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Introduction

Lake water and Oreochromis niloticus. To assess contamination grade and associated eco-

toxicological risk use Bio-Concentration Factor (BCF), Contamination Factor (CF), Pollution

Load Index (PLI), and Metal Pollution Index (MPI) and in addition to the effect of toxic
metals on water quality and fish performance in sixteen sampling sites across the lake. Results
revealed a significant (p<0.05) lower heavy metals concentration in water, liver and muscles in
eastern sector (ES) compared to other sectors. While, middle sector (MS) showed significant (»p<0.05)
lower BCF of Fe in liver and muscle. The ES showed the lowest CF, PLI and MPI values in water,
liver and muscles except for Fe in muscle CF. Furthermore, ES recorded the lowest salinity,
conductivity, total dissolved salts, total ammonia and un-ionized ammonia and the highest dissolved
oxygen. Moreover, ES showed the highest fish body weight (p>0.05) and condition factor and the
lowest hepatosomatic index (p<0.05). In conclusion, there was a variation in heavy metals content in
different sections of the Burullus lake water, ES showed lower heavy metals concentration in water,
liver and muscles compared to other sectors. MS showed significant lower BCF of Fe in liver and
muscle. The ES showed the lowest CF, PLI and MPI values in water, liver and muscles except for Fe
in muscle CF. The ES may consider the lowest contaminated area of Burullus Lake and consequently
showed better water quality and fish performance.

THIS study aimed to evaluate the effects of toxic metals (Cu, Fe, Ni, Cd and Pb) on Burullus

Keywords: Fish performance, Oreochromis niloticus, Heavy metals, Lake Burullus, Water quality.

and 200cm in the middle sector and sea-lake
connection. Burullus Lake is one of the largest lakes

Burullus Lake

along the Mediterranean Sea and is considered an

a part of Kafr EI-Sheikh
important source of fish production that could be

governorate that located in the northern Delta, Egypt.
The surface area of the Lake is about 410km2. It
takes an oblong shape bounded from southern edge
by agricultural lands and a sand bar separating the
lake from the Mediterranean Sea in the north. The
lake depth fluctuates from area to area and ranged
from 20cm near to the coastline of the eastern sector

related to its high environmental diversity.
Nowadays, the lake is suffering from changes in
environmental and fish components, especially water
quality that may have originated from the large
amount of industrial, agriculture and waste water
discharged into the lake [1]. Roughly, the lake
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obtains around 4 billion m’ of drainage water per
year from various sources [2], including agricultural,
domestic, and industrial wastewater that may
represent 97% of the water emissions to the lake
[3,4]. The drainage water discharged into Burullus
Lake through seven drains; drain 7, drain 8, drain 9,
drain 11, Nasser drain, Burullus East and West drain.

Many studies were performed to evaluate the
various effects of heavy metals due to their toxic
effect, bioaccumulation, and prolonged action not
only on soil and water but also on different aquatic
species [5-7]. Seasonal and physico-chemical
properties of water may have an important role in
heavy metals concentration in tissues of different
aquatic organisms [8]. The source of heavy metals in
the lake aquatic environment is related to industrial
development in the delta region, massive use of
fertilizers, increased livestock manure, air pollution
and increases in pesticide usage in the different
agriculture purposes [9,10]. Furthermore, [11] stated
that heavy metal contamination may be caused by the
huge amount of domestic sewage, industrial and
agriculture flow into the aquatic environment.

Several studies were used fish as a biological
indicator to screen the heavy metal pollution degree
in aquatic environments [12], due to the ability of the
fish to concentrate and bioaccumulate various toxic
heavy metals from the water into their body organs
[13]. The concentration of heavy metals in fish
differs from organ to organ, therefore, the
concentration of heavy metals in gills is very similar
to concentration in water because gills are in
continuous exposure to water [14]. The portal of
heavy metal entry to the fish body is mainly through
gills (the main site for direct metal uptake due to its
highly absorptive capacity), digestive tract (the
moderate site for metal uptake) and external surface
of the fish body (the minor part of metals uptake)
respectively [15].  Fish growth performance,
physiological  response, survival rate and
reproduction efficiency can be affected by heavy
metal toxicity [16].

Fish is a good source of easily digestible protein,
high  vitamins, essential minerals, and
polyunsaturated fatty acids especially omega 3 and 6.
At the same time, it is reported as a very dangerous
store of toxic heavy metals [17]. By ingestion of fish
flesh contaminated with toxic heavy metals, the
metals are transferred into human digestive tract
causing severe deteriorative effects and may alter
human health status in form of digestive troubles,
hepatotoxicity, and renal toxicity [18]. For that
reason, heavy metals should not exceed the
worldwide permissible limits and the recommended
safety concentrations for humans and fish to avoid its
toxic effects [19]. Therefore, many advanced
methods are updated for toxic heavy metals

remediation as bioremediation [20]. Therefore, the
aim of this study was to 1) evaluate the potentially
available heavy metals (Cu, Fe, Ni, Cd and Pb) in
Burullus Lake water and existing fish (muscle and
liver tissues), 2) to evaluate the degree of
contamination and the related eco-toxicological risk
using different contamination indices as Bio-
Concentration Factor (BCF), Contamination Factor
(CF), Pollution Load Index (PLI), and Metal
Pollution Index (MPI), 3) to evaluate the effect of
potentially available toxic heavy metals (Cu, Fe, Ni,
Cd and Pb) on water quality and fish performance.

Experimental

Study area, site description and data collection

This study was conducted in Burullus Lake which
is located in Northern Nile Delta, Egypt (31° 22'-31°
26N and 30° 33’-31° 07’ E) and considered as one of
the largest Egyptian northern lakes (Figure 1). It is
connected to the Mediterranean Sea at its northeast
side by a narrow outlet called Boughaz. Untreated
agricultural, industrial, and domestic drainage from
towns and villages near the lake directly flows into
the southern part of the lake.

Sixteen sampling sites are selected from the whole
lake during the summer season (from May to July
2018). Each site was sampled only one time and
triplicate samples were collected during the sampling
process. The studied area was divided into three
sections. The western sector "WS": it is the
narrowest part of the lake comprising four sampling
sites (1, 2, 3, and 4) and it includes the western part
of the studied area in the lake. The middle sector
"MS": it includes the middle part of the studied area
in the lake and comprises six sampling sites (5, 6, 7,
14, 15, and 16). The eastern sector "ES": it is the
widest part of the lake comprising six sampling sites
(8,9, 10, 11, 12, and 13) and it includes the eastern
part of the studied area in the lake. Total: it includes
all the studied areas in the lake comprising all the
sixteen sampling sites (Fig. 1). Water and fish
(Oreochromis niloticus) samples were collected in
triplicates from each site using a boat and guided
with GPS (Figure 1). Each replicate was treated
separately for each site.

For water samples collection from each site, one
thousand ml (one liter) sterilized glass bottle was
inverted 20 cm under the water surface. All samples
(3 separate replicates / site) were transferred to the
central laboratory for environmental studies, faculty
of Agriculture, university of Kafrelsheikh in ice box
to assess the concentration of some toxic heavy
metals. Sampled fish are harvested using nylon net
(0.5 cm mesh size) by fishermen in the same place
and time of water sampling. Thirty fish were
collected from each site (10 fish of average size per
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each replicate). The harvested fish were weighed,
measured, and dissected on the boat to obtain muscle
and liver samples. Muscle and liver tissues were
transferred to laboratory in ice box and then frozen
until toxic metal analysis.
Assessment of heavy metals in water and fish
samples

Five toxic heavy metals (Cu, Fe, Ni, Cd and Pb)
were assessed in this study both in lake water and
fish tissues (muscles and liver). The concentrations
of heavy metals were measured by atomic absorption

spectrophotometer (GBC Avanta E, Victoria,
Australia; Ser. No. A5616).
Assessment of heavy metals in water samples

One litter of each water sample was gently
evaporated until dryness in a rotary evaporator
(Binder, Germany) and then the sample was
dissolved in 5 ml concentrated HNO3. For sample
digestion, 5-10 drops of hydrogen peroxide were
added to each sample. The dried residue was eluted
in 1 ml HNO;, and the target metals were measured
as described by some authors [21].
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Fig. 1. Study area

Assessment of heavy metals in fish samples
(muscles and liver)

In a muffle furnace (Binder, Germany), each
sample was prepared at 450 °C for 5 h. Extraction
was done using 20 % hydrochloric acid [22]. Half
gram of dry-ached fish muscles mass and liver
sample was used.

