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Abstract: Microplastic pollution has become a global concern, with potential negative impacts on
various ecosystems and wildlife species. Among these species, ducks (Anas platyrhynchos) are particu-
larly vulnerable due to their feeding habits and proximity to aquatic environments contaminated
with microplastics. The current study was designed to monitor microplastic (MP) pollutants in the
freshwater ecosystem of the Panjkora River, Lower Dir, Pakistan. A total of twenty (20) duck samples
were brought up for four months and 13 days on the banks of the river, with no food intake outside the
river. When they reached an average weight of 2.41 ± 0.53 kg, all samples were sacrificed, dissected,
and transported in an ice box to the laboratory for further analysis. After sample preparation, such as
digestion with 10% potassium hydroxide (KOH), density separation, filtration, and identification,
the MP content was counted. A total of 2033 MP particles were recovered from 20 ducks with a
mean value of 44.6 ± 15.8 MPs/crop and 57.05 ± 18.7 MPs/gizzard. MPs detected in surface water
were 31.2 ± 15.5 MPs/L. The major shape types of MPs recovered were fragments in crop (67%)
and gizzard (58%) samples and fibers in surface water (56%). Other types of particles recovered
were fibers, sheets, and foams. The majority of these detected MP particles were in the size range
of 300–500 µm (63%) in crops, and 50–150 µm (55%) in gizzards, while in water samples the most
detected particles were in the range of 150–300 µm (61%). Chemical characterization by FTIR found
six types of polymers. Low-density polyethylene (LDPE) had the greatest polymer detection rate
(39.2%), followed by polyvinyl chloride (PVC) (28.3%), high-density polyethylene (HDPE) (22.7%),
polystyrene (6.6%), co-polymerized polypropylene (2.5%), and polypropylene homopolymer (0.7%).
This study investigated the presence of microplastics in the crops and gizzards of ducks, as well as in
river surface water. The results revealed the significant and pervasive occurrence of microplastics in
both the avian digestive systems and the surrounding water environment. These findings highlight
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the potential threat of microplastic pollution to wildlife and ecosystems, emphasizing the need for
further research and effective mitigation strategies to address this pressing environmental concern.

Keywords: microplastic pollution; freshwater; aquatic birds; Panjkora River; Pakistan

1. Introduction

Over the past few decades, the ubiquity and persistence of microplastic pollution
have become a growing concern worldwide [1,2]. Global plastic production has increased
the threat to society by contaminating the environment [3]. Particularly in aquatic envi-
ronments, microplastics are contributing to excessive water pollution, and the ingestion
of these particles is suspected to be harmful to organisms [1,3]. Microplastics, defined as
particles smaller than 5 mm in size, have emerged as a significant environmental threat
due to their abundance and potential to accumulate in various ecosystems [4,5]. Microplas-
tics can enter freshwater environments in several ways, mostly via float-up garbage and
waste material, but also through shared drain overflows, and degraded plastic debris from
industrial effluent [6]. The issue of microplastic pollution gets worse as plastic particles
break down into smaller particles as a result of various physical, chemical, and environ-
mental factors [2–4]. Based on the sources, microplastics are divided into primary and
secondary categories [3,7]. Small pieces of plastic called primary microplastics can enter
the environment directly or indirectly through an overspill. Spills, sewage, and domes-
tic and industrial effluent are examples of direct emissions of primary microplastics [8].
Secondary microplastics are formed from larger plastic items present in the environment
when these larger plastic items disintegrate into smaller particles due to different physical,
chemical, and environmental factors [6,9]. The amount of microplastic pollution is growing
every day, increasing the risk of ecosystem exposure, and it is estimated that eight million
tons of polyethylene bags leak into our aquatic ecosystem every year [6]. If plastics are
produced and managed at the current rate, 12 billion tons of plastic waste will be discarded
in landfills or the natural environment by 2050 [10]. Once in the environment, abiotic
and biotic processes involving chemical, physical, and biological reactions can lead to the
degradation of plastic waste at a very slow rate, generating numerous smaller plastics—and
plastic manufacturing is expected to double [10]. Because of this increased risk of particle
interaction with organisms, ingestion, adsorption, physical entanglement, and dangerous
impacts across food webs, microplastics have the potential to have a wide range of effects
on biota [3,11,12].

