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ABSTRACT

The task of this study was to calculate a maximum daily and weekly balanced
healthy diet MDI-MW!I for human consumption of Clarias gariepinus and
Oreochromis niloticus fish species from Lake Manzalah (Egypt), as well as
determine the target cancer/hazard quotient (non—cancer), and risk assessments
on human health through physiological and biochemical examinations. the
Results showed that the children should not eat more than 13.39g a day or
93.75 g a week of C. gariepinus muscles, and 15.09g a day or 105.63g a week
of O. niloticus muscles. The suggested daily intake for youth should be 34.01g
or 238.09g a week of C. gariepinus muscles, and 40.24g for daily intake or
281.69g for weekly intake of O. niloticus muscles. Hence, adults are
recommended to avoid consuming more than 59.52g a day of C. gariepinus
muscle or 416.66g a week and 62.02g a day of O. niloticus muscles or 434.14g
a week. This investigation also showed that C. gariepinus had the maximum
protein and moisture contents; whereas, the maximum fat, ash, and
carbohydrate contents were found in O. niloticus. In this research, the
investigated liver antioxidants GPx activity and GSH level represented
significant (P < 0.05) average values between both fish species. Moreover, this
investigation showed that the C. gariepinus had much greater levels of Pb, As,
Al, and Hg than O. niloticus, and the accumulation of elements in both species
was in the following order: Pb>As>Al >Hg. Among elements, Pb and Al
concentrations in the two fish species recorded analysis of variance revealed a
significant difference (P <0.05). In addition, Pb and As concentrations in the
two fish species were above the National Egyptian Organization for
Standardization and Quality Control EOSQC and international standards FAQ,
WHO and Commission Regulation EC. Furthermore, this study investigated the
estimated daily intake EDI, as well as the estimated weekly intake EWI of Pb >
As >Al >Hg ingested by children>youth>adults rely on O. niloticus and C.
gariepinus muscles. C. gariepinus in children had the greatest level of target
cancer risk TCR (1.01x10% a day or 7.07x10 a week); whereas, O. niloticus in
children showed the lowest level of TCR (6.80x10° a day or 4.76x10° a week).
Remarkably, the consumers are exposed to health risks if they highly consume
the fish species under study from Lake Manzalah, according to the health-risk
assessment indicators.

INTRODUCTION

For fisheries, Lake Manzala is a rich natural resource region. It is the largest lake in
the northern Nile Delta's shore lakes (Hereher, 2014). It accounts for approximately
half of the total fish production over the Delta's northern lakes and approximately
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one-fifth of non-marine fisheries of Egypt's yearly output. According to EI-Asmar
and Hereher (2011) based on satellite images taken in 1973, the lake's overall area
is estimated to be 1100 km?. They had severely decreased from 1052 sq.km in 1984
to 720 sq.km in 2003. They attributed the shrinkage to coastal highway development
and reclamation. Besides, agricultural drainage water started from the Hadous to
Faraskour drainage passing Ramsis, EI-Serw, and finally to domestic and industrial
Bahr EI-Baqgr drainage pouring in the Manzala Lake. Every year, the drains pour over
7500 million cubic meters of toxic industrial, domestic, and agricultural effluent into
the lagoon (Abu Khatita et al. 2015; Yacoub et al. 2021).

Trace elements are natural ecosystem components occuring in various
concentrations in nature. Actually, these elements were formed by natural processes
such as erosion, sedimentation, and decomposition as well as human activity during
industrialization and rapid population expansion. Thus, those toxic materials are
introduced in large quantities into the aquatic ecosystem, which threatens its stability
and impacts the aquatic environment. This, in turn, coincides with significant
bioaccumulation of hazardous elements in fish, which is subsequently transferred to
humans as fish consumers via the food chain, leading to significant public health
hazards (Okyere et al., 2015).

Since Egypt's Manzalah Lake is highly polluted, the Egyptian government has set
specific laws and regulations to manage and reduce pollution in this lagoon and
under the presidency administration referring to the 2030 vision for sustainable
development.

The determination of trace element concentrations in environmental biota is a
significant step in establishing the health hazard that the presence of these hazardous
substances poses (Abou EI-Gheit et al., 2012; Wahiduzzaman et al., 2022). These
chemicals are characterized as carcinogens or non-carcinogens, and the majority of
them are unfortunately detected in fish (Igbal Yu et al., 2014). The process of
estimating the impact of threats on persons is known as risk assessment. Risks are
classified into two categories: non-carcinogenic and carcinogenic hazards. The non-
carcinogenic risk is calculated using the hazard quotient (HQ), while the
carcinogenic risk is calculated using the TCR (Markmanuel & Horsfall Jnr, 2016).

The WHO (2020) suggested that eating fish meals 1 or 2 times each week has
health benefits. Fish are high-nutrient foods that aid in the maintenance of a balanced
diet and the acquisition of adequate protein, vital amino acids, as well as a significant
amount of beneficial polyunsaturated fatty acids, which aid to reduce the risk of heart
disease (Chari & Abbasi, 2005; Alipour et al., 2015). In addition, fish is soft, easily
digestible, and high in vitamin B complex. It's also high in omega-3 fatty acids,
magnesium, potassium, cobalt, phosphorous, iron, sodium, copper, iodine, zinc and
fluorine mineral (NRC, 1998; El-Bokhty 2010; Sallam, et al. 2019).

To investigate physiological and biochemical analyses, several scientists used
catfish C. gariepinus and O. niloticus as laboratory animals (El-Sappah et al., 2012,
2022; Abdel-Kader & Mourad, 2019a, b; Sallam et al. 2019). C. gariepinus is a
large, grey/black eel-like fish with a white belly (Bruton 1979, Skelton, 2001).
While, O. niloticus is amongst the most widely bred freshwater fish species in the
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world (de Oliveira, 2021; FAO, 2021). The analysis of proximate composition
should show that fish tissues are healthy and safe (WHO/FAO, 2011). Additionally,
toxic elements can speed up the production of reactive oxygen species (ROS) in fish
tissues that can overcome antioxidants, causing oxidative stress and experience
elevated levels of oxidative damage (Storey 1996; Doherty et al., 2010; Zheng et
al., 2016; Khalil et al., 2017; Mokhamer et al., 2019; Abdel-Kader & Mourad,
2022; El-Sappah et al., 2022).

This study investigated the levels of Pb, Al, As, and Hg, concentrated in the edible
muscles of C. gariepinus and O. niloticus from the Manzala Lake in Egypt. The
current observations were matched with the national (EOSQC) and international
standards (FAO), (WHO) and (EC). Moreover, the present study calculated MDI-
MW] for the human consumption of C. gariepinus and O. niloticus fish species from
the Manzalah Lake (Egypt), and determined the appropriate balanced diet for
children, teens, and adults regarding the PTWI according to (FAO) and (WHO).
Furthermore, this study investigated the TCRs/THQs (non—cancer) risk metrics, and
human health risk assessment including the EDI, EWI, and the percentage of PTWI.
Finally, this research investigated different physiological and biochemical
assessments to evaluate the quality of fish.

MATERIALS AND METHODS

Lake Manzalah is Egypt's largest lagoon and the most economically significant Nile
Delta Lake. It is located at the eastern edge of the Nile Delta (310 45' and 320 15' E
longitude and Lat 310 00" and 310 30' N latitude) (Khalil, 1990; Elewa et al., 2007;
Ali, 2008; Arafa et al., 2015).

Numerous fishermen grabbed living medium-sized fish species, namely C.
gariepinus and O. niloticus from various locations surrounding the Manzala Lagoon
in the spring of 2018, and then specimens were transferred to the Fisheries division-
Physiology Laboratory at the National Institute of Oceanography and Fisheries:
NIOF, Egypt. Distilled water was used to wash the fish. A clean plastic knife was
used to separate the muscles and fish liver tissues from the specimens on a sterile
glass plate. Sterilized polythene bags were used to keep the detachable parts safe.
Until the different tests were finished, the labeled bags were kept in a fridge or
freezer at 25 degree Celsius. Throughout the night, all glassware was dipped in 10%
(v/Vv) nitric acid then 10 percent (v/v) solution of hydrochloric acid, then it was rinsed
twice with distilled water and dried until it was ready to use. The chemicals supplied
were those of Merck-Germany with the highest-quality analytical reagents. The
calibration curve element standard solution was generated by diluting 1000mg/I
stock solutions (Merck-Germany). Necropsy was performed for six of each fish
species, and the skin was discarded before the musculature was taken and stored in
aluminum foil.

