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Abstract

Twenty water samples were collected from El-Dakhlah City in the New valley governorate, five from fishpond. Metal

analyses were carried out in Animal Health Research Institute,

Dokki, Giza, Egypt. A total of 200 unsexed 8 months

Tilapia fish were used in this study. Fifty fish were collected randomly from each pond and then weighed. The results
of this study showed that lead, cadmium, and iron were higher than permissible limits of WHO, on the other hand
lodine, copper and zinc were lower than permissible limits of WHO. Manganese was higher than permissible limits
mostly in all examined ponds. The concentration of heavy metals and trace elements in fish tissue showed that Lead,
cadmium, iron, zinc, copper, and iodine were lower than permissible limits while Manganese was higher than
permissible limits. The average body weight gain of Tilapia fish was high in the filtered water ponds than other ponds.

Keywords: Tilapia, Heavy metals, permissible limits, Underground Water.

Introduction

Water quality includes all physical, chemical, and
biological factors that influence the beneficial use of
water. Where fish culture is concerned, any
characteristic of water that affects the survival,
reproduction, growth, production, or management of
fish in any way is a water quality variable. Fish’s
physiological functions, including reproduction and
development, are impacted by heavy metals. The
effects of waterborne metals on fish are related to their
uptake and storage by the organism, which leads to
metal-induced abnormalities in the structure and
function of different tissues. and organs Jezierska et
al., (2001). Fish, including Tilapia (Oreochromis
niloticus) and mullet (Mugil cephalus), play important
roles in providing humans with a well-balanced diet.
They are rich sources of essential amino acids,
essential fatty acids, minerals, and vitamins such as
vitamins E and D Baboli et al., (2013). Heavy metal
concentrations in the environment determine how

harmful they seem to be. Heavy metals seep into
groundwater and soil solution because of increasing
environmental concentrations and declining soil
retention capabilities. Thus, these toxic heavy metals
can be accumulated in living tissues and concentrate
through the food chain Oreochromis niloticus (Nile
tilapia), a tropical freshwater and brackish-water
species, is the most eaten fish in Egypt and considered
as the most important aquaculture freshwater fin fish
globally Barriga et al., (2004).

Materials and Methods

A. Water Sample collection: Twenty water samples
were collected from fish ponds in El-Dakhlah City,
New Valley Governorate, Egypt. Five samples were
taken from each fish pond once monthly. The
following four farms were selected for water
sampling:

Farm 1 - earthen pond (deep well without filtration) in
Balat City
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Farm 2 - cement (superficial well without filtration) in
Mashie

Farm 3 - cement (superficial well with ordinary filter)
in Moshia

Farm 4 - fiberglass (superficial well with biological
filter) in Moshia Water samples were collected in
plastic containers pre-washed with nitric acid and
rinsed with deionized water. Water samples were
acidified with concentrated HCI and kept in a deep
freezer at -20°C for later analysis (Arafa et al., 2014).

B. Biochemical analysis: Biochemical analysis of
water samples was performed using atomic absorption
spectrophotometry for the determination of lead,
cadmium, iron, zinc, copper, manganese, and iodine.
The Perkin Elmer catalogue of atomic absorption
model 2380, USA, 1982, was used as a reference.
Biochemical analysis of water quality included pH,
calcium, calcium carbonate, magnesium, magnesium
carbonate, phosphate, nitrite, and chloride.

Biochemical analysis of fish tissue was carried out
using a wet digesting technique with pure nitric and
perchloric acids. One gram of tissue was combined
with the acids, heated on a hot plate to a total colorless
solution, and diluted with deionized water up to 50 ml.
An atomic absorption with a single slot burner head
that is capable of operating at the following wave
lengths in nm: 324.8 for Cu and Cd, 248.3 for Fe and
Pb, and 213.9 for Zn, was used (Arafa et al., 2014).

Fish sample A. Sample collection and preparation
Two hundred fish samples were randomly taken from
fish ponds. Fifty samples were taken from each pond
monthly. Dorsolateral muscles were rapidly removed
from each fish sample and stored in plastic containers
at -20°C for heavy metals residue and trace element
analysis (Klavins et al., 2009).

