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			Abstract | The extensive growth of human activity, urbanization, agricultural and industrial processes result in increasing the number of pollutants introduced into the environment. Continuous monitoring of such pollutants required an indicator sensitive to environmental toxins and represents its accumulative effect. The aim of the present study is to determine the preferable tissue and bird that can be used as a bio-indicator for heavy metals pollution in El-Salam Canal which is considered as an important source of water for land irrigation and drinking of livestock in north Sinai, Egypt. A total of 58 wild birds belonging to 4 different species; Egyptian barn swallow (Hirundo rustica), house sparrow (Passer domestics), great white egret (Ardea alba) and striated heron (Butorides striata) were hunted by a net trap to determine the concentration of lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn) and manganese (Mn) in their muscle, liver, kidney and feather. Also, 16 water samples were collected to assess the level of heavy metals pollution in the study area. The result revealed that the kidney is the most tissue burdens the highest concentration of heaviest metals among the examined tissues. Egyptian barn swallow and house sparrow have a great tendency to accumulate heavy metals in their tissues among other examined birds. Levels of Pb in Egyptian barn swallow and house sparrow have exceeded the normal background level. Levels of Cu exceed the normal background level in all examined birds except great white egret. Levels of Pb and Cd concentrations in water exceed the permissible limits.
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			Introduction

			 

			Nowadays, the degradation of ecosystems is increasing due to the extensive growth of human activity (Xu et al., 2013) and as a result of industrial processes and excessive use of fertilizers and other chemicals in agriculture, large quantities of pollutants were accumulated in the environment (Martinez-Lo´pez et al., 2005). Unlike other pollutants, heavy metals are non-biodegradable and persistent in nature for a long time causing biological magnification that may lead to severe health problems to human and wildlife (Malik and Zeb, 2009). Exceeding the permissible limits of heavy metals in the environment are considered to be toxic and interfere with essential metabolic and biochemical processes in a living organism by altering the activity of different enzymes, increasing free radicals and disrupting the antioxidant mechanism (Isaksson, 2010). Hence, the need for biological indicators for continuous monitoring of the level of heavy metals in the environment is significantly increased. Wild birds can be used as a bio-indicator for heavy metals pollution as it widely distributed, long lived, occupy several trophic levels according to their feeding habits and are sensitive to environmental pollutants (Kekkonen, 2011). Moreover, wild birds reflect the bio-accumulation of such meals in the environment and express their hazards to human rather than the physical environmental elements (Edison et al., 2007).

			 

			El-Salam Canal is one of the irrigation projects in Egypt that located at the northern Sinai aimed to reclaim an estimated 620,000 feddans of desert situated along the Mediterranean coast of Sinai by diverting considerable amounts of agricultural drainage water to newly reclaimed areas after blending with Nile water in a ratio about 1:1. The canal water is acceptable for irrigation, with much concern directed towards the chemical contents of the trace elements because serious pollution, in the long run, may be caused due to the over-usage of agricultural wastewater (Othman et al., 2012).

			 

			In the current study, levels of lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn) and manganese (Mn) were determined in muscle, liver, kidney and feather of four wild birds; Egyptian barn swallow (Hirundo rustica), house sparrow (Passer domestics), great white egret (Ardea alba) and striated heron (Butorides striata) and also in water samples from the study area.

			 

			So, this work is aimed to determine the significance between metal concentrations in different tissues of examined birds (muscle, liver, kidney and feather) and to evaluate the species differences in metal accumulation.

			 

			Materials and Methods

			 

			Study area

			El-Salam Canal consists of two main parts; the first part (El-Salam Canal) lies west of the Suez Canal with (89.750 km) long, while the second part (El-Sheikh Gaber Canal); the extension of El-Salam Canal, is located east of the Suez Canal with a total length of (163.000km). Both parts are connected through a (770m) long siphon, under the Suez Canal (Elkorashey, 2012). This study was carried out in village Baloza which lies between latitude (30° 58’ and 30° 59’ N) and longitude (32° 25’ and 32° 28’ E); the northwestern part of Sinai, Egypt; irrigated with water through El-Salam Canal.

			 

			Sampling

			A total of 58 resident wild birds was trapped using nets in the non-migrating season (March, April, May and June) and they were identified into four species; Egyptian barn swallow (Hirundo rustica) (n=27), house sparrow (Passer domestics) (n=16), great white egret (Ardea alba) (n=9) and Striated heron (Butorides striata) (n=6). 

