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ABSTRACT: Microplastics are emerging contaminants with a wide global distribution that
represent a risk to biodiversity and the livelihood of human communities. These particles
are mainly transported by rivers from the interior to marine-coastal ecosystems, where
they accumulate and affect their environmental quality. The objective of this study was to
evaluate microplastic pollution in mangroves and beaches of the Cispata marine protected
area, Colombian Caribbean coast. In May 2018, three stations in the mangroves and two
stations on tourist beaches were selected, where samples of microplastics were taken in
surface waters and sediments, in addition to visually identifying them under a
stereoscope, counting them to determine their abundance and classifying them according
to their shapes. . Microplastics were more abundant in mangroves (13 to 123
elements/m3 of water; 72 to 1,668 elements/m2 or 42 to 1,825 elements/kg of sediment)
compared to beaches (0 to 0. 13 elements/m3 of water). ; from 8 to 36 pieces/m2 of
sediment). In both ecosystems, films, foams and fragments were the most common forms,
relating to the poor management of domestic waste, tourism and fishing in the area. This
study contributes to the knowledge of the characteristics, distribution and abundance of
microplastics in mangroves and beaches in the region in order to raise environmental
awareness about the risks and promote actions to prevent and mitigate negative impacts,
especially in marine protected areas.
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INTRODUCTION

Microplastics (particles <5 mm) are a subcategory of plastic marine litter considered an
emerging pollutant, and their environmental risks are an active field of research ( Auta et
al. 2017 ). These particles have a wide global distribution, are affecting various species,
and are threats to ecosystems and the livelihoods of coastal communities (Wright et al.
2013; Antdo-Barboza et al. 2018).

Knowledge of the distribution, abundance and characteristics of microplastics in
ecosystems is important to generate environmental awareness about their risks and
promote actions that prevent and mitigate their negative impacts in the short, medium
and long term (Li et al. 2016 ; Lohr et al 2017 ; Kutralam-Muniasamy et al 2021 ). In coastal
areas, ecosystems that provide environmental services develop that influence the well-
being of human communities ( Moberg & Rénnbéack, 2003 ; Link & Borchert, 2015 ). To
protect the long-term and sustainably use the natural elements of these ecosystems,
geographical spaces have been defined that host outstanding biodiversity features on a
regional, national or global scale, or have defined conservation objectives, called marine
protected areas (MPAs) ( Day et al. 2012).

Despite their protection, MPAs have been contaminated by microplastics that come from
human activities in surrounding areas or from marine currents, and different studies have
reported abundances of these particles in waters, sediments, and organisms (in the
digestive system, organs such as gills, gonads and leaves, and in soft tissues, muscles or
exoskeletons) of MPAs around the world (Kutralam-Muniasamy et al. 2021; Garcés-
Orddiiez et al. 2022a).

In the Latin American and Caribbean region, studies have been reported in MPAs from
Mexico (Rivera-Garibay et al. 2020; Celis-Hernandez et al. 2021), Belize (Coc et al. 2021),
Guatemala (Mazariegos-Ortiz et al. 2020), Costa Rica (Astorga-Pérez et al. 2022), Panama
(Delvalle et al. 2020), Colombia (Garcés-Ordéiiez et al. 2019; 2022b), Ecuador (Jones et al.
2022), Brazil (Lorenzi. et al 2021), Chile (Rech et al. 2018) and Argentina ( Diaz-Jaramillo et
al. 2021), to name some research.

The Cispata integrated management district is an MPA located on the Colombian
Caribbean coast (Fig. 1), where the most extensive and best preserved mangroves in this
region of the country are located and in its surrounding area are the beaches of greatest
tourist importance. . of the department of Cérdoba (CVS & INVEMAR, 2010). These
ecosystems are the breeding habitat for fishing species; food suppliers; recreational areas;
coast protectors and stabilizers; among other ecological functions (Medina-Contreras et
al. 2020; 2021), and have been affected by plastic litter (Garcés-Ordéiiez et al. 2020a).

The Sinu River is a recipient of domestic and industrial waste and flows into the Cispata
protected area, being a transport route for plastics and other pollutants from the interior
of the department of Cdordoba to the Caribbean coast (Lebreton et al. 2017; Bayona-
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Arenas & Garcés-Ordoiiez, 2018 ). Due to coastal dynamics, part of this garbage generally
accumulates on beaches and mangroves (Harris et al. 2021), where it fragments due to
exposure to solar radiation and other environmental factors, generating microplastics
(Garcés-Ordoiiez et al. al. 2020b; 2021).

