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Simple Summary: Modern ecotoxicology analyses the biological material collected from animals
to study the impact of the long-term exposure to contaminants on the environment. Among all
contaminants, metals are particularly challenging to monitor, as they are typically present at trace
levels. At the same time, toxicological concern is raised by their persistence in the organism and
their possibility to be transferred through the food chain. Feathers could represent a non-invasive
and valuable tool to study trace metal contamination, in view of their capability to accumulate trace
elements over a long period of time. In the present study, feathers from the Muscovy duck were
used to compare the levels of trace metals in two areas of Palermo (Sicily), one being in a central
urban location and the other farther from the city centre. The comparison between feathers and
blood samples also allowed to validate feathers as a suitable tool to monitor the long-term exposure
to metals. Eventually, washing feathers with nitric acid could provide an insight on the actual
concentration of metals accumulated within the feathers as a result of an intake as compared to the
amount of metals deposited on them through air.

Abstract: Biomonitoring is the qualitative observation and the measurement of biosphere param-
eters aimed at modelling the environment, evaluating its quality, and studying the effects of al-
terations on different ecological levels. In this work, trace metal concentrations were assessed
using non-destructive biomonitoring tools as blood and feathers of the allochthonous aquatic bird
Cairina moschata, collected within two areas of the Palermo metropolitan area, Sicily, differently ex-
posed to air pollution: Parco D’Orleans, in a central urban location, and Monreale, southwest of the
city centre. Higher concentrations in both blood and feathers collected in Parco D’ Orleans were
found for lead, tin and selenium, but the same was not observed for other metals. The concentrations
were not above physiological tolerance in any case. The comparison between blood and feathers
allowed to realize that the latter are more useful for biomonitoring analyses, as they are indica-
tive of both external contamination and bioaccumulation. Treatment with nitric acid highlighted
that the feathers collected in Parco D’ Orleans had higher metal bioaccumulation than the ones
collected in Monreale; however, the treatment needs standardization. The present study confirms
that feathers and blood from C. moschata are a convenient and non-destructive sampling tool for
metal contamination analysis.
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1. Introduction

Biomonitoring is the qualitative observation and the measurement of biosphere param-
eters aimed at modelling the environment, estimating its quality, and studying the effects
of an alteration on different ecological levels [1]. Modern ecotoxicology uses both wild and
domestic animals as bioindicators to study the impact on whole ecosystems of the chronic
exposure to multiple stressors interacting in a complex environment [2]. This new approach
has the advantage to be more predictive of pollutants’ real bioavailability and of their
consequences on natural and human systems, as compared to controlled-conditions experi-
ments [3]. Nonetheless, the use of sentinel animal systems is subject to strict regulations in
an effort to safeguard species and reduce animals’ distress [4]. For this reason, it is crucial
to develop new non-destructive and non-invasive ways to evaluate biomarkers [5]. Over
recent years, biomonitoring studies have widely focused on metals and metalloids [6,7].
In fact, among all the contaminants emerging from industrial activities, metals arouse
particular toxicological concern, because of their capacity to bioaccumulate in tissues and
biomagnify through the food chain [8,9].

The current study takes into account metals classified as heavy metals (Ag, Cd, Co,
Mn, Hg, Ni, Pb, Cu, Sn, V, Zn) and heavy metalloids (As, Sb, Se), based on both density
and toxicological assessments. These trace elements are mostly released from industries,
urban settlements (i.e., wastewater discharges and sewage plants), mining, and agricultural
activities [10]. They eventually pass to water basins, where they can undergo physical
and chemical transformations, possibly enhancing their bioavailability [11]. Metals can
be further subdivided into essential and non-essential, with the latter being more tox-
icologically relevant than the former ones. Indeed, not having a known physiological
activity, non-essential metals are more prone to interfere with the metabolism and at the
same time they are more difficult to excrete, potentially leading to various diseases and
even cancer [12,13].