			Breast feathers were collected and stored in clean labelled plastic bags. Pectoral muscles, livers and kidneys were dissected and stored separately in polyethylene bags at −20oC till preparation and digestion. 

			 

			A total of 16 water samples (one liter for each) was collected from the study area in clean, dry and screw-capped plastic bottles. The water samples were then preserved via adding 5 ml concentrated nitric acid at collection to reduce the pH below 2 to prevent the microbial reactions (Hegazy et al., 2016).

			 

			Preparation of samples and analysis 

			Feathers samples were digested according to Adout et al. (2007) by adding 2 ml of high purity concentrated nitric acid and 1 ml of 30% hydrogen peroxide in test tube. Test tubes with loosely screwed caps were then placed in a hot water bath, at a close to boiling. In most cases, the sample was completely digested after about 60 minutes. Another portion of the digesting solution was added for a second round if a visible precipitate remained. 

			 

			Muscle, kidney and liver samples were digested according to Al Ghais (1995) by adding a mixture of 10 ml nitric and perchloric acid (4:1) to the tissue samples. The Initial digestion was carried out for 3-4 hours at room temperature, followed by one hour of careful heating at 40-45 oC to prevent frothing. The temperature was raised to 70-80 oC with gentle shaking until the digestion was complete.

			 

			The residue was allowed to cool to room temperature before being diluted to 20 ml with deionized water and filtered by Whatman filter paper (0.45μm).

			 

			Water samples were prepared according to Jan and Young (1978) in a separation funnel by adding 5ml of 1% ammonium pyrolidine dithiocarbamate (APDC) and 10 ml of methyl isobutyl ketone (MIBK) to the water sample. The mixture was shaken for 2 minutes and left for 30 minutes to allow the layers to separate. The MIBK layer was used for analysis.

			 

			The samples were analysed using inductively coupled plasma (ICAP- 6500 Due) Thermo Scientific, England in Desert Research Center. To check for contamination, blank samples were prepared and analysed using the same procedure. All heavy metals concentration (µg/g) in tissues was estimated on a dry weight basis.

			 

			The bioconcentration factor (BCF) was calculated according to Walker et al. (1996) to compare values of heavy metals in different tissue of examined birds to its values in water.

			 

			[image: Image194509.PNG] 

			Where Ct is the concentration of heavy metals in the tissue of the bird and Cw is the concentration of the heavy metals in water.

			 

			The statistical analysis of data was carried out using SPSS 17.0 version (Chicago, USA) program. One-way ANOVA with Bonferroni test at a significance difference (P<0.05) was used according to (Snedecor and Cochran, 1989) to compare the level of heavy metals between different tissues and birds.

			 

			This study was approved by the Scientific Research Ethics Committee at the Faculty of Veterinary Medicine, Suez Canal University (Ismailia, Egypt) (code # 2016004).

			 

			Results and Discussion

			 

			Comparison of heavy metals concentration within different tissues of each bird

			Concentrations of Pb, Cd, Cu, Zn and Mn in muscle, liver, kidney and feather of the different examined birds were shown in (Table 1). The kidney of Egyptian barn swallow, house sparrow and striated herons appeared the highest accumulation of all metals with a significant difference with the other examined tissues (p< 0.05) except for Zn in striated heron where the feather showed the highest accumulation among the examined tissues (p< 0.05).

			 

			Regarding the great white egret, the kidney showed the highest accumulation for Pb and Mn with a significant difference with the other examined tissues (p< 0.05) while there is no significant difference between the kidney and liver of great white egret in the concentration of Cu and Zn (p>0.05) but both of them has a significant difference with the other examined tissues (p< 0.05). Also, its feather showed the highest accumulation of Cd with a significant difference with the other the examined tissues (p< 0.05).

			 

			This result revealed that the kidney has the highest concentration of heaviest metals among the examined tissues. Feather of striated heron and great white egret showed promising results as indicators for heavy metals pollution with Zn and Cd, respectively.

			 

			Comparison of heavy metal concentrations within tissues of different birds

			Concentrations of Pb, Cd, Cu, Zn and Mn in different tissues of Egyptian barn swallow, house sparrow, great white egret and striated herons were shown in (Table 2).