For trace element analysis, each item was placed in a transparent plastic bag with a
unique identifier and a date for pick-up, the fish were then stored frozen at -20°C
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until sampled and digested. In 25 milliliter Erlenmeyer flasks, precise grams of
muscle tissues were weighed. Then, to each sample, a volume of 5ml nitric acid (65
%) Merck-Germany was added. The samples were then allowed to digest slowly over
the next 24 hours. Each sample was subsequently treated with 2.5ml perchloric acid
(72%, Merck-Germany). Digestion took place for 6 hours in a 150°C water bath, or
until the solutions were clear and nearly dry. The solutions were then transferred to
50mL PE bottles and filled with distilled water to a capacity of 25ml. After that, the
mixture was filtered into a cleansed glass beaker with 0.45m Whatman no.42
membrane filter. An amount of deionized water was adjusted to 50ml. It was
necessary to dilute the filtrate. Perkin Elmer Analyst 800 graphite furnace-atomic
absorption spectrometer (GF-AAS) was used to perform the element measurements.
The concentrations of elements in fish muscle wet weight basis were evaluated in
microgram per gram (ug/g; ww).Three replicate blank samples were digested using
the same procedure (prepared in just the same way as digested samples only without
the sample) and prepared together for each sample set to adjust background
absorption. The standard deviation of the 3 replicate blanks for trace elements was
used to determine LOD. Standard reference material DOLT-4 dogfish liver was used
to verify the analytical method. The recovery range was between 94-98 %.

For human health risk assessments, the equation of EDI = Cx IR/BW was used
to estimate the daily intake of element through the consumption of fish muscle;
where, C represented the element concentrations in fish samples (ng/g-ww); IR was
the daily intake rate of fish (62.25 g/person/ day) related to the Ministry of
Agriculture and Land Reclamation, Egypt (2017) and Central Agency for Public
Mobilization and Statistics (2017), and BW represented the average body weight
(15kg for a child, 40kg for a youth, and 70kg for an adult) (Salas et al., 1985;
Albering et al., 1999). The formula of EWI= EDIx 7 was used to estimate weekly
intake to set a comparison with the safety standards of FAO/WHO to PTWI. For
EWI less than PTWI, customers' food consumption does not constitute a serious
health risk. The percentage PTWI = EWI/ PTWIx100 was investigated by
FAO/WHO recommended possible health reference dose (FAO/WHO, 2004). The
formula of MDI= PTWIx BW/Cx7 is to investigate the advised maximum daily
intake in grams, based on the maximum weekly intake formula MWI = MDI x 7 that
children, teens, and adults diet should maintain PTWI to achieve balanced diet
(FAO/WHO, 2004). The non- carcinogenic risk was estimated by using the formula
of THQ=EF x ED xIR xC / RfD xWAB x ATn x 10 to estimate target hazard
quotient (US EPA, 2012). The EF shows the exposure frequency [days/year]; ED
represents the exposure duration [years]; IR is the ingestion rate (g/day); C shows the
metal concentration (ug/kg); RfD is the oral reference dose (Pb = 3.50x10°% Hg
=3.0x10",  As=3x10"& AI=3x10"* mg kg day™'); WAB (kg) represents the
average body weight; and for non-carcinogens ATn represents the average exposure
time (days/year x ED). The equation of TTHQ or HI= THQ; + THQ, +THQ, (US
EPA 2012) was used to estimate the hazard index (HI) as the total of the all
estimated THQ (TTHQ), if THQ value >1, then it poses health risks associated with
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fish consumption, and hence protective measures should be taken (US EPA, 2019).
The TCR = EFx ED xIR x C x CSF/WAB xATc x 10 (US EPA 2019), where CSF
(mg, kg * day™?) is the cancer slope factor (Pb = 8.5 x 10 % and As = 1.5) (US EPA
2019), and ATc for carcinogens is the average time days/year x ED. If the estimated
value of CR was greater than 10™, an increased risk of a carcinogenic effect is
recognized; however, a CR under 10 would verify an acceptable risk (US EPA,
1989; NYSDOH, 2007; US EPA, 2011).

For proximate chemical composition (moisture, fat, protein and ash) analysis,
an amount of 0.1g of muscle tissue was homogenized in 5ml saline using a glass
homogenizer for three minutes; it was then centrifuged for 10min at 3000rpm. Using
the method of Lowry et al. (1951), the total protein concentration of the supernatant
was calculated. The study of Henry et al. (1974) was referred to in explaining the
procedure for measuring total lipid content. Kemp et al. (1954) presented a
technique to detect total carbohydrates. Following the loss of 1.0g of sample mass
during drying at 100+ 2°C, the content of water in the container was determined. The
leftover material was burned at 600°C for 10 minutes to measure the ash content
(AOAC, 2002).

For investigating antioxidants, catalase activity (CAT, EC 1.11.1.6, U/g. tissue)
was determined by the method of Abei (1984). Glutathione reductase activity (GR,
EC 1.6.4.2, and U/L) was estimated by the method of Goldberg and Spooner
(1983). While, glutathione reduced activity (GSH) (C 1.8.1.7) (mg/g.tissue) was
measured according to Beutler et al. (1963). Superoxide dismutase activity (SOD,
EC 1.15.1.1,U/g. tissue) was investigated by the method of Nishikimi et al. (1967).
On the other hand, glutathione peroxidase (GPX, EC 1.11.1.9, mU/mL) was assessed
following the study of Paglia and Valentine (1967).

For investigating statistical analysis, the data were presented as means + standard
errors for the two species. A one-way ANOVA was applied to check for variations in
the quantities of elements across the fish samples analyzed. Tukey's HSD analysis
was used to calculate mean differences (honestly significant difference).
Additionally, the significance of the variances in element means was investigated
using a one-tailed t-test.

RESULTS AND DISCUSSION

Trace element concentrations

In the field of bio-monitoring and investigation of the toxicity of trace elements in
the aquatic ecosystem, fishes are regarded as useful bio-indicator. Fig. (1) illustrates
the element contents (Mean average = SE ug/g ww) in the tested muscle of the two
freshwater fish from the Manzala Lagoon. The results demonstrated that the f-ratio
value (6.19241) and a P-value (0.016512) of the concentration of the four trace
elements in the tissues of the African catfish and the Nile tilapia showed a significant
difference (P < 0.05). The investigation revealed that the African catfish had greater
levels of Pb (3.05 £0.1) > As (1.62+0.1) > Al (1.59+0.1) >Hg (0.84+0.08) than O.
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niloticus Pb (1.93£0.2) > As (1.27+0.1) > Al (1.06£0.09) >Hg (0.71£0.04) (Fig. 1).
Among elements, Pb and Al concentrations in the two fish species recorded a
significant difference (P < 0.05) (Fig 1) in the analysis of variance. In this study, the
Pb level in the muscles exceeded the permissible limit recommended by EOSQC
(1993) (0.1 ppm w wt), FAO/WHO (1999) (0.214 pg/g wet weight), and EC (2006;
2008) amended (2011) (0.30 pg/g). The Hg level in C. gariepinus and the Nile tilapia
exceeded the permissible limit of EOSQC (1993) (0.50 ppm wt), FAO/WHO (1992)
(0.50 ppm wt), EC (2006; 2008) amended (2011) (0.50 pg/g). Whereas, the As levels
in tissues of the two studied species were lower than the range of the permissible
limit recommended by FAO/WHO (2004) (2.0 ww ppm). This study detected a
significant difference between Pb levels in the two fish species the “African catfish
and the Nile tilapia” (Fig. 1), recording 15.98 f-ratio's value and 0.00251for the P-
value. Hg levels in the two fish species “the African catfish and the Nile tilapia”
recorded insignificant differences (f-ratio's value = 1.851 and P-value = 0.203). The
As levels in the African catfish and the Nile tilapia recorded insignificant f-ratio's
value (3.1888) and the P-value was 0.104. Finally, a significant difference between
Al levels in the African catfish and the Nile tilapia recorded f-ratio's value of 6.610,
and a P-value of 0.027. The results revealed that the highest mean Pb concentration
(3.05+0.4) was found in the C. gariepinus, while the smallest Hg concentration
(0.71£0.1) was in O. niloticus (Fig.1).

