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INTRODUCTION 

 

          Environmental pollution is one of the major problems facing the human society 

today. Rapid industrialization coupled with urbanization has contaminated the aquatic 

ecosystems through heavy metals (Islam & Tanaka, 2004; Mwanamoki et al., 2015; Ali 

et al., 2019). Due to their persistence, heavy metals pose a serious risk on living 

organisms and the aquatic ecosystems (Ullah et al., 2017, Fuentes-Gandara et al., 2018; 

Ogbomida et al., 2018). In addition, their bioaccumulation and magnification through the 

water, sediments and food chain (Omar et al., 2013; Liu et al., 2018; Kumari &Maiti, 

2020) have given heavy metals the potential to pose delitrious threat.  

     Arsenic and mercury are contaminants of a particular concern attributed to  their wide 

distribution in the environment and their high potential for bioaccumulation and 

biomagnification (Lavoie et al., 2013; Qiu et al., 2018; Marziali & Valsecchi, 2021). In 

freshwater systems, the accumulation of As and Hg has been detected in sediment 

originated from anthropogenic inputs; sediment can act as a potential secondary source of 

the contaminant for overlaying waters and aquatic organisms (Amos et al., 2014; 

Marziali & Valsecchi, 2021). According to public health guidelines, As and Hg are 
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     Arsenic (As) and mercury (Hg) concentrations in the sediment and 

tissues of Oreochromis niloticus fish from a Nile River canal (Muweis 

Canal), Egypt, were subjected to an investigation between May and July 

2022 at six stations along the canal. Concentrations of As and Hg were 

determined via an atomic absorption spectrophotometer. The results 

showed that the concentrations of metals in the liver, muscle and sediment 

varied significantly among the different sampling sites. The contamination 

factor (CF) and potential ecological risk index (RI) indicated a 

considerable risk for aquatic life. For O. niloticus consumption, the 

estimated daily intake (EDI) of Hg was less than the permissible daily 

intake.  However, the target hazard quotient (THQ) and target cancer risk 

(CR) values for As exceed the acceptable value range, suggesting a risk of 

cancer for consumers. Therefore, the continuous monitoring for heavy 

metals in Muweis Canal and similar localities in Egypt should be improved 

to preserve ecological and human health. 
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among the most toxic chemicals (WHO, 2017). A daily intake of 1.0mg inorganic arsenic 

may cause skin lesions within a few years. However, Hg is a teratogenic element, and 

even low levels of exposure can have irreversible effects on the central nervous system 

(Crespo-Lpes et al., 2021). 

   Compared to water, analysis of sediment gives accurate estimations for contaminants, 

which are absorbed by particulates tending to sink on bottoms (Ibrahim & Omar, 2013). 

Heavy metals in sediment can accumulate in benthic organisms and then transfer to higher 

levels in the food chain (Shirneshan et al., 2013; Varol & Sunbul, 2019). Therefore, 

sediment monitoring is primary to identify harmful metals in the aquatic ecosystem. 

Furthermore, due to their location at the top of the food chain, fish can accumulate metals 

from water, sediments, their food and pollution residues (Zhao et al., 2012; Varol & 

Sunbul, 2019). Thus, the metals’ concentration in their tissues may be significantly 

higher, compared to their concentration in the water and sediment (Goodwin et al., 2003). 

For this reason, fish have been considered as a good bioindicator for water bodies 

contamination (Mansour & Sidky, 2002; Markert et al., 2008). Additionally, 

monitoring of metal concentrations in fish tissues helps ensuring the safety the aquatic 

organisms and the health of their consumers (Ali et al., 2019; Pinzon-Bedoya et al., 

2020). 