Previous literature is rich in trace metals biomonitoring studies using aquatic avifauna
species [14–16]. Different reasons justify their convenience as bioindicators. First of all,
birds have often demonstrated to be more sensitive to environmental contaminants than
other vertebrates [17]. Additionally, water birds are preferred because of their diffusion
in both natural and human systems [18], their high susceptibility and responsivity to
metals [19], and the ease of sampling and handling them. Nonetheless, the majority of
studies until now have been based on tissue samples collected during necroscopies [20–22].

The aim of the present paper is the validation of non-destructive biological matrices,
collected from farmed birds, as suitable tools to analyse the difference in environmen-
tal quality of two areas of the Palermo province. The bird used is the Muscovy duck,
Cairina moschata (Linnaeus, 1758), an Anatidae species of American origins. Blood and
feathers were chosen as the samples to examine, because they are informative of two
different exposure scenarios. Indeed, blood is a well-documented matrix for short-term
metals biomonitoring, as it reports an exposure occurring in the two weeks prior to the
analyses [23]. Vice versa, among all the non-destructive and easily accessible matrices,
feathers are the ones presenting the best bioaccumulating capacity [24,25]. Concentrations
measured in feathers may thus reflect a chronic exposure to environmental contaminants,
even a prenatal one in the case of juvenile sampled individuals [26]. Additionally, they
proved to positively correlate with the alterations of physiological functions [27]. It must
be pointed out that both the type of feather and the area from which this is collected may
affect the concentration assessment [28]. On this account, only the most studied feathers,
i.e., the alar and the ventral ones, were investigated.
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The final scope of research works such as the present one is to model ecosystems before
they collapse, in ways as efficient as possible and compliant with the 3Rs principle. By all
means, this has many implications for humans, according to the “one health” approach [29].

2. Materials and Methods
2.1. Sampling

Samples were collected from 20 different Cairina moschata individuals of both sexes,
half located in one of the aviaries at Parco D’Orleans and half owned by a private citizen in
Monreale, from June to November 2018. The two sampling areas are representative of the
city centre and the periphery of the Palermo province, respectively. Indeed, despite being
rather close to the Palermo city centre (~4 km), Monreale has a separate municipality and is
characterized by a much lower density of population (~73 inhabitants/km2 as compared to
~4000 inhabitants/km2), with consequently less car traffic and human activities, meaning
that it could be used to model a moderately urbanized context (Figure 1).

Animals 2023, 13, x FOR PEER REVIEW  3  of  17 
 

concentration assessment  [28]. On  this account, only the most studied feathers,  i.e., the 

alar and the ventral ones, were investigated. 

The final scope of research works such as  the present one  is  to model ecosystems 

before they collapse, in ways as efficient as possible and compliant with the 3Rs principle. 

By  all means,  this  has many  implications  for  humans,  according  to  the  “one  health” 

approach [29]. 

2. Materials and Methods 

2.1. Sampling 

Samples were collected from 20 different Cairina moschata individuals of both sexes, 

half located in one of the aviaries at Parco D’Orleans and half owned by a private citizen 

in Monreale, from June to November 2018. The two sampling areas are representative of 

the city centre and the periphery of the Palermo province, respectively. Indeed, despite 

being rather close to the Palermo city centre (~4 km), Monreale has a separate municipality 

and  is  characterized  by  a much  lower  density  of  population  (~73  inhabitants/km2  as 

compared  to  ~4000  inhabitants/km2),  with  consequently  less  car  traffic  and  human 

activities, meaning that it could be used to model a moderately urbanized context (Figure 

1). 

The analyses were performed on 40 samples, consisting of: 

- 10 blood samples drawn from the brachial vein in Parco D’Orleans; 

- 10 blood samples drawn from the brachial vein in Monreale; 

- 10 feather samples in Parco D’Orleans; 

- 10 feather samples in Monreale. 