Lead (Pb) has been listed by the WHO as one of 10 elements of severe public
health hazard that necessitates the Member States to take action in order to maintain
public health of workers, youth, and women of fertile age. In the body, lead has no
biological purpose. In all age groups, lead exposure can have persistent and serious
health implications particularly children. This is due to the fact that lead poisoning at
some concentrations can have harmful impacts on the developing neurological
system without displaying immediate symptoms or warning signals. Early exposure
to lead can impair cognitive function and cause dyslexia, attention deficit, and
sociopathy, in addition to causing toxicity to the reproductive system, kidney
damage, immunotoxicity, and hypertension, and immunity weakness (WHO, 2016;
ATSDR, 2007). Children with kidney illness have brain and bone problems brought
on by excessive amounts of aluminum in the body. Children who take some
medications containing aluminum have also developed bone damage. Aluminum in
the stomach prevents the absorption of phosphorus, a chemical molecule necessary
for strong bones, which in these kids results in bone deterioration (ATSDR, 2008).
Fish contain As, a potentially harmful element, primarily as a result of its occurrence
in the aquatic environment; although more frequently due to anthropogenic causes,
as it enters aquatic ecosystems via the erosion of bedrock (Rahman et al., 2021).
Long term exposure to toxic metals like As has been linked to a number of health
issues, including damage of the neurological, cardiovascular, haematological,
cutaneous, and respiratory systems, as well as the skin, liver, and gastrointestinal
tracts (Mandal et al., 2002). Metal poisoning caused by exposure to mercury
includes symptoms such as muscle weakness, poor coordination, numbness in the
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hands and feet, skin rashes, anxiety, memory issues, difficulty speaking, hearing and
seeing.

According to Nzeve et al. (2014), Pb concentrations in C. gariepinus &
Oreochromis spirulus niger from Kenya's Masinga reservoir ranged from 0.643 to
1.078 mg/kg and 0.55 to 0.765 mg/kg, respectively. Abdel-Kader and Mourad
(2020) reported the following order reflecting the trace element content in O.
niloticus from the Burullus Lake, Egypt: Pb (1.78) >As (1.50) > Al (1.38)> Hg
(0.71) and C. gariepinus Pb concentration (2.29) > Al (2.07) >As (2.03) > Hg (0.73),
which were less than the findings of the current investigation. According to Sallam
et al. (2019), the Nile tilapia and the African catfish both had Pb > As > Hg levels,
and this is very close to the finding of this study. They discovered metal
concentrations (ug/g wet weight) in all the investigated samples as Hg (0.045), As
(0.511), and Pb (0.704) in Nile tilapia, Hg (0.0145), As (0.621), and Pb (0.635) for
flathead grey mullet, as well as Hg (0.017), As (0.568), and Pb (0.64) for the African
catfish. Abdel-Kader and Mourad (2021) recorded the residues of trace elements in
the Nile tilapia from Edku Lake, Egypt as follows: As (0.91) > Pb (0.89) > Al (0.60)
> Hg (0.39). Yacoub et al. (2021) recorded that the residual concentrations of Pb in
Nile tilapia were 2.2£0.7 mg kg—1 from the Manzalah Lake, Egypt. Saeed and
Shaker (2008) discovered a massively greater Pb level of 10.1ug/g in the tissues of
O. niloticus obtained from Manzala Lagoon, Egypt in 2007, demonstrating that the
lead contamination rate in Lagoon Manzala had decreased. Mensoor and Said
(2018) found that, the mean Pb concentrations (ug/g) in the tissues of B. sharpeyi &
B. xanthopterus along the Tigris River in Baghdad ranged from1.10 +0.60 to 1.05 +
0.40. Alipour et al. (2015) observed the amount of As (1.6) > Pb (0.67 ug g—1)in
the edible muscle tissue of Rutilus rutilus from the Miankaleh International Lake. In
addition, Molla et al. (2021) recorded that Pb > Hg in some studied species of fishes
along India's west coast. In contrast to our findings, Jovanovi¢ et al. (2017) found
that Hg (0.466) > As (0.333) > Pb (0.084 mg kgl) in the muscle of grocka carp, an
omnivorous fish. According to Sarkar et al. (2021), the concentration of Pb was
0.189 in the collected commercial fish from Bangladesh. Korteia (2020) recorded
that As (0) >Pb (0.04) > Hg (0.40 mg/kg) in the mescles of O. niloticus and Clarias
anguillaris from Ankobrah and Pra basins.
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Z 3 — i Pb
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2 T IAS
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0 M Hg

O.niloticus C. gariepinus

Fig. 1. Concentrations (ug/g wet weight, Mean == SE) of trace elements of O. niloticus and C.
gariepinus (n=6) from Manzalah Lake, Egypt

Different superscript letters between the two fish species indicated significant differences at (P < 0.05)
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Risk assessments

According to Environmental Protection Agency EPA regulations, determining the
probability of human exposure to harmful contaminants in contaminated media is known as
“Human Risk Assessment”. Risk assessment for toxicants is investigated through metrics via
EDI, THQ, HI (TTHQ) and TCR (US EPA, 1989; Javed & Usmani, 2016). Hence, this
investigation showed the EDI, EWI, PTWI %, MDI as well as MWI of Pb, As, Al, and Hg
residues in the muscles of O. niloticus and C. gariepinus from the Manzalah Lagoon via the
consumption of children (15 kg), youth (40kg), an adult (70 kg) in a diet/day and week are
presented in Table (1). PTWI values recommended by FAO/WHO (2004) for Pb, As, Al and
Hg mg/kg of muscles are shown in Table (1).

Table (1) shows that the EDI and the EWI of Pb > As >Al >Hg ingested by children
>youth > adults are related to O. niloticus and C. gariepinus muscle consumption. Table (1)
reveals that the PTWI (%) followed a Pb > Hg> As> Al sequence depends on C. gariepinus
consumption, and As> Pb > Hg> Al sequence depends on O. niloticus consumption of
children. While, Hg > Pb > As > Al is attributed to the consumption of C. gariepinus and Hg
> As > Pb > Al is related to the consumption of O. niloticus with respect to the youth. For
adults, Hg > Pb> As > Al and Hg > As > Pb > Al sequences depend on the ingestion of C.
gariepinus and O. niloticus, respectively.

The results in Table (1) depict that Hg showed the lowest EDI, EWI, and PTWI%;
whereas, Pb recorded the highest EDI, EWI, and PTWI % through the consumption of the
two selected fish species. The examination postulated that the PTWI values set by
FAO/WHO exceeded the EDI, EWI, and PTWI percentages analyzed for the Pb, As, and Hg
in C. gariepinus and Pb and As in O. niloticus, consumed by a child with 15kg. In addition,
the EDI, EWI, and PTWI percent values analyzed for the Pb, As, and Hg in C. gariepinus,
and Hg in O. niloticus, consumed by youth (40kg) were higher than the recommended PTWI
of FAO/WHO. For adults 70kg, just Hg levels in C. gariepinus were higher than the
recommended limits of FAO/WHO. The current study proved that the C. gariepinus and O.
niloticus did pose human health risk. Therefore, this study calculated the safety and healthy
diet (MDI and MWI) in grams to three ages for maintaining the safe diet according to
FAO/WHO limits for C. gariepinus and O. niloticus fish species from the Manzalah Lake.

Our study recommended that the children should not eat more than 13.399 a day or 93.75g a

week of C. gariepinus muscle, and 15.09g a day or 105.63g a week of O. niloticus muscle.
The recommended daily intake for the youth is 34.01g, and the weekly intake is assumed to
be 238.09g of C. gariepinus muscle. For O. niloticus muscle, 40.24g is recommended for a
daily intake or 281.69g for a weekly intake. On the other hand, adults should avoid
consuming more than 59.52¢ a day of C. gariepinus muscle or 416.66g a week and 62.02g a
day of O. niloticus muscle or 434.14g a week.