C. Biochemical analysis: Tissues were homogenized
and ground into a powder. 0.1 g of each dry tissue was
weighed out and transferred into a 100 cm3 Pyrex
beaker. 5 cm3 of concentrated nitric acid was added,
and the beaker with its contents was placed on a hot
plate and heated at 400°C. After heating for 15
minutes, another 5 cm3 of concentrated nitric acid and
10 cm3 of concentrated sulfuric acid were added, and
the temperature of the plate was gradually increased to
1000°C. The solution was set aside after 20 minutes of
heating, cooled, and diluted with 10 cm3 of distilled
water. The resulting solution was boiled until all the
tissues were dissolved, and then set to cool. The digest
was transferred into a 100 cm3 volumetric flask and
made up to the mark with distilled water. The digests
were kept in plastic bottles, and later, the heavy metal

concentrations were determined using an Alpha 4
atomic absorption spectrophotometer (Sani, 2011).

D. Evaluation of Growth Performance Parameters: To
determine the growth performance of the fish after the
feeding trial, several parameters were measured,
including the survival rate (SR), weight gain (WG),
and specific growth rate (SGR). The following
equations were used:

Survival rate = (humber of live fishes / total initial
number of fish) x 100

Weight Gain (WG) = final fish weight (g) — initial fish
weight (g) (Zhang et al., 2012)

Specific Growth Rate (SGR) = [(In final body weight
- In initial body weight) / feeding days] x100

E. Statistical Analysis: Data were analyzed using MS
Excel (Microsoft Corporation, Redmond, WA, USA).
The normality and homogeneity of variance were
tested using the Levene and Shapiro-Wilk tests,
respectively (Razali and Wah, 2011). One-sample t-
tests were used to compare the significant differences
between the permissible limits and the means of heavy
metals and trace elements in water and tissue, as well
as water quality (PROC TEST; SAS, version 9, Cary,
NC, USA). The significant effects of the sources were
examined using one-way ANOVA (PROC ANOVA)
with a significance level set at o = 0.05. Results were
expressed as means * standard error (SE), and
pairwise comparisons between means were performed
using Tukey's test if a significant effect was detected.
Pearson correlation coefficients between mineral
contents in tissue and serum were determined using
PROC CORR in the same program. Statistical
significance was set at a p-value less than 0.05.

Results

During the experimental period, the water quality
parameters of four fishponds were evaluated. The first
pond (farm1) had non-filtered water, the second pond
(farm2) had cement non-filtered water, the third pond
(farm3) had cement with an ordinary filter, and the
fourth pond (farm4) had a fiberglass tank with a
biological filter. The concentration of lead in the water
was high in all fishponds, with mean values of
0.720+0.058  (farm3),  0.545+0.041  (farm4),
0.480+0.051 (farml), and 0.530+0.078 (farm2). The
concentration of cadmium in the water was also high,
with  mean values of 0.224+0.022 (farml),
0.164+0.016 (farm2), 0.285+0.024 (farm3), and
0.137+0.011 (farm4). The concentration of iron was
5.65+0.143 in farm3 and decreased to 4.39+0.213 in
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farm1, 4.24+0.253 in farm4, and 3.95+£0.321 in farm2,
as shown in Table 1. Zinc concentration was highest
in farm3 (0.532+0.030) and lowest in farm4
(0.257+0.026), with values of 0.420+0.055 in farm2
and 0.296+0.061 in farml. The concentration of
copper in the water was 0.187+0.004 in farm3,
0.153+0.018 in farm1, and 0.157+0.003 in farm4, but
it decreased to 0.113+0.011 in farm2, as shown in
Table 1. The concentration of manganese was highest
in farm2 (11.500+0.500), followed by farm3
(9.000+0.577) and farm4 (10.000+0.816), and lowest
in farm1 (0.011+0.002). The concentration of iodine
in the water was highest in farm3 (15.54+0.601),
followed by farm2 (14.28+0.800), and then decreased
in farm4 (11.10+0.952) and farm1 (12.65+0.891). This
study analyzed the physical properties of water
samples collected from four different farms. The pH
levels in farm 3 were the highest, with a mean
concentration of 8.10+0.183. The pH levels in farms
1, 2, and 4 were lower, with mean concentrations of
6.8+£0.122, 7.20+0.164, and 7.00+0.141, respectively.

Table 1: heavy metals and trace elements in water (mg/l).

