
RESEARCH ARTICLE

Oxidative stress risk assessment through heavy metal
and arsenic exposure in terrestrial and aquatic bird species
of Pakistan

Shamsa Kanwal1 & Naeem Akhtar Abbasi1,2 & Muhammad Jamshed Iqbal Chaudhry1,3 & Sajid Rashid Ahmad2
&

Riffat Naseem Malik1

Received: 11 July 2019 /Accepted: 7 January 2020 /Published online: 28 January 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
In this study, we investigated metal- and metalloid-induced oxidative stress response in two aquatic (cattle egret (Bubulcus ibis) (n =
10), pond heron (Ardeola grayii) (n = 10)), as well as two terrestrial (spotted owlet (Athene brama) (n = 6) and bank myna
(Acridotheres ginginianus) (n = 16)) bird species collected from the outskirts of Lahore city, Pakistan. For this purpose, glutathione
(tGSH) and lipid peroxidation (thiobarbituric acid-reactive substances (TBARS)) levels and activities of antioxidant enzymes (su-
peroxide dismutase (SOD); catalase (CAT)) were analyzed as biomarkers of oxidative stress against metal (Pb, Cd, Cu, Zn) and
metalloid (As) concentrations in kidney liver and blood of birds. Our results depicted significant correlation for Pb, Cd, and As with
oxidative stress biomarkers in birds. The levels of heavy metals and As and their corresponding effects on oxidative stress biomarkers
were comparably higher in aquatic species (p ≤ 0.01) except for Pb and Zn. In comparison of species, SOD and tGSH activities were
higher in bank myna and cattle egret, while CAT activity and TBARS concentrations were higher in pond heron and cattle egret,
respectively. We deduced that tissues with higher accumulation of metal(loid)s such as liver and kidney were under a great risk to
oxidative damage. The overall order of metal accumulation and subsequent oxidative damage among families followed the pattern as
Strigidae ≥Ardieda ≥ Sturnidae with their respective trophic levels. Globally, metal- and As-induced oxidative stress is least empha-
sized in multiple tissues of birds that is needed to be addressed with focus on case-control studies using dose-response approach.
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Highlights
• First ever report on metal(loid)-induced oxidative stress response in
birds of Pakistan.

• Evaluated differences between habitat, species, tissues, and taxonomic
and trophic groups.

• Elevated levels of metals and As were found in different tissues of
studied birds.

• Found significant correlations between metal(loid)s and oxidative stress
biomarkers.

• Highlighted the need of dose-response-based studies to best predict the
results in future studies.
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Introduction

High levels of toxic trace metals and metalloids in the envi-
ronment and their subsequent health effects have become a
cause of great concerns at local, regional, and global scale
(Wu et al. 2016). Small quantity of trace metals, e.g., Pb,
Cd, and Cr and essential elements such as Cu and Zn if present
in high concentration in tissue are of major concern because of
their serious health effects in living organisms (Wen et al.
2016; Abbasi et al. 2015a). These metals are mainly released
in the environment from mining, smelting, electroplating, and
preparation of paint, pigments, batteries, photovoltaic cells,
synthetic plastic, insecticides, and leather product. Besides
metals, some metalloid such as As mainly originated from
rocks, volcanoes, and ores, as well as from different industrial
and agricultural sources and are of serious concern because of
their adverse health effects (Yang et al. 2018; Lucia et al.
2010). Once released in the environment, metal(loid)s resist
photolytic, chemical, and biological degradation hence persist
in the environment for a longer period of time (Ali and Khan
2018). Although not biomagnified as persistent organic pol-
lutants, metals and As show increasing bioaccumulation trend
through the food chain. Because of potential trophic transfer,
species staying at higher trophic levels are more vulnerable
due to their toxicity (Green et al. 2010; Cai et al. 2009).
Moreover, distribution pattern, behavior, and toxicity mecha-
nism of metal(loid)s differ between terrestrial and aquatic hab-
itat. When compared with terrestrial environment, metals and
As are readily bioavailable in aquatic habitat (Ali and Khan
2019; Szynkowska et al. 2018; Burger and Eichhorst 2005). In
modern ecotoxicological studies, best indicator species are
used to assess the environmental health and associated risks.
Birds from terrestrial and aquatic food chains are among the
best indicator for metal(loid) toxicity because they stay higher
at the food chain, having longer life span and wide range of
dietary sources hence increasing their exposure (Abbasi et al.
2015a).