Igbal et al. (2017) estimated the EDI of As in Labeo rohita (0.016 and 0.017) for Wallago
attu from the Indus River. The present observation disagrees with those of Zaza et al.
(2015) who discovered that Italian consumers' EWI of Pb and Hg from fish and shellfish
products did not exceed PTWIs suggested by the European Food Safety Authority EFSA &
FAO/WHO. According to Yacoub et al. (2021), the maximum tolerated daily intake
(MTDI) determined by FAO and WHO for a 70 kilogram was greater than the EDI of Pb in
the examined fish species from the Manzalah Lake, which indicates that eating the
investigated fish poses a serious risk to human health. However, the muscles of Oreochromis
niloticus consumed by an adult weighing 70kg were below the recommended value, which is
consistent with the present findings. According to the analysis of Sallam et al. (2019), eating
O. niloticus, flathead grey mullet, and C. gariepinus from the Manzala Lake may pose a
health risk to adult (70 kilogram), which forms a result coinciding with our results.
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Table 1. Risk metrics for Pb, As, Al, and Hg in C. gariepinus and O. niloticus from Manzalah Lake

Fish species Intake Trace elements
Pb As Al Hg
EDI 12.65 6.72 6.59 3.48
C. gariepinus EWI 88.55* 47.04* 46.18 24.36*
consumed by PTWI 25.0 15.0 1000 5.0
a child (15kg) PTWI% 354.2 313.6 4,618 487.2
MDI 17.56 19.84 1347.7 13.39
MWI 122.95 138.88 9433.9 93.75
O. niloticus EDI 8.00 5.27 4.39 0.71
consumed by EWI 56* 36.89* 30.73 4.97
a child (15kg) PTWI 25.0 15.0 1000 5.0
PTWI1% 224.26 245.93 3.073 99.4
MDI 27.75 25.30 20215 15.09
MWI 194.30 177.16 14150.94 105.63
EDI 4.74 2.52 2.47 1.30
C. gariepinus EWI 33.18* 17.64* 17.29 9.1*
consumed by PTWI 25.0 15.0 1000 5.0
young (40kg) PTWI% 132.72 117.6 1.729 182
MDI 46.83 52.91 3593 34.01
MWI 327.86 370.37 25157.23 238.09
EDI 3.00 1.97 1.64 1.10
O. niloticus EWI 21.00 13.79 11.48 7.7*
consumed by PTWI 25.0 15.0 1000 5.0
young (40kg) PTWI1% 84 91.93 1.148 154
MDI 74.01 67.49 5390.83 40.24
MWI 518.13 472.44 37735.84 281.69
EDI 2.71 1.44 1.41 0.74
C. gariepinus EwWI 18.97 10.08 9.87 5.18*
consumed by PTWI 25.0 15.0 1000 5.0
an adult (70kg) PTWI% 75.88 67.2 0.98 103.6
MDI 81.96 92.59 6289.30 59.52
MWI 573.77 648.14 44025.15 416.66
EDI 1.71 1.12 0.94 0.63
O. niloticus EWI 11.97 7.84 6.58 4.41
consumed by PTWI 25.0 15.0 1000 5.0
an adult (70kg) PTWI% 47.88. 52.26 0.65 88.2
MDI 62.020 118.110 9433.96 70.42
MWI 434.14 826.77 66037.73 492.95

*Surpass PTWI regarding to FAO/WHO (2004).
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Target cancer/ hazard quotient (non-cancer) risk metrics

Table (2) provides a summary of the (non-cancer) THQs of Pb, Hg, As, and Al
accumulated upon eating the two species per one day or seven days per week from
the Manzalah Lake. Table (2) shows that C. gariepinus recorded higher estimated
THQs values for Pb, Hg, and Al than O. niloticus, except for THQ of Pb in the youth
consuming O. niloticus and Pb for both fishes in adults, which were both higher and
above the safe level of one. This indicates that ingesting these fish species on a daily
and weekly basis may be unhealthy for people. The present results indicate that the
THQs values of Pb, Hg, As, and Al in children > teenagers > adults. In addition, the
THQ level of As in C. gariepinus taken by a child was the greatest, ranging around
22.4 a day to 156.8 a week; whereas, the THQ value of Pb in O. niloticus intake by
an adult was the lowest (0.48/ day or 3.36/week).

Based on this analysis, the TTHQ levels of two freshwater fishes for children,
teenagers, and adults were proved high non-carcinogenic hazards when consumed by
the three studied ages.

According to this analysis, consuming two types of fish from the Manzalah Lake
increased the chance of developing cancer in regards of Pb and As. For C. gariepinus
& O. niloticus, the TCR of Pb concentrations were in the US EPA authorized limits,
but still the CR of As levels exceeded the USEPA limit values, confirming that the
daily and/or weekly ingestion of these two species did pose cancer risk to consumers
(US EPA, 2012). With respect to Table (2), Pb and As considered the TCR level in
children > youth > adults. C. gariepinus in children recorded the greatest level of
TCR (1.01x10 % a day or 7.07x10 2 a week), whereas O. niloticus in children showed
the lowest level of CR (6.80x10°a day or 4.76x10 > a week).

Talab et al. (2016) stated that, the level of THQ was less than the safe limits,
revealing that the elements in O. niloticus from the Nile rayahs in Egypt did not pose
risk to consumers, providing a safe healthy diet of O. niloticus for consumers.
Additionally, the finding of Copat et al. (2012) showed that, the THQ level < 1 for
Cd, Pb, and Hg for adults consuming fish species from the Mediterranean Sea.

Adversely, Korteia (2020) assessed that, if THQ >1 for Pb, a health risk is posed to
children and adults as consumers. Additionally, Yacoub et al. (2021) confirmed that
the examined fish from the Manzala Lake might have a negative impact on adults
because the THQ >1 for Pb and As in all studied fish, as well as for Hg in O.
niloticus. Mielcarek et al. (2022) recorded that the risk assessment of As, Cd, Hg
and Pb intake of the studied freshwater fish did pose carcinogenic and non-
carcinogenic risks for consumers.
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Table 2. Target cancer/hazard quotient (non-cancer) risk metrics in O. niloticus and C. gariepinus from

Manzalah Lake, Egypt

Non- cancer risk (THQ) Target cancer risk (CR)
. once a week . (once a (7 times a
Pb | As Al Hg | TTHQ | Pb As Al Hg | TTHQ | Pb As Pb As
Children
1.08x | 1.01x | 7.56x | 7.07x%
C. gariepinus | 3.61 | 22.4 | 16.47 | 116 | 54.08 | 25.2 | 156.8 115.2 | 812 | 3784 4 ) . )
10 100 10° 100
6.80x | 7.91x | 4.76x | 5.54x
O. niloticus | 228 | 17.5 | 10.97 | 236 ] 33.11 | 159 | 1229 | 76.79 | 165 ] 232.0 6 3 5 ,
100 100 10° 100
Youth
4.03x | 3.78x | 2.82x | 2.65x
C. gariepinus | 1.35 | 8.4 6.175 | 3.25 | 19.17 | 9.45 58.8 4322 | 227 | 134.1 . 5 5 5
10 10° 10° 10°
2.55x | 2.46x% | 1.79x | 1.72x
O. niloticus | 0.85 | 6.56 | 4.1 |366| 1517 | 595 | 4592 | 28.7 | 256 | 106.1 ; X , ,
10° 10° 10° 10°
Adult
2.30x | 2.16% | 1.61x | 1.51x
C. gariepinus | 0.77 | 9.03 | 3.52 |246|] 1578 | 539 | 63.21 | 24.64 | 172 | 1104 10° 103 10* 1072
o 1.45x | 1.68x | 1.01x | 1.176
O. niloticus | 0.48 | 3.73 | 235 | 157 | 813 |3.36 | 26.11 | 16.45 | 10.9 | 56.82 105 10° 10" %1072

Proximate chemical composition

Most fish are essentially composed of proteins, lipids and water. About 98 percent
of the mass of fish meat is made up of these components, with the remaining small
amounts being made up of carbohydrate, vitamins, and ash as a mineral
(WHO/FAO, 2011). Two fish species' average values for these components are
displayed in Fig. (2).

