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Abstract

Fish can accumulate heavy metals in their bodies from water through direct consumption or absorption
through the gills, skin, and digestive system. Consequently, these metals can be transferred to humans
through the consumption of contaminated fish, which may pose serious health risks. Therefore, human
consumption of fish contaminated with toxic metals can cause various diseases such as liver cirrhosis and
kidney failure. The study aimed to measure the potential health risks of exposure to heavy metals that
exceeded the maximum limits, identify the most accumulated heavy metals in farmed fish, and assess the
economic impact of the accumulation of some heavy metal elements in farmed fish in Kafr EI-Sheikh and
Fayoum governorates. This was done by collecting samples from several fish farms. One of the key
findings of the study was the presence of multiple heavy metal elements, with arsenic and magnesium
being prominent in the samples from both governorates, exceeding permissible limits in Kafr EI-Sheikh. It
was found that the non-compliant production in Kafr El-Sheikh averaged around 416,000 tons, valued at
approximately 10 million EGP, indicating inefficient utilization of this production. In Fayoum, the non-
compliant production for export specifications averaged around 14,000 tons, valued at approximately
348,000 EGP, also highlighting inefficient utilization of this production.

Keywords: Tilapia fish; Heavy metals; Risk assessment; Measuring the Economic Impact.

1. Introduction:

Fish are an important source of low-cost, high-nutritional food for all income groups in Egypt due to their
content of protein, minerals, vitamins, and omega-3. They are also low in cholesterol and beneficial for human
health, reducing the risk of heart diseases . Egypt produces approximately 1.5 million tons of farmed fish,
representing about 79% of the total fish production in Egypt 81| which is estimated to be around 2 million
tons. The average value of fish farming in 2022 was approximately 58.3 billion EGP, accounting for about
7.3% of the total value of agricultural production, which averaged around 802.9 billion EGP [*°l. The average
quantity of fish exports was about 28 thousand tons, with a value of approximately 708 million EGP, while
the quantity of imports was about 298 thousand tons, with an import value of about 10.8 billion EGP 291,
Egypt ranks first among Arab countries in fish production, accounting for approximately 32% of the total fish
production in Arab countries, which is around 6 million tons. Egypt's fish exports make up about 1.8% of the
total fish exports of Arab countries, which is estimated at around 1.5 million tons, a relatively small proportion
compared to production B4, Nile tilapia, accounting for 65.15% of farmed freshwater fish in Egypt, is the
most widely consumed fish in the country compared to other species [“l.
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A significant factor for this is that Egyptian law prohibits the use of Nile river fresh water for fish farming,
instead encouraging the use of agricultural drainage water 1. This drainage water is often contaminated with
various chemical and biological hazards, such as heavy metals and pesticides [®71. Additionally, industrial
wastewater, which is laden with harmful chemicals, can sometimes mix with agricultural drainage channels
81, Due to human activities like the application of chemical fertilizers and pesticides in agriculture, these
drainage channels tend to have elevated levels of heavy metals 1.

Fish can absorb heavy metals from their environment, either by direct ingestion or through their gills, skin, or
digestive systems. As a result, these metals can accumulate in the fish's body and subsequently be passed on
to humans when consumed, posing significant health risks [°1. Consumption of fish contaminated with toxic
metals has been linked to various health issues, including liver cirrhosis ™ and kidney failure 121,

With regard to the previous facts, the present study aimed: 1) Measure the potential health risks of exposure
to heavy metals that exceed the maximum limit. 2) Study the economics of farmed fish production in Egypt.
3) ldentify the most accumulated heavy metals in farmed fish. 4) Measure the economic impact of the
accumulation of some heavy metals in farmed fish.

2. Materials and Methods:

2.1.Site description of the studied aquacultures:

Ten aquaculture farms located in Kafr EI-Sheikh and El-Faiyum governorates in Egypt (five farms from each
governorate) were chosen for this study. These sites were selected due to their high production rates and the
potential risk of pollution from elevated levels of toxic elements, as they rely on agricultural drainage water
for fish farming.

2.2.Sampling time and handling:

Two sampling periods were selected for this study: autumn (September 2021) and spring (April 2022), to
account for the expected significant variations in water quality between the summer and winter fish production
cycles. The autumn and spring fish samples represent the summer and winter production cycles, respectively.
The first phase of sampling, part of a preliminary survey, was conducted during the autumn of 2021 across
the 10 selected farms. Based on the preliminary findings, the most heavily contaminated farms (four farms:
two from each governorate) were chosen for the second phase of sampling in the spring of 2022 to continue
the study.

Tilapia fish (Oreochromis niloticus), with an average body weight of 250-400 g, were collected directly from
the farms at market times. The fish were stored in polystyrene boxes filled with ice and transported to the
research laboratories in a refrigerated vehicle. Upon arrival, the fish samples were placed in polyethylene bags,
grouped with replicates, labeled with codes, and then stored in a deep freezer at -20°C until analysis. Prior to
analysis, the frozen samples were thawed at room temperature, eviscerated, washed, and the fish muscles were
separated from the bones, minced, and then analyzed for heavy metal content.

2.3.Heavy metals analysis:

Heavy metals were extracted from the fish samples using the method described by Jiang et al. [18]. The
concentrations of arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel
(Ni), lead (Pb), and zinc (Zn) in all digested solutions were measured using Inductively Coupled Plasma—
Optical Emission Spectrometry (ICP-OES). Additionally, total mercury (Hg) concentrations were analyzed
using a Hydra-1l AA Mercury Analyzer. Quality assurance and detection limits were established,
demonstrating high recovery rates for the estimation of toxic metals using both the ICP-OES and Hydra-1l
AA Mercury Analyzer methods.

