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Abstract

Introduction: Bunaken Island still lacks proper waste management infrastructure,
resulting in the accumulation of garbage around residences and along the
coastline. This prevalent issue significantly impacts public health and the overall
quality of life on the island. The research seeks to evaluate the waste management
situation on Bunaken Island and identify suitable locations for waste disposal.
Methods: The study employed random sampling techniques to select households
within the study area for primary data collection. The research utilized Boolean
and spatial analysis methods to pinpoint appropriate waste disposal zones and
propose sustainable waste management strategies for Bunaken Island. Results and
Discussion: Findings revealed that Bunaken Island spans a land area of 794.12
hectares and is inhabited by a population of 3,843. The analysis identified two
recommended locations for final disposal zones, totaling 3.40 and 0.45 hectares,
respectively. Moreover, the estimated waste generation over the next decade is
approximately 4,277,893 kilograms, necessitating 0.0241 hectares of land for
waste accommodation through terracing methods. Conclusion: Addressing this
issue requires the identification of two viable disposal zones in distinct locations.
Additionally, implementing recycling practices to utilize both organic and inorganic
waste from local and marine sources and promoting reuse before landfill disposal
are crucial strategies for effective waste management on Bunaken Island.

INTRODUCTION

Solid waste treatment is one of

the main

emerging nations is the escalating garbage generation
and the exorbitant expenses associated with its

problems in many small islands worldwide, especially in
developing countries, due to itsimpact on the environment
and the health of residents (1). In addition to the small
geographical size, islands in developing countries have
unique special characteristics that are different from
their small geographical size. However, it is challenging
to implement sustainable waste disposal because
of physical and topographical limitations, as well as
economic, social, and political conditions (2). Developed
countries produce more solid waste than developing
countries, but the availability of sufficient technology
and costs still make the countries more efficient in their
disposal (3-4). A significant obstacle in urban planning in
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treatment (5-6). According to research in Turkiye in 2020,
management should pay special attention to preventing
waste generation at the source (6).

As a maritime country, Indonesia needs to
implement steps to mitigate and prevent waste disposal
at sea and on the coast with various programs. The
impact will be more pronounced due to the restricted
carrying capacity and resources of small islands (7).
Furthermore, waste management in this coastal region is
still a gray area, as there is no precise regional regulation
regarding the duties and responsibilities of coastal waste
management (8).
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ScienceMag research indicates a general
upward trend in the creation of plastic garbage worldwide
between 1950 and 2015. The global trash generation has
experienced a significant surge, increasing from 2 million
tons per year in 1950 to 381 million tons per year since
2015 (9). According to data provided by the Ministry of
Environment and Forestry, 80% of the waste disposed
of in the ocean originates from the mainland, with plastic
waste accounting for 90% of this amount (10). Indonesia,
boasting a population of 187.2 millionand an annual plastic
waste production of 3.22 million tons, ranks second in
terms of the largest plastic waste pollution in the world’s
oceans. The sea’s estimated amount of plastic garbage
ranges from 0.48 to 1.29 million tons. Even though the
population in Indonesia is almost the same as in India,
the level of plastic waste pollution in the Indian sea is
only around 0.09-0.24 million tons and ranks 12th. This
implies that Indonesia has a poor waste management
system (11). The Philippines is an archipelago with over
7,000 islands with a vast coastline. The country faces
challenges related to waste management and marine
pollution, but initiatives and programs have been in place
to address these issues. Efforts such as coastal clean-up
drives, waste management programs, and environmental
awareness campaigns have been implemented in the
Philippines to reduce marine pollution and protect the
marine ecosystem (12).

Unfortunately, the problem increases in response
to population growth because more waste is generated
(13). As aresult, a significant rise in solid waste will lead to
an unparalleled level of environmental hazards, including
diseases, deterioration of ecosystems, contamination of
soil and water, global warming, and extreme weather
conditions in the eastern part of the Central Anatolia
Region. Various methods have been suggested for
identifying suitable locations for final disposal sites (TPA)
(14-17). In addition, careful planning and site selection
for landfills can save construction and planning costs by
up to 18% and substantially lower operational expenses,
environmental risks, and potential hazards associated
with garbage disposal (18), as well as decrease
planning and construction costs (19). It is not easy to
determine where a TPA should be located; criteria for the
island’s features and an evaluation method are needed
(20). Addressing the environmental, health, aesthetic,
economic, and land use issues related to inappropriate
garbage disposal for nations, communities, businesses,
and individuals globally is the primary goal of the waste
management strategy (21).