Quality control

All glass and plastic wares were washed and kept
overnight in 10 % (v/v) nitric acid solution. After
that, it was rinsed thoroughly with ultra-pure water
and dried. The quality assurance and accuracy of the

analytical method was achieved by duplication of the
sample. The analytical validation was accompanied
by the analysis of certified reference samples
(APHA, AAM.0500). The calibration standard
solutions and blanks were analyzed by the same
procedures as the sample solutions. All chemicals
used for sample preparation and extraction of
samples are purchased from Sigma Aldrich, Egypt.
The obtained results of Cu, Fe, Ni, Cd and Pb heavy
metals coincided with the certified reference
samples. Standard deviation of replicate analysis was
below 5%, but in a very few cases the standard
deviation of the measurements was above 5% so
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these were not included in the statistical analyses.
The detection limits obtained for Cu, Fe, Ni, Cd and
Pb were 0.1, 0.2, 0.1, 0.03 and 0.1 mg/L,
respectively. The heavy metals concentrations in the
digested samples were measured using atomic
absorption spectrometry (GBC Avanta E, Victoria,
Australia; Ser. No. A5616).

Eco-toxicological risk assessment of potential
toxic heavy metals
Bio- Concentration Factor (BCF)

It is the ratio of the metal ion concentrations in the
fish tissue (muscle or liver) versus the concentration
in water [6]. The BCF was calculated using the
following equation [23]: BCF = concentration of a
metal in fish tissue /concentration of the same metal
in water.The higher the ratio of BCF, the more severe
the bio-concentration of pollutants in fish tissue in
this study.

Contamination factor (CF)

The CF was calculated using the following
equation [24]: CF= C metal / C background, Where
C metal is the metal concentration and C background
is the background concentration of each metal. In this
study, the lowest concentration was used as
baseline/or background values [25]. The authors have
used these background reference concentrations due
to the lack of local element background information
and to have a uniform scale for all elements studied.
The indication of CF value; CF < 1 it indicates low
contamination, 1 > CF < 3 it indicates moderate
contamination, 3 > CF > 6 means considerable
contamination and CF > 6 means very high
contamination [26].

Pollution load index (PLI)

The PLI was calculated using the following
equation [27]: PLI= (CF1xCF2 ...... xCFn)1/n

Where n is the number of metals and CF is the
contamination factor. The indication of PLI value:
PLI< 1 it indicates a low proposed pollution, PLI is
equal one indicates the presence of pollutants
baseline level, however PLI is above one indicates
progressive degree of pollution.

Metal pollution index (MPI)

The MPI was calculated using the following
equation [28-30]: MPI=(M1x M2 .......... xMn)1/n

Where n is the metal number and M is metal
concentration, respectively. Value indications as
reported for PLI (MPI < 1 it indicates a low proposed
pollution, MPI is equal one indicates the presence of
pollutants baseline level, however MPI is above one
indicates progressive degree of pollution).

Water quality parameters

Water quality parameters were measured in
triplicates for each site. Three water samples were
collected from each site by inverting 250-ml
sterilized glass bottle 20 cm under the lake water
surface to determine the total ammonia (TAN) using
a portable colorimeter (Martini MI 405), pH,
temperature, salinity, electrical conductivity (EC)
and total dissolved solids (TDS) wusing
Multiparameters probe meter (HI9829, Hanna
Instruments Inc., Woonsocket, RT 02895 USA). Un-
ionized ammonia (UIA) was calculated depending on
the pH and temperature values of the same sample.
Dissolved oxygen (DO) was determined in the
different selected sites at 20 cm below the lake water
surface using a dissolved oxygen meter (AQ 600
Milwaukee, Romania) [31].

Fish performance, condition
hepatosomatic index, and
relationship

To remove the excess water before weighing, fish
samples were dried using a clean and sterile filter
paper directly after fishing. Fish and dissected liver
were weighed using digital balance (PW Balance,
ADAM equipment Co., USA). Hepatosomatic index
(HSI) was calculated as: (HSI) = (liver weight/total
fish weight) x 100. The length and width of fish were
measured using a measuring board, while the fish
thickness was measured by digital caliber (mm). The
total length was measured as the distance from the
mouth to the beginning of the caudal fin. The length
and weight of fish were recorded to the nearest mm
and 0.1 g, respectively. The length—weight
relationship (LWR) was calculated using the
logarithmic regression formula: W = a x Lb while
condition factor (K) was calculated as K = 100 x
W/L3, where W is the total weight (g) and L is the
total length (cm), whereas a and b are the regression
slope and intercept (regression coefficient),
respectively [32-34].

factor,
length-weight

Ethical approval

Experiments were conducted in accordance with
the Committee of Aquatic Animal Care and Use in
Research, Faculty of Aquatic and Fisheries Sciences,
Kafrelsheikh University, Egypt.

Statistical analysis

Data were tested for the distribution normality and
homogeneity of the variance. Data were analysed by
a one-way ANOVA followed by Tukey's multiple
range test using Graph Pad Prism 6. Results are
presented as means and SD. The LWR was
calculated by linear regression analysis of Graph Pad
Prism 6 using logarithmic weight and length data.
Significance level was set at p < 0.05.
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Results

Concentration of the heavy metals (Cu, Fe, Ni, Cd
and Pb) in Burullus Lake water and fish (muscle

and liver):

Evaluation of heavy metals (Cd, Fe, Ni, Cu,

and Pb) in Burullus Lake water:

The average values of heavy metals (Cd, Fe, Ni,
Cu, and Pb) in surface water of Burullus Lake are
presented in table 1. There was a significant
difference between means of Fe in the different

sectors of the lake (p- value: 0.013). Also, there was
a significant difference between means of Pb in the
different lake sectors (p- value: 0.009). The means of
Fe and Pb in total were 1.322 and 0.317 mg/L,
respectively. The concentration of Ni, Cu and Cd in
lake water was not detected. The highest value of Fe
in Burullus Lake water was 1.632 mg/L in the MS
whereas the lowest value of Fe was 1.1mg/L in ES.
The highest value of Pb in Burullus Lake water was
0.396mg/LL in the MS whereas the lowest
concentration of Pb was 0.264 mg/L in ES.

TABLE 1. The concentration (mg/L) of some toxic heavy metals (Cu, Fe, Ni, Cd, Pb) in Burullus Lake

water, North delta, Egypt

Mean concentrations from previous studies

Concentrations from the present study (mg/L) PL (mg/L)
WS MS ES Total Value Reference
Cu Min. ND ND ND ND 0.05 0.023 [19]
Max. ND ND ND ND 0.012 [63]
Fe  Min. 0.870 0.880 0.590 0.590 0.3 0.029 [25]
Max. 1.740 2.680 1.630 2.680 0.015 [19]
Mean  1.191® 1.632° 1.100° 1.322% 1.920 [63]
SD 0.333 0.588 0.410 0.522
Ni  Min. ND ND ND ND 0.01 0.007 [25]
Max. ND ND ND ND 0.027 [19]
Cd Min. ND ND ND ND - 0.03 [64]
Max. ND ND ND ND 0.03
Pb  Min. 0.210 0.210 0.190 0.190 0.05 0.006 [25]
Max. 0.320 0.670 0.375 0.670 0.012 [19]
Mean 0.267* 0.396 0.264* 0.317% 0.080 [56]
SD 0.053 0.150 0.051 0.120 0.007 [63]

PL (permissible limits, mg L") according to guidelines in [41], WS (western sector), MS (middle sector), ES
(eastern sector), total (all the lake area), ND (not detected). Means within the same row and have different
superscript letters are significantly different at p<0.05.

