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Abstract
Plastic pollution is an arising problem of our generation. Tons of plastics are globally produced affecting different
coastal ecosystems. Plastics pile and end up in coastal areas, at the ocean surface, and in the coastal seabed. Almost
70% of plastics made are known to eventually sink in water, and it is suspected that ever-increasing amounts of plastics
are accumulating in seabed sediments. However, there are limited studies on macroplastics in coastal seabeds in the
different coastal ecosystems in the Philippines. This study aims to determine the prevalence, types, and density of
macroplastic litters in the coastal seabed of Sultan Naga Dimaporo (SND), Lanao del Norte. A 100-m transect line with
four quadrats measuring 5 m x 5 m, was delineated parallel to the seabed at the beaches of Barangay Pikalawag,
Dabliston, Koreo and Sugod. Results revealed that all four sites were contaminated with plastic litter in which 55% were
from Pikalawag, a residential area, 16% from Dabliston, a mangrove area, 15% from Sugod, a beach/tourism area, and
14% from Koreo, a non-residential area. The plastic density was 1.32 items/m  for Pikalawag, and 0.32 to 0.37 items/m

for the other areas. The waste collected was primarily food packaging (17%), plastic fragments (16%), and plastic bags
(11%). The highest polymer type was LDPE (40%) followed by both multilayers (13%) and PET (13%).  Based on the clean
coast-index, Pikalawag can be categorized as extremely dirty while the other three sites were moderately clean. Overall,
this study showed how the prevalence and composition of plastic litter vary in different coastal seabeds in SND, Lanao
del Norte.
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1. Introduction
Plastic pollution is a signi�cant problem nowadays and these plastics can be found everywhere. With the continuous
increase in human population, the massive use of plastics also increases rapidly, mainly due to the vast usage of plastics
(North and Halden 2013). These plastics are made to help people in their daily lives, which are supposed to make life
better. According to Plastic Europe (2020), plastic manufacturing reached around 360 million tons in 2018 and is
expanding at a 3.5 % annual rate. Plastics can be found in clothes, houses and buildings, cars, and transportation
vehicles. The toys children play with, the screens from our televisions and gadgets like phones and laptops, the IT tools,
and medical equipment all contain plastics (Plastics Europe 2020). Unknown to many, these plastic problems have now
greatly affected the coastal ecosystem which makes over 4.8 - 12.7 million metric tons of plastic being globally
produced per year (World Bank Group. 2021). The Philippines is considered the third largest contributor of plastic waste
inputs in the ocean discharges   0.28 - 0.75 million metric tons of mismanaged plastic per year into the marine
environment (Jambeck et al. 2015). Furthermore, the Philippines is known as the largest contributor of plastics from
riverine sources according to a recent study by Meijer et al. (2021). Moreover, the amount of pollution in the environment
including plastics is perceived to increase in the next decades (Sumeldan et al. 2021). Despite this, the country currently
does not have any existing national research programs focusing on basic plastic problems which resulted to a limited
understanding of its implications to the country (Onda et al. 2019).

Plastics pile up in the coastal areas, at the ocean surface, and on the coastal seabed. Almost 70% of all plastics made
are known to eventually sink in water, and it is suspected that ever-increasing amounts of plastic items are accumulating
in seabed sediments (Hammer et al. 2012). These plastics may be buried in the sediment, undergo weathering, be
consumed by benthic organisms, and may harbor microbial communities (Schwarz et al. 2019; Onda et al. 2019; Shiu et
al. 2020; Navarro et al. 2022).   There were studies that tackled plastic pollution in different coastal ecosystems. These
coastal ecosystems include riverine areas, mangrove areas, beach areas, and other respective coastal areas (Acot et al.
2022; Sajorne et al. 2022; Gaboy et al. 2022; Escañan and Bacosa, 2022; Navarro et al. 2022), but only a few have been
conducted in the Philippines, especially on how plastics end up and submerged in coastal seabeds. The seabed is
important to the coastal ecosystem in way that it sustains a crucial purpose and ecosystem services, which include
nutrient regeneration, carbon sequestration, and biological and mineral resources (Banet 2020). Among the plastic litter
that ultimately ends up in the sea, �oating plastics or plastic debris are currently the most abundant waste items of
marine litter. Wastes plastic makes up to 60% - 80% of all marine debris from surface waters to deep-sea water
sediments (Kibria 2018).

