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Abstract. Long-lived bird species, such as the Northern Bald Ibis (Geronticus eremita), are exposed to
heavy metals through air, water and food because they are at the highest point in the food supply chain.
Birds accumulate heavy metals in their bodies, organs, and in their feathers. The article aimed to
investigate the trace element and heavy metal content of Northern bald ibis feathers using ICP-MS, as an
endangered sentinel species, in order to both determine the contamination level of the area and evaluate
the risk the species is facing. The study included 34 samples of feathers obtained from bald ibises
released into their natural habitat. The results of the study showed that the average values of the trace
elements (*Na*, Mg, ?°Ca*, **K*, P, ZAl*, 55Fe*) which are necessary for the survival of living
organisms were above 100 pg g-1, the second group of metals (2%Ti*, 5Mn, ®Cu*, %zn*, 8 Br) which are
toxic to the body in high amounts were between 8.24-22.4 ug g’ and those which are highly toxic at very
low doses (5!Sb*, ®Ni, As, 5°Co, *®Ba*, 2%Pb*, 1'Cd*, Mo, " Se) were lower than 1 ug g*. This study of
the Northern Bald Ibis species, animals threatened by extinction due to environmental pollution,
investigated their levels of heavy metal pollution in the feathers and indicates that Bald Ibis are possible
bioindicators of environmental trace element contamination.

Keywords: bioindicator, environmental pollution, heavy metal toxication

Introduction

As a result of human activities, pesticides, industrial products and waste materials
containing heavy metals impair the biological integrity of the ecosystem in various
ways. Heavy metal pollution of the soil occurs in industrial and mining areas, through
the use of fertilizers, drain waters, pesticides, waste products of the coal or oil industry
and air pollution. These metals include **Mg*, 3'P*, ¥K*, Fe*, INa*, 2°Ca*, %3Cu,
7n*, ™ Se and Ag, which are essential for the human body, but can be toxic in high
amounts. Other metals, such as ®°Ni*, *!Cd*, ¥¥Ba*, 2’Al*, 52Cr*, **Mn, 2%pp*, 82B,
60Co, 2%Ti and 5!Sh* are toxic even at very low amounts.

Animals ingest heavy metals by consuming feedstuffs, grass, and water, or from the
application of veterinary drugs, or by licking mineral blocks, or paints containing heavy
metals (Kara et al., 2016; Govind and Madhuri, 2014; Das et al., 2009). Due to higher
sensitivity levels, birds are usually considered to be bio-indicators for monitoring the
effects of environmental pollution (Yohannes et al., 2017).

Since long-living bird species such as the Bald Ibis are at the top of the food chain,
they are more exposed to heavy metals through air, water and food. When the metals are
digested they are either stored in or excreted from the body. Metals that accumulate in
the organs or feathers of the birds may also be passed on to eggs (Dauwe et al., 2000).
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Feathers contain blood vessels during the growth period and heavy metals in the
blood are passed to the feathers and then become isolated there after keratinization.
Thus feathers provide valuable information on the level of heavy metals in birds’ blood.
Since the 1960s, feathers have been used as bio-indicators for monitoring heavy metal
exposure of birds, and it has been reported that feathers which are directly exposed to
environmental pollution may have higher heavy metal contents due to exogenous
contamination (Rutkowska et al., 2018).

Thus, there is a need for studies to determine the toxic effects of environmental
pollution in order to maintain biological diversity and protect sentinel species such as
the Bald Ibis (Bauerova, 2017; Da Silva et al., 2017; Dolan et al., 2017; Borgesi et al.,
2016).

Numerous studies have been conducted on birds of prey to determine the residuals of
environmental pollutants such as Pb, Cd, and Hg and pesticides (inangi et al., 2019;
Carneiro et al., 2018; Espin et al., 2016). The ingestion of heavy metals by animals has
been reported to cause intoxication, resulting in behavioral disorders, impairment of
feathering or decreased breeding and hatchability (Kara et al., 2016).

The Bald Ibis population in Turkey declined to a size near extinction due to the
intensive use of pesticides (Dichlorodiphenyltrichloroethane - DDT) against
grasshoppers between 1955 and 1960. Survivors did not lay eggs for several years and
nestlings hatched were weak. In the offspring of subsequent generations, deformations
of the beak and feet were observed (Akyildiz et al., 2005). In the red list published by
the International Union for the Conservation of Nature (IUCN), the Bald Ibis was
classified as an endangered species. There are three different breeding centers in
different locations of the world, including the Birecik district of Turkey, Fas in Morocco
and Palmyra in Syria (Fig. 1). The life span of the Bald Ibises is about 25-30 years.
Bald Ibises in Birecik district are housed in wooden nests or in nests carved into calcite
rocks (Tel and Keskin, 2012).