Assessment of heavy metals (Cd, Fe, Ni, Cu, and
Pb) in fish tissue samples (Muscles and liver):
Assessment of heavy metals concentration in
muscle tissue:

Table 2 shows the average concentrations of
heavy metals (Cd, Fe, Ni, Cu, and Pb) in muscles of
O. niloticus fish. The means of heavy metals Cu, Fe
and Ni in the muscles of O. niloticus fish were 12.2,
90.55 and 1.464 mg/kg dry weight, respectively. The
concentrations of heavy metals in muscle of fish
follow the following order Fe > Cu >Ni. There was a
significant difference between means of Fe and Ni in
the different sectors (p- value: 0.005 and 0.030
respectively). The highest concentration of Fe in fish
muscles was 102.15 mg/kg at the WS whereas the
lowest concentration of Fe was 84 mg/kg at the ES.
The highest value of Ni in fish muscles was 1.5
mg/kg dry weight at the MS whereas the lowest
concentration of Ni was 1.363 mg/kg dry weight at
the ES. There was not a significant difference

between means of Cu in the different sectors (p-
value: 0.999) however, the concentration of Cu in
eastern and middle sector was not detected. The
concentration of Cd and Pb in muscles was not
detected.

Assessment of heavy metals concentration in
liver:

The obtained concentrations of heavy metals (Cd,
Fe, Ni, Cu, and Pb) in liver of O. niloticus fish are
presented in table 3. The means of heavy metals Cu,
Fe and Ni in the liver of O. niloticus fish were 43.9,
179.7 and 63.65 mg/kg dry weight, respectively. The
concentrations of heavy metals in liver of fish follow
the following order Fe > Ni > Cu. There was a
significant difference between the means of Fe and
Ni in the different lake sectors (p- value: 0.022 and
0.001 respectively). The highest concentration of Fe
in fish liver was 204.65 mg/kg dry weight at the WS
whereas the lowest concentration of Fe was 150
mg/kg at the ES.

Egypt. J. Vet. Sci. Vol. 54, (Special Issue) (2023)



186 NAHLA FAHMY et al.

The highest concentration of Ni in fish liver was
74.25 mg/kg dry weight at the WS whereas the
lowest value of Ni was 49.9 mg/kg dry weight at the
ES. There was not a significant difference between
means of Cu in the different lake sectors (p- value:
0.947) however, the highest concentration of Cu in

fish liver was 48.35 mg/kg dry weight at the WS
whereas the lowest value of Cu was 43 mg/kg dry
weight at the ES.

The concentration of Cd and Pb in liver was not
detected.

TABLE 2. The concentration of some toxic heavy metals (Cu, Fe, Ni, Cd, and Pb) in muscle tissue of Nile
tilapia (Oreochromis niloticus) reared in Burullus Lake, North delta, Egypt

Concentrations from the present study (mg/Kg) Mean concentrations from previous

PL studies (mg/kg)
WS MS ES Total Value Reference

Cu Min. 10.8 ND ND 10.8 30 0.39 [25]
Max. 12.75 ND ND 12.75 0.36 [19]
Mean 12.2 — -— 12.2 490 66
SD 2.44 — -— 2.44 ' [66]
Fe Min. 86 70 51.5 51.5 100 10.62 [25]
Max. 124 104.5 106 124 27.14 [19]

Mean 102.15° 85.15° 84° 90.55%
21.44 [7]

SD 7.6 5.8 7.5 4.3
Ni Min 1.230 1.180 0.940 0.940 0.5-1 0.52 [25]
Max. 1.690 1.630 1.550 1.690 1.4 [19]

ab a b ab
Mean 1.405 1.500 1.363 1.464 631 [66]

SD 0.125 0.147 0.212 0.127

Cd 0.01
Min. ND ND ND ND s [67]
0.03

Max. ND ND ND ND
Pb  Min. ND ND ND ND 2 0.46 [25]
Max. ND ND ND ND 1.29 [19]

PL (permissible limits) (average daily intake in wet weight) according to WHO guidelines, 1989 [42], WS
(western sector), MS (middle sector), ES (eastern sector), total (all the lake area), ND (not detected). Means
within the same row and have different superscript letters are significantly different at p<0.05.

TABLE 3. The concentration of some toxic heavy metals (Cu, Fe, Ni, Cd, and Pb) in liver tissue of Nile
tilapia (Oreochromis niloticus) reared in Burullus Lake, North delta, Egypt

Concentrations from the present study (mg/ kg) PL ﬁii?oflznsct?:itil;t&:lgs lf:;i?)l
WS MS ES Total Value Reference
Cu Min 25.1 19.9 7.7 7.700 20-30 12.7 [68]
Max. 74.95 111.3 73.95 111.3 165.4 [43]
Mean 48.35 435 43 43.90
SD 11.0 15.0 11.3 17.40
Fe  Min. 138 126 70.5 70.50 -
Max. 274.5 260 227.5 274.5
Mean 204.65° 192.85% 150 179.7%
SD 50.25 43.38 52.51 53.21
Ni Min. 65 64 37.5 37.5 -
Max. 86 71.5 67 86
Mean 74.25% 70.4* 49.9° 63.65°¢
SD 7.309 3.448 9.806 13.03
Cd Min. ND ND ND ND 0.5 8.8 [43]
Max. ND ND ND ND
Pb  Min. ND ND ND ND 0.5 2.193 [68]
Max. ND ND ND ND 108 [43]

PL (permissible limits) according to Egyptian authority for environmental affairs, law 48 [43], WS (western
sector), MS (middle sector), ES (eastern sector), total (all the lake area), ND (not detected). Means within the
same row and have different superscript letters are significantly different at P<0.05.
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Assessment the degree of contamination and the
related eco-toxicological risk using Bio-
Concentration Factor (BCF), Contamination
Factor (CF), Pollution Load Index (PLI), and
Metal Pollution Index (MPI) for heavy metals
(Cu, Fe, Ni, Cd and Pb) in Burullus Lake water
and fish (muscles and liver):
Estimation of Fe BCF in Burullus Lake O.
niloticus fish:

The BCF of Fe in the muscles of fish in different
Burullus Lake sectors is represented in Figure 2.

There was a significant difference in BCF of Fe in
the muscles of O. niloticus fish between the different
sectors (p-value: 0.0087). The ES recorded the
highest BCFs of Fe (93.21) however the MS had the
lowest BCFs of Fe (58.12). Also, there was a
significant difference in BCF of Fe in the liver
tissues of O. niloticus fish between the different lake
sectors (p-value 0.0006). The maximum BCF of Fe
in liver (192.0) was observed at the WS, whereas the
minimum BCF of Fe in liver (128.0) was recorded at
the MS.
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tissues (p-value = 0.0006) “Left side” and muscle tissue (p-value = 0.0087) “right side” in Burullus

Lake, North delta, Egypt.
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Estimation of the CF, PLI, and MPI for fish and
water in Burullus Lake:

Table 4 shows the calculated values of the CF for
O. niloticus fish collected from different sectors of
Burullus Lake. The means of CF of Cu, Fe and Ni in
the liver of fish were 5.701, 2.549 and 1.698,
respectively. The CF of heavy metals in liver of fish
follow the following order Cu > Fe >Ni. It was
observed that the WS had the highest CF of Cu, Fe
and Ni in liver tissues, while the ES had the lowest
CF of these metals in the liver. The means of CF of
Cu, Fe and Ni in the muscles of O. niloticus fish
were 1.121, 1.351and 1.558, respectively. The CF of

heavy metals in muscle of fish follow the following
order Ni > Fe > Cu. The mean of CF of Cu in fish
muscle in the WS was 1.121, while the values of CF
of Cu in fish muscle in the eastern and middle sectors
were not detected. The highest record of CF of Fe in
muscle of fish was 1.524 at the WS whereas the
lowest value of Fe was 1.221 at the MS. The highest
value of CF of Ni in fish muscle was 1.657 at the MS
while, the lowest concentration of Ni was 1.388 at
the ES. The highest values of CF of Fe and Pb in
water were 2.824 and 2.084, respectively at the MS
whereas the lowest values of Fe and Pb in water were
1.746 and 1.495, respectively at the ES.
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TABLE 4. Values of the Contamination Factor (CF) of potential toxic heavy metals (Cu, Fe, Ni, and Pb) in
fish (liver, muscle) and water in Burullus Lake, North delta, Egypt

