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ABSTRACT

Tourism is a significant socioeconomic activity in a coastal country such as Indonesia. However, it degrades the
ecosystem quality when the increasing litter pollution is poorly managed in the marine tourism area. The purpose
of this research was to assess the impact of tourism on the litter pollution on the Padar Island, Komodo National
Park, Indonesia, specifically on the hiking track. According to the performed investigation, plastic litter was dis-
covered dominant on the Padar Island (131 of 146 items). It was found that filter cigarette butts (49 items, 33.56%),
candy wrapper (18 items, 12.33%), wet tissue/wet wipes (17 items, 11.64%) and outsole from shoe/sandals (13
items, 8.90%), dominated the litter collected. Smoking activity, food and beverage consumption, and hiking activ-
ity are all examples of activities that may result in litter from visitors in this national park area. Tourism impacts
the litter pollution in the Padar Island hiking trail. Therefore, more robust awareness strategies and controls are

required to reduce the litter pollution and prevent further consequences.
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INTRODUCTION

Human populations benefit from marine and
coastal ecosystems, because they provide envi-
ronmental goods and services that improve their
well-being and promote their socioeconomic de-
velopment [Hattam et al., 2015]. However, the
environmental quality of ecosystems has deterio-
rated as a result of poor waste management and
social and economic activities common to coastal
populations, such as tourism, fishing, and trade,
putting ecosystem services in jeopardy [Lu et al.,
2018]. Marine litter, defined as all manufactured
solid materials discarded or abandoned in the ma-
rine and coastal environment [GESAMP, 2015], is
one of the pollutants produced by socioeconomic
activities. Plastics are the most abundant marine
litter materials due to their high production, use,
and environmental persistence [Cordova, 2020].
According to many studies, unreliable litter

management has negative environmental conse-
quences [Cordova and Nurhati, 2019]. Litter, for
example, creates a mess and an unpleasant odor
in the visual and environment, negatively impact-
ing the tourist satisfaction and the local tourism
economy. Litter may also contaminate water and
soil, and harm wildlife by increasing its reliance
on litter as a food source as well as endanger tour-
ist health by increasing the number of bees, flies,
and other pesky insects [Cingolani et al., 2016].
Moreover, marine litter is a significant global is-
sue because of its aesthetic, economic, and eco-
logical consequences [Cordova, 2020; Gall and
Thompson, 2015; Iskandar et al., 2021].

Tourism is a significant source of revenue for
coastal communities all over the world [Ghosh,
2011]. However, vast tourism activity in the ma-
rine and coastal ecosystems, such as in remote
marine tourism areas, has a severe impact to the
ecosystem quality [Garcés-Ordofiez et al., 2020].
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Among the environmental pressures caused by
tourists, is marine litter. Tourism litter manage-
ment has become an ever-growing problem in the
world from a sustainability standpoint [Arbulu
et al., 2016; Cingolani et al., 2016]. Particularly
in remote marine tourism areas that have hiking
tracks, the topographical situations are challeng-
ing and the traffic in remote area regions is un-
comfortable. This condition leads to the difficulty
of collecting litter and transportation on a hiking
track [Hu et al., 2018]. This situation has been re-
ported from a variety of tourist destinations around
the world [Cordova et al., 2020b; Grelaud and Ziv-
eri, 2020; Pervez et al., 2020; Silva et al., 2018].
Understanding the variation and interactions of
marine litter pollution in tourist areas is critical
for developing practical solutions according to the
country’s specific circumstances.

Komodo National Park is one of the most
promising tourism destinations. With its unique
qualities, such as the Komodo dragon habitat and
beautiful and exotic marine life, the island is one of
Indonesia’s and the world’s most promising tour-
ism destinations [Kania, 2012]. Komodo National
Park is an Indonesian national park located in the
Lesser Sunda Islands, on the border between East
and West Nusa Tenggara provinces. Komodo Na-
tional Park was established in 1980 and had a total
area of 1,733 km? to protect the Komodo dragon,
the world’s largest lizard, endemic to the islands
of Komodo, Rinca, Flores, and Gili Motang. Ko-
modo National Park encompasses three larger is-
lands, Komodo, Padar, Rinca, and 26 smaller ones.
This national park is under management authority
by the Ministry of Environment and Forestry of
The Republic of Indonesia.