The General Administration of Nature Conservation and National Parks, with the
support of the World Wildlife Foundation, established a breeding station in the Birecik
district of Sanliurfa province. The Bald Ibises are kept semi-captive, eating pests such
as snakes, grasshoppers, insects, scorpions, snails, lizards or snapdragons in the fields
near the Euphrates River, when they are out of the breeding station in the summer. They
are fed on a diet of raw lean meat, whey, cooked egg, and carrot when they enter the
breeding station in winter (Mundan and Cetin, 2012).

There have been few studies on the factors threatening the survival of the Bald Ibis.
Tel and Keskin (2012) investigated the prevalence of Yersinia spp. and Aeromonas
hydrophyla, while Tel et al. (2013) reported the presence of Salmonella spp.
Campylobacter spp. and the absence of Chlamydia psitaci in feces samples of Bald
Ibisies. Recently, Spergser et al. (2018) reported the cultivable microbiota isolated from
different organs of Northern Bald Ibises. As exposure to heavy metals, even at low
concentrations, may negatively affect reproduction of birds by decreasing egg
production and hatchability, and increasing the mortality of hatchlings (Malik and Zeb,
2009; Scheuhammer, 1987), it is important to monitor the heavy metal exposure status
of endangered species, such as the Bald Ibis. However, to the best of our knowledge,
there has been no previous report on the heavy metal exposure status of Bald Ibises.

Therefore, the objective of this study was to determine metal and heavy metal
contents of feather samples of Bald Ibises raised in the Birecik District of Sanliurfa,
Turkey, in order to estimate predict the risk of heavy metal exposure of this species. In
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the future, Bald Ibises might be an ecological indicator for trace element exposure in
pollinated ecosystems and studies determining the source of exposure might help
develop conservation strategies for protecting this important and charismatic wildlife
species

Materials and methods

This study was carried out with the permission and support of the Turkish General
Directorate of Nature Conservation and National Parks (Approval No: 72784983.04-
42845).

Sample collection

Feather samples of 34 individual birds (17 male and 17 female) were obtained from
the wings or tails of birds raised semi-captive at the Bald Ibis breeding station in Birecik
district of Sanliurfa province, Turkey (37.01.29 N:37.58.38 E). The feather samples
were placed in plastic bags and stored at -20 °C until analysis. Whole feather samples
were used for chemical analysis after the removal of dust or feces residues with distilled
water. (Costa et al., 2013) Collection of the feather samples was approved by the
General Directorate of Nature Conservation and National Parks in the framework of the
protocol signed by Harran University and the General Directorate of Nature
Conservation and National Parks (Protocol No: 26130895-030.03)
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Figure 1. Settlement and habitat of the bald ibis and map image of Birecik (Turkey) and
Palmira (Syria)

Chemicals and standard solutions

Chemicals including 60% hydrogen peroxide (H202), 37% hydrochloric acid (HCI)
and 65% nitric acid (HNOz3) were purchased from Merck (Darmstad, Germany). Stock
standard solutions for each element were purchased from Agilent Technologies, Japan
(Lot number: 10-160YPYZ). The 99.9980% Argon gas was supplied by Linde Gases
(Linde Group, Turkey)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14823-14834.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1482314834
© 2019, ALOKI Kft., Budapest, Hungary



Ding et al.: Trace elements and metal content in the feathers of the northern bald ibis (Geronticus eremita)
- 14826 -

Microwave acid digestion

After the feather samples were weighed they were washed with distilled water. The
samples were put into a Teflon microwave vessel and 2 ml 60% H202, 3 ml 37% HCI
and 1 ml 65% nitric acid (HNOs) were added to each sample. The samples were left
overnight at room temperature for slow digestion. The samples were treated in a
microwave oven (Cem Mars 5) at 180 °C and 800 W for 1 h, then transferred to a
50 mL tube and distilled water was added up to 50 mL.

Analysis of essential element and heavy metal content on ICP-MS

Essential element and heavy metal content of the digest was assessed using an ICP-
MS device inductively coupled plasma-mass spectrometer with an Auto Sampler and
nebulizer (Agilent, 7500ce Octopole Reaction System, Japan) (Mikoni et al., 2017).
Calibration of the method was applied using an internationally validated standard. The
accuracy of the device and the method was achieved by measuring a certified reference.

Statistical analyses

Statistical calculations were performed using SPSS 22.0 software (SPSS Inc.,
Chicago, USA). Conformity of the data to normal distribution was assessed with the
Shapiro Wilk test. The Mann-Whitney-U test was applied to variables not showing
normal distribution. Correlations between numerical variables were determined using
the Spearman rank correlation coefficient. The result of the hierarchical clustering was
presented in a dendrogram (Fig. 2). A value of p <0.05 was considered statistically
significant. The correlations between the elements found in the samples were calculated
while the significance value was evaluated.

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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Figure 2. Hierarchical clustering results of feather samples (dendrogram)
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Results
The mean concentrations of the essential elements and heavy metals measured in the
feather samples are presented in Table 1.