In past literature, it has been established that exposure to
elevated levels of metal(loid)s are associated with various
neurological, physiological, reproductive, developmental,
and behavioral impairments in birds (Schmude et al. 2018;
Espín et al. 2014a, b). In few of recent studies on birds, it
has been reported that high metal(loid) concentrations are re-
sponsible for oxidative damage (Espín et al. 2014a, b, 2016a,
b; Koivula et al. 2011; Martinez-Haro et al. 2011). In living
organisms, reactive oxygen species (ROS) and free radicals
are generated as a result of aerobic metabolism. To encounter
the adverse effects of these, antioxidants defense mechanism
is co-evolved with aerobic metabolism (Monaghan et al.
2009). The antioxidant defense system is composed of differ-
ent enzymatic system such as, superoxide dismutase (SOD)
and catalase (CAT), as well as non-enzymatic like glutathione
(GSH) antioxidants which are released to regulate the level of

preoxidants (Koivula and Eeva 2010; Monaghan et al. 2009).
Glutathione is a major antioxidant, which has an ability to
bind directly with ROS and convert them in less-harmful sub-
stances (Koivula and Eeva 2010). In normal conditions, glu-
tathione is present in its reduced form (GSH), but when
ROS levels are high, another enzyme glutathione peroxi-
dase (GPx) converts GSH into its oxidized form (glutathi-
one disulfide (GSSG)) which facilitates the conversion of
ROS into their less-reactive form. Some other important
enzymes that are involve in breakdown and conversion of
(ROS) into less-reactive species are SOD, CAT, and gluta-
thione S-transferase (GST) which catalyze ROS into their
less-reactive forms (Espín et al. 2014a). However, in re-
sponse to various environmental stressors such as in-
creased exposure to metal(loid)s, antioxidants may fail to
overcome the effects of ROS which are responsible to
damage the protein, lipids, and DNA in cells and causes
serious health effects (Sánchez-Virosta et al. 2019). This
condition is termed as oxidative stress. Few of the previous
studies has reported the antioxidant activities and lipid per-
oxidation as useful biomarkers to measure oxidative stress
in living organisms in relation to metal concentrations
(Costantini and Verhulst 2009; Berglund et al. 2007).
However, there are very few studies available on oxidative
damage caused by As and heavy metals in birds using
internal tissues (Espín et al. 2014a; Koivula et al. 2011;
Martinez-Haro et al. 2011; Berglund et al. 2007; Custer
et al. 2006; Hoffman et al. 1998, 2011). Moreover, the
accumulation, detoxification, and elimination mechanism
of metal(loid)s vary among species as well as among var-
ious tissues within an individuals and so does oxidative
stress (Koivula and Eeva 2010; Lucia et al. 2010). Hence,
it is also of great importance to compare metal(loid)-in-
duced oxidative stress among various tissues of birds from
the same species. Further, there is a need to investigate the
differences in metal(loid)-induced oxidative stress among
various species, habitat, and taxonomic and trophic groups.
Although there is a dearth of literature on this important
concern of metal(loid) toxicity, this aspect is particularly
neglected in South Asian region. Seeing this important
research gap in ecotoxicological studies, current study
was designed to elucidate the metal (Pb, Cd, Cr, and Cu)
and metalloid (As) levels and their potential effects on
oxidative stress biomarkers in four selected species of
birds from Pakistan. Further, we have also investigated
the interspecific differences as well as metal(loid)-induced
oxidative stress differences between terrestrial and aquatic
food chains. The selected bird species were native and
relatively abundant in the study area. Their position at the
upper level of the food chain makes them a suitable indi-
cator of environmental contamination. Further, their re-
sponses can provide information regarding environmental
changes occurring at lower trophic levels.
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Material and methods

Study area and sampling

Sampling was conducted from September 2016 to April 2017
in two different regions viz. Manga mandi (31° 18′ 5″ N and
74° 3′ 43″ E) andMuridke (31° 48′ 9.00″N and 74° 15′ 42.01″
E) (Fig. 1) located in the outskirts of Lahore which is the
second largest metropolis of Pakistan. Manga mandi and
Muridke are about 45 and 29 km from Lahore, respectively.
These are typical agro-industrial areas of Lahore having
chemicals, metallurgy, plastics, smelting, and small
electroplating units around it (Khan et al. 2016). Further, these
areas receive agricultural, industrial, and urban run-off in large
quantity from Lahore City (Ahmad and Bhattacharya 2018;
Abbas et al. 2007). A few studies reported high levels of
metal(loid)s in soil, water, and food stuff from the study sites