			 

			The muscle of the Egyptian barn swallow showed the highest level of Pb and Cu (Figures 1, 3) with a significant difference with the muscle of the other examined birds while the muscle of house sparrow showed the highest accumulation of Cd (Figure 2) among the muscles of the examined birds (P<0.05).
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			Figure 1: Comparison of Pb concentration in muscle, liver, kidney and muscle of the examined birds.
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			Figure 2: Comparison of Cd concentration in muscle, liver, kidney and muscle of the examined birds.

			 

			[image: 1636477485_Figure_3.jpg] 

			Figure 3: Comparison of Cu concentration in muscle, liver, kidney and muscle of the examined birds.

			 

			There is no significant difference between the accumulation of Mn in the muscle of Egyptian barn swallow and house sparrow but both of them showed a significant difference with the muscle of the other examined birds (Figure 5). Also, there is no significant difference in the concentration of the Zn in the muscle of all examined birds (P>0.05) (Figure 4).

			Table 1: Comparison of heavy metals concentration (µg/g) within different tissues of each birds.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							 
							Muscle
							Liver
							Kidney
							Feather
							P Value
					

					
							
							Egyptian barn swallow

						
							
							Pb

						
							
							46.09a±1.9

						
							
							56.61a±2.9

						
							
							244.86b±11.5

						
							
							47.76a±3.7

						
							
							0.000

						
					

					
							
							Cd

						
							
							2.18a±0.2

						
							
							3.16a±0.2

						
							
							20.62b±0.9

						
							
							3.52a±0.2

						
							
							0.000

						
					

					
							
							Cu

						
							
							42.51a±3.2

						
							
							35.71a±1.9

						
							
							267.65b±18.4

						
							
							31.44a±1.7

						
							
							0.000

						
					

					
							
							Zn

						
							
							44.25a±3.9

						
							
							61.1a±1.7

						
							
							221.56b±13.8

						
							
							144.74c±3.4

						
							
							0.001

						
					

					
							
							Mn

						
							
							77.76a±4.05

						
							
							62.65a±1.4

						
							
							888.18b±27.2

						
							
							101.88a±6.9

						
							
							0.000

						
					

					
							
							House sparrow

						
							
							Pb

						
							
							37.37ac±3.1

						
							
							124.69a±6.4

						
							
							872.54b±52.9

						
							
							22.52c±1.2

						
							
							0.039

						
					

					
							
							Cd

						
							
							3.24a±0.2

						
							
							18.65b±1.7

						
							
							25.00c±1.1

						
							
							6.4a±0.3

						
							
							0.000

						
					

					
							
							Cu

						
							
							31.17a±1.03

						
							
							47.56b±1.7

						
							
							252.33c±17.9

						
							
							29.11a±2.6

						
							
							0.032

						
					

					
							
							Zn

						
							
							40.46a±3.6

						
							
							74.89b±5.2

						
							
							193.58c±14.3

						
							
							106.00b±8.4

						
							
							0.048

						
					

					
							
							Mn

						
							
							68.53a±5.06

						
							
							121.41a±4.2

						
							
							936.39b±28.3

						
							
							116.37a±7.2

						
							
							0.001

						
					

					
							
							Great white egret

						
							
							Pb

						
							
							5.54a±0.4

						
							
							5.73a±0.2

						
							
							13.08b±0.6

						
							
							3.26c±0.2

						
							
							0.002

						
					

					
							
							Cd

						
							
							0.12a±0.009

						
							
							0.23a±0.01

						
							
							0.31a±0.02

						
							
							1.06b±0.09

						
							
							0.011

						
					

					
							
							Cu

						
							
							11.08a±0.9

						
							
							17.04b±1.5

						
							
							19.19b±1.1

						
							
							8.74a±0.5

						
							
							0.044

						
					

					
							
							Zn

						
							
							32.47a±2.06

						
							
							61.36b±2.2

						
							
							62.26b±1.4

						
							
							33.86a±2.2

						
							
							0.000

						
					

					
							
							Mn

						
							
							16.27a±0.71

						
							
							18.69a±0.9

						
							
							57.7b±2.02

						
							
							4.81c±0.39

						
							
							0.001

						
					

					
							
							Striated heron

						
							
							Pb

						
							
							4.08a±0.3

						
							
							2.37a±0.7

						
							
							29.46b±1.9

						
							