As one of the mainstay tourist destinations
in Indonesia, Komodo National Park is visited
by more than 170,000 tourists, a double increase
from 2014 to 2018 [BPS Kabupaten Manggarai
Barat, 2020]. The tourists visiting Komodo Na-
tional Park will also visit Padar Island. Increased
tourist visits will increase the level of the commu-
nity’s economy [Kiessling et al., 2017; Loizidou
et al., 2018]. However, tourism is one of the most
significant sources of marine pollution, as a large
portion of the solid waste generated by visitors
remains in the tourism area, polluting the envi-
ronment and increasing cleaning costs [Kiessling
et al., 2017; Loizidou et al., 2018]. This research
was a preliminary study conducted to analyze the
litter found on the hiking track on Padar Island,
which is the most visited area there. This study
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aimed to assess the impact of tourism activity on
litter pollution on the hiking track on Padar Island.
The main research questions were “what are the
main category, possible sources and composition
of litter on the tourist area of hiking track on Padar
Island?”. This preliminary research contributes to
the current knowledge about the qualitative and
quantitative characteristics of marine litter in re-
mote marine tourism areas, which is necessary for
developing litter pollution prevention and reduc-
tion strategies in order to keep Komodo National
Park, as well as other remote marine tourism ar-
eas around the world, in satisfactory quality.

METHODOLOGY

The research was conducted in Padar Island,
the third-largest island in the Komodo National
Park area & part of the UNESCO World Heritage
Site, on 24 July 2019. In 1986, the national park
was declared a UNESCO World Heritage Site and
a Man and Biosphere Reserve [Widaningrum and
Damanik, 2016]. Padar is positioned between the
Komodo and Rinca islands. The island’s topog-
raphy is rugged, with steep volcanic mountains
and hills facing against deep bays. The main
attraction of Padar Island is its panorama from
the top of the hill. The hills have some slopes of
more than 45 degrees. Although the data on the
number of visitors for the whole National Park,
particularly for Padar Island hiking track, is un-
available, the number of tourists in the Padar Is-
land area of around 14.09 km? was estimated at
approximately 400-600 tourists daily the period
in 2018. There is only one trash can near the port
and ticket booth. The officer stated that the trash
can is only for the garbage from outside Padar
Island and it is not allowed to bring products that
produce litter on the hiking track.

Sampling was undertaken on a hiking track
in the south of the island. Litter was collected
by adapting the litter line transect from marine
litter guidelines and several studies [Cheshire et
al., 2009; Cordova et al., 2020a; GESAMP, 2019;
Lippiatt et al., 2013]. Sampling was done by walk-
ing along the 1014.26 m hiking track (Fig. 1). A
litter with a size greater than 2.5 cm on a hiking
track with an average track width of 4 m (area of
observation 4057.04 m?), were manually collect-
ed. All of the collected material was washed dried
in the sun to ensure that no sand was present. Fol-
lowing that, each item was counted and classified
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Figure 1. Map of sampling location in Padar Island, Komodo National
Park. The Red line showed the hiking track area

according to its composition. The litter collected
were measured and categorized by macro litter
size classes with size between 2.5 cm to 100 cm
[Cordova, 2020; Cordova et al., 2020a; GESAMP,
2019]. The litter obtained and included in the plas-
tic category was analyzed for its chemical com-
position with Fourier transform infrared spectros-
copy (Thermo Scientific Nicolet™ iS5 with dia-
mond Attenuated Total Reflectance). Given that
FTIR spectroscopy was used to analyze molecular
vibrations, it was possible to determine that the
authors were looking at a polymer by the presence
of a prominent peak, which was previously identi-
fied [Cordova et al., 2018, 2020b, 2021; Purwi-
yanto et al., 2020; Suteja et al., 2021].

