are harmful to developing brain issues in both children and
fetuses (Taupeau et al., 2001).

The accumulation of As in muscle tissues remains below the permissible limit
recommended by FAO/WHO (2004). The present results also are below that determined in the
previous study by Abdel-Kader and Mourad (2020). As is poisonous and high intakes lead to
adverse gastrointestinal symptoms, serious disorders of the heart and nervous system, and
ultimately death (Roberts, 1999; Flora et al., 2008).

Accumulation of Cr in muscles is below the maximum permissible limit of USFDA
(1993). Anthropogenic sources, such as the runoff from agriculture, cities, and industries, can
be responsible for high concentrations of Cr in aquatic environments (Bakshia & Panigrabhi,
2018). Fish that are exposed to Cr may experience severe issues such as impaired swimming,
disturbed eating, erosion of the fin rays, wounds, and even mortality (Abbasi & Soni, 1984).
Since it is carcinogenic and has an endocrine-disrupting effect on people, Cr is a worry for the
environment and human health (Goering et al., 1994). Post-implantation loss is more common
in areas with higher Cr levels, lower number of live fetuses, decreased ossification, and
decreased fetal body weight (ATSDR, 2000, 2008).
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In the present study, the activity of Na'/K* and Ca**-ATPases showed a significant
decrease in O. aureus in muscle and gill tissues but no significant alteration in the liver among
the examined species. This may be related to the high content of bioaccumulation of metal in
this species. This reduction of Na*/K*- and Ca®- ATPases activities may be due to the
suppression of the metabolic rate to control the shutdown of processes involved in membrane
ion movement. This finding agrees with that of the previous study of Monteiro et al. (2005),
which showed that metal poisoning can slow down metabolism in O. niloticus exposed to Cu
demonstrating decreased gill Na*/K*-ATPase activity, as well as decreased plasma Na* and CI”
levels. After being exposed to 10ug/ L Cd for 24 and 96 hours, juvenile freshwater teleosts
(Prochilodus lineatus) showed dramatically decreased Na'/K'—ATPase activity in both the
kidneys and gills, but only in the gills, the Ca?*~ATPase activity was significantly decreased:;
this was demonstrated in the study of Da Silva and Martineza (2014). In the rainbow trout
(Oncorhynchus mykiss), an electrolyte-imbalanced diet causes a chronic stressor that increases
the energy required to maintain the acid-base balance (Magnoni et al., 2018). Metal exposure
can result in extra energy consumption for both organismal and cellular processes, such as
detoxification, metal homeostasis regulation, and compensating reactions involving ionic
regulation. For instance, fish with high respiratory activity in conditions of both heat pollution
and metal pollution (Gashkina et al., 2022) have been found to have an active metabolism of
Na, K, and Mg as an adaptive strategy. The previous study of Hegazi and Hasanein (2010)
showed the effects of chronic exposure to total ammonia nitrogen (TAN) concentrations on the
brain Na'/K*- and Ca®*- ATPases of O. niloticus for 75 days at pH 7.8 and 26°C exposed to
2.5 (low), 5 (medium), and 10 (high) mg TAN L—1 concentrations. The levels of Na'/K*- and
Ca’*-ATPase activities were not significantly altered in fish exposed to low TAN
concentration. However, there was a significant decrease in Na'/K'- and Ca**-ATPases
activities of fish exposed to medium TAN and a significant increase in high TAN
concentrations in comparison with the control.

In the present study, the highest contents of the examined non-essential metals appeared
in O. aureus followed by C. auratus. The antioxidant defense system consists of enzymatic
antioxidants such as SOD and CAT and non-enzymatic antioxidants as thiol compounds. In our
investigation, the activity of SOD and CAT in O. aureus significantly increased in comparison
with other examined species. The content of total thiol was significantly reduced in
Oreochromis aureus compared to the other examined species. This reduction is attributed to the
fish’s evolved adaptive responses aiming at mitigating the oxidative impact of reactive oxygen
species (ROS) or addressing the toxicity of water contaminants. These adaptive mechanisms
help counteract the damage caused by excess oxygen free radicals and oxidative stress, as
reported by Carvalho et al. (2012). Our result agrees with the finding of Khalil et al. (2017),
who reported that O. niloticus white muscles from the Rosetta Branch of the Nile have higher
activity of the antioxidant enzymes SOD, CAT, GPX, GST, and GR. Previous studies showed
that the exposure of fish to pollutants (agricultural, industrial, and sewage) affects the
antioxidative defense system enzymes such as SOD, CAT, GST, and GR (Hegazi et al., 2010)
for O. niloticus, and Hasanein et al. (2022) for the tilapia species and catfish caught from Lake
Mariut. Atli and Canli (2007) showed that O. niloticus exposed to Cd, Co, Zn, and Pb for 14
days, the activity of CAT and SOD in response to metal oxidative stress increased. It is
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suggested that some of these enzymes can constitute good molecular bioindicators for
oxidative stress and can indicate the magnitude of response in vertebrate populations
chronically exposed to contaminants, such as metals and other xenobiotics (Gad, 2009).

ROS production and elimination are out of balance, which leads to oxidative stress. In
aquatic habitats, fish commonly encounter hazardous and damaging contaminants, which can
cause environmental oxidative stress. Fish scavenge ROS with the help of antioxidant defense
mechanisms. Increased ROS causes an excessive activation of mitochondrial channels and
compromises mitochondrial function (Chen et al., 2021). Fish health is endangered when
mitochondria produce too much O, outflow. Within the antioxidant system, SOD changes O,—
into H,O,, which CAT and GSH can then decrease. An antioxidant system consists of both
non-enzymatic (GSH) and enzymatic (SOD, CAT, and GPx) components to keep ROS below
physiological bounds (Jerome et al., 2017). Changes in these enzymes have been reported in a
range of fish tissues under toxicant stress when they have been exposed to different pollutants
(Ishaq et al., 2023). The protection of cells against heavy-metal-induced oxidative stress can
occur via non-enzymatic antioxidant systems (Salbitani et al., 2023). Thiol compounds (SH
groups), according to Freitas Souza et al. (2019), are necessary for the healthy functioning of
cells and tissues. On the other hand, the reduction of thiols or their decrease leads to oxidative
stress and the development of illnesses. Any low-molecular-weight thiol compounds with a
sulfthydryl group (-SH) in their structure are classified as protein thiols or non-protein thiols
(Nassar et al., 2014). Most plants, microorganisms, and human tissues (Ferrat et al., 2003), as
well as fish (Freitas Souza et al., 2019), contain these chemicals.

CONCLUSION

Burullus Wetland has received much attention due to its significance as an economic and
environmental source of fish production in Egypt. The study monitored the health state and
physiological conditions of the most abundant fish species in Burullus Wetland. This study
revealed that the level of accumulation of toxic metal decreased compared to the previous
studies, and this may have been attributed to the cleaning processes that started in 2010. Still, it
is necessary to treat wastewater before it is drained into the wetland and monitor the health
conditions of fish regularly.
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