Feathers were collected both from the alar region (primary, secondary, or covert) and 

from the ventral region. 

Once  collected,  all  samples  were  conserved  in  their  sampling  packaging  and 

transported in refrigerated and labelled containers to the laboratories, where they were 

treated within one week after their arrival. 

 

Figure 1. Map of Italy showing the location of the Palermo province (on the left). Focus on the urban 

area  of  Palermo,  where  Parco  D’Orleans  is  located—green  dot—and  the  peripherical  area  of 

Monreale—blue dot (on the right). 

2.2. Sample Preparation 

Refrigerated samples were brought to room temperature and prepared for extraction 

by homogenization. First, aliquots were collected from different points of the sample so 

as to obtain representative subsamples, which were then homogenized in a homogenizer 

with rotating porcelain blades. For mineralization, 1 g of sample was placed  in a PTFE 

Figure 1. Map of Italy showing the location of the Palermo province (on the left). Focus on the
urban area of Palermo, where Parco D’Orleans is located—green dot—and the peripherical area of
Monreale—blue dot (on the right).

The analyses were performed on 40 samples, consisting of:

- 10 blood samples drawn from the brachial vein in Parco D’Orleans;
- 10 blood samples drawn from the brachial vein in Monreale;
- 10 feather samples in Parco D’Orleans;
- 10 feather samples in Monreale.

Feathers were collected both from the alar region (primary, secondary, or covert) and
from the ventral region.

Once collected, all samples were conserved in their sampling packaging and trans-
ported in refrigerated and labelled containers to the laboratories, where they were treated
within one week after their arrival.

2.2. Sample Preparation

Refrigerated samples were brought to room temperature and prepared for extraction
by homogenization. First, aliquots were collected from different points of the sample so
as to obtain representative subsamples, which were then homogenized in a homogenizer
with rotating porcelain blades. For mineralization, 1 g of sample was placed in a PTFE
microwave vessel alongside 3 mL nitric acid ultrapur® 60% (v/v) and 5 mL water. Digestion
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and complete oxidation of the organic material in the vessel were achieved through high-
pressure focalized microwaves. The high-pressure microwave digester (model Multiwave
3000, Anton-Paar, Graz, Austria) allows for the complete oxidation of the organic material
in the matrix by means of acid attack coupled with high-pressure focalized microwaves
leading to strong oxidation. The instrumentation consists of a system for microwave
emission (maximum power of 1400 W), a rotator for eight vessels, 100 mL hermetically
sealed vessels in polytetrafluoroethylene, a software for effectively programming the
digestions, a cavity for the rotor equipped with a suction system of the fumes, sensors
for automatically monitoring temperature (which could possibly reach 300 ◦C) and
pressure (reaching up to 1500 pounds per square inch), and vent valves. The software was
configured for the programmed digestion to be suitable for various types of matrices and
compliant with UNI EN 13805:2002 [30]. After vessel cooling, ultrapure water aliquots
were used for sample recovery and for making up the volume to 50 mL. Ultrapure
deionized water (resistivity = 18.2 MΩ cm) was obtained by means of Milli-Q® Integral
water purification system with Q-pod (Millipore, Bedford, MA, USA). After mineralization,
metal concentrations were analysed following the procedure described in paragraph 2.3.
The analysis was then repeated after washing the feathers with HNO3. More specifically,
vessels were washed with a 5% nitric acid solution and then rinsed with Milli-Q water.
Notably, both digestion and mineralization proved to be efficient without generating
interferences with the following analyses. Particular attention was indeed paid in choosing
metals and instrumentations free of active materials. For instance, each sample was filtered
with a PTFE syringe filter (Ø = 0.45 µm). The residual samples were put again to conserve
at T ≤ 20 ◦C.