Samples above the

Parameters Farm Min, Max. Mean + SE permissible limits o
N % value’

Farm1 0.33 0.62 0.480+0.051° 5 100 0.001

Lead Farm2 0.36 0.70 0.530+0.078° 5 100 0.001
Farm3 0.60 0.86 0.720+0.058* 5 100 0.001

Farm4 043 0.62 0.545+0.041* 5 100 0.001

Farm1 0.18 0.31 0.224£0.022* 5 100 0.001

Cadmium Farm2 0.1 0.19 0.164+0.016™ 5 100 0.001
Farm3 0.23 0.34 0.285+0.024* 5 100 0.001

Farm4 0.1 0.16 0.137+0.011° 5 100 0.001

Farm1 374 5.025 4.39£0.213° 5 100 0.001

Jron Farm2 3.35 4.75 3.95£0.321° 5 100 0.001
Farm3 5.36 6.03 5.65+0.143* 5 100 0.001

Farm4 3.68 4.85 4.24£0.253° 5 100 0.001

Farm1 0.19 0.52 0.296+0.061* 0 0 0.001

Zine Farm2 0.26 0.52 0.420+0.055* 0 0 0.001
Farm3 0.45 0.58 0.532:0.030° 0 0 0.001

Farm4 0.19 0.32 0.257+0.026° 0 0 0.001

Farm1 0.114 0.209 0.153+0.018¢ 1 20 0.001

cu Farm2 0.095 0.140 0.113£0.011° 0 0 0.001
Farm3 0.178 0.197 0.187+0.004° 0 0 0.001

Farm4 0.153 0.165 0.157+0.003 0 0 0.001

Farm1 0.008 0.018 0.0110.002° 0 0 0.001

Mn Farm2 10 12 11.500+0.500° 5 100 0.001
Farm3 8 10 9.000£0.577° 5 100 0.001

Farm4 8 12 10.000+£0.816% 5 100 0.001

Farm1 114 15.2 12.65+0.891% 0 0 0.001

lodine Farm2 12.69 16.5 14.28+0.800® 0 0 0.001
Farm3 13.96 16.5 15.540.601° 0 0 0.001

Farm4 10.15 13.96 11.10£0.952° 0 0 0.001

* p-value was calculated according to one sample t test; a,b Means with different superscripts in the same
row are significantly different (p<0.05, Tukey HSD test).

The mean concentration of total solids in water was
highest in farms 1 and 2, with values of 3.1+0.007 and
2.940.005, respectively. However, there was a
significant decline in farms 3 and 4, with mean
concentrations of 2.1+0.004 and 1.8+0.004,
respectively. The concentration of calcium in water
was highest in farm 1, with a mean of 48.3+1.432.
Farms 2 and 3 had lower concentrations, with means
of 39.6+1.317 and 23.4+1.250, respectively. Farm 4
had the lowest concentration, with a mean of

13.94£0.633. Calcium carbonate concentration was
highest in farm 1, with a mean of 120.7+£2.310. Farms
2 and 3 had lower concentrations, with means of
99+2.125 and 58.5£1.81, respectively. Farm 4 had the
lowest concentration, with a mean of 34.7+1.552.
Magnesium concentrations were highest in farm 1,
with a mean of 12.3+0.475, and lowest in farm 3, with
a mean of 2.4+0.105. Farms 2 and 4 had intermediate
concentrations, with means of 6.8+0.222 and
3.9+0.117, respectively. The concentration of
magnesium carbonate was highest in farm 1, with a
mean of 41.8+1.644. Farms 2 and 4 had lower
concentrations, with means of 23.12+1.102 and
13.240.417, respectively. Farm 3 had the lowest
concentration, with a mean of 8.16+0.385. Sulfate
concentrations were highest in farm 1, with a mean of
40044.624, and lowest in farms 3 and 4, with means
of 100+£2.611 and 100+2.435, respectively. Nitrite
concentrations were highest in farm 1, with a mean of
0.92+0.003, and lowest in farm 4, with a mean of
0.02+0.000. Farms 2 and 3 had intermediate
concentrations, with means of 0.52+0.001 and
0.3+0.001, respectively. Chloride concentrations were
highest in farm 2, with a mean of 100£2.171, and
lowest in farm 4, with a mean of 50+£1.712. Farms 1
and 3 had intermediate concentrations, with means of
80£2.01 and 65+1.927, respectively.

