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INTRODUCTION 

 

 Wild birds are considered a mirror for environmental health (Erwin and Custer, 

2000).  They are widely distributed and occupied a higher trophic level of the food 

chain (Barbieri et al., 2010). Wild birds are exposed to a wide range of heavy metals 

pollutants through contaminated food, water, and physical contact (Burger and 

Gochfeld, 2004; Bostan et al., 2007). The amount of the toxic pollutant increase as a 

rise in the food chain so, most of the pollutant are bio-accumulated in the species of the 

higher trophic level (Ullah et al., 2014). Therefore, wild birds can be used as a suitable 

method for assessing metal pollution in the environment (Boncompagni et al., 2003). 

The toxic effects and long persistence of heavy metals in environment threat 

ecosystems and cause its degradation (Zhang et al., 2018) also it have an adverse effect 
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Wild birds play an important role as a bio-indicator for heavy 

metals pollution in the environment due to its wide distribution and its 

higher trophic level in the food chain. In the present study, 46 Slender-

billed Gulls (Larus genei) were collected during the breeding season 

from Lake Quaron protected area, Fayoum governorate, Egypt. Levels 

of Cadmium (Cd), Lead (Pb), Copper (Cu) and Zinc (Zn) were 

estimated in different tissues of slender-billed gulls (liver, breast 

muscle, heart and breast feathers). The aim of the current study is to 

determine the best tissue which can be used as a bio-indicator for each 

metal. Also to assess the environmental pollution with heavy metals in 

Lake Quaron. The result revealed that the higher concentration of Cd 

was estimated in the heart and liver (P<0.05) while the lower 

concentration was observed in feathers and muscle. The higher level of 

Pb and Zn were observed in feathers (P<0.05) and the lower level 

were observed in muscle. The major site of Cu accumulation in the 

examined tissue was liver (P<0.05) and the minor site was muscle and 

heart. Generally, the liver can be used as a good indicator for both Cd 

and Cu while feathers are a good indicator for Pb and Zn. The level of 

all the examined metals was relatively decreased in Lake Quaron 

except Zn was increased in comparison with a previous study.  
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on the physiological performance of birds (Martin et al., 2003) and may cause 

reproductive failure (Dauwe et al., 2004). 

 The toxic levels of Cadmium cause kidney and testicular damage, reduction of 

egg production, and alteration of the behavior responses (Furness, 1996). Toxicity with 

lead was contributed to reducing the body weight, plasma calcium level, egg 

production, and reproductive success (Mateo et al., 2003). Moreover, lead poisoning 

may cause kidney and nervous system problems and inhibit the synthesis of heme 

(Berny et al., 1994). Copper and zinc are essential metals for a bird's life but their 

excessive amounts have a toxic effect on the kidney and impair the reproduction 

(Carpenter et al., 2004). 

Lake Qaroun is a closed saline basin lying in the lowest-northwest part of El- 

Fayoum depression. It has an elongated rectangular shape with average dimensions 45 

km length, 5.7 km width, and 4.2 m depth (Gohar, 2002). It was declared as a nature 

reserve by the virtue of the Prime Minister decision No. 348 in 1989 with a view to 

protecting and conserving the biological, archaeological and geological diversity of the 

area. This area is rich with biological diversity, about 88 bird species, 5 kinds of 

Egyptian mammals, 10 kinds of fish, rare reptiles, and plant species were reported 

(Hussein et al., 2008).   

Lake Quaron is a wetland of international importance for water birds and 

declared as a Ramsar site in 2012 (Ramsar Convention Manual, 2013).  More than 

10,000 individuals of breeding adult Slender-billed Gull (Larus genei), and 500 

individuals of Little Tern (Sterna albifrons) were counted in addition to chicks of 

Slender-billed Gulls have been observed in Lake Quaron protected area (Ibrahim, 

2007). 

The current study aimed to determine the best tissue which can be used as a 

bio-indicator for each metal and also assess the environmental pollution with heavy 

metals in Lake Quaron protected area.   

 

MATERIALS AND METHODS 

 

A total of 46 slender-billed gulls were collected from Golden Horn Island, Lake 

Quaron protected area, El-Fayoum governorate. Birds were hunted a life by net 

trapping during the breeding season (May, June, and July 2017) All the examined birds 

are apparently normal.  