    Muweis Canal in the Egyptian Delta is affected by agricultural drains, domestic wastes, 

as well as wastes from the Miser Oil & Soap Factory (APRP, 2002; Abdel-Satar et al., 

2017). This canal is regarded as a source of water for drinking, agricultural, industrial and 

fisheries. Therefore, regular monitoring of metals in different environmental segments 

such as sediment and biota is necessary for pollution assessment and control as well as to 

assess the risks threatening wildlife and human health (Lin et al., 2019). One of the most 

popular species in Egypt is the Nile tilapia, Oreochromis niloticus (Linnaeus, 1758). Due 

to the limited information on arsenic and mercuric contaminations in this fish species until 

now and the toxicity of these elements to human health, this study aimed to assess As and 

Hg concentrations in liver and muscle tissues of O. niloticus and evaluate the human 

health hazards in relation to fish consumption. In addition, the levels of As and Hg in 

sediment samples were assessed to evaluate the degree of soil contamination that could 

adversely affect benthic organisms. 

 

MATERIALS AND METHODS 

 

Study area 

   Muweis Canal is considered as a natural source of irrigation, drinking and fishery. The 

canal arises from Al-Raiyah Al-Tawfky and runs through Sharkia Province, Egypt. The 

governorate is located in the east of the Nile Delta between latitudes 30° 34′ 0″ N & 

longitudes 31° 30′ 0″ E. Six stations were chosen along this canal for approximately 

42.52 kilometres; namely, Al-Azizeyah (S1), Minya El Qamh (S2), Zagazig (S3), Kafr- 

Elhosr (S4), Hehya (S5) and Abou Kabir (S6) (Fig. 1).These sites are impacted by 
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different anthropogenic activities. They receive domestic, industrial and agricultural 

wastes. Samples were collected between May and July 2022. 

 

Fig. 1. Map of the studied sites located in Muweis Canal Al-Sharkia governorate, Egypt   

 

Sample collection, preparation and metal analysis 

Sediment samples 

    Sediment samples were gathered from the bottoms using an Ekman grab sampler 

(n=18, three from each sampling site). Sediment samples were preserved in tightly sealed 

and labeled plastic bags before being taken to the lab. The sediments were air-dried, 

sieved to separate coarse particles and ground in the lab. The samples were dried in an 

oven for 48 hours at 70°C to a constant weight. Then, 0.5g of the fine powdered sediment 

sample was digested using 10ml of concentrated HNO3 (65%): HClO4 (60%): HF (40%), 

with heating for 3 hours on a hot plate at 70°C for complete digestion (Kouadio & 

Trefry, 1987). The digest was cooled to room temperature, filtered using whatman filter 

paper (No. 42) and diluted to a volume of 25ml, and then stored until analysis. An atomic 

absorption spectrophotometer "Buck Scientific USA 210 VGP", with an oxidizing air 

acetylene flame, was used to measure element concentrations (As and Hg) (Norwalk, CT, 

USA). Values for metals were given as g/g dry weight. 

 

Oreochromis niloticus fish samples 

   The Nile tilapia, Oreochromis niloticus specimens with an average body length (21.2 ± 

0.44cm) and an average body weight (165.8 ± 7.35g) were caught by fishermen using 

fishing nets from the sampling station during the same period of sediment collection (n = 

108, six individual/ month/ station). The specimens were cleaned to remove any debris, 

sealed in bags and transported in an icebox to the lab. In the lab, each O. niloticus fish 

sample was dissected by using sterile stainless steel tools to bring out liver and muscle 

tissue samples (dorsal muscle, with its covered skin). Fish tissues were then rinsed twice 
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with distilled water, placed in labeled bags and immediately deep frozen at -20
0
C until 

analysis. For each month, fish specimens (especially, liver) were pooled and blended 

together to form a composite homogenized sample, which was then analyzed in this 

study. About 0.5g of wet tissue samples was digested according to Akubugwo et al. 

(2007). Metal values were given as µg/g wet weight.  

    Digestion of samples and metal analysis were made at the central laboratory in the 

Faculty of Veterinary Medicine, Zagazig University, Egypt. A quality control of the 

analysis was assessed by the routine examination of the standard reference materials 

(dogfish liver DOLT-4) for the studied metals (As and Hg) to ensure the precision and 

accuracy of the results. Recovery percentages from the spiked samples were 97.6 %, 96.2 

% for mercury and 106.8 %, 106.2 % for arsenic for sediment and fish samples, 

respectively. Analysis was replicated three times for each sample. 