(Randhawa et al. 2014;Waseem et al. 2014).We collected two
terrestrial (spotted owlet (Athene brama F; n = 6), bank myna
(Acridotheres ginginianus L; n = 16)) and two aquatic (pond
heron (Ardeola grayii F. n = 10), cattle egret (Bubulcus ibis L;
n = 10)) bird species from the study area. The samples for this
study were collected from the birds captured by WWF
Pakistan in the framework of some other studies. Blood sam-
ples (3–4 ml) were collected in heparinized tubes containing
anti-coagulating reagent from brachial vein of birds using 23G
needles and stored at − 80 °C. After blood collection, birds
were euthanized and internal tissues (liver and kidney)
were collected in acetone cleaned zipped bags and sub-
sequently stored in Environmental Biology Laboratory,
Quaid-i-Azam University Islamabad at − 80 °C prior to
analysis. The handling of birds samples was approved
from bioethical committee of Quaid-i-Azam University
Islamabad, Pakistan.

Fig. 1 Map showing sampling
sites from different locations of
Lahore, Pakistan. The detail of
birds collected at different
sampling sites are given in
corresponding Table S1
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Arsenic and metal analysis

The glassware (Pyrex, Germany) used for analysis were first
soaked overnight in 10% HNO3 bath followed by washing
and rinsing with distilled water (Gochfeld and Michael 2000).
Weighed samples (0.5 g) of all the tissues were firstly homog-
enized (0.1 M KCL, 50 mM potassium phosphate, pH 7.4 with
20% glycerol) using a Teflon homogenizer. These homogenized
samples were then digested on a hotplate at 120 °C for about
20 min with 2 ml of 70% (V/V) nitric acid (HNO3) and 1 ml of
(30% H2O2) for quantifications of Cd, Pb, Cu, Zn, and As
(Abbasi et al. 2015a, b). Similarly, weighed blood samples
(1 ml) were digested on hotplate with 2.5 ml mixture of sulfuric
acid (95%H2SO4), perchloric acid (70%HClO4), and nitric acid
(70% HNO3) (1:8:8) at 160 °C for 15–20 min (Dolan et al.
2017). The digested samples were filtered usingWhatman filter
paper No. 42 (Kavon, USA), and the volumes of the samples
were raised up to 25 ml with Milli-Q water prior to their anal-
ysis. Analytical blanks were run after every five samples in the
same way to ensure analytical precision. Pesticide-grade solvent
obtained from Merck, Germany were used throughout the ex-
periment. The certified reference material DOLT-3 (dogfish liv-
er, National Research Council of Canada, 11 Ottawa, Canada)
was used to evaluate the precision of the method. The concen-
trations of metals (Pb, Cd, Cu, Zn) were determined by using
Voltammeter VA-797, (Computrace, 797) whereas As was an-
alyzed by ICP-MS (Agilent, 7500) and values were expressed in
micrograms per gram ww. For each element, the limit of detec-
tion was calculated by repeated blank analysis three times as
used for sample analysis, determining the standard deviation
(SD) and multiplying by three times. The LOD were
0.007 μg l−1 for As, 0.021 μg l−1 for Pb, 0.0009 μg L−1 for
Cd, 0.09 μg l−1 for Cu, and 0.3 μg L−1 for Zn.

Biochemical analysis

Activity of oxidative stress biomarkers (CAT, SOD, tGSH,
and thiobarbituric acid-reactive substances (TBARS)) were
analyzed in the liver, kidney, and blood of all the bird species.
For analysis, homogenates of tissues were prepared using
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) buffer containing 0.1 mg phenylmethylsulphonyl
fluoride (PMSF) in homogenizer. Whole blood samples were
taken in Eppendorf tubes, homogenized, and subsequently
diluted in 0.9% NaCl. The TBARS levels were used as proxy
to evaluate lipid peroxidation following the procedure given
by Alonso-Alvarez et al. (2008) using 0.1 ml of sample ho-
mogenate, 0.1 ml of a freshly prepared 1 mM FeSO4 solution,
0.1 ml of 150 Mm tris-HCl, 0.1 ml of 1.5 mM ascorbic acid,
0.6 ml of water, 1 ml of 0.37% of TBA, and 1ml of 10%TCA,
and absorbance was noted at 532 nm by spectrophotometer.
The levels of lipid peroxidation were expressed as micromoles
per gram. The activity of SOD enzymewas analyzed using the