The utilization of Geographic Information
System (GIS) has gained significant popularity as a more
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accessible and user-friendly tool in the field of landfill
selection study. GIS is a computer-based system that
manages, analyzes, and presents geographic reference
data for decision support (22). The ultimate goal of
integrating GIS, Boolean logic, and spatial analysis is
to evaluate the appropriateness of the research region
for locating the optimal disposal site (23). The boolean
value of the desired condition dictates the number of
classes. It characterizes the outcome applied to the
variables, which are iteratively employed in the two class
descriptions, these classes are 0 and 1 (24).

GIS can successfully and efficiently solve the
problem of landfill waste disposal. It is considered a
valuable tool that facilitates numerous spatial tasks,
including inputting, storing, modifying, analyzing, and
displaying geographically related data. Data related
to spatial modeling (25). The advantages of Boolean
analysis are that it is effective in simplifying the spatial
analysis process using Boolean operations, efficient
because it can save costs and time by utilizing existing
data, accurate with tested and optimized results, flexibility
in various fields such as ecology and urban planning,
feasibility in determining project. The tools combined
in this research include Kobotoolbox for determining
coordinate points and conducting interviews and Google
Earth as a satellite image source for visualizing the actual
conditions on the island.

To preserve public health and environmental
purity, sustainable forms are required (26). Adisagreeable
stench that obstructs breathing might result from the
improper management of waste accumulation, which
can also lead to the spread of illness (27). One of the
illnesses brought on by exposure to accumulating trash
in the environment is diarrhea (28). According to 2008
data from the World Health Organization (WHO), 15%
of the deaths of children under 5 years were caused by
diarrhea. The study’s findings, determined by the Chi-
Square test, yielded a p-value of 0.000 <0.05 and an odds
ratio (OR) of 13.00. These results indicate a significant
and positive association between the occurrence of
diarrhea and possession of a trash can ownership.
Children under the age of five were 2,5 times more likely
to get diarrhea on islands without landfills than on those
with landfills (29).

Bunaken Island lacks a disposal facility; organic
waste is gathered at a Temporary Disposal Site and
subsequently incinerated in an incinerator. The delivery
of inorganic waste to the Sumompo landfill is conducted
through water transportation, which poses a significant
risk in the event of an accident. As an illustration, when
inorganic garbage enters the ocean, it will pollute the
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water and degrade into microplastics or nanoplastics
that fish can ingest. If the weather is unfavorable, the
accumulation of trash in the TPS might serve as a
breeding ground for disease-causing microorganisms.
Seeing the condition of the islands like this, there should
no longer be any mobilization for transporting waste by
sea. Each island should have its own waste processing
so that by using Boolean and spatial analysis methods we
can find possible waste locations on the island to avoid
the mobilization of waste by sea.This study, conducted
between September and October 2022, addresses
waste issues on Bunaken Island, specifically in Bunaken
District, Manado City. It employs Boolean and Spatial
Analysis, along with Geographic Information System
(GIS), to scientifically analyze environmental and health
factors to determine the landfill’s location.

METHODS
Study Area

The research site is located on Bunaken Island
in Manado. The area is governed by the Bunaken Islands
District, which is under the jurisdiction of Manado City.
The study region is located between 1°35 and 1°40’
North latitude and 124°39 to 124°46’ East longitude.
The area consists of two sub-districts, Bunaken and
Alung Banua, which are further divided into seven
and two neighborhoods, respectively. The area’s total
population is 3,843, with 1,931 males and 1,912 women.
Data collection of maps and regional feasibility analysis
were carried out using the QGIS application by applying
buffers to various elements such as rivers, settlements,
roads, and coastlines. The evaluation results were given
suitable or unsuitable scores, then area generalization
and map overlay assessment were conducted to
determine suitable zones for the landfill or Final
Disposal Site (TPA). Landfill recommendation points are
recorded for field checking including the land capacity
of the landfill location. The landfill model used is open
dumping, referring to a simple waste disposal method
where waste is dumped openly without any protection or
separation layer between the waste and the surrounding
environment.

