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Abstract. In this study, the heavy metals magnesium (Mg), zinc (Zn), copper (Cu), manganese (Mn),
lithium (Li), tin (Sn), cobalt (Co) and selenium (Se) levels were determined in the feathers of Armenian
Gull (Larus armenicus), which is a species classified as near threatened (NT) according to IUCN
categories. The Gull lives on the islands of Turkey’s largest lake, Lake Van. Different levels were
detected due to the urban and rural location of the study areas. The highest levels of Mg, Zn, Mn,
chromium (Cr), and Li were determined in the Sihke pond near the city’s dumpsite. The lowest levels
were determined on Adir island, with the least human factors. While the levels of Co, Se, and Sn were
high in the samples taken from Akdamar Island, the lowest levels were determined on Carpanak Island
and in Sihke pond.
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Introduction

The increase in human population, and developing industry and technology have
resulted in more waste disposal into nature. Human-derived wastes affect other species
that are an indispensable part of the ecosystem in the wild. Although heavy metals are
found at certain concentrations in nature and in living organisms, they have a durable
and bio-accumulative nature, and therefore pose great risk to the food chain and wildlife
with the effect of anthropogenic factors (Zolfaghari et al., 2007; Costa et al., 2013;
Nriagu and Pacyna, 1988; Metcheva et al., 2010). Birds, in the higher trophic level of
the food chain, which are most rapidly affected by degrading environmental conditions
and respond to this change, are referred to as bioindicators (Burger, 1993). Hence, a
suitable method for detecting metal accumulation in nature is to determine the amount
of it in bird feathers. Heavy metals in the feathers can be due to external (direct contact)
and internal (via blood) factors (Movalli, 2000). Heavy metals enter a birds’ body via
feeding and accumulate in the calamus area, which is connected to blood vessels
(Dauwe et al., 2000, 2003). For heavy metal analysis, the use of feathers removed from
the body without harming the organism is more convenient than using other organs
(Burger, 1996; Movalli, 2000; Battaglia et al., 2005). Samples taken from living things
are particularly good for species that are in danger or whose numbers are decreasing
(Movalli, 2000). The Armenian Gull lives in limited areas located in Turkey, Israel,
Egypt, and Iran (Anonymous, 2017). Unique to Turkey’s eastern Anatolia and spread
throughout the region, these birds feed on the endemic Lake Van fish of Van Lake in
the summer while living on garbage in the city center in winter (Adizel et al., 2010;
Nergiz and Durmus, 2017). The number of these species, listed as near threatened (NT),
by the International Union for Conservation of Nature (IUCN), is declining day-by-day
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in Turkey because of habitat degradation and the lack of healthy diet (Anonymous,
2017).

The aim of this study was to (a) determine the concentrations of heavy metals in the
feathers of Armenian gulls, which live in different locations of the VVan Lake Basin and
are found on the higher trophic level of the food chain, (b) explain the differences in the
concentrations between the areas ecologically, and (c) compare the results with similar
studies.

Materials and methods

Feather samples of the Armenian gull were collected from dead gulls in Akdamar
(328345 X; 4245530 Y), Carpanak (333264 X; 4275058 Y), and Adir Islands (357054
X; 3203307 Y) in Van Lake and in Sithke Pond (362132 X; 4266574 Y) near the city’s
dumpsite between May and June 2017 when reproduction largely takes place (Fig. 1).
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Figure 1. Islands from which feather samples were taken in the Van Lake Basin

Water samples were also taken from different regions of the lake for comparison.
The 3 islands in Van Lake are the areas where these birds reproduce, mostly in the
spring. During the breeding season, there is intensive activity to feed the offspring and
deaths occur in adults and young as a result of this rush. In each area, the wing feathers
were taken from 10 dead adult gulls. The feathers were put into plastic bags and taken
to the Van Yuzuncu Yil University Scientific Research Centre for analysis.

