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Abstract. In this study, mercury (Hg) concentrations were detected in feathers of 22 bird species from 10 

different families living in terrestrial and aquatic ecosystems in Van Lake Basin in Turkey. The mercury 

rates in feathers were detected based on nutrition status and taxonomic classifications of bird species. 

Mercury levels were detected in 0.002 ± 0.007 mg/kg and 2.700 ± 0.560 mg/kg dry weight range. It was 

observed that there was a significant difference between the groups classified taxonomically (p < 0.05). 

The highest concentrations were detected in European Honey-buzzard (Pernis apivorus) 2.7 mg/kg, 
Lammergeier (Gypaetus barbatus) 0.45 mg/kg and Long-legged Buzzard (Buteo rufinus) 0.28 mg/kg 

species from Accipitridae family. And the lowest mercury concentration was detected in Golden Eagle 

(Aquila chrysaetos) from the same family (0.002 ± 0.007 mg/kg). Mercury was detected in the feather 

samples taken from the Egyptian Vulture, Lammergeier, Northern Lapwing, and Great Bustard, and these 

species were determined to be within different endangered categories according to the International Union 

for Conservation Nature (IUCN). Considering the trophic level (type of food) and systematic groups of 

the sampled species, it was determined that average mercury level was statistically significant in both 

cases. It was suggested that the mercury level of the carnivorous ones were higher than that of the 

herbivorous ones. 
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Introduction 

Most heavy metals play an important role in the lives of living species. Heavy metals 

as an integral part of nature must be present in the structure of all living creatures in 

trace levels. If, these trace levels are exceeded, it shows toxic effect in the organism 

(Zolfaghari et al., 2007; Manjula et al., 2015). 

As a result of developing technology and increasing human population, natural 

resources are consumed exceedingly and in consequence, overmuch waste is discharged 

into the nature. These wastes exceeding the bearing capacity of the nature accumulate in 

bodies of living species within the food web of the ecosystem through nutrition and 

environmental contact and consequently create risk (Nriagu and Pacyna, 1988; Dudka 

and Miller, 1999; Metcheva et al., 2010). The best indicator of a biological pollut ion of 

an environment is analyzing the creatures living in that environment and detecting toxic 

materials accumulated in their bodies. 

Birds are ideal bio-indicator animals showing the best reaction about the structure of 

an ecosystem they live in. Analyzing these species located on the upper of the food web 

provides information on the status and condition of the related ecosystem (Burger, 

1993). While, conducting these studies, present species should not be harmed in 

anyway. Therefore, analyzing the feathers taken from their bodies provides information 

on heavy metal rate of their environment. This does not only provide information on 

heavy metal concentrations in bird species but also the heavy metal concentrations in 

other living creatures under lower steps of the food web of birds which are foods of 

them (Battaglia et al., 2005). 
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The metals taken by birds through nutrition during their growth are carried to their 

feathers through blood vessels and accumulate there by bonding with protein molecules 

(Burger, 1993; Dauwe et al., 2000; Goutner et al., 2001; Dauwe et al., 2003). The 

source of heavy metal concentrations in feathers is not only nutrition, but also some 

environmental factors such as contact with soil, water, atmospheric pollution and 

precipitations (Burger and Gochfeld, 1997; Movalli, 2000; Jasper et al., 2004; 

Muralidharan et al., 2004; Cardiel et al., 2011). 

Using feathers for detecting heavy metals such as mercury provides advantages 

compared to other tissues (Furness et al., 1986, 1989; Burger, 1996; Movalli, 2000). 

These advantages are taking feather samples from living creatures without harming 

them, storing feathers easily and preserving them for a long time in a refrigerator 

without needing anything. 

The purpose of this study is to determine the amount of mercury accumulated in 

structures of the birds located at an upper step of food web and living in different 

ecosystems of Van Lake Basin (Turkey) through nutrition. It is to reveal the differences 

between mercury concentrations by considering the birds’ nutrition styles and places in 

systematic category. 

Materials and methods 

The feather samples used in this study were taken from 102 birds from 22 bird 

species. 22 bird species used in this study are the resident and migratory species living 

in aquatic and terrestrial ecosystems of Van Lake Basin (Fig.1; Adızel et al., 2010; 

Nergiz and Durmuş, 2017). 

 

 

Figure 1. Van Lake Basin and habitat types 
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These species were found injured or diseased in their ecosystems, taken to the 

Rehabilitation Center for Wild Animals of Van Yuzuncu Yil University, treated but 

then died. The feather samples were taken from these birds died between May 2016 and 

June 2017. Half of the sampled species were raptors. 