Plastic waste and debris have caused substantial environmental pollution globally in
recent decades, and they have accumulated in hundreds of terrestrial and aquatic avian
species. Birds are susceptible and vulnerable to external environments; therefore, they could
be used to estimate the negative effects of environmental pollution [6,11]. Aquatic birds are
especially susceptible to the negative impacts of microplastics because of their dependence
on marine and freshwater ecosystems [6,13]. They perform important ecological roles as
markers of environmental health and biodiversity since they are a diversified collection of
avian species that live in coastal and inland environments [14]. The uptake of microplastics
by aquatic birds is a sign of the intricate relationships that exist between avian species
and their surroundings. These minute synthetic polymer pieces, which come from plastic
bottles, fishing nets, and microbeads, are small enough to be mistaken for food [15]. Birds
unintentionally swallow these particles with their prey or directly from contaminated water
as they hunt in water bodies teeming with microplastics. As a result, microplastics may
build up inside the bodies of the birds, which may have a variety of negative physiological,
behavioral, and ecological effects [3,13,14].

Numerous studies have shown that microplastics (MPs) are ingested by aquatic,
terrestrial, and avian species and retained in different sections of the gastrointestinal
tract [10,16,17]. Ingestion and retention can be linked to a variety of physical, physiological,



Toxics 2023, 11, 972 3 of 14

neural, and hormonal issues, chiefly a reduction in the area of the intestine that is used to
absorb nutrients, inhibition of gastric and pancreatic enzymatic activity, decreased steroid
hormones, delayed ovulation, cytotoxicity, lipid oxidative damage in gills and muscle,
and neurotoxicity through lipid oxidative damage [3,5,10,11,13]. Microplastics can act
as carriers for toxic chemicals, and contain many organic and inorganic contaminants,
including heavy metal polychlorinated biphenyl (PCB) pollutants, the hazardous impacts
of which are important to consider because these MPs further increase the likelihood of
toxicity [5,7,11,18]. MPs absorb and excrete heavy metals within living organisms, for
instance in the digestive tract, where desorption is facilitated by a low-pH environment [3].
The ingestion of microplastics by aquatic birds is a prevalent concern due to their feeding
habits and the high abundance of microplastics in their foraging environments [14]. In
wildlife, there are increasing reports of the ingestion of plastics across a wide range of taxa,
including birds, with detrimental effects on health [7,10]. These effects include physical
impairments such as intestinal blockage, ulcers, and perforation of the gut, and fake satiety
as well as toxicological effects such as reproductive disorders, activation of inflamma-
tory responses, and immunodeficiency, which might lead to increased mortality [4,10]. A
study by Neves [19] found that 50% of ingested prey items in northern gannets (Morus
bassanus) from the North Sea contained microplastics. Similarly, a study by Provencher [20]
reported the presence of microplastics in the gastrointestinal tracts of multiple species
of seabirds, including northern fulmars (Fulmarus glacialis) and black-legged kittiwakes
(Rissa tridactyla). Microplastics can have detrimental physiological effects on aquatic birds,
primarily through mechanical obstruction, inflammation, and chemical toxicity. A study
by Ziccardi [21] demonstrated that ingestion of microplastics resulted in gut obstruction,
reduced feeding efficiency, and altered nutrient absorption in common murres (Uria aalge).
Additionally, Rummel [22] found that microplastics induce oxidative stress, inflamma-
tion, and tissue damage in several seabird species, including great shearwaters (Ardenna
gravis) and Cory’s shearwaters (Calonectris diomedea). A study by Bour [23] observed that
microplastics in greater scaup (Aythya marila) contained higher concentrations of persistent
organic pollutants compared to the surrounding sediments, indicating their potential to
transfer chemicals to higher trophic levels. The ingestion of microplastics has been linked
to immunotoxic effects in aquatic birds. Bond [24] found that exposure to microplastics
resulted in suppressed immune responses in European herring gulls (Larus argentatus). Ad-
ditionally, it caused endocrine disruption, fertility impairments, and reduced reproductive
success in European starlings (Sturnus vulgaris).