Analysis of the samples

The feather samples brought to the laboratory were washed 3 times with distilled
water and acetone in order to remove environmental pollutants such as soil and feces
(Goede and Bruin, 1984). Next, the samples were placed in glass containers and dried in
the drying oven at 70 °C for 24 h. The dried feathers were cut with steel scissors and at
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least 2 g (dry weight) from each sample was weighed on a precision scale and placed in
glass containers. The prepared feather samples were burned using 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 H,0,
(Blust et al., 1988; Janssens et al., 2001). A 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). All of the metals were compared to the
National Institute of Standards and Technology (NIST) and Standard Reference
Material (SRM) standards. Accepted recoveries ranged from 95% to 105%.

Statistical analysis

The statistical analysis was done using SPSS software v23. Means and standard
deviations (SD) are given in Table 1. The Kruskal-Wallis and Tukey post-hoc
comparison tests were used to evaluate the effects of the heavy metal concentrations
according to the localities.

Table 1. Heavy metal concentrations (mg/kg dry weight) in the feathers of Larus armenicus

Akdamar Island | Adir Island | Carpanak Island | Sihke Pond | Water samples
Metal | n Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Fr p
(min—max) (min—max) (min—max) (min—max) (min—-max)
co | 10 0.089+0.004 | 0.003+0.001 | 0.002+0.0004 | 0.054+0.019 | 0.0005 + 0.0001 7301 0.001
(0.002-0.04) | (0.0004-0.16) | (0.0001-0.004) | (0.004-0.164) | (0.0001-0.001) | '
cr |10 0.133+£0.039 | 0.128+0.022 | 0.154+0.058 | 0.410=0.143 | 0.0005 = 0.0001 396 | 0.007
(0.052-0.36) | (0.056-0.29) (0.044-0.52) (0.07-1.44) | (0.0001-0.001) |~ '
Li 10 0.029£0.011 | 0.012+0.002 | 0.018 £0.004 | 0.038 =0.014 | 0.0005 = 0.0002 333 0.018
(0.01-0.12) (0.004-0.03) (0.004-0.04) (0.004-0.14) | (0.0001-0.001) | ™ '
13.24+2.95 8.56 +1.14 11.04+1.31 | 48.27+14.55| 0.0005 + 0.0001
Mg | 10 (3.22-14.94) | (3.22-14.94) (4.76-17.58) | (7.06-131.12) | (0.0001-0.001) 7.2410.001
Mn | 10 0.232+£0.051 | 0.079+0.011 | 0.088+0.009 | 0.877 +0.291 | 0.0006 + 0.0001 700 | 0.001
(0.048-0.54) (0.03-0.16) (0.05-0.13) (0.092-2.84) | (0.0001-0.001) | '
se | 10 0.043 £0.004 | 0.040 £0.004 | 0.037+0.003 [0.0271 £0.004| 0.0005 + 0.0001 14.66| 0.001
(0.02-0.06) (0.004-0.56) (0.02-0.05) (0-0.048) (0.0001-0.001) ' '
sn | 10 0.032+0.013 | 0.013+0.001 | 0.012+0.002 | 0.012+0.002 | 0.0006 + 0.0002 464 0.003
(0.004-0.14) | (0.004-0.02) | (0.004-0.024) | (0.002-0.02) | (0.0001-0.001) | ™ '
2.62+0.19 2.35+0.08 2.42 +0.088 2.83+0.198 | 0.0006 + 0.0001
zn |10 (1.52-3.17) (1.80-2.86) (2.06-3.84) (1.71-3.84) | (0.0001-0.001) 75.81) 0.001

The Kruskal-Wallis test followed by Tukey’s comparison test between islands and water concentrations of metals.
Statically significance was accepted at P < 0.005