 

Analysis of samples 

The samples were transferred to the Science Application and Research Center of Van 

Yuzuncu Yil University for analysis. Feathers were washed with deionized water and 

acetone three times and then put in metal free polypropylene vials. All external 

pollution available in the feathers can be removed by washing the samples (Goede and 

Bruin, 1984). 

The weights of the dry feather samples were detected and then they were put in an 

oven (70 °C) for 24 h. The dried feathers were cut with steel scissors and weighed on a 

precision scale at least 2 g (dry weight) from each sample and placed in glass 

containers. The prepared feather samples were burned with the tissue sample program in 

a microwave heating unit (Ethos Easy Advanced Microwave Digestion System, 

Milestone, 230/50 Hz, Italy) by adding 8 ml of 65% HNO3 and 2 ml of H2O2 (Blust et 

al., 1988; Janssens et al., 2001). The 2 ml solution from the incinerated samples was 

diluted with distilled water to 10 ml and analyzed on the ICP-AAS (Thermo Scientific 

ICAP 600 series) instrument. 

Calibration of the instrument was done with a certified solution (Multi element ICP 

QC standard solution-QCS-01-23E, Belgium). Mercury checked by National Institute of 

Standards and Technology (NIST) and Standard Reference Material (SRM). Accepted 

recoveries ranged from 95 to 105%. 

 

Statistical analysis 

The statistical analysis was done by the SPSS software (Version 23). Means and 

standard deviations were given in tables. We used one-way ANOVA and Tukey post-

hoc comparison for evaluate effects of systematic categories and food manner on 

feather Mercury (Hg) levels. 

Results and discussion 

Average mercury concentrations in feather samples taken from 102 birds from 22 

species and 10 families were taxonomically compared (Tables 1–3). Different levels of 

mercury were detected in all samples. According to the statistical analysis with 95% 

confidence range conducted in accordance with the trophic levels and taxonomic 

groups, it was observed that there were meaningful differences (p < 0.05). 

The average mercury concentration varied from 0.002 mg/kg (Golden eagle) to 

2.7 mg/kg-dry weight (European Honey-buzzard) (Table 1). The order of ten families 

from higher to lower Hg concentration is as follows: Accipitridae, Phasianidae, 

Otididae, Phoenicopteridae, Ardeidae, Falconidae, Strigidae, Anatidae, Ciconiidae, 

Charadriidae were compared (Table 2). 

In the taxonomic evaluation conducted among the families, it was determined that 

the Accipitridae family had the highest mercury concentration while the Charadriidae 

had the lowest mercury concentration. It was observed that these differences between 

families were based on the nutrition and environmental differences between species. 
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Table 1. Mercury concentration (mg/kg dry weight) in feather of birds from eastern Turkey 

Family 
Species common 

name 
Scientific name Number Trophic level 

Hg concentration 

mean ± std error 

Accipitridae 
European Honey-

buzzard 
Pernis apivorus 4 Carnivor 2.700±0.560 

 Lammergeier Gypaetus barbatus 3 Carnivor 0.450±0.370 

 Egyptian Vulture 
Neophron 

percnopterus 
4 Carnivor 0.033±0.001 

 Griffon Vulture Gyps fulvus 4 Carnivor 0.019±0.002 

 
Western Marsh-

harrier 
Circus aeruginosus 5 Carnivor 0.050±0.033 

 
Long-legged 

Buzzard 
Buteo rufinus 6 Carnivor 0.280±0.170 

 Golden Eagle Aquila chrysaetos 3 Carnivor 0.002±0.007 

 
White-tailed 

Eagle 
Haliaeetus albicilla 4 Carnivor 0.015±0.001 

Falconidae Common Kestrel Falco tinnunculus 5 Carnivor 0.054±0.007 

Strigidae 
Eurasian Eagle-

owl 
Bubo bubo 3 Carnivor 0.050±0.030 

Ciconiidae White Stork Ciconia ciconia 4 Mix feed 0.012±0.001 

Phoenicopteridae Greater Flamingo 
Phoenicopterus 

roseus 
8 

Invertebrate 

predator 
0.130±0.460 

Ardeidae Grey Heron Ardea cinerea 5 Mix feed 0.220±0.140 

 Great Bittern Botaurus stellaris 6 Mix feed 0.112±0.019 

 Little Egret Egretta garzetta 6 Mix feed 0.090±0.030 

 
Black-crowned 

Night-heron 

Nycticorax 

nycticorax 
7 Mix feed 0.040±0.003 

Charadriidae Northern Lapwing Vanellus vanellus 3 
Invertebrate 

predator 
0.020±0.001 

Phasianidae Grey Partridge Perdix perdix 5 Herbivor 0.150±0.020 

Otididae Great Bustard Otis tarda 2 Herbivor 0.140±0.010 

Anatidae Common Teal Anas crecca 6 Herbivor 0.020±0.002 

 Ruddy Shelduck Tadorna ferruginea 5 Herbivor 0.030±0.010 

 Northern Pintail Anas acuta 4 Herbivor 0.010±0.001 

 