							9.95c±0.31

						
							
							0.018

						
					

					
							
							Cd

						
							
							0.81a±0.04

						
							
							0.11b±0.00

						
							
							3.32c±0.2

						
							
							0.41ab±0.00

						
							
							0.032

						
					

					
							
							Cu

						
							
							23.27a±0.6

						
							
							26.17a±1.7

						
							
							52.73b±4.5

						
							
							33.42a±2.9

						
							
							0.000

						
					

					
							
							Zn

						
							
							28.95a±0.8

						
							
							92.06b±5.08

						
							
							88.7b±5.6

						
							
							107.09c±0.3

						
							
							0.047

						
					

					
							
							Mn

						
							
							9.28a±0.6

						
							
							15.6a±0.9

						
							
							108.49b±6.8

						
							
							44.59c±0.8

						
							
							0.000

						
					

				
			

			

			Data are presented as (Mean±SE). Within the same row, means carrying different superscript are significant at (P<0.05).

			 

			Table 2: Comparison of heavy metal concentration (µg/g) within each tissue of the different birds.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							 
							Egyptian barn swallow
							House sparrow
							Great white egret
							Striated heron
							P value
					

					
							
							Muscle

						
							
							Pb

						
							
							46.09a±1.9

						
							
							37.37b±3.1

						
							
							5.54c±0.4

						
							
							4.08c±0.3

						
							
							0.017

						
					

					
							
							Cd

						
							
							2.18a±0.2

						
							
							3.24b±0.2

						
							
							0.12c±0.009

						
							
							0.81ac±0.04

						
							
							0.039

						
					

					
							
							Cu

						
							
							42.51a±3.2

						
							
							31.17b±1.03

						
							
							11.08c±0.9

						
							
							23.27b±0.6

						
							
							0.039

						
					

					
							
							Zn

						
							
							44.25a±3.9

						
							
							40.46a±3.6

						
							
							32.47a±2.06

						
							
							28.95a±0.8

						
							
							0.081

						
					

					
							
							Mn

						
							
							77.76a±4.05

						
							
							68.53a±5.06

						
							
							16.27b±0.71

						
							
							9.28b±0.6

						
							
							0.040

						
					

					
							
							Liver

						
							
							Pb

						
							
							56.61a±2.9

						
							
							124.69b±6.4

						
							
							5.73c±0.2

						
							
							2.37c±0.7

						
							
							0.035

						
					

					
							
							Cd

						
							
							3.16a±0.2

						
							
							18.65b±1.7

						
							
							0.23a±0.01

						
							
							0.11a±0.00

						
							
							0.33

						
					

					
							
							Cu

						
							
							35.71a±1.9

						
							
							47.56b±1.7

						
							
							17.04c±1.5

						
							
							26.17ac±1.7

						
							
							0.040

						
					

					
							
							Zn

						
							
							61.1a±1.7

						
							
							74.89a±5.2

						
							
							61.36a±2.2

						
							
							92.06b±5.08

						
							
							0.049

						
					

					
							
							Mn

						
							
							62.65a±1.4

						
							
							121.41b±4.2

						
							
							18.69c±0.9

						
							
							15.6c±0.9

						
							
							0.001

						
					

					
							
							Kidney

						
							
							Pb

						
							
							244.86a±11.5

						
							
							872.54b±52.9

						
							
							13.08c±0.6

						
							
							29.46c±1.9

						
							
							0.000

						
					

					
							
							Cd

						
							
							20.62a±0.9

						
							
							25.00b±1.1

						
							
							0.31c±0.02

						
							
							3.32c±0.2

						
							
							0.038

						
					

					
							
							Cu

						
							
							267.65a±18.4

						
							
							252.33a±17.9

						
							
							19.19b±1.1

						
							
							52.73b±4.5

						
							
							0.018

						
					

					
							
							Zn

						
							
							221.56a±13.8

						
							
							193.58a±14.3

						
							
							62.26b±1.4

						
							
							88.7b±5.6

						
							
							0.043

						
					

					
							
							Mn

						
							
							888.18a±27.2

						
							
							936.39a±28.3

						
							
							57.7b±2.02

						
							
							108.49b±6.8

						
							
							0.000

						
					

					
							
							Feather

						
							
							Pb

						
							
							47.76a±3.7

						
							
							22.52b±1.2

						
							
