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Abstract

Marine litter along the coastal area has long been a threat to the ecosystem and one of the crucial issues
repeatedly in debates. Since the study of marine litter is at its infant stage in Malaysia, this research took
the initiative to focus on coastal pollution with the objective to ascertain the amount of different categories
of macro marine litter, to determine the amount of microplastic in the sediment layer, and to determine the
possible correlation between macroplastic abundance and microplastic amount in the sediment layer. The
study area is the coastal region of Kuala Perlis, Malaysia. Macro marine litter is collected at four sampling
sites along the shoreline stretching 100 m in length and divided by four sections in width. A quadrat of 50
cm x 50 cm is used to collect sediment from surface to 5 cm depth for microplastic analysing. The total
weight of macroplastics collected is 27.79 kg with highest amount being plastic weighing 20.1 kg, fabric
(6.96 kg), glass (0.53 kg) and rubber (0.2 kg), while wood and metal were unfound. The amount of
macroplastic, being the most collected, proved the reason it becomes a major threat. This study found the
amount of microplastics ranged between 0.000096 to 0.000160 kg/m?, while macroplastics ranged between
0.00167 to 0.00402 kg/m?. Result shows a significant relationship (R? of 0.9328) between macro and
microplastic at 95% significance level. The linear regression equation computed is y = 26.388x + 0.051,

with y representing microplastic (kg/m?) while x represents macroplastic (kg/m?).
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1. Introduction

Malaysia is an oceanic nation with attractive shorelines that fascinated both local visitors and foreign
tourists. The surrounding coastal waters also represent highly productive ecosystems such as mangrove,
coral reefs, sea grasses and marine ecosystem. The complexity and rich coastal areas triggered an integrated
approach required to handle the challenging environmental issues of achieving a well conserved and
sustainable region. As a result, from development and rapid urbanization, these coastal resources are under
pressure based on the account of anthropogenic activities within the areas.

Rapid urbanization also leads to more people using plastic every day and changes in land use cover
will affect the coastal water quality and plastic pollution along the coast (Robertson, 2018). This research
is mooted based on the global phenomenon of the coast, particularly the marine litter issue. Research on
marine litter issues is not widely conducted in Malaysia although it appears to be a major problem in the
country. Some of related studies are found to be inadequate to illustrate the level of marine pollution within
the Malaysian coast. The most intensive paper about marine litter for Malaysia is probably the International
Beach Cleaning Report by the International Coastal Cleanup published in 2010.

It is very challenging to describe the level of marine litter in the coastal area as the area is very large.
In addition, the marine litter has many categories and sorting these categories is laborious and even
perplexing. The floating plastic that is presently the general abundant marine item also indirectly threatens
marine biodiversity and food chains. On the other hand, the effects of fragility are mainly underestimated
as most of the victims are not found in large areas of the sea when sunk or eaten by predators (Thevenon et
al., 2014). Some of the macroplastic also undergo degradation process in the marine environment by the
exposure to sun radiation, hydrolysis and microorganisms into smaller and smaller pieces of plastic and

fragments, which then can be harmful and deleterious to the environment and organisms.

1.1. Literature Review

Plastic litter pollution has advanced in terms of its research since its realization to such a level until
now and is displayed almost in every surrounding environment and every location of the globe (Bergmann
etal., 2015). It is a global environmental threat that is in rising concern (Rochman et al., 2016) and causing
a risk to seabirds (Wilcox et al., 2015), fish, turtles (Mrosovsky et al., 2009) and marine creatures. Direct
pollution of plastics at the coastlines which originate from both land- and sea-based activities has primarily
disrupted the coastal environment. The major threats of plastic litters are causing the death of excessive
number of marine creatures, serious harms to the ecosystem functions, possible human health and disrupting
activities such as eco-tourism, fishing, swimming or leisure activities at the beaches. The most essential
part of plastic pollution is plastic cannot degrade naturally but breaks into tinier sizes (hence, microplastics)
over time which then resulted in multiplications of their abundance and finally interfered with the food
chains in coastal ecosystems, bioaccumulated in organisms consuming these microplastics and lead to
health issues in human. In addition, plastic litter pollution also impedes and degrades the aesthetic value
and sustainability of an area.

