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Abstract
We investigated types, amounts, and sources of marine debris and microplastics and

compared how tourism, utilizing different levels of beach cleanup, affected them. We collected
marine debris and microplastics at four beaches based on frequencies of beach cleanup: high
(Nopharat Thara Beach, Poda Island) and no beach cleaning (Thara Park, Chao Fah Park). The
Clean Coast Index (CCI) counted marine debris from a ground survey to assess beach
cleanliness. Over 95% of the marine debris was plastic, and microplastics were ubiquitous,
which calls for classifying plastics as hazardous materials. Chao Fah Park had the highest (CCI =
89.87), next was Thara Park (CCI = 65.6) and Poda Island (CCI = 7.47), and the lowest CCI was
Nopharat Thara Beach (CCI = 6.4). Since Nopharat Thara Beach is a famous tourist beach, it has
the highest frequency of beach cleaning. This rapid survey could be developed and applied for a
citizen-science project on surveying marine debris and microplastics and monitoring our beaches'
condition.
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1. Introduction

The coastal tourism and recreation sector is vital to Thailand's economic bloodstream.
This sector counts heavily on the healthy coastline and marine resources and the aesthetic quality
of the environments, attracting both local and foreign tourists for long-term benefits. Marine
debris and microplastics could be the undisputable issues that devalue our precious natural
resources (UNEP, 2016). Marine debris and microplastic (plastic particles < 5 mm) is a global
issue that needs to be addressed urgently (Barnes et al., 2009; Depledge et al., 2013).
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Thailand ranked 6th worldwide in producing ocean plastic debris (Jambeck et al., 2015).
Marine debris is any persistent, artificial solid waste discarded into the aquatic environment
(Galgani et al., 2015). Most marine debris made of plastic originated from land- and ocean-based
sources, well documented for 80% of land-based sources relating to human activities (Barnes et
al., 2009). Ocean currents spread large amounts of debris from industrialized and densely
populated areas to even the most remote and unpopulated coastal regions (McDermid and
McMullen, 2004; Barnes et al., 2009; Hirai et al., 2011). Microplastics are minute fragments of
plastic debris, which are divided into small (< 1 mm in diameter) and large (1-5 mm in diameter)
particles (Horton et al., 2017). Microplastics consist of nylon, polyester, acrylic, polypropylene,
polyethylene, poly (ethylene–propylene), polyvinyl chloride, polyvinyl alcohol, polystyrene,
polyester, polyurethane, polyacrylonitrile, alkyd, alkyd resin, and polyamide fibers. The main
component of microplastic is usually synthetic polymers (Barnes et al., 2009; Vianello et al.,
2013).

Krabi province is one of Thailand's most popular tourist attractions, where marine debris
and microplastic debris could be affected by tourism. In this study, we conducted a simple field
examination to survey the type, amount, and source of marine debris and to compare how
tourism, utilizing different levels of beach cleanup, affects the numbers and density of (visible)
microplastic debris among the study locations as well as to find a correlation between marine
plastic debris (on the surface) and the residues of visible microplastic debris (found in sand
sediment). We predicted that beaches with high beach cleanup frequency would have lower
amounts of marine debris, microplastics, and CCI. We tested our prediction on three beaches
based on beach cleaning frequencies: high (Nopharat Thara Beach and Ko Poda), intermediate
(Chao Fah Park), and no beach cleaning (Thara Park).

Objectives

1. To survey the type, quantity, and source of marine debris on four beaches based on beach
cleaning frequencies: high (Nopharat Thara Beach, Ko Poda) and no beach cleaning
(Thara Park, Chao Fah Park) in Krabi province, Southern Thailand.

2. To compare how cleaning in different beaches affects the amount and density of
microplastic waste.

Hypotheses

- What is the amount of microplastics found, and how does beach cleaning affect the amount?



2. Materials and Methods

2.1 Study sites

This study was conducted at four sites: (1) Poda Island, (2) Nopparat Tha National Park,
(3) Chao Fah Public Park, and (4) Thara Public Park in Krabi Province, Southern Thailand
(Figure 1). Poda Island (7.974982°N, 98.811579°E) was a frequently clean beach and a high
tourist area (Figure 1a). Nopparat Thara National Park (8.046064°N, 98.799021°E) was cleaned
occasionally and is a high tourist area (Figure 1b ). Chao Fa Park (8.062808°N, 98.919556°E) is
close to Chao Fa Pier, where tourists take boats to the islands, and is crowded with many
restaurants (Figure 1c). Thara Park was located at 8.053300°N, 98.920141°E (Figure 1d).