The questions of this research were: which of these beach and mangrove ecosystems in
the Cispata area have the greatest abundance of microplastics in their waters and
sediments? What are the main types of microplastics in these ecosystems? probable
sources?

The objective of this study was to evaluate microplastic contamination in mangroves and
beaches of the Cispata MPA, Colombian Caribbean. The information generated represents
the baseline of knowledge for the action of environmental authorities and local
communities that help conserve these MPA ecosystems in the best possible conditions.



MATERIALS AND METHODS

Sampling stations. Five sampling stations
were selected, of which three were located
in the mangrove areas (Mestizo, Boca de
Corea and Cafio Lobo) and two on the
tourist beaches (Blanca and Manzanillo) of
the study area (Fig. 1). The characteristics of
these stations are described in Table 1.

Location of the microplastic sampling
stations on two beaches and three
mangrove areas of the marine protected
area of Cispata, department of Cordoba,
Colombian Caribbean

Table 1

Coordinates and description of the
microplastic sampling stations in the
mangroves and beaches of the Cispata
marine protected area, Colombian
Caribbean

To establish the stations in the mangroves,
easy access and its location with greater
influence of the Sinu River (Boca de Corea)
were demonstrated, in the interior area of
the forest surrounding the town of San
Antero (Cafio Lobo) and on the coast
(Mestizo). ). ); and for those on the beach,
their tourist importance and distance from

the town center were taken into account
(Table 1). Field trips to collect microplastic
samples in surface waters and sediments in
the study area were carried out from May 7
to 10, 2018.

Sampling and isolation of microplastics in
mangrove water and sediments. At the Boca
de Corea and Cafio Lobo stations, 150 L of
surface water was collected with a gauged
bucket at three points along the edge of the
mangrove-water body, and sieved in situ
into a 300 um red. The retained material
was transferred into 500 mL glass bottles,
100 mL of 10% NaClO was added to dissolve
the organic matter and facilitate its analysis.
In the laboratory, the samples were
examined directly under the stereoscope.

The sampling of microplastics in mangrove
sediments, in the three selected stations,
was done with the methodology adapted by
Garcés-Ordoiiez et al. (2019). At each
station, three randomly distributed
guadrants of 50 x 50 cm were dimensioned,
where the large plant material that covered
the soil was carefully removed and samples
of surface sediments were collected up to 5
cm deep (~500 g). .

In the laboratory, the samples were dried in
an oven at 70 °C for 48-72 h and the dry
weight was analyzed. Subsequently, a
solution of (NaP03)6 (2.5 g/L) was added to
disaggregate the fine grains, stirring for 10
min and letting it rest for 24 h.
Subsequently, the samples were sieved on
5.0 and 1.0 mm sieves and the material
retained on the 1.0 mm sieve was examined
directly under the stereoscope.

Sampling and isolation of microplastics in
water and sediments from tourist beaches.
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The sampling of microplastics in the surface
water of the Mestizo, Playa Blanca and
Playa Manzanillo stations was made
considering recommendations from Kovac
et al. (2016). A 300 um plankton net with
flow meter and floats was used, towed by a
small spear for 15 min. up to 2 knots of
speed, in three transects parallel to the
coast. The start and end points of the
transects were georeferenced with a GPS-
Garmin®. The collected samples were
transferred into glass bottles with 100 mL of
10% NaClO. In the laboratory, the samples
were examined under the stereoscope to
separate the microplastics.

The sampling of microplastics in the sand of
Banca and Manzanillo beaches was carried
out with the methodology adapted by
Garcés-Ordoiiez et al. (2020c). At each
station, three 30 m transects were prepared
parallel to the coast, distributed in the low,
mid and rear tide areas of the beach. In
each transect, three quadrants of 50 x 50
cm were established, separated by 15 m
from each other, where surface sediments
were collected (first 5 cm). The dried
samples were sieved in situ with 5.0 and 1.0
mm sieves; and the wet samples were dried
and sieved in the laboratory. The material
retained on the 1.0 mm sieve is examined
under the stereoscope for isolation of
microplastics.

Control measures and characterization of
microplastics. During field work, cotton
clothing was used and the sample items
were washed with filtered distilled water
before and after each sample collection. In
the laboratory, work areas were cleaned
before and after analyses, and metal and
glass tools were used. Control containers

with filtered distilled water were used that
remained next to the sample during the
procedure to record possible contamination
in the laboratory, which were reviewed at
the end of each observation ( Ory et al.
2018).

