


Contaminant dynamics in the muscle of the European seabass from the Syrian coast (Eastern Mediterranean) and associated human health risks




Abstract
[bookmark: _GoBack]Fish are known to bio-accumulate heavy metals and, hence, when consumed, could become a threat to human health. In this study, accumulation of heavy metals (Zn, Cu, Pb, Cd) in the muscle of Dicentrarchus labrax from the Syrian marine waters (Eastern Mediterranean) were assessed. Samples were collected from six different areas during two consecutive years, from March 2021 to February 2023. The desired hazard quotient and predicted daily intake were used to calculate health risk. Relatively near sources of industrial pollution, tourist attractions, and agricultural operations, heavy metal concentrations were greater. The concentration of Zn in the muscle was at reasonable levels for human consumption and ranged between 4.123-24.084 µg/g wet weight. Copper was found with an average ranging between 0.401-0.897 µg/g wet weight. The lead concentration was (0.245-0.619 µg/g wet weight), while Cadmium was the least concentrated (0.0081-0.0178 µg/g wet weight). These concentrations indicated that all heavy metals studied were in the permissible safety levels for human consumption, and within the limits allowed by the Food and Agriculture Organisation (FAO).
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1- Introduction
“Heavy metals normally occur in nature and are essential to life, but they are a threat to human health and can become toxic through accumulation in organisms. Some heavy metals are classified as pollutants even if found in low concentrations, such as (Pb, Cd), due to their high toxicity and ability to travel long distances in the atmosphere” (Hall, 2002; Simon et al., 2011). “They have no proven biological function (also called xenobiotics or foreign elements), and their toxicity rises with increasing concentrations” (Sfakianakis et al., 2015). “Lead may cause neurodevelopmental effects in children, even at low levels, and cardiovascular, renal, gastrointestinal, haematological, and reproductive effects were declared” (UNEP, 2008a). Cadmium is also toxic to humans and exposure can cause pulmonary irritation, kidney disease, bone weakness and possibly lung, prostate, and kidney cancer. According to UNEP (2008b), food and cigarette smoke are the main potential sources of cadmium, where food accounts for approximately 90 per cent, of which agricultural crops (particularly irrigated rice) account for most of the intake. Moreover, consumption of shellfish and other marine animals may result in a higher intake of cadmium.
Nevertheless, the presence of other heavy metals, such as Zn and Cu, on the other hand, is known to possess important biological functions (Abadi et al., 2014). Zinc is involved in numerous aspects of cellular metabolism (Classen et al.,2011) and plays a role in immune function and wound healing, protein synthesis, DNA synthesis and cell division (Prasad, 2003). “It also supports normal growth and development during pregnancy, childhood, and adolescence” (FNB, 2004). “Zinc homeostasis plays a critical role in normal functioning of the brain and central nervous system” (Bitanihirwe and Cunningham, 2009). “Although zinc is an essential requirement for good health, it may have antioxidant properties, and excess could be harmful (Milbury and Richer, 2008). Therefore, excessive absorption of zinc suppresses copper and iron absorption, and acute adverse effects of high zinc intake include nausea, vomiting, loss of appetite, abdominal cramps, diarrhoea, and headaches” (Muhamed & Vadstrup, 2014). “Copper also plays an important role in our metabolism, largely because it allows many critical enzymes to function properly” (Harris, 2001). “It is essential for maintaining the strength of the skin, blood vessels, epithelial and connective tissue throughout the body. Cu plays a role in the production of haemoglobin, myelin, melanin and keeps the thyroid gland functioning normally” (Harris, 2001). “Nevertheless, it can act as both an antioxidant and a pro-oxidant; excessive intake can cause nausea, vomiting, abdominal pain and cramps, headache, dizziness, weakness, diarrhoea, and a metallic taste in the mouth” (Araya et al.,2006). “Postpartum depression has also been linked to high levels of copper” (Crayton and Walsh, 2007). “It has been indicated that a long-term exposure to high concentrations of copper could cause a decline in the intelligence of young adolescents” (Tamura and Turnlund, 2004). 