Table 1. Concentrations of essential elements and heavy metals in the feather samples (ug g-,
dw, a dry weight basis)

Elements Minimum Maximum Mean Std. error |Std. deviation| CV (%)
Na 1151.90 4601.24 2048.83 124.74 727.25 35.49
Mg 194.87 1181.50 365.96 28.64 167.00 45.63
Al 11.37 1160.74 246.52 34.73 202.50 82.14

P 87.37 1238.64 248.78 3241 188.97 75.958
K 0.13 2178.72 168.31 70.57 411.41 244.43
Ca 850.62 7486.56 2200.42 217.01 1265.12 57.49
Ti 6.67 72.69 22.74 1.96 11.41 50.17
Mn 1.13 46.12 8.54 1.33 7.76 90.87
Fe 53.93 1664.62 337.58 48.10 280.44 83.07
Ni 0.06 23.37 1.86 0.68 3.94 211.83
Cu 0.09 6.10 2.89 0.21 1.22 4221
Zn 16.07 210.57 67.88 7.57 44.15 65.04
Br 0.02 35.03 8.24 131 7.66 92.96
Ba 0.26 21.01 3.48 0.62 3.61 103.74

Concentrations of the essential elements (Na, Mg, Ca, K, P, Al, Fe) were detected to
be higher than 100 pg g while those of Ti, Mn, Cu, Zn and Br were between 8.24 and
22.4 ug gt Of the heavy metals, As was detected in 5 samples with concentrations
varying from 44.77 to 2083.05 pg g* while Co was found in only 2 samples with
concentrations of 344.24 and 848.31 pg g. Se and Pb were detected in 1 sample each,
at concentrations of 447.01 and 119.66 pug g™, respectively. Detectable concentrations
of Sb, Ni, Mo and Pb were not observed. A significant difference in the metal contents
between the sexes was observed only for Cu (p =0.024) while no difference was
observed in the contents of other metals (p > 0.05)

Other toxic elements were found in the values of Co (227-842 ug g?), As (45-30
836 ug g?), Se (0-447 pg g*), and Pb (0-119 pg g?). The Sb, Cd and Mo values were
determined under the measurable value.

The correlation coefficients between individual metal contents of the samples are
shown in Table 2. High and significant correlations were observed especially among
Mg, Al, Ti, Mn, Fe and Ni contents. The hierarchical clustering results among the metal
contents are presented in Figure 2.

In this study, significant correlations from moderate to high correlation coefficients
between essential elements were observed. For example, moderate positive correlations
were determined between Na and Br and between Na and P (r=0.473 p=0.01)
(r=0.566, p =0.001) and a weak positive correlation was determined between Na and
K content (r: 0.388; p: 0.023). In addition, Ca content was moderately correlated with
Ni (r =0.518, p = 0.02) and Ba (r =0.861, p = 0.001) and with Fe (r = 0.401, p = 0.019)
and Mn (r=0.412, p = 0.016) and a weak significant negative correlation with Cu (r = -
0.378 p = 0.027).
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Table 2. Correlations between the metal contents of the feather samples

Na Mg Al P K Ca Ti Mn Fe Ni Cu | Zn | Br
Mg| 0.026 1
Al |-0.103]0.947™| 1
P |0.566"|-0.079 |-0.206 | 1
K 10.388"| 0.205 | 0.195 | 0.072| 1
Ca| 0.313 |0.480™/0.395"|0.176 [-0.035| 1
Ti | 0.094 |0.9207°|0.948™"|-0.099| 0.204 |0.565™| 1
Mn|-0.233|0.8897°|0.896™"|-0.199(0.111 | 0.4127|0.819™| 1
Fe |-0.081 |0.960"°(0.9717(-0.219| 0.22 | 0.401"|0.9097°|0.939™| 1
Ni |-0.022 |0.906™"|0.872™"|-0.061| 0.246 |0.518"|0.8447|0.942"°|0.903™"| 1
Cu |-0.221{-0.3417|-0.233|-0.113| 0.073 |-0.3787| -0.297 |-0.374"| -0.314 |-0.444™| 1
Zn| 0.106 |-0.246 |-0.224 |-0.107|-0.202| -0.203 | -0.142|-0.209 | -0.21 | -0.23 |-0.255| 1
Br [0.473™| 0.118 | 0.079 |0.215 |0.425"| 0.293 | 0.197 | 0.051 | 0.144 | 0.138 [0.048|-0.243| 1

Ba | 0.162 |0.57170.582"| 0.029 | 0.033 [0.861""(0.717""(0.557""(0.547 " 0.608™" | -0.292|-0.108|0.272

Fe is a trace element found in complex with other metals. In this study, Fe showed a
positively strong correlation with Ni (r = 0.903, p = 0.01), a medium correlation with Ba
(r=0.547; p=0.01), and weak negative correlation with Cu (r = -374 P: 0.029).

When the correlations of Mg were examined, there was a weak negative correlation
with Cu values (r =-0.342; p = 0.049), while there was a moderate positive correlation
with Ca values (r = 0.480 p =0.04), and a strong positive correlation with Al, Ti, Mn,
Fe, Ni, and B (r=0.947 p=0.01, r=0.920; 0.881; 0.960; 0.904; 0.571, p =0.001,
respectively).