No microplastics were found in the size
ranges considered in this study (5-0.3 mm
for water and 5-1 mm for sediments). These
sizes are easy to identify visually and allow
us to reduce the risks due to confusion or
overestimation due to contamination in the
laboratory, since the particles (mainly
fibers) present in indoor air are generally
very small, <0.5 mm (Brander et al. al. 2020)
or <0.3 mm (Prata et al. 2020).

Microplastics in water and sediment
samples are visually identified under a
stereoscope considering the absence of
visible cellular or organic structures, they
were counted and classified according to
their shape into fragments, filaments, films,
foams, granules and pellets (Kovac et al.
2016). .

The data were normalized according to the
volume of filtered water, sampled area and
mass, and were expressed in microplastics
m -3 of surface water, in microplastics m -2
of beach sediment, in microplastics m -2
and microplastics kg -1 of sediment of
mangrove soil in dry weight (ds).

RESULTS AND DISCUSSION

Microplastics in water and mangrove
sediments. In the surface water of the Boca
de Corea mangrove, an abundance of 123
microplastics m -3 is sent and in Cafo Lobo
of 13 microplastics m -3 (Fig. 2A). The Boca
de Corea station was located in an area of
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high influence of the Sinu River, which is the
recipient of part of the domestic waste
generated by the populations settled on its
banks and, therefore, is a source of garbage
for the coastal zone ( Bayona-Arenas &
Garcés-Ordodiiez, 2018 ). Films were the
most abundant type of microplastics in
water, followed by expanded polystyrene
foams (Fig. 2B).

In the mangrove sediment, abundances of
72 to 1,668 microplastics/m 2 or 42 to 1,825
microplastics kg -1 ps were determined (
Fig. 2C and D ), determining the highest
contamination in Mestizo, a coastal area
exposed to garbage. that arrives by coastal
drift. The most common types of
microplastics were: films, filaments and
expanded polystyrene foams (Fig. 2E). These
are generated by fragmentation of larger
plastic items and are known as secondary
microplastics ( Fig. 3 ; Auta et al. 2017 ).
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Fig. 2

Abundance and proportion of the types of
microplastics in the water (A and B) and
sediments (C, D and E) of the mangroves of
the marine protected area of Cispata,
Colombian Caribbean

Fig. 3
Micro plastics found at sampling
stations in the marine protected area
of Cispata, department of Cérdoba,
Colombian Caribbean. Fragments
(A, C, D and E), film (B) and foam (F
and G)

Film-type microplastics are usually bag
fractions; Expanded polystyrene foams
come from the disintegration of disposable
utensils for serving food, buoys and
refrigerators commonly used in fishing
activities; the filaments probably come from
fishing ropes and nets and wastewater, and
the fragments come from pieces of hard
plastics (Li et al. 2016; Wang et al. 2016).

Some pellets were found in the mangroves
of Mestizo, which are manufactured in
these shapes and sizes to be used as a
component in other products, and are
considered primary microplastics (Boucher
& Friot, 2017). These are probably
transported by marine currents from the
industrial zone of Cartagena (Rangel-
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Buitrago et al. 2018; Garcés-Ordéiiez et al.
2021).

Compared to other studies, the abundance
of microplastics in the water of the Cispata
mangroves was lower than those reported
for those from estuaries in Brazil (Deng et
al. 2021) and China (Jiao et al. 2022), and
exceeded that reported in mangroves of
Mexico (Celis-Hernandez et al. 2021) and
Iran (Deng et al. 2021) (Table 2).

Table 2

Comparison of microplastic
abundances in Cispata mangrove
waters and sediments with other

similar studies. No information was
reported (nor)

Pais Manglar Microplasticos m-3 Microplasticos kg-1
421825 Eote
312863
126 413
280-590
£00-1570
75-1030

450-2 110

The abundances of microplastics in
sediments from the Cispata mangroves
were higher than those reported for
Singapore (Mohamed & Obbard, 2014), Iran
(Naji et al. 2017), Colombia (Tumaco Bay;
Preciado & Zapata, 2020) and China (
Qinzhou Bay; Li et al 2018); smaller than
those of China (Jiu Zhou River; Jiao et al.
2022) and Brazil (All Saints Bay; da Silva et
al. 2022) and similar to that of Ciénaga
Grande de Santa Marta, Colombia (Garcés-
Ordoiiez et al. 2019 ; table 2 ).

