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richness, only five species of freshwater turtles have 
been reported to consume plastic. To the best of our 
knowledge, this study presents the first report of plas-
tic and artificial cellulose ingestion by freshwater 
turtles in the Amazon region. Our findings indicate 
that 20% of Podocnemis unifilis and 60% of Kinoster-
non scorpioides had ingested artificial polymers. All 
polymers ingested by P. unifilis were categorized as 
microparticles, while 37.5% of the fragments ingested 
by K. scorpioides were mesoparticles. The identi-
fied meso- and microparticles included polysaccha-
ride gum, polyamide, polyethylene terephthalate, 

Abstract Plastic and other synthetic polymers pose 
a significant threat to wildlife, particularly aquatic 
organisms. Numerous reports have documented 
instances of animals, including fish, cetaceans, birds, 
and turtles, ingesting plastic. While the Chelonian 
group has received considerable attention in rela-
tion to plastic pollution, most studies have primar-
ily focused on marine turtles. Despite the higher 
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polycarbonate, polypropylene, latex, and acrylonitrile 
butadiene styrene. Additionally, artificial cellulose 
particles were the most frequently detected parti-
cles. These polymers likely originated from sources 
such as plastic bags, fishing gear, and the washing 
of textiles, highlighting potential inadequacies in the 
region’s sewage disposal system. These findings pro-
vide new evidence of the potential threat posed by 
artificial polymers to freshwater turtles in the Amazon 
region despite the favorable conservation status of the 
collection locations. Consequently, further studies are 
required to identify the presence and impact of artifi-
cial polymers on aquatic habitats and organisms.

Keywords Podocnemis · Kinosternon · Litter · 
Microparticle · Pollution

1 Introduction

Plastic pollution is a growing issue that poses a threat 
to global ecosystem conservation (Haward, 2018; Jia 
et al., 2019). Each year, thousands of plastic items are 
released into the environment, with the majority end-
ing up in the ocean (Sigler, 2014). While the ocean 
serves as the ultimate destination for mismanaged 
plastic waste, it is essential to examine the routes by 
which plastic reach the ocean and their impacts on 
various environments (Jambeck et  al., 2015). While 
numerous studies have documented the effects of 
plastic on marine life, research on freshwater environ-
ments remains limited (Andrade et al., 2019; Blettler 
et al., 2018; Clause et al., 2021; Dris et al., 2015).

Rivers serve as important pathways for plastic to 
enter the oceans (Schmidt et al., 2017; van Emmerik 

et al., 2019), and the Amazon basin alone transports 
10% of the plastic found in the oceans (Giarrizzo 
et  al., 2019). This is because the Amazon covers 
a vast area and boasts the world’s largest water dis-
charge, allowing it to carry litter from various loca-
tions (Giarrizzo et  al., 2019). Although we already 
know that the Amazon is a major source of plastic, 
there are still few studies about the plastic presence 
in the region as well as in other freshwater environ-
ments. Furthermore, in the Amazon region we only 
have studies with four groups of animals interacting 
with plastic, namely insects, crustaceans, fish, and 
cnidarians (Morais et  al., 2024). Furthermore, cer-
tain human communities residing along the banks 
of the Amazon lack proper sanitation policies and 
endure minimal sanitary conditions, in fact around 
50% of the Brazilian Amazon have a low or precari-
ous basic sanitation services (Morais et  al., 2024). 
This absence of basic sanitation policies leads to 
direct sewage discharge into the rivers. As a result, 
fibers and microparticles, such as those from textile 
washing, make their way into the environment. Fib-
ers, particularly artificial cellulose, represent the pri-
mary form of human-made waste found in the oceans 
and in the Amazon basin (Santos et al., 2023; Suaria 
et al., 2020).