Data Collection

The primary data collection involved using
random sampling techniques to select households within
the study region. Sampling by technique taken subjects
from each strata by determining the number of samples
based on the number of subjects or populations in 70
regions. The strata referred to in this study are groups
or environments in each kelurahan, namely Bunaken
village and Alung Banua village. How to sample each
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unit using the following formula

NH
nh = N il
Information:
nh = Number of samples per stratum
NH = Number of populations of each stratum
N = Number of population
n = Number of samples

This process took place between September
and October 2022, resulting in 178 respondents. The
data collection methods include using questionnaires
through the Kobotoolbox program, conducting interviews,
making field observations, and analyzing documents,
specifically in the form of secondary data acquired from
relevant agencies. Kobotoolbox is used in this research
for collecting research location points. Kobotoolbox is
an open-source software platform used for designing
surveys, collecting data, and analyzing information (30).
Interviews were conducted by distributing questionnaires
to respondents with the aim of finding out the condition
of waste in the environment as well as the frequency of
diseases that can be caused by waste as well as the
public’s opinion about the existence of a landfill location
on Bunaken Island, Manado City. Field observations
were conducted to identify research locations and
directly observe the environmental conditions and public
health at those locations. The secondary data collection
involved doing a comprehensive assessment of articles,
relevant news sources, and prior research journals on
waste management and the identification of disposal
sites, specifically focusing on the Indonesian National
Standard (SNI) 03-3241-1994. Spatial data in Shape
File (SHP) maps, such as geological, hydrogeological,
topographical, agricultural land use, disaster-prone,
water bodies, protected areas, rainfall, and settlement
maps, were obtained from the UPTD, Center for Data
and Geospatial Bapelitbangda City of Manado. This
research has obtained ethical clearance from FKM
Unhas research ethics commission with ethical clearance
number: 10989/UN4.14.1/TP.01.02/2022.

Data Analysis

This study employs an observational approach,
utilizing a quantitative descriptive methodology. The
process of identifying the placement of a landfill is
facilitated by the Geographic Information System (GIS)
using the Indonesian National Standard (SNI) 03-
3241-1994. In addition, the regional feasibility study is
conducted by applying a buffer to each parameter and
then combining the results with the surrounding area
using the Boolean assessment approach, with 0 and 1
indicating “not feasible” and “feasible”, respectively.
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Map data collection in the form of SHP format
maps or basic data in the form of Geology, Hrdrogeology,
Topography, Agricultural Land, Flood disasters, Protected
areas, rainfall, distance to settlements. Conduct regional
feasibility analysis in the QGIS application. Buffering
maps of 100m River, 650m Settlement, 50 m Road and
100 m coastline in accordance with regional eligibility
criteria based on SNI 03-3241-1994 with adjustments.
Doing Unioan or combining buffer and out-of-buffer
results with a score of 1 is feasible and 0 is not feasible.
Landfill feasible zones, then generalize where it
eliminates areas that are not possible such as very small
areas or possible areas of development of residential
areas. Determining the criteria for allowance according
to the characteristics of the island refers to SNI 03-
3241-1994 with adjustments. Perform an assessment by
overlaying the map on the QGIS application and total all
values. Landfill recommendation points that have been
determined, recorded coordinate data for then checking

(ground check) in the field.
I Data Preparation I Q
Eligibility Analysis of

the Elimination

Regional Feasibility
Analysis I

SNI 03-3241-1994

with adjustments

h.