							3.26c±0.2

						
							
							9.95bc±0.31

						
							
							0.044

						
					

					
							
							Cd

						
							
							3.52a±0.2

						
							
							6.4b±0.3

						
							
							1.06a±0.09

						
							
							0.41a±0.00

						
							
							0.009

						
					

					
							
							Cu

						
							
							31.44a±1.7

						
							
							29.11a±2.6

						
							
							8.74b±0.5

						
							
							33.42a±2.9

						
							
							0.000

						
					

					
							
							Zn

						
							
							144.74a±3.4

						
							
							106.00b±8.4

						
							
							33.86c±2.2

						
							
							107.09b±0.3

						
							
							0.001

						
					

					
							
							Mn

						
							
							101.88a±6.9

						
							
							116.37a±7.2

						
							
							4.81b±0.39

						
							
							44.59c±0.8

						
							
							0.000

						
					

				
			

			

			Data are presented as (Mean±SE). Within the same row, means carrying different superscript are significant at (P<0.05).

			The liver of the House sparrow showed the highest concentration of Pb, Cd, Cu and Mn (Figures 1, 2, 3 and 5) with a significant difference with the liver of other examined birds (p<0.05) while the liver of striated heron showed the highest concentration of Zn (Figure 4) with a significant difference with the liver of the other examined birds (p<0.05).
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			Figure 4: Comparison of Zn concentration in muscle, liver, kidney and muscle of the examined birds.
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			Figure 5: Comparison of Mn concentration in muscle, liver, kidney and muscle of the examined birds.

			 

			Table 3: Heavy metal concentration (mg/l) in water samples from El-Salam Canal (Mean±SE).

			
				
					
					
					
				
				
					
							Heavy metals
							Mean±SE
							Permissible limits
					

					
							
							Pb

						
							
							0.070±0.00

						
							
							0.01*

						
					

					
							
							Cd

						
							
							0.064±0.00

						
							
							0.003*

						
					

					
							
							Cu

						
							
							0.043±0.00

						
							
							2*

						
					

					
							
							Zn

						
							
							0.049±0.00

						
							
							5**

						
					

					
							
							Mn

						
							
							0.128±0.0045

						
							
							0.2**

						
					

				
			

			

			* WHO 2011; **WHO 2008.

			 

			The kidney of the house sparrow showed the highest accumulation of Pb and Cd (Figures 1 and 2) with a significant difference with kidneys of the other examined birds (p<0.05) while there is no a significant difference between the kidney of the house sparrow and Egyptian barn swallow in the concentration of Cu, Zn and Mn (Figures 3, 4 and 5) but both of them showed a significant difference with the kidneys of the other birds (P< 0.05).

			 

			The feather of the Egyptian barn swallow showed the highest concentration of Pb, Cd and Zn (Figures 1, 2 and 4) with a significant difference with the feather of the other examined birds (p<0.05) while there is no significant difference between feathers of Egyptian barn swallow, house sparrow and striated heron in the concentration of Cu (Figure 3) (p<0.05) but all of them show a significant difference with the feather of great white egret (P>0.05).

			 

			Regarding Mn (Figure 5), there is no significant difference in its concentration in the feather of Egyptian barn swallow and house sparrow (p>0.05) but both of them showed a significant difference with the feather of the other examined birds (p<0.05).

			 

			Heavy metals concentration in water samples

			The levels of heavy metals in water of El-Salam Canal were summarized in table 3 and were compared with the permissible limits of heavy metals in water according to (WHO, 2008, 2011). Levels of Pb and Cd were above the permissible limits while levels of Cu, Zn and Mn were within the permissible limits.

			 

			Bioconcentration factor in the different tissue of examined birds

			As shown in Table 4, the muscle and feathers of Egyptian barn swallow showed the highest bioconcentration of Pb levels between muscles and feathers of the other examined birds respectively, while the liver and the kidney of house sparrow showed the highest bioconcentration of Pb levels between livers and kidneys of the other examined birds.

			 

			Regarding Cd levels, muscle, liver, kidney and feathers of house sparrow showed the highest bioconcentration levels among the same tissues of the other examined birds.

			 

			Regarding Cu levels, the muscle and kidney of Egyptian barn swallow showed the highest bioconcentration levels between muscles and kidneys of the other examined birds respectively, while the liver of house sparrow showed the highest bioconcentration of Cu levels among the livers of the other examined birds. Meanwhile, the feather of striated heron showed the highest bioconcentration of Cu levels between the feathers of the other examined birds.