method early followed by Beyer and Fridovich (1987). For
SOD, the absorbance was measured at 560 nm using a spec-
trophotometer. The activity of SODwas expressed as units per
gram of protein. Similarly, level of tGSH was measured by
following the method Reglero et al. (2009) using GSH stan-
dard. The level of tGSH in tissues was determined by mixing
an aliquot of 0.1 ml from homogenized tissue, 1 ml of sodium
phosphate buffer (0.4 M) (pH = 7.5) and 0.5 ml of 5,5′
dithiobis (2-nitro benzoic acid (DTNB)). Mixture was stirred
vigorously and placed at room temperature for 15 min until
yellow color appear and absorbance was noted at 512 nm. The
activity of tGSH was expressed in micromoles per gram. The
activity of CATwas measured using method earlier described
by Aebi (1984) based on the decomposition of hydrogen per-
oxide (H2O2) in molecular oxygen and water by this enzyme.
The rate of enzymatic decomposition of H2O2 was determined
by change in absorbance at 240 nm with a spectrophotometer
(UV-1603, Shimadzu). The activity of CATwas expressed as
micromoles H2O2 consumed per minute per milligram of pro-
tein. The activities of enzymes were expressed in relation to
protein in homogenates and blood samples using Bradford’s
(1976) method where bovine serum albumin (BSA) was used
as standard. The absorbance was noted at 595 nm. The con-
centrations of samples were determined using BSA standard
curve (S.I. Fig. 3).

Statistical computation

All the statistical computations were carried out using SPSS
(IBM Statistics 20). For all models, significant values were set
at 5% (α = 0.05) to reject null hypothesis. A first normality of
data was evaluated using Kolmogorov–Smirnov test (KS test),
and skewness was found within range. Descriptive statistics
were calculated for all variables. Analysis of variance
(ANOVA) was applied to determine the variations of metal(-
loid) levels and biomarker response among species, tissues,
and taxonomic and trophic groups. Multiple comparison test
(Tukey test) was used to investigate differences among vari-
ables when null hypothesis in ANOVA was rejected. Simple
Pearson correlation and regression were performed to evaluate
associations of metal(loid)s with oxidative stress biomarkers
activities. Significant associations of metal(loid)s on biomark-
er activities were shown by regression graphs using Minitab
18 (trial version). Levels of metal(loid) and biomarker re-
sponse in all species are illustrated through bar graphs.

Results and discussion

Concentration profile of arsenic and metals

The holistic summary of metal (Pb, Cd, Zn, Cu) and metalloid
(As) concentration as well as activities and levels of
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corresponding oxidative stress biomarkers in different matrices
(liver, kidney, and blood) of birds is summarized in Table 1 and
S.I. Figs. 1 and 2. The accumulation and subsequent distribu-
tion pattern for both metals and As differ among tissue and in
general are either comparable or fairly higher than previous
reported studies from Pakistan (Abbasi et al. 2015a, b;
Mustafa et al. 2015). These high concentrations of metal(loids)s
in different tissues of birds are the reflection of our polluted
sampling sites receiving bulk of urban and industrial waste of
Lahore City. In general, we observed the highest concentration
trend of Zn followed by Pb, As, Cu, and Cd in studied tissues of
birds (Table 1). Similarly, liver followed by kidney were gen-
erally found as the major tissues for metal(loid) bioaccumula-
tion as they are involved in detoxification and excretion of
harmful substances in the body (Abbasi et al. 2017; Dolan
et al. 2017; Lucia et al. 2008; Nam et al. 2005). We compared
our results with globally reported studies on similar or related
species and tissues to evaluate the analogy and differences by
converting literature values to approximate wet weight equiva-
lent (Kim and Koo 2007) wherever required. In the current
study, highest concentration (mean (min-max) μg g−1 ww) were
recorded for Pb (17.74 (13.21–23.3)) and As (12.58 (9.98–
19.14)) in the kidney of pond heron, Cd (1.37 (0.93–1.65)) in
the kidney of cattle egret, and Zn (202.71 (166.65–237.95)) and
Cu (29.86 (14.23–43.12) in the liver of pond heron and cattle
egret, respectively. On the contrary, the lowest values of all the
metals were recorded in the blood of these species (Table 1).
Considerably high concentration in internal tissues reflects con-
stant historical exposure of the species where lower concentra-
tions in the blood showed least exposure through diet. The
highest concentrations of metals and As recorded in this study
is either comparable or fairly higher in the same tissues of these
or closely related species studied elsewhere (Teraoka et al. 2018;
Zarrintab andMirzaei 2018; Ishii et al. 2017; Mikoni et al. 2017;
Finger et al. 2016; Nikolic et al. 2016; Binkowski et al. 2013;
Kim and Oh 2013; Jayakumar and Muralidharan 2011; Lucia
et al. 2010; Nam and Lee 2009; Perez-Lopez et al. 2008; Kim et
al. 2008; Kim and Koo 2007; Deng et al. 2007; Dauwe et al.
2005; Kalisińska et al. 2004; Kavun 2004; Beyer et al. 2004;
Golden et al. 2003). To summarize this section, considerably
high exposure of metals and As in different tissues of birds was
recorded in the vicinity of Lahore, indicating heavy pollution
load coming from various industrial and urban sources. We sus-
pect that still the use of metals and metalloids in different indus-
tries and their subsequent discharge through untreated effluent as
well as improper waste disposal from urban sources are posing
serious health concerns to human and wildlife.