Define Elimination
Criteria

Performa UNION on )
the resulting buffer

with Outer
AreaBuffers

Make an
Assessment 0
or 1 According
to the Criteria

Assess with Overlays

Intersect All Assessed

Parameters (Total All

Values — take the high
score)

Total all grades

I

l Landfill Eligible Zone (Do

— @ TPA Location
} Recommendations

Area Generalization)

Figure 1. Chart Flow of Data Analysis in GIS Applications

Table 1. SNI 03 3241 1994 Regional Criteria with
Adjustments to the Characteristics of Bunaken Island

Parameter Score
Slope 4
0-—15 1
>15% 0
Geological Conditions
Not in an active fault zone 1
Located in an active fault zone 0
Distance to Water Bodies (RTRW Manado City 2014 —2034)
>300 meters 1
<300 meters 0
Distance to Settlements (RTRW Manado City 2014 — 2034)
>650 meters 1
< 650 meters 0
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Parameter Score
Agricultural Cultivation Area

Outside the area of mixed farming/garden 1

In a mixed agricultural/garden area 0
Protected Area

Outside the protected area 1

Protected area with adjustments 0
Coastline

>100 meters 1

<100 meters 0
Flood Prone

Not prone to flooding 1

Probability of flooding >25 years 0
Traffic

>50 meters 1

<50 meters 0

The 9 criteria (Table 1) used in this research are
Slope, Geological Conditions, Distance to water bodies,
Distance to settlements, Agricultural cultivation area,
Protected area, Coastline, Flood prone, Traffic. The
slope of the land becomes a key factor as it can affect
the stability of the landfill and the potential for erosion. In
addition, geological conditions such as soiltypes and rocks
also need to be considered to prevent cracking or leaks
that could contaminate the environment. The distance
between the landfill site and water sources such as rivers
and lakes is also an important consideration to protect the
quality of groundwater and surface water. Furthermore,
the distance between the landfill and residential areas
should be taken into account to avoid negative impacts
on the health of the community and the surrounding
environment. Productive agricultural areas should be
avoided as landfill sites to prevent contamination of soil
and water used for farming. Additionally, landfill locations
should not be in protected areas to conserve nature and
maintain ecosystem sustainability. Other factors such as
proximity to the coastline, susceptibility to floods, and
transportation accessibility should also be considered in
the selection of landfill sites.

The determination is made using Boolean criteria,
where the necessary information from each input map is
converted into binary form, represented explicitly by the
numbers 0 and 1, corresponding to True and False. In
this case, 9 criteria were used based on sub-variables
with a result of 9 feasible and < 7 inappropriate. The
geometric method was used to determine and predict
the percentage of population growth.

Projected Population Growth

The formula below is used to project the
population in order to determine the amount of waste
generated in a few years or in the next 10 years (2022
-2023). The area of the landfill sites was determined
using the geometric method with the formula:
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The formula calculates the percentage of the population (31)
1

()
po

-1
(1

The formula calculates population growth predictions (31)

pt=po (1+r) '

)
Information:
Mrs = Total population in year t
Po = Total population in the base year
t = Time period (difference)
r = Population growth rate

Itis necessary to review the required land area in
order to determine the location of the new landfill feasible
zone. The calculation of the landfill area is carried out
using the formula:

Determination of the waste landfill area formula (32)

V.sc
L LandfillF —
r (3)

Determination of the buffer land area formula (32)

L buffer = 25% » L TPA (4)

Information :

L TPA = Final processing site area (m?)
L buffer= Landfill buffer zone area and supporting
facilities (m?)

Vol. 16 No.2 April 2024 (153-165)

SC = Soil cover (m?), 15% of waste volume
Q = Height of landfill and overburden (meters) =
In Indonesia landfills between 10 — 15 m

This calculation takes into account:

a. The stack shape is modeled in a square shape

b. The waste contained in the dilanfil is carried out with

a compaction of 250 kg/m3. In Indonesia, the density

of waste varies from 250 — 500 kg/m?, with Jakarta

having 259 kg/meter®

The waste that goes to the landfill is taken by

scavengers, especially non-organic components,

which make up 25%.

. The daily garbage height has decreased by 0.002 m/
day, and the landfill height ranges from 10 - 15 m (32-
33)

Disposal of household waste and diseases were
analyzed using a questionnaire with the KoboToolbox and
SPSS statistics version 22 applications in percentages
through tables and narration (30-34).