2.3. Analytical Methods

Before performing the tests, the calibration curve was plotted according to the official
method guidelines [31–34], i.e., by establishing at least 5 calibration points (blank included)
and verifying the absence of interferences and of blank-imputable signals (R2 ≥ 0.99 for
each analyte). Eventually, the concentration calculated by the software must not have more
than a 10% deviation from the assigned theorical value.

Each sample was injected in duplicate and responded to the following condition:

|C1 − C2| ≤ r (1)

where C1 and C2 are the two concentrations and r is the limit of repeatability of the method
at a level of concentration next to C1 and C2.

All the metals, except mercury, were analysed with ICP-MS (Inductively Coupled
Plasma-Mass Spectrometry, PerkinElmer, Waltham, MA, USA), while mercury through the
DMA80 (Direct Mercury Analyzer) technique, based on regulation (CE) n◦ 488/2014 [35]
for cadmium level determination. Acceptability criterions are explicated in directive
2002/657/CE [36], UNI CEI EN ISO/IEC 17025/2005 [37], regulation (CE) n◦ 333/2007 [38]
and regulation (CE) n◦ 836/2011 [39]. Quality parameters had to be compliant with the
method UNI EN 15763:2010 [40]. The use of these two methods is well-documented for
such analyses [41–47] and can be considered a gold standard.

Trace metals analysis with ICP-MS: The solutions for the ICP-MS analyses were
prepared as summarized in Table 1. MRC solutions must have a purity ≥ 99% and the
Internal Standard solution contains 6-Li, Sc, Ge, Rh, In, Tb, Lu, Bi. 100 mg/L in HNO3
2%. The weighted sample (1 g) was withdrawn by an automatic sampler, combined with
a quartz cyclonic nebulization chamber (cooled at 2 ◦C with water). The accuracy of
the method was verified using the certified matrix DORM-4, produced by the National
Research Council of Canada [48]. All the concentrations resulted within the acceptability
interval, proving the validity of the method (Table 2).

Mercury analysis with DMA80: The solutions for the DMA80 analyses were prepared
as summarized in Table 3. Initial sample weight = 0.1 g.



Animals 2023, 13, 2474 5 of 17

2.4. Data Analyses

The median, standard deviation, and maximum and minimum values of each element
in all the samples were calculated with the STATISTICA 10 program. Verification of
normality was performed with the Shapiro test. Given that not all samples showed a normal
distribution, it was opted for the non-parametric Kruskall–Wallis test. Intra-laboratory
repeatability and inter-laboratory reproducibility were calculated with the HORRATr and
HORRATR formulas, respectively.

Table 1. Summary of the solutions prepared.

Solution Concentration Volume and Solution
for Extraction

Final Volume
(Flask) Solvent

MRC 1000 mg/L H2O/HNO3 2%

MR1 10 mg/L 100 µL MRC 10 mL H2O/HNO3 2%

MR2 1 mg/L 1000 µL MR1 10 mL H2O/HNO3 2%

MR3 500 mg/L 500 µL MR1 10 mL H2O/HNO3 2%

MR4 100 µg/L 1000 µL MR2 10 mL H2O/HNO3 2%

MR5 50 µg/L 1000 µL MR3 10 mL H2O/HNO3 2%

MR6 10 µg/L 1000 µL MR4 10 mL H2O/HNO3 2%

MR7 5 µg/L 1000 µL MR5 10 mL H2O/HNO3 2%

MR8 1 µg/L 1000 µL MR6 10 mL H2O/HNO3 2%

MR9 0.5 µg/L 1000 µL MR7 10 mL H2O/HNO3 2%

MR10 0.1 µg/L 1000 µL MR8 10 mL H2O/HNO3 2%

MR11 0.05 µg/L 1000 µL MR9 10 mL H2O/HNO3 2%

Table 2. Results from the certified matrix DORM-4.

Element Measured Value (mg/kg) Assigned Value
(mg/kg)

Acceptability Interval
(mg/kg)

Cadmium 0.291 ± 0.030 0.299 0.281–0.317

Lead 0.392 ± 0.040 0.404 0.342–0.466

Arsenic 6.980 ± 0.004 6.87 6.43–7.31

Table 3. Summary preparation of the mercury solutions.