Metal- and As-induced oxidative stress response

In this study, we investigated the relationship between the
activity of oxidative stress biomarkers such as SOD, CAT,
and tGSH, as well as TBARS with metal(loid) concentrations

to study the potential oxidative damage caused through these
contaminants. As a result, correlation (S.I. Tables 3, 4, and 5)
and regression analysis (S.I. Tables 3 and 4) showed a signif-
icant association for metals and As with oxidative stress bio-
markers. Among metals, Cd was strongly an associated activ-
ity of CAT in the kidney (R2 = 0.72, p < 0.00) and SOD activ-
ity in the liver (R2 = 0.60, p < 0.00) of cattle egret, respective-
ly. In addition, Cd was found to mediate TBARS levels in
liver (R2 = 0.71, p < 0.00) of cattle egret and blood (R2 =
0.64, p < 0.05) of spotted owlet. Similarly, As was associated
with activity of CAT in the kidney (R2 = 0.53, p < 0.05) of a
spotted owlet. High concentration of Pb was found to affect
the activities of SOD in the blood (R2 = 0.58, p < 0.01) of pond
heron and CAT activity in the liver (R2 = 0.52, p < 0.05) of
cattle egret (S.I. Table 3; Fig. 2). The enhanced activities of
SOD and CAT can be interpreted as an antioxidant defense
mechanism of bird species against high levels of metal(loid)
exposure. The lipid peroxidation may reflect that oxidative
stress has surpassed the defense mechanism leading to lipid
damage. Conclusively, the significant associations of As and
metals on oxidative stress biomarkers reflect the internal
mechanism of species which triggers to upregulate these anti-
oxidants to overcome oxidative stress. Our findings are paral-
lel to few previous studies where metals have been found to
influence the activity of oxidative stress biomarkers (Espín
et al. 2014a, b, 2016a, b).

To further explain the metal(loid)-mediated oxidative
stress, correlation analysis also showed significant associa-
tions of As and metals with biomarkers of oxidative stress.
We found that SOD activity was negatively influenced by Cd
concentration (r = − 0.64, p = < 0.04) in the liver of pond her-
on (S.I. Table 4) which is coupled with an earlier study
(Kamiński et al. 2009) on white stork (Ciconia ciconia) from
Poland. In our study, Pb was found to be negatively correlated
with SOD activity (r = −0.74, p = <0.01) in blood of pond
heron (S.I. Table 4) as previously found (Espín et al. 2014a,
b) in Eurasian eagle owl (Bubo bubo) from a mining site in
Spain. This is because SOD needs Cu for its proper function-
ing, while Pb may reduce Cu levels in the body hence decreas-
ing the activity of SOD (Gurer and Ercal 2000). Among all the
studied metals, Cd showed strong positive correlation with
CAT activities. Our findings are in accordance with a few
previous studies (Kant et al. 2017; Bharavi et al. 2010). It is
attributed to the fact that CAT use H2O2 as substrate and Cd
exposure have been shown to increase the inorganic H2O2

levels by Fenton type reaction (Bharavi et al. 2010; Liochev
and Fridovich 1999) resulting in high oxidative stress (Watjen
and Beyersmann 2004). The normal rate of H2O2 production
is mainly balanced by GPx, but as H2O2 production increases,
CAT becomes more important in oxidative effects (Halliwell
and Gutteridge 1999) preventing oxidative stress and break-
down of H2O2 (Ahmad 1995). In the spotted owlet, Cd in liver
was associated with TBARS (r = 0.82, p = 0.04) (S.I. Table 4).
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Several studies have reported similar relationship of As, Pb,
and Cd with TBARS in different bird species (Espín et al.
2014a, b). Similarly, tGSH activity was also found to be sig-
nificantly associated with As, Cd, Zn, Cu, and Pb in different
tissues (S.I. Tables 4 and 5). Earlier, the study conducted on
starlings also showed that long-term exposure to Cd resulted
in increased activity of tGSH levels (Congiu et al. 2000). The
correlation and regression analysis suggest that a high level of
metal(loid)s strongly influenced the activities of antioxidants

and TBARS in birds. In general, our results also suggested
that SOD and CATare more sensitive toward metal(loid) con-
centration while As has the potential to induce lipid peroxi-
dation in birds (S.I. Tables 2, 3, 4, and 5). Further,
certain oxidative stress biomarkers are influenced by
the activity of each other (S.I Table 6) as they may
balance each other during oxidative stress. The differen-
tial response in tissues and species is because of several
intra- and interspecific variables (Espín et al. 2016a, b).