Figure 1. Map and coordination of study sites in Krabi province, Thailand. (a) Poda Island, (b)
Nopharat Thara National Park, (c) Chao Fah Park, and (d) Thara Park in Krabi province,
Southern Thailand.

2.2 Data collection

We conducted field surveys during the peak tourist season in February - March 2024. We
collected marine debris (size larger than 5 mm) in the 15 m transect area ranging from the
shoreline to the upper beach limit (determined by the presence of vegetation line). We sampled
marine debris according to the operational guidelines for rapid beach debris assessment
described by the NOAA guidebook (Cheshire et al., 2009). We determined the types, amounts,
and sources of marine debris from a ground survey using the International Coastal Cleanup



(ICC) method to assess the beach's cleanliness (Alkalay et al., 2007). We studied marine debris

in the area of 150 (n = 1) with the calculation of the CCI equal to the marine plastic debris𝑚2
concentration (B) multiplied by a constant number of 20 (Portman & Brennan, 2017, see Table
1). The CCI values from 0-2 indicated spotless beaches, 2-5 clean, 5-10 moderately clean, 10-20
dirty, and > 20 extremely dirty (Portman & Brennan, 2017). For a possible and quick field survey
of microplastic existence, the visible microplastic debris size of 1-5 mm

We used two methods to collect microplastic samples. The first method involves taking

three random sand samples from a size of 15 × 10 × 1 . Sand samples were filtered through a𝑚3
sieve and collected microplastics. The second method is to randomly collect water samples three
times in a 600 ml volume and then filter them for microplastics using an ultrasonic mist sprayer.
We sprayed seawater, and ultrasonic frequencies produced mist. After 2 hours, seawater on the
plate was completely evaporated, and microplastics remained as residues on the plate. We
classified microplastics into four types: fibers, foams, films, and fragments. We used a clip-on
camera on the cellphone to get 60x magnitude.

2.3 Water Quality Parameters

GLOBE hydrosphere protocols were employed to measure water parameters at three
distinct stations. We sampled water three times per study area and measured water pH,
temperature, and salinity.

2.4 GLOBE Observer App

The GLOBE Observer: Cloud App was employed to gather data on cloud types and the
percentage of cloud cover at the five study sites. This application, part of the GLOBE Program,
facilitates environmental observations that supplement NASA satellite data, supporting scientists
studying Earth and the global environment (Figure 3).

Figure 2 GLOBE Observer: Cloud App



2.5 Data analysis

One-way ANOVA tests were used to test the amount of microplastics, water pH,
temperature, and salinity among three sites. Simple linear regressions were used to find some
association between the microplastic amount, water pH, temperature, and salinity among the
three sites.

3. Results and discussion

3.1 Marine debris and marine plastic debris

Figure 3 Types and amounts of marine debris at three Krabi province, Southern Thailand
beaches.



Table 1. Amounts and concentrations of marine, plastic, and microplastic debris at study
locations.

Beach areas
Date of
collection

Marine
debris

(items/m2)

Marine
plastic debris
(items/m2)

Clean
Coast
Index
(CCI)

Microplastic debris

(items/m2) Fiber Foam Fragment Film

Thara Park February 531(3.540) 492(3.280) 65.60 268(1.787) 189 67 12 0

Chao Fah Park February 771(5.140) 674(4.493) 89.87 320(2.133) 142 174 0 4

Nopharat Thara
Beach February 59(0.393) 48(0.320) 6.40 53(0.353) 36 0 12 5

Ko Poda March 89(0.593) 56(0.373) 7.47 74(0.49) 35 19 20 0

fiber foam film fragments

Figure 4 Types of Microplastics.

According to the beach litter, Chao Fah Park had the highest CCI (CCI = 89.87), which
indicated that the beach was dirty and needed to be cleaned. Thara Park is the second with (CCI
= 65.6). On the other hand, Poda Island has a low CCI (CCI = 7.47), indicating that the beach is
messy and needs to be cleaned. A moderately clean beach that is cleaned once a week and has
the lowest CCI was Nopharat Thara Beach (CCI = 6.4). It revealed that the beach, with intensive
fishing activities and without cleanup, contained high marine debris and microplastic in sand
sediment. Our results support Barnes et al. (2009) finding that the greater loads of marine plastic
debris and fragments largely came from fishing-related activities.