Once plastic enter aquatic environments, they pose 
a threat to the aquatic biota and habitats (Azevedo-
Santos et al., 2019), and plastic ingestion by aquatic 
wildlife has been reported (Jâms et al., 2020). Various 
forms of biota, including birds, fish, turtles, and ceta-
ceans, can become entangled in plastic items or have 
their digestive tracts obstructed by plastic masses. 
Additionally, they can be contaminated by toxic pol-
lutants and additives contained in plastic (Sigler, 
2014).

Marine Chelonians are particularly vulnerable 
to the negative impacts of plastic (Lynch, 2018; 
Nelms et  al., 2016; Schuyler et  al., 2012). While 
the effects of plastic in freshwater environments 
have been documented for fish, mollusks, birds, 
bacteria, algae, and moss (Blettler et al., 2018), our 
understanding of the interaction between freshwa-
ter turtles and plastic waste/debris remains limited 
(Clause et  al., 2021). As of 2021, only five spe-
cies of freshwater turtles were documented to have 
ingested artificial debris, and none of these occur-
rences are from the Amazon region (Trachemys 
dorbigni in southern Brazil (Silveira et  al., 2019); 
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Batagur trivittata in a zoo in Myanmar (Kuchling & 
Lwin, 2004); Graptemys flavimaculata in the United 
States (Selman & Lindeman, 2018); Chrysemys 
picta in the United States (Padgett et al., 2010); Tra-
chemys scripta elegans in the United States, China, 
and France (Clause et  al., 2021; Jian et  al., 2013; 
Prévot-Julliard et al., 2007). Given the essential role 
of freshwater ecosystems and biota in the Amazon 
basin, the objective of this study is to describe and 
quantify the artificial particles found in the diges-
tive tracts of Podocnemis unifilis and Kinoster-
non scorpioides in the region. This study presents 
the first evidence of plastic and artificial cellulose 
ingestion by freshwater turtle species in the Ama-
zon basin.

2  Methods

2.1  Study area and sample collection

Podocnemis unifilis (yellow-spotted river tur-
tle) specimens were collected from the Iriri River 
(Fig.  1), which is a clear water system. The head-
waters of the Iriri River originate from the Brazil-
ian Shield and flow toward its confluence at the 
left margin of the Xingu River in the State of Pará. 
The Iriri River is characterized by rocky substrates, 
islands, and beaches with groups of shrub plants in 
the dry season. During the wet season, these islands 
and marginal forests become flooded, providing food 
resources for aquatic fauna (Isaac et al., 2015; Silva 
and Rodrigues, 2010; Zorro, 2018). Podocnemis 

Fig. 1  Map of the two locations of the eastern Amazon where 
the analyzed specimens were collected. The top right panel 
indicates the A. Cachoeira do Arari City, where the speci-
mens of Kinosternon scorpioides were collected. The bottom 

right panel indicates the B. Terra do Meio Ecological Station 
(TMES), where the Podocnemis unifilis specimens were col-
lected. Photos by: Podocnemis unifilis – Ana Laura Santos; 
Kinosternon scorpioides – Brenda Santos
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unifilis (yellow-spotted river turtle) is an important 
food source for traditional Amazonian populations 
(Pantoja-Lima et al., 2014; Rebêlo & Pezzuti, 2000) 
and is classified as vulnerable on the IUCN Red List. 
Turtle specimens were captured in May and August 
2013 using hand nets and diving (in this process the 
turtles were captured by hand), procedure posteriorly 
described by Miorando et  al. (2015). Samples were 
collected along an approximately 200  km river seg-
ment within the Terra do Meio Ecological Station 
(TMES), which is part of a mosaic of protected areas 
and indigenous lands. The TMES is a region with a 
low-density population, covering 3,373,131.09 ha and 
inhabited by 14 riverine families (74 people). Tradi-
tional agriculture and extractives are the main subsist-
ence activities in this area (ICMBIO, 2015; Villas-
Bôas et al., 2018). All twenty-five captured P. unifilis 
were used in this study. The capture of Podocnemis 
unifilis specimens was authorized by the Commit-
tee on Ethics in Animal Use (CEUA) of the Federal 
University of Pará, under protocol 211/2014-CEUA 
(ESP/UFPA, 01/20014—PAPQ) and the Instituto 
Brasileiro de Meio Ambiente e dos Recursos Natu-
rais/Authorization and Information System on Biodi-
versity (IBAMA/SISBIO; license number: 35623–1).