Recently, studies have been published across the globe to report and highlight the
MPs issue in birds, especially in aquatic ecosystems [6,11,13,14,25–27]. However, there has
been no such attempt from Pakistan to highlight this concerning issue. Understanding
the severity of the impact of microplastic pollution on aquatic birds necessitates a compre-
hensive assessment of their ecological significance. The present study aims to contribute
to the growing body of knowledge regarding microplastic pollution in aquatic birds. By
addressing the sources, effects, and implications of microplastics on avian health and their
ecosystems, we hope to shed light on this emerging environmental issue and stimulate
further research towards effective conservation strategies.

2. Material and Methods
2.1. Duckling Rearing and Sacrifice

A total of twenty (20) duckling (Anas platyrhynchos) samples were hatched and brought
up for four months and 13 days on the banks of Panjkora River (34.768449, 71.792282),
Lower Dir, KP, Pakistan. The total food intake of the ducklings was from the river. When
they reached an average weight of 2.41 ± 0.53 kg, all samples were sacrificed and dissected,
having had no food intake outside the river, and the crops and gizzards were transferred
to beakers, labeled, and stored in the freezer for further analysis (Figure 1). Surface water
samples were collected with a 1 L glass jar. The lid was removed, and then the glass jar
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was dipped into the water and samples were taken just one inch below the surface. When
the jar was filled, it was recapped and stored in an ice box [7].

Toxics 2023, 11, x FOR PEER REVIEW 4 of 14 
 

 

71.792282), Lower Dir, KP, Pakistan. The total food intake of the ducklings was from the 
river. When they reached an average weight of 2.41 ± 0.53 kg, all samples were sacrificed 
and dissected, having had no food intake outside the river, and the crops and gizzards 
were transferred to beakers, labeled, and stored in the freezer for further analysis (Figure 
1). Surface water samples were collected with a 1 L glass jar. The lid was removed, and 
then the glass jar was dipped into the water and samples were taken just one inch below 
the surface. When the jar was filled, it was recapped and stored in an ice box [7]. 

 
Figure 1. Dissection of duck: (a) Open gizzard with semi-digested content. (b) Closed crop and giz-
zard. (c) Open crop with ingested content (d). 

Sample Preparation (Digestion, Density Separation, and Filtration) 
Potassium hydroxide 10% (KOH) was added to a beaker containing crop and gizzard 

at a ratio of 5:1 to digest the sample. Then, it was stored in a water bath for 36 h at 55 °C. 
KOH was suggested for digestion since it is believed to have little effect on the decompo-
sition of microplastics during the digestive process [3]. Density separation was used to 
separate the microplastic components. Sodium chloride (3:1 v/v) was added after diges-
tion, and the mixture was agitated for 20 min before settling for 24 h [12]. After a 24 h 
period of settlement, the sample’s supernatant layer was removed, and three distinct sizes 
of fractions were obtained by passing each through sieves with varying pore sizes (500 
µm, 300 µm, 150 µm, and 50 µm). Each fraction was then filtered using filter paper in a 
filtering assembly. After filtration, the filter assembly cup’s walls were cleaned twice, and 
the solid-containing filter paper was left in a Petri dish to dry for a day before being ready 
for detection [3,12]. The same procedure was followed for water samples except that in 
the digestion step, Fenton’s reagent, an acidic solution of ferrous sulfate, and hydrogen 
peroxide (35%) were added to 200 mL of the sample, respectively, to digest any organic 
compounds that might have been present. 

  

Figure 1. Dissection of duck: (a) Open gizzard with semi-digested content. (b) Closed crop and
gizzard. (c) Open crop with ingested content (d).

Sample Preparation (Digestion, Density Separation, and Filtration)

Potassium hydroxide 10% (KOH) was added to a beaker containing crop and gizzard
at a ratio of 5:1 to digest the sample. Then, it was stored in a water bath for 36 h at
55 ◦C. KOH was suggested for digestion since it is believed to have little effect on the
decomposition of microplastics during the digestive process [3]. Density separation was
used to separate the microplastic components. Sodium chloride (3:1 v/v) was added after
digestion, and the mixture was agitated for 20 min before settling for 24 h [12]. After a
24 h period of settlement, the sample’s supernatant layer was removed, and three distinct
sizes of fractions were obtained by passing each through sieves with varying pore sizes
(500 µm, 300 µm, 150 µm, and 50 µm). Each fraction was then filtered using filter paper
in a filtering assembly. After filtration, the filter assembly cup’s walls were cleaned twice,
and the solid-containing filter paper was left in a Petri dish to dry for a day before being
ready for detection [3,12]. The same procedure was followed for water samples except that
in the digestion step, Fenton’s reagent, an acidic solution of ferrous sulfate, and hydrogen
peroxide (35%) were added to 200 mL of the sample, respectively, to digest any organic
compounds that might have been present.