“Toxicity by the heavy metals occurs either at metabolic deficiencies or at high concentrations” (Sivaperumal et al., 2007). “The deficiency of an essential metal can therefore be deleterious to the health of an organism; likewise, high concentrations can also result in negative impacts which might be equivalent to or worse than those caused by non-essential metals” (Kennedy, 2011). “Yet, long-term exposure will result in their accumulation in the organism tissues, through food, water and sediment” (Yilmaz et al., 2007; Zhao et al., 2012). “Since they do not naturally degrade in the environment, they accumulate through the food chain” (Has-Schön et al., 2006), and may reach the degree of toxicity to humans (Gonzalez and Armenta, 2008; Al-awdat and Mohammed, 2002; Al-Yousuf et al., 2000).
“Heavy metal discharges to the aquatic environment are of major concern all over the world and have an important ecological significance, they accumulate upon entering the marine waters and sediments” (Mahfoud et.al., 2003; Cohen et al., 2001; Rahman & Hassan, 2020). “They originate from a variety of natural and anthropogenic sources (Bauvais et al., 2015), such as periodic precipitation contaminated with air-borne pollutants, discharge of industrial or sewerage effluents, agricultural drainage, domestic wastewater and gasoline from fishing boats” (Demirak et al., 2006; Garcia et al., 2015), and fertilisers (Chaisemartin, 1983).
“Fish are at the top of the food chain and therefore considered most significant biomonitors in aquatic ecosystems to estimate heavy metal levels” (Rashed, 2001; Authman, 2008). “Fish have the ability to uptake and concentrate metals directly from the surrounding water (through osmoregulation processes in their gill) or indirectly from other organisms such as small fish, invertebrates, and aquatic vegetation. High concentrations and bioaccumulation of heavy metals can have cytotoxic, mutagenic, and genotoxic effects on fish species” (Athanasius & Richard, 2025). Hence, consumption of fish with a high level of heavy metal contamination can be a serious health hazard.
“The concentrations of these heavy metals in water and the exposure period are the main factors in their accumulation. Other environmental factors, such as water temperature, oxygen concentration, pH, salinity, ecological needs, metabolism, growth, biological composition, nutritional and reproductive status” (Phillips, 1980; Mustafa and Guluzar, 2003), and the capture season (Onen et al., 2015) could affect the bioaccumulation.
“The presence of some heavy metals in the aquatic environments and their accumulations in fish and other organisms have been investigated during recent years in Syrian marine waters” (Sarem et al.,2015; Hammoud, 2009; Mohamad, 2007; Akel et al., 2017).
The Syrian coastal waters are exposed to pollution due to industrial and agricultural activities. The European seabass Dicentrarchus labrax is a commonly consumed fish in Syria because of its nutritional value and relatively cheap price. It is a benthic fish species which lives in the coastal waters. It feeds on small fish and invertebrates that have the ability to accumulate heavy metals. Therefore, over a certain threshold, the contamination could be a danger to human health, especially since fish consumption in Syria is under no real health control. 
In the present study, concentrations of heavy metals (Zn, Cu, Pb, Cd) in the muscle of Dicentrarchus labrax from the Syrian marine waters (Eastern Mediterranean) were determined along with various health risk assessment indices (EDI and THQ). 
2- Materials and methods
2-1 Study area
Syria is located on the east coast of the Mediterranean, with a total coastline length of 202 km, extending from the Turkish border to Lebanon. The sampling sites for this study were selected based on the vicinity of known pollutant sources such as industrial effluents and sewage that are being discharged into the waters of Syrian coast (Fig. 1, Tab. 1). 