RESULTS

A total of 146 litter items were collected dur-
ing a single sampling period on the Padar Island
hiking track (Table 1). All of the litter collected
was macro litter, with mean densities of 0.14
items per-m (0.04 items per- m?). Plastic made
up the majority of the litter, which was the most
abundant material discovered. Plastics accounted
for 131 items (nearly 90% of all collected litter),
with an average of 0.13 items per-m (0.03 items
per-m?). Twelve types of plastics were found at

the hiking track of Padar Island. Among these
types, four represented 66.44% of all items (Ta-
ble 1): filter cigarette butts (49 items, 33.56%),
candy wrapper (18 items, 12.33%), wet tissue/
wet wipes (17 items, 11.64%) and outsole from
shoe/sandals (13 items, 8.90%). Meanwhile,
three non-plastic types (tissue paper, clove ciga-
rette butts and leftovers food) represent 10.27%
of all categories, with percentages of 6.85%,
1.37% and 2.05%, respectively.

Cigarette butt filters were the most common
type of litter. On the hiking trail from start to fin-
ish, one cigarette butt was found every 19.89 m
(79.55 m?), followed by tissue found every 37.57
m (150 m?) and candy wrappers found every 56.35
m (225.39 m?). Cigarette butts with filters (20.70
m or 82.80 m?) and wet tissue (59.66 m or 238.65
m?) were more commonly found than cloves ciga-
rette butts (collected every 507.13 m or every
2028.52 m?) and paper tissue (101.43 m or 405.70
m?) in the lane Padar Island hiking track.

During the investigation into the possible
sources of litter along the hiking trail on Padar
Island, it was discovered that tourism was the
most likely source of all litter (plastics and non-
plastic). On the basis of the more detailed origin
of the litter, the litter was divided as originating
from the activity of smoking, food and bever-
age, and others. The smoking activity was the
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Table 1. Litter category found in hiking track of Padar Island, Komodo National Park

Litter average Items of litter found every
No Litter category Item found %
per-m per-m? m m?

1 | Filter cigarette butts 49 33.56 0.0483 0.0121 20.70 82.80
2 | Candy wrapper 18 12.33 0.0177 0.0044 56.35 225.39
3 | Wet tissue/wet wipes 17 11.64 0.0168 0.0042 59.66 238.65
4 | Outsole from shoe/sandals 13 8.90 0.0128 0.0032 78.02 312.08
5 | Tissue paper 10 6.85 0.0099 0.0025 101.43 405.70
6 | Bottle cap 7 4.79 0.0069 0.0017 144.89 579.58
7 | Plastic snacks wrappers 6 4.1 0.0059 0.0015 169.04 676.17
8 | Mineral water bottle 6 4.11 0.0059 0.0015 169.04 676.17
9 | Plastic cups 5 3.42 0.0049 0.0012 202.85 811.41
10 | Plastic bag 4 2.74 0.0039 0.0010 253.57 1014.26
11 | Plastic sachet 3 2.05 0.0030 0.0007 338.09 1352.35
12 | Leftovers food 3 2.05 0.0030 0.0007 338.09 1352.35
13 | Cigarette lighter 2 1.37 0.0020 0.0005 507.13 2028.52
14 | Clove cigarette butts 2 1.37 0.0020 0.0005 507.13 2028.52
15 | Clothes 1 0.68 0.0010 0.0002 1014.26 4057.04

most dominant source of litter found, as much as
36.30%. The waste from a smoking activity is cig-
arette butts (filter and cloves) and cigarette lighter.
The activities from food and beverage were the
most abundant sources collected, such as candy
wrappers, wet tissues, bottle caps, plastic snacks
wrappers, mineral water bottles, plastic cups,
plastic bags, plastic sachets, and food leftovers as
35.62%. Other activities that were producing litter
were suspected to be the activities directly related
to hiking activities, with the type of litter such as
tissue (wet and paper), outsole from shoes or san-
dals and clothes by 28.08%. It is suspected that the
source of the litter on the hiking track comes from

visitors, in contrast to the litter found on the beach,
which can be carried away by ocean currents.

