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Abstract: The mass production and consumption of plastics have serious effects on the environment,
human health, and livelihood. Hence, global efforts to reduce plastic generation must be realized.
This study aimed to determine the prevalence of microplastics in mangrove sediments of Cabadbaran,
Buenavista, and Nasipit in Butuan Bay, Philippines. Seventy-two (72) microplastic particles were
extracted from mangrove sediments dominated by fibrous type (71%) and blue (35%) as the most
common color. Attenuated total reflectance–Fourier transform infrared (ATR–FTIR) spectroscopy was
used to assess the polymer type of microplastics. Results reveal a total of six polymer types including
high-density polyethylene, low-density polyethylene, polyethylene terephthalate, ethylene-vinyl
acetate, polyamide, and polypropylene, with the latter comprising 39% of samples, the highest
among the extracted particles. Overall, Nasipit (71.1/kg) obtained the highest microplastic density
followed by Buenavista (48.9/kg) and Cabadbaran (40.0/kg). These data will serve as a piece of
baseline information in crafting important environmental policies to address plastic pollution issues
in the area. Long-term studies are recommended to better understand, monitor, and prevent further
microplastic pollution in Butuan Bay.

Keywords: microplastics; mangroves; sediment; ATR–FTIR; Mindanao; Philippines

1. Introduction

Plastics are synthetic organic polymers derived from the polymerization of monomers
extracted from oil or gas [1–3]. Since the first modern plastic invention in 1907, various
low-cost manufacturing techniques have been refined, allowing for the mass production of
a wide range of lightweight, durable, inert, and corrosion-resistant polymers [4]. Plastics
have been increasingly crucial to all nations over the last 70 years, with a yearly growth rate
output of 8.4 percent between 1950 and 2015 [5]. Estimates of floating plastic in the ocean
are as high as 236,000 metric tons [6]. Jambeck et al. [7] suggested that 4.8 to 12.7 million
tons of plastic debris per year enter the ocean and projected cumulative inputs will increase
tenfold by 2025. The Philippines is the third biggest contributor of plastic litter into the
ocean and the number one emitter of plastic debris from riverine sources [7,8]. Recent
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studies in the country revealed that plastic litters are prevalent in estuaries [9], seagrass
beds [10], and beaches [11–13].

Through accidental release and indiscriminate discards, plastic waste has accumulated
in the environment at an uncontrollable rate. When these wastes enter the ocean, their
rate of breakdown accelerates. Plastics’ persistence varies depending on the polymer,
shape, density, and other factors [9,12,14,15]. Moreover, plastics will disintegrate into
microplastics when exposed to natural forces such as wind, exposure to sunlight, wave
action, weathering, temperature, irradiation, pH [16], other harsh environmental conditions,
and physical stress [17]. This degradation can also create chemical hazards for marine
wildlife. As ultraviolet radiation breaks down plastics, additives that make plastic more
durable are caused to leach out into the environment [18]. These small plastic debris
are argued to have a potential threat to marine wildlife, from the gene to community
levels [19–23]. Some authors [24–26] state that because of the high intake of seafood, there
would be a potential effect of microplastics on human health.

Occurring between land and ocean, mangrove ecosystems, to some extent, act as traps
for marine plastic debris [27]. The combination of being a tropical country that hosts a wide
variety of mangrove species, poor plastic waste collections, and the absence of research
programs on basic plastic problem research has resulted in a limited understanding of its
implications [28]. These factors also are thought to contribute mainly to the Philippines’
mangrove forests as hot spots for microplastic accumulation in the future. Despite these
compelling factors, the amount of microplastics in mangrove ecosystems in the country has
not received much attention.

Butuan Bay is situated in Agusan Del Norte, in the Philippines’ northeastern part of
Mindanao. The Bohol Sea, also known as the Mindanao Sea, connects it to the north and is
known for its severe southwest flow of surface currents from the Pacific Ocean [29]. Several
tributaries—notably, the Agusan River, the country’s third-longest river—run straight
into the sea, transporting water from interconnected rivers, canals, and lakes [30]. These
tributaries can transport plastics from different communities from the slopes of Davao
Oriental and Agusan del Sur down to Butuan Bay. With the premises mentioned above,
this paper sought to assess the prevalence of microplastics in the bay given the amount of
plastic litter generated by the capital city of the Caraga Region.