 

Assessment of sediment contamination  

    To assess the possible environmental risks associated with the abnormal levels of 

metals in sediment, indices were used to indicate sediment contamination. 

 

Contamination factor (CF) 

    The contamination factor was calculated using the following equation of Hakanson, 

(1980): 

  

Where, Ci= content of the metal in the analyzed sediment, and Cb is the background 

concentration of metal. Due to the lack of local background values for Muweis Canal 

sediment, background concentrations of 0.25 and 8 μg g
−1

 for Hg and As in crustal shale, 

respectively, were considered for the calculation (Turekian & Wedepohl, 1961). 

Hakanson (1980) identified four categories of contamination: CF< 1 for low 

contamination; 1≤ CF ≤ 3 for moderate contamination; 3≤ CF≤ 6 for considerable 

contamination, and CF ≥ 6 for very high contamination. 

 

Potential ecological risk index (RI) 

    In order to assess the level of metal pollution in sediments, the potential ecological risk 

factor (Er) of a single metal and the RI of multi metals were calculated by using the 

following equations: 

        

           

Where, RI = sum of all risk factors for metals in sediments; Er = the potential ecological 

risk of a single metal; CF: is the contamination factor of an individual element, and T: is 

the toxic response factor (Hg= 40 & As=10) (Hakanson, 1980). According to Hakanson 

(1980), the following terms were suggested for RI values: low risk (RI<150), moderate 

risk (RI>150 to >300), considerable risk (RI> 300 to <600) and high risk (RI>600).  
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Sediment quality guidelines (SQGs) 

    SQGs help in predicting the toxicity of metals in sediments on aquatic biota. Two 

toxicological reference values referred to as TEL (Threshold Effect Level) and PEL 

(Probable Effect Level) were used in order to evaluate sediment quality (JFDEP; 

MacDonald, 1994). Additionally, Long et al. (1995) have mentioned ERL (effects range 

low), and ERM (effect range medium) references. Concentration ranges are as follows; < 

ERL for rarely effect; > ERL < ERM for occasionally effect, and > ERM for frequently 

effect. 

Health risk assessment 

 Estimated daily intake of metals 

    The estimated daily intake (EDI) of Hg and As was calculated via the following 

equation of USEPA (1989) and Christophoridis et al. (2019): 

  

EDI was represented as μg/ kg bw/day; C = metal levels in edible tissue of the fish (μg/g 

ww); IR= the daily consumption of fish, which is 62.25 g/person/ day based on the 

Ministry of Agriculture and Land Reclamation, Egypt (2017), and BW represents the 

weight of body (70 kg for adults). 

Evaluation of the target hazard quotients  

    Target hazard quotient (THQ) was calculated to assess the risk for non-carcinogenic 

diseases due to exposure to metals, according to following equation expressed by US 

EPA (2012). If THQ values were lower than 1.0, the potential risk would not likely 

occur. However, if the values were higher than 1.0, there would be a risk that hazardous 

effects occur (US EPA, 2019). The following formula was determined to calculate THQ: 

  

Where, Ef= exposure frequency (365 days per year); C = metal concentrations in fish 

(μg/g w.w); Ed= exposure duration (70 years); IR= ingestion rate g/person/day; AT= 

average exposure time (365 days/year × ED), and Rfd= oral reference dose for As and Hg 

are 0.0003 and 0.0001 μg/g /day, respectively (USEPA, 2019). 