It should be noted that despite the
methodological limitations that make

comparisons of studies difficult, such as: the
sampling instruments, the size of the
microplastics analyzed, the reagents and
laboratory procedures (digestion, filtration,
separation by density) used, and the units of
reported concentrations (Hidalgo-Ruz et al.
2012; Weiss et al. 2021), these are required
to visualize the state of impact between
different sites with similar conditions or
with highly intervened areas.

Microplastics in waters and sediments of
tourist beaches. In Playa Blanca the
abundance was 0.02 microplastics m -3 and
in Manzanillo they were not found (Fig. 4A).
In the coastal water
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Abundance and proportion of
microplastic types in surface seawater
(A and B) and sediments (C and D) of

Manzanillo and Blanca beaches in
Cispata, department of Cérdoba,
Colombian Caribbean

From Mestizo, the largest amount was
recorded, 0.13 microplastics m -3. Films and
fragments were most common in beach
surface water ( Fig. 4B ). In the sand, 8 to 36
microplastics m -2 were determined, Blanca
beach was the most contaminated (Fig. 4C);
films and fragments dominated in Playa
Blanca and filaments and foams in Playa
Manzanillo (Fig. 4D).
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Microplastic contamination on the beaches
evaluated (8-36 microplastics m -2) was
similar to what was reported for some AMP
beaches in San Andrés and Chocé in
Colombia (8-32 microplastics m -2 ; Garcés-
Ordodiiez et al. 2020b , 2021), and lower
than that of Sri Lanka (29-111 microplastics
m -2 ; Dharmadasa et al . 2021 ), Ecuador
(74-381 microplastics/m -2 ; Jones et al .
2022 ) and Guatemala (279 microplastics m
-2 ; Mazariegos-Ortiz et al 2020 ).
Microplastic pollution on the beaches was
lower than in the Cispata mangroves,
because mangroves are more susceptible to
accumulating plastic trash, because their
roots act as traps ( Deng et al. 2021 ; Luo et
al. 2021 ; Ding et al. 2021 al. 2022). Cispata's
beaches are frequently cleaned by the
community. Plastics such as bags, bottles,
toys, ropes and disposable utensils were
observed in the sand and their probable
sources are the inadequate management of
domestic waste, tourism and fishing in the
area (Garcés-Ordoiiez et al. 2020a ; 2020c ;
2021).).

Finally, the threat that microplastic
contamination represents for the
ecosystems evaluated is highlighted, mainly
due to the transfer of toxic contents in
plastics or adsorbed from the surrounding
environment to the organisms that ingest it,
generating a risk for food safety and the
environment. livelihood of local
communities ( Antdo-Barboza et al. 2018 ;
Garcés-Ordoiiez & Bayona-Arenas, 2019 ),
since in the Cispata MPA it has been
reported that fish with high local
consumption have ingested microplastics
(Garcés-Ordoiiez et al. . 2020a ).

Therefore, it is necessary to generate
environmental awareness in the local
community, authorities and other
interested actors about the state of
contamination of the AMP, to promote
actions to prevent and mitigate the impacts
of microplastics, and contribute to effective
management of the AMP. . (Pomeroy et al.
2005; Garcés-Orddiiez et al. 2020a).

Among the actions required are: (i)
environmental education days and garbage
cleaning on beaches and mangroves with
the communities; (ii) improvement in
domestic waste management; (iii) reduce
the production and consumption of
disposable plastics; (iv) formulation of
public policies related to marine litter and
(v) research on the ecological, economic and
social impacts of microplastic pollution in
the MPA (Garcés-Orddiiez et al. 2020b;
Rivera-Garibay et al. 2020).

CONCLUSIONS

The Cispata MPA is threatened by
microplastic contamination, which comes
from inadequate management of domestic
waste, tourism and fishing activities in the
area. Mangroves have a greater abundance
of microplastics in their waters and
sediments compared to the nearby tourist
beaches evaluated. Secondary microplastics
such as films, fragments, foams and
filaments dominated in the two ecosystems,
which are generated by fragmentation of
larger plastics.

It is necessary to continue researching this
problem by analyzing the types of polymers,
impacts and effects of microplastics in these
ecosystems. Likewise, it is recommended to
carry out education and awareness
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campaigns to increase environmental
awareness and generate positive changes
that contribute to the reduction of plastic
pollution.
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