Table 2: physical analysis of water (mg/l).

Samples above the

Parameters Farm Min. Max. Mean + SE permissible limits P N
n % valug’
Farm1 6.56 7.01 6.8+0.122° 0 0 ND
PH Farm2 7.10 744 7.20£0.164* 0 ND
Farm3 7.66 8.52 8.10+0.183* 0 0 ND
Farm4 6.87 7.1 7.00£0.141% 0 0 ND
Farm1 2.89 3.31 3.1+0.0072 0 0 0.001
Total solid Farm2 261 3.21 2.9+0.005% 0 0 0.001
Farm3 1.85 232 2.1+0.004° 0 0 0.001
Farm4 1.62 210 1.80.004° 0 0 0.001
Farm1 46.85 50.22 48.311.4322 0 0 ND
Calcium Farm2 37.96 40.63 39.6+1.317% 0 0 ND
Farm3 2210 24.63 23.4+1.250 0 0 ND
Farm4 13.25 14.62 13.9£0.633° 0 0 ND
Farm1 117.86 124.10 120.7+2.310° 5 100 ND
CaCo3 Farm2 96.33 101.56 99+2.125% 5 100 ND
Farm3 56.32 60.53 58.5+1.812° 5 100 ND
Farm4 33.12 35.98 34.7+1.552° 5 100 ND
Farm1 11.86 12.81 12.30.475° 0 0 ND
Mg Farm2 6.53 722 6.8+0.222° 0 0 ND
Farm3 212 272 2.4+0.105° 0 0 ND
Farm4 3.63 4.23 3.9+0.117° 0 0 ND
Farm1 39.69 43.55 41.8+1.644° 5 100 ND
MgCo3 Farm2 2212 24.22 23.1241.102° 5 100 ND
Farm3 779 8.62 8.16+0.385¢ 0 0 ND
Farm4 12.74 13.75 13.240.417° 0 0 ND
Farm1 395.01 405.27 400+4.624° 5 100 ND
Sulphate Farm2 246.55 254.22 250+3.338° 5 100 ND
Farm3 97.89 102.81 100£2.611° 1 20 ND
Farm4 97.92 102.60 100+2.435° 1 20 ND
Farm1 0.90 0.94 0.92+0.003* 5 100 ND
Nitrte Farm2 0.48 0.55 0.52+0.001% 5 100 ND
Farm3 0.28 0.34 0.3+0.001° 1 20 ND
Farm4 0.01 0.03 0.02+0.000° 0 0 ND
Farm1 7791 82.17 80£2.014° 0 0 ND
Chioride Farm2 79.57 103.62 100£2.1712 1 20 ND
Farm3 63.55 67.85 65+1.927b° 0 0 ND
Farm4 48.36 52.04 50+£1.712¢ 0 0 ND

ND: non-determined due to the wide range of permissible limits. * p-value was calculated according to one sample t test; a,b Means
with different superscripts in the same row are significantly different (p<0.05, Tukey HSD test).
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Table 3 presents the concentrations of heavy metals
and trace elements in the muscles of fish from different
farms. The concentration of lead in fish muscles was
highest in farm 1 (0.040+0.009) and decreased in farm
4 (0.020+0.004), farm 3 (0.019+0.001), and farm 2
(0.014+0.001). The concentration of cadmium in fish
muscles was highest in farm 3 (0.022+0.002),
followed by farm 1 (0.020+0.004), farm 4
(0.020+0.001), and farm 2 (0.0174£0.002). The
concentration of iron was highest in farm 3
(0.100+0.003) and decreased in farm 4 (0.045+0.010),
farm 2 (0.047+0.012), and farm 1 (0.034+0.011). The
concentration of zinc was highest in farm 2
(0.012+0.002), followed by farm 3 (0.007+0.000),
farm 4 (0.007+0.000), and farm 1 (0.002+0.000). The
concentration of copper was highest in farm 2
(0.057£0.001) and farm 1 (0.049+£0.006) and
decreased in farm 3 (0.032+0.001) and farm 4
(0.022£0.001). The concentration of manganese was
highest in all fish samples, with the highest
concentration observed in farm 2 (2.17+0.125),
followed by farm 1 (2.100+0.158), farm 3
(1.875+0.085), and farm 4 (1.83040.028). The
concentration of iodine was highest in farm 1
(0.154+0.009), followed by farm 3 (0.157+0.002) and
farm 4 (0.143%£0.009), and lowest in farm 2
(0.129+0.003).