Table (1): The sampling locations.  
	Code site 
	Site name
	Site description
	Site coordinates

	St.(1)
	Estuary of Joubar River
	Relatively close to industrial pollution sources, 800 meters from Baniyas Refinery, 500 m from the oil transport company, 5.7 km from a thermal station, next to a tourist facility (Chalets) and human agricultural activities (Greenhouses, fields along the River's course and near the mouth).
	35°21’6» 6N, 35°95’02» E

	St.(1)′
	offshore of the Joubar River estuary 
	500 m away from the Joubar River estuary.
	35°21’53» N, 35°94’54» E

	St.(2)
	Estuary of the Baniyas River
	Area for sewage downstream, near a Garage (120 m) and a fishing port (180 m), 2.6 km from a thermal station and 3.2 km from Baniyas Refinery.
	35°18’53» N, 35°94’51» E

	St.(2)′
	offshore of the Baniyas River estuary
	500 m away from the shore of the Baniyas River estuary.
	35°19’05» N, 35°94’05» E

	St.(3)
	Al-Basiya
	An important touristic region in the Syrian coast at the south of Baniyas city, relatively far from human activities that cause water pollution and heavy metals (2 km away from Baniyas power plant). 
	35°15’54» N, 35°92’51» E

	St.(3)′
	offshore of the Al-Basiya area
	500 m away from the shore of the Al-Basiya region.
	35°15’53» N, 35°92’02» E
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Figure 1: Map of the study sites on the Baniyas coast

2-2 Collection, sample preparation
A total of 48 samples of D. labrax were captured from the six sites mentioned above (10 - 12), individuals at each location, and analysed. Total length (TL) was recorded to the nearest cm, and total body weight (TBW) to the nearest 0.1 gram. TL ranged between 24 - 41 cm, and TBW between 210 - 1050 g.
Collected samples were preserved in plastic boxes filled with ice and transported to the laboratory. They were washed with distilled water, dried in filter paper and stored at (-25°C) until dissection. 
2-3 Measurement of heavy metal concentrations in D. labrax muscle
“A piece of ca. 2 grams of white fish muscles was taken. The wet digestion method was used in the analysis of the heavy metals” (Hanson, 1973; Ihnat, 1982). “Samples were transferred into digestion flasks and treated with 5 ml HNO3 (Ultrapure, Merck) on a hot plate until the colour turned light yellow. Then, the samples were transferred to 25 ml flasks, and ultrapure water was added to reach a final volume of 25 ml. The solution was filtered on filter papers. At each step of the digestion process, acid blanks (laboratory blank) were prepared using an identical procedure, containing the same digestion reagents and acid ratios but without the fish sample. They were analysed by an Atomic Absorption Spectrophotometer” (Shimadzo-AA6300, Japan) before the fish samples.
All of the experiments were carried out in triplicate to eliminate any batch-specific errors, and only average values were reported (Islam et al., 2014). All laboratory equipment used was washed with phosphate-free soap, double rinsed with ultrapure distilled water and left in 10% HNO3 for 24 h to prevent contamination.
2-4 Statistical analysis
Statistical analysis was carried out using SPSS 16 software, ANOVA test was performed, and Duncan’s multiple range test was used to assess significant differences between heavy metal concentrations. Statistical significance was estimated at a confidence level of 95% and the correlation between the studied sites was determined.
The estimated daily intake of metals was estimated by using Eq. 1 (Onsanit et al., 2010).
Estimated daily intake (EDI) = (Metal concentration (μg/g. ww) x consumption rate (g/d)) / body weight (Kg)  (1)
The body weights for children and adults were assumed to be 33.5 kg and 68.5 kg, respectively. The consumption rate was based on the annual fish production and population during the study period. It was estimated to be (2.19 g/day) and (1.22 g/day) for adults and children. 
The tolerable intake for Zn, Cu, Cd and Pb are 300 -1000, 50 -500, 1 and 3.57 μg/kg/day, respectively, as Eq. 2 (JECFA, 2009).
Target hazardous quotient (THQ) = (EF X ED X FIR X C) / (RFD X WAB X TA) X 10-3   (2)
Here EF represents exposure frequency in day/year; ED represents exposure duration (70 years and 6 years for adult and children respectively); FIR (Food ingestion rate) represents the food ingestion rate (2.19 g/Day and 1.22 g/Day for adults and children); C is the measured concentration; RfD = reference dose (μg/g); WAB is the average body weight in kg and TA is the average exposure time for non-carcinogenic effect (365 day/year X ED). It is assumed that no obvious risk exists if the resulting THQ is less than 1 (USEPA, 2011).
3- Results 
3-1 Concentrations of heavy metals in fish samples
The concentrations of four heavy metals (Zn, Cu, Pb, Cd) in the muscle of D. labrax have been assessed. The muscle tissue was selected, as it is the edible part and hence the main pathway of heavy metals exposure in humans. 
3-1-1 Zinc (Zn)
Results are resumed in Table 2; the average concentrations of Zn were high in the samples caught from St.(1), followed by those from St.(2) and finally St.(3), with no significant differences (p > 0.05). An increase in the annual rate of Zn concentrations was distinguished when comparing the two-year study period. These rates were (9.1325, 13.3175 and 13.92925 µg/g wet weight) in 2021, and (14.65275, 15.0075 and 17.7845 µg/g wet weight) in 2020 in St.(1), St.(2) and St.(3), respectively. Whereas the order was St.(3)′, St.(1)′ and St.(2)′ for the offshore sites, also with no significant differences (p < 0.05), but when comparing each shore site to its corresponding offshore site, significant differences were observed (p < 0.05). 
Table (2): heavy metals  concentration. Concentrations in the muscles of S. luridus (μg/g wet weight):
	Studied sites
	shore sites
	offshore sites