A strong positive correlation was found between Mn and Fe and Ni (r = 0.939; 0.942
and p = 0.01). There was a moderate positive correlation with Ba (r = 0.55; p = 0.01).

A strong positive correlation was found between Al, Mn, Fe, Ni and Ba (r = 0.971,
0.948; 0.872; 0.582; p = 0.001 respectively). There was a moderate positive correlation
with Ca (r = 0.395; p = 0.021).

As all birds were between 1 and 4 years of age, no statistically significant difference
was found between age and heavy metal levels (p > 0.05). In addition, gender analyzes
in bald ibises can only be performed genetically by Realtime PCR and RFLP-PCR. No
statistically significant difference was found between the genders and heavy metal
levels in the analyses (p > 0.05).

Discussion

Due to the accumulation of metals in feathers they reflect both the physiological
status of the animal and the environmental conditions. Therefore, feathers are valuable
materials for monitoring the effect on birds of environmental pollution with heavy
metals. This study reports for the first time the metals and heavy metals contents of
feather samples from the Bald Ibis.

The natrium (1151-4601, 2048 + 727 ug g*) and K (0.13-2178 pg g, 168 + 70.57)
content detected in the feather samples of Bald Ibises were similar to those reported for
Na (1087-3950 pg g?) and K (84-285 ug g?) in the Greater Flamingo (Borgessi et al.,
2016).
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Calcium plays a role in muscle contractions, enzyme activation and cardiac rhythm
(Zamberlin et al., 2012). The mean Ca content in the feather samples of Bald Ibises
were higher than that reported by Hanson and Jones (1968) for geese (600-2800 ug g™?)
from different localities of USA and lower than that (3151.87-4087.67) in red-breasted
flycatchers (Ficedula parva) as reported by Hanc et al. (2017). The higher level of Ca in
the present study could have been due to the higher Ca content of the rocks where the
Bald Ibises are housed. Bald Ibises are housed either in wooden nests or in holes carved
into limestone rocks within the breeding station. Limestone found around Sanliurfa
mostly consists of formations of middle upper Eocene age, comprising limestone (Fonsi
Formation) or clayey and chalky limestone (Gaziantep Formation) (Richardson, 1991,
cited by Canakci et al., 2007). Turgut et al. (2008) reported that Sanliurfa stone samples
contain a high amount of Ca and lower amounts of Al, Fe, Mg, S and Si, while they
contain no Na, K and CI.

Mg plays an important role in protein metabolism, blood pressure regulation and
neuromuscular  transmission. The Mg content in the feather samples
(365.96 + 28.65 pg gl) in the present study was lower than that reported by Borghesi et
al. (2016) for the Greater Flamingo (463-1843) and higher than that reported by Hanc et
al. (2017) in red-breasted flycatchers (Ficedula parva) (174.58 pg g).

This difference may be related to the feeding patterns of the bird species studied and
the environment in which they live. Flamingos feed on small plankton-like animals in
wetlands. The Bald Ibises (Geranticus eremita) outside of the breeding station feed on
insects, snails, etc, and the nesting area includes calcium-rich limestone rocks. This
difference might also be related to the age of the bird as the basic elements were
expected to be higher because the birds in this study were younger and still in the
growth and development period.

Potassium plays an active role in cellular activities, in nerve conduction and bone
metabolism. The higher K content of the Bald Ibis feathers associated with
environmental pollution, demonstrated that the water, soil and plants in the habitats.
Sodium plays a role in the acid-base balance in extracellular fluid. Mean content of Fe
in the feather samples in the present study (337.58 + 48.10) was found to be higher than
the reported values of 48.9 + 5.8, 185.84 + 18.47 and 52.79 = 50.69 ug g for Common
moorhens (Gallinula chloropus) (Lopez-Perea et al., 2019), Italian Sparrows (Passer
italiae) (Innangi et al., 2019) and Anna’s humming birds (Calypte anna) (Mikoni et al.,
2017) respectively. No significant difference in the Fe content between the sexes was
observed (p > 0.05). The higher Fe content of the Bald Ibis feathers could be attributed
to species differences associated with nutritional behavior. For example, moorhens eat
plant seeds and invertebrates (Zamani-Ahmadmahmoodi, 2010) while the Bald Ibises in
this study consumed both small vertebrates and invertebrates in addition to the diet
supplied in the breeding station which contained lean meat. However, the differences
may also arise from the geographical distribution of the same species. Innangi et al.
(2019) reported that the feathers of Italian Sparrows contained a 9-fold lower level of Fe
than those of House Sparrows in Southern Africa.