All litter categorized as plastic were analyzed
for their chemical composition. There were 14
polymer types in total (Fig. 2), dominated by
cellulose acetate group (37.40%), followed by
polypropylene (18.32%), polyethylene (17.56%),
polyester group (10.69%), polyethylene tere-
phthalate (9.16%), polyurethane (3.82%), poly
(butylene) terephthalate (1.53%), and styrene/ac-
rylonitrile copolymer (1.53%). The polymer cel-
lulose acetate group, which dominates the type of
polymer in this preliminary study, comes from the
cigarette butt filter. The cellulose acetate group
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Figure 2. Chemical analysis and identification from litter in hiking track of Padar Island, Komodo National Park
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consists of cellulose triacetate, cellulose acetate
butyrate, and cellulose acetate. Polypropylene in
this study came from a candy wrapper, wet tissue/
wet wipes, plastic snacks wrappers, plastic cups,
plastic bags and plastic sachets. Polyethylene
polymers are found in candy wrappers, outsole
from shoes/sandals, bottle caps and plastic bags.
Wet tissue/wet wipes and discarded clothes are
the contributors to the polymer type of polyester.
Candy wrappers and plastic bottles are the con-
tributors to the polymer type polyethylene tere-
phthalate (PET). Polyurethane is found in the out-
sole of shoes/sandals. Poly (butylene) terephthal-
ate is part of the bottle cap. Cigarette lighter has
a styrene/acrylonitrile copolymer type polymer.

DISCUSSION

The obtained results demonstrated an associa-
tion between visitors walking on hiking tracks on
Padar Island and the litter found. However, be-
cause data collection was only carried out once,
no statistical analysis could be performed to ex-
amine the occurrence of litter on the Padar Island
hiking track. Furthermore, regular monitoring
can be carried out to see the impact of visitors on
the litter found to provide advice regarding the lit-
ter management on Padar Island and in Komodo
National Park. It was found that smoking, food
and beverages, and hiking activities resulted in a
higher amount of litter.

The plastic and non-plastic litter carried and
discarded by visitors can cause environmental
disturbances in Komodo National Park. Pick-
ering et al. [2011] and Wolf et al. [2012] stated
that hiking activities would increase litter, reduc-
ing the height of the vegetation and changes in
the composition of the foliage. The plastic litter
found dominant in this area was consistent with
recent case studies from marine tourism areas,
particularly in beach areas, namely single-use
plastic from food and beverages and also smok-
ing activities [Cingolani et al., 2016; Kiessling
et al., 2017; Loizidou et al., 2018; Syakti et al.,
2019]. Plastics account for the vast majority of
litter found along coastlines, corresponding to
more than 80% in some areas [Lechthaler et al.,
2020; Rech et al., 2018]. As it was found in this
study, single-use plastics are abundant in marine
environments, linked mainly to touristic and rec-
reational activities [Newman et al., 2015; Zhao
et al., 2015]. The plastic litter presence can have

various negative consequences for a wide range
of species, habitats, and human activities [Cor-
dova, 2020]. Plastics are also involved in the ma-
jority of interactions between litter and marine
organism [Cordova et al., 2020b].

Plastic packages related to food and bever-
ages, quite a lot of which were found in this area,
are included in the single-use packages category.
According to Law [2017], this is also a world-
wide litter pattern in marine tourism and marine
protected areas. The packaging made of plastic
is widely used in the transportation of products
because of its convenience and durability [de
Ramos et al., 2021]. Plastic packaging made up
nearly half of all plastic waste generated globally
in 2015 [UNEP, 2018], and because of its light-
weight, it can be easily transported by the envi-
ronmental elements (i.e. wind, rain, waves and
currents), eventually ending up on beaches and in
the ocean [UNEP, 2018].