	Zn
	Ave. 
	St.(1)
	St.(2)
	St.(3)
	St.(1)′
	St.(2)′
	St.(3)′

	
	Ave. 1
	13.929
	13.317
	9.132
	7.453
	6.963
	7.597

	
	Ave. 2
	14.652
	15.007
	17.784
	7.7862
	7.184
	9.124

	
	Max.
	19.415
	21.788
	24.084
	9.925
	10.043
	12.99

	
	Min.
	9.475
	7.711
	6.127
	4.123
	4.558
	4.911

	
	To Ave.
± SD
	14.291
± 3.41 a
	14.162
± 4.40 a
	13.458
± 5.87 a
	7.619
± 2.10 a
	7.073
± 1.78 a
	8.36
± 2.74 a

	Cu
	Ave. 1
	0.724
	0.624
	0.633
	0.505
	0.501
	0.568

	
	Ave. 2
	0.754
	0.735
	0.666
	0.569
	0.549
	0.544

	
	Max.
	0.835
	0.799
	0.897
	0.599
	0.652
	0.612

	
	Min.
	0.601
	0.572
	0.481
	0.438
	0.401
	0.514

	
	To Ave. 
± SD 
	0.739
± 0.076 a
	0.68
± 0.083 a
	0.65
± 0.134 a
	0.537
± 0.060 a
	0.524
± 0.093 a
	0.556
± 0.034 a

	Pb
	Ave. 1
	0.457
	0.433
	0.391
	0.285
	0.257
	0.262

	
	Ave. 2
	0.467
	0.441
	0.456
	0.285
	0.261
	0.282

	
	Max.
	0.619
	0.521
	0.508
	0.332
	0.274
	0.302

	
	Min.
	0.369
	0.363
	0.359
	0.247
	0.245
	0.257

	
	To Ave.
± SD
	0.462
± 0.0936 a
	0.437
± 0.0603 a
	0.423
± 0.055 a
	0.285
± 0.026 b
	0.259
± 0.0098 a
	0.272
± 0.0164 ab

	Cd
	Ave. 1
	0.0158
	0.0124
	0.0107
	0.0121
	0.0115
	0.0106

	
	Ave. 2
	0.0159
	0.0149
	0.0133
	0.0123
	0.011
	0.012

	
	Max.
	0.0178
	0.0169
	0.0146
	0.0134
	0.0129
	0.0128

	
	Min.
	0.0133
	0.0096
	0.0094
	0.0114
	0.0083
	0.0081

	
	To Ave.
± SD
	0.0159
± 0.00137 b
	0.0136
± 0.00276 a
	0.012
± 0.00185 a
	0.0122
± 0.000692 a
	0.0112
± 0.00145 a
	0.0113
± 0.00146 a