Based on the observation that Mn together with Zn and Ca is abundant in black-
coloured feathers, and that healthier birds have more coloured feathers, Innangi et al.
(2019) suggested that higher levels of Mn might indicate a healthier bird. The higher
Mn content in the feather samples in this study could therefore be attributed to the
black-coloured plumage of Bald Ibises.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14823-14834.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1482314834
© 2019, ALOKI Kft., Budapest, Hungary



Ding et al.: Trace elements and metal content in the feathers of the northern bald ibis (Geronticus eremita)
- 14830 -

The mean Ba content detected in this study (3.48 + 0.62 ug g*) was lower than the
value reported by Adout et al. (2007) for Feral Pigeons (4.84 +1.31-16.7 +8.1) and
Hooded Crows (Corvus corone cornix) in rural (15.6 +7.36) or industrial areas
(18.3 £ 6.8). This can be thought to be due to industry in the regions close to the study
area. Barium can pharmacologically replace Ca (John et al., 2005) ions in the keratin
structure of bird feathers and high Ba levels can result in health problems in young birds
(Hanc et al., 2011).

The results of this study showed a high correlation between Ba content and Ca
content in the feather samples (r=0.861, p=0.001). It has been suggested that
environmental pollution with Ba is caused by dust from road aggregate material
(Brumbaugh et al., 2006). The lower Ba content in the Bald Ibis feather samples could
therefore be explained by the distance of the breeding station from main roads.

The mean Zn content (67.88 + 7.57 ug g1) in this study was found to be similar to
that reported for birds raised in regions near to industrial areas. Lopez-Perea et al.
(2019) reported a mean Zn level of 71.11 pg g? in the feather samples of common
moorhens living in wetlands irrigated with industrial waste water. Dolan et al. (2017)
observed the highest levels of Zn (82.1 mg/kg) in the feathers of Northern Goshawks
living in regions near to industrial areas in Norway and Spain. Mikoni et al. (2017)
found 123.79 mg g on the feathers of free-flying Anna’s humming birds in California,
which was approximately double the values in the current study. The authors attributed
the high level of Zn in this species to the pollution of the nectar and flies they eat by Zn
contained in dish washing detergents. Innangi et al. (2019) reported Zn content of
106.26 pg gt in the feather samples of free-flying birds in a region close to an industrial
zone in southern Italy. Borghesi et al. (2016) reported levels of 77.44 mg kg in bird
colonies living near industrial zones in France, Spain and Italy Zinc is an important and
necessary element for the keratinization process in birds, and is also used in veterinary
medicine as an emetic and antiseptic drug or as an antagonist drug against copper
sulphate toxicity. As excessive ingestion of Zn is toxic, environmental pollution with Zn
represents a risk for wildlife (Sundaresan et al., 2008; Honda et al., 1986)

The mean value Ni found in the current study (1.86 + 0.67 ug g*) was higher than
the values found by Borghesi et al. (2016) (1.058 pg g?) and Lopez-Perea (2019)
(0.087 pg g) and lower than that reported by Mikoni et al. (2017) (3.28 pg g1). Thus,
the Ni content reported in this study was within the range previously reported in
literature. However, Ni is a metal extensively used in industry and industrial activities,
and isa major source of environmental pollution. The town of Birecik, where the study
was conducted, is close to the industrial city of Gaziantep. The mean concentration of
Ni in the sediments at different locations of the Euphrates River has been reported to be
0.16-0.35 pg g (Oymak et al., 2009). Therefore, disposal of industrial waste in the
Euphrates River may be the cause of Ni exposure of the birds.

Al can be transmitted from the environment to both natural and anthropogenic
sources and its toxicity varies according to the target organ. The mean Al content found
in the present study (246.52 + 34.73) was higher than the values found by Borghesi et
al. (2016) (3.71 pg g*) and Dolan et al. (2017) (23 pg g*). Mn was determined in the
range of 20- 491 ug g and these values were higher than all other studies [Lopez et al.,
2019, (3.93-89 g gt), innangi et al., 2019, (0.33-23.83 ug g) and Mikoni et al., 2019,
(0.33-23.83 ug g']. Excessive amounts of Mn have been reported to be life-threatening
and high amounts of Mn taken by ingesting sediments can cause acute and chronic
toxicity (Sanchez-Virosta et al., 2015).
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In some studies, the Cu content of feather samples gas been found to be 1.97-
1499 ug gt (Mikoni et al, 2017), 5.04-17.04 npg g' (Lépez et al., 2019),
6.59 + 4.72 ug g (Bauerova et al., 2017), and 2.68 pg g (Innangi et al., 2019). In this
study, the Cu value was determined between 5 -500 pg g*. This value is higher than
those reported by other study groups. Cu is widely used in veterinary medicine as an
anthelmintic antiperspirant. Pollution from water, sediment and industrialization affects
the amount of Cu in birds. The high Cu concentration determined in this study may
reflect the pollution of the habitat in which the animal lives.(Custer et al., 2008) This
shows that there is a continuing risk of environmental contamination for the Bald Ibis,
which is at risk of extinction.

Arsenic is a toxic element. Acute and chronic intoxication may be seen with
excessive intake of this metal (Borghesi et al., 2016; Sanches Virost et al., 2015). In the
current study, the mean arsenic levels in the feather samples were 486 ng/g in males and
1451 ng g in females although the differences between the sexes were not significant.
Bauerova et al. (2017) reported cyanide levels of 1510 ng g, Borghesi et al. (2016),
819 ng g, and Lopez-Perea et al. (2019) 378 ng g. Arsenic is bound to sulphur-rich
proteins in feathers (Murphy et al., 1990).