Solution Concentration Volume and Solution
for Extraction

Final Volume
(Flask) Solvent

MRC 1000 mg/L HCl 5%

MR1 10 mg/L 100 µL MRC 10 mL HCl 5%

MR2 1 mg/L 1000 µL MR1 10 mL HCl 5%

MR3 100µg/L 1000 µL MR2 10 mL HCl 5%

QC2 20 µg/L 200µl MR2 10 mL HCl 5%

QC3 500 µg/L 500 µl MR1 10 mL HCl 5%

3. Results
3.1. Comparison between Sampling and Control Area

A total of 20 blood samples, 10 from Parco D’Orleans’ (urban area) specimens and 10 from
Monreale’s (suburban area), were analysed for multi-trace metal quantification (Table 4).
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Table 4. Percentage differences between metal concentrations (ppm) from the two different blood
samples. Only metals showing moderately significant (p < 0.05 *), significant (p < 0.01 **), or highly
significant (p < 0.001 ***) results were reported.

Metal
Blood P. D’Orleans

±Median
min–max (ppm)

Blood Monreale
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference between

the Two Areas

Al ±4.27
2.92–11.15

±2.62
0.98–10.24 p = 0.0082 ** 38%

Cr ±0.19
0.13–0.29

±0.031
0.00–0.43 p = 0.02 * 83%

Mn ±0.12
0.069–0.46

±0.061
0.016–0.28 p = 0.0156 * 48%

Fe ±511.81
392.08–637.37

±152.61
36.25–297.52 p = 0.0002 *** 70%

Co ±0.0035
0.0016–0.014

±0.012
0.0079–0.16 p = 0.0012 ** 71%

Ni ±0.00
0.00–0.0069

±0.068
0.00–1.09 p = 0.0007 *** 100%

Cu ±0.33
0.28–0.51

±0.27
0.19–0.39 p = 0.004 * 19%

Zn ±9.27
6.78–11.66

±3.06
2.10–4.18 p = 0.0002 *** 67%

As ±0.0049
0.0038–0.014

± 0.0018
0.00–0.0044 p = 0.0012 ** 62%

Se ±0.20
0.15–0.34

±0.13
0.038–0.17 p = 0.0041 ** 33%

Sn ±0.048
0.0048–0.13

±0.00
0.00–0.018 p = 0.003 *** 100%

Pb ±0.10
0.055–0.17

±0.059
0.018–0.28 p = 0.0413 * 41%

Results show higher concentrations in P. D’Orleans’ blood samples than Monreale’s
ones for 10 elements out of 12, including all the non-essential toxic metals (As, Se, Sn, Pb).
Nonetheless, only essential metals (Fe, Zn, Al) presented concentrations higher than 1 and a
considerably high significance (p < 0.01 ** or p < 0.001 ***). In both matrices, mercury levels
were too low to be compared with the other metals. The concentration difference between
the two areas was particularly striking for iron, as represented in Figure 2. Correspondingly,
20 feather samples taken from the same individuals were examined (Table 5). It is noted
that most metals’ concentrations were higher in the Monreale’s than in the P. D’Orleans’
samples, with only three non-essential metals such as Se, Sn, and Pb actually providing an
opposite result. In the case of these latter elements, it is still relevant to observe that higher
concentrations in the feathers (Table 5) as compared to the blood samples (Table 4) were
found, attesting a possible bioaccumulation process.