Ave.1: From March 2021 until February 2022, Ave.2: from March 2022 until February 2023.
To Ave..: Average of total during study period from March 2021 until February 2023, SD: Standard Deviation.
Letters a, b show differences among sites. Averages with the same letter are not statistically significant, p>0.05.
3-1-2 Copper (Cu)
The assessment of copper concentrations in D. labrax muscle is shown in Table 2. It is clear that these concentrations are close among the samples of the coastal sites. They ranged between (0.601-0.835, 0.572-0.799, 0.481-0.897) µg/g wet weight in St.(1), St.(2), and St.(3), respectively, with no significant differences (p > 0.05). The concentrations decreased in the offshore sites samples, and ranged between (0.438-0.599, 0.401-0.652, 0.514-0.612) μg/g wet weight in St.(1)′, St.(2)′ and St.(3)′, respectively, also with no significant differences (p > 0.05). However, significant differences between St.(1), St.(1)′ and between St.(2), St.(2)′ (p < 0.05) were observed, but not between St.(3) and St.(3)′ (p = 0.113; p > 0.05). 
3-1-3 Lead (Pb)
The concentrations of lead in the muscles of D. labrax samples in this study ranged between (0.359-0.619 and 0.245-0.332 µg/g wet weight) in the shore sites and offshore marine sites, respectively, with no significant differences among shore or offshore sites (p > 0.05) (Table 3). Significant differences between each shore site and its corresponding offshore one were found (p < 0.05).
3-1-4 Cadmium (Cd)
We resumed in Table 2 our results of cadmium concentrations found in D. labarx muscles. A maximum value of (0.0178 μg/g wet weight) was recorded at St.(1). The total annual concentrations of cadmium were (0.0159- 0.0136- 0.0120 µg/g wet weight) in St.(1), St.(2), St.(3) respectively, with significant differences between St.(1) and the rest of sites (p < 0.05). However, the average concentrations in the offshore sites were (0.0122-0.0112-0.0113 ) µg/g wet weight in sites St.(1)′, St.(2)′, St.(3)′, respectively, with no significant differences (p > 0.05). Significant differences were found between St.(1) and St.(1)′ and between St.(2), St.(2)′ but not between St.(3) and St.(3)′. 
3-2 Comparison of heavy metal concentrations in various studies
Table (3) summarises data of the comparison of our results to others in different fish species and localities. Our results showed similar or lower values of zinc than other species, and higher values of copper compared to those found for the same species in the Red Sea (0.29 µg/g) (Emara et al., 1993), but more similar to those recorded in Dicentrarchus punctatus (0.7 µg/g) (Seam, 2001). The concentration values of lead recorded in our study are smaller than those recorded for the same species in the Red Sea (Emara et al., 1993), where the value was 0.67 μg/g. Moreover, our values are also smaller than those found for another fish species of the same genus, Dicentrarchus punctatus (Seam, 2001), where the concentrations were (0.8 μg/g). The concentrations of cadmium recorded here in our study were largely smaller than those found in Dicentrarchus punctatus in the Red Sea (Seam, 2001).
  Table (3): Average concentrations of some heavy metals for some species of fish in different regions of the Mediterranean Basin and the Red Sea, estimated at (μg/g) :
	Location
	Species
	Zn
	Cu
	Pb
	Cd
	References

	
	
	
	
	
	
	

	Turkey coast
	Mugil sp.
	9.1-41.3
	5.3-6.5
	13-21.3
	2.9-1.3
	Uysal, 1980

	
	Mugil spp.
	24.2
	0.902
	33.03
	0.22
	

	
	Mullus surmuletus
	3.096-6.73
	0.623-2.301
	-
	-
	

	Tartous coast
	Chelon labrosus
	3.2-12.3
	0.4-3.2
	0.002-0.003
	0.003-0.091
	Sarem et al.,2015

	
	Sparus aurata
	5.62
	0.57
	0.043
	0.006
	Hammoud, 2009

	
	Mugil sp.
	18.08-28.44
	0.10-0.11
	0.36-0.40
	0.086-0.098
	Mohamad, 2007

	Lattakia coast
	Siganus rivulatus
	6.257
	0.12
	0.233
	0.15
	

	Red sea
	Siganus rivulatus
	7.95
	1.59
	0.73
	0.25
	Khaled, 2004

	
	Siganus rivulatus
	-
	0.2
	0.9
	0.4
	Seam, 2001

	
	Mugil capito
	-
	0.5
	0.4
	0.1
	

	
	Dicrentrachus punctatus
	-
	0.7
	0.8
	0.1
	

	
	Dicentrarchus labrax
	-
	0.29
	0.67
	-
	Emara et al., 1993

	Egypt coast
	Siganus rivulatus
	43.9
	2.7
	1.2
	2.9
	Abdallah, 2013

	Recent study
	Dicentrarchus labrax
	4.123-24.084
	0.401-0.897
	0.245-0.619
	0.0081-0.0178
	