Fig. 2 Regression layout between concentrations of metal(loid)s (As, Pb,
Cd, Cu) and related biomarker activities in blood and different tissues
(liver, kidney) of bank myna, spotted owlet, pond heron and cattle egret.

Only significant regression was plotted. Regression is significant
(p < 0.05) and (p = 0.01)
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The species-specific differences in birds suggest that
antioxidant defense system can vary widely depending
upon species because the mechanism to rectify the con-
taminants may vary among species, tissues, and taxo-
nomic and trophic groups, as well as certain other con-
founding variables (Abbasi et al. 2017; Espín et al.
2014a, b, 2016a, b) which are discussed in the follow-
ing section.

Interspecific variations

In this study, we aimed to analyze the differences of metal and
As levels on oxidative stress responses among species, tissues,
habitats, as well as taxonomic and trophic levels. The inter-
specific variation among metals and As and subsequent impli-
cations on antioxidant defense were analyzed with ANOVA
(Tables 2, 3, and 4) and subsequent Tukey HSD test. The
levels of heavy metals and As as well as the activities of
oxidative stress biomarkers generally differ significantly (<
0.05) for the tested variables such as species, tissues, habitat,
and trophic and taxonomic affiliations. Hence, the results
showed a strong influence of these aforementioned variables
in the overall metal and metalloid burden in birds.

Species-specific variations

In the present study, concentrations ofmetals and As aswell as
activities/level of oxidative stress biomarkers differ signifi-
cantly (p < 0.05) except TBARS levels in blood of different
species (Table 2). Our findings of interspecies differences are
in accordance to previous findings (Abbasi et al. 2015a, b;
Kim and Koo 2007; Dauwe et al. 2005). In general, we found
spotted owlet as most contaminated species with relatively
higher accumulation of metal(loid)s in different tissues
followed by cattle egret, pond heron, and bank myna
(Table 2). This differential accumulation of metal(loid)s could
be partially attributed to the dietary habit of the species
(Aloupi et al. 2017; Sinka-Karimi et al. 2015; Abigail et al.
2013). Spotted owlet being specific carnivorous accumulate
higher concentration of metal(oid)s. The diet of cattle egret
and gray heron mainly comprised of small fishes and inverte-
brates hence reflect similar levels of metal(loid) accumulation
in their tissues. On the other hand, bank myna feeds mainly on
fruits such as berries as well as small insect hence accumulate
least concentrations of metal(loid)s. Further, this differential
accumulation of species could be attributed to the differences
in levels of pollution from where these species are collected.
Besides these, there are several confounding factors such as
age, gender, and reproductive status which may influence the
bioaccumulation of metal(loid)s in birds (Espín et al. 2014a,
b). Overall, species differences for metal- and As-induced
oxidative stress were in the sequence of bank myna > cattle
egret > spotted owlet > pond heron (Table 2; S.I. Fig. 1). This

trend of metal- and As-induced oxidative stress biomarkers
can be explained by several confounding variables such as
age, gender, trophic level, habitat differences, metabolic rates,
storage, and excretion of contaminants, species-specific resis-
tance to metal(loid)s, basal antioxidant capacity, exposure,
dietary habits, molting period, variation in nutritional needs
during breeding, life span, migration of different bird species,
as well as variable environmental conditions (Aloupi et al.
2017; Sinka-Karimi et al. 2015). Hence, we think that several
confounding variables may synergistically influence the level
of metal(loid)s and corresponding oxidative stress responses
in different species of birds.