Plastics have been detected on the shorelines of many countries, with more plastic materials found near popular tourist
destinations and densely populated areas (Inocente and Bacosa, 2022). Eight percent (80%) of this plastic debris
pollution even originates highly from land-based sources. The remaining twenty percent (20%) are those plastics that are
ocean-based; originate mainly from the �shing industry, nautical activities, and aquaculture (IUCN 2018; Kibria 2018). In
2013, the Philippine plastic production reached up to 1,920 metric tons where 48% of plastic products are being used for
packaging in the year 2017 (Sea Circular, 2020).

The municipality of Sultan Naga Dimaporo (SND) is located in the province of Lanao del Norte, Philippines. The
southeast boundary of SND is the municipality of Picong, Lanao del Sur, and the west part is bounded by barangay
Tukuran and Aurora in Zamboanga del Sur. Whereas the southern area of SND includes the connection to one of the
known bays in SND which is the Illana Bay, which connects to the famous south sea of the Philippines, the Celebes Sea.
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With the longest coastline area and high coastal communities in the municipality, it comes with a question for most
people as to how much of plastics could end up and submerged in the coastal seabed of SND. Sajorne et al. (2021)
reported that 76% of the sandy beaches on the east coast of Puerto Princesa are dirty to extremely dirty. Despite the
Philippines being a major producer of plastics to the marine environment, only a few studies have been undertaken to
evaluate the scope of the problem (Kalnasa et al. 2019; Paler et al. 2019; Esquinas et al. 2020; Bucol et al. 2020; Inocente
and Bacosa, 2022). According to Abreo (2018), the importance of baseline studies on marine plastic litter in varied
coastal ecosystems cannot be overstated.

This study was conducted to determine the prevalence of macroplastic litter in the coastal seabed of Sultan Naga
Dimaporo. Furthermore, this aims to; (a) determine the density and composition of the plastic waste in the coastal
seabed of SND Bay in different areas- the mangrove, beachside, residential, and non-residential areas, and (b) to
determine the types of macroplastic found in the coastal seabed of SND in different areas. This study serves as baseline
data on the presence of macroplastic in the coastal seabed areas of the municipality of Sultan Naga Dimaporo, Lanao
del Norte, Philippines.

2. Methodology
2.1 Study Area
The sampling sites were located along the coastal area of Sultan Naga Dimaporo (SND), Lanao del Norte, Philippines.
SND has a total coastal line of almost 30 km. It is also known as Karomatan, a �fth-class municipality and is located in
the south-western part of Lanao del Norte with latitude of 7°46'59.99" N and longitude of 123°44'59.99" E (Figure 1). SND
is known as the municipality that has the longest coastline in the province. Covering an area of 37, 634 kilometers, it
comprises 16 coastal barangays out of the 37 active barangays (Lacuna and Merlas, 2018) with a corresponding total
population of 60, 904 (2020 Census, 2021-251). The barangay is the smallest political unit in the Philippines.

Fig 1. Map of Sultan Naga Dimaporo, Lanao del Norte, Philippines showing the four sampling sites
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2.2 Coastal Seabed Plastic Litter Collection
Four sites were identi�ed for the sampling collection (Table 1). The plastic collection was done for six days. It was
divided into three weekdays, July 15, 29 and August 12, and three weekends, July 17, 31 and August 14, 2021 (Figure 2).

Table 1. Site name, characteristics and coordinates of sampling areas in Sultan Naga Dimaporo, Lanao del Norte

SITE NAME AREA CLASSIFICATION COORDINATES

1 Pikalawag Residential Area 7.8181° N, 123.7127° E

2 Dabliston Mangrove Area 7.8164° N, 123.6917° E

3 Koreo Non-residential Area 7.7932° N, 123.7254° E

4 Sugod Beach/Tourism Area 7.7646° N, 123.7395° E

Each area has a 100-meter transect line which was parallel to the seabed, and it was then divided into twenty-�ve-meter
quadrats. Four �ve-meter quadrats were chosen randomly (with accordance to Lippiat et al. 2013 study) which stands as
the area’s focused sites. Coastal width of �ve meters was measured from the whack line boundary/ high tide line
towards the shoreline, hours after the low tide. . Wooden stakes were used to mark the start and �nish of each transects,
and a GPS position was recorded to allow for repeat sampling during subsequent collection sessions. Every plastic litter
that was found in the quadrat were collected, counted, and analyzed based on their category and codes. The plastic
litters collected was computed for the clean coast index (CCI) (Alkalay et al. 2007) and tallied for NOAA Marine Debris
Monitoring and Assessment Program (MDMAP) Survey Debris Datasheet (Lippiat et al. 2013).