Other toxic elements determined in the current study were Se 447.01 ng g*, Pb
119.66 ng g, and Co 227.96 -848.31 ng g*. The presence of toxic heavy metals in bird
feathers may be due to the contamination of their feathers with external pollution. It has
also been reported in other studies that pollution can occur with these metals (Al, Co,
Ni, Cu, Fe, Zn, Mn, Ag, TI, Pb and Cd) during the growth period of feathers (Dauwe et
al., 2003). Exposure of birds to Pb, Se, Cd, Zn and As causes reproductive failure,
growth disorder, and behavioral changes (Binkowski et al., 2013; Govind and Madhuri,
2014; Alvarez et al., 2013). With the exception of Cu, no significant difference was
observed in terms of other elements. Most studies on different bird species have
reported no significant difference between the sexes in the metal content of feather
samples (Markowski et al., 2013; Squadroneet al., 2016).

The fact that high and significant correlations were observed among Mg, Al, Ti, Mn,
Fe and Ni contents might indicate a common physiological or environmental basis.
Given that trace elements can move though food chains by a variety of routes.

Conclusion

This is the first study to determine heavy metal pollution in the feathers of the Bald
Ibis, which is an endangered bird. In this study, the presence of heavy metals such as
Pb, As, Br, Ni, Zn, which are important for the determination of environmental
pollution, demonstrated that the water, soil and plants in the habitats of the people are
exposed to metal pollution because of industrial, domestic and agricultural activities.
The heavy metal limits determined in this study, are at a level that threatens the life of
the Bald Ibis and reflects the pollution of the habitat they live in, and that the continued
risk of environmental contamination threatens the continuation of the species. This
study indicates that Bald Ibis are possible bioindicators of environmental trace element
contamination. The only way to ensure the continuity of the species of Bald Ibis and
transfer them to future generations is to protect the ecosystem they live in and eliminate
or reduce the threats such as the heavy metal elements identified. In order to do this,
there is a need for national and international co-operation with local people so that
habitat and birds will be protected together in the local community.
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As a result, we recommend further studies to understand the effects of the heavy
metals on the population of the species Bald Ibis.

Acknowledgements. The authors thank the Turkish General Directorate of Nature Conservation and
National Parks for technical support of the study.

[1]

(2]
(3]

[4]

5]

[6]

[7]

(8]
9]

[10]

[11]

[12]

REFERENCES

Adout, A., Hawlena, D., Maman, R., Paz-Tal, O., Karpas, Z. (2007): Determination of
trace elements in pigeon and raven feathers by ICP-MS. — International Journal of Mass
Spectrometry 267(1-3): 109-116.

Akyildiz, D., Parmak, B., Cetin, 1. T., Arik, B. M., Basak, E. (2006): Bald lbis. Nature
Education Guide for Teachers. — Nature Association, Ankara, Turkey.

Alvarez, C. R., Moreno, M. J., Alonso, L. L., Gomara, B., Bernardo, F. G., Martin-
Doimeadios, R. R., Gonzalez, M. J. (2013): Mercury, methylmercury, and selenium in
blood of bird species from Dofiana National Park (southwestern Spain) after a mining
accident. — Environmental Science And Pollution Research 20(8): 5361-5372.

Bauerova, P., Vinklerova, JI., Hranicek, J., Corba, V., Vojtek, L., Svobodova, J., Vinkler,
M. (2017): Associations of wurban environmental pollution with health-related
physiological traits in a free-living bird species. — Science of the Total Environment 601:
1556-1565.

Binkowski, L. J., Sawicka-Kapusta, K., Szarek, J., Strzyzewska, E., Felsmann, M. (2013):
Histopathology of liver and kidneys of wild living mallards (Anas platyrhynchos) and
coots (Fulica atra) with considerable concentrations of lead and cadmium. — Science of
the Total Environment 450: 326-333.

Borghesi, F., Migani, F., Andreotti, A., Baccetti, N., Bianchi, N., Birke, M., Dinelli, E.
(2016): Metals and trace elements in feathers: a geochemical approach to avoid
misinterpretation of analytical responses. — Science of the Total Environment 544; 476-
494,

Brumbaugh, W. G., Mora, M. A., May, T. W. (2006): Assessment of metals exposure and
sub-lethal effects in voles and small birds captured near the Delong Mountain Regional
Transportation System Road, Cape Krusenstern National Monument, Alaska, 2006. —
U.S. Geological Survey Scientific Investigations Report 2008-5211: 21.