With the exception of protein and ash contents, all proximate metrics in these fish
species under investigation revealed significant differences (Fig. 2). This
investigation showed that C. gariepinus had the maximum protein content (56.5+2.7
mg/g) and moisture content (61.08+2.41%); whereas, O. niloticus showed
55.83+1.77 mg/g and 49.33+£2.97% as the minimum content for the same parameters,
respectively. Furthermore, the maximum content of ash was found in O. niloticus
(9.75£0.5%), whereas, the minimum in C. gariepinus (3.6+0.1%). The maximum fat
and carbohydrate contents were estimated in O. niloticus (15.83+1.32 mg/g and
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20.83+1.03 mg/g, respectively), while these parameters were at their minimum level
in C. gariepinus (11.76+0.4 mg/g and 13.83+0.4 mg/g, respectively).

According to Adeniyi et al. (2012) tilapia guineensis had a carbohydrate content of
6.85%, which is a little higher than the value recorded for P. senegalensis, but lesser
than that of P. typus, and Clarias gariepinus that had a carbohydrate content of
3.85%, which is relatively lesser than that of the Pseudotolithus samples analyzed.
Ogundiran et al. (2014) assessed that, S. pilcladus had the smallest moisture
content (57.5%) while G. macrocephalus had the maximum (81.4%). Regarding the
protein composition of fish, S. pilcladus showed the maximum values (26.3%),
whereas G. macrocephalus recorded the minimum values
(11.7%). Among the studied fish species, G. macrocephalus had the maximum ash
content (1.48%), but S. scombrus had the smallest (1.11%). In terms of lipid content,
S. scombrus had the maximum value (10.2 mg/g), while G. macrocephalus showed
the minimum values (2.1 mg/g). S. pilcladus & S. scombrus showed the greatest and
smallest carbohydrate content values (7.12 mg/g and 2.5 mg/g, respectively).

Shikha et al. (2019) assessed the values of the protein (23.83%), lipid (5.91%),
moisture (64.44%), and ash contents (3.23%) in C. punctatus collected from pond
water, while the corresponding values for fish captured from the open water were as
follows: protein (22.21%), lipid (5.43%), moisture (62.7%), and ash content (3.67%).
Moreover, Talab et al. (2016) determined the ranges of the moisture in O. niloticus
from the Rayahs (the main irrigated canals) of the Nile Delta (78.55-80.77%),
protein (16.10-17.88%), fat (1.10-1.95%), ash (0.55-1.50%) and carbohydrates
(0.10-0.94%). Furthermore, Ahmed et al. (2017) assessed the range of protein
content (71.46% to 89.13 %), crude fat (6.34 % to 9.66 %), moisture (75.33% to
79.33 %) and ash (3.83 % to 7.07 %) of the muscle of six commercially fish species,
collected from Jebl Awlia reservoir, Sudan.

70 70 b
_| O.niloticus a @ T 1 O.niloticus
60 T 60 e —
M C. gariepinus T a M C. gariepinus
50 T
40
30 ————
20 —————
a
10 ———
0 L
% Water content Ash content

Fig. 2 Proximate composition (Mean =SE) of O. niloticus and C. gariepinus (n=6) from
Manzalah Lake, Egypt, different superscript letters between the two fish species indicated

significant differences at (P < 0.05)
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Liver Antioxidant

In this research, the investigated antioxidants SOD, CAT, and GR were not statistically
significant (P > 0.05), except for GPx activity and GSH level, which had significant (P <
0.05) average values (Fig. 3). The results showed that the SOD (U/g) was diminished in
gariepinus (26.33 £2.4), while O. niloticus had the maximum (31.66 +2.65). CAT (U/g) was
in O. niloticus (15.5 +£2.12) but in gariepinus (22.13 +1.5). GPx (mU/mL) demonstrated
dimension in gariepinus (22.00 +£1.97), but in O. niloticus (27.66 +3.13) was the greatest.
GR (U/L) for gariepinus (15.5 +2.2) was less than O. niloticus (16.83 £2.4). Lastly, GSH
(mg/g tissue) was decreased in gariepinus (13.5 + 0.7), but in O. niloticus (17.66 £1.4)
recorded the greatest level (Fig. 3). According to Farombi et al. (2007), the flux of
superoxide radicals, which were demonstrated to suppress CAT activity, could be
responsible for the decrease in CAT activity. Metwally and Fouad (2008) recorded that the
lipid peroxidation estimated analysis of CAT and SOD activity as a biomarker for trace
element fish toxicity. Abdel-Kader and Mourad (2020) recorded a non-significant (P >
0.05) reduction in the activity of GPx, CAT, and GR in the liver of O. niloticus, whereas, the
liver of C. gariepinus had the SOD and GSH with insignificant reduction from Burullus
Lake. Arojojoye and Adeosun (2016) showed a significant reduction in SOD and CAT in
the liver of C. gariepinus from Asejire water body. Awoyemi et al. (2014) demonstrated a
significant decrease in CAT and SOD in C. gariepinus and O. niloticus after lead toxicity.
Khalil et al. (2017) recorded that O. niloticus’s liver from polluted Rosetta Branch of Nile
had a significant increase in the activity of SOD, CAT, and GPx after metal exposure.
According to Saglam et al. (2014), O. niloticus's SOD activity was significantly increased
after trace element exposure .

25

. niloticus O C. gariepinus GSH mg/ g

15

O. miloticas C. garfepinus
GPx mU/L GR U/L

35

a 17
30 +

b

25 - 16.5
20 16

15 15.5

10 15

145

O.niloticus

O.niloticus C. garfepinus C. gariepinus

Fig. 3. O. niloticus and C. gariepinus' livers antioxidants (Mean *SE) (n=6) from Manzalah Lake,
different superscript letters between the two fish species indicated significant differences at (P < 0.05)
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CONCLUSION

This investigation demonstrated that the African catfish had much greater levels of
Pb > As > Al > Hg than niloticus. Among elements, Pb and Al concentrations in the
two fish species recorded a significant difference (P < 0.05). Actually, our study
proved that the C. gariepinus and O. niloticus intake did pose human health risk.
Therefore, this study calculated the safety and healthy diet (MDI and MWI) by
grams to three ages for maintain the safe diet according to FAO/WHO limits for C.
gariepinus and O. niloticus fish species from Manzalah Lake. Also, this study
demonstrated that C. gariepinus had higher estimated THQs values for Pb, Hg, and
Al than O. niloticus except for THQ of Pb for youth in O. niloticus and Pb for both
fish in adult, which are both higher above the safe level of one, indicating that
ingesting these fish on a daily and weekly basis may be unhealthy for children >
teenagers > adults. In addition, Pb and As were looked at the TCR level in children >
youth > adults. C. gariepinus in children had the greatest level of CR, whereas O.
niloticus in children had the lowest level of CR. In this research, the investigated
antioxidants SOD, CAT, and GR were not statistically significant (P > 0.05), except
for GPx activity and GSH level, which had significant (P < 0.05) average values.
This investigation showed that C. gariepinus had the maximum protein content and
moisture content, whereas O. niloticus had the minimum content for the same
parameters, respectively. Furthermore, the maximum content of ash, fat and
carbohydrate content were estimated in O. niloticus while these parameters were
lower in C. gariepinus.
Acknowledgements

The authors acknowledge the encouragement and guidance of the National Institute of
Oceanography and Fisheries, NIOF, Egypt.