Evaluation of target cancer risk 

    Target cancer risk (CR) was calculated according to USEPA (2000), using the 

following equation. Carcinogenic risk between 10
− 6

 and 10
-4

 indicates a range of 

potential risks associated with cancer causes, while CR higher than 10 
-4

   is unacceptable 

(USEPA, 2011) 

  
Where, EF= the frequency of exposure days/year; ED= the exposure duration years; IR= 

the ingestion rate g/person/day; CSF= the cancer slope factor (As= 1.5mg/ kg/ day) 

(USEPA, 2019); BW: the body weight (kg), and AT= the average exposure time (365 

days × 70 years). 
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Statistical analysis 

    The data were statistically analyzed by using the SPSS statistic version 16.0. One-way 

analysis of variance (ANOVA), followed by Duncan’s multiple range tests were 

performed to determine the significant differences and comparison of the means among 

groups. Pearson correlation test was applied to evaluate the correlation coefficient of 

heavy metals of the liver and muscle tissues and sediment. 

RESULTS  

 

Arsenic and mercury concentrations in sediment 

    Arsenic and mercury levels in the sediments at the different sites along the Muweis 

Canal are shown in Table (1).The ranges of mean concentrations were 8.47 – 14.54 µg/g 

for As, and 1.81 – 2.6 µg/g for Hg. The highest content of As was recorded at S5, while 

S3 had the highest levels of mercury. The mean concentration of As showed significant 

difference between the sampling sites (P<0.01). 

                 Table 1. Concentrations of As and Hg (µg/g) in sediment and tissues of O. niloticus at 

different stations 

-The data are presented as means ± SE. Means with different letters in the same column are 

statistically significant at P<0.05 (one-way ANOVA and subsequent post-hoc multiple 

comparison with Duncan’s multiple range tests); <DL: below detection limit. 

 

Assessment of sediment contamination 

    The contamination factor, the potential ecological risk factor and the risk index of As 

and Hg in sediments of Muweis Canal are presented in Table (2). CF values ranged from 

1.06 to 1.82 for As and 7.24 to 10.4 for Hg. The Er values ranged from 10.6 to 18.2 for 

As, and 289.6 to 416 for Hg. The calculated RI values for the sediments ranged from 

306.5 to 432.6, following the orders of S3> S4> S5> S1> S6> S2.  

   Data from Muweis Canal were compared with the sediment quality guidelines of 

MacDonald, (1994) and Long et al., (1995) in order to take into account the 

ecotoxicological significance of As and Hg concentrations (Table 3). The mean As 

content was above the threshold effect level (TEL) and effect range low (ERL); the mean 

content of Hg was three orders of magnitude higher than ERM and PEL. 
 

Station Sediment Muscles Liver 

 As Hg As Hg As Hg 

S1 9.71 ± 0.99
ab

 1.97± 0.03
ab

 4.67± 0.17
c
 <DL 5.02± 0.51

a
 0.09 ± 0.007

a 

S2 11.91 ± 1.0
bc

 1.81± 0.25
a
 3.08± 0.08

a
 <DL 6.87± 1.07

ab
 0.31 ± 0.007

b 

S3 8.47 ± 0.89
a
 2.6± 0.35

b
 4.81± 0.15

c
 0.02 ± 0.006

a 
5.48± 0.48

a
 0.07 ± 0.009

a 

 

S4 9.06 ± 0.59
ab

 2.19± 0.16
ab

 3.92± 0.09
b
 <DL 5.50± 0.52

a
 0.06 ± 0.007

a 

S5 14.54 ± 0.65
c
 2.12± 0.04

ab
 5.26± 0.44

c
 0.03±0.003

a 
8.40± 0.35

b
 0.54 ± 0.03

c 

S6 13.67 ± 0.58
c
 1.93± 0.12

a
 3.74± 0.29

ab
 <DL 6.66± 0.11

ab
 0.31 ± 0.009

b 

F-value 9.77 1.9 11.12 20.2 4.62 152.3 

P-value 0.008 0.16 0.0001 0.00001 0.01 0.00001 
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Table 2. Contamination factor, Potential ecological risk (Er) and potential ecological    

risk index (RI) of As and Hg in the sediment of the Muweis Canal, Egypt 

 

 

 

 

 

 

 

 

 