This study was the first to ever document microplastics’ prevalence in the Philippines’
mangrove sediments. The extracted microplastics were counted and grouped according
to particle shape, color, and polymer type. The different polymer types were identified
using attenuated total reflectance–Fourier transform infrared (ATR–FTIR) spectroscopy.
The results of this will serve as a guide in crafting important environmental policies to
address the plastic pollution problem in the region and a baseline for conducting further
research in these areas.

2. Materials and Methods

The study was conducted in Butuan Bay located in northeastern Mindanao. To the
north, its shoreline connects with the Bohol Sea, also known as the Mindanao Sea. Strong
southwest surface currents flowing from the Pacific Ocean are prominent in this sea. A
number of river tributaries—notably, the Agusan River, the third-longest river in the
Philippines—transport water from connected rivers, canals, and lakes directly into the
Bay. Specifically, the study was conducted in three sampling stations, namely, Cabadbaran,
Buenavista, and Nasipit (Figure 1).

2.1. Establishment of the Sampling Sites and Sediment Collection

Three forty-meter transect lines were established with three 10 m × 10 m quadrats in
each sampling station. Using a metal spoon with little disturbance, two cm of the topmost
sediment was collected and stored in a glass jar. Fifty grams of dried sediments obtained
from each quadrat were collected for a total of 150 g per transect line. Samples from each
transect line were homogenized as representative samples from each sampling station. All
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the jars were sealed with aluminum foil before closing the lids to avoid exposure to light
and prevent contamination from other sources.
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Figure 1. Location of the three sampling stations for microplastic assessment of mangrove sediments
along Butuan Bay (Cabadbaran, Buenavista, and Nasipit).

2.2. Microplastic Extraction and Identification

Before proceeding with the laboratory works, glassware were washed and cleaned for
microplastic decontamination through intensive upside-down rinsing with ultrapure water.
Non-plastic materials were used to minimize microplastic contamination. All the samples
were kept in a drying oven at 90 ◦C for 24 h, then weighed in a preweighed beaker. The
procedures by Karami et al. [31] were followed with modifications to remove organic matter.
A total of 150 g of sediments was soaked with 300 mL of 10% KOH solution and heated
in an oven for 24 h at 60 ◦C. After the samples were retrieved from the oven, vacuum
filtration was performed using a Millipore set and 40 mm diameter GF/C glass filters.
Each glass filter was washed with distilled water and oven-dried for 24 h [32]. A clean
Petri dish housed the filter paper for optical microscopy analysis using 40×magnification.
The remaining samples were subjected to floatation using 30% NaCl solution to allow
the settled microplastic particles to float. Using a clean needle, all suspected microplastic
particles were mounted in glass slides. Microplastics were described as fiber, film, or
fragments based on the classification technique used by Su et al. [33]. A fiber was defined
as a microplastic with a long, slender appearance, whereas a film was described as a small
and thin particle from large plastic debris. When a microplastic could not be identified
as a fiber, pellet, or film, the categorization of the fragment was employed. Microplastics
were then subjected to ATR–FTIR analysis (PerkinElmer Spectrum Two FT-IR Spectrometer,
PerkinElmer Inc., Waltham, MA, USA) to classify the polymer type further. This is a
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well-recognized, rapid, and reliable method in identifying polymer types of different MPs
by comparing the resulting FTIR spectra with known plastic polymers in the spectral
library [34]. All laboratory works were conducted at the Chemistry Laboratory of Caraga
State University—Main Campus.

2.3. Quality Control

A control group was established using ultrapure water to ensure the data’s quality.
For the laboratory works, primarily during the preparation and treatment of samples, the
researchers wore medical masks and laboratory gowns. On the other hand, in conduct-
ing microscopy and mounting suspected microplastics, wearing of personal protective
equipment (PPE) instead of a lab gown was strictly followed to prevent microplastic
contamination from the clothes that the researchers wore.

2.4. Density of Plastic Litter

The density of microplastics was computed by the total number of items divided by
the total mass of the sediment samples. This method was modified based on the studies of
Abreo et al. [35], Espiritu et al. [36], Rahim et al. [37], and Egessa et al. [38].

Density =
Number of microplastics
Mass of the samples (kg)

, (1)

2.5. Statistical Analysis

The differences among the densities of microplastics in transect lines were analyzed
using the Kruskal–Wallis Test.