Table 3: Fish muscle analysis (ug/g).

Samples above the

Parameters Farm Min. Max. Mean + SE permissible limits r .
n % value’

Farm1 0.02 0.06 0.040+0.009° 0 0 0.001

Lead Farm2 0.012 0.036 0.014+0.001° 0 0 0.001
Farm3 0.016 0.023 0.019+0.001° 0 0 0.001

Farm4 0.01 0.03 0.020+0.004° 0 0 0.001

Farm1 0.01 0.033 0.020+0.004 0 0 0.001

Cadmium Farm2 0.011 0.022 0.017£0.002 0 0 0.001
Farm3 0.01 0.03 0.022+0.002 0 0 0.001

Farm4 0.019 0.022 0.020+0.001 0 0 0.001

Farm1 0.01 0.06 0.034+0.011° 0 0 0.001

Iron Farm2 0.02 0.08 0.047+0.012° 0 0 0.001
Farm3 0.095 0.1 0.100+0.003% 0 0 0.001

Farm4 0.016 0.060 0.045+0.010° 0 0 0.001

Farm1 0.002 0.003 0.002+0.000° 0 0 0.001

Zinc Farm2 0.01 0.02 0.012+0.002* 0 0 0.001
Farm3 0.006 0.008 0.007+0.000° 0 0 0.001

Farm4 0.007 0.009 0.007+0.000° 0 0 0.001

Farm1 0.03 0.06 0.049+0.006° 0 0 0.001

Cu Farm2 0.050 0.060 0.057+0.0012 0 0 0.001
Farm3 0.029 0.036 0.032+0.001° 0 0 0.001

Farm4 0.019 0.026 0.022+0.001° 0 0 0.001

Farm1 18 25 2.100+0.158 50 100 0.001

Mn Farm2 19 25 2.1740.125 50 100 0.001
Farm3 17 21 1.8750.085 50 100 0.001

Farm4 1.77 1.90 1.8300.028 50 100 0.001

farm1 0.12 0.17 0.154+0.009° 0 0 0.001

lodine Farm2 0.12 0.14 0.129+0.003° 0 0 0.001
Farm3 0.152 0.162 0.157+0.002* 0 0 0.001

Farm4 0.133 0.162 0.143+0.009* 0 0 0.001
* P-value was calculated according to one sample t test; a,b Means with different superscripts in the same
row are significantly different (p<0.05, Tukey HSD test).

The growth rate of tilapia fish is presented in Table 4.
At the end of the study, the mean weight of tilapia at
eight months was highest in farm 4 (615.0£28.92),
followed by farm 3 (567.5£18.03), farm 1

(208.50£6.95), and farm 2 (112.0+3.51). The initial
weight of tilapia fish in all farms ranged from a
minimum of 10 to a maximum of 16, and gradually
increased, with the best growth rate observed in farm
3 and farm 4. However, in farm 1 and farm 2, the
growth rate was slow due to unfiltered water.

Table 4: Growth rate of tilapia fish in 4 farms.

Farm 1 Farm 2 Farm 3 Farm 4
Parameters
mean mean mean Mean
Initial 14.00+0.58 13.5+0.56 14.00+0.56 13.240.73
M1 25.60+1.1120 22.140.71° 29.5+1.742 28.00+2.002
M2 47.3+2.442 29.8+1.57° 48.5+2.062 53.5+2.3%
M3 104.5+4.08° 48.00+1.14¢ 100.846.79° 123.5+8.952
M4 133.544.5° 48.1£2.51° 207.50+6.922 226.5+12.252
M5 172.00+4.42¢ 64.90+2.12¢ 279.80+7.480 302.00+11.922
M6 189.00+3.25° 63.03+2.73¢ 417.00+13.002 437.00+11.652
M7 192.08+8.62¢ 82.90+1.41¢ 466.0+£10.27° 553.00+16.472
M8 208.50+6.95 112.04£3.51¢ 567.5+18.032 615.0+28.922
Number o fish 70000 200 200 1500
in the pond
Mortality | N 14000 100 10 30
rae | % 20% 50% 5% 12%