RESULTS
Boolean Analysis With Regional Criteria
The results of the analysis are based on the
Boolean method and the area of each zone. The landfill
worth is shown in Figure 2 From the results of regional
criteria using SNI 03-3241-1994 and the GIS application,
9 zone locations were feasible to be used as landfills, as

\Vj = Waste volume (meter?) shown in Figure 3 and Figure 4.
20 18,55
18
16.24
16
14
12
10
8 a 8 8
g 7 7
551
i}
) 3.40
1.78
? 045 0.63
i) .
Mot the Road Mot the Road Not the Road Mot the Road Mot the Road Mot the Road Not the Road Motthe Read | MNot the Road
Metwark Hetwork Metwark Netwark Hetwork Network Hetwork Metwork | Metwark
1 1 1 ] o 0 1 1 | 0
Mot the Coastime | Mot the Coastine | Mot the Coastline Coastline Coastline Coastline Not the Coastine | Not the Coastine | Coastline
1 1 1 1 1 1 1 1 | 1
Not a Body of Water|Not a Body of Walter|MNot a Body of Water| Mot a Body of Water|Not a Body of Water|Nat 2 Body of Water|Not 8 Body of Water Mot a Body of WateriNot a Body of Waler
1 1 1 1 1 1 1 1 | 1
Mot Prone to Flood | Not Prone o Flood | Mot Prone to Flood | Not Prone o Flood | Mot Prone to Flood | Not Prone to Flood | Mot Prone to Flood | Not Prone to Flood | Hot Prone to Flood
1 1 1] 1 1 1 1 1 1
Met Mixed Gardens | Mot Mixed Gardens | Mixed Garden | Not Mixed Gardens | Mot Mixed Gardens | Not Mixed Gardens | Mot Mixed Gardens | Mot Mized Gardens | Not Mixed Gardens
1 1 1 1 1 1 1 1 1
Protected area Protected area Protected area Frotected area Cullwation Area Protected area Protected area Protected area Prolected area
0 0 1 V] 1 L} 0 i} 1
Settlemant Sattlement Not Settlemants Settlement Hot Settlements Sattlement Settlement Settlement | Mot Setlements
1 1 1 1 1 1 1 1 [ 1
Qv - Young volcanic|Qv - Young volcanic Qal - Alluvium Qv - Young volcanic | Qv - Young volcanic| Qv - Young volcanic| Qv © Young volcanic| Q1 - Unnamed 1l - Unnamed
rocks rocks racks rocks rocks racks Limestane Limestone
1 1 1 1 1 1 1 1 1
8% 0-5% 0-8% 0-5% 0-5% 0-8% 0-5% 0-8% 0-8%
1 2 3 4 5 g i 8 9
u Total [ 8 8 7 a 7 8 & 8
W Area (Ha) 340 045 1868 178 083 561 663 224 16,24

Figure 2. Boolean Analysis Results of Regional Criteria based on SNI 03 3241 1994 with Adjustments to the Characteristics

of Bunaken Island
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Figure 3. Union Results and Buffer Results on the Map of Bunaken Island (1) Slope Class Map, (2) Geological Types, (3)
Residential Areas, (4) Protected Areas, (5) Agricultural Area Map, (6) Floods, (7) Rivers, (8) Roads, and (9) Lines Beach
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The results of the review of the 9 locations
were generalized to eliminate small areas that are not
feasible or allow the development of residential areas
and plantations, as shown in Figure 5.

From the results of the map analysis, the slope
is not more than 15%, with 769.57 Ha and 22.81 Ha of
flat and sloping lands, respectively. In nine locations, the
landfill is not in an area with a slope above 15%, hence,
it gets a value of 1 for 9 TPA feasible zone locations. This
is consistent with the result of Irawan and Ade that the
slope is closely related to the ease of construction and
operational work of the landfill (35).