Table 3. Comparison of metal concentrations (μg/g d.w) in sediments in this study and 

other Egyptian localities 

Location As Hg References 

Muweis Canal, Egypt 8.47 - 14.54 1.81 - 2.6 This study 

The Northern lakes, 

Egypt 

- 0.015 – 0.171 Shreadah et al., 2012 

The River Nile, Assiut - 2.02 - 5.67 Ibrahim & Omar, 2013 

Lake Manzala 4.6 - 22 - El-Badry & Khalifa, 2017 

El-Rahawy Drain 5.63 - 7.43 - Abd El-Aziz et al., 2022 

El-Kanater 0.32 - 0.44 - Abd El-Aziz et al., 2022 

SQGs    

ERL 8.2 0.15 Long et al., 1995 

ERM 70 0.71 Long et al., 1995 

TEL 7.24 0.13 MacDonald et al., 2000 

PEL 41.6 0.7 MacDonald et al., 2000 

- SQGs: Sediment quality guidelines; TEL: Threshold effect level, PEL: Probable effect level, ERM: Effect 

range medium, ERL: Effects range low. 

 

Arsenic and Hg concentrations in fish tissues 

    Table (1) represents the mean As and Hg concentrations in the O. niloticus liver and 

muscle at the different sampling sites. Arsenic recorded the highest concentration in 

muscle and liver tissues for all the analyzed samples. The mean As and Hg values in liver 

tissue were 5.02 - 8.40 and 0.06 -0.54g/ g, respectively. As was recorded at all sampling 

sites; the highest content of As in O. niloticus muscles was detected at station "5", while 

the lowest content was recorded at site "2". It was noticed that, Hg in fish muscles was 

detected only at stations "3 and 5". 

    Table (4) displays the findings of correlation test between heavy metals levels in 

muscle and liver tissues and sediment. The results showed that As and Hg in the sediment 

and muscle, sediment and liver and muscle and liver all had positive, non-significant (P> 

0.05) correlations. However, Hg between the liver and sediment recorded a negative 

association. 

 

              

Station             As           Hg  

 CF Er CF Er RI 

327.3 S1 1.21 12.1 7.88 315.2 

S2 1.49 14.9 7.24 289.6 304.5 

S3 1.06 10.6 10.4 416 426.6 

S4 1.13 11.3 8.76 350.4 361.7 

S5 1.82 18.2 8.48 339.2 357.4 

S6 1.71 17.1 7.72 308.8 325.9 
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             Table 4. Person correlation coefficient (r) of metal concentrations between sediment and 

fish tissues 

Trace element  Sediment × Muscle   Sediment × Liver Muscle × Liver 

As 0.186 0.187 0.082 

Hg 0.418 - 0.261 0.425 

 

Health risk assessment 

   Table (5) presents the EDI values compared with permissible tolerable daily intake 

(PTDI). The findings showed that the estimated daily intake for As from the consumption 

of O. niloticus ranged from 2.74 to 4.67μg/ kg bw/ day. This was higher than PTDI value. 

However, Hg values ranged from <DL to 0.03μg/ kg bw/ day, and this was below the 

PTDI value. The THQ values for As were higher than 1.0 at the sampling sites, with a 

range from 9.13 to 15.57. However, THQ values for Hg were lower than 1.0. The 

calculated target cancer risk for As was marked as unacceptable (higher than 10
−4

) at all 

sampling sites (Table 5). 

Table 5.  Estimated daily intake (μg/kg bw/day), target hazard quotient (THQ) and target 

cancer risk (CR)  for As and Hg in O. niloticus  at different stations 

-PTDI: Permissible tolerable daily intake (μg /kg bw/day) (JECFA, 1989, 2009). 

 

DISCUSSION 

 

      Sediments usually act as both a non-point source and a sink for contaminants that can 

affect water quality and adversely affecting the aquatic food web (Fernandes & Nayak, 

2012; Tiquio et al., 2017). Therefore, maintaining a healthy aquatic ecosystem and 

ensuring effective protection for both human health and aquatic life need attaining a good 

sediment quality (Osman & Kloas, 2010). 