Kinosternon scorpioides (scorpion mud turtles) 
were collected from the Marajó archipelago, located 
at the mouth of the Amazon (rivers Tocantins and 
Pará) (Francisquini et al., 2014). The vegetation in the 
region consists of a seasonally flooded savanna with 
temporary lakes and swamps (Montag et  al., 2011). 
K. scorpioides is consumed by traditional Amazonian 
populations (Cristo et  al., 2017) and are considered 
low risk on the Brazilian Red List. Sampling was 
conducted at a farm in the city of Cachoeira do Arari 
in Pará State (Fig.  1), and the turtles were captured 
by the local community in July 2017. The city has a 
population of 24,064. Information on basic sanitation 
is lacking, but it has been determined that only 5.35% 
of the wastewater is treated (Crispim et  al., 2016). 
Consequently, domestic sewage is primarily dumped 
directly into rivers. The individual turtles were manu-
ally captured using a piece of rebar with a sharp tip. 
This was inserted into holes in the ground and among 
the vegetation to identify the presence of animals, as 
they often bury themselves in the ground during the 
summer. The animals were then transported indi-
vidually in plastic boxes and packed in cotton bags 
to minimize stress. We used all ten K. scorpioides 

except those which had an empty stomach and thus 
did  not  defecate. The capture of K. scorpioides 
was approved by the IBAMA/SISBIO (authoriza-
tion number 57885–2) and certified by CEUA of 
Federal Rural University of the Amazon (protocol 
012/2017-CEUA).

2.2  Sample processing

The P. unifilis were anesthetized and sacrificed to 
remove the stomachs. The stomachs of P. unifilis were 
opened, and their contents were washed to remove 
the pre-filtered formalin. Next, the contents were 
preserved in 70% alcohol and analyzed under a ster-
eomicroscope. During analysis, plastic debris was 
separated from organic matter. The collected K. scor-
pioides were kept in a box for 4 days, and their feces 
were collected and preserved in Falcon tubes with 
70% alcohol. The feces were then analyzed under a 
stereomicroscope, where artificial debris was sepa-
rated from the organic matter. The stereoscopic anal-
yses were conducted using Zeiss Stereo Discovery 
V12 and Zen (blue edition, v2.0) with magnification 
from 10 to 100x, allowing us to visualize items big-
ger then 0,1 mm. The debris was classified based on 
color, size, and type (fiber and fragments). The size 
classes were categorized as microparticles (≤ 5 mm), 
mesoparticles (5  mm–2.5  cm), or macroparticles 
(> 2.5  cm) (Lippiatt et  al., 2013). To prevent exter-
nal contamination, this analysis followed the method 
described by Andrade et al. (2019).

2.3  Polymer analysis

The fibers and fragments that were collected were 
transferred onto glass fiber filters and analyzed using 
two-dimensional (2D) Fourier Transform Infrared 
Spectroscopy (FTIR). This analysis was conducted 
with a Cary 620–670 FTIR microscope equipped 
with a Focal Plane Array (FPA) 128 × 128 detector 
(Agilent Technologies) and a 15 × Cassegrain objec-
tive. FPA detectors are widely accepted as the stand-
ard for microplastic identification due to their abil-
ity to classify particle size as low as 1–5  µm. This 
enables the direct examination of synthetic or natu-
ral polymers without any pre-treatment, even when 
they are mixed with organic–inorganic compounds 
or extracted from biota (Casini et al., 2021; Harrison 
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et al., 2012; Mintenig et al., 2017; Morais et al., 2020; 
Pegado et al., 2021).