The most fiber is found at Thara. Park because there is fishing and there is a pier for
tourists. The most Foam was found at Chao Fah Park because it is an area where there is fishing
and foam boxes are used to freeze food. The most fragments were found at Ko. Poda, because it
is a tourist island, food is brought in boxes for tourists to eat. There are no trash cans on the
island, so there may be a lot of trash left behind. Film was found the most at Nopharat Thara
Beach because shops use plastic bags to put it in food.



3.2 Marine debris and microplastics

Figure 5 (a) Correlation between marine plastic debris and microplastic debris concentrations on
the beaches and (b) a size comparison between visible microplastic debris (1-5 mm) and larger

marine plastic debris (>5 mm).

An average of 1270 marine plastic debris and 744 microplastic debris from the sandy beaches
were observed in this study. The number of marine plastic debris was positively associated with
the number of microplastic debris (Linear regression: y = 2.8587x, R2 = 0.8292) (Fig. 5a). It
clearly shows that the concentration of plastic particles is significantly high in beaches without
cleaning activities. In contrast, the beach with the most cleanup frequency has the most minor
microplastic debris in the area. Proper and complete removal of larger plastic debris can help to
reduce the microplastic load in the seashore sediments.

2.3 Water Quality Parameters



Figure 6 Correlation between pH and microplastic debris concentrations on the beaches.

The amount of microplastic is related to the pH of the seawater. If there is a lot of waste
in the sea, more carbon dioxide will make chemical reactions with seawater into hydrogen ions.
This results in the seawater becoming an acid solution. Thara Park, which has the most
microplastic, has a pH of about 7.27, and the least microplastic, which has been found on Poda
Island, has a pH of about 8.00.

4. Conclusions

The field research and observation of microplastics in the areas of Krabi Province
beaches (Thara Park, Chao Fah Park, Nopharat Thara Beach, and Ko Poda) show the differences
in each region according to time difference, frequency, and quality of cleaning. The data indicate
that Chao Fah Park has the highest CCI because this beach has no cleaning routine and is close to
a fishing village. It is a public port, a public park, and a place for trade. Tourists make a CCI of
about 89.87, meaning this beach is extremely dirty, resulting in being the dirtiest beach. Next is
Thara Park, with CCI = 65.6. It is a public pier and a public park and has trade. Tourists are
making a CCI of approximately 89.87, meaning this beach is extremely dirty. Next is Ko Poda,
with a CCI = 7.47. It is a tourist island, but it has cleaning once a week. Due to the lack of trash
cans, some trash remains on the island, but this beach is still moderately clean. Finally, Nopharat
Thara Beach has a CCI = 6.4. It is a high tourism beach with a park near the beach area. There
are also staff looking after the beach, meaning this beach is moderately clean.

Through research, we not only know the CCI of each beach, but it also lets us know that
the number of microplastics is in the same order as the CCI. The number of microplastics found
in Chao Fah Park was 206, with the majority foam. At Thara Park, we found 92 microplastics,
and the majority were foam. At Poda Island, six microplastics were found, all foam. Lastly, at
Nopharat Thara Beach, the number of microplastics we saw on this beach was 9, most of which
were film. The data also shows what type of cloud the researchers found the most visible:
Cumulus and a small number of Cirrus clouds. After some research from another document, the
season change is around early February to late February. The unstable and rising temperatures
will cause convection to form cumulus clouds. They cause speedy wind waves and cause litter to
wash up on the shore, eventually causing the litter waste to break down into smaller particles,
also known as microplastics.
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I would like to claim IVSS badges
1. I make an impact

The report clearly describes how a local issue led to the research questions or makes
connections between local and global impacts. The students must clearly explain or show how
the research positively impacted their community by making recommendations or taking action
based on findings. This study will help you know what Microplastics are in your local area. It
makes us aware of changes in the ecosystem or the impacts, such as global warming and various
natural disasters.
2. I am a STEM professional.

The report clearly describes the collaboration with a STEM professional that enhanced
the research methods, contributed to improved precision, and supported more sophisticated
analyses and interpretations of results. This study uses software to measure diversity. This
allowed us to do research with many more samples.
3. I am a data scientist.

The report includes an in-depth analysis of students' data and other data sources. Students
discuss the limitations of this data, make inferences about past, present, or future events, or use
data to answer questions or solve problems in the represented system. Consider data from other
schools or data available from different databases. In this study, we compare results to and adopt
methods from other studies. We found that our results are consistent with other studies.
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