The type of litter category most commonly
found on the hiking track on Padar Island was
cigarettes butts, wet tissue or wet wipes, and
outsole from shoes/sandals. This result was sim-
ilar to the results of a research study by Grillo et
al. [2021] in a remote oceanic marine protected
area in the tropical southwest Atlantic. Personal
litter, such as cigarette butts, is considered the
most common type of litter globally [Novotny
and Slaughter, 2014]. These litter residues are
insignificant in size, but they are produced in
large quantities [Loizidou et al., 2018; Martinez-
Ribes et al., 2007]. It is common for cigarette
butts to be one of the top three most abundant
items collected during beach litter surveys and
island clean-up events [Grillo and Mello, 2021;
Martinez-Ribes et al., 2007; Wilson and Verlis,
2017]. The presence of cigarette butts suggests
that they might have been thrown by the tourists
walking on the hiking track. Padar Island is a
conservation area to protect the Komodo Drag-
on, which should not have the activities that
produce waste. However, in this area, the domi-
nance of cigarette butts was found. Cigarettes
contain more than 5000 different chemical com-
pounds [Aratjo and Costa, 2019]; 150 of these
additives are considered highly toxic, primarily
because of their carcinogenic and mutagenic po-
tential [Slaughter et al., 2011]. After cigarettes
are burned and smoked, the compounds with the
most significant toxicity are primarily concen-
trated in tobacco residues and filter cigarettes
butts [Barnes, 2011; Slaughter et al., 2011].
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Upon leaching by rainwater, these compounds
can contaminate the soil, where they are then su-
perficially transported to aquatic environments,
where the compounds can be detected [Slaugh-
ter et al., 2011]. This is cause for concern, given
the cigarette butts are a ubiquitous, harmful, and
recalcitrant type of marine litter that requires
immediate attention from manufacturers, us-
ers, authorities, and the general public in order
to prevent the marine biota from ingesting the
butts and water pollution as a result of the leach-
ate [Aratjo and Costa, 2019]. Public ashtrays at
viewpoints (especially prior to ticketing) and the
allocation of portable ashtrays before the hiking
trail could reduce the number of cigarette butts
littered in these areas and raise the smokers’
awareness of their environmental impact as pol-
luters [Aratjo and Costa, 2019].

Wet tissue or wet wipes are included in the
category of the non-woven textile industry, used
for cleaning or disinfecting. The wet tissue lit-
ter collected in this study was used to clean the
sweat that came out after walking on the hiking
track on Padar Island. It is estimated that the
number of wet wipes washing up on the shores
of the United Kingdom has increased by 94%
since 2017 and by 400% over the last decade
[Pantoja Munoz et al., 2018]. In Indonesia it-
self, there has been no special attention relat-
ed to wet wipes. In fact, wet tissue litter has a
harmful impact on the environment. Wet wipes
can be a source of microplastics for the marine
environment [McCoy et al., 2020; O Briain et
al., 2020]. Moreover, low Asian clam popula-
tions are associated with high densities of wet
wipes [McCoy et al., 2020]. Careless wet tissue
disposal in the Komodo National Park area may
affect the organism in this area, including the
Komodo Dragon.

Another dominant litter source found in this
study was the outsole from shoes/sandals. Shoe
wear particles have the potential to be a signifi-
cant source of contamination on hiking trails
[Forster et al., 2020]. Hiking boots and shoes and
trail running shoes generate the most significant
amount of friction and abrasive force, with the
highest rates of abrasion occurring during the
first few hours of use [Ocif et al., 2004]. Accord-
ing to a Danish Environmental Protection Agen-
cy report, the total annual abrasion from shoe
outsoles ranged between 100 and 1000 tonnes
in Denmark alone during 2015 [Lassen et al.,
2015]. Moreover, according to a German study,
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shoe outsole wear and tear was the seventh most
significant contributor to microplastics in the
country [Forster et al., 2020]. The research relat-
ed to shoe wear particles to friction and abrasive
force, mainly to hiking tracks, is still not avail-
able, so extensive research is needed to see the
impact of plastic litter on and adjacent to tracks
in the marine protected area.