The analysis was performed using reflectance 
mode directly on the filters with an open aperture 
and a spectral resolution of 8   cm−1, resulting in 128 
scans for each spectrum. The background spectra 
were obtained from a gold surface. Each run produces 
a "tile" map of 700 × 700 μm2 (128 × 128 pixels), 
with each pixel measuring 5.5 × 5.5 μm2 and provid-
ing an independent infrared spectrum. Thus, each 
tile contains more than 16,000 independent spectra 
of the investigated surface, and approximately 130 
independent spectra are typically acquired simulta-
neously on a roughly 5-µm thick fiber that traverses 
the entire tile, or approximately 30 on a 30 × 30 µm2 
fragment. The recently proven detection limit of the 
FPA detector for representative polymeric materials 
is approximately 0.02  pg  μm−2 (Mastrangelo et  al., 
2020). All the spectra were analyzed using Agilent 
Resolution Pro (Agilent Technologies), and the frag-
ments/fibers were identified by comparing them with 
published standards for plastic and cellulose polymers 
(see Supplementary Information). The full spectral 
profile of each sample was compared to the standards 
to confirm the assignment. Artificial/textile cellulose 
was identified and included among anthropogenic 
microparticles because it poses a potential threat to 
the biota (Macieira et al., 2021; Savoca et al., 2019). 
Two to five diagnostic bands were used for 2D FTIR 
imaging of each polymer. In the 2D FTIR maps, the 
absorbance of the bands was converted to a chromatic 
scale as follows: blue < green < yellow < red.

3  Results

Plastic and other synthetic polymers were discov-
ered in 5 out of 25 (20%) stomachs of P. unifilis and 
in 6 out of 10 (60%) feces samples of K. scorpioides 

(Table 1). The debris varied in size and color (Figs. 2 
and 3). Ten pieces of synthetic polymers were found 
in P. unifilis, all of which were classified as micropar-
ticles, ranging in size from 0.581 to 2.458 mm. They 
were white, green, and yellow in color. The eight 
artificial polymers particles found in K. scorpioides 
ranged from 0.181 to 13.538  mm. Three of them 
were mesoparticles, and five were microparticles. 
The debris colors included brown, blue, red, orange, 
and transparent. Figs. 2 and 3 indicate the representa-
tive artificial polymers and the frequency of colors 
observed.

FTIR analysis of the debris found in K. scorpioides 
revealed the presence of various polymers (Table 2), 
including artificial cellulose particles (50.0%), poly-
saccharide gum (24.2%), polyamide (13.6%), poly-
ethylene terephthalate (PET; 6.1%), polycarbonate 
(PC; 1.5%), polypropylene (1.5%), latex (1.5%), and 
acrylonitrile butadiene styrene (1.5%). Similarly, the 
debris in P. unifilis (Table 2) contained artificial cel-
lulose particles (64.3%), polysaccharide gum (14.3%), 
PC (14.3%), and polyamide (7.1%). For detailed 
information about the polymers, please refer to the 
Online Resource.

4  Discussion

To the best of our knowledge, this is the first study 
on the ingestion of plastic and artificial cellulose by 
freshwater turtles in the Amazon. To date, plastic 
ingestion and other artificial particles in turtles has 
only been reported in sea turtles (Blettler et al., 2018) 
and five species of freshwater turtles (Clause et  al., 
2021). In this study, we present evidence of artificial 
polymer ingestion by two local freshwater species 
from the eastern Amazon. The debris found ranged in 
size from 0.181 to 13.538 mm and displayed different 
colors.