WS MS ES Total

Liver Cu Minimum 3.260 2.584 1.000 1.000
Maximum 9.734 14.45 9.604 14.45

Mean 6.280 5.650 5.582 5.701

SD 2.489 4.158 3.053 3.367

Fe Minimum 1.957 1.787 1.000 1.000
Maximum 3.894 3.688 3.227 3.894

Mean 2.902 2.735 2.128 2.549

SD 0.713 0.615 0.745 0.755

Ni Minimum 1.733 1.707 1.000 1.000
Maximum 2.293 2.067 1.787 2.293

Mean 1.980 1.877 1.331 1.698

SD 0.195 0.092 0.262 0.348

Muscle Cu Minimum 1.000 ND ND 1.000
Maximum 1.181 ND ND 1.181

Mean 1.121 ND ND 1.121

SD 0.130 ND ND 0.130

Fe Minimum 1.284 1.000 1.060 1.000
Maximum 1.851 1.560 1.582 1.851

Mean 1.524 1.221 1.336 1.351

SD 0.198 0.206 0.165 0.220

Ni Minimum 1.000 1.564 1.106 1.000
Maximum 1.995 1.734 1.649 1.995

Mean 1.496 1.657 1.388 1.558

SD 0.270 0.070 0.233 0.176

Water Fe Minimum 1.322 1.492 1.000 1.000
Maximum 3.475 4.542 2.763 6.237

Mean 2.301 2.824 1.746 2.258

SD 0.948 1.038 0.705 1.365

Pb Minimum 0.579 1.105 1.000 0.579
Maximum 1.6842 3.526 2.211 3.526

Mean 1.6184 2.084 1.495 1.840

SD 0.040 0.791 0.362 0.899

WS (western sector), MS (middle sector), ES (eastern sector), total (all the lake area), ND (not detected).

The PLI and MPI values are demonstrated in table
5. For the values of PLI recorded in liver tissue, the
highest value was recorded in the WS (3.304) and the
lowest in ES (2.51). The PLI values of muscle and
water show the highest records in the MS (1.422 and
2.426) and the lowest in ES (1.362 and 1.616),
respectively. The results of MPI values for muscle, it

recorded the highest value in the WS (12.05) and the
lowest in ES (10.70), whereas the outcomes of MPI
values for water, it recorded the highest value in the
MS (0.804) and lowest in ES (0.531). The highest
MPI values for liver samples were reported in WS
and the lowest in ES.

TABLE 5. Values of Pollution Load Index (PLI) and Metal Pollution Index (MPI) of potential toxic heavy
metals (Cu, Fe, Ni, Cd, and Pb) in fish (liver, muscle) and water in Burullus Lake, North delta,

Egypt

WS MS ES Total

Liver (Cu, Fe and Ni) 3.304 3.072 2.510 2911

PLI  Muscle (Cu, Fe and Ni) 1.367 1.422 1.362 1.331
Water (Fe and Pb) 1.929 2.426 1.616 2.038

Liver (Cu, Fe and Ni) 90.23 83.90 68.53 79.48

MPI  Muscle (Cu, Fe and Ni) 12.05 11.30 10.70 11.70
Water (Fe and Pb) 0.563 0.804 0.531 0.647

WS (western sector), MS (middle sector), ES (eastern sector), total (all the lake area)
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Effect of potentially toxic heavy metals (Cu, Fe,
Ni, Cd and Pb) on water quality:

Water quality parameters in Burullus Lake are
presented in (Figure 3). There was a significant
difference in salinity between the different lake
sectors (p- value: 0.0017). The salinity of WS was
higher than the MS and ES. The mean of salinity in
WS, MS and ES were 7.775, 6.75 and 6.25 ppm,
respectively. There wasn’t a significant difference in
electric conductivity (EC) between the different lake
sectors (p- value: 0.334), conversely, the highest
value of EC was recorded in WS (14.00 pS/L)
whereas; the lowest value of EC was also recorded in
the ES (11.66 pS/L).

There was a significant difference in TDS
between the different lake sectors (p- value: 0.0179).
The TDS of WS was higher than the MS and ES (p
<0.05). The mean of TDS in WS, MS and ES was
7.003, 6.158 and 5.502 mg/L, respectively. There
was a significant difference in temperature between
the different lake sectors (p- value: 0.0065). The
temperature in WS was higher than the MS and ES
((p <0.05). The mean temperature in WS, MS and ES

was 28.6, 28.55 and 28.48°C, respectively. There
wasn’t a significant difference in pH between the
different lake sectors (p- value: 0.1514), however,
the highest value of pH was recorded in MS (8.307)
whereas; the lowest value of pH was recorded in the
WS (8.138). There was a significant difference in
dissolved oxygen (DO) between the different lake
sectors (p- value: < 0.0001). The DO in the MS
recorded the lowest value compared with the WS and
ES (p <0.05). The mean DO value in WS, MS and
ES was 2.817, 2.3 and 4.55 mg/L, respectively.
There was a significant difference in total ammonia
nitrogen (TAN) between the different lake sectors (p-
value: 0.0019). The highest value of TAN (p <0.05)
was recorded in MS (1.300) whereas; the lowest
value was recorded in the ES (0.973). The mean of
TAN in WS, MS and ES was 1.208, 1.300 and 0.973
mg/L, respectively. Furthermore, there was a
significant difference in un-ionized ammonia (UIA)
between the different lake sectors (p- value: 0.0229).
The UIA of MS was higher than the WS and ES (p
<0.05). The mean value of UIA in WS, MS and ES
was 0.1235, 0.1809 and 0.1256 mg/L, respectively.
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Effect of potentially toxic heavy metals (Cu, Fe, Ni, Cd and Pb) on fish performance:
Fig. 3. Water quality parameters (mean £SD) in Burullus Lake, North delta, Egypt (summer, 2018).
Means lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 0.05). WS (western
sector), MS (middle sector), ES (eastern sector), total (all the lake area).
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Effects of some potentially available toxic heavy
metals on Nile tilapia (Oreochromis niloticus)
performance in Burullus Lake are presented in Figure
4. There wasn’t a significant difference in fish total
length between the different lake sectors (p- value:
0.9994), however, the highest value of fish total
length was recorded in ES (17.65 cm). Moreover,
there wasn’t a significant difference in fish thickness
between the different lake sectors (p- value: 0.8978),
however, the highest value of fish thickness was
recorded in ES (2.481 cm) whereas; the lowest value
of fish thickness was recorded in the WS (2.417 cm).
Furthermore, there wasn’t a significant difference in
fish width between the different lake sectors (p-
value: 0.8042), however, the highest value of fish
width was recorded in WS (6.311cm) and the lowest

value was recorded in the ES (6.159 cm). Moreover,
there wasn’t a significant difference in fish body
weight (FBW) between the different lake sectors (p-
value: 0.8208), however, the highest record of FBW
was recorded in ES (107.2 g) and the lowest value
was recorded in the WS (101 g).

There was a significant difference in the condition
factor (K) between the different lake sectors (p-
value: 0.0406). The condition factor of ES was
higher than the MS and WA. The mean condition
factor in WS, MS and ES was 1.772, 1.852 and
1.894, respectively. Moreover, there
significant difference in hepatosomatic index (HSI)
of fish between the different lake sectors (p- value:
0.0001). It was observed that the ES had the highest
HSI (1.6) while, the WS had the lowest HSI (1.306).
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Fig. 4. Effect of some toxic heavy metals on Nile tilapia (Oreochromis niloticus) performance (mean +SD)

in Burullus Lake, North delta, Egypt.

Means lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 0.05). WS (western
sector), MS (middle sector), ES (eastern sector), total (all the lake area).
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The logarithmic regression of LWR and R2
determination coefficient values are recorded in
(Figure 5). The results revealed a significant
correlation (p < 0.05) between the total length and

the weight of the sampled fish among all lake sectors
with a R2 values equal to 0.8888, 0.8915, 0.7844 and
0.8435 and regression slopes of 0.9212, 1.383, 1.116
and 1.152 in WS, MS, ES and total, respectively.
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Fig. 5. Effect of some toxic heavy metals on Nile tilapia (Oreochromis niloticus) length weight relationship
in Burullus Lake, North delta, Egypt .WS (western sector), MS (middle sector), ES (eastern sector),
total (all the lake area).