The examined tissues were liver, breast muscle, heart, and breast feathers. Each 

of the liver, muscle, and heart samples was digested according to (Al Ghais, 1995) by 

using highly concentrated nitric acid and perchloric acid (4:1) respectively. Feathers 

samples were digested according to (Adout et al., 2007) by using high purity 

concentrated nitric and hydrogen peroxide. 

This study was approved by the Scientific Research Ethics Committee of 

Faculty of Veterinary Medicine, Suez Canal University. 

Samples were analyzed for their heavy metals content by using (PERKIN 

ELMER A Analyst 100) atomic absorption spectrophotometer in Marine Pollution 

Laboratory, Marine Ecology Department, Suez Branch, National Institute of 

Oceanography and Fisheries. All heavy metals concentration (ppm) in tissues was 

estimated on a dry weight basis. 

The statistical analysis of data was carried out using SPSS 17.0 version 

(Chicago, USA) programs one-way ANOVA at a significance difference (P<0.05) 

according to (Snedecor and Cochran, 1989) to compare the level of heavy metals in 

each tissue. 
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RESULTS AND DISCUSSION  

 

The concentration of the heavy metals (ppm dry weight) in tissues of slender-

billed gulls was summarized in (Table 1). 

 

Table 1: average of heavy metals (Mean ± SE) concentration (ppm dry weight) in 

Slender billed gulls tissues  

 
Within the same row, means carrying different superscript are significant at (P<0.05) 

 

The average Cd level in the tissues of slender-billed gulls was found in the 

order of heart > liver > feathers > muscle as 0.398, 0.385, 0.312, and 0.114 ppm dry 

weight respectively. Statistically, there was a significant difference (P< 0.05) in Cd 

concentration between liver and muscles and also between liver and feather while there 

was no significant difference between liver and heart. 

The average concentration of Pb in the different tissue of slender-billed gulls 

was found in the order of feather > heart > liver > muscle as 2.212, 1.500, 0.856, and 

0.615 ppm dry weight respectively. Statistically, feathers were showed a significant 

difference (P< 0.05) in the Pb concentration with liver, heart, and muscle while no 

significant difference was observed between liver and muscle. 

The concentration of Cu in the different tissues of slender-billed gulls were 

found in the order of liver > feathers > muscle > heart as 7.472, 6.0917, 4.773, and 

4.751 ppm dry weight respectively. A significant difference (P< 0.05) in Cu 

concentration was showed between liver and muscle, liver, and heart and also between 

liver and feathers while there was no significant difference between muscle and heart. 

The average of Zn level in the different tissues of slender-billed gulls was 

found in the order of feathers > liver > heart > muscle as 86.541, 52.252, 24.011, and 

19.066 ppm dry weight respectively. Statistically, there was a significant difference 

(P< 0.05) in Zn concentration between liver and muscle, liver and heart, and also 

between liver and feathers while no significant difference was observed between 

muscle and heart. 
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Seabirds are commonly used as a bio-indicator for environmental pollutants 

because they are widely distributed, occupy higher level in the food chain, long-lived 

and sensitive to the environmental changes (Alleva et al., 2006). 

In the current study, the higher concentration of Cd was estimated in the heart 

and liver (P< 0.05). This result is agreed with (Naccari et al., 2009; Lucia et al., 2010; 

Medani et al., 2015) while the lower levels of Cd concentration was observed in 

feathers and muscle as previously reported by (Nam et al., 2005; Lucia et al. 2008). 

The higher Cd concentration in the liver may be related to the role of these 

organs in detoxification and storage of nonessential elements (Lucia et al., 2010). 

The major site of Cu accumulation in the examined tissues was liver (P<0.05) 

and that agreed with results obtained by (Deng et al., 2007; Lucia et al., 2010; Malinga 

et al., 2010) while the lower accumulation of Cu was observed in muscle and heart, 

that disagreed with (Naccari et al., 2009; Medani, 2015) who estimated a lower 

accumulation of Cu in the feathers. 

The highest level of metals accumulation in the liver may give an indication 

about the chronic exposure to these metals (Naccari et al., 2009) therefore, from our 

study, detection of both Cd and Cu in the liver of birds can reflect the long time 

pollution with these metals in their environment. 

On the other hand, the highest concentration of Pb was observed in feathers 

(P<0.05) and the lowest concentration in muscle and that previously reported by 

(Medani, 2015) and also with (Lucia et al., 2010) who recorded the highest 

concentration of Pb in the feather of wader birds. 