2.4.Human Risk Assessment:

Human risk assessment was estimated based on the guidelines of EPA 1321, Concentrations of heavy metals,
data of surveyed questionnaire conducted on inhabitants of the studied region and some data of Integrated
Risk Information System 22, The daily intake (CDI) (mg/kg/day) from food ingestion was estimated using
the following formula:
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C.IR .ED .EF
BW.AT

Where C is the concentration of chemical expressed as mg/kg. IR is the ingestion rate (estimated for studied
participants). ED is the average period (estimated). EF is the exposure frequency (meal/year). BW is the body
weight (estimated). The AT is the averaging time (365 days/year; %),

Risk ora = CDloral X SForal

CDI =

On the other hand, the non-carcinogenic risk will be evaluated based on the reference doses (RfDs). Target
Hazard Quotient (THQ) of chemicals via ingestion route was calculated as follows:

CDI
RfD

Where, RfD is the reference dose of specified substances 22, Total THQ (TTHQ) or hazard index (HI) is the
sum of more than one hazard quotient for multiple substances.

THQ =

2.5.Statistical analysis

The SPSS statistical program was used to calculate the averages for the study data and the Sign Test model
was used for statistical analysis.

2.5.1. The Sign Test: The sign test is one of the easy and commonly used tests. It is named the sign test
because it converts the data under analysis into positive and negative signs. The assumptions of the
test are that the sample we are testing must be a random sample drawn from a continuously distributed
population with an unknown median, and the data must be at least ordinal in measurement.

* Test hypothesis: The null hypothesis is based on the assumption that the median equals a certain value against
any other alternative hypothesis.

1- HO: me=me0 & HI1 :me # me0
2- HO:me>me0 & HI:me < me0
3- HO:me<meO & HI :me>me0
Where: He: represents the median. me: represents the hypothesized median (a certain value).

Test Statistic:

n

p(k <x/n,p) = z (c Z) pqnt

k=0

Where:

K: represents the number of negative signs in the study sample (under test).

x: number of signs under test.

n: number of observations under test.

Test procedures:

1. We assign a (+) sign for each observation that is greater than (me0) and a (-) sign for each observation that
is less than (me0). We assign a value of zero for each observation that equals (me0) and ignore this
observation.

2. In case of hypothesis (1), the test statistic tests the sign that occurs less frequently, whether it is positive or
negative.

- In case of hypothesis (2), the test statistic tests the number of positive signs.
- In case of hypothesis (3), the test statistic tests the number of negative signs.

3. We extract the probability for the signs by applying the test statistic (binomial distribution) or from special
tables for the binomial distribution.

Decision: If the calculated probability value is less than the chosen significance level, we reject the null

hypothesis, and vice versa.
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3. Results and Discussions:

3.1.Study of the Economics of Production and Export of Farmed Fish:

According to statistical data obtained from the Ministry of Agriculture and Land Reclamation
(www.agri.gov.eg) during the average period of 2020-2022, it was found that the relative importance of fish
farming during this period was about 79% of the total fish production in Egypt, with an average production of
approximately 1.5 million tons out of a total fish production estimated at about 2 million tons. The average
value of fish farming was approximately 58.3 billion pounds, accounting for about 7.3% of the total value of
agricultural production, which averaged around 802.9 billion pounds, and representing about 76.2% of the
value of fish production, which was about 76.6 billion pounds. It was also found that the costs of fish
production inputs in Egypt during the study period were about 34.3 billion pounds, with a relative importance
of approximately 10.7% of the total costs of agricultural production inputs, which amounted to about 321.5
billion pounds, while the average net income for fish production was about 42.2 billion pounds. The average
quantity of fish exports was about 28 thousand tons, with a value of about 708 million pounds, and the quantity
of imports was about 298 thousand tons, with an import value of about 10.8 billion pounds (Table 1).

The relative importance of fish farming sectors in Egypt showed that private farms held the largest share at
about 85.9% of the total fish farming, followed by floating cages at about 12.5%, then government farms,
intensive farming, and rice fields at about 1.15%, 0.14%, and 0.36%, respectively (Table 2).

The estimated results of the relative importance of the geographical distribution of fish farming in Egypt
showed that Kafr EI-Sheikh Governorate held the largest share of farmed fish production during the average
period of 2020-2022, with about 693 thousand tons representing about 44% of the total fish farming
production. This was followed by the governorates of Port Said, Beheira, and Shargia at about 19.5%, 12%,
and 11.8%, respectively. Then came Damietta, Ismailia, Fayoum, and Alexandria at about 7.8%, 2.8%, 1.1%,
and 0.8%, respectively (Table 3, Figure 1).
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Table 1. The importance of the fish production, farmed Fish during the average period (2020-2022)

cS?o ERS § ¥ IS F S 5
2.5 o 532 S o Lo 2 0 L= P 3o
bl =y s358 | §3 = S5 | <85 %E& z £
% 8 § 3 §§ Dc% § 2 § %g_ ; _§ g_ Eé §§ Export Import
Tas 5| g E I L
Year i
Quantity | Value . Value
g'a“r”a' Farmed | o5 L.E million L.E. million L.E million (1000 | (LE | e | g
ources | Fis ton) | mittion) | 1900 1OM | riflion)
2020 418 1,59 79 | 595,66 |62,853 | 47,947 | 230,76 | 27,29 | 364,90 | 35,567 27 543 363 11,68
2021 426 1,57 78 | 742,52 | 67,540 | 51,017 | 297,79 | 30,01 | 444,72 | 37,526 27 779 323 9,745
2022 423 1,59 79 11,070,7 | 99,468 | 76,092 | 436,18 | 45,83 | 634,52 | 53,641 31 802 209 11,21
Average | 422 1,58 79 | 802,96 | 76,620 | 58,352 | 321,58 | 34,37 | 481,38 | 42,245 28 708 298 10,88
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Table 2. Farmed Fish (%)