Fig 2. Plastic litters in sampling areas (A) Pikalawag (B) Dabliston (C) Koreo (D) Sugod

2.3 Coastal Seabed Plastic Litter Category
The plastic litters that were collected in the seabed area were  sorted into categories which was modi�ed based on the
study of Galarpe (2019) and Syakti (2017): (a) food packaging, (b) disposable utensils (c) food containers (d) cloth, (e)
napkin and diapers, (f) ropes, (g) cigarette, (h) plastic fragments, (i) plastic bags, (j) styrofoam, (k) medical waste, (l)
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sack, and (m) nylon �shing line, (n) footwear, (o) plastic bottle, (p) plastic caps, (q) �shing nets, (r) other bottle
containers, (s) disposable lighters, (t) plastic cups (u) straws, (v) toiletries, (w) rubbers, (x) tetra packs, (y) metals, (z)
glass, (aa) aluminum, (ab) electronics. After sorting into categories, it was then classi�ed into nine common plastic
polymers: polyethylene terephthalate (PET), high-density polyethylene (HDPE), polyvinyl chloride (PVC), low-density
polyethylene (LDPE), polypropylene (PP), polystyrene (PS), polyamide (PA), multilayers and others (Martins and Sobral
2011). The total plastic waste collected was then tallied and calculated for a clean coast index (CCI) (Alkalay et al.
2007).

2.4 Data Analysis
2.4.1 Abundance and Density of Plastic litter

The density of the plastic litters collected was computed from the total number of items collected divided by the total
sampled area which was expressed in no. of items/m  as shown in Equation 1. This method was modi�ed from the

study of Abreo et al. (2019) and Rahim et al. (2019). For the composition of plastic litter, the use of percent composition
was obtained, shown in Equation 2. The same calculation was also performed using the weight of plastic litter collected.
This method was also modi�ed from the study of Abreo et al. (2019).

Equation 1

Equation 2

2.4.2 Clean Coast Index

The Clean-coast index or CCI was suggested as the best tool in evaluating actual coast cleanliness. It measures plastic
debris as a criterion for beach cleanliness; this mathematical instrument was an easy way to avoid bias conducted by
the assessor (Alkalay et al. 2007). With this analysis, the total plastic litters collected in the study were calculated with
CCI evaluation, as a representative to qualitatively identify the coastal cleanliness per site. The CCI was calculated as
shown in Equation 3:

Equation 3

For a statistical reason, the coe�cient of k = 20 was inserted in the equation as a multiplier to ensure that the generated
value from the equation will not fall into zero or between 0 and 1. Then the �nal CCI numbers and coast grade index are

2

Density Analysis =
number of plastic litter

m2

Composition Analysis =
number of items in a category

total number of items in all categories
× 100

CCI = ( Total number of plastic items on transect

Total area of transect
) × K
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as follows: 0–2: VERY CLEAN — which indicates that no litter was seen; 2–5: CLEAN — indicating no litter was seen over
a large area; 5–10: MODERATE — a few pieces of litter can be detected; 10–20: DIRTY — a lot of debris on the shore; and
20+: EXTREMELY DIRTY — most of the beach was covered with plastic debris (Vlachogianni et al. 2018).

2.4.3 Statistical analysis

The data gathered were statistically analyzed using the PAST software (Hammer et al. 2001). A one-way analysis of
variance (ANOVA) test was used in identifying the signi�cant differences between the four coastal seabeds. Data were
analyzed for a normality test, and to compare the means, the Post Hoc test (Tukey's test) was used. The means of waste
collected during the weekdays and weekends were compared using t-test. The density (items/m ) ± SD was calculated,

and values were evaluated as signi�cantly different at p < 0.05.

3. Results and Discussion
3.1 Macroplastic Study
A total of 1,423 plastic litter items were collected in all four study sites during the 6 days of sampling in which 55% were
from Pikalawag followed by Dabliston, Sugod, and Koreo with 16%, 15%, and 14%, respectively. (Figure 3).