			 

			Regarding Zn levels, muscle, kidney and feather of Egyptian barn swallow showed the highest bioconcentration levels among the same tissue the other examined birds, while the liver of striated heron showed the highest bioconcentration of Zn levels between livers of the other examined birds.

			 

			Regarding Mn levels, the muscle of Egyptian barn swallow showed the highest bioconcentration levels between muscles of the other examined birds while liver, kidney and feathers of house sparrow showed the highest bio-concentration of Mn levels among the same tissues of the other examined birds.

			 

			Table 4: Bio-concentration factor of heavy metals in the different tissue of examined birds.

			
				
					
					
					
					
					
					
				
				
					
							 
							Egyptian barn swallow
							House sparrow
							Great white egret
							Striated heron
					

					
							
							Pb

						
							
							Muscle

						
							
							658.4

						
							
							533.8

						
							
							79.1

						
							
							58.2

						
					

					
							
							Liver

						
							
							808.7

						
							
							1781.2

						
							
							81.8

						
							
							58.2

						
					

					
							
							Kidney

						
							
							3498

						
							
							12464.8

						
							
							186.8

						
							
							420.8

						
					

					
							
							Feather

						
							
							682.2

						
							
							321.7

						
							
							46.5

						
							
							142.1

						
					

					
							
							Cd

						
							
							Muscle

						
							
							34.0

						
							
							50.6

						
							
							1.8

						
							
							12.6

						
					

					
							
							Liver

						
							
							49.3

						
							
							291.4

						
							
							3.5

						
							
							1.7

						
					

					
							
							Kidney

						
							
							322.1

						
							
							390.6

						
							
							4.8

						
							
							51.8

						
					

					
							
							Feather

						
							
							55

						
							
							100

						
							
							16.5

						
							
							6.4

						
					

					
							
							Cu

						
							
							Muscle

						
							
							988.6

						
							
							724.8

						
							
							257.6

						
							
							541.1

						
					

					
							
							Liver

						
							
							830.4

						
							
							1106.0

						
							
							396.2

						
							
							608.6

						
					

					
							
							Kidney

						
							
							6224.4

						
							
							5868.1

						
							
							446.2

						
							
							1226.2

						
					

					
							
							Feather

						
							
							731.1

						
							
							676.9

						
							
							203.2

						
							
							777.2

						
					

					
							
							Zn

						
							
							Muscle

						
							
							903.0

						
							
							825.7

						
							
							662.6

						
							
							590.8

						
					

					
							
							Liver

						
							
							1246.9

						
							
							1528.3

						
							
							1252.2

						
							
							1878.7

						
					

					
							
							Kidney

						
							
							4521.6

						
							
							3950.6

						
							
							1270.6

						
							
							1810.2

						
					

					
							
							Feather

						
							
							2953.8

						
							
							2163.2

						
							
							691.0

						
							
							2185.5

						
					

					
							
							Mn

						
							
							Muscle

						
							
							607.5

						
							
							535.39

						
							
							127.1

						
							
							72.5

						
					

					
							
							Liver

						
							
							489.4

						
							
							948.5

						
							
							146.0

						
							
							121.8

						
					

					
							
							Kidney

						
							
							6938.9

						
							
							7315.5

						
							
							450.7

						
							
							847.5

						
					

					
							
							Feather

						
							
							795.9

						
							
							909.1

						
							
							37.5

						
							
							348.3

						
					

				
			

			

			 

			According to our knowledge and the available literatures, this study is considered to be the first one dealing with resident wild birds as a bio-indicator for some heavy metal pollution at El-Salam Canal.

			 

			In the current study, the kidney of all the examined birds showed the highest concentration of all metals except Zn in striated heron and Cd in great white egret where the feather showed the highest accumulation among the other examined tissues. This result disagreed with the result of Mansouri and Majnoni (2014) who recorded that the liver is accumulated the highest level of metals in both coot and mallard; that may due to the difference in the food items between birds in the two studies. Salah-Eldein et al. (2012) recorded that the feather of little tern showed the highest level of Zn and Cd among the examined tissues which also has the same food preference of great white egret and striated heron in our study; all of them feed on fish and crustacean. Our result indicated that the level of both Pb and Cd in the kidney and liver of Egyptian barn swallow and house sparrow were higher than the other examined tissue, this result agreed with Mansouri and Majnoni (2014). Liver and kidney are the most organs responsible for the detoxification in the body and this explains their high metal content. Also, the accumulation of toxic heavy metals in the kidney may indicate chronic exposure (Janaydeh et al., 2017).