2020 2021 2022 Average

Governmental Farms 1.25 1.11 1.11 1.15
Compatriots Farms 85.6 86.0 86.0 85.9
Intensive Culture 0.15 0.13 0.15 0.14
In-Pond Raceway System

(IPRS) 0.00 0.00 0.00 0.00
Floating Cages 12.6 12.4 12.3 12.5
Rice Fields 0.37 0.35 0.35 0.36

Table 3. Farmed Fish production in the governorates 2020-2022 (1000 ton)

Governorates production
Kafr El-Sheikh 693.2

Port Sayed 309.6
Beheira 193.0
Shargia 187.4
Damietta 123.9
Ismailia 44.1
Fayoum 17.5
Alexandria 12.8
*Other 4.5

Damietta
8%
Ismailia
3%

_Other
2% Alexandria
1%

*Other
0%

Fayoum
1%

Figure 1

3.2.The Sign Test for Metal Concentration in a Sample of Farmed Fish:

The estimation was conducted according to the following hypotheses:

- Null hypothesis (HO): The average metal concentration in the fish is equal to or less than the permissible
limit (MO).
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- Alternative hypothesis (H1): The average metal concentration in the fish is greater than the permissible limit

(MO).
- HO: M = MO
- H1: M > MO

In this case, the Sign Test was used to analyze the results of each province's samples to determine the
concentration of each element, where the data was divided into two categories: above the permissible limit
and below the permissible limit. Then, the Sign Test (2 Related Sample test) was used to test hypotheses
regarding the comparison of the average samples from two farms in the first season with the average samples
from the same two farms in the second season. This is evident from the estimation results in tables (4, 5, 6, 7).

3.2.1. Kafr EI-Sheikh Governorate:

The metals most concentrated in the sample of farmed fish in Kafr EI-Sheikh Governorate are arsenic and
manganese (Mn, As) with concentrations ranging from (0.05: 2) and (2: 27) mg/Kg each, with an arithmetic
mean of 1.39 and 13.9 mg/Kg, which is higher than the permissible limit of 0.5 mg/Kg, with a significance
level of about 0.02 and 0.002. Therefore, the null hypothesis that the average metal concentration in the fish
is equal to or less than the permissible limit is rejected.

The metals found in low concentrations in the sample of farmed fish are lead and zinc (Zn, Pb) with
concentrations ranging from (0.05: 2.25) and (4.25: 44.75) mg/Kg each, with an arithmetic mean of 0.4 and
32.4 mg/Kg, which is lower than the permissible limit of 2 and 40 mg/Kg. It was found that Pb was present in
10% of the sample at a concentration higher than the permissible limit and Zn in 37% at a concentration higher
than the permissible limit, with a significance level of about 0.004 and 0.72.

The metals that were concentrated in the sample but at levels lower than the permissible limit are copper and
nickel (Ni, Cu), with an arithmetic mean of 1.65 and 0.5 mg/Kg, which is lower than the permissible limit of
20 and 10 mg/Kg, with a significance level of about 0.002 and 0.004. Therefore, the null hypothesis that the
average metal concentration in the fish is equal to or less than the permissible limit is rejected. When
comparing the farms with the highest heavy metal content in the first season with the same sample in the
second season, the significance level indicated that there is no statistically significant difference between the
two seasons.

3.2.2. Fayoum Governorate:

The metals most concentrated in the sample of farmed fish in Fayoum Governorate are arsenic, manganese,
and zinc (Zn, Mn, As) with concentrations ranging from (0.5: 2), (0.05: 11.75), and (12: 55) mg/Kg each, with
an arithmetic mean of 1.15, 3.5, and 39.7 mg/Kg, which is higher or nearly equal to the permissible limit of
0.5, 0.5, and 40 mg/Kg, with a significance level of about 0.004, 0.11, and 0.34.

The metals that were concentrated in the sample but at levels lower than the permissible limit are copper,
nickel, and lead (Pb, Ni, Cu), with an arithmetic mean of 1.03, 0.12, and 0.05 mg/Kg, which is lower than the
permissible limit of 20, 10, and 2 mg/Kg, with a significance level of about 0.002. Therefore, the null
hypothesis that the average metal concentration in the fish is equal to or less than the permissible limit is
rejected.

When comparing the farms with the highest heavy metal content in the first season with the same sample in
the second season, the significance level indicated that there is no statistically significant difference between
the two seasons.
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Table 4. Descriptive Statistics