It is also acknowledged that feather data presented a slightly lower statistical signifi-
cance, a considerable variability (Figure 3), and only a few metals presented concentrations
higher than 1. Mercury’s concentrations were not quantitatively relevant; thus, they are
not shown.
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3.2. Comparison between Different Matrices from the Same Individuals

Metal concentrations from blood and feathers of each area were compared with the aim
of ascertaining which is the matrix with the best bioaccumulating capacity (Tables 6 and 7).
As depicted in Figures 4 and 5, all the percentage differences in concentration were marked,
even more than the differences measured with the same matrices of different areas, and
p values were highly significant (***) for all the metals under analysis. Every median value
was higher in the feathers than in blood.

Table 6. Comparison between the metal concentrations in blood and feathers collected from P.
D’Orleans. Only metals showing highly significant (p < 0.001 ***) results were reported.

Metal
Blood P. D’Orleans

±Median
min–max (ppm)

Feathers
P. D’Orleans
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference between

the Two Areas

V ±0.0042
0.0028–0.0081

±0.78
0.19–2.51 p = 0.0002 *** 99%

Cr ±0.19
0.13–0.29

±0.93
0.40–2.18 p = 0.0002 *** 79%

Co ±0.0035
0.0016–0.014

±0.12
0.048–0.34 p = 0.0002 *** 97%

Ni ±0.00
0.00–0.0069

±0.44
0.18–1.14 p = 0.0001 *** 100%
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Table 6. Cont.

Metal
Blood P. D’Orleans

±Median
min–max (ppm)

Feathers
P. D’Orleans
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference between

the Two Areas

As ±0.0049
0.0038–0.014

±0.16
0.048–0.55 p = 0.0002 *** 96%

Se ±0.20
0.15–0.34

±0.46
0.27–0.66 p = 0.0002 *** 56%

Cd ±0.00043
0.00033–0.00076

±0.017
0.0081–0.047 p = 0.0002 *** 97%

Sn ±0.048
0.0048–0.13

±1.28
0.30–2.68 p = 0.0002 *** 96%

Pb ±0.10
0.055–0.17

±2.43
1.02–7.07 p = 0.0002 *** 95%

Table 7. Comparison between the metal concentrations in blood and feathers collected in Monreale.
Only metals showing significant (p < 0.01 **), or highly significant (p < 0.001 ***) results were reported.

Metal
Blood Monreale

±Median
min–max (ppm)

Feathers Monreale
±Median

min-max (ppm)

Significance
(p Value)

Percentage
Difference between

the Two Areas

V ±0.0062
0.0017–0.024

±2.40
0.92–9.29 p = 0.0002 *** 99%

Cr ±0.031
0.00–0.43

±2.16
0.93–8.37 p = 0.0002 *** 98%

Co ±0.012
0.0079–0.16

±0.33
0.13–1.28 p = 0.0003 *** 96%

Ni ±0.068
0.00–1.09

±1.38
0.87–6.32 p = 0.0004 *** 95%

As ±0.0018
0.00–0.0044

±0.19
0.082–0.80 p = 0.0002 *** 99%

Se ±0.13
0.038–0.17

±0.31
0.24–0.37 p = 0.0002 *** 58%

Cd ±0.00042
0.00–0.0013

±0.026
0.0094–0.10 p = 0.0001 *** 98%

Sn ±0.00
0.00–0.018

±0.20
0.13–5.36 p = 0.0012 ** 100%

Pb ±0.059
0.018–0.28

±0.86
0.52–3.29 p = 0.0002 *** 93%

3.3. Comparison between Washed and Unwashed Feathers

Washing with HNO3 was aimed at establishing whether the so-far-analysed concen-
trations must be entirely ascribed to the bioaccumulation process, or whether they partly
result from the atmospheric superficial deposition of particles.

The metal concentrations in the feathers before and after washing them with HNO3
are set side by side in Tables 8 and 9.
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Table 8. Comparison between the metal concentrations in unwashed and washed feathers from
P. D’Orleans. Only metals showing moderately significant (p < 0.05 *), significant (p < 0.01 **), or
highly significant (p < 0.001 ***) results were reported.