Tackling marine plastic litter is a very challenging issue because there are many different categories
of plastics used commercially and disposed of into the coastal environment without proper disposal

procedures globally. This is principally because how manufactured plastics degrade was poorly understood
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or had never thought of when it was manufactured in the first place. Now that we realized these plastics do
not biodegrade naturally but resulted in smaller and tinier pieces over time, the real task of solving this
‘minute’ problems is now critical to the extent that it threatens us through food chains. The range of these
minutes called microplastics can be as small as nano- or pico-scales. The severity of microplastic pollution
is seen from significant findings of microplastic occurring in the ocean (Barnes et al., 2009) and as far as
even in the Antarctic waters (Zarfl & Matthies, 2010). Microplastic originates from two sources - primary

source being from virgin resin pellets or plastic beads, and secondary source being fragmentations from

larger plastic debris under the exposure of continuous radiation.

2. Problem Statement

According to Lindeque (2017), the effect of larger plastic debris on aquatic life is well documented.
However, microplastic litter has become more noticeable in recent years that may pose equal threat to
marine life and human health is not well document either due to lack of research (Jahnke et al., 2017) or
lack of awareness to the potential problem itself. Based on a recent study, global production of plastic has
escalated from 5 million tons in 1950 to 322 million tons in 2015 (Plastic - The Fact 2015, 2015). Another
perspective leading to the possible lack of awareness in microplastic pollution is perhaps the visibility of
plastic pollution compared to its production. This is mainly because plastics break down in to smaller pieces
over time through exposure to sun radiation, hydrolysis and microbial activity (Gewert et al., 2015). In
addition, plastics have high durability and can either be floating on sea surface if light enough or prone to
sink and became more appealing to ingest by benthic organism. Therefore, it is crucial to study the
relationship between both macroplastic and microplastic litter. At the moment this relationship has not been
established within the local context and will be imperative to further studies relating pollution to sustainable
environment, natural coastal resources, food security, biodiversity and human health. Establishing the
relationship between macro- and microplastic is also necessary in managing plastic pollution problem either

locally, regionally or globally.

3. Research Questions

Primary research question for this study is whether there is a positive correlation between
macroplastic abundance and the microplastic amount found in the sediment layer of the study area. The
hypothesis is there is a positive correlation between macroplastic abundance and the amount of microplastic
within the sediment layer. This means it is anticipated that the higher the abundance of macroplastic
collected, the higher the amount of microplastic is in the sediment layer.

The second research question is what is the proportion of macroplastic found amongst the macro
marine litter collected in the study area. The hypothesis is macroplastic will constitute the largest proportion

of all macro marine litter types identified.

4. Purpose of the Study

The main objectives of this study are:

(1) to ascertain the amount of different categories of macro marine litter;
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(2) to determine the amount of microplastic present in the sediment layer, and
(3) to determine the possible correlation between macroplastic abundance and microplastic amount

in the sediment layer.

5. Research Methods
5.1. Study Area

The sampling area identified for the purpose of this study is along Kuala Perlis coastal region,
located on the northwest coast of Peninsular Malaysia bordering with south Thailand. The sampling area’s
major socio-economic activity is represented mainly by fishery both using traditional and modern vessels.
Naturally it becomes a seafood hub for the locals. The famous Kuala Perlis fishing jetty is also one of the
major routes for northern Malaysia’s tourism industry where local visitors and foreigners enroute to Pulau
Langkawi which is a major tourism spot. Four sampling sites identified which is labelled as S1, S2, S3 and
S4 are located near the busy Kuala Perlis Jetty and Kampung Kurung Tengar (Figure 01). Sampling sites

S1 and S2 are recreational areas, S3 represented a restaurant area while S4 is located near a residential area.

(d) Coastal area of
ampung Kurung Tegar

(b) Cotl area near Mosque
Hussin of Kuala Perlis

(a) Coastal area near
Jetty of Kuala Perlis

Figure 01. Location of sampling sites in the coastal area at Kuala Perlis

5.2. Characterization of Marine Macro Litter

Marine litter data are measured based on the amount of macro litter that are larger than 5 mm along
the shoreline and coastal areas using transect in wrack line areas to the vegetation line which stretches 100
m in length. The transect is then divided into four sections which are backshore, strandline, middle line and
water edge for all four sampling sites. The marine litter samples collected will then be classified into six
categories which are plastic, rubber, metal, glass, wood and fabric. The mass of each category is weighted

and measured.
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5.3. Microplastic in Sediment

The same transect line for macro litter collection is used for microplastic (plastic that are less than
5 mm) in sediment sample collections. Quadrats of 0.5m x 0.5m are used to collect microplastic sediment
samples. Surface sediment is collected to a depth of 0.05m within the quadrats. Sediment samples are then
dry sieved through a Smm sieve to collect macroplastics of > Smm size and at the same time separating
microplastic < 5Smm sizes. Density separation between floating and settled solids are carried out for further
analyses to obtain microplastic. Collected microplastics are then weighted and computed based on per unit

area (kg/m?). Sampling design used for each station is shown in Figure 02.
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Figure 02. Marine litter and microplastic sampling design

5.4. Relationship between Macroplastic and Microplastic

Statistical analysis is carried out to determine the possibility of significant correlation between

macroplastic abundance and microplastic amount in the sediment layer using Linear Regression in the SPSS

software.