Table 1  Descriptive 
information of the 
specimens captured in this 
study

Podocnemis unifilis Kinosternon scorpioides

N animals 25 10
N of animals with plastic 5 6
Males 12 3
Females 13 7
Mean carapace length (mm) 246.5 ± 62.6 140.68 ± 9.228
Mean weight (g) 1347.50 ± 449.50 378.4 ± 56.32
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Fig. 2  Artificial polymers were identified in the stomachs of 
Kinosternon scorpioides (A–G) and Podocnemis unifilis (H–I) 
in the Amazon. The debris colors were A: brown, red, and 

blue; B: red; C: orange; D: blue; E: brown and transparent; F: 
transparent; G: brown; H: white; I: green and yellow

Fig. 3  Frequency of artificial polymer colors in Kinosternon scorpioides (8 debris) and Podocnemis unifilis (10 debris) captured in 
the Amazon. Photos by: Podocnemis unifilis – Ana Laura Santos; Kinosternon scorpioides – Brenda Santos
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Podocnemis unifilis is a herbivorous species, 
ingesting fruits, seeds, insects, leaves, while K. 
scorpioides is an omnivorous species, ingesting the 
same items of P. unifilis and organic matter, such as 
decomposing fish (Berry & Iverson, 2011; Cunha 
et al., 2020). Over 80% of the debris were classified 
as microparticles and was likely ingested acciden-
tally due to its small size. Apart from contamina-
tion from water-related activities such as fisheries 
and the shipping industry, freshwater environments 
receive waste from inland sources, which may 
explain the high frequency of microparticles found 
in this study (Wagner et al., 2014).

Polyamide and PET are commonly found in fish-
ing gear and plastic bags, which is why these plastic 
polymers were the most frequently discovered. Ani-
mals often ingest fishing gear (Andrade et al., 2019; 
Pegado et  al., 2021). Moreover, there is limited 
information on the improper disposal or misman-
agement of this gear (Link et  al., 2019). Another 
type of waste debris that was found consisted of 
artificial cellulose particles originating from tex-
tile washing, which are the most prevalent synthetic 
materials found in the oceans (Suaria et al., 2020), 
in the Amazon River and its mouth (Queiroz et al., 
2022; Rico et  al., 2023; Santos et  al., 2023). The 
lack or scarcity of waste management in the Ama-
zon region is a major concern for regional conserva-
tion, and the direct disposal of domestic sewage into 
rivers has resulted in the presence of numerous arti-
ficial cellulose particles (Morais et al., 2024). When 
people in cities and riverine communities wash their 
clothes, artificial cellulose and dye chemicals are 

released into the river, posing a threat to the sur-
vival of animals (MacAulay et al., 2023).

Notably, the areas from which the turtle speci-
mens were collected were considered well-preserved 
and had a low human population. However, the entire 
Amazon region is currently recognized as a new fron-
tier for plastic pollution (Giarrizzo et al., 2019), and 
instances of plastic interactions have been reported in 
several freshwater fish species (Andrade et al., 2019; 
Trindade et al., 2023). Therefore, despite the accept-
able conservation status of this important region, an 
increasing number of studies are expressing concerns 
about plastic pollution (Morais et  al., 2024). These 
studies demonstrate that plastic and other artificial 
polymers pose a threat to aquatic life (Andrade et al., 
2019; Giarrizzo et al., 2019; MacAulay et al., 2023; 
Trindade et  al., 2023). Turtles represent a high bio-
mass in the environment they inhabit, meaning that 
population depletion could lead to strong cascade 
effects on the food web (Lovich et al., 2018). Moreo-
ver, considering that P. unifilis and K. scorpioides 
are traditional foods for communities living along 
the Amazon riverside (Cristo et  al., 2017; Pantoja-
Lima et  al., 2014; Rebêlo & Pezzuti, 2000), if they 
ingest plastic (and the additives they contain), it 
could have implications for the entire trophic chain 
and impact the human population. Although in this 
study we did not analyze the release of contaminants, 
it is already known that chemicals from artificial cel-
lulose and artificial fibers can harm the survival and 
the well-being of the animals, and even their para-
sites (MacAulay et al., 2023). Nanoplastic was found 
to change the intestinal microbiome of freshwater 