Based on research analysis using application
tools QGIS with basic map data in SHP format (Shape
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File) Administrative boundaries, geology, hydrogeology,
road networks, protected areas, agricultural areas,
slopes, settlements and average rainfall. The next
step is to carry out a buffer analysis in the SHP format
of 300 meter rivers, 650 meter settlements, 50 meter
roads and 100 meter coastline. After buffering, the next
stage is union analysis or combining two or more maps
to produce a new map where all the features and their
attributes will be included in it by making a Boolean
assessment, changing the map data into a binary model
of 0 and 1 according to the SNI-03-3241-criteria. 1994
with adjustments to Bunaken Island which can be seen in
table 1, after that intersect or combine two sets of spatial
data that intersect each other (overlay method) with the
aim of creating coverage new data (total all values and
take the highest score) the results are analyzed into a
map of waste landfill feasible zones with 9 locations.
The 100 m coastal line at this regional stage
commensurate with the coast is urgently needed to

Vol. 16 No.2 April 2024 (153-165)

establish landfills, especially on small islands. This aims
to protect coastal areas from pollution and has important
benefits for maintaining the preservation of coastal
functions and as a land fortress from the negative
influence of ocean dynamics (36). From the nine landfill
feasible zones, 4 locations were in the coastal area,
namely, 4 (1.78 Ha), 5 (0.63 Ha), 6 (6.61 Ha), and
9 (16.24) were rated 0, and others were rated 1. The
results of generalization showed that two recommended
locations for feasible landfill zones on Bunaken Island
were 1 and 2, with an area of 3.40 Ha and 0.45 Ha,
respectively. The generalization aims to eliminate places
that are close to settlements or have the potential to
become settlements, areas close to the beach, and
residents’ plantations which can be disturbing in the
future, as shown in Figure 5. Based on semi-permanent
observations, 50.56% of Bunaken Island’s landfills are
holes in the yard, 49.44% are semi-permanent landfills,
53.37% of waste is burned, and 46.63% is collected and
disposed of in temporary landfills.

e e

Figure 5. Recommended Zone for TPA Bunaken Island (1), TPS Bunaken Island (2), Ground Check Location 2 (3), Ground

Check Location 1 (4)

Population Growth Projection and Prediction

The results of backward calculations using the
Geomatic Projection formula/ratio of population growth for
the Bunaken Village in 2022 — 2031 is 0.011734973%.

101

r=((1.1237446198)%"-1

P k)
r= ((ﬁ)
r=0.011734973%

The result of backward calculations using
the Geomatic Projection formula/population growth

159

ratio for Alung Banua Village from 2022 — 2031 is
-0.010994934%.

r=(&5) /40
r =((0.895334174)"")-1

r =-0.010994934%

The population growth prediction for the Bunaken
Sub-District in 2022 is 3,097 people

Pt = 2788 (1+0,011734973)°
Pt = 3.096,660777814
Pt = 3.097
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The prediction of population growth for Alung
Banua Village in 2022 is 718 people

Pt = 793 (1+(-0,010994934))°
Pt = T7T17.8931891599
Pt = 718

The predicted population of the Bunaken and
Alung Banua sub-districts for 2022 is 3,815, as shown
in Table 2.
Table 2. Prediction of the Amount of Waste and Waste

Generation in Bunaken Village and Alung Banua Year
2022 -2031

Standard
SNI 19- Garbage
3964-1994 Garbage Weight Garbage
for Medium Per ]g)a € Per S%ear
Year n and Small Y Month
Cities
Kg/ 12
0.3 k/g/ Persgon/ 30 Days/ Months/
person/day Day year
2022 3,815 0.3 1,444 34,331 411,972
2023 3,792 0.3 1,138 34,129 409,553
2024 4,026 0.3 1,208 36,230 434,755
2025 4,026 0.3 1,208 36,230 434,755
2026 3,873 0.3 1,162 34,853 418,234
2027 3,855 0.3 1,157 34,698 416,381
2028 3,963 0.3 1,189 35,665 427,976
2029 3,963 0.3 1,189 35,665 427,976
2030 4,176 0.3 1,253 37,587 451,050
2031 4,123 0.3 1,237 37,103 445,242
4,277,893

In landfill planning for the next 10 years, it is
necessary to determine the projections and predictions
of population growth using the geometric method and
backward calculations. The population data is calculated

Vol. 16 No.2 April 2024 (153-165)

for the last 10 years (2012 — 2021) and the result showed
0.011734973% and -0.010994934% for Bunaken Village
and Alung Banua sub-district, respectively.