Canakci, H., Demirboga, R., Karakoc, M. B., Sirin, O. (2007): Thermal conductivity of
limestone from Gaziantep (Turkey). — Building and Environment 42(4): 1777-1782.
Carneiro, M., Oliveira, P., Branddo, R., Soeiro, V., Pires, M. J., Lavin, S., Colago, B.
(2018): Assessment Of the exposure to heavy metals and arsenic in captive and free-
living black kites (Milvus migrans) nesting in Portugal. — Ecotoxicology and
Environmental Safety 160: 191-196.

Costa, R. A., Eeva T., Eira C., Vaqueiro J., Vingada, J. V. (2013): Assessing heavy metal
pollution using great tits (Parus major): feathers and excrements from nestlings and
adults. — Environ. Monit. Assess. 185: 5339-5344.

Custer, T. W., Golden, N. H., Rattner, B. A. (2008): Element patterns in feathers of
nestling black-crowned night-herons, Nycticorax nycticorax L., from four colonies in
Delaware, Maryland, and Minnesota. — Bulletin of Environmental Contamination and
Toxicology 81(2): 147-151.

Da Silva, L. T. R., De Oliveira Filho, E. F., De Holanda Kunst, T., Rolim, V. P. M., De
Alcantara, J. S., Regueira, R. F. S., Da Fonseca Oliveira, A. A. (2017): Heavy metal
concentrations in free-living southern caracaras (Caracara plancus) in the northeast region
of Brazil. — Acta Scientiae Veterinariae 45: 1-8.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14823-14834.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1482314834
© 2019, ALOKI Kft., Budapest, Hungary



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Ding et al.: Trace elements and metal content in the feathers of the northern bald ibis (Geronticus eremita)
- 14833 -

Das, Y. K., Aksoy, A., Baskaya, R., Duyar, H. A., Guvenc, D., Boz, V.(2009): Heavy
metal levels of some marine organisms collected in Samsun and Sinop coasts of Black
Sea, in Turkey. —J Anim Vetadvan 8(3): 496-9.

Dauwe, T., Bervoets, L., Blust, R., Pinxten, R., Eens, M. (2000): Can excrement and
feathers of nestling song birds be used as biomonitors for heavy metal pollution. —
Archives of Environmental Contamination and Toxicology 39(4): 541-546.

Dauwe, T., Bervoets, L., Pinxten, R., Blust, R., Eens, M. (2003): Variation of heavy
metals within and among feathers of birds of prey: effects of molt and external
contamination. — Environmental Pollution 124(3): 429-436.

Dolan, K. J., Ciesielski, T. M., Lierhagen, S., Eulaers, 1., Nygard, T., Johnsen, T. V.,
Jaspers, V. L. (2017): Trace element concentrations in feathers and blood of northern
goshawk (Accipiter gentilis) nestlings from Norway and Spain. — Ecotoxicology and
Environmental Safety 144: 564-571.

Espin, S., Garcia-Fernandez, A. J., Herzke, D., Shore, R. F., Vanhattum, B., Martinez-
Lopez, E., Jaspers, V. L. B. (2016): Tracking pan-continental trends in environmental
contamination using sentinel raptors—what types of samples should we use? —
Ecotoxicology 25(4): 777-801.

Govind, P., Madhuri, S.(2014): Heavy metals causing toxicity in animals and fishes. —
Res J Anim Vet fish Sci 2(2): 17-23.

Han¢, A., Zduniak, P., Erciyas-Yavuz, K., Sajnog, A., Baralkiewicz, D. (2017): Laser
ablation-1CP-MS in search of element pattern in feathers. — Microchemical Journal 134:
1-8.

Honda, K., Min, B. Y., Tatsukawa, R. (1986): Distribution of heavy metals and their age-
related changes in the eastern great white egret, Egretta alba modesta, in Korea. —
Archives of Environmental Contamination and Toxicology 15(2): 185-197.

Innangi, M., De Rosa, D., Danise, T., Fozzi, I., Giannotti, M., 1zzo, M., Fioretto, A.
(2019): Analysis of 11 trace elements in flight feathers of Italian Sparrows in southern
Italy: a study of bioaccumulation through age classes, variability in three years of
sampling, and relations with body condition. — Science of the Total Environment 651:
2003-2012.

John, P., Kaore, S., Singh, R. (2005): Effects of calcium, strontium, and barium on
isolated phrenic nerve-diaphragm preparation of rat and their interactions with diltiazem
and nifedipine. — Indian Journal of Physiology and Pharmacology 49: 72-76.

Kara, H., Das, Y. K., Aksoy, A.(2016): The toxicity of mercury, lead, cadmium, arsenic
and copper in the veterinary medicine. — Turkiye Klinikleri J Vetsci Pharmaco Toxicol -
Special Topics 2.3: 30-7.

Lopez-Perea, J. I., Laguna, C., Jiménez-Moreno, M., Martin-Doimeadios, R. C. R., Feliu,
J., Mateo, R. (2019): Metals and metalloids in blood and feathers of common moorhens
(Gallinula chloropus) from wetlands that receive treated wastewater. — Science of the
Total Environment 646: 84-92.