 
Table 2. Mercury concentration (mg/kg dry weight) in the feathers according to families 

Family Number Mean Std. d. p 
95% confidence interval for mean 

Lower Upper 

Accipitridae 33 0.432 0.167 0.015 0.091 0.773 

Phasianidae 5 0.146 0.036 0.001 0.101 0.190 

Otididae 2 0.140 0.028 0.090 -0.114 0.394 

Phoenicopteridae 8 0.131 0.046 0.026 0.021 0.240 

Ardeidae 24 0.108 0.159 0.003 0.040 0.175 

Falconidae 5 0.053 0.015 0.002 0.033 0.073 

Strigidae 3 0.049 0.061 0.298 -0.102 0.201 

Anatidae 15 0.016 0.014 0.001 0.007 0.023 

Ciconiidae 4 0.012 0.003 0.005 0.006 0.017 

Charadriidae 3 0.011 0.002 0.015 0.004 0.016 

One-way ANOVA followed by Tukey’s comparison between islands and water concentrations of 
metals. Significance level of p < 0.005 was used 
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The highest Hg concentration determined in European Honey-buzzard (2.7 mg/kg), 

Lammergeier (0.45 mg/kg), and Long-legged Buzzard (0.28 mg/kg) belonging to 

Accipitridae family and Grey Heron (0.22 mg/kg-Ardeidae). Intermediate Hg 

concentration values were found in Grey Partridge (Phasianidae), Great Bustard 

(Otididae), Greater Flamingo (Phoenicopteridae), Great Bittern (Ardeidae), Little Egret 

(Ardeidae), Common Kestrel (Falconidae), Western Marsh-harrier (Accipitridae), 

Eurasian Eagle-owl (Strigidae), Black-crowned Night-heron (Ardeidae), Egyptian 

Vulture (Accipitridae), Ruddy Shelduck (Anatidae), Common Teal (Anatidae), 

Northern Lapwing (Charadriidae), and Griffon Vulture (Accipitridae) species; whereas 

the lowest Hg concentration values were found in White-tailed Eagle (Accipitridae), 

White Stork (Ciconiidae), Northern Pintail (Anatidae), and Golden Eagle (Accipitridae) 

species. 

Birds of prey families (Accipitridae, Falconidae and Strigidae) have more than 2.5 

times higher average Hg concentrations (overall average of average 0.178 mg/kg) than 

the rest of other families (overall average of average 0.08 mg/kg) (Table 2). With the 

exception of Strigidae and Otididae families, there was significant difference in other 

families (p < 0.05). 

According to trophic level, species were separated into 4 classes as Carnivorous (41 

samples belonging to 10 species), mix (vertebrate and invertebrate predator, 28 samples 

belonging to 5 species), invertebrate predators (11 samples belonging to 2 species) and 

herbivore (22 samples belonging to 5 species) (Table 3; Fig. 2). 

 
Table 3. Mercury concentration (mg/kg dry weight) in the trophic level of birds 

Family Number Mean Std. d. p 
95% confidence interval for mean 

Lower Upper 

Carnivore 41 0.358 0.136 0.012 0.082 0.633 

Mix (vertebrate and 

invertebrate predator) 
28 0.098 0.024 0.003 0.015 0.181 

Invertebrate predator 11 0.095 0.028 0.025 0.035 0.152 

Herbivore 22 0.056 0.013 0.001 0.027 0.085 

One-way ANOVA followed by Tukey’s comparison between islands and water concentrations of 
metals. Significance level of p < 0.005 was used 

 

 

 

Figure 2. Mercury (Hg) concentration in trophic levels 
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Accipitridae, Falconidae, and Strigidae families which eat vertebrates provided the 

highest mean mercury concentration in feathers (0.358 mg/kg), whereas the lowest 

mean Hg concentration value was found in the feathers of herbivorous birds (0.056 

mg/kg). 

Additionally, Mercury (hg) was detected in the feather samples taken from the 

Egyptian Vulture, Lammergeier, Northern Lapwing, and Great Bustard, and these 

species were determined to be within different endangered categories according to the 

International Union for Conservation Nature (IUCN). Related these species no work 

was done in Turkey. Egyptian Vulture listed in Endangered (EN) category in IUCN has 

mercury concentration of 0.033 mg/kg, Lammergeier and Northern Lapwing listed in 

Near Threatened (NT) have mercury concentrations of 0.45 mg/kg and 0.02 mg/kg, 

respectively. Great Bustard listed in Vulnerable (VU) category has mercury 

concentration of 0.14 mg/kg. In the literature Hg concentration was determined as 

0.055-0.139 ppm (Xiuhua et al., 1998). 