Discussion

The present study revealed a variation in heavy
metal content in different lake sectors. The highest
values of Fe and Pb were recorded in MS. [35] stated
that the high heavy metal concentration in the lake

may be due to the massive amount of sewage

overflow and the massive use of fertilizers and
pesticides in the agriculture land around the lake that
reach the lake through different drainage systems.
Spreading of toxic elements in water bodies is
controlled by many risk factors like hydro-soil
texture, quality, amount, and type of effluent water.
The high concentration of Fe in the lake water may
be attributed to clay particles in the nature of lake
soil that facilitate the distribution of Fe [21] and its
release from sediments in form of sulphides [36].
While the source of contamination of lake with Pb

may be due to the massive use of compounds
containing Pb as gasoline that used as a source of

energy in fishery boats and antifouling paints used
for small fishing boats [37]. Furthermore, the huge
amount of pesticides, fertilizers and many other
agriculture chemicals containing Pb that reach the
lake through different drains [38]. In contrast, the Pb
was undetected in the fish muscle and liver. This
finding is similar to the result obtained by [39]. [40]
reported that in four species of fish collected from
northeastern Mediterranean Sea, the Pb concentration
was not detected. Furthermore, the Cu was recorded
in the fish muscle in the WS only and in all lake
sectors in case of liver tissue in spite of its absences
in lake water. The same trend was observed for Ni
concentration; it was not detected in water and was
detected in liver and muscle of fish with relatively
higher concentrations in WS followed by MS. It
indicates the low level of Cu and Ni concentration in
the lake [39]. Overall, the results of heavy metal
concentration were dissimilar to that recorded by
[25]. They recorded Cu and Ni in the surface water
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of the lake and Pb in fish muscle. This may be
attributed to different sampling times and the
condition of the effluents of the lake. Comparing the
results of the present study with the permissible limit
(PL) that approved by many national and
international organizations; the detected toxic
elements in lake water (Fe and Pb) were above the
PL approved by guidelines of [26]. While the
detected concentration of toxic metals in fish muscle
fluctuated with the PL approved by [41] that adapted
from [42]. The Cu concentration was below the PL
and the Fe concentration was around the PL, but Ni
concentration was above the PL. The detected
concentration of Cu in fish liver was below the PL
approved by Egyptian authority for environmental
affairs, law 48 that adapted from [43]. Collectively,
the concentrations above the PL may indicate an
environmental and human health hazard.

The extent of heavy metals contamination could
be estimated by assessing the BCFs, the CF, PLI and
MPIL. Previous studies showed that the value of BCFs
is controlled by many factors such as the chemical
types of the pollutant, the affected tissues, and the
degree of environment pollution [44-46]. [47]
mentioned that accumulation of heavy metal in fish
body may be resulted from the affinity of the metal
to certain fish tissues, the route of metal uptake into
fish body and elimination rates. The higher BCFs in
the muscles and liver of fish indicate higher release
of heavy metals to the environment. The
environmental pollution by heavy metals may be
originated from the contaminated waste and
agriculture water flow to the lake from different
drains, the release of these elements from the soil of
the lake and/or presence of high load of organic
matter in the aquatic environment. These high loads
of organic matter increase the rates of metals
bioavailability and subsequently its accumulation in
the fish food chain that facilitate its entrance to fish
body through the digestive tract [48]. According to
the results of our study, Fe was found to be the most
prominent element in the fish tissues and recorded
the highest concentration. This result is similar to
that obtained by [49,25]. The higher concentration of
Fe in fish muscle and liver may be attributed to
multiple reasons such as it has many portals of entry
to fish body (through mouth by ingestion, skin, and
gills by absorption). In addition, Fe is accumulated in
liver with relatively larger amount due to the
presence of Fe containing enzymes and hemoglobin.
On the other hand, the absence of route for Fe
elimination from the fish body resulting in little loss
and subsequently high concentration [49]. The
increased BCFs may lead to pathological changes in
the affected organs, hemato-biochemical deviations
in the blood profile and in severe cases may lead to
massive fish mortalities [46].

The heavy metals (Cu, Fe, Ni, Cd and Pb)
involved in the present study are used to estimate the
different pollution indices. The PLI makes an
evaluation of the total toxicity status of the sample.
Moreover, MPI is used to evaluate the quality of
coastal areas and compare the total metal content in
the different lake sites [24]. According to the
estimated data resulting from CF, PLI and MPI, the
pollution grade in the Burullus lake using fish as a
biological indicator may be categorized as: WS > MS
> ES. These data are in agreement with [25]. The CF
of detected metals in fish liver (Fe and Ni), muscle
(Cu, Fe and Ni) and lake water (Fe and Pb) ranged
from above one to below three indicating moderate
contamination. The only exception was for the value
of Cu in liver which recorded CF ranged from above
three to above six in few cases indicating
considerable to very high contamination. The
concentrations above the PL may symbolize an
environmental and human health risks. These results
were concluded according to the scale of
contamination described by [27]. The values of PLI
and MPI for the studied elements in fish liver (Cu, Fe
and Ni), muscle (Cu, Fe and Ni) and lake water (Fe
and Pb) were above one that indicate sever and
progressive degree of pollution. The only exception
was for the value of MPI for detected metals in lake
water that recorded a value below one indicating low
degree of pollution. These findings were
demonstrated according to [25]. These findings
indicate that Burullus lake is suffering from moderate
to severe pollution indices that may cause severe
damage to the aquatic environment. It may
subsequently extend to cause sever health hazards
not only to fish and other aquatic organisms but also
human beings through the consumption of
contaminated feed.

Water pollution is a complex dynamic process
affecting the aquatic ecosystem and has a sever
public health importance. The functioning and
stability of an aquatic ecosystem to support life
forms depends on the physicochemical properties of
water [50]. The salinity in the lake fluctuates greatly
from lower values in ES to higher values in MS
followed by WS. Despite this variation, the brackish
water conditions remain the most dominant condition
in the lake. Although the brackish condition is
suitable for growth and reproduction of O. niloticus
but some previous studies concluded the higher
salinity (above 5 to 8 ppt) may affect its growth and
performance [51]. This finding is in agreement with
the present study as the lower body weight of fish
coincided with higher salinity in the WS of the lake.
The mean value of EC is higher in WS and lower in
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ES. The increased level of EC is mainly due to an
increase in TDS. In addition, every year the lake
receives a huge amount of inorganic matter and toxic
metals with untreated wastes in form of agricultural,
industrial, and domestic wastes [3]. Furthermore, any
variation of salinity or metal content is accompanied
by changes in EC values [52]. This finding is in
agreement with the present study as the higher
salinity and metal values were recorded in the WS
which have the highest EC level. The same trend of
EC was observed in TDS. There is a narrow
fluctuation in the temperature between the different
lake sectors. The temperature range is around 28 °C
which is considered as a favorable temperature for
the growth of O. niloticus fish during summer
season. Similar results were recorded by [4]. They
recorded that the maximum water temperature
recorded during June was 29.4 C. Measuring of DO
is a crucial test in assessment of water pollution and
wastewater treatment process effectiveness [53]. The
concentration of DO was varied between different
lake sectors. The highest DO was recorded in the ES
while the lowest was recorded in the MS. This may
be due to the large amount of organic matter load
reaching the lake through the drains accompanied by
oxidation reduction processes [54]. Estimation of pH
helps in the evaluation process of water quality in
large water bodies and lakes. It has a strong
relationship with other water parameters as DO and
TAN as it affects many biological and chemical
processes in the water streams. The pH values are
directed toward the alkaline side with narrow non-
significant variations. Similar findings were stated by
[4]. This finding may be related to the increased
photosynthesis by planktonic algae which mainly
developed under the effect of high-water temperature
in summer season and the high load of effluent water
with organic maters [55]. It may result in changes in
DO and TAN concentration and pH value. The
highly significant low values in dissolved oxygen
and the high values in TAN and UIA level in water
samples collected from WS and MS in lake water in
the present study could be attributed to the increase
in the oxygen consumption due to breakdown of
organic matter and oxidation of water chemicals
[55].