Funding

This study was funded by the National Institute of Oceanography and Fisheries,
NIOF, Egypt.
REFERENCES

Abdel-Kader, H. H. and Mourad, M, H. (2019a). Impact of heavy metals on
physiological and histopathological parameters in the catfish Clarias gariepinus from
Lake Maryout, Alexandria, Egypt. Egyptian Journal of Aquatic Biology and
Fisheries., 23(1): 285-298. doi.org/10.21608/ejabf.2019.28010

Abdel-Kader, H. H. and Mourad, M. H. (2019b). Bioaccumulation of heavy metals
and physiological/histological changes in gonads of catfish (Clarias gariepinus)
inhabiting Lake Maryout, Alexandria, Egypt. Egyptian Journal of Aquatic Biology
and Fisheries., 23(2): 363-377. doi.org/10.21608/ejabf.2019.32036

Abdel-Kader, H.H. and Mourad, M.H. (2020). Trace elements exposure influences
proximate body composition and antioxidant enzyme activities of the species
tilapia and catfish in Burullus Lake—Egypt: human risk assessment for the




1165 Investigation on a Healthy Diet for Human Consumption from Clarias gariepinus and O. niloticus

consumers. Environmental Science and Pollution Research., 27(35): 43670-
43681. doi.org/ 10.1007/s11356-020-10207-2
Abdel-Kader, H.H. and Mourad, H.M. (2021). Estimation of tilapia fish quality in
Lake Edku through physiological analyses regarding trace element accumulation,
antioxidant enzymes, proximate composition, and human health risk assessment
as the ultimate consumer. Egyptian Journal of Aquatic Biology and Fisheries.,
25(4): 447-463. doi: 10.21608/ejabf.2021.190346
Abdel-Kader, H. and Mourad, M. (2022). Carcinogenic and Human Risk
Assessments, Trace Element Concentrations, Proximate Composition, and Liver
Antioxidants of Three Commercial Tilapia Fish Species from Manzalah
Wetland, Egypt. Egyptian Journal of Aquatic Biology and Fisheries., 26(4): 1-
24. doi: 10.21608/ejabf.2022.248811
Abei, H. (1984). Determination of malondialdehyde. Methods Enzymol 105:121-
126. https://doi.org/10.1016/S0076
Abou EI-Gheit, E.N.; Abdo, M.H. and Mohmoud, S.A. (2012). Impact of
blooming phenomenon on water quality and fishes in Qarun Lake, Egypt.
International Journal of Environmental Science and Engineering (IJESE)., 3: 11—
23.
Abu Khatita, A.M.; Shaker, I.M. and Shetaia, S.A. (2015). Urabanization and
human activities around Manzala Lake, Egypt: studies on heavy metals
distribution and environmental impacts. Sedimentology of Egypt., 22: 69-83
Adeniyi, S. A.; Orjiekwe, C.L.; Ehiagbonare J.E. and Josiah, S.J. (2012).
Nutritional composition of three different fishes (Clarias gariepinus,
Malapterurus electricus and Tilapia guineensis) Pakistan Journal of Nutrition.,
11(9): 793-797
Ahmed, E. O.; Ahmed, A. M.; Ebrahim, Sh. J. and Adm H. H. (2017). Proximate
and mineral composition of some commercially important fishes in Jebl Awlia
reservoir, Sudan, International Journal of Fisheries and Aquaculture Research., 3
(1):51-57
Albering, H.; Rila, J.; Moonen, E.; Hoogewerff J. and Kleinjans, J. (1999).
Human health assessment in relation to environmental pollution in two
artificial freshwater lakes in the Netherlands. Environ. Health Perspectives.,
107: 27-35 doi: 10.1289/ehp.9910727

Arojojoye, O.A. and Adeosun, A.M. (2016) Effect of environmental pollution on
oxidative stress biomarkers in African cat fish (Clarias gariepinus) from
Asejire River in Oyo State, Nigeria. J Environ Occup Health., 5(4):71-76

Ali, M. (2008). Assessment of some water quality characteristics and determination
of some heavy metals in Lake Manzala, Egyptian Journal of Aquatic Biology
and Fisheries., 12(2):133 -154. doi: 10.21608/ejabf.2008.1998.

Alipour, H. and Banagar, G.R. (2018). Health risk assessment of selected heavy
metals in some edible fishes from Gorgan Bay, Iran. Iran. J. Fish. Sci., 17: 21-34.

AOAC (2002) (Association of Official Analytical Methods) Official methods of

analysis, 16th edn. Arlington, Vir

Arafa, M .M.; Al-Afifi, S.H . and Ali, A. T.(2015). Investigating the Oxidative

Stress of Heavy Metal’s Pollution in Clarias Gariepinus Egypt. J. Chem.
Environ. Health., 1(1):231-243

ATSDR (2007). Agency for Toxic Substances and Disease Registry (August 20,
2007). "Lead Toxicity: Who Is at Risk of Lead Exposure?”. Environmental



https://doi.org/10.1007/s11356-020-10207-2
https://doi.org/10.1016/S0076
https://doi.org/10.1289/ehp.9910727
https://doi.org/10.21608/ejabf.2008.1998
https://www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=7

1166 Abdel-Kader & Mourad, 2022

Health and Medicine Education. U.S. Department of Health and Human
Services. Course: WB 1105. Archived from the original on February 4, 2016.
ATSDR. (2008). Agency for Toxic Substances and Disease Registry Toxicological
profile for Aluminum. Atlanta, GA: U.S. Department of Health and Human
Services, Public Health Service.
Awoyemi, O.M.; Bawa-Allah, K.A. and Otitoloju, A.A. (2014). Accumulation and
anti-oxidant enzymes as biomarkers of heavy metal exposure in Clarias
gariepinus and Oreochromis niloticus. Appl Ecol Environ Sci., 2(5):114-122

Beutler ,E.; Duron, O. and Kelly, M.B. (1963). Improved method for the
determination of blood glutathione. J Lab Clin Med., 61:882-888
Bruton, M.N. (1979). The food and feeding behaviour of Clarias gariepinus (Pisces:
Clariidae) in Lake Sibaya, South Africa, with emphasis on its role as a predator of
cichlids. Transactions of the Zoological Society of London., 35: 47-114.
Central Agency for Public Mobilization and Statistics (2017) Annual Bulletin of
Statistics fish production in the Arab Republic of Egypt for 2015. Reference
No. 71-22112-2015
Chari, K.B. and Abbasi, S.A. (2005). A study on the fish fauna of Oussudu—a rare
freshwater lake of South India. Int J Environ Stud., 62:137-145
Copat, C.; Bella, F.; Castaing, M.; Fallico, R.; Sciacca, S. and Ferrante, M.

(2012). Heavy metals concentrations in fish from Sicily (Mediterranean Sea)
and evaluation of possible health risks to consumers. Bull Environ Contam
Toxicol. doi:10.1007/s00128-011-0433-6

de Oliveira, E.A.; Merigueti ,Y.F.F.B.; Ferreira, 1.B.; Garcia, 1.S.; Pereira,
Doherty, V.F.; Ogunkuade, O.O. and Kanife, U.C. (2010). Biomarkers of
oxidative stress and heavy metal levels as indicators of environmental pollution in
some selected fishes in Lagos, Nigeria. American-Eurasian J Agric Environ
Sci., 7(3):359-365.

Doherty, V.F.; Ogunkuade, O.0. and Kanife, U.C. (2010). Biomarkers of
oxidative stress and heavy metal levels as indicators of environmental pollution
in some selected fishes in Lagos, Nigeria. American-Eurasian J Agric Environ
Sci., 7(3):359-365.