Tissue-specific variations

The metal and As distribution in internal tissues of birds is
regulated by their uptake, storage, and excretion mechanism
(Aloupi et al. 2017). The organotropism of metals and As can
be determined by the level of exposure, speciation of each
element, reactions with other toxins, and inherent physiolog-
ical mechanism of the species (Aloupi et al. 2017; Gochfeld
and Burger 1987). In general, we found a trend of metal(loid)
accumulation as liver > kidney > blood (Table 3; Fig. S.I. 2).
High levels of metal accumulation in liver is well established
in the literature which is because of major role of liver in the
detoxification as well as storage of metals (Lucia et al. 2010).
The metallothioneins (MTs) of liver play an important part in
this as they are known to strongly bind metallic bivalent cat-
ions (Pb2+, Cd2+, Zn2+, Cu2+, etc.) hence to regulate the ho-
meostasis, storage, and detoxification of non-essential and
regulation of additional essential metals (Nam et al. 2005).
Comparison between tissues for metals and As and oxidative
stress biomarkers (TBARS, CAT, GSH, SOD) reflected a sig-
nificant (p < 0.001) difference among tissues except for
TBARS and tGSH in spotted owlet (Table 3). Relatively
higher levels of Pb, Cd, and As were found in kidneys of birds
while essential elements (Zn and Cu) were higher in liver of
birds (Fig. S.I. 2). Activities of SODwere higher in kidneys of
bank myna. While CAT activities were higher in liver of pond
heron, and lipid peroxidation damage was highest in kidneys
of cattle egret. The tGSH activities were higher in cattle egret
liver followed by spotted owlet kidneys. High tGSH activities
in liver is attributed to the fact that liver is the main site for
synthesis of GSH and is also responsible for detoxification of
xenobiotic hence high rate of antioxidant levels is derived in
the liver (Dauwe et al. 2005). On the other hand, blood reflects
lowest concentrations of all the metals and As as well as ox-
idative stress biomarkers (Abbasi et al. 2017). Blood reflects
dietary exposure which was found relatively lower in this
study. Our results suggest that tissues involved in storage,
transportation, and excretion of elements such as liver and
kidney are under a high risk to oxidative damage in birds.
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Habitat-specific variations

Bioaccumulation of metals and As varied between aquatic and
terrestrial habitat because of different pathways in both the
ecosystems. In this study, concentrations of all the metals
and As differ significantly (p < 0.05) between aquatic and ter-
restrial species except Pb and Zn (Table 4). Similarly, the
activities of SOD, CAT, and tGSH and level of TBARS also
differ significantly (p < 0.05) between aquatic and terrestrial
habitats (Table 4). The Zn is an essential element regulated by
birds effectively even in case of high exposure. The mute
swans (Cygnus olor) has been found to accumulate three times
the concentration of hepatic Zn as compared with tundra
swans (Cygnus columbianus) when fed with the same diet
(Day et al. 2003). Hence, it is established that not only the
exposure level but also the detoxification and excretion mech-
anism of species may induce changes in different habitats.
Interestingly, we have found that concentrations of Cu, As,
and Cd were fairly higher in aquatic species whereas Pb and
Zn were slightly higher in terrestrial species. The elevated
concentration of As in aquatic species is attributed to the

established groundwater contamination of As from geogenic
sources of the study area (Ali and Khan 2018). On the other
hand, Pb and Cd are mainly discharged through industrial
effluent, deposited in sediment, and become bioavailable for
species which subsequently reaches higher trophic levels
through food chain (Abbasi et al. 2015b; Lucia et al. 2010).
Similarly, other metals such as Zn and Cu are also originated
through anthropogenic as well as natural sources and reaches
higher trophic level through dietary intake (Ali and Khan
2018; Wen et al. 2016; Franson et al. 2012). From the above
discussion, it is clear that metals and As are readily available
in aquatic habitat and pose more health risk when compared
with terrestrial habitat. However, it largely depends upon the
nature of pollutant, soil, sediment, water, and certain metro-
logical factor which are responsible for transfer of pollutant
from their sources of release to the aquatic habitat (Kim and
Oh 2013). We concluded that differences of metals and As
between terrestrial and aquatic habitat is mainly attributed to
the magnitude of discharge from sources, pathways taken to
reach living organisms, nature, and bioavailability of the pol-
lutant in the environment. Further, aquatic species are more

Table 4 Measured differences of metals As (μg g−1 ww) and different oxidative stress biomarkers between habitat and families/trophic level of birds
through ANOVA (test of significance)

Metal(loid)s and
oxidative stress
biomarkers

Test for
significance

Mean concentrations and significant levels (alphabets) among/between groups (Tukey HSD)

df F p Habitat Families/trophic level

Terrestrial (22) Aquatic (20) Strunidae/grainivorous (16) Strigidae/Carnivorous (6) Ardeidae/Piscivorous (20)