Markowski, M., Kalinski A., Skwarska J., Wawrzyniak J., Banbura M., Markowski J. P.,
Zielinski P., Banbura J. (2013): Avian feathers as bioindicators of the exposure to heavy
metal contamination of food. — Bull. Environ. Contam. Toxicol. 91: 302-305.

Malik, R. N., Zeb, N. (2009): Assessment of environmental contamination using feathers
of Bubulcus ibis L., as a biomonitor of heavy metal pollution. — Pakistan Ecotoxicology
18: 522-536.

Mikoni, N. A., Poppenga, R., Ackerman, J. T., Foley, J., Hazlehurst, J., Purdin, G., Tell,
L. A. (2017): Trace element contamination in feather and tissue samples from Anna’s
humming birds. — Ecological Indicators 80: 96-105.

Mundan, D., Cetin, 1. T. (2012): Bald ibis, world natural heritage. — Harran Universitesi
Veteriner Fakiiltesi Dergisi 1(1): 61-67.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14823-14834.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1482314834
© 2019, ALOKI Kft., Budapest, Hungary



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Ding et al.: Trace elements and metal content in the feathers of the northern bald ibis (Geronticus eremita)
- 14834 -

Murphy, M. E., King, J. R., Taruscio, T. G., Geupel, G. R. (1990): Amino acid
composition of feather barbs and rachises in three species of pygoscelid penguins.
Nutritional implications. — Condor 1990: 913-921.

Richardson, B. A. (1991): The durability of porous stone. — Stones Industries 26(10): 22-
25.

Rutkowska, M., Plotka-Wasylka, J., Lubinska-Szczyget, M., Rézanska, A., Mozejko-
Ciesielska, J., Namiesnik, J. (2018): Birds’ feathers - suitable samples for determination
of environmental pollutants. — TrAC Trends in Analytical Chemistry.
https://doi.org/10.1016/j.trac.2018.09.022.

Sanchez-Virosta, P., Espin, S., Garcia-Fernandez, A. J., Eeva, T. (2015): A Review On
Exposure And Effects Of Arsenic In Passerine Birds. — Science of the Total Environment
512: 506-525.

Scheuhammer, A. M. (1987): The chronic toxicity of aluminium, cadmium, mercury, and
lead in birds: a review. — Environmental Pollution 46(4): 263-295.

Spergser, J., Loncaric, 1., Tichy, A., Fritz, J., Scope, A. (2018): Correction: the cultivable
autochthonous microbiota of the critically endangered Northern bald ibis (Geronticus
eremita). — PloS One 13(5): e0197236.

Sundaresan, N. R., Anish, D., Sastry, K. V. H., Saxena, V. K., Nagarajan, K., Subramani,
J., Ahmed, K. A. (2008): High doses of dietary zinc induce cytokines, chemokines, and
apoptosis in reproductive tissues during regression. — Cell and Tissue Research 332(3):
543-554.

Squadrone, S., Abete, M. C., Brizio, P., Monaco, G., Colussi, S., Biolatti, C., Modesto,
P., Acutis, P. L., Pessani, D., Favaro, L. (2016): Sex- and age-related variation in metal
content of penguin feathers. — Ecotoxicology 25: 431-438.

Tel, O. Y., Keskin, O. (2012): Investigation of Yersinia Spp. and Aeromonas hydrophila
prevalences in northern bald ibis (Geronticus eremita). — Ankara Universitesi Veteriner
Fakiiltesi Dergisi 59(2): 147-149.

Tel, O. Y., Bozkaya, F., Keskin, O. (2013). Salmonella, Campylobacter, and
Chlamydophila in bald ibis (Geronticus eremita) feces in Turkey. — Journal of Zoo and
Wildlife Medicine 44(1): 21-26.

Turgut, P., Yesilnacar, M. 1., Bulut, H. (2008): Physico-thermal and mechanical
properties of Sanliurfa limestone, Turkey. — Bulletin of Engineering Geology and the
Environment 67(4): 485-490.

Oymak, S. A., Karadede-Akin, H., Dogan, N. (2009): Heavy metal in tissues of Tor
grypus from Atatiirk dam lake, Euphrates River-Turkey. — Biologia 64(1): 151-155.
Yohannes, Y. B., lkenaka, Y., Nakayama, S. M., Mizukawa, H., Ishizuka, M. (2017):
DDTS and other organochlorine pesticides in tissues of four bird species from the Rift
Valley Region, Ethiopia. — Science of the Total Environment 574: 1389-1395.
Zamani-Ahmadmahmoodi, R., Esmaili-Sari, A., Savabieasfahani, M., Ghasempouri, S.
M., Bahramifar, N. (2010): Mercury pollution in three species of waders from Shadegan
Wetlands at the head of the Persian Gulf. — Bulletin of Environmental Contamination and
Toxicology 84(3): 326-330.

Zamberlin S., Antunac N., Havranek J., Samarzija D. (2012): Mineral elements in milk
and dairy products. — Mljeskarstvo 62(2): 111.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14823-14834.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1482314834
© 2019, ALOKI Kft., Budapest, Hungary