3. Results

Microplastics were present in all nine sediment samples collected from three mangrove
habitats in Butuan Bay (Table 1). A total of 141 suspected microplastics were extracted
from the sediment samples, 72 of which were confirmed and identified as MPs based on
the FTIR results. There was a 48.94% (69 particles) decrease in the number of confirmed
plastics after conducting the confirmatory test, mainly because of three reasons: (1) some
suspected microplastics were too small for the machine to detect its polymer type; (2) due
to the samples’ minute size, some were lost while transferring them from the glass slides to
the FTIR machine; (3) degraded samples due to different environmental factors can affect
the similarity score of the samples based on the data stored in the computer’s library.

Before and after conducting the FTIR analysis, the highest number of microplastics
was found in Nasipit with 62 and 32 particles, respectively (Table 1), followed by Buenavista
(42, 22) and Cabadbaran (37, 18). There is also variation in the number of microplastics
per transect. For example, the confirmed microplastics in Cabadbaran Transect 1 was nine,
while there were only four microplastics in Transect 3. However, statistical analysis revealed
that there is no significant difference among the sites and transects (p > 0.05). Calculating
the density of microplastics per kilogram of dried sediment samples showed that Nasipit
was the highest (71.1/kg), followed by Buenavista (48.9/kg) and Cabadbaran (40.0/kg).
The highest concentration of microplastics was found in Nasipit since it was located near
human settlements, and high amounts of plastic debris were observed during the sampling
such as fishing nets, plastic detergent containers, plastic bottles, and food wrappers.

During microscopy, three shapes of microplastics were identified: fiber, fragments,
and films (Figure 2). Fibers (71%) were the most abundant type of particles found in this
study, followed by fragments and films, which cover 19% and 10% of the samples, respec-
tively (Figure 3). Moreover, seven colors were observed (Figure 4), with blue as the most
prevalent, comprising 35% of the isolated and identified microplastic particles followed by
transparent (24%), white (22%), brown (13%), black (4%), gray (1%), and red (1%). Further-
more, all suspected microplastics were analyzed using ATR–FTIR spectroscopy, the most
frequently used method in identifying microplastic polymers and diagnosing chemical
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compositions of unknown plastic pieces. Six polymer types (Figure 5) were identified in the
current study, namely, high-density polyethylene (HDPE) and low-density polyethylene
(LDPE), polyethylene terephthalate (PET), ethylene-vinyl acetate (EVA), polyamide (PA),
and polypropylene (PP). PP comprises 39% of the identified microplastics and is the most
dominant among the identified polymer types, followed by EVA (22%), PET (13%), HDPE
(11%), LDPE (11%), and PA (4%) (Figure 6).

Table 1. Sampling area coordinates and incidence of microplastics in mangrove sediments of Cabad-
baran, Buenavista, and Nasipit along Butuan Bay.

Sampling
Area

Transect
No. Coordinates

No. of MPs before
FTIR/150 g
Sediments

No. of Confirmed
MPs after FTIR/150 g

Sediments

Microplastic Density
(No. of MPs/kg

Sediment)

Cabadbaran
Transect 1 9◦4′19′′ N, 125◦32′29′′ E 17 9 60.0
Transect 2 8◦4′20′′ N, 125◦32′26′′ E 8 5 33.3
Transect 3 8◦4′23′′ N, 125◦32′24′′ E 12 4 26.7

Buenavista
Transect 1 8◦58′16′′ N, 125◦26′37′′ E 18 10 66.7
Transect 2 8◦58′13′′ N, 126◦26′41′′ E 14 9 60.0
Transect 3 8◦58′16′′ N, 125◦26′37′′ E 10 3 20.0

Nasipit
Transect 1 8◦58′19′′ N, 125◦20′12′′ E 21 10 66.7
Transect 2 8◦58′20′′ N, 125◦20′11′′ E 20 9 60.0
Transect 3 8◦58′26′′ N, 125◦20′8′′ E 21 13 86.7
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4. Discussion

Higher microplastic concentrations were observed in sites where elevated amounts
of marine debris were seen during the sampling. Of the three sampling areas, Nasipit
exhibited the highest mean density value of 71.1/kg (Table 2), which can be linked to the
level of marine plastic debris in the area. The mean density of the three study areas in the
present study was relatively higher compared with that of Changi in Singapore [39] and
significantly lower than a similar study conducted in Fujian, China [40]. This difference in
the density of microplastics, as seen among different mangrove ecosystems from different
regions of Asia, show evidence of regional variations in environmental conditions and
activities, which have an impact on microplastic concentrations.