The body weight of fish in ES was higher than the
other lake sectors. These findings are in complete
accordance with our findings in the present study.
As, the ES is characterized by lower heavy metal
concentration, salinity, EC, TDS, TAN, UIA and
higher DO which has a direct promoting effect on
growth performance of fish. The condition factor (K)
is assessed to evaluate the effect of environmental
changes in the ecosystem on growth performance of
fish [56]. Therefore, the fish health status can be
evaluated from the variation in condition factor. The
obtained data are in agreement with [57] who found

fluctuation in K wvalues of fish and attributed these

changes to the fish feeding rate. The lower values of
the K for Oreochromis niloticus collected from the
WS and MS of the lake may be due to the relatively
higher concentration of the different toxic elements
accumulated at high levels in the fish tissues [58] and
the inferior quality of water recorded in the present
study. On the other hand, the high K values of
collected fish from ES agrees with the finding
obtained by (Kheir et al., 1998) who attributed these
results to the increase of food consumption and
improved water quality.

Hepatosomatic index (HSI) which is a biological
indicator that helps in evaluation of growth rate and
degree of stress response in fish [59]. There is a
significant decrease in HSI of collected fish from WS
indicates some liver function disturbances induced
by exposure to toxic heavy metals which agrees with
the finding obtained by [60]. It may be attributed to a
depletion of glycogen of liver followed by
hyperglycemia that reflects the need of fish for
energy necessary to overcome stress. In addition, the
deposition of high concentration of studied heavy
metal in the liver may induce liver degeneration [61].
These findings agree with our findings in the present
study that reflected on higher concentration of heavy
metals, low-grade water quality and lower growth
rate of fish in WS of lake.

Consequently, all the lake sectors show growth
patterns lower than the ideal growth as the slop
values were lower than the range of ideal growth
(2.5-3.5) suggested by [33]. It was obvious in the
slender growth of fish in different lake sectors. As
WS shows the highest concentration of studied toxic
heavy metals both in lake water and fish tissues (liver
and muscles), it shows the lowest fish growth
represented by very low slope. These findings are
like that recorded by [15]. Moreover, [62] found
negative correlation between concentration of toxic
heavy metal and fish size that may be due to the
difference in metabolic activity between small and
large size fish. In addition, these findings indicate the
bad effects of toxic heavy metals on growth form in
lake fish.

Conclusions

The present study gives a brief account on the
toxic effects of heavy metals on the water quality and
performance of O. niloticus fish in Burullus Lake,
North Nile Delta, Egypt. In the present study, there
was a variation in heavy metals content in different
sections of the Burullus lake water, ES showed lower
heavy metals concentration in water, liver and
muscles compared to other sectors. MS showed
significantly lower BCF of Fe in liver and muscle.
The ES showed the lowest CF, PLI and MPI values
in water, liver, and muscles except for Fe in muscle
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CF. The ES may be considered the Ilowest
contaminated area of Burullus Lake and
consequently showed better water quality and fish
performance. These outcomes may provide a clear
mirror about the present situation of Burullus lake
ecosystem and aquatic environment to protect the
lake water, aquatic organisms and subsequently
human against further pollution.

Acknowledgment

The authors would like to thank the Department of
Aquaculture, Faculty of Aquatic and Fisheries
Sciences, Kafrelsheikh University, Egypt, for
providing facilities to carry out this experiment.

Conflicts of interest

The authors declare that they have no conflict of
interest.

Funding statement

The authors received no financial support for the
research.

References

1. EL-Metwally, M. E., Darwish, D. H. & Dar, M. A.
Spatial distribution and contamination assessment of
heavy metals in surface sediments of Lake Burullus,
Egypt. Arabian Journal of Geosciences, 14, 1-13.
2021.

2. EL-Shinnawy, 1. Al-Burullus wetland’s hydrological
study. MedWetCoast, Global Environmental Facility
(GEF) and Egyptian Environmental Affairs Agency
(EEAA), Cairo. 2002.

3. Eid, E. M. Phragmites australis (Cav.) Trin. ex Steud:
Its Population Biology and Nutrient Cycle in Lake
Burullus, a Ramsar site in Egypt, LAP LAMBERT
Academic Publishing, Saarbrucken. 2012.

4. Shaltout, K., Khalil, M. and AL-sodany, Y. Lake
Burullus: burullus protected area. Publication of
national biodiversity unit, 13. 2005.

5. Ololade, 1., Lajide, L., Amoo, I. and Oladoja, N.
Investigation of heavy metals contamination of
edible marine seafood. Afiican Journal of pure and
Applied chemistry, 2, 121-131(2008).

6. Orata, F. and Birgen, F. Fish tissue bio-
concentration and interspecies uptake of heavy
metals from waste water lagoons. Journal of
Pollution Effects & Control, 4, 157-163(2016).

7.  Saeed, S. M. and Shaker, I. M. Assessment of heavy
metals pollution in water and sediments and their
effect on Oreochromis niloticus in the northern delta
lakes, Egypt. 8th international symposium on tilapia
in aquaculture, Central Laboratory for Aquaculture
Research, Agricultural Research Center. 490(2008).

8. Kargin, F. Seasonal changes in levels of heavy metals
in tissues of Mullus barbatus and Sparus aurata
collected from Iskenderun Gulf (Turkey). Water, Air,
and Soil Pollution, 90, 557-562(1996).

9. El-Alfy, M. A., Darwish, D. H. and El-Amier, Y. A.
Land use Land cover of the Burullus Lake shoreline
(Egypt) and health risk assessment of metal-
contaminated sediments. Human and Ecological Risk
Assessment: An International Journal, 27, 898-
920(2021).

10. A El-Amier, Y., A El-Alfy, M., H Darwish, D., I
Basiony, A., I Mohamedien, L. and M El-Moselhy,
K. Distribution and Ecological Risk Assessment of
Heavy Metals in Core Sediments of Burullus Lake,
Egypt. Egyptian Journal of Aquatic Biology and
Fisheries, 25, 1041-1059(2021).

11. Alne-na-E.ILA. Contamination of irrigation and
drainage canals and ponds in the Nile delta by heavy
metals and its association with human health risks.
Egypt. J. Zool., 41, 47-60(2003).

12. EL-Khayat, M. H., Abu Taleb, M. H., Helal, S. N.
and Ghoname, I. S. Assessment of metallothionein
expression in Biomphalaria alexandrina snails and
Oreochromis niloticus Fish as a biomarker for water
pollution with heavy metals. Egyptian Journal of
Aquatic Biology and Fisheries, 24, 209-223(2020).

13. Abalaka, S. E., Enem, S. 1., Idoko, I. S., Sani, N. A.,
Tenuche, O. Z., Ejeh, S. A. and Sambo, W. K. Heavy
metals bioaccumulation and health risks with
associated histopathological changes in Clarias
gariepinus from the Kado fish market, Abuja,
Nigeria. Journal of Health and Pollution, 10,
200602(2020).

14. Roméo, M., Siau, Y., Sidoumou, Z. N. and Gnassia-
Barelli, M. Heavy metal distribution in different fish
species from the Mauritania coast. Science of the
Total Environment, 232, 169-175(1999).

15. Tekin-Ozan, S. and Aktan, N. Relationship of heavy
metals in water, sediment and tissues with total
length, weight and seasons of Cyprinus carpio L.,
1758 from Isikli Lake (Turkey). Pakistan Journal of
Zoology, 44, 1405-1416. (2012).

16. Naz, S., Hussain, R., Ullah, Q., Chatha, A. M. M.,
Shaheen, A. and Khan, R. U. Toxic effect of some
heavy metals on hematology and histopathology of
major carp (Catla catla). Environmental Science and
Pollution Research, 28, 6533-6539(2021).

17. Irwandi, J. and Farida, O. Mineral and heavy metal
contents of marine fin fish in Langkawi Island,
Malaysia. International Food Research Journal, 16,
105-112(2009).

Egypt. J. Vet. Sci. Vol. 54, (Special Issue) (2023)



ECO-TOXICOLOGICAL RISK ASSESSMENT OF POSSIBLE EFFECTS ...

195

18.

19.

20.

Alinnor, I. and Obiji, I. Assessment of trace metal
composition in fish samples from Nworie River.
Pakistan Journal of Nutrition, 9, 81-85(2010).

Basiony, A. Environmental studies on heavy metals
pollution and management of Lake Burullus, Egypt.
M. Sc. Thesis, Faculty of Sciences, Port Said
University, Egypt. 2014.

Abdel-Razek, M. A., Abozeid, A. M., Eltholth, M.
M., Abouelenien, F. A., El-Midany, S. A., Moustafa,
N. Y. and Mohamed, R. A. Bioremediation of a
pesticide and selected heavy metals in wastewater
from various sources using a consortium of
microalgae and cyanobacteria. Slovenian Veterinary

Research, 56(Suppl -22),61-74(2019).