3-3 Health risk assessment  
We used in this study both the Estimated daily intake (EDI) and Target hazardous quotient (THQ) to examine the health risk associated with the uptake of fish inhabiting in the Syrian coast. 
3-3-1 Estimated daily intake
The EDI of heavy metals by humans was evaluated according to the mean concentration of metals in fish and the amount consumed. Table 4 shows the comparison of the estimated daily intake (μg/kg/day) of heavy metals from D. labrax with the recommended daily dietary allowances by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). The maximum EDI of Zn was 0.46 μg/kg/day for adults and 0.52 μg/kg/day for children, while the lowest intake was (0.23 and 0.26) μg/kg/day, respectively, for adults and children. The maximum and minimum daily intake of Cu were (0.024 and 0.017) μg/kg/day, respectively, for adults, whereas they were (0.027 and 0.019) μg/kg/day, respectively, for children. The maximum daily intake of Pb was (0.015 and 0.017) μg/kg/day, respectively, for adults and children, whereas the minimum value of 0.009 μg/kg/day was the same in both. The highest daily intake of Cd was 0.00051 μg/kg/day, and the lowest was 0.00036 μg/kg/day for adults. For children, the highest daily intake was estimated to be 0.00058 μg/kg/day, and the lowest was 0.00041 μg/kg/day
Table (4): Estimated daily intake (μg/kg/day) of heavy metals from D. labrax
	Consumer
	Site
	Zn
	Cu
	Pb
	Cd

	Adult
	St.(1)
	0.46
	0.024
	0.015
	0.00051

	
	St.(1)′
	0.24
	0.017
	0.009
	0.00039

	
	St.(2)
	0.45
	0.022
	0.014
	0.00044

	
	St.(2)′
	0.23
	0.017
	0.008
	0.00036

	
	St.(3)
	0.43
	0.021
	0.014
	0.00038

	
	St.(3)′
	0.27
	0.018
	0.009
	0.00036

	Children
	St.(1)
	0.52
	0.027
	0.017
	0.00058

	
	St.(1)′
	0.28
	0.020
	0.010
	0.00044

	
	St.(2)
	0.52
	0.025
	0.016
	0.00050

	
	St.(2)′
	0.26
	0.019
	0.009
	0.00041

	
	St.(3)
	0.49
	0.024
	0.015
	0.00044

	
	St.(3)′
	0.30
	0.020
	0.010
	0.00041

	Tolerable limit (µg/kg/day)
	300-1000
	50-500
	3.57
	1



3-3-2 Target hazardous quotient
“THQ is considered to acknowledge the non-carcinogenic health risks due to the exposure of populations” (Chien et al., 2002; Yi et al., 2017; Zhang et al., 2017). If the total target hazard quotient exceeds 1, it denotes a non-carcinogenic health risk from the accumulative effects of heavy metals among the exposed population (Yi et al., 2017). The THQ of heavy metals from D. labrax consumption follows the order Pb > Zn > Cu > Cd in both cases of adults and children (Fig. 2).

Fig. 2. Target hazardous quotient of heavy metals in Dicentrarchus labrax by adult and children