2.2. Microplastics Observation, Identification, and Quantification

A light binocular microscope (at 16 × 4 and 16 × 10 magnification, Labomed, model:
CXL-110446002, 9135002, New York, NY, USA) was used for observation and inspections of
dried filter papers containing particles. All particles of MPs were counted manually under
microscopic observation. Images of the discovered particles were taken using a 1600×
USB 8 LEDs electronic digital microscope camera and a Zeiss stereomicroscope Stemi 508
microscope at 2.5 magnification. In the current study, we did not measure any particles
smaller than 50 µm. To identify categories, physical attributes including size, geometry, and
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color were taken into account. The polymer spectrum library of Omnic Spectra (Version 7.3,
Thermo Fisher Scientific Inc., Waltham, MA, USA) software was used to perform polymer
identification FTIR spectroscopy (IRTracer-100, Shimadzu, Columbia, MD, USA).

2.3. Background Contamination Control and Limitations of The Study

To keep samples from being contaminated by air, every safety precaution was taken.
When not in use, all laboratory tools, including glassware and chemicals, were covered
with aluminum foil. To prevent environmental contamination, distilled water, reagents, and
other materials were filtered and covered in aluminum foil. To determine the suspended
load of MPs from the environment, a few filter papers were scattered throughout the lab
for 72 h in various locations. These filter sheets were then viewed with a stereomicroscope.
Six of these filter sheets were evaluated and preserved as a control for the analysis. Any
particle less than 50 µm was not considered in this study due to the non-availability of
equipment for fine detection.

3. Results and Discussion

A total of 2033 MP particles were recovered from 20 duck samples combined from
crops and gizzards, where 892 MP particles were recovered from 20 crop samples of ducks
with a mean value of 44.6 ± 15.8 MPs/crop, and 1141 MPs from gizzard samples with a
mean value of 57.05 ± 18.7 MPs/gizzard. Meanwhile, a total of 625 MP particles were
detected from 20 samples of surface water of the river in which these ducks were reared. The
mean of MPs detected in surface water was 31.2 ± 15.5 MPs/L (Figures 2 and 3). A weak
correlation was seen to exist between the concentration of MPs in river water and the crop
of a duck (r = 0.24), while a very weak correlation was observed between the concentration
of MPs in river water and gizzards (r = 0.058) (Table 1). The possible potential reason for
the weak correlation may be the loss of MP particles from crops and gizzards through the
gastrointestinal canal in feces. Various studies across the globe have highlighted the MPs
issue in aquatic birds; for example, Susanti et al. [28] collected 25 duck samples for the
assessment of MPs. They found 27 to 41 MPs/individual in the gastrointestinal tracts of
the ducks. Another study, by Bustamante [29], assessed and found MPs in the gizzards
of Virginia waterfowl. In his study, the author assessed some species such as mallard
(Anas platyrhynchos), long-tailed duck (Clangula hyemalis), goldeneye duck (Bucephala
clangula), Canada goose (Branta canadensis), and ringneck duck (Aythya collaris). He
recovered MP particles from 53.6% of the gizzards of waterfowls. The abundance range he
found was 0 to 1.75 MPs/gram of gizzard material. Faure et al. [30] evaluated and carried
out sampling in Lake Geneva, gathering samples from the following species: Cygnus olor
(Gmelin, 1789), Anas platyrhynchos (L., 1758), and Ardea cinerea (Linnaeus, 1758); MPs
were found in the gastrointestinal (GI) tracts of eight of the nine birds. When further
Cinclus cinclus (Linnaeus, 1758) specimens were taken, regurgitates and fecal samples
were used to determine the prevalence of MPs, which was discovered to be 50% and 45%,
respectively [31]. A broader study investigated the MP ingestion in 350 samples from
17 species, including a marine one. It revealed an anthropogenic debris ingestion rate of
11.1%. According to an extrapolation of the findings limited to plastic, 9.7% of freshwater
species include MPs [32]. In addition to research on adult birds, Laurentian Great Lakes’
Phalacrocorax auritus (Lesson, 1831) chicks were dissected. According to Brookson et al. [33],
the majority of MP fibers were found in the gastrointestinal (GI) tracts of over 86% of the
chicks. Numerous studies have examined how marine debris is consumed by seabirds [34]
and microplastics, which are essentially pellets and user fragments, have been isolated from
cadavers, regurgitated samples, and feces of birds used in the studies [35–38]. Seabirds
may be able to regurgitate microplastics from their digestive tracts after consumption [39].
On the other hand, this implies that parents might expose their chicks to plastic while
feeding them. This is corroborated by Kühn and van Franeker’s [40] discovery that juvenile
intestines contain more plastic than adult ones. This may suggest that the majority of bird
microplastic contamination occurs between generations and that the act of regurgitation
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may cause the degradation of microplastics into even smaller particles. The majority of the
birds investigated did not pass away as a direct result of ingesting microplastic, hence it
may be deduced that seabirds are not as seriously harmed by microplastic ingestion as they
are by macroplastic ingestion [41]. There is currently no evidence that microplastics can
cross the intestine barrier, enter the bloodstream, or accumulate in various organs because
the majority of studies on microplastics in seabirds only examined microplastics in the
digestive tract and feces [42]. No research has shown nanometer-sized microplastics in the
excrement or intestines of seabirds as of yet. (Table 2).
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Table 1. Correlation between MP concentration in river water and the crops and gizzards of the
ducks.