Metal

Unwashed Feathers
P.D’Orleans
±Median

min–max (ppm)

Washed Feathers P.
D’Orleans
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference

between the
Two Areas

Cr ±0.93
0.40–2.18

±0.26
0.00–0.86 p = 0.006 ** 72%

Mn ±11.50
7.48–37.70

±3.46
0.23–6.82 p = 0.0002 *** 72%

Co ±0.12
0.048–0.34

±0.060
0.0050–0.14 p = 0.015 * 51%

Cu ±9.42
7.63–10.86

±5.42
0.23–6.27 p =0.0002 *** 42%

Zn ±109.65
68.79–142.87

±39.39
1.64–58.56 p = 0.0002 *** 64%

As ±0.16
0.048–0.55

±0.067
0.0060–0.20 p = 0.041 * 58%

Se ±0.46
0.27–0.66

±0.36
0.011–0.45 p = 0.019 * 20%

Cd ±0.017
0.0081–0.047

±0.0045
0.00–0.013 p = 0.0009 *** 73%

Sn ±1.28
0.30–2.68

±0.15
0.0070–0.41 p = 0.0003 *** 88%

Pb ±2.43
1.02–7.07

±0.75
0.061–1.59 p = 0.0009 *** 68%

Table 9. Comparison between the metal concentrations in unwashed and washed feathers from
Monreale. Only metals showing significant (p < 0.01 **), or highly significant (p < 0.001 ***) results
were reported.

Metal

Unwashed Feathers
Monreale
±Median

min–max (ppm)

Washed Feathers
Monreale
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference

between the
Two Areas

Al ±1260.76
550.71–5668.88

±142.75
26.20–1799.51 p =0.0025 ** 89%

V ±2.40
0.92–9.29

±0.23
0.043–3.11 p = 0.0025 ** 90%

Cr ±2.16
0.93–8.37

±0.22
0.043–2.96 p = 0.0025 ** 89%

Mn ±15.43
6.33–60.63

±0.23
0.094–2.89 p = 0.0002 *** 98%

Fe ±863.91
344.35–4217.01

±98.97
27.15–1476.18 p = 0.0041 ** 88%

Co ±0.33
0.13–1.28

±0.022
0.0075–0.43 p = 0.0025 ** 93%

Ni ±1.38
0.87–6.32

±0.10
0.023–1.39 p = 0.0007 *** 92%

Cu ±7.44
5.75–12.77

±0.68
0.18–1.70 p = 0.0002 *** 90%
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Table 9. Cont.

Metal

Unwashed Feathers
Monreale
±Median

min-max (ppm)

Washed Feathers
Monreale
±Median

min–max (ppm)

Significance
(p Value)

Percentage
Difference

between the
Two Areas

Zn ±97.12
71.91–173.87

±4.51
0.96–9.58 p = 0.0002 *** 95%

As ±0.19
0.082–0.80

±0.016
0.0070–0.18 p = 0.0005 *** 91%

Se ±0.31
0.24–0.37

±0.062
0.020–0.12 p = 0.0002 *** 80%

Cd ±0.026
0.0094–0.10

±0.00043
0.00022–0.0033 p = 0.0002 *** 98%

Sn ±0.20
0.13–5.36

±0.036
0.0086–0.10 p = 0.0002 *** 82%

Sb ±0.026
0.011–0.082

±0.0041
0.00–0.54 p = 0.0018 ** 84%

Pb ±0.86
0.52–3.29

±0.053
0.021–0.41 p = 0.0002 *** 93%

Percentage differences were high for both the sampled areas (always more than 80%
for Monreale, for example) (Figures 6 and 7) and p values obtained from the statistical tests
were overall highly significant. It follows that the treatment with HNO3 was able to remove
a substantial part of trace metals.
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4. Discussion
4.1. Comparison between Sampling and Control Area