In the analysis and studies, it was observed that taxonomically different mercury 

(Hg) levels were influenced species-related factors such as age, gender and etc. and 

from environmental factors such as climate (Monteiro and Furness, 1995). However, the 

individuals taken as samples in our study were completely adults and the same gender 

so no difference was observed in specie-related individual variations. It was suggested 

that climatic factors and consequent migration activities as well as pubescence influence 

mercury concentration (Stewart et al., 1999; Mashroofeh et al., 2015). The species 

sampled in this study are the species which have not influenced from migration 

activities, yet, have been present in the region since last spring and the resident ones 

permanent in the field. Organic mercury is stored at the bottom of feathers grown post 

incubation period based on nutrition density (Zolfaghari et al,. 2007). 

Several studies indicate that the mercury concentration in feathers vary based on 

types of nutrition and the environment where species are present (Braune and Gaskin, 

1987; Cifuentes et al., 2003; Burger, 2013). Especially, the raptors at the top of food 

web are influenced more from bio-accumulation as they always have carnivorous food. 

Within this respect, they are more sensitive and under higher risk than other bird 

species. 

In our study, mercury concentration was detected in the samples from all taxonomic 

groups. However, it was observed that the mercury concentration levels in Accipitridae 

family covering raptors has significantly higher mercury concentration compared to 

other families (p < 0.05; Table 3). In general, although, mercury concentration is high in 

raptors, the concentration was found the lowest in White-tailed Eagle and Golden Eagle 

species (Table 1). It is because that these species live in high-altitude natural areas and 

stay away from pollutive fields with anthropogenic source. 

According to a study based on Family taxonomy which was conducted in Iran as the 

closest country to the study region, the highest mercury concentration was detected in 

Strigidae family (0.88 mg/kg) (Zolfaghari et al., 2007), in our study, the value for this 

family was 0.05 mg/kg. In the same study, average mercury concentration detected for 

the Accipitridae family was 1.25 mg/kg while, in our study, the value for this family 

was about two times higher and detected as 2.7 mg/kg. In both studies, the lowest 

concentration value was detected in the Charadriidae family. The reasons of basic 

differences between these two studies conducted in close regions are different numbers 

of sampled individuals and density of pollutant factors in nutrition environment of 

species. 
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Mercury level also varies between the Carnivorous species based on types of 

nutrients. Concentration differences may be observed on the birds consuming high 

amounts of fish or the ones eating large fish. In the study, it was observed that the 

species of Ardeidae family have higher levels of mercury concentration compared with 

the members of another family which eats little fish (Burger, 2002). However, the level 

of mercury concentration detected in the members of Ardeidae family is around 

midlevel, not high. 

The bird species feeding on primary producers such as vegetal nutrients, seeds, 

leaves, roots, fruits and algae are the group which are influenced the least from 

environmental pollutants (Zolfaghari et al.,2007; Behrooz et al.,2009). Parallel to other 

studies on this subject, the mercury concentration level was also found the lowest in the 

birds feeding on plants in our study (0.56 mg/kg). However, it was observed high in 

Great Bustard and Grey Partridge species feeding on seeds in agricultural fields and 

located in areas where agricultural pesticides are extensively used (Table 1). 

Conclusion 

The main purpose of this study is to determine the mercury level accumulated in 

feathers of the bird species living in terrestrial and aquatic ecosystems of Van Lake 

Basin located in the Eastern Region of Turkey. This study is the region’s first heavy 

metal study conducted on the birds. In this study, the highest mercury concentration was 

detected in the Accipitridae family at the top of the food web (chain) with raptor species 

feeding in agricultural areas. Four raptor bird species that lives in rural habitats 

(Gypaetus barbatus, Neophron percnopterus, Otis tarda, Vanellus vanellus) were 

within the endangered species of the IUCN category. 

With this study, it was suggested that the mercury level is correlated with nutrition 

style and habitat characteristics. While, the mercury level was found high for the 

regions of Van Lake Basin with agricultural activities and city pollution, it was 

determined that the species living in rural and high-altitude areas without pollution have 

lower mercury levels. 

As the mercury concentrations detected in feathers reflect the amounts in their blood, 

they reveal the risk the species are exposed to. At the same time, it provides insight on 

other groups of the food web at lower steps of the birds. 
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