The total and individual THQ values of four heavy metals (TTHQ) were (6.86x10-3, 6.02x10-3) in children and adults, respectively. 
4- Discussion
“The concentrations of heavy metals in our results showed that the highest concentrations were found for zinc in all studied sites, followed by Cu, Pb, and Cd. However, zinc does not represent a threat to human health since consumption of large quantities of zinc may provide some protection against the toxic effects resulting from continuous exposure to cadmium” (UNEP, 1997). In addition, Cu is one of the essential metals that organisms need within certain limits. Copper salts are generally considered soluble; therefore, the high values ​​of copper in the muscle of D. labrax studied here are not due to copper salts, but to the cumulative element of copper itself in fish tissues, as it is easily concentrated within through the food chain (Turkekul et al., 2004). The average concentrations of Lead, a heavy metal with no vital function, in the muscles during the whole study period were high in St.(1), where the value was 0.619 µg/g wet weight, because of human activities in proximate industrial facilities. the concentrations of cadmium were generally close in the offshore sites; these results could indicate that these sites have probably the same pollution sources. 
Overall, in all the sites studied, the metal concentration offshore was lower than in the vicinity of the shore. Moreover, the level of heavy metal concentrations was greater in the second year compared to the first year over the study period.
The highest level for the four heavy metals, as Table 2 showed, was detected in St.(1), due to the dumping of sewage from the refinery chalets directly into the sea near the river estuary, as well as the agricultural pollution sources carried by torrential rains and floods to the riverbed and reach the sea. Besides, the ineffectiveness of purification systems in the Baniyas  Refinery Company, where the industrial pollutants are thrown into the river without adequate pretreatment. This is followed by St.(2) at the proximity of the transport Garage, the fishing port and the sewage mouth, which dumps the incoming domestic, industrial and agricultural water into the sea without prior treatment. The lowest concentrations were reported in St.(3), relatively far from industrial activities, but it had approximate concentrations as in the other two sites, due to the clearly human activities, resulting from sewage outfalls, serving the summer chalets and other pollutants
. “Fortunately, all concentrations of four heavy metals studied were below recommended limits of the Food and Agriculture Organisation/World Health Organisation” (FAO/WHO, 2011): “Zn: 40, Cu: 30, Pb: 0.5 and Cd: 0.5 ppm (ww). It is important to note that the levels of heavy metals in muscles do not necessarily represent their levels in the whole organism or in its habitat, as their concentrations in different tissues are variable, and this may be due to the metabolism and feed sources of fish” (Rauf et al., 2009). 
A clear variation among species is observed that confirms their different abilities to accumulate selective heavy metals, in addition to the difference in the health and physiological status of the studied fish samples. Many other factors may also be involved, including metabolic processes, age, weight, health condition and food availability, as well as the degree of water pollution, salinity and temperature, the difference in the pollution sources according to the study sites” (Rauf et al., 2009; Hammoud, 2005).
Always, a positive correlation between two elements indicates that they increase or decrease together, while a negative correlation indicates that when one of them increases, the other decreases, and vice versa.
Our results revealed a strong positive correlation between Zn concentrations in all the shore sites samples, which could indicate that the source of this pollutant is the same. The highest correlation was recorded in St.(1) between Pb & Cd, which could also mean that both pollutants are derived from similar pollution sources. In the offshore sites, elements were characterised by a lower correlation, which suggests the existence of various pollution sources according to human activities.
“Health risk assessments were carried out independently for adults and children since children are known to be more sensitive to contamination than adults” (Shou Zhao et al., 2012; Wang et al., 2012).
“The highest concentration of daily intake of the four heavy metals studied was recorded in St.(1) and the lowest in St.(2)′. Fortunately, once again, all estimated daily intake values were lower than the standard estimated data” (JECFA, 2009). “Our results show that there was no THQ greater than 1 through the consumption of this fish species, indicating that health risks associated with heavy metal exposure were non-significant. The TTHQ values of four heavy metals in adults were lower than those in children, suggesting that children may suffer a higher health risk” (Zhao et al., 2012). Among the four heavy metals studied here, Pb and Zn posed relatively higher health risks, particularly for children. Overall, the average EDI and THQ values for both adults and children were below harmful levels, indicating that the consumption of D. labrax on the Syrian coast would not result in health risks from the four metals studied.
5- Conclusion
This study revealed that the levels of four heavy metals studied in all samples were within the acceptable limits. However, the highest concentrations were found for Zn and Cu in all studied sites, but they were below the recommended limits of the Food and Agriculture Organisation/World Health Organisation. These values reached acceptable levels for human consumption without any health problems for consumers.
Both the EDI and THQ values revealed that D. labrax would not be considered as a threat to consumers. In view of the great importance of fish associated with the accumulation of heavy metals, more attention needs to be paid to their use as bio-indicators of pollution in vital environmental monitoring programs in Syria. It will also be necessary to ensure safe disposal of industrial and domestic wastewaters to protect the marine environment from pollution in the Eastern Mediterranean.
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