Body weight gain is high in small age fish and
decreases in large age fish. Additionally, long-term
exposure of fish to water containing heavy metals
affects fish health. The results of body weight gain of
tilapia in Table 5 indicate that there were significant
differences in gain. The body gain of farm 4 and farm
3 was significantly higher during the experimental
period. However, the lowest body gain was recorded
in farm 2. The weight gain of farm 2 declined in
months 4 and 6, and the weight gain of farm 1
decreased in month 7. In farm 1, body weight
increased at first but decreased at ages 7 and 8 months.
In farm 2, the body weight gain decreased at ages 4
and 6 months. In farm 3 and farm 4, the body weight
gain was good. The total gain of farm 4 was
significantly the highest, but the lowest total gain was
recorded in farm 2. The total body weight gain was
farm 1 (1945.00+6.50), farm 2 (985.00+3.05), farm 3
(5535.00+£17.64), and farm 4 (6018.00+28.3).

Table 5: Body weight gain.

Fami Fam2 Fam3 Famd

z |ox] & [

o205

The mortality rate of tilapia fish in four different
farming systems is presented in Table 4. Farm 1 was
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an earthen pond located in Balat city, where the water
was obtained from a deep well at a depth of 2000m and
was not filtered. The initial number of tilapia fish in
this pond was 70,000, but the mortality rate during the
experimental period was 14,000, which is
approximately 20%. Farm 2 was a cement pond that
used water from a superficial well at a depth of 150m
without filtration. The initial number of tilapia fish
was 200, but the mortality rate during the experimental
period was 100, which is approximately 50%. Farm 3
was a cement pond that used water from a superficial
well and was filtered using an ordinary filter made of
sand and stone. The initial number of fish was 200, and
the mortality rate during the experimental period was
10, which is approximately 5%. Farm 4 was a
fibreglass tank with a biological filter, and the initial
number of fish was 1500. The mortality rate during the
experimental period was 30, which is approximately
1-2%.

Discussion

Groundwater can serve as a sustainable and alternative
water resource for various human activities such as
agriculture, industry, and other needs, especially
during situations of water scarcity (Al-Taei, 2015).
However, the availability of such resources is limited,
and they can only satisfy urgent life needs (Al-Taei,
2015). Heavy metal pollution in aquatic habitats has
become a serious problem, with heavy metal
poisoning of aquatic habitats becoming a significant
issue for humankind. This has been caused by rapid
population growth, urbanization, industrialization,
exploration and exploitation of natural resources,
expansion of irrigation, and other modern agricultural
practices, as well as a lack of environmental regulation
(Idowu, 2020).

A study found significant differences in cadmium
concentrations between water from farm 4 and other
sources, with all concentrations exceeding permissible
limits. This agrees with Sonousi (2002), Abumourade
et al. (2013), Omar (2015), and Boateng et al. (2019).
However, Ahmed et al. (2010) and Sharma et al.
(2022) found no cadmium in water samples. Iron
concentrations were also higher than permissible
limits in all sources, with the highest concentration in
farm 3. This agrees with Sonousi (2002), Omar (2015),
Boateng et al. (2019), Hussen (2019), and Sharma et
al. (2022), but differs from Ahmed et al. (2010).