    Arsenic and mercury in sediments in this study showed a significant difference 

(P<0.05) between the sampling sites. As registered the highest levels for all sampling 

stations, with mean concentrations ranging from 8.47 to 14.54µg/ g. These results concur 

Station          EDI          THQ CR 

 As Hg As Hg As 

     

S1 4.23 - 14.1 - 0.0063 

S2 2.74 - 9.13 - 0.0041 

S3 4.28 0.017 14.27 0.178 0.0022 

S4 3.49 - 11.63 - 0.0052 

S5 4.67 0.027 15.57 0.267 0.0070 

S6 3.32 - 11.07 - 0.0049 

PTDI 2.14 0.20    
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with those of El-Badry and Khalifa (2017). However, the present data exceed those of 

Abd El-Aziz et al. (2022) addressing the Nile River branches; El-Rahawy Drain, and El-

Kanater (Table 3). Comparison of Hg concentrations in the Muweis Canal sediment with 

previous researches from other Egyptian sites (Table 3) indicate that Hg levels are 

consistent with the values reported in the study of Ibrahim and Omar (2013) on the 

River Nile at Assiut governorate. On the other hand, these values are higher than those of 

Shreadah et al. (2012) who examined different northern lakes in Egypt. The excessive 

use of pesticides and fertilizers by farmers and discharges from agricultural and industrial 

sources may be the primary source for the high levels of As and Hg in sediments of 

Muweis Canal in this study. The highest metal concentrations in sediment, according to 

Goher et al., (2014), may have considerable anthropogenic causes.  

    Contamination factor, potential ecological risk index and sediment quality guidelines 

were utilized in this study to assess the potential ecological risks of As and Hg pollution 

in the sediments of Muweis Canal. In the current study, CF values of As at all the stations 

are higher than 1.0, reflecting moderately polluted sediments. However, the highest CF 

values of Hg was > 6, reflecting very high polluted sediments. Based on Er values, it was 

found that As had low risk while a high risk was assessed for Hg at all stations. In this 

respect, Hakanson (1980) classified the potential risk index reporting that, the surficial 

sediments of Muweis Canal represent a considerable ecological risk for aquatic life. 

    The sediment quality guidelines’ values were considered as resulting from the 

toxicities of heavy metals. The results of comparison of As and Hg concentrations in 

Muweis Canal sediment with the SQGs in this study (Table 3) showed that the 

concentrations of Hg are higher than ERM and PEL at all sampling sites, whereas the As 

concentrations are higher than TEL and lower than PEL at all stations. According to these 

findings, occasional biological effect would occur due to As and frequently adverse effect 

due to Hg. Heavy metals in sediments could cause negative impacts on fish, and the 

benthic biota. Raeisi et al., (2014) stated that, some polluted sediments can kill sediment 

dwelling organisms, and hence, the availability of food for larger fauna like fishes was 

decreased, and the biodiversity in the aquatic environment was declined. In addition, the 

bioaccumulation of sediment contaminants in the tissues of fish consumed by human 

causes health risks to human (Mulligan et al., 2001). 

    A variety of freshwater fish species have been shown to contain arsenic and mercury 

worldwide. A study in the Thigithe River, Tanzania detected As and Hg in muscle and 

liver of Labeo victoriamus, with As levels in muscles ranging from 0.25 to 2.5, while Hg 

ranged from 0.1 to 0.7 mg kg
−1

 ; in liver, As level varied from 1.0 to 7.8 and Hg from 

<DL  to 0.3mg kg
−1

 (Mataba et al., 2016). In the muscles of the Nile tilapia (O. 

niloticus) in the present study, concentrations of As at all the sampling sites (Table 1) 

recorded higher levels, compared to other studies. Arsenic levels of 1.70, 1.55 and 1.50 

µg/g were reported in the study of Abdel-Kader and Mourad (2020) in the muscles of 