			 

			Hepatic Pb level in waterfowl was suggested by Pain (1996), (7.5 µg/g d.w.) as background levels, (7.5– 23 µg/g d.w.) for subclinical poisoning, (23–57 µg/g d.w.) for clinical poisoning and (57 µg/g d.w.) for severe clinical poisoning. House sparrow in the current study recorded hepatic Pb concentration exceeded the level of severe clinical poisoning and Egyptian barn swallow recorded hepatic Pb concentration close to the level of clinical poisoning. Pb concentrations of 4 µg/g in feathers are known to be potentially toxic (Burger and Gochfeld, 2008). All the examined birds in the current study showed higher concentrations of Pb than 4 µg/g in their feathers except Great white egret.

			 

			Normal and toxic range of hepatic Cd for bird species (0.02– 1.5μg/g) and (70– 140 μg/g) respectively were described by Kitowski et al. (2017). None of the examined birds in the present study showed a toxic range of hepatic Cd. Kidney damage occurred in many species of birds when the Cd levels approached 20µg/g (Toman et al., 2005). The present study showed Cd level exceeded 20µg/g in the kidneys of Egyptian barn swallow and house sparrow. The kidney of the house sparrow showed the highest accumulation of both Pb and Cd.

			 

			Cu and Zn and Mn are essential elements responsible for various physiological functions in the body. Excessive Cu intake may cause ocular damage, respiratory malfunctions and certain disorders in gastrointestinal, hepatic, reproductive, hematological and endocrine systems (Stern, 2010). The background level of Cu in the liver of shorebirds reported by Kim et al. (2010) ranged from 10.6 to 25.9 µg/g. All of the examined birds except the great white egret exceed this level in the present study. Hepatic Zn concentration level of 525mg/kg d.w. can be regarded as indicative of poisoning (Taggart et al., 2009). None of the examined birds in the current study recorded that level. Mn is involved in several biochemical reactions in the living organism and acts as an essential micronutrient. Excessive intake of Mn causes neurobehavioral defects (Burger and Gochfeld, 2000) but the levels of Mn in tissues associated with these defects are often not determined (Burger, 2002). The kidney of the Egyptian barn swallow showed the highest concentration of Cu and Zn while the kidney of the house sparrow showed the highest concentration of Mn among the examined birds. The elevated concentration of Cu, Zn and Mn may be due to the extensive use of bactericides, fungicides and fertilizer in agriculture (Canova et al., 2020; Binkowski et al., 2013; Abdullah et al., 2015).

			 

			The findings of this study had shown that; Egyptian barn swallow and house sparrow have a great tendency to accumulate heavy metals in their tissues among other birds; this finding is in agreement with (Millaku et al., 2014). They are intermediate level consumers whose diet consists of invertebrates such as insects in case of Egyptian barn swallow, and seeds and soil invertebrates as in the case of house sparrow which may contribute to high Cd hepatic and renal concentrations (Carpene et al., 2006) and also the soil pollutants may easily get into the bird´s body (Sundaramahalingam et al., 2016). Birds living in terrestrial ecosystems contained more heavy metals than aquatic birds because of the high metabolic rate of the small birds. This may mean that smaller size species are more susceptible than the larger ones (Lebedeva, 1999). So the results of the current study suggest that the Egyptian barn swallow and house sparrow are suitable species to provide information on metal contamination, and this finding is in agreement with that stated for house sparrow by Baker et al. (2017) and Millaku et al. (2015). Also, the kidney considers the most tissue burdens the highest concentration of most of the examined heavy metals.