The amount of plastic waste in the mangrove ecosystem may have originated from
the community and the marine plastic litter accumulating in the area from different fishing
activities, including passenger and cargo ship operations in the municipal port terminal.
Previous studies have reported increasing microplastic levels in coastal sediments and
seawater near populated areas [32,41–43], implying a close association between land-
based human activities and microplastic pollution of marine environments. Meanwhile,
mangrove sites in Buenavista (48.9/kg) and Cabadbaran (40.0/kg) had lower microplastic
mean density with less local human activities associated with these areas.

Table 2. Comparison of microplastic density in different mangrove areas in Asia.

Study Area MP Particle/kg Reference

Cabadbaran, Philippines 40.0 This study
Buenavista, Philippines 48.9 This study

Nasipit, Philippines 71.1 This study
Changi, Singapore 9.7 Nor and Obbard, 2014 [39]

Bandar Lengeh, Iran 34.5 Naji et al., 2019 [44]
Fujian, China 198.4 Zhou et al., 2020 [40]

Muara Angke Wildlife Reserve, Indonesia 28.09 Cordova et al., 2021 [27]

The dominance of fibers among the three microplastic shapes was similar to dif-
ferent microplastic studies conducted in Singapore [39], the United Kingdom [45], and
Belgium [46], which reported that fibers were the most common type of microplastic parti-
cle. The morphology of these microplastics suggests that they are likely to be of secondary
origin from deteriorated plastic wastes and different fishing equipment such as plastic
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rope, and ropes used for netting and longline culture that have been in the marine environ-
ment for a very long time [39,47]. According to Catarino et al. [48], Leslie et al. [49], and
Renzi et al. [50], fibers were the most dominant using visual identification and spectroscopy
identification. In addition, Cho et al. [51] reported that more than 80% of microfibers
on filter papers were identified as natural fibers such as cotton and paper. Since many
synthetic fibers are colorless, and natural fibers might contain colors in synthetic fibers,
visual identification cannot correctly discriminate between synthetic and natural fibers,
resulting in the overestimation of microfiber concentration.

Blue was the most dominant microplastic color in this study, which is comparable to
the study conducted by Peng et al. [52] in the sediments of Changjiang Estuary, China. Blue
makes up 32.9% of the 132 microplastics studies, making it the most prevalent microplastic
color [53]. The usage of protective masks as an infection control tool, which was widespread
in East and South-East Asia at the beginning of the COVID-19 pandemic and eventually
around the world in 2020 and 2021, can be linked to the abundance of blue microplastic in
this study [11,54]. Additionally, a study conducted by Chen et al. [55] showed that blue
microplastics in the form of fibers and fragments were the most predominant and believed
to be coming from disposable face masks. Thus, these colored microplastics are probably
quickly taken up by many organisms mistaken as food resources [39,56,57], thus causing
starvation to death and the loss of biodiversity in mangrove habitats [58].

All nine transect lines established in the three mangrove areas recorded PP, which
covers 39% of the total isolated and recorded microplastic particles. This polymer type
is the most predominant in mangrove sediments, which is comparable to a study by
Jang et al. [59]; it is considered one of the most common polymer types used in clothing
and plastic products, is widely used in modern societies, and is popular in the fishery and
marine culture [60,61]. Of the six polymer types, polyamide was the most uncommon,
comprising only 4% of the samples.

5. Conclusions and Recommendations

To the best of our knowledge, the current study is the first to document and report
the presence of microplastics in the Philippines’ mangrove sediments. The present work
demonstrated the dominance of polypropylene, which comprises 39% of the total number
of isolated microplastics in the form of fibers, fragments, and films. The dominance of
polypropylene in all sites dictates that these particles came from several sources such
as clothing, plastic cups, and plastic wrappers, which degrade over time due to wave
action, UV exposure, and other environmental factors. Overall, Nasipit (71.1/kg) obtained
the highest density, followed by Buenavista (48.9/kg) and Cabadbaran (40.0/kg), thus
linking the higher concentration of microplastics to both location and different human
influences. Further studies shall be conducted to quantify the presence of microplastics in
the mangrove biota of the Bay, mainly in filter feeders such as clams and mussels, which
are economically important species. The results of this study can be utilized as baseline
data for researchers and authorities to craft policies to address issues concerning human
and environmental health.
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