Table 1 shows Zinc concentrations in water from
different sources. The lowest concentration was found
in farm 4 and all concentrations were below WHO
(2008) permissible limits. These findings agree with
Sonousi (2002), Prasad et al. (2014), Boateng et al.
(2019), Hussen (2019), Tibebe et al. (2019), and
Sharma et al. (2022). However, Abumourad et al.
(2013) found higher concentrations and Malassa et al.
(2014) reported concentrations within WHO limits.
Copper concentrations in water from farm 1, farm 2,
and farm 4 were similar and below WHO permissible
limits. This agrees with Sonousi (2002), Prasad et al.
(2014), Boateng et al. (2019), and Tibebe et al. (2019).
However, Oyekul and Eludoyin (2010) and
Abumourad et al. (2013) found higher concentrations.
Manganese concentrations in water from farm 1 were
below permissible limits while other sources were
significantly higher. These results are like Prasad et al.
(2014) and Sharma et al. (2022). However, Ahmed et
al. (2010) and Malassa et al. (2014) found
concentrations within WHO limits. Table 1 shows that
lodine concentration in water from farm 3 was higher
than in other sources and all concentrations were
below permissible limits. Reports of high lodine in
groundwater are rare (Wang et al., 2013). Table 2
shows no significant differences in total solids
between water from farm 2 and farm 1 or between
farm 3 and farm 4. All total solids values were lower
than permissible limits (FAO 1992) and Araffa et al.
(2014) reported normal total solids. Calcium
concentrations in water from farm 1 and well differed
significantly from farm 4 and farm 3 and all
concentrations were within permissible limits (Snousi
(2002) and Sale et al. (2019). Calcium carbonate
concentrations also differed significantly between
these sources and were higher than permissible limits
Araffa et al. (2014). Magnesium concentrations in
water from farm 2, farm 1, farm 3, and farm 4 differed
significantly with the highest concentration in farm 1.
All concentrations in water from farm 1 and well were
within permissible limits Araffa et al. (2014).
Magnesium carbonate concentrations also differed
significantly between these sources with the highest
concentration in farm 1. Concentrations in water from
farm 1 and well were higher than permissible limits
while other sources were within limits Sonousi (2002)
and Araffa et al. (2014). Sulfate concentrations in
water from farm 1 and farm 2 were higher than in farm
3 and farm 4. Concentrations in water from farm 1 and
farm 2 were higher than permissible limits while other
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sources were within limits (Sale et al. (2019), Araffa
et al. (2014), and Ahmad et al. (2010)). Nitrite
concentrations in water from Farm 1 and well were
similar and higher than permissible limits.
Concentrations in water from Farm 4 differed
significantly from other sources. Concentrations in
water from Farm 3 were within permissible limits
(Sale et al. (2019), Araffa (2014) and Ahmed et al.
(2010)). Chloride concentration in well water differed
significantly from other sources and all values were
within permissible limits (Sonousi (2002), Sharma et
al. (2022), Karthik et al. (2019) and Ahmed et al.
(2010)). Lead concentration in fish tissue from Farm 1
was significantly higher than in other sources. All
concentrations were lower than permissible limits
(Fotedar et al. (2013), Taweel et al. (2013), Tibebe et
al. (2019), Nwude (2020) and Ibemenuga et al.
(2019)). However, some studies reported higher lead
content in fish than WHO permissible limit
(Abumourad et al. (2013), Hamada et al. (2018),
Ibrahim et al. (2018), Morshdy (2019) and Abdel-
Kader et al. (2020)). Cadmium concentrations in fish
muscle from different water sources did not differ
significantly and were lower than permissible limits
Tibebe et al. (2019), Ibemenuga et al. (2019), and
Nwude et al. (2020). However, some studies found
higher concentrations Dural et al. (2007), Abumourad
et al. (2013), Hamada et al. (2018), Ibrahim et al.
(2018) and Morshdy (2019). Iron concentrations in
fish muscle from farm1, well, and farm4 were similar
and lower than permissible limits Nwude et al. (2020).
Zinc concentrations in fish muscle from farm3 and
farm4 were similar and lower than permissible limits
Ibemenuga et al. (2019), Nofal et al. (2019), Tibebe et
al. (2019) and Nwude et al. (2020). However, some
studies found higher Zinc concentrations Aldoghachil
(2006) and Abumorad et al. (2013). Copper
concentrations in fish muscle from farm3 and farm4
were similar and lower than permissible limits Taweel
et al. (2013), Nofal et al. (2019) and Tibebe et al.
(2019). Manganese concentrations in fish muscle from
all sources were not significantly different and were
higher than permissible limits. Metals in skeletal
tissues, otoliths, and lenses can identify environmental
contamination Lall (2022).

Conclusion

It can be concluded that the fishponds in the studied
area were contaminated with high levels of heavy
metals, which can have negative impacts on both fish

health and human health when consumed. Therefore,
it is recommended that more attention should be paid
to using proper filtration methods to eliminate these
heavy metals from groundwater before using it in
fishponds. This can help to reduce the pollution levels
in the fish and ensure that they are safe for
consumption.
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