Pb 1 0.154 0.69 9.5 A 9.1 A

Cd 1 9.15 < 0.00 0.49 A 0.75 B

Zn 1 0.01 < 0.92 103 A 101 B

Cu 1 23.64 < 0.00 3.3 A 9.09 B

As 1 30.51 < 0.00 5.3 A 8.06 B

SOD 1 7.41 < 0.01 85.4 A 77.8 B

CAT 1 9.48 < 0.00 1.99 A 3.27 B

TBARS 1 10.78 < 0.00 0.02 A 0.03 B

tGSH 1 3.72 < 0.00 7.91 A 9.8 B

Pb 2 1.3 0.27 8.91 A 11.3 A 9.1 A

Cd 2 10.76 < 0.00 0.38 A 0.81 B 0.75 B

Zn 2 0.45 0.68 95.1 A 114 A 101 A

Cu 2 12.02 < 0.00 2.96 A 4.29 A 9.09 AB

As 2 15.31 < 0.00 5.45 A 5.03 A 8.06 AB

SOD 2 11.41 < 0.00 89.69 A 73.2 A 77.8 AB

CAT 2 5.94 < 0.00 1.74 A 3.7 B 3.27 A

TBARS 2 5.37 < 0.00 0.019 A 0.038 A 0.03 AB

tGSH 2 4.49 < 0.01 6.99 A 10.56 B 9.87 B

Results of multiple comparisons (Tukey test) are explained through alphabets (difference in any two variables with shared alphabet is non-significant)

SOD, superoxide dismutase (U g−1 ),CAT, catalase (μmol min−1 mg protein−1 ); TBARS, thiobarbituric acid-reactive substances (μmol g−1 ); tGSH, total
glutathione (μmol g−1 )
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prone to bioaccumulate metals and As in their tissues which
may cause some oxidative damage in birds inhabiting aquatic
environment.

Taxonomic and trophic level-based variations

It is established that the level of contaminants and bio-
marker activities in birds are strongly influenced by factors
such as trophic level and taxonomic affiliation (Abbasi
et al. 2015a, b, 2017). To evaluate the potential effects of
diet type on metal levels, the examined birds were divided
into three groups viz. carnivorous, piscivorous, and omniv-
orous (Karmiris et al. 2010) and three families. Cattle egret
and pond heron are categorized as piscivorous feeding on
frogs, insects, tadpoles, and mice (Abigail et al. 2013) be-
long to Ardiedae family. Bank myna was categorized as
grainivorous feeding on grains, insects, fruits, and crop
pest (Bose and Das 2012) and represent the Strunidae fam-
ily (Gopi and Pandav 2007). Spotted owlet was classified
as carnivorous feeding on lizard, moths, carcasses of birds,
etc. (Jadhav and Parasharya 2003) and belongs to the
Strigidae family. Interestingly, all three families of birds
considered for this study exhibits different feeding habits
hence categorized under different trophic level. In this
study, all the metal(loid)s except Pb nd Zn differed signif-
icantly (p < 0.05) among three families/trophic levels
(Table 4). In fact, ingestion through diet is the major route
of metal intake in birds which is responsible for differential
accumulation of metals and As in different trophic levels
(Abbasi et al. 2015b). Species having different dietary
habits and flexibilities bioaccumulate metals and As differ-
ently in their tissues which may trigger oxidative stress.
Although metals and As cannot be biomagnified as persis-
tent organic pollutants, however, the increasing bioaccu-
mulation trend through the food chain is observed which
could majorly be explained through relatively greater die-
tary intake of the species residing high at the trophic level
(Pérez-López et al. 2008). Further, the levels of metals and
As also depend on the intake, distribution, storage, detox-
ification, and excretion mechanism exhibited by the spe-
cies (Zolfaghari et al. 2009). Besides these, differences in
bioaccumulation of metals and As as well as those of ox-
idative stress biomarkers could be attributed to the differ-
ences defense mechanism of each species controlled
through inherited genetic makeup (Abbasi et al. 2015a;
Zolfaghari et al. 2009). Species may respond differently
under stress conditions because of different genetic and
exposure history. Hence, it is concluded that trophic level
and taxonomic affiliation of species are among the most
important variables in determining the levels of metals and
As in birds and subsequent possible oxidative stress
responses.

Conclusion

Metals and As are found in elevated concentrations in tissues
of birds which reflect still the use of these contaminants in
developing parts of the world. In general, aquatic species
showed more affinity for metal and As accumulation in their
tissues consequently increased oxidative damage when com-
pared with terrestrial species. Among tissues, the liver and
kidney were found as major recipients of metal(loid) burden
because of their physiological role in the body. Activities of
SOD and CAT were found to be sensitive in terrestrial envi-
ronment so is the tGSH and TBARS in aquatic environment.
Variables such as species, tissues, habitat, and taxonomic and
trophic levels significantly influence the concentration levels
of metals and As and corresponding oxidative stress re-
sponses. However, consideration of variables such as age,
gender, and reproductive status of birds from wider geograph-
ical scale would best predict the results. In the future, dose-
response-based studies are recommended to evaluate the
threshold level of metals and As in tissues which can trigger
oxidative stress in birds.
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