Results and discussion

Different metal concentrations were determined in all of the feather and water
samples taken from the study areas (P < 0.005). The mean metal concentrations in the
water and feather samples from the 3 islands and a pond are shown in Table 1. In all of
the areas, it was determined that the highest concentrations were magnesium (Mg) and
zinc (Zn). The levels of cobalt (Co), chromium (Cr), lithium (Li), Mg, manganese (Mn),
selenium (Se), tin (Sn), and Zn in all of the areas were different and statistically
significant. The samples taken from Akdamar Island turned out to have concentration
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densities of Mg> Zn> Mn> Cr> Co> Se> Sn> Li (P < 0.005). The rank of
concentrations from Adir Island was Mg> Zn> Cr> Mn> Se> Sn> Li> Co, on Carpanak
island it was Mg> Zn> Cr> Mn> Se> Li> Sn> Co, whereas in Sithke Pond it was Mg>
Zn> Mn> Cr> Co> Li> Se> Sn (P < 0.005).

In all of the studied areas, it was determined that the highest Mg (48.27 mg/kg), Zn
(2.83 mg/kg), Mn (0.877 mg/kg), Cr (0.41 mg/kg), and Li (0.038 mg/kg) levels were in
Sihke Pond, which is in the vicinity of the city’s dumpsite. The lowest levels of these
same metals were found on Adir Island, where human activities are the least. The Co
(0.089 mg/kg), Se (0.043 mg/kg), and Sn (0.032 mg/kg) levels were the highest in
samples taken from Akdamar Island. While the lowest Co (0.002 mg/kg) and Sn (0.012
mg/kg) levels were determined on Carpanak Island, and the lowest Se (0.027 mg/kg)
concentration was detected in Sihke Pond (Table 1).

Many studies have been carried out to determine the levels of heavy metals in bird
feathers. Burger (1995, 1996), in his study of Herring gull feathers showed that metals
accumulating in the feathers change depending on sex, age, and nutrition. It was also
indicated that the level of Se in the samples taken from the dead gulls was higher than
that in the living ones. In their study, it was shown that the level of Se was lower in
adults than in juveniles. In our study, it was observed that the level of Se in adult gulls
was lower than those of other metals and differed based on the feeding areas. From the
data obtained in this study, it can be said that the concentrations were not at levels lethal
enough to kill gulls but were sufficient to restrict locomotor activity and facilitate death
to same extent (Burger, 1995).

Se levels in gull and tern feathers ranged from 1.200 to 18.700 ppb, with a median of
3.900 ppb (Burger, 1994). In this study, the Se concentration in the feathers as dry
weight (mg/kg) (0.027 mg/kg—0.043 mg/L) exceeded the average value in the literature.

The accumulation of metals in the birds varies depending on the concentration and
variety of food available (Zolfaghari et al., 2007). The highest heavy metal levels were
found in the studies of predatory avian feathers at the top of the food chain (Braune and
Gaskin, 1987). The Armenian gull is located in the higher trophic levels of the food
chain in terms of being carnivorous, although it is not literally a predator. The
concentration levels varied depending on the region and density of the fish that they
feed on. In this study, it was observed that the levels in the gulls at Sihke Pond near the
city garbage dump were higher than the levels in other areas.

Se, Cr, and Mn levels have been determined in studies concerning the metal levels of
ocean birds (Burger and Gochfeld, 2001). The levels determined in this study were
higher than those reported in other studies. In the literature, an average of 11.8 ppm Mn
was determined for marine birds (Burger, 1993). This level is much higher than thhat
found in the present study, which is thought to be due to the density of the food.

Zn, Mn, Mg, Co, and Cr were analyzed in the feathers of cattle egret that are feeding
with fish such as gull, during their reproduction period (Malik and Zeb, 2009).
According to the results obtained, the Zn, Mn, and Mg levels were parallel but the Co
and Cr levels were lower than those we determined.