Population projection predictions are calculated
by calculating population growth with formula (2). Then
the results of population growth for the Bunaken and
Alung Banua sub-districts in 2022 amounted to 3,097
and 718, respectively, totaling 3,815. The next year’s
calculation and the amount of waste generated for the
next 10 years using SNI Standard 19-3964-1994 are
shown in Table 3.

Table 3. Distribution of Household Waste Ownership
and Management by Respondents, Existence of TPA
Garbage According to Respondents on Bunaken Island,

and Distribution of Respondents, the number of Diarrheal
Diseases in the Last 6 Months

Ownership of Trash and n %
Waste Management
Types of Semi Permanent 90 50.56
gg:};;ggld Hole in the page 88 49.44
Disposal Sites Amount 178 100
burned 95 53.37
How to Others (Waste disposed of in TPS/
hmozilnsi%?)l d sacks and then transported by the 83 46.63
waste kelurahan government)
Amount 178 100
Landfill o
(TPA Garbage) n %
1. Agree 93 52.25
oage 2. Disagree 85 4775
household
waste Amount 178 100
Disease Incidence in the Last 6 months n %
Yes 15 8.43
Cases of Not 163 9157
Amount 178 100

T

o

[P [ sy

Frr iy

Figure. 6: Distribution of Diarrhea Disease in Bunaken and Alung Banua Villages
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Determination of Land Area for Landfill Operations

Based on the calculations above, the total
amount of waste generated in 2022 — 2031 is 4,277,893
kg. The specific gravity of waste is needed to determine
its volume by considering some assumptions.

Since the specific gravity is 250 kg/m?, the waste
volume can be calculated as follows:

= 4,277,893 kg : 250 kg/m®
=17,111.572 m?

Volume

total

Based on these assumptions, the volume of waste
that goes to the landfill is reduced by 25% due to scavenger
activities, such that the total volume of waste becomes:

Volume =17,111.572 m® - (17,111.572 m® x 25%)
=12,833,679 m?
Landfill area using formula (3) =
12.833,679 m* x15%
10 (m)
L Landfill = 0.0193 Ha

L Landfill =

Vol. 16 No.2 April 2024 (153-165)

Buffer land area using formula (4) =

L Buffer = 25% x 192,505 m

L Buffer = 0.0048 Ha

The total quantity of rubbish is utilized to
ascertain the necessary landfill space. The required
landfill area was determined using formulas (3) and (4).
The core zone has an area of 0.0193 Ha, and the buffer
zone has an area of 0.0048 Ha. Therefore, the total
required land area is 0.0241 Ha. In addition, according
to Regulation No. 19 of 2012 issued by the Minister of
Public Works, the area within a 500-meter radius of the
waste final processing site is classified as a buffer zone.
The function of the buffer sub-zone is to reduce the
negative impact caused by the final disposal of waste on
the surrounding environment. This buffer area can be in
the form of green belts or hedges around the TPA, with
the following provisions. Tall plants are combined with
shrubs that are easy to grow and dense (37).

Table 5. Comparison between Boolean and Spatial Methods using GIS on Bunaken Island with other Studies

Country/City Method Results Reference
Indonesia/Manado  Boolean and Spatial using GIS in landfill This study has found two suitable places for landfill development, each with an
(Bunaken Island) determination area of 3.40 hectares and 0.45 hectares, respectively. The cumulative amount of Current study

Iranian Kurdistan/
Sulaimanyah

India/Durgapur

Bangladesh/
Metropolitan
Rajshahi
Thailand/Songkhala

Iranian Kurdistan/
Saqqez

solid waste for 10 years (2022-2031) was 4,277,893 kilograms with a required
land area of 0.0241 Ha.

Spatial Analytical
(AHP) is integrated with GIS

and Multicriteria Evaluation Techniques

Systems (GIS) and Fuzzy Analytical
Hierarchy Process (F-AHP)

are two methodologies.