Table 2  Polymer analysis 
of Podocnemis unifilis and 
Kinosternon scorpioides in 
the Amazon

Polymer Total P. unifilis K. scorpioides

Nº of 
poly-
mers

% Nº of 
poly-
mers

% Nº of 
poly-
mers

%

Artificial cellulose particles 42 52,50% 9 64,29% 33 50,00%
Polysaccharide gum 18 22,50% 2 14,29% 16 24,24%
Polyamide 10 12,50% 1 7,13% 9 13,63%
Polyethylene terephthalate (PET) 4 5,00% - - 4 6,05%
Polycarbonate (PC) 3 3,75% 2 14,29% 1 1,52%
Polypropylene (PP) 1 1,25% - - 1 1,52%
Acrylonitrile butadiene styrene (ABS) 1 1,25% - - 1 1,52%
Latex 1 1,25% - - 1 1,52%
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turtles, which can potentially affect food digestion 
(Gao et  al., 2024). Since P. unifilis and K. scorpi-
oides have different gastrointestinal parasites that 
were just described (Jesus et  al., 2020; Jesus et  al., 
2023a, 2023b; Jesus et  al., 2023a, 2023b; L. M. O. 
Silva et al., 2023), the potential impact on the diges-
tion of those species is not known. Moreover, plastic 
debris impacts on reproduction were not studied yet 
for freshwater turtles but were recorded in the unfea-
sible eggs and the yolk of sea turtles (Chemello et al., 
2023). The chemicals present in artificial polymers 
can cause endocrine problems and be toxic (Dris 
et  al., 2015). Thus, microparticles can adsorb dif-
ferent types of pollutants that may be harmful to the 
animal (Blarer & Burkhardt-Holm, 2016; Dris et al., 
2015). So, the possible contamination from the chem-
icals in the litter ingested by P. unifilis and K. scorpi-
oides is a crucial topic for future research.

5  Conclusions

Plastic and synthetic cellulose pose a significant 
threat to the conservation of aquatic ecosystems. 
However, the relationship between plastic waste 
and freshwater turtles, particularly in the Amazon, 
remains poorly understood. Among the eight types 
of polymers observed in this study, synthetic cel-
lulose particles were the most commonly found in 
both turtle species. The results indicate that pollu-
tion by plastic and other artificial polymers exists 
even in well-preserved areas, but the implications 
are still unclear. The Amazon is the largest tropi-
cal rainforest in the world, and our two study sites 
provide only a glimpse of the overall dynamics of 
plastic pollution in the Amazon. Therefore, further 
studies must focus on increasing the sampling size 
to correlate plastic ingestion to human settlements 
and other possible sources, aiming to fully compre-
hend the extent of the issue in the region. In this 
study, we described the first documented case of 
plastic and synthetic cellulose ingestion by fresh-
water turtles in the Amazon. This finding is crucial 
in identifying potential environmental concerns and 
guiding future research on specific regions, species, 
and parts of the digestive tract. Given that these two 
turtle species are important food sources for Ama-
zonian communities, these findings raise concerns 

about the possible transfer of chemicals present in 
the artificial polymers through the food chain and 
human contamination. Until now we still do not 
know the possible consequences of the ingestion of 
artificial particles to P. unifilis and K. scorpioides, it 
is important to know whether these long-lived spe-
cies are being exposed to polymers for a long time, 
and the extent to which this exposure may be releas-
ing contaminants and their consequent absorption. 
Our study raises concerns in Amazonian commu-
nities about plastic pollution in such an important 
food item, this information could lead to changes in 
the use of plastic by locals. This highlights the need 
for the development of more public policies for the 
region, such as sewage treatment and garbage col-
lection, we also suggest the enhancement of envi-
ronmental education strategies for the Amazonian 
population.
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