Correlations

Crops Gizzards Water

Water

Pearson
Correlation 0.242 0.058 1

Sig. 0.303 0.809

N 20 20 20

3.1. Shapes of Detected MPs

The most common shape types of MPs recovered were fragments in crop and gizzard
samples and fibers in surface water. Of the total MPs detected in crops, 67% were fragments,
while the other types of particles recovered from crops were fibers, sheets, and foams, with
percentages of 23%, 8%, and 2%, respectively. Fragments were also the dominant type of
MPs in gizzards as 58% of the detected MPs were fragments in gizzards. Other types of MPs
found in gizzard samples were sheets (21%), fibers (18%), and foams (3%). Surprisingly,
the dominant types of MPs detected in water samples were fibers with an abundance
percentage of 56%. Fragments were the second most abundant type of particle in water
samples, at 31%, while sheets and foams were 12% and 1%, respectively (Figures 3 and 4,
Table 2). The majority of microplastic particles detected in avian gizzards and crops are
fragments. For example, Collard [43] observed that 72.9% of the particles were fragments.
Tokunaga [44] identified fragments as the predominant kind of microplastics in their
investigation of wild birds in Japan. Zhao [45] found that fragments were a crucial sort
of particle shape for the retrieved microplastics. In their research, 54.9% of MPs were
fragments, while 37.4% were fibers. Unlike the current study, Deoniziak [46] indicated that
fragments made up only 10% of the total particles and that fibers were predominant (84%)
among the particles. Less mobility in the GIT tract and difficulty excreting through feces
may be contributing factors to the preponderance of fragment-type particles in crops and
gizzards. Another scenario is that the plastic pieces fool the birds into thinking they are
food, and they eat them selectively (Table 2).
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3.2. Sizes of Detected MPs

In terms of size range, 63% of these detected MP particles were in the size range of
500–300 µm in crops, while the abundances of other size ranges of detected particles in
crops were 27% (150–300 µm) and 10% (50–150 µm). Unlike in crops, the dominant size
range of detected MPs in gizzards was 150–50 µm, at 55%. The abundance percentages of
other size ranges in gizzards were 34% (300–500 µm) and 11% (150–300 µm). Meanwhile,
in water samples, the most detected particles were in the range of 150–300 µm (61%). Other
size ranges such as 300–500 µm and 50–150 µm were 15% and 24%, respectively (Figure 5
and Table 2). Various investigations conducted around the world have shown high concen-
trations of comparably bigger particles. Bessa et al. [47] retrieved 19 microplastic particles
from the scat of penguins where the majority of the discovered particles were greater than
500 µm, and the mean size of the particles was 1266 ± 1378 µm. Liu [48] reported the
presence of microplastics, with the majority of the particles being in the 500–1000 µm size
range. Particles from the gastrointestinal (GI) tracts of birds were collected by Zhu [49]
and included 92.9% of particles smaller than 5 mm, and more than 90% in a study by
Zhao [45], while Deoniziak [46] gathered bird GIT particles that were smaller than 1000 µm.
The majority (68.7%) of little-black cormorants’ (Phalacrocorax sulcirostris) GIT-extracted
particles were in the 100–1000 µm size range [50]. The fact that larger particles are less
mobile in the GIT tract and consequently get stuck in different regions of the GIT, such as
the stomach and gizzards, may be the cause of the significantly larger particle presence.
The smaller particles, however, tend to pass through feces and are more easily moved by
the GIT (Table 2).
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3.3. Detected Polymer Types of MPs