21.Masoud, M. S., Fahmy, M. A., Ali, A. E. and

22.

23.

24.

25.

26.

27.

28.

Mohamed, E. A. Heavy metal speciation and their
accumulation in sediments of Lake Burullus, Egypt.
African Journal of Environmental Science and
Technology, 5, 280-298(2011).

Jones, K., Symon, C., Taylor, P., Walsh, J. and
Jonhston, A. Evidence for a decline in rural herbage
lead levels in the UK. Atmospheric Environment.
Part A. General Topics, 25, 361-369(1991).

Gobas, F. A., De Wolf, W., Burkhard, L. P.,
Verbruggen, E. and Plotzke, K. Revisiting
bioaccumulation criteria for POPs and PBT
assessments. Integrated Environmental Assessment
and Management: An International Journal, 5, 624-
637(2009).

Usero, J., Morillo, J. and Gracia, I. Heavy metal
concentrations in molluscs from the Atlantic coast of
southern Spain. Chemosphere, 59, 1175-1181(2005).

EL-Batrawy, O. A., EL-Gammal, M. 1., Mohamadein,
L. I., Darwish, D. H. and EL-Moselhy, K. M. Impact
assessment of some heavy metals on tilapia fish,
Oreochromis niloticus, in Burullus Lake, Egypt. The
Journal of Basic and Applied Zoology, 79, 1-
12(2018).

Harikumar, P. and Jisha, T. Distribution pattern of
trace metal pollutants in the sediments of an urban
wetland in the southwest coast of India. 2010.

Tomlinson, D., Wilson, J., Harris, C. and Jeffrey, D.
Problems in the assessment of heavy-metal levels in
estuaries and the formation of a pollution index.
Helgoldnder 566-

575(1980).

Meeresuntersuchungen, 33,

Usero, J., Gonzalez-Regalado, E. and Gracia, 1. Trace
metals in the bivalve molluscs Ruditapes decussatus
and Ruditapes philippinarum from the Atlantic Coast
of Southern Spain. Environment International, 23,
291-298(1997).

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Usero, J., Gonzalez-Regalado, E. & Gracia, 1. Trace
metals in the bivalve mollusc Chamelea gallina from
the Atlantic coast of southern Spain. Marine
Pollution Bulletin, 32, 305-310(1996).

Khan, M. S., Javed, M., Rehman, M. T., Urooj, M.
and Ahmad, M. 1. Heavy metal pollution and risk
assessment by the battery of toxicity tests. Scientific
Reports, 10, 16593(2020).

Abouelenien, F., Elsaidy, N., Kirrella, G. A. and
Mohamed, R. A. Hygienic Effect of Supplementing
Orechromis Niloticus Farm with Fresh or Fermented
Chicken Manure on: Water, Fish Quality and
Performance. Alexandria Journal for Veterinary
Sciences, 45, 79-90(2015).

Elsabagh, M., Mohamed, R., Moustafa, E. M.,
Hamza, A., Farrag, F., Decamp, O., Dawood, M. A.
and Eltholth, M. Assessing the impact of Bacillus
strains mixture probiotic on water quality, growth
performance, blood profile and intestinal
morphology of Nile tilapia, Oreochromis niloticus.
Aquaculture Nutrition, 24, 1613-1622(2018).

Froese, R. Cube law, condition factor and weight—
length relationships: history, meta- analysis and
recommendations. Journal of Applied Ichthyology,
22, 241-253(2006).

Mohamed, R. A., Aboulila, A. A., El-Kholya, S. Z.
and Hamza, A. Evaluation of genetic polymorphism,
genomic template stability, condition factor and
hemato-biochemical parameters in response to slow
reduction in water level during Nile tilapia
(Oreochromis niloticus) harvest. The Thai Journal of
Veterinary Medicine, 47, 435-448(2017).

Osman, A. G. and Kloas, W. Water quality and
heavy metal monitoring in water, sediments, and
tissues of the African catfish Clarias gariepinus
(Burchell, 1822) from the river Nile, Egypt. Journal
of Environmental Protection, 1, 389-400(2010).

Abo El Ella, S., Hosny, M. M. & Bakry, M. F.
Utilizing fish and aquatic weeds infestation as
bioindicators for water pollution in Lake Nubia,
Sudan. Egyptian Journal of Aquatic Biology and
Fisheries, 9, 63-84(2005).

Khalil, M. and El-Gharabawy, S. Evaluation of
mobile metals in sediments of Burullus Lagoon,
Egypt. Marine pollution bulletin, 109(1),655-
660(2016).

Nagdi, A. and Shaker, N. Effect of water sources on
some microelements in fish farm. Egypt. J. Agric.
Res., 76, 351-357 (1998).

Ghazy, H. A., Abdel-Razek, M. A., EL Nahas, A. F.
and Mahmoud, S. Assessment of complex water
pollution with heavy metals and Pyrethroid
pesticides on transcript levels of metallothionein and
immune related genes. Fish & Shellfish Immunology,
68, 318-326(2017).

Olgunoglu, M., Artar, E. AND Olgunoglu, I.,
Comparison of heavy metal levels in muscle and
gills of four benthic fish species from the
Northeastern Mediterranean sea. Polish Journal of
Environmental Studies, 24(4) 1743-1748. (2015).

Egypt. J. Vet. Sci. Vol. 54, (Special Issue) (2023)



196

NAHLA FAHMY et al.

41.

42.

43.

44,

45.

EPA, U. National Recommended Water Quality
Criteria EPA-822-R-02-047. Office of Science and
Technology. 2002.

Mokhtar, M. B., Aris, A. Z., Munusamy, V. &
Praveena, S. M. Assessment level of heavy metals in
Penaeus monodon and Oreochromis spp. in selected
aquaculture ponds of high densities development
area. European Journal of Scientific Research, 30,
348-360(2009).

Khallaf, E. A., Galal, M. and Authman, M. The
biology of Oreochromis niloticus in a polluted canal.
Ecotoxicology, 12, 405-416(2003).

Ayas, Z. Trace element residues in eggshells of grey
heron (Ardea cinerea) and black-crowned night
heron (Nycticorax nycticorax) from Nallihan Bird
Paradise, Ankara-Turkey. Ecotoxicology, 16,
347(2007).

Ozmen, M., Ayas, Z., Giing6rdii, A., Ekmekei, G. F.
and Yerli, S. Ecotoxicological assessment of water
pollution in Sariyar Dam Lake, Turkey.
Ecotoxicology and Environmental Safety, 70, 163-
173(2008).

46. Younis, A. M., Amin, H. F., Alkaladi, A. and Mosleh,

47.

48.

49.

50.

51.

52.

53.

54.

Y. Y. Bioaccumulation of heavy metals in fish,
squids and crustaceans from the Red Sea, Jeddah
Coast, Saudi Arabia. Open Journal of Marine
Science, 5,369-378(2015).

Jezierska, B. and Witeska, M. The metal uptake and
accumulation in fish living in polluted waters. In
book: Soil and water pollution monitoring, protection
and remediation, 69, 107-114(2006).

Salem, Z. B., Capelli, N., Laffray, X., Elise, G.,
Ayadi, H. and Aleya, L. Seasonal variation of heavy
metals in water, sediment and roach tissues in a
landfill draining system pond (Etueffont, France).
Ecological Engineering, 69, 25-37. (2014).

Sweet, L. 1. and Zelikoff, J. T. Toxicology and
immunotoxicology of mercury: a comparative review
in fish and humans. Journal of Toxicology and
Environmental Health Part B: Critical Reviews, 4,
161-205(2001).

Schwarzenbach, R. P., Escher, B. 1., Fenner, K.,
Hofstetter, T. B., Johnson, C. A., Von Gunten, U.
and Wehrli, B. The challenge of micropollutants in
aquatic systems. Science, 313, 1072-1077(2006).

Bayoumi, A.R. and Khalil, M.T., Tilapia fisheries in
lake Manzala, Egypt. Bulletten of Institute of
Oceanography and Fisheries, 14 (3) 87 -99(1988).