Also, the highest accumulation of Zn was estimated in the feather (P< 0.05) 

and the lowest accumulation in muscle, that agreed with results of (Medani, 2015) and 

with (Lucia et al., 2010) in wader birds and also with (Salah-Eldein et al., 2012) in 

Little tern and disagreed with (Naccari et al., 2009) who reported the highest 

concentration of Zn in the liver of common buzzards. 

Feathers are a perfect indicator of heavy metals accumulated inside birds and 

reflect the pollution status of the environment (Jaspers et al., 2004). As the feathers 

grow, heavy metals were deposited inside it till the growth stope, and the content of 

heavy metals remain inside feathers, become an archive for the period of exposure 

during its growth (Walsh, 1990). For this, feathers can be used as a monitor for the 

recent exposure of heavy metals and reflect the pollution inside the ecosystem. 

Moreover, it can be collected without the need to kill birds and can be stored for a long 

time at room temperature without deterioration (Berg et al., 1966).  Therefore, from our 

study, using feathers of slender-billed gulls for the detection of Pb and Zn is 

recommended. 

In comparison with the study of (Medani et al., 2015) who examined 45 

slender-billed gulls in Lake Quaron for detection of heavy metals accumulation in their 

tissue (Table 2), we can conclude that the level of Cd, Cu and Pb were decreased in 

2017 (current study) from that estimated in 2015. The lower level of such metals 

indicates a relative improvement of the environmental status of Lake Quaron. While 

the level of Zn was increased in comparison with that in 2015. So, further attention is 

required to avoid the adverse effects of such metals on birds and the whole ecosystem 

of Lake Quaron, which considered the most important site for breeding of slender 

billed gulls in Egypt. 
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Table 2: Comparison between the tissues that were showed the higher levels of metals 

in the current study and that reported by (Medani et al., 2015) 

 
 

The present study concludes that the liver can be used as a good indicator for 

both Cd and Cu while the feather is a good indicator for Pb and Zn. The level of Cd, 

Cu, and Pb in Lake Quaron protected area was relatively decreased in comparison with 

a previous study while the level of Zn was increased. Lake Quaron protected area 

needs further attention to decrease the levels of heavy metals pollution. 
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ARABIC SUMMARY 

 

محمية بحيرة قارون، الفيوم، مصر.دن الثقيلة في النورس القرقطي بتقييم تركيز بعض المعا  

 
 أحمد محمد صالح الدين1، نهال محمد العاصي1، محمد حماد محمد حماد 2، إيناس محمد سعد1

 1قسم الحياة البرية وحدائق الحيوان - كلية الطب البيطري - جامعة قناة السويس. 

 2محمية بحيرة قارون – قطاع شئون البيئة. 

 

انتشارها  الثقيلة وذلك إلتساع مدى  بالمعادن  البيئة  لتلوث  البرية دور مهم كمؤشر حيوي  الطيور  تلعب 

تجميع عدد   تم  الدراسة  في هذه  الغذائية.  السلسلة  في  مكانة عالية  في   46وإلحتاللها  القرقطي  النورس  طائر من 

وم. تم قياس تركيزات عناصر الكادميوم، النحاس، الرصاص والزنك موسم التزواج من محمية بحيرة قارون بالفي

في أنسجة الطائر المختلفة )الكبد، عضالت الصدر، القلب وريش الصدر(. وتهدف الدراسة الي تحديد أفضل نسيج 

الث بالمعادن  بيئة بحيرة قارون  تقييم تلوث  الثقيلة وكذلك  قيلة. يمكن استخدامه كمؤشر حيوي عن التلوث بالمعادن 

القلب   في  الكادميوم ظهر  لعنصر  تركيز  أعلى  أن  الي  الدراسة  الريش   والكبد وقد خلصت  في  تركيز ظهر  وأقل 

في  ظهر  لهما  مستوى  أقل  بينما  الريش  في  ظهر  والزنك  الرصاص  لعنصري  مستوى  وأعلى  والعضالت.  

ت والقلب.  بشكل عام وأقل تركيز في العضال في الكبد له تم تسجيل أعلى تركيز العضالت. أما عنصر النحاس فقد 

لعنصري  جيد  حيوي  مؤشر  الريش  يعتبر  بينما  والنحاس  الكادميوم  لعنصري  جيد  حيوي  مؤشر  الكبد  يعتبر 

يلة محل الرصاص والزنك. اما عن وضع بحيرة قارون البيئي فقد قلت مستويات التلوث نوعا ما بكل المعادن الثق

 بالمقارنة مع دراسة سابقة. الدراسة ماعدا الزنك وذلك 

 