EC (2006) Commission regulation no.1881/2006 of 19 December 2006 setting
maximum levels for certain contaminants in foodstuffs (text with EEA
relevance). Off J Eur Communities L364:5-24

EC (2008) Commission regulation n0.629/2008 of 2 July 2008 amending Regulation
(EC) No 1881/2006 setting maximum levels for certain contaminants in
foodstuffs (Text with EEA relevance). Off J Eur Communities L173:6-9

EC (2011) Commission regulation no.420/2011 of 29 April 2011 amending
Regulation (EC) No 1881/2006 setting maximum levels for certain
contaminants in foodstuffs (Text with EEA relevance). Off J Eur Communities
L111:3-6

El-Asmar, H. and Hereher, M. (2011). Change detection of the coastal zone east of

the Nile Delta using remote sensing. Environ Earth Sci 62(4):769-77

El-Bokhty, E.E.B. (2010). Fisheries management of Oreochromis niloticus and
Oreochromis aureus caught by Trammel Nets and Basket Traps in Lake
Manzalah, Egypt. World Journal of Fish and Marine Sciences 2(1): 51-58.


https://web.archive.org/web/20160204174821/http:/www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=7

1167 Investigation on a Healthy Diet for Human Consumption from Clarias gariepinus and O. niloticus

Elewa, A. A.; Ghallab, M. H.; Shehata, M .B.; Ghallab, M .H. and Saad, E. A.
(2007). Studies on the effect of drain effluents on the water quality of Lake
Manzala, Egypt. J. Aquat. Biol. & Fish., 11(2): 65 — 78 DOI:
10.21608/ejabf.2007.1934
El-Sappah, A. H.; Shawky, Ash.; Sayed-Ahmad, Ms. and Youssef, Mah. (2012).
Nile tilapia as bio indicator to estimate the contamination of water using SDS-
PAGE and RAPD-PCR techniques, Egypt. J. Genet. Cytol., 41: 209-227

El-Sappah, A.H.; Seif, M.M.; Abdel-Kader, H.H.; Soaud, S.A.; Elhamid,
M.A.A.; Abdelghaffar, A.M.;El-Sappah ,H.H.; Sarwar, H.; Yadav, V.
Maitra, P.;Zhao, X.; Yan, K.; Li, J. and Abbas, M. (2022). Genotoxicity and
trace elements contents analysis in Nile tilapia (Oreochromis niloticus) indicated
the levels of aquatic contamination at three Egyptian areas. Front. Vet. Sci.
9:818866. doi: 10.3389/fvets.2022.818866

EOSQC (1993) Egyptian Organization for Standardization and Quality Control,
maximum residue limits for heavy metals in food.Ministry of Industry No.
2360/1993, 5.

FAO/WHO (1992) Food Monitoring and Assessment Programme, WHO, Geneva 5,
UNEP, Nairobi. 52. Report of the Third Meeting of the GEMS/Food

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

FAO/WHO (2004) Summary of evaluations performed by the joint FAO/WHO
Expert Committee on Food Additives (JECFA 1956-2003), (First through Sixty
First Meetings). ILSI Press International Life Sciences Institute

FAO (2021). Fisheries & Aquaculture—Cultured Aquatic Species Information
Programme—Qreochromis niloticus (Linnaeus 1758). Awvailable online
at: http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en (accesse
d March 3, 2021)

Farombi, E.O.; Adelowo, O.A. and Ajimoko, Y.R. (2007). Biomarkers of
oxidative stress and heavy metal levels as indicators of environmental pollution in
African cat fish (Clarias gariepinus) from Nigeria Ogun River. Int J Environ Res
Public Health., 4(2):158-165

Goldberg, D.M. and Spooner, R.J. (1983). In: Bergmeyen HV (ed) Methods of
enzymatic analysis, vol 3, 3rd edn. Verlog Chemie, Deerfield beach, pp 258-
265

Henry, R.J.; Cannon, D.C. and Winkelman, W. (1974). Clinical chemistry
principles and techniques, vol 1629, 11th edn. Harper and Row Publishers, N
Y., 528-538

Hereher, M. E. (2014). The Lake Manzala of Egypt: an ambiguous future Environ
Earth Sci.,72:1801-1809. doi 10.1007/512665-014-3088-x

Igbal Yu, Y., Wang, X,, Yang, D., Lei, B., Zhang, X. et al. (2014). Evaluation of
human health risks posed by carcinogenic and non-carcinogenic multiple
contaminants associated with consumption of fish from Taihu Lake, China. Food
and Chemical Toxicology., 69: 86-93.

Jovanovi¢ , D.A.; Markovié, R.V.; Teodorovié¢, V.B. et al. (2017). Determination
of heavy metals in muscle tissue of six fish species with different feeding habits
from the Danube River, Belgrade—public health and environmental risk
assessment. Environ Sci Pollut Res., 24: 11383-11391. doi.org/10.1007/s11356-
017-8783-1



https://doi.org/10.21608/ejabf.2007.1934
http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en

1168 Abdel-Kader & Mourad, 2022

Igbal, A.; Tabinda, Amtul. B.; Abdullah Yasar. and Yusra Mahfooz. (2017).
Heavy Metal Uptake and Toxicity in Tissues of Commercially Important
Freshwater Fish (Labeo rohita and Wallago attu) from the Indus River,
Pakistan Pol. J. Environ. Stud., 26(2): 627-633 DOI: 10.15244/pjoes/66850

Javed, Md.; Ahmad, I.; Usmani, N . and Ahmad, M. (2017). Multiple biomarker
responses (serum biochemistry, oxidative stress, genotoxicity and
histopathology) in Channa punctatus exposed to heavy metal loaded waste
water, Scientific Reports., 7: 1675, DOI:10.1038/s41598-017-01749-6

Kemp, A.; Adrienne, J.M.; Van, K. and Hejningen. (1954). A colorimetric
method for the determination of glycogen in tissues. The Biochemical Journal.,
56:640-648

Khalil, M. T. (1990). The physical and chemical environment of Lake Manzala,
Egypt. Hydrobiologia, 196 (3):193-199.

Khalil, M.; Gad, N.; Ahmed, N. and Mostafa, S. (2017). Antioxidant Defense
System Alternations in Fish as a Bio-Indicator of Environmental
Pollution. Egyptian Journal of Aquatic Biology and Fisheries., 21(3):11-28. doi:
10.21608/ejabf.2017.3536

Korteia, N. K.; Heymanna, M. E.; Essumana, E. K.; Kpodoa, F. M.; Papa Toah
Akonorb,d.; Sylvester Yao Lokpof.; Nathaniel Owusu Boadic.; Matilda
Ayim-Akonore. and Clement Tetteyg. (2020). Health risk assessment and levels
of toxic metals in fishes (Oreochromis noliticus and Clarias anguillaris) from
Ankobrah and Pra basins: Impact of illegal mining activities on food safety,
Toxicology Reports., 7: 360-369

Lowry, O.H.; Rosenbrough, N.J.; Farr, R.L. and Randall ,R.J. (1951). Protein
measurement with the Folin phenol reagent. J Biol Chem., 193:265-275. DOI:
10.1016/S0021-9258(19)52451-6

Mandal, B.K. and Suzuki, K.T. (2002). Arsenic round the world: a review, Talanta
58: 201. https://doi.org/10.1016/S0039-9140(02)00268-0.

Markmanuel, D.P.; Horsfall, Jnr, M. (2016). Evaluation of carcinogenic and non-
carcinogenic risk of cadmium and nickel in land snails (A. achatina and L.
flammea) and marine snails (P. aurita and T. fuscatus) commonly consumed in
Nigeria. Acta Chim. Pharm. Indica 6(4): 123-134.

Metwally ,M.A.A. and Fouad I.M. (2008). Biochemical Changes Induced by
Heavy Metal Pollution in Marine Fishes at Khomse Coast, Libya. Global
Veterinaria (6): 308-311

Mielcarek, K.; Nowakowski,P.; Pu’scion-Jakubik, A.; Krystyna J.

Gromkowska-Kepka .; Jolanta Soroczy'nska .; Renata Markiewicz-'
Zukowska .; Sylwia K. Naliwajko .; Monika Grabia .; Joanna Bielecka .;
Anita ‘Zmudzi'nska .; Justyna Moskwa .; El' zbieta Karpi'nska. and
Katarzyna Socha. (2022). Arsenic, cadmium, lead and mercury content and
health risk assessment of consuming freshwater fish with elements of
chemometric analysis. Food Chemistry., 379: 132167.