6. Findings
6.1. Marine Litter Categories

The marine litter collected is categorized into six types of material which are, plastics, fabric, rubber,
wood, glass and metal. Total weight of macro marine litter collected in this study is 27.78 kg. Figure 03

shows the average total weight of marine litter for each category for the four different locations. The
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heaviest category is found to be macroplastic measuring 20.1 kg (73%) compared to other categories.
Fabric/Cloth is 6.95 kg (24%), glass measuring 0.53 kg (2%), rubber is 0.2 kg (1%) while no wood and
metal were found. Plastics degraded into little pieces after certain period of time and sooner or later get
buried within the sand itself or in sediment. These cases are similar with other coastal areas where plastics
are buried within the sand through beach-sand runoff during strong wind or rainfall. Fabric is the second
heaviest weight due to the density of fabric which is lighter and can accumulate in smaller pieces. This
makes fabric easier to be transported by water to the coastal area (Gregory & Andrady, 2003). Figure 04
shows the comparative distribution of marine litter for each station. It is clear that macroplastic constitutes

the largest portion of marine litter collected at S1, S2 and S3 which are located within the vicinity of Kuala

Perlis Jetty. Higher fabric marine litter (55%) is collected at S4 which is nearby residential area.

Total Marine Litter

24%

= Macroplastic

= Rubber
2% 0% Metal
0% | Glass
= Wood
1% Cloth

73%

Figure 03. Weights of different categories of marine macro litter

Marine Litter Distribution via Station

100% 39, 0%

13%
80%

60%

40%

20%

0%

S1 S2 S3 S4

m Macroplastic mRubber mMetal = Glass mWood = Cloth

Figure 04. Comparative marine litter distribution for each sampling location

Results of marine litter collected for each sampling station is given in Table 01. Data shown are based
on weight per unit area (kg/m?) and percentage. Highest amount of macroplastic per unit area (0.00402
kg/m?) is found to be at S3, where restaurants are located. S2 has the lowest amount of macroplastic which

is 0.00167 kg/m>.
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Table 01. Categories of marine litter collected from Kuala Perlis coastal zone

. . . Station
Marine Litter Unit
S1 S2 S3 S4
. kg/m’ 2.76E-03 1.67E-03 4.02E-03 2.01E-03
Macroplastic
% 96.5 96.5 87.1 39.5
kg/m? 0.00E+00 0.00E+00 0.00E+00 9.83E-05
Rubber
% 0.00 0.00 0.00 1.94
Metal kg/m’ 0.00E+00 0.00E+00 0.00E+00 0.00E+00
eta
% 0.00 0.00 0.00 0.00
Gl kg/m’ 0.00E+00 6.00E-05 0.00E+00 1.97E-04
ass
% 0.00 3.46 0.00 3.88
Wood kg/m’ 0.00E+00 0.00E+00 0.00E+00 0.00E+00
00
% 0.00 0.00 0.00 0.00
Cloth kg/m’ 1.00E-04 0.00E+00 5.97E-04 2.78E-03
0
% 3.50 0.00 12.92 54.68

6.2. Microplastic in Sediment

S1 and S2 are representing the recreational and tourist areas that are located at jetty and mosque of
Kuala Perlis, S3 is a local restaurant area at Medan Selera Kuala Perlis and S4 at Kurung Tengar
representing residential area. With the type of landuse observed within the study area, it is obvious that
areas with restaurants, residential and recreational area have high exposure to human activities. This leads
to exposure of anthropogenic pressure via recreational activities such as fishing and picnicking.
Additionally, these sampling sites (S1, S2 and S3) are within close proximity to the busy Kuala Perlis Jetty
— focus spot for local fish landings and ferry terminals transporting local visitors and foreign tourists from
mainland Peninsular Malaysia to Pulau Langkawi in the northern region. The abundance of microplastic
collected are shown in Figure 05. Similar to macroplastic litter findings, the highest microplastic abundance
is found at S3 (0.02kg/m®) where the hotels and restaurants are, another attractive location for the local
visitors and foreign tourists en route mainland to Pulau Langkawi. This area also one of the famous
locations for recreational activities as it offered seafood and playground for tourist to picnic and enjoy
leisure activities. This case can also be applied to S1 and S2 since both locations also busy with tourism
activities. However, on S4, the area was surrounded by residential, agricultural and traditional fishing
activities have microplastic litter because there is no proper way of solid waste management within the area
since some of the housing are illegal settlements. The source of plastics debris in these coastal areas is not
determined but is believed to have dual source which is from land-based activities and sea-based activities