N Mean Std. Deviation Minimum Maximum
= As 1st season 10 1.39 545 .05 2.00
L2 a Cu 1st season 10 1.65 .699 15 2.75
H 5 = Mn 1st season 10 13.93 10.976 2.00 27.00
S=E Ni 1st season 10 50 480 .05 1.00
M< @ pp Istseason 10 41 718 .05 2.25
Zn 1st season 10 32.37 12.795 4.25 44.75
w  AS 1st season 10 1.15 444 .50 2.00
E2 Cu  Istseason 10 1.03 478 50 1.75
S &€ Mn 1st season 10 3.53 3.877 .05 11.75
< g Ni 1st season 10 12 221 .05 15
0 5“2; Pb 1st season 10 .05 .000 .05 .05
= Zn 1st season 10 39.7 15.53 12.00 55.00
Table 5. Binomial Test (1st season) .
Metals MRL Sign Test N OI)P§§(1)';)/ed l%%f‘&tial Y Decision
Group (-) 1 10 _
As 05 sign Growp(H 9 90 021 Rejectthe null
Total 10 1.00
Group (-) 10 1.00 . he mull
g Cu 20 sign  Growp () - : 002 Rejeotthe
2 Total 10 1.00
£
s Group (-) - - Re: " "
g Mn 0.5 sign Group(H) 10 1.00 002 Bypothests.
= Total 10 1.00
= Group (-) 10 1.00 _
Z Ni 10 sign Growp () - : 002 Rejectthe null
= Total 10 1.00
ﬁ Group (-) 9 .90 . he mull
¥  Pb 2 sign Growp(®) 1 10 004 R‘g;ggghgs?g
Total 10 1.00
Group (-) 5 0.63 .
Zn 40  sign Group (1) 4 0.37 727 Rﬁ%%{ﬁgs?;m
Total 9 1.00
Group (-) - - ) " i
As 0.5  sign Growp(H) 9 1.00 004 Rejootthe
Total 9 1.00
Group (-) 10 1.00 . he mull
_ Cu 20  sign Group () - - 002 R‘g;ggghgs?g
2 Total 10 1.00
? Group (-) 2 .20 .
5 Mn 05 sign Growp(H) 8 80 109 Rt e il
-
& Total 10 1.00
£ Group (-) 10 1.00 . N
:  Ni 10 sign Growp(¥) - : 002 Relectihe null
S Total 10 1.00
= Group (-) 10 1.00 .
Pb 2 sign Growp(H) - . 002 Rejectthe null
Total 10 1.00
Group (-) 3 .30 .
Zn 40 sign Growp(t) 7 70 344 Refamihe pul
Total 10 1.00
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Table 6. Sign Test (Kafr EI-Sheikh fish samples)

Exact Sig. (2-
tailed)

Negative Differences®
-y - b
As ond — 1st PgsTve Differences
Ties
Total
Negative Differences®
-y - b
Cr ond — 1st PgsTve Differences
Ties
Total
Negative Differences®
—— 3
Cu ond — 1st P.OSIEIVE Differences
Ties
Total
Negative Differences®
—— b
Fe ond — 1st P(_)Slzlve Differences
Ties
Total
Negative Differences®
——— 3
Mn 0 1 P(_)Slzlve Differences
Ties
Total
Negative Differences?
. -y - b
Ni ond — 1st P(_)Slzlve Differences
Ties
Total
Negative Differences®
-y - b
Pb ond — 1st P93|E|ve Differences
Ties
Total
Negative Differences®
-y - b
Zn ond — 1st P93|E|ve Differences
Ties

Total

125

125

.625

125

125

125

625

625

M ORPWNMORIWMOIMOIMO|IO|dMbdO|lOMdORPR|lW|dM|O|O|d OO 2

a. X2 <x1
b. x2 >x1
C.Xx2=x1

b. Binomial
distribution used.
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Table 7. Sign Test (EI Fayoum fish samples)

Exact Sig. (2-tailed)
b

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences”
Ties®

Total

Negative Differences?
Positive Differences®
Ties®

Total

Negative Differences?
Positive Differences®
Ties®

Total

As 2nd — 1st

125

Cr 2nd — 1st 125

Cu 2nd — 1st

125

Fe 2nd — 1st 125

Mn 2nd — 1st 125

Ni 2nd — 1st .625

Pb 2nd — 1st 125

Zn 2nd — 1st 125

MlOOld|dO|dMO|dMO|W(kR|dM OO |dOO|dM|dOO|M|d|O|O|M|d|O|OIM 2

a. Xx2<x1
b. x2 >x1
Cc.Xx2=x1

b. Binomial
distribution used.

3.3. risk assessment for human exposure to HMs in fish

The risk assessment data for exposure to the detected concentrations of heavy metals (HMs) in tilapia fish
during autumn 2021 and spring 2022 are presented in Tables 4 and 5, respectively. The target hazard quotient
(THQ) was calculated individually for each element, and the total THQ value, or hazard index (HI), was
determined for each aquaculture farm by summing the THQ values for all HMs in the farm.

The results from season | (autumn 2021), shown in Table 4, revealed that arsenic (As) levels in fish
samples from both Kafr El-Sheikh and El-Faiyum farms posed significant health risks. The THQ values for
As were well above 1, with Kafr EI-Sheikh samples showing a THQ range of 3.15+0.5 and El-Faiyum samples
a THQ range of 2.39+0.8. This indicates that human exposure to As exceeded the reference dose. In contrast,

Taher M. Saied Kadah, 1JSRM Volume 12 Issue 10 October 2024 EM-2024-7625




the THQ values for other heavy metals (Pb, Cu, Fe, Mn, Ni, Cr, and Zn) in both governorates were below 1,
indicating the relative safety of these metals when considered individually.

The rank order of As THQ values for Kafr EI-Sheikh farms was: farm 1 > farm 2 = farm 4 > farm 3 > farm
5. For El-Faiyum farms, the ranking was: farm 1 > farm 2 > farm 3 > farm 4 > farm 5. Additionally, the HI
values, representing the combined THQs of all HMs, exceeded 1 for all farms. The HI rankings for Kafr El-
Sheikh farms were: farm 4 > farm 2 > farm 1 > farm 5 > farm 3, while for El-Faiyum farms, the ranking was:
farm 1 > farm 2 > farm 3 > farm 4 > farm 5.