The results of the multi-trace elements analysis performed in parallel on the two areas
show a statistical correlation between the sampled site and the level of contamination.
Even though C. moschata demonstrated a great ecological flexibility, blood sample tests
clearly indicate higher metal concentrations in P. D’Orleans, with significant p values.
Statistically relevant difference in concentration, where present, may be explained by a
possible contamination of the more urban location (i.e., P. D’Orleans), especially for those
non-essential metals that are not subject to natural uptake through the diet or water. In fact,
essential metal concentrations are influenced by periodical fluctuations due to pollution, as
well as the diet and the periods of moulting [49,50]. As evidence of this, the only metals
whose trend is concordant between the two matrices are some non-essential ones, such as
Sn, Se, and Pb. It should be noted that no concentration exceeds the limit of safety. For
example, lead, which is the most studied non-essential metal in biomonitoring, is present
in all the individuals of both areas, but concentrations seem to be not of concern (provided
that in ducks they should not exceed 0.39 ppm [51], whereas values oscillate between
0.054 and 0.17 ppm in P. D’Orleans and between 0.017 and 0.27 ppm in Monreale).

4.2. Comparison between Different Matrices from the Same Individuals

The second part of this study focused on the validation of feathers as a possible tool to
assess bioaccumulation, as opposed to blood. From the comparison of the results obtained
in the two matrices, it appears clear that feathers have a higher bioaccumulation capacity
than blood. It can be inferred that feathers are more suitable for studying environmental
quality in the long term. Indeed, the capacity to bioaccumulate low concentrations of metals
over time makes feathers a better indicator of chronic exposure [14]. On the contrary, blood
appears to be the optimal tool to evaluate acute exposures, due to the chelating potential of
the metallothioneins contained in it [52].
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4.3. Comparison between Washed and Unwashed Feathers

The treatment with HNO3 and the differential analysis of the washed and unwashed
feathers are relevant because they give the opportunity to capture the percentage of con-
tamination deriving from the actual intake of metals (absorption, through an endogenous
route) and the contribution of superficial deposition (adsorption, through an exogenous
route). Indeed, data from unwashed feathers give a hint of the total exposure in each area,
deriving from both atmospheric and tissue contamination, whereas washed feathers inform
exclusively on the bioaccumulated concentration. The removal of the adsorbed fraction,
even if it cannot be total with the current methods, led to a decrease in all the metal levels,
especially those of some toxic metals such as Sn, Cd, and Pb (Figure 8). It is also worth men-
tioning that not all the metals react the same way to the treatment with HNO3 [53]. Notably,
results collected after washing confirmed an overall higher presence of trace elements in
the P. D’Orleans area, and this may be reconducted to its urban location. As a last note, it is
acknowledged that several factors that are potentially able to influence the bioaccumulation
capacity of feathers such as sex, age, metabolism, and period of moulting [49,50] were not
taken into account in the present analysis. Concentrations may also vary depending on
the type of feather and the section of feather taken as a sample. In addition, the potential
difference between wild and farmed birds could be studied. Eventually, some authors agree
on the possibility that the intake of adsorbed metals may be higher in water birds, due
to the secretion of trace elements from their glands and the mechanical rubbing action of
their beak [54]. All these factors potentially impacting the suitability of the use of feathers
for biomonitoring purposes may be addressed in future works. The authors of this study
indeed encourage future analyses where these elements are specifically studied, with the
final aim to minimize variability and standardize the technique.
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5. Conclusions

The current study suggests two non-destructive and easily accessible matrices, such
as blood and feathers, as valid tools for short- and long-term biomonitoring assays, re-
spectively. The use of feathers allows for an in-depth analysis of the contribution of the
exogenous and the endogenous routes on the contamination with trace metals. Ultimately,
the comparison between these two matrices is a valuable way to study contaminant fluctu-
ations in those sites in which air quality monitoring stations are present. Even if the use of
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feathers needs standardization, the authors consider it worthy of further investigations and,
in particular, they propose to use biological matrixes collected from non-aquatic avifauna.
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