(Cole et al., 2011).
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0,2
0,15
0,1
0,05
0
S2 S3
m Microplastic (kg/m3)

Figure 05. Microplastic abundance (kg/m?) in sediment of the sampling area

6.3. Relationship between Macroplastic and Microplastic

Based on statistical analysis, results showed a strong correlation between the amount of macroplastic
litter on the beach and the abundance of microplastic in the sediment in this study. Computed value of R?
is 0.9328 and this means high amount of macroplastic litter on the beach will lead to the high amount of
microplastic in the sediment layer. This significant relationship is shown in Figure 06. Regression analysis

equation showed the relationship between macroplastic and microplastic as:
y=26.388x + 0.051
where, y = microplastic (kg/m?)
x = macroplastic (kg/m?)

Summary of regression analysis between these components for all 4 sampling stations of S1, S2, S3
and S4 is given in Table 02. Regression analysis shows adjusted R squared is -2 while for ANOVA result
shows the total of df is 6 and SS is 0.002432. The probability output of microplastic is 0.12 kg/m?® in

percentile 50.

Macroplastic vs Microplastic

0,18
y =26,388x + 0,051
0,16 R>=0,9328

0,14
0,12

0,1
0,08
0,06
0,04
0,02

0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035 0,004 0,0045

Figure 06. Relationship between macroplastic and microplastic

310



https://doi.org/10.15405/epsbs.2020.10.02.28

Corresponding Author: Zaity Syazwani Mohd Odli

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

Table 02. Results of macroplastic and microplastic statistical analysis for regression (a) Regression
Statistic, (b) ANOVA, (c) Macroplastic Intercept, (d) Residual Output and (e) Probability

Output
(a)
Regression Statistic
Multiple R 0.9658293
R Square 0.93282624
Adjusted R Square -2
Standard Error 0.00903788
Observations 1
(b)
ANOVA
df SS MS F Significance F
Regression 4 0.00226863 | 0.000567158 27.7735303 #NUM!
Residual 2 0.00016337 | 8.16833E-05
Total 6 0.002432
()
Coeffici Standard er -
oej];z cent tg;’r:: t Stat P-value Lower 95% Upper 95% é;}v{»};} %DIZ;Z
Intercept -4.4042E- 4.4043E-
Macroplasti 306 306
c -1.3404E- 1.3404E-
(kg/m?) 306 306
0.00275833 0 0
0.0510073 | 0.0138494 | 3.68299038 | 0.0664457 - -
0.00167333 | 3 p . 0.00858197 | 01105966 | (oo, | 01105966
0.00402167 26.35;7640 < 0070856 5.27035979 0.0341707 4.843188999 47.93313910 4.843188999 47.93313910
0.002005
(d)
Residual Output
Observation Predicted Ml(’;mp lastic Residuals
(kg/m")
1 729969.053 -729968.933
(e)
Probability Output
50 0.12
Percentile Microplastic (kg/m®)

7. Conclusion

Results in this study showed that out of the six categories of marine macro litter, four types are
observed which are macroplastics, fabric/cloth, rubber and glass, while metal and wood debris are not
found. Highest amount of macroplastic per unit area (0.00402 kg/m?) is found to be at S3, where restaurants
are located. S2 has the lowest amount of macroplastic which is 0.00167 kg/m?. The amount of microplastic
present in the sediment layer fall within the range of 0.000096 to 0.000160 kg/m> with the highest being

from S3 too. There is a significant relationship at 95% significance level between macroplastic abundance
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on the surface and microplastic amount in the sediment layer. The linear regression equation computed is
y=26.388x +0.051, with y representing microplastic (kg/m?) while x represents macroplastic (kg/m?). The
R? calculated is 0.9328 meaning strong correlation between macroplastic on the surface with microplastic

in the sediment.
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