Based on these results, farms 1 and 2 from Kafr EI-Sheikh, as well as farms 1 and 2 from EIl-Faiyum, were
selected for further heavy metals analysis during the second season. This decision was primarily driven by the
elevated concentrations of As in these farms, given its high toxicity.

Farms 1 and 2 in Kafr EI-Sheikh are located in the Al Haddadi area. Farm 1 uses the El-Naphlah
agricultural drainage as its water source, which also serves as its outlet. In contrast, farm 2 is supplied by El-
Mosraniah agricultural drainage. The absence of an outlet for farm 1 likely explains its higher level of HM
pollution, as metals have accumulated in its water source (EI-Naphlah drainage). In El-Faiyum, farms 1 and 2
use water from Qarun Lake, a closed reservoir that collects wastewater from agricultural areas and is heavily
contaminated with HMs [26], which contributed to the high HM levels found in these farms [25].

The results from season Il (spring 2022), shown in Table 5, demonstrated a notable reduction in HM
concentrations in tilapia fish samples from both governorates compared to the first season. However, the same
ranking trend of THQ values was observed: As > Cr > Fe. Additionally, all THQ and HI values for the farms
in both governorates were below 1, indicating no significant health risks from exposure to the detected HMs
in the tilapia fish during the second season.

3.4.Measuring the Economic Impact of Heavy Metal Accumulation on Farmed Fish in the Study
Sample:

Based on the laboratory sample results collected from fish farms in the sample governorates of Kafr EI-Sheikh
and Fayoum, to measure the heavy metals, it was found that some study samples contained metals exceeding
the maximum permissible limits, making them non-compliant with specifications due to their negative health
effects on consumers. Therefore, the researcher assumed that samples exceeding the permissible limits of
heavy metals represent unrealized profits or income if that production were directed for export, as detailed
below:

3.4.1. Kafr El-Sheikh Governorate:

Table (8) shows that there are a total of 10 samples. Laboratory analysis results indicated that 9 samples
contained the element (As) exceeding the permissible limit, representing about 90% of the total samples from
the governorate. Ten samples contained the element (Mn) exceeding the permissible limit, representing 100%
of the total samples from the governorate. One sample contained the element (Pb) exceeding the permissible
limit, representing about 10% of the total samples from the governorate. Four samples contained the element
(Zn) exceeding the permissible limit, representing about 40% of the total samples from the governorate. Based
on the researcher's assumption, these percentages represent the production rate non-compliant with export
specifications. The fish farming production in Kafr EI-Sheikh was estimated to be about 693 thousand tons
during the average period (2020-2022), with an average export price of approximately 24.8 thousand EGP/ton.
The non-compliant production quantity was estimated to be about 416 thousand tons on average, representing
unrealized income if directed for export without heavy metals. This income was estimated to average around
10 million EGP, indicating that this production was not efficiently utilized.

3.4.2. Fayoum Governorate:

The total samples from the governorate were 10. Laboratory analysis results indicated that 9 samples contained
the element (As) exceeding the permissible limit, representing about 90% of the total samples from the
governorate. Eight samples contained the element (Mn) exceeding the permissible limit, representing about
80% of the total samples from the governorate. Seven samples contained the element (Zn) exceeding the
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permissible limit, representing about 70% of the total samples from the governorate. Based on the researcher’s
assumption, these percentages represent the production rate non-compliant with export specifications. The
fish farming production in Fayoum was estimated to be about 17.5 thousand tons during the average period
(2020-2022), with an average export price of approximately 24.8 thousand EGP/ton. The non-compliant
production quantity was estimated to be about 14 thousand tons on average, representing unrealized income
if directed for export without heavy metals. This income was estimated to average around 348 thousand EGP,
indicating that this production was not efficiently utilized.

Table 8. The Economic Impact of Heavy Metal Accumulation on Farmed Fish in the Study Sample for

the 2020/2021 Season
g o = st | €. §¢€ |8 o
g é % % % géﬁ Skipped samples g’_g g ?E % é
3 = a= | S |SE2
%
| As 10 693.0 24.83 9 0.90 624 15,486
mE Mn 10 693.0 24.83 10 1.00 693 17,207
55 Pb 10 6930 | 24.83 1 0.10 69 1,721
Zn 10 693.0 24.83 4 0.40 277 6,883
416 10324
c As 10 17.514 24.83 9 0.90 16 391
o S Mn 10 17.514 24.83 8 0.80 14 348
£ Pb 10 17514 | 24.83 7 0.70 12 304
14 348

4. Conclusion:

The Sign Test was used to analyze the results of each province's samples to determine the concentration of
each element, The metals most concentrated in the sample of farmed fish in Kafr EI-Sheikh Governorate are
arsenic and manganese (Mn, As) with concentrations ranging from (0.05: 2) and (2: 27) mg/Kg each, with an
arithmetic mean of 1.39 and 13.9 mg/Kg, which is higher than the permissible limit of 0.5 mg/Kg, with a
significance level of about 0.02 and 0.002. Therefore, the null hypothesis that the average metal concentration
in the fish is equal to or less than the permissible limit is rejected.

The metals most concentrated in the sample of farmed fish in Fayoum Governorate are arsenic,
manganese, and zinc (Zn, Mn, As) with concentrations ranging from (0.5: 2), (0.05: 11.75), and (12: 55)
mg/Kg each, with an arithmetic mean of 1.15, 3.5, and 39.7 mg/Kg, which is higher or nearly equal to the
permissible limit of 0.5, 0.5, and 40 mg/Kg, with a significance level of about 0.004, 0.11, and 0.34.