Ministry of Agriculture and Land Reclamation, (2017). In Fish Statistics Year
Book. Cairo, Egypt. General Authority for Fish Resources Development.
https://www.gafrd.org ( in Arabic)

Mokhamer, E.; Radwan, E. H. and Elsaka, M . (2019). Oxidative stress and DNA
damage in Nile Tilapia (Oreochromis niloticus) as biomarkers of aquatic
pollution. Journal of Bioscience and Applied Research., 5( 1) :92 -109

Molla. N.R.; Gaud, A.; Ram, A.; Siddaiah, V.; Sudhakaran R. P. and Raja
Pitchaikkaran.x. (2021). Concentration of Trace Metals and Biochemical



https://doi.org/10.15244/pjoes/66850
https://doi.org/10.1016/S0021-9258(19)52451-6

1169 Investigation on a Healthy Diet for Human Consumption from Clarias gariepinus and O. niloticus

Alterations in Various Species of Fishes along the West Coast of India. Ocean
Science Journal56:55-68 doi.org/10.1007/s12601-021-00003-5
Nishikimi, M.; Roa, N.A. and Yogi, K. (1972). the occurrence of superoxide anion
in the reaction of reduced phenazine methosulfate and molecular oxygen.
Biochem Biophys Res Commun., 46:849-854. https:// doi.org/10.1016/S0006-
291X(72)80218-3

NRC(National Research Council) Committee on Diet and Health. (1998).
Implication for reducing chronic disease risk. Washington, DC: National
Academy of Sciences.

NYSDOH. (2007) .Hopewell precision area contamination: appendix CNYS DOH.

Procedure for evaluating potential health risks for contaminants of concern.
New York State Department of Health, New York

Nzeve, J.K.; Njuguna, S.G. . and Kitur, E.C. (2014). Bioaccumulation of heavy
metals in Clarias gariepinus and Oreochromis spirulus niger from Masinga
Reservoir, Kenya, J. Environ. Sci. Toxicol. Food Technol., 8(10): 58-63.

Ogundiran, M. A.; Adewoye, S. O.; Ayandiran, T. A. and Dahunsi, S. O (2014).
Heavy metal, proximate and microbial profile of some selected commercial
marine fish collected from two markets in south western Nigeria African Journal
of Biotechnology.,13(10): 1147-1153. DOI: 10.5897/AJB2013.13240

Okyere, H.;Voegborlo, R.B. and Agorku, S.E. (2015). Human exposure to
mercury, lead and cadmium through consumption of canned mackerel, tuna,
pilchard and sardine. Food Chem 179:331-335.
doi.org/10.1016/J.FOODCHEM.2015.01.038

Paglia, D.E. and Valentine, W.N. (1967). Studies on the quantitative and

qualitative characterization of erythrocytes glutathione peroxidase. J Lab Clin
Med 70:158-165

Rahman, M. A.; Hasegawa, H. and Lim, R.P. (2012) Bioaccumulation,
biotransformation and trophic transfer of arsenic in the aquatic food chain,
Environ. Res. 116:118-135.

Saeed, A. N. and Shaker, I. M. (2008). Assessment of heavy metals pollution in
water and sediments and their effect on Oreochromis niloticus in the Northern
Delta lakes, Egypt. In: Proceedings of the 8thinternational Symposium on Tilapia
in Aquaculture., 8:475-490

Saglam, D.;, Atli, G.; Dogan, Z.;, Baysoy, E.; Gurler, C.; Eroglu, A.;, Canli, M.
(2014). Response of the antioxidant system of freshwater fish (Oreochromis
niloticus) exposed to metals (Cd, Cu) in differing hardness. Turk J Fisher Aqua
Sci., 14(1):43-52

Sallam, K.l.; Abd-Elghany, S. M. and Mohammed, M.A. (2019). Heavy metal
residues in some fishes from Manzala Lake, Egypt, and their health-risk
assessment. Journal of Food Science 84: 7. doi: 10.1111/1750-3841.14676

Salas, J.; Font, l.; Canals, J.; Guinovart, L.; Sospedrav, C. and Martin-

Hennenberg, C. (1985). Consumption, nutritional habits and nutritional status
of the population from Reus Il. Age and sex distribution of the consumption of
meat, fish, eggs and Pulses. Med. Clin., 84: 423-427

Sarkar, M. M.; Rohani, M.F.; Hossain, M.A.R. et al. (2022). Evaluation of Heavy
Metal Contamination in Some Selected Commercial Fish Feeds Used in
Bangladesh. Biol Trace Elem Res 200: 844-8542. doi.org/10.1007/s12011-021-
02692-4

Shikha, F. H.; Hossain, M. I.; Mansur, M. A. and Nahar, N.(2019). Comparative
Study on Proximate Composition and Heavy Metal Concentration of Molacarplet



https://doi.org/10.1007/s12601-021-00003-5

1170 Abdel-Kader & Mourad, 2022

(Amblypharyngodon mola) and Spotted Snakehead (Channa punctatus) Collected
from Pond Water and Open Water J. Environ. Sci. & Natural Resources., 12
(1&2):91-99
Skelton, P. (2001). A complete guide to the freshwater fishes of Southern Africa.
Struik Publishers, Cape Town. Toxicol. Res. Vol. 35, No. 3, pp. 249-255 (2019).
doi.org/10.5487/TR.2019.35.3.249
Storey, K.B. (1984). Oxidative stress: animal adaptations in nature. Braz. J Med.
Biol. Res. 1996; 29:1715-1733.
Talab,A.S.; Goher, M.E., Ghannam, H. E. and Abdo, M. H. (2016). Chemical
compositions and heavy metal contents of Oreochromis niloticus from the main
irrigated canals (rayahs) of Nile Delta Egyptian Journal of Aquatic Research., 42:
23-31
US EPA. (1989). Risk assessment guidance for superfund, vol. I: Human Health
Evaluation Manual. EPA/540/1-89/002. Office of Emergency and Remedial
Response, United States Environmental Protection Agency, Washington

US EPA. (2011). Regional screening level (RSL) summary table. United States
Environmental Protection Agency, Washington https://www.epa.gov/risk/
regional-screening-levels-rsls-generic-tables

US EPA (2012) Regional Screening Level (RSL) Summary Table (TR=1E-06,

HQ=1), United States Environmental Protection Agency: Washington, DC,
USA, 2019. Available online: http://www.epa.gov/regshwmd/risk/human/
Index. htm (accessed on 10 February 2002)

US EPA (2019) Risk based concentration table. United States Environmental

Protection Agency, Philadelphia, Washington

Wahiduzzaman, M.; Islam, M.M.; Sikder, A.H.F. and Parveen, Z. (2022).
Bioaccumulation and Heavy Metal Contamination in Fish Species of the
Dhaleswari River of Bangladesh and Related Human Health Implications. Biol
Trace Elem Res. 200(8): 3854-3866. doi: 10.1007/s12011-021-02963-0.

WHO/FAO (2011). Report of the Joint FAO/WHO Expert Consultation on the

Risks and Benefits of Fish Consumption. Food and Agriculture Organization of
the United Nations, Rome, Geneva, World Health Organization, p. 50.

WHO (2016). Lead poisoning and health". WHO. September 2016. Archived from
the original on 18 October 2016. Retrieved 14 October 2016

WHO (2020). Nutrition health topics. Population nutrient intake goals for preventing
diet-related chronic diseases. Available at https://www.who.int/nutrition/topics/
5_population_nutrient/en/index13.html (Last access: 15.03.2020)

Yacoub, A.M.; Soaad A. M. and Abdel-Satar A.M. (2021). Accumulation of
heavy metals in tilapia fish species and related histopathological changes in
muscles, gills and liver of Oreochromis niloticus occurring in the area of Qahr El-
Bahr, Lake Al-Manzalah, Egypt.50:2

Zaza, S.; Balogh, K.; Palmery, M.; Pastorelli, A. A. and Stacchini, P. (2015).
Human exposure in Italy to lead, cadmium and mercury through fish and seafood
product consumption from Eastern Central Atlantic Fishing Area. Journal of food
composition and analysis, 40:148-153.

Zheng, J.L.; Zhu Q.L.;Wu, C.W.; Zhu, AY.; Shen B. and Zeng L. (2016). Zinc
acclimation mitigated high zinc induced oxidative stress by enhancing antioxidant
defenses in large yellow croaker Pseudosciaena crocea. Aquat Toxicol. 172:21-
29.



https://doi.org/10.5487/TR.2019.35.3.249
https://www.epa.gov/risk/
http://www.epa.gov/regshwmd/risk/human/%20Index
http://www.epa.gov/regshwmd/risk/human/%20Index
https://www.who.int/mediacentre/factsheets/fs379/en/
https://web.archive.org/web/20161018024720/http:/www.who.int/mediacentre/factsheets/fs379/en/
https://www.who.int/nutrition/topics/