Fig 3. Overall total waste count of the four sites with corresponding percentage.

Notably, the number of plastic wastes did not decrease through time (Figure 4). Higher numbers of plastics were
observed in many sites in succeeding sampling. For example, three times more plastics were collected during the third
sampling in Pikalawag compared to the �rst sampling. Similarly, in Koreo, from 4 pieces of plastics collected during the
�rst day, the total waste collected increased to 64 during the last sampling. This observation can be attributed to two
possible factors; the �rst one was human factor. Pikalawag, a residential area has the highest overall waste collected,
mainly due to the behaviours of residents towards plastic waste.   This �nding is consistent with Sajorne et al. (2021)
who found that the residential areas in Puerto Princesa, Palawan have 2-5 time more plastic waste compared to non-
residential sites.     In terms of population in SND, Pikalawag is ranked 2  with 6.82% of the total population in SND,

Dabliston as 5  with 4.14%, then 8  Koreo of 3.34% and Sugod with 1.83% ranked 24. The second factor is seasonal

changes. According to the locals, the southwest monsoon or “habagat” season, which commonly falls during the last
week of May or the middle of June to September were particularly the season where most waste drifts in the shore of
SND. Hence, the waste results for the 3rd and 4th day sampling were heavy rainfall and winds were happening in the

2

nd

th th
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area. Heavy rainfall and �ooding can carry plastics waste from the upland terrestrial environment through the canals and
rivers that ends up in the ocean (Requiron and Bacosa, 2022). According to Galgani et al. (2000) submarine
geomorphology, geographical settings, hydrodynamics, and bathymetric strati�cation all have a role in plastic dispersion
on the coastal seabed/sea�oors. It was well known that plastics can be transported to remote places through currents,
tides, and even the climate (Galgani et al. 2013).

Fig 4. Waste count of the six days sampling from four sampling sites.

A total of 30 waste classi�cations were used in this study. Overall results show that 17% were food packaging followed
by plastic fragments (16%) and plastic bags (11%) (Figure 5). The results agree with previous studies (Paler et al. 2019;
Kalnasa et al. 2019; Esquinas et al. 2020 and Sajorne et al. 2021) where it was found that the most prevalent plastic
waste in any nation with high levels of poverty, like the Philippines, are sachets and other food packaging which were
locally available and can easily be purchased.

Fig 5. Plastic classi�cation per site: (A) Pikalawag, (B) Dabliston, (C) Koreo and (D) Sugod
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There is variability in the waste composition of the sites. For example, food packing was 23% of the total waste in
Pikalawag, a residential area while only 4% in Koreo, a non-residential area. On the other hand, styrofoams were only 4%
in Pikalawag while 40% in Koreo. Plastic fragments both in Dabliston (15%), a mangrove area, and Sugod (19%), a
beach/tourism area was also the highest. Araújo et al. (2018) speculated that these plastic fragments in the coastal
areas may be thrown or carried by the waves in the ocean for a long period of time which then fragmented into smaller
sizes.

Fig 6. Overall polymer composition of plastics collected from sampling sites.

The plastics collected were then classi�ed into nine polymer types. These are the polyethylene terepthalate (PET), high-
density polyethylene (HDPE), low-density polyethylene (LDPE), polyvinyl chloride (PVC), polypropylene (PP), polystyrene
(PS), polyamide (PA), multilayers and others. Results shows that the dominant plastic waste found in all sites were LDPE
at 40% followed by multilayers and PET both of 13%. The least polymer classi�ed was PVC of 1% (Figure 6).  However, it
was identi�ed that PE, PP and PS, where plastics and polystyrene foam comprises 90%, as the most dominant plastic
polymers found in the coastal environment (Pabortsava et al. 2020. and SLO active, 2021).

3.2 Density of Plastic litter and Clean Coast Index
With the results gathered it was found that all sampling sites were polluted with plastic waste. Pikalawag leads the
highest plastic density (1.32/m ) of all four sites. Density analysis results show that Pikalawag was signi�cantly higher

(p < 0.05) than that of Dabliston (0.37/m ), Koreo (0.34/m ) and Sugod (0.35/m ).

Computed CCI of the four sites shows that Pikalawag was an extremely dirty coast, whereas Dabliston, Koreo, and
Sugod fall under the moderately clean coast (Table 2).