Then, the Sign Test (2 Related Sample test) was used to test hypotheses regarding the comparison of
the average samples from two farms in the first season with the average samples from the same two farms in
the second season It was found from the significance level that there is no statistically significant difference
between the test results in the two seasons in both governorates.

When measuring the economic impact of the accumulation of heavy metals on farmed fish in the study
sample from Kafr El-Sheikh Governorate, it was found that the total samples included 10 samples. The
laboratory analysis results showed that 9 samples contained arsenic (As) exceeding the permissible limit,
representing about 90% of the total samples from the governorate. Additionally, 10 samples contained
manganese (Mn) exceeding the permissible limit, representing about 100% of the total samples from the
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governorate. One sample contained lead (Pb) exceeding the permissible limit, representing about 10% of the
total samples from the governorate. Four samples contained zinc (Zn) exceeding the permissible limit,
representing about 40% of the total samples from the governorate. Based on the researcher's assumption, these
percentages represent the production that does not meet export specifications. The production of farmed fish
in Kafr EI-Sheikh Governorate was estimated at approximately 693,000 tons during the average period (2020-
2022), with an average export price estimated at around 24,800 EGP/ton. It was found that the non-compliant
production quantity is approximately 416,000 tons. This production also represents potential income that could
be achieved if it were directed for export without containing heavy metals, estimated at an average of around
10 million EGP, indicating that this production has not been efficiently utilized.

As for Fayoum Governorate, the total samples included 10 samples. The laboratory analysis results
showed that 9 samples contained arsenic (As) exceeding the permissible limit, representing about 90% of the
total samples from the governorate. Additionally, 8 samples contained manganese (Mn) exceeding the
permissible limit, representing about 80% of the total samples from the governorate. Seven samples contained
zinc (Zn) exceeding the permissible limit, representing about 70% of the total samples from the governorate.
Based on the researcher's assumption, these percentages represent the production that does not meet export
specifications. The production of farmed fish in Fayoum Governorate was estimated at approximately 17,500
tons during the average period (2020-2022), with an average export price estimated at around 24,800 EGP/ton.
It was found that the non-compliant production quantity is approximately 14,000 tons. This production also
represents potential income that could be achieved if it were directed for export without containing heavy
metals, estimated at an average of around 348,000 EGP, indicating that this production has not been efficiently
utilized.

5. Statements & Declarations

5.1.Funding:

This work was supported by the Science, Technology & Innovation Funding Authority (STDF) [grant numbers
41584, 2020]; PI. Prof. Mohamed Bedair M. Ahmed.

5.2.Competing Interests:

The authors affirm that they have no known financial or interpersonal conflicts that might have influenced the
research presented in this study.

5.3.Data Availability:

Data will be made available from the corresponding author on request.

References:

1. FAO/WHO. Report of the joint FAO/WHO expert consultation on the risks and benefits of fish
consumption, 25-29 January 2010, Rome, Italy. World Health Organization: , 2011.

2. Khalili Tilami, S.; Sampels, S. Nutritional value of fish: lipids, proteins, vitamins, and minerals. Rev.
Fish. Sci. Aquac. 2018, 26(2), 243-253.

3. Feidi, I. Will the new large-scale aquaculture projects make Egypt self sufficient in fish supplies?.

Mediterr. Fish. Aquac. Res. 2018, 1(1), 31-41.

Gafrd. General authority for fish resources development. Fish statistics year book. . 2014.

Abumourad, .M. Heavy Metal Pollution and Metallothionein Expression: A Survey on Egyptian

Tilapia Farms. J. Appl. Sci. Res. 2013, 9(1), 612-619.

6. Khallaf, E.A.; Galal, M.; Authman, M. The Biology of Oreochromis niloticus in a Polluted Canal.
Ecotoxicology 2003, 12(5), 405-416.

7. Eltholth, M.; Fornace, K.; Grace, D.; Rushton, J.; Hasler, B. Characterisation of production, marketing
and consumption patterns of farmed tilapia in the Nile Delta of Egypt. Food Policy 2015, 51, 131-143.

8. Selim, M.1.; Popendorf, W.J. Pesticide Contamination of Surface Water in Egypt and Potential Impact.
Catrina 2009, 4(1), 1-9.

9. El-Batrawy, O.A.; EI-Gammal, M.1.; Mohamadein, L.I.; Darwish, D.H.; EI-Moselhy, K.M. Impact
assessment of some heavy metals on tilapia fish, Oreochromis niloticus, in Burullus Lake, Egypt. J.
Basic Appl. Zool. 2018, 79(1), 1-12.

10. Marzouk, M.; Shoukry, H.; Ali, H.; A., N.; Fayed, A. Detection of Harmful Residues in Some Fish

S

Taher M. Saied Kadah, 1JSRM Volume 12 Issue 10 October 2024 EM-2024-7628



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,

23.
24,

25.

26.

27.

28.

29.
30.

31.

32.
33.

34.

Species. Egypt. J. Chem. Environ. Heal. 2016, 2(2), 363—381.

Morshdy, A.E.M.A.; Darwish, W.S.; Hussein, M.A.M.; Mohamed, M.A.A.; Hussein, M.M.A. Lead
and cadmium content in Nile tilapia (Oreochromis niloticus) from Egypt: A study for their molecular
biomarkers. Sci. African 2021, 12, e00794.

Ibrahim, S.A.; Authman, M.M.N.; Gaber, H.S.; El-Kasheif, M.A. Bioaccumulation of heavy metals
and their histopathological impact on muscles of. Int. J. Environ. Sci. Eng. Environ. Sci. Eng. 2013, 4,
57-73.