			 

			In the present study, the concentration of heavy metals in water samples collected from El-Salam Canal was in the following order: Mn>Pb>Cd>Zn>Cu respectively. The concentration of Pb and Cd is above the permissible limits according to (WHO, 2008, 2011). A higher concentration of heavy metals in water samples from El-Salam Canal was recorded by Saber et al. (2016); Donia et al. (2017) except for Pb and Cd, Abu Hashim and Negm (2018) and Ramadan et al. (2018). Meanwhile, lower concentrations of heavy metals in El-Salam Canal water than that detected in the current study were recorded by Geriesh et al. (2015), Abdel-Hamid et al. (2017) except for Pb and Zn Abdel-Mottaleb et al. (2017). These variations can be attributed to the differences between the localities, the amount of pollution from one area to another and the season in which studies were carried out. The increase of heavy metals in El-Salam Canal water may be attributed to the discharging of wastewater from El-Serw and Hadous drains; which are agricultural drains; constitute higher concentration values because of excess usage of agricultural fertilizers and agricultural pesticides (Geriesh et al., 2015; Abdel-Hamid et al., 2017).

			 

			Bioconcentrtion factor reflects the case when the level of toxin in an organism exceeds the level of that toxin in the surrounding environment. This factor is defined by the ratio of the heavy metal concentration of the organism to that of water (Kennish, 1992). The higher ratio, the more intense the bioconcentration of toxins (Sauliut et al., 2017). In the current study, the results of bioconcentration factor in the examined tissues of different birds confirmed our previous results that the kidney is the most organ accumulating the heavy metals and the most preferable tissue can be used as bioindicator for heavy metals pollution, where kidney of house sparrow showed the highest bioconcentration of Pb and Cd among the other examined tissues and the kidney of Egyptian barn swallow showed the highest bioconcentration of Cu, Zn and Mn among the other examined tissues.

			 

			Conclusions and recommendations

			 

			The kidney is the most tissue burdens the highest concentration of most of the heavy metals in the examined birds. Egyptian barn swallow and house sparrow have a great tendency to accumulate heavy metals in their tissues among other examined birds and can be considered as the most preferable birds to use as a bio-indicator for heavy metals pollution. Levels of Pb in Egyptian barn swallow and house sparrow have exceeded the normal background level. Levels of Cu exceed the normal background level in all examined birds except great white egret. Levels of Pb and Cd concentrations in water exceed the permissible limits.
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Abstract | The extensive growth of human activity, urbanization, agricultural and industrial processes result in
increasing the number of pollutants introduced into the environment. Continuous monitoring of such pollutants
required an indicator sensitive to environmental toxins and represents its accumulative effect. The aim of the present
study is to determine the preferable tissue and bird that can be used as a bio-indicator for heavy metals pollution in EI-
Salam Canal which is considered as an important source of water for land irrigation and drinking of livestock in north
Sinai, Egypt. A total of 58 wild birds belonging to 4 different species; Egyptian barn swallow (Hirundo rustica), house
sparrow (Passer domestics), great white egret (Ardea alba) and striated heron (Butorides striata) were hunted by a net
trap to determine the concentration of lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn) and manganese (Mn) in their
muscle, liver, kidney and feather. Also, 16 water samples were collected to assess the level of heavy metals pollution
in the study area. The result revealed that the kidney is the most tissue burdens the highest concentration of heaviest
metals among the examined tissues. Egyptian barn swallow and house sparrow have a great tendency to accumulate
heavy metals in their tissues among other examined birds. Levels of Pb in Egyptian barn swallow and house sparrow
have exceeded the normal background level. Levels of Cu exceed the normal background level in all examined birds
except great white egret. Levels of Pb and Cd concentrations in water exceed the permissible limits.
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INTRODUCTION

Nowadays, the degradation of ecosystems is increasing
due to the extensive growth of human activity (Xu et al.,
2013) and as a result of industrial processes and excessive
use of fertilizers and other chemicals in agriculture,
large quantities of pollutants were accumulated in the
environment (Martinez-Lo’pez et al, 2005). Unlike
other pollutants, heavy metals are non-biodegradable and
persistent in nature for a long time causing biological

magnification that may lead to severe health problems to

human and wildlife (Malik and Zeb, 2009). Exceeding
the permissible limits of heavy metals in the environment
are considered to be toxic and interfere with essential
metabolic and biochemical processes in a living organism
by altering the activity of different enzymes, increasing
free radicals and disrupting the antioxidant mechanism
(Isaksson, 2010). Hence, the need for biological indicators
for continuous monitoring of the level of heavy metals
in the environment is significantly increased. Wild birds
can be used as a bio-indicator for heavy metals pollution
as it widely distributed, long lived, occupy several trophic
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