The collected non-plastic litter (tissue paper,
clove cigarette butts and leftovers food) repre-
sents 10.27% associated with tourism activities,
with an average of 0.015 items per-m or 0.004
items per-m?). All non-plastic litter found was or-
ganic litter (not like glass and metal) which would
be decomposed by microbes. Thus, the number
was rather inadequate; however, it can contribute
to nutrient imbalances in large quantities, result-
ing in deteriorating soil quality, water pollution,
and air pollution in some cases [Cickova et al.,
2015; Westerman and Bicudo, 2005].

According to the findings of Képpler et al.
[2015] and Loder et al. [2015], plastic litter iden-
tification from Padar Island accomplished by
measuring vibrations (Fig. 2) in the band regions
2780-2980 ¢m (CH/CH,/CH, groups stretch-
ing vibrations), 1740-1800 ¢cm™ (C=0 stretch-
ing vibration), 1670—-1760 cm™ (C=O stretching
vibration), 1400-1480 cm™ (CH, bending vibra-
tion) and at band region 1174-1087 cm™ (CF2
stretching vibration). On the basis of the chemi-
cal composition analysis, the polymer found in
this study was thought to have been exposed to
environmental conditions such as direct sun-
light, wind and friction against litter on the hik-
ing track in Padar Island. The presence of a peak
that appears in the absorbance region between
1700-1800 cm indicates the oxidation of the
carbonyl group [Fotopoulou and Karapanagioti,
2015]. Syakti et al. [2017] stated that plastic lit-
ter made from polyethylene and polypropylene
polymers that underwent oxidation was indicat-
ed by the presence of a peak in the FTIR analysis
results in the band region of 1775 cm™ or 1715
cm'. Most of the plastic litter in this study iden-
tified as polyethylene and polypropylene (25 of
47, 53.19%) has been oxidized (Fig. 2). It was
also found that the plastic litter (polyethylene
and polypropylene) has an incomplete shape and
faded color. In this situation, a small number of
chemicals may be drawn into the polymer and
absorbed onto its surface [Syakti et al., 2017;
Zhao et al., 2013].
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The obtained results indicate that litter found
on hiking tracks is closely related to visitors.
However, because of the limited number of rep-
resentatives, Komodo National Park is unlikely
to have the resources to clean up litter along the
hiking track. There have been clean-ups along
the hiking track on Padar Island, but there was
no quantitative data to back up these claims.
Examining the presence of trash in the Komodo
National Park may be beneficial in gaining a bet-
ter understanding of the visitor-related impacts
in the national park. Visitors’ traces, such as the
amount of litter left in the natural environment,
are not only associated with a number of tourist
arrivals but also found to correlate to personal
behavior, as Mubhar et al. [2002] mention in their
study. This preliminary research needs to be
continued in greater detail to answer the chal-
lenges in protected area management to under-
stand the relationship between visitors and litter.
In the future, periodic monitoring and analyzing
the amount of trash in the hiking track can help
identify the litter accumulation areas and pro-
mote an updated visitor management plans for
the Komodo National Park, particularly for the
litter from the tourism activity.

CONCLUSIONS

As a result of the conducted investigation,
it was discovered that the plastic litter spread
in hiking track on Padar Island, with cigarettes
butts, candy wrapper, wet tissue/wet wipes and
outsole from shoe/sandals being dominant. This
litter might originate from the visitors who en-
gage in smoking, food and beverages, and hik-
ing activity. Without proper management, the lit-
ter from tourist activities can disrupt the life of
organisms in the national park. As long as there
are ongoing efforts to monitor visitor and litter
impact distributions in Komodo National Park, it
will be possible to concentrate the management
efforts on the areas where resource and visitor
understanding protections are most required.
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