Zaki, M.S.; Youssef, R.A.; Atta, N.S. Heavy Metals in the Environmental and its effects on fish Zaki
MS et al. 2017, 130-134.

Abdel-Mohsien, H.S.; Mahmoud, M.A.M. Accumulation of Some Heavy Metals in
&It;i&gt;Oreochromis niloticus&lt;/i&gt; from the Nile in Egypt: Potential Hazards to Fish and
Consumers. J. Environ. Prot. (Irvine,. Calif). 2015, 06(09), 1003-1013.

Baba, H.; Tsuneyama, K.; Yazaki, M.; Nagata, K.; Minamisaka, T.; Tsuda, T.; Nomoto, K.; Hayashi,
S.; Miwa, S.; Nakajima, T.; Nakanishi, Y.; Aoshima, K.; Imura, J. The liver in itai-itai disease (chronic
cadmium poisoning): Pathological features and metallothionein expression. Mod. Pathol. 2013, 26(9),
1228-1234.

Satarug, S.; Vesey, D.A.; Gobe, G.C. Current health risk assessment practice for dietary cadmium:
Data from different countries. Food Chem. Toxicol. 2017, 106, 430—445.

Arab Organization for Agricultural Development, Arab Agricultural Statistics Yearbook, 2021.
MALR, Bulletin of Estimates Agricultural Income, Arab Republic of Egypt, Ministry of Agriculture
and Land Reclamation, the Egyptian Economic Affairs Sector, Department of Agricultural Economics
Statistics (2020,2021,2022).

MALR, Statistics Of Fish Production ,insects and food- manufacturing , Arab Republic of Egypt,
Ministry of Agriculture and Land Reclamation, the Egyptian Economic Affairs Sector, Department of
Agricultural Economics Statistics (2020,2021,2022).

MALR, Statistics Of Foreign trade , Arab Republic of Egypt, Ministry of Agriculture and Land
Reclamation, the Egyptian Economic Affairs Sector, Department of Agricultural Economics Statistics
(2020,2021,2022).

Diaz-Bonilla, E., J.J.G.I.C.f.T. Hepburn, and S. Development, Trade, Food Security, and the 2030
Agenda. 2016.

UN, The-Sustainable-Development-Goals-Report-2020.

Kassim, Y., et al., An agricultural policy review of Egypt: First steps towards a new strategy. 2018.
Mohamed Bedair M. Ahmed, Gomaa N. Abdel-Rahman, Mohamed E. M. Ali, Essam M. Saleh, Osama
M. Morsy, Mohamed R. Elgohary, Magdy M. Saad, and Yasser M. Awad, Potential health risk
assessment for heavy metals in Tilapia fish of different spatiotemporal onitoring patterns in Kafr El-
Shaikh and El-Faiyum Governorates of Egypt, Toxicology Reports 10 (2023) 487-497.

APHA.. Standard Methods for the Examination of Water and Wastewater ed-23rd. Am. Public Heal.
Assoc. (APHA), Am. Water Work. Assoc. Water Environ. Fed. (WEF), Washingt. DC 2017.

Jiang, Z.; Xu, N.; Liu, B.; Zhou, L.; Wang, J.; Wang, C.; Dai, B.; Xiong, W. Metal concentrations and
risk assessment in water, sediment and economic fish species with various habitat preferences and
trophic guilds from Lake Caizi, Southeast China. Ecotoxicol. Environ. Saf. 2018, 157, 1-8.

USEPA. Development of Statistical Distributions or Ranges of Standard Factors Used in Exposure
Assessments. 1985.

USEPA. In Draft Guidelines for Carcinogen Risk Assessment (Review Draft, July 1999), Risk
Assessment Forum Washington, DC, USA: 1999.

USEPA. Integrated risk information system (electronic data base). 2002.

IRIS. IRIS. Ingestion risk information system, US environmental protection agency, Cincinnati, OH
25. 2005.

USEPA. Risk assessment guidance for superfund. Hum. Heal. Eval. Man. Part A 1989.
Cohort-Software-Inc. Costat User’s Manual. Version 3 Cohort Tucson, Arizona, USA. 1985.

Goher, M.E.; ElI-Rouby, W.M.A.; El-Dek, S.l.; El-Sayed, S.M.; Noaemy, S.G. In Water quality
assessment of Qarun Lake and heavy metals decontamination from its drains using, IOP Publishing:
2018.

El-Tantawy, M.A.; Shalaby, A.M.; Al-Kenawy, D.A. Heavy metals concentrations in water and fish

Taher M. Saied Kadah, 1JSRM Volume 12 Issue 10 October 2024 EM-2024-7629



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52,

53.

54.

of some Egyptian lakes and fish ponds . Zagazig J. Agric. Res. 2005, 32(5), 1689-1705.
Egyptian-Governmental-Law-No.48-decision 92. Egyptian Governmental Law No. 48/1982- Decision
92 (2013). The implementer regulations for Law 48/1982, Decision 92/2013 regarding the protection
of the River Nile and water ways from pollution. Map Periodical Bull. 21-30. 2013.

Boyd, C.E.; Tucker, C.S. Water quality and pond soil analyses for aquaculture. Water Qual. pond soil
Anal. Aquac. 1992.

Nauen, C.E. Compilation of legal limits for hazardous substances in fish and fishery products. FAO
Fish. Circ. (FAQ). no. 764. 1983.

EOS. Egyptian Organization for Standardization and Quality, maximum levels for heavy metal
concentrations in food. ES. 2360-1993, UDC: 546. 19:815. EOS, Egypt. 1993.