Supungul, P., Klinbunga, S., Pichyangkura, R.,
Hirono, 1., Aoki, T. and Tassanakajon, A.
Antimicrobial peptides discovered in the black tiger
shrimp Penaeus monodon using the EST approach.
Diseases of Aquatic Organisms, 61, 123-135(2004).

American Public health association, A. W. W. A,,
Water Pollution Control Federation. Standard
methods for the examination of water and
wastewater (19th ed), American public health
association Washington, DC. 1995.

Radwan, A. Evaluation of water quality in Lake
Borullus, Egypt. Egypt. J. Aquat. Biol. Fisheries, 8,
15-33(2004).

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

Boyd, C. E. Water quality in ponds for aquaculture,
Alabama Agricultural Experimental Station, Auburn
University, Auburn, AL, USA. 1990.

Clark, E. and Eraser, J. The survival and growth of
six species of freshwater fish, in tapwater and diluted
and undiluted effluent from sewage percolating
filters. Journal of Fish Biology, 22, 431-445(1983).

White, A. and Fletcher, T. Seasonal changes in serum
glucose and condition of the plaice, Pleuronectes
platessa L. Journal of Fish Biology, 26, 755-
764(1985).

Salah EL-Deen, M., Zaghloul, K., EL-Naggar, G. and
Abo-Hegab, S. Concentrations of heavy metals in
water, sediment and fish in the River Nile in the
industrial area of Helwan. Egypt. J. Zool., 32, 373-
395.(1999).

Kheir, M., Mechail, M. and Abo-Hegab, S. Growth of

adult and newly hatched fry of Oreochromis
niloticus reared at different saline concentrations.
Egypt. J. Zool., 30, 107-115(1998).

Weatherley, A. H., Gill, H. and Casselman, J. M.
The biology of fish growth, Academic press London.
1987.

Mohamed, H., Marie, M. A. S. and Zaghloul, K. H.
Seasonal effects of the industrial effluents on the

Nile catfish, Clarias gariepinus. Journal-Egyptian
German Society of Zoology, 28, 365-392(1999).

Canli, M. and Atli, G. The relationships between
heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the
size of six Mediterranean  fish  species.
Environmental Pollution, 121, 129-136(2003).

Radwan, A. The levels of heavy metals in Lake
Burullus water compared with the international
permissible limits. The Journal of Egyptian
Academic Society for Environmental Development,
6, 11-26(2005).

El-Amier, Y. A., Elnaggar, A. A. and EL-Alfy, M. A.
Evaluation and mapping spatial distribution of
bottom sediment heavy metal contamination in
Burullus Lake, Egypt. Egyptian Journal of Basic and
Applied Sciences, 4, 55-66(2017).

. Basiony, A. The environmental study on the pollution

of Lake Burullus with heavy metals and
organochlorine pesticides contaminants in water,
sediment, and fish. Scientific Report, Ministry of
Higher Education, Egyptian National Commission
for Unesco-Alesco-Isesco, Egypt. 2009.

Radwan, A. and Shakweer, L. On the present status of

the environmental and fishery of Lake Borollus. 2.
A. Distribution and concentrations of trace elements
in the water and bottom sediments of Lake Borollus.
Egyptian Journal of Aquatic Research, 30, 43-
98(2004).

ElTholth, M., Fornace, K., Grace, D., Rushton, J. and
Hésler, B. Assessing the chemical and
microbiological quality of farmed tilapia in Egyptian
fresh fish markets. Global Food Security, 17, 14-
20(2018).

Zaghloul, K., Hasheesh, W., Zahran, 1. and
Mohamed-Assem, M. Ecological and biological
studies on the Nile tilapia Oreochromis niloticus
along different sites of lake Burullus Egypt. J. Aquat.
Biol. Fish, 11, 57-88 (2007).

Egypt. J. Vet. Sci. Vol. 54, (Special Issue) (2023)


https://www.researchgate.net/publication/321619651_Soil_and_Water_Pollution_Monitoring_Protection_and_Remediation?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

ECO-TOXICOLOGICAL RISK ASSESSMENT OF POSSIBLE EFFECTS ... 197

Baga Ao Alaiaall Aalud) ALEL Galeall Alaiaal) U 4ind) dpacad) plalial) anli
saa L Jlad el gl 3 ey A Ll Sl o] g olsall

5&\*&\@&441)9}‘}:}!.\,\9“*}‘”;“; " a3l ¢ olaad) sl g c‘g.&eéalga'
i.\m‘;‘bb‘g

)AAALLLAL‘MJ‘}AAM‘\MML_X}MA@AAI
e Ly Aaala okl lall S ¢ ol gl @l g dain aud 2
e il 5 el i drala gkl (alall A4S dgile 5 sl (al ol and
e el SIS YYONT il 5 drala ¢ abaal) 5 Aand) o5 5l ale 3 ) g 1) Y ad
ean Gl SIS Gl K€ daala g k) Calall IS ¢ 8 ) Calall g asall and
(r.mohamed.vet@gamil.com)xas e ol 5 :Jul jall Cal gall*

e el IS8 ¢l ClSualinn adiad 2Salis Ala 3 Ol el 5 50 obaall (5 jlaal sl Jaa
U“)“S"“"“” H:\Sﬂ‘j .ha‘)]\ u}S.._\ui‘;_x_u:\wﬂhch;hJ_g .a.AA c\:m“ )JLAA}ALL“J\ U.:L;h.d\ U'_IU_,L\;:\:}AS
AE Goleall Alud) Al apEs ) Aol oda i ¢ GllA Al Al MY Aol A jlae ikl
(2S5 Ul Ll ) 5 a5l 3 e slie 8 (pabia )l 5 asealSll ¢ ISl ¢ aall ¢ (el
¢Sl dale 5 ¢ sl 58 Jale o silpall a8 ¢4y Adag yall Al Apandl il 5 G gl As o apil
1l 5 olaall 33 ga e Aaluadl ALEN alaall Lali ) AiLaYL Soedl) S Jiiseg ¢ gl Jaa dinasg
Gl 58 5 b Usgale Lialésl gl Cselal 5l e llipal) 33Y ladse e diu 3 dlledd))
L 1 gl ekl Lty s ,AY) cleladlly 45 )lia 8,8 il 8 Cilaally Sy olall 8 AL
dale ad ol 85l pladll jelal Bl g Al & daall e (5 gead) 38 5 ale i) jaS Laliss)
d.a\.c‘;;ua.“ ;\_u.m\_a M\j J.\Sj\j ¢\.‘d\‘;‘;ﬁ¢~d| u)U\ yy;u,ﬂ\%w}n}uju\
C)\AY\é\.«;\}‘@h‘)@ﬁ\dm_;ﬂ\jeﬁ_,h@ﬂwﬁﬂ\&w\d;usJhujr_a_’)\s"?Jm:d\ ’}N\
Gl pladll jelal ¢ elly e 5Nl e cuannSl el il e L gal) s A0S L el 5 ¢ A1l
m‘ujw‘d}mwﬁwudm‘)&cﬁbﬂ\uﬁ d&iﬂy@d‘;d&‘&b)m\?@u‘i’&\
mﬂ\;;l.d\g&d.:sﬂ\u:\.ul!ds\‘)_\S‘)_\‘_‘,A‘)....J\&M\)&L\j‘udﬂ\a)mamwumehmuﬁ
S5 Jalae (8 S (i) sl aaed) claadll (e seil 5 AY) cilelailly 4 )lia cliaall
Jg_:}ldld&yyjuﬁ\&bjeﬁu_m\‘_g)d\&&ﬂ\)@_k\ RUlp VSV PRCPN I JCVCEN VPR YN
8\_1:.5!\);4’_:45 é““d‘ h_lju\ d.al.c@mdajl ;.L\bb A_l)\..a:d\} Jﬁ\j cu\@@.\a‘d\ u)U\ ).u)n

dm)\jds.aﬂ‘;‘J‘jbhﬁbﬂ)})@L‘é\_\“—l}u&j)ﬂ‘bﬁ&@j&nmdﬂ“ﬁ)ﬂm

olaadl B3 s ¢ Gl By ¢ ALEN Galaal) ¢ Ll Ll ¢ @llan) el AN clalsl)

Egypt. J. Vet. Sci. Vol. 54, (Special Issue) (2023)


mailto:r.mohamed.vet@gamil.com