When the Mn level obtained from this study was compared with studies conducted
on fish-fed aquatic birds, the level (0.232 £ 0.051) found on Akdamar Island overlaped
with that (0.021 mg/kg) which Abdullah et al. (2015) found in the feathers of Bubulcus
ibis, while it was found that the concentrations in Ardea cinerea (0.099 + 0.036) and
Egretta garzetta (0.094 + 0.027) found by Kim and Koo (2008) were similar to those on
the islands of Adir (0.079 £ 0.011) and Carpanak (0.088 = 0.009).
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Pearl mullet (Alburnus tarichi Giildenstadt, 1814), an endemic species of fish, is the
Armenian gulls’ basic food during their breeding season. Pearl mullet, an anadromous
fish, goes into fresh water to lay eggs in spring and is much hunted by the seagulls
during this period. Species feeding on larger fish have been shown to accumulate higher
levels of metals than those feeding on smaller fish (Burger, 2002). However, the size of
the fish caught by the gulls is average and does not vary by much.

The levels of metals in the species of birds feeding on plant seeds, leaves, and fruit
were found to be lower than those feeding on meat (Zolfaghari et al., 2007; Behrooz et
al., 2009). However, the species we were studying is a carnivorous species and does not
feed on plants. The levels of Mn and Cr detected in the studies of the phytophagous
great tit (Parus major) were lower than those in our study, but the Se levels were higher
than our findings.

As for in the vicinity of the industrial and residential areas, the concentrations of
metals appear to increase and pose risks (Dauwe et al., 2000; Frantz et al., 2012). In
India, the heavy metal concentrations in the feathers of 11 species of birds living in both
urban and rural areas were examined. It was stated that among the reasons for the high
levels of heavy metals are the vehicle traffic in urban areas, metal manufacturing
industries, and human-derived factors (Manjula et al., 2015), which seems parallel with
our results. The Mg, Zn, Mn, Cr, and Li levels were significantly higher in the
populations of gulls around Sihke Pond, where the pollution was most intense.
Statistical differences between the areas were significant (P < 0.005).

Conclusion

Wetlands in Turkey are increasingly affected by contamination as a consequence of
agricultural, industrial, and anthropogenic sources. Therefore, it is inevitable that these
effects on wildlife, especially birds, be investigated. However, previous studies on
contamination in Turkey were limited to a few studies of contaminants in water birds
(Ayas and Kolankaya, 1996; Ayas et al., 1997; Ayas, 2007).

The aim of this study was to determine the concentrations of heavy metals (Mg, Zn,
Cu, Mn, Li, Sn, Co) and Selenium in gull feathers, indigenous to the eastern Anatolian
region of Turkey and breeding on the islands in Lake Van. During the feathering period,
the levels of some metals in internal tissues drop as they are stored in their feathers. The
metal levels in the first emerging feathers show a combination of the stored state of the
organic mercury that accumulates at the end of the feather, as well as the current diet
intake (Burger, 1995; Zolfaghari et al., 2007). Feather samples from the dead gulls were
taken from 3 islands in the lake and from the coasts of a pond (Sihke) close to the city
dumpsite. In all the feather samples taken, heavy metals were detected at different
concentrations. Levels of Mg and Zn were determined as high in all of the areas. It was
determined that the levels of Mg, Zn, Mn, Cr, and Li were higher in Sthke Pond than in
the other fields when the samples were analyzed. The absence of contaminating factors
and contamination in the other 3 sites was the main reason for this disparity. In parallel
with the increase of pollutant factors in natural ecosystems, the biological accumulation
in living things is also increasing (Burger, 1993). Therefore, as it is in this study, the use
of natural and contaminated areas is very useful for comparing metal concentrations in
living organisms.

Although there are many studies on heavy metals in various species of seagulls in the
literature (Burger, 1995; 1996), none has been done on the Armenian gull. Moreover,
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this is the first study that considers correlations between the element levels of Larus
armenicus feathers. Our results are meaningful due to an adequate sample size from the
relative areas and the number of detected elements.

Depending on environmental pollution, increased accumulation amounts, and
harmful effects should be observed in all of the study localities. Additional studies are
required to determine whether the levels measured in the individual feathers were toxic.
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