Atafar, Z.; Mesdaghinia, A.; Nouri, J.; Homaee, M.; Yunesian, M.; Ahmadimoghaddam, M.; Mahvi,
A.H. Effect of fertilizer application on soil heavy metal concentration. Environ. Monit. Assess. 2010,
160(1), 83-89.

Salem, M.A.; Bedade, D.K.; Al-Ethawi, L.; Al-waleed, S.M. Assessment of physiochemical properties
and concentration of heavy metals in agricultural soils fertilized with chemical fertilizers. Heliyon
2020, 6(10), e05224.

Bempah, C.K.; Buah-kwofie, A.; Osei-tutu, A.; Denutsui, D.; Bentil, N. Assessing potential dietary
intake of heavy metals in some selected fruits and vegetables from Ghanaian markets. Elixir Pollut.
2011, 39, 4921-4926.

Shaker, I.M.; El-Dahhar, A.A.; Darwish, S. Impacts of Some Environmental Conditions on Water
Quality and Some Heavy Metals in Water from Burullus Lake. J. Arab. Aquac. Soc. 2015, 10(2), 155-
172.

Bahnasawy, M.; Khidr, A.A.; Dheina, N. Assessment of heavy metal concentrations in water,
plankton, and fish of Lake Manzala, Egypt. Turkish J. Zool. 2011, 35(2), 271-280.

Abd-El-Khalek, D.E.; EI-Gohary, S.; EI-Zokm, G.M. Assessm Ent of He Av Y Met Als Pollution in
Oreochromis Niloticus in EI-M Ax Fish F Arm , Egypt. J. Exp. Biol. 2012, 8(2), 215-222.

Yacoub, A.M.; Gad, N.S. Accumulation of some heavy metals and biochemical alterations in muscles
of Oreochromis niloticus from the River Nile in Upper Egypt. Int. J. Environ. Sci. Eng. 2012, 3, 1-10.
Farouk, A.E.; Mansour, E.M.G.; Mekawy, M.T. Assessment of some heavy metals contamination and
thier pollution indices in water and fish organs of (Oreochromis niloticus and clarias gariepinus) in
burullus and edku lakes, (a comparative study). Egypt. J. Aquat. Biol. Fish. 2020, 24(5), 609-637.
Girgis, S.M.; Mabrouk, D.M.; Hanna, M.1.; Abd EIRaouf, A. Seasonal assessment of some heavy metal
pollution and Metallothionein gene expression in cultured Oreochromis niloticus. Bull. Natl. Res.
Cent. 2019, 43(1).

Ali, N.; Mohamed, M.A.; Abd EI-Hameed, E.A.A. Water quality and heavy metals monitoring in water
and tissues of Nile tilapia fish from different governorates “Egyptian Aquaculture farms.” 2016, 20(3),
103-113.

Radwan, M.; Abbas, M.M.M.; Afifi, M.A.M.; Mohammadein, A.; Malki, J.S. Al. Fish Parasites and
Heavy Metals Relationship in Wild and Cultivated Fish as Potential Health Risk Assessment in Egypt.
Front. Environ. Sci 2022, 10, 890039.

Abdel-Halim, K.Y.; Seddik, F.A.; Soliman, H.M.A. Heavy metals contamination in farmed fish: A
potential risk for West Delta Egypt residents. 2019, 7(124), 99-109.

Yacoub, A.M.; Mahmoud, S.A.; Abdel-Satar, A.M. 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. Oceanol. Hydrobiol. Stud. 2021,
50(1), 1-15.

Saeed, S.M.; Shaker, I.M. In Assessment of Heavy Metals Pollution in Water and Sediments and Their
Effect on Oreochromis Niloticus in the Northern Delta Lakes , Egypt, Central Laboratory for
Aquaculture Research, Agricultural Research Center ...: 2008.

Abd El-Samee, L.D.; Hamouda, Y.A.; Hashish, S.M.; Abdel-Wahhab, M.A. Mineral and heavy metals
content in tilapia fish (Oreochromis niloticus) collected from the River Nile in Damietta governorate,
Egypt and evaluation of health risk from tilapia consumption. Comun. Sci. 2019, 10(2), 244-253.
Elnimr, T. Evaluation of some heavy metals in Pangasius hypothalmus and Tilapia nilotica and the
role of acetic acid in lowering their levels. Int. J. Fish. Aquac. 2011, 3(8), 151-157.

Taher M. Saied Kadah, 1JSRM Volume 12 Issue 10 October 2024 EM-2024-7630



55. Khalifa, S.; Hassan, M.; Amin, R.; Marzouk, N. Evaluation of some heavy metals’ residues in tilapia.
Benha Vet. Med. J. 2020, 38(1), 24-28.

56. Omar, W.A.; Mikhail, W.Z.A.; Abdo, H.M.; Abou EI Defan, T.A.; Poraas, M.M. Ecological risk
assessment of metal pollution along greater Cairo sector of the river Nile, Egypt, using nile tilapia,
Oreochromis niloticus, as Bioindicator. J. Toxicol. 2015, 2015.

57. Badr, A.M.; Mahana, N. a; Eissa, A. Assessment of Heavy Metal Levels in Water and Their Toxicity

in Some Tissues of Nile Tilapia ( Oreochromis niloticus ) in River Nile Basin at Greater Cairo , Egypt.
Glob. Vet. 2014, 13(4), 432-443.

Taher M. Saied Kadah, 1JSRM Volume 12 Issue 10 October 2024 EM-2024-7631