T. zillii, O. aureus and S. galilaeus, respectively, from Burullus Lake, Egypt. However, 

As concentrations in the muscle of O. niloticus from Cempaka Lake in Malaysia ranged 

from 1.10 to 3.12mg kg
−1

 dry weight (Taweel et al., 2013). According to FSANZ (2011), 
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As levels in muscles of O. niloticus from the studied sites along Muweis Canal exceed 

the permissible limits set for human fish consumption (2.0μg/ g). Mercury level in O. 

niloticus muscles in this study ranged from <DL to 0.03µg/ g; this value seems to be 

similar to Hg concentration in muscle of the same fish species (0.045 µg/g) caught from 

the Manzala Lake, Egypt (Sallam et al., 2019). Whereas, a much higher mean level of 

0.72, 0.65 and 0.55µg/ g for Hg has been reported for O. aureus, T. zilliia and S. 

galilaeus, respectively, from Lake Manzala, Egypt (Abdel-Kader & Mourad, 2022). 

Mercury levels detected in this study are below WHO acceptable levels (0.5μg/ g). 

    Since O. niloticus are inshore fish, their feeding habit may be the reason of high metal 

accumulation in tissues. The As and Hg levels in the liver in this study were higher than 

those recorded in the muscle tissues at all stations (P< 0.05). In this context, Phillips 

(1980) explained that, benthic fishes can accumulate heavy metals more than fish that 

live in the water column, and this is dependent on the high metal levels in sediment 

compared to the water column. Furthermore, the high metabolic rate of liver rate may 

explain why it accumulates metals at a higher rate than other organs (Aytekin et al., 

2019; Sadeghi et al., 2019). The non-significant correlation coefficient between As and 

Hg concentrations in sediment and fish tissues found in this study suggests that the source 

of these metals in O. niloticus tissues could be the water or food rather than sediments 

(Rashed, 2001). 

    Metal levels in fish muscles were utilized to determine human health risks by 

computing EDI, THQ and CR values (Sharafi et al., 2019; Abd-Elghany et al., 2020). 

The high EDI values for As in this study, when compared to the acceptable daily intake 

stated by the joint FAO/WHO Expert Committee on Food Additive (JECFA, 2009), 

suggested that the consumption of O. niloticus poses serious concerns to human health in 

regard to As. On the other hand, the lowest EDI and THQ values for Hg indicate no 

health hazards. While, THQ of more than unity (1.0) indicates the presence of health risks 

(USEPA, 2011; Yi et al., 2017). THQ values for As are greater than one at all stations in 

this study, and this suggests health risks for consumers. Likewise, THQ of As and Hg 

were reported to be unsafe for human consumption in all fish species in the Persian Gulf 

(Keshavarzi et al., 2018). Thus, the target cancer risk (CR) should be monitored. The 

USEPA (2011) states that CR values between 10
−4

 – 10
−6

 indicate an acceptable range of 

potential risks associated with cancer causes, and values higher than 10
−4

 are 

unacceptable. The findings of this study demonstrated that at all sites, the CR for As was 

extremely above the permissible value range. Therefore, the potential cancer risk 

associated with consuming this fish for long period of time can be concerned. 

CONCLUSION 

 

  This study would provide valuable information on arsenic and mercury concentrations 

in sediment and O. niloticus tissues along Muweis Canal, Sharkia Province, Egypt. The 

levels of metals in the liver, muscle and sediment varied significantly between the 

different sampling sites. According to sediment pollution indices, Muweis Canal’s 

sediments are categorized as moderately to very high polluted. Therefore, there is a 
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considerable risk for the ecosystem. Furthermore, As and Hg concentrations in the liver 

tissues of O. niloticus are more than those recorded in muscles. Concerning arsenic levels 

in fish muscles, the EDI, THQ and CR values were found to be higher than the acceptable 

value range, forming alarming signs to consumer health. As a result, regular monitoring 

of the metal concentrations in several fish species in the Muweis Canal is necessary. 
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