It was feasible to establish the chemical composition of the type of polymer by em-
ploying FTIR spectroscopy [51]. The absorbance peaks were noted after measuring the
MP particles with an ATR sensor. The peak similarity index was additionally employed
to evaluate the particle composition by contrasting recorded and reference peaks. Low-
density polyethylene (LDPE), polyvinyl chloride (PVC), high-density polyethylene (HDPE),
polystyrene (PS), co-polymer polypropylene (COPP), and polypropylene homopolymer
(PPH) were the six types of polymers found. Low-density polyethylene (LDPE) had the
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greatest detection rate (39.2%), followed by polyvinyl chloride (PVC) (28.3%), high-density
polyethylene (HDPE) (22.7%), polystyrene (6.6%), co-polymerized polypropylene (2.5%),
and polypropylene homopolymer (0.7%) (Figure 6 and Table 2). While several studies have
shown various polymer types, there was considerable global overlap in the polymer types
found in microplastic particles. The majority of the microplastic particles, according to Col-
lard [52], were of the polypropylene, polystyrene, and polyethylene variety. Polyethylene
was identified as the most prevalent form of polymer. In a different study, polyethylene
terephthalate (16%), ethylene-co-polypropylene (11%), and cellulose were shown to be
more prevalent than the previous two types of polymers, making up 37% of the total
particles [26]. In their research, Bessa et al. [47] discovered several polymers, including
polypropylene, polyethylene, polyacrylonitrile, and polyacrylate. Other studies [51] have
also referred to these polymers as being among the primary types of MPs. The majority of
packaging employs LDPE and HDPE polymers, including foils, milk, shampoo, oil, and
soap bottles, domestic items like trays, plates, and cups, cables, and PVC in electrical and
electronic equipment, tour tents, and water pipes [9]. Packaging for a variety of items, such
as structural tanks, battery covers, and pump components, has been made with PPH [53].
All of these plastic items, when thrown into or close to water bodies, shatter into small
pieces and finally lead to the production of MPs with different polymer natures. In the
current study, the major fraction of the load of these polymer types of MPs comes from
wastewater discharge into the river from the local market containing factories of plastic
pipes, spices, plastic shoes, etc., and also tourists frequently leaving behind disposable
plates, glasses, water bottles, food wrappers, and other items near and in the river. It
was concluded as a result that the identified polymers in this study were related to their
potential application in the region under study (Table 2).
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Table 2. Comparison of the present study with worldwide reports.

Particles Region Detected Particles Reference

Pakistan MPs found with a mean of 44.6 ± 15.8 MPs/crop and
57.05 ± 18.7 MPs/gizzard of duck Present Study

Pakistan Extracted 33.25 ± 17.8 MPs/gizzard,
17.8 ±12.1 MPs/crop of bird [12]

Indonesia Found 27 to 41 MPs/duck [28]

Virginia, USA Found 0 to 1.75 MPs/gram of gizzard of Virginia fowl [29]

Zurich and Brienz,
Switzerland MPs were present in eight of the nine birds [30]

South Wales, UK MPs were found in 50% of regurgitates (n = 72) of Eurasian
dipper (Cinclus cinclus) [31]

Canada MPs found in 9.7% of freshwater species [32]

North America MP fibers were found in the GI tracts of over 86% of the chicks
of diving birds [33]

Norway 15–106 MPs from northern fulmar (Fulmarus glacialis) [37]