Table 2. Description of the study sites and marine plastic litter collected from different sites with density (no. of plastic litter/m ) ± standard deviation
(SD), CCI analysis and coast grade

SITE CLASSIFICATION (Area) Total Mass (g/site) Total Litter Count Density/m  ± SD CCI Coast Grade

Pikalawag Residential 21,438.2 789 1.32 ± 1.05 25.2 Extremely Dirty

Dabliston Mangrove 10,146.9 224 0.37 ± 0.16 7.5 Moderately Clean

Koreo Non-residential 2,489.3 203 0.34 ± 0.32 6.8 Moderately Clean

Sugod Beach/Tourism 3,787.72 207 0.35 ± 0.17 6.9 Moderately Clean

2

2 2 2

2

2

a

b

b

b
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Figure 7 shows that the plastic density collection was higher during the weekday compared to the weekend. However, t-
test analysis revealed that there was no signi�cant difference between the weekday and weekend of Pikalawag (p ≥
0.05), and the weekend and weekdays of other three sites combined (p ≥ 0.05).

Fig 7. Whisker type standard error boxplot of plastic density (A) Pikalawag (B) three other sites

Pikalawag was predominant in waste density since it is a residential area and accordingly as the population of a certain
area grows so will the demand for consumable products, which will eventually turn into plastic trash (Alabi et al. 2019).
The second was Dabliston which is a mangrove area, and according to van Bijsterveldt et al. (2021), in their �eld study,
plastics were signi�cantly found covering most of a mangrove’s forest �oor in certain spots of their �eld where plastics
were commonly hidden in the sediment's higher layers. This result would indicate that plastics would have a direct and
indirect harmful impact on the mangrove environment (Suyadi & Manullang 2020).   Sugod, which has an emerging
beach/tourism site; where plastic waste was also highly increasing. According to Gössling (2002); Biubwa et al. (2014);
and Jang et al. (2014), tourism sites may serve as a waste-producing areas. Lastly was Koreo with the least plastic
waste density. Since non-residential areas are less frequented than residential ones, the amount of plastic litter produced
was limited (Alabi et al. 2019), rather the waste found and collected in the area was mainly due to the waste brought by
the wind and wave currents.

4. Conclusion and Recommendation
This study revealed how plastic litter density and composition vary in different coastal areas in SND, Lanao del Norte.
Overall, a total of 1,423 waste counts were collected during the 6 non-consecutive days of sampling in 4 sites of SND.
Pikalawag, a residential site has 55% of the total waste collected and can be classi�ed as extremely dirty based on
clean-coast index. Dabliston a mangrove area, Koreo a non-residential area, and Sugod a beach area were all classi�ed
as moderately clean beaches. The types of plastics litters collected were predominantly food packaging (17%), plastic
fragments (16%), and plastic bags (11%), which results to LDPE (40%), multilayers (13%), and PET (13%) as the highest
polymer type categorized. This is the �rst study detailing plastic pollution in coastal areas with different characteristics
in Lanao del Norte.

This study was conducted during the COVID-19 pandemic, which adds to the limitations of the study. Recommended
survey frequency from UNEP is at least every 30 months, while for NOAA is every 28 days ± 3 days (Lippiat et al. 2013).
Moreover, Eriksson et al. (2013) further suggested that a 12-day consecutive sampling period at a speci�c location may
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yield more useful results than a year's worth of monthly surveys. However, the collection time of this study is particularly
limited to six non-consecutive days, due to the time frame limit given to the researcher, which limits the results of the
study.  Moreover, the results of the marine debris monitoring survey were conducted at speci�c times of the year, so care
must be taken in interpreting them as a universal phenomenon in this area. Hence, it is highly recommended that future
research will be done, such as the monitoring of plastic debris commonly found and collected in the area for a much
longer period of time.

 However, the current data show speci�c plastic accumulation from the coastal communities, which could serve as a
foundation for future plastic waste management policies and initiatives. Hence these results will strengthen and
enhance the local government unit in the municipality of Sultan Naga Dimaporo towards their solid waste management
ordinances and policies in these coastal areas. The lack of regular and improper waste collection will serve as a suitable
starting point for addressing this plastic waste issue. The present study is preliminary and provides the baseline status
of macroplastic litter in the different coastal areas of Sultan Naga Dimaporo, Lanao del Norte.
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