Antarctic regions (Bird Island,
South Georgia and Signy

Island, South Orkney Islands)
Retrieved 19 microplastic particles from the scat of penguins [47]

Size Region Dominant size range detected Reference

Pakistan
The majority (63%) of the detected MP particles were in the size
range of 500–300 µm in crops; the dominant (55%) size range of

detected MPs in gizzard was 150–50 µm
Present Study

Pakistan 300–500 µm [12]

China More than 90% of particles were smaller than 5 mm [45]

Particles from bird GIT were smaller than 1000 µm [46]

Antarctic regions (Bird Island,
South Georgia and Signy

Island, South Orkney Islands)

The majority of the discovered particles from the scat of
penguins were greater than 500 µm [47]

China The majority of the particles were in the 500–1000 µm size range [48]

China Of the total particles from the GIT of the birds collected, 92.9%
were particles smaller than 5 mm [49]

Indonesia
The majority (68.7%) of the little-black cormorant’s

(Phalacrocorax sulcirostris) GIT-extracted particles were in the
100–1000 µm size range

[50]

Shape Region Dominant shape type detected Reference

Pakistan 67% of total detected MPs from crops were fragments while
58% of detected MPs were fragments in gizzards Present Study

Pakistan Fragments (64%) in gizzards
Fragments (53%) in crops [12]

The majority (72.9%) of microplastic particles detected in avian
gizzards and crops were fragments. [43]

Japan Fragments as the predominant kind of microplastics detected in
their investigation of wild birds in Japan [44]

China In this study, 54.9% were fragments, while 37.4% were fibers. [45]

Poland
Fragments made up only 10% of the total particles and fiber was
predominant (84%) among the particles in common blackbirds

(Turdus merula) and song thrushes (Turdus philomelos).
[46]
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Table 2. Cont.

Particles Region Detected Particles Reference

Polymer Region Polymer types detected Reference

Low-density polyethylene (LDPE) had the greatest polymer
detection rate (39.2%), followed by polyvinyl chloride (PVC)

(28.3%), and high-density polyethylene (HDPE) (22.7%); 6.6% of
the material was polystyrene, 2.5% was co-polymerized

polypropylene, and 0.7% was polypropylene Homopolymer

Present study

Pakistan
(PVC) with 51.2%, low-density polyethylene (LDPE) (30.7%),
polystyrene (PS) (13.6%), polypropylene homopolymer (PPH)

(4.5%)
[12]

Central Florida, USA

Polyethylene terephthalate (16%), ethylene-co-polypropylene
(11%), and cellulose were shown to be more prevalent than the

previous two types of polymers, making up 37% of the total
particles

[26]

Antarctic regions (Bird Island,
South Georgia and Signy

Island, South Orkney Islands)

Discovered several polymers, including polypropylene,
polyethylene, polyacrylonitrile, and polyacrylate [47]

China Polyethylene terephthalate (51%), epoxy resin (19%),
polyethylene (12%), and alkyd resin (8%) [48]

Norway
Polypropylene, polystyrene, and polyethylene variety;

polyethylene was identified as the most prevalent form of
polymer

[52]

4. Conclusions

To our knowledge, this is the first study of MPs in the crops and gizzards of wild
birds. The current study found MPs in all samples of crops and gizzards as well in river
surface water. Overall, relatively higher numbers of MPs were recovered from gizzards
than crops. Four different types and shapes of MP particles were recovered, and fragments
were the dominant type in crops and gizzards, while in surface water, fibers were the most
abundant type of MPs. In terms of the size range, relatively larger particles (300–500 µm)
were abundant in crops, while the dominant size ranges in gizzards and water were
150–300 µm and 50–150 µm, respectively. Duck is a suitable species to assess aquatic plastic
pollution. The current study could be a valuable bridge between already existing literature
and future recommendations in this regard. As the issue of microplastics and their impact
on the environment becomes more apparent, there is an urgent need for further research
to address this problem effectively. This study provides new and important information
on MP contamination in wild birds. Further research should be conducted to quantitively
assess MP contamination in wild birds and to investigate the health implications associated
with MP inhalation, particularly because MP pollution is expected to become more severe in
the future on a global scale. Future research should include standardized methods, impact
on human health, microplastic removal techniques, geographical variations, ecological
factors, and other approaches to effectively address this crucial issue.
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