Hierarchy Process area of candidate location 1 (15,050,000 m?), candidate location 2 (3,900,000 47)
m?), candidate location 3 (2,580,000 m?), and candidate location 4 (730,000
m?). area required from the landfill site to include the cumulative amount of
solid waste in 2035 is 53.7488 m?
Using Geographic Information Systems This study identified three potential lands for urban waste disposal covering an (48)
area of 13.83854 Ha, 33.80678 Ha, and 27.20085 Ha, respectively, in the city
of Durgapur
Integration of Geographic Information This study identified the most suitable TPA location with an area of 21.84 m? (49)
Geographic Information System (GIS) The study indicated a highly suitable area of 560.59 hectares for TPA, a highly (22)
and Analytic Hierarchy Process (AHP) suitable area of 993.19 hectares, and a moderately suitable area of 180.72
hectares.
Boolean, Analytic Hierarchy Process The study results for the use of landfills with a cumulative 15-20 years are very (50)

(AHP), and Weighted Linear Combination good for a landfill site with an area of 74 Ha
(WLC)  techniques  applied  with
Geographic Information Systems (GIS)
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DISCUSSION

The advantage of Boolean analysis in reducing
waste on an island through the provision of a landfill
that is most suitable for the characteristics of the small
island is that it allows for the determination of permit
criteria according to the island’s characteristics referring
to SNI 03-3241-1994 with adjustments. There are 9
criteria used in this research, namely Slope, Geological
Conditiosns, Distance to water bodies, Distance to
settlements, Agricultural cultivation area, Protected
area, Coastline, Flood prone, and Traffic. This can
serve as a reference in determining landfill locations
both in Indonesia and internationally. This research
uses multi-criteria variables, where quantitative data is
primary data obtained from respondent interviews to
assess environmental conditions and health impacts.
Qualitative data in the form of spatial data in SHP format
(geological maps, hydrogeological maps, topographic
maps, agricultural land use maps, disaster-prone maps,
water body maps, protected area maps, rainfall maps,
and settlement maps) were obtained from the Data
and Geospatial Center of the Manado City Regional
Development Planning Agency.

The steeper an area, the more difficult it will be
in construction and operation activities/work. Most of
the study areas are suitable because of their relative
slopes (35). Slope instability in landfills can result in
environmental disasters, pose environmental and health
risks, as well as affect leachate levels and pressure
gas produced by the landfill (38). The analysis result
showed that the map of protected areas for cultivation
is 26.58 Ha and protected with adjustments of 759.32
Ha. Furthermore, the protected area maps are needed
at the regional stage to ensure that they do not become
alternative landfill areas. Protected forest areas have
unique characteristics that enable them to protect the
surrounding area and are innate as regulators of water
management, prevention of flooding and erosion, as
well as maintenance of soil fertility (39). This study
gave a score of 1 from the nine landfill feasible zone
locations because they are in a protected location with
adjustments.

The results of the map analysis for public
facilities/settlements must be 650 m from the settlement
according to the Manado City Spatial Plan 2014 — 2034,
with a residential area of 82.40 Ha. A map of the distance
to settlements is needed to ensure that the landfill site is
notin the vicinity of settlements such that it cannot pollute
the environment. Therefore, a settlement buffer technique
of 650 m was carried out, and the result showed that
locations 1, 2, 4, 6, 7, and 8 with areas of 3.40 Ha, 0.45
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Ha, 1.78 Ha, 5.61 Ha, 6.63 Ha, 2.24 Ha, respectively, are
in the 650 m settlement buffer. Therefore, a value of 0
was assigned to denote the spatial distribution of Boolean
logic findings, which delineate areas unsuitable for
establishing landfill sites and are deemed as prohibited
zones. Locations 3 and 4, with an area of 18.55 Ha and
1.78 Ha2 on Bunaken Island. These two locations are too
low so there are concerns that they are prone to disease
transmission. This is in line with conditions in Nasiriyah,
Iraq, showing that being too close or too far results in
lower evaluations. This is because when a landfill is too
close it can transmit disease or cause unpleasant odors
in the temporary environment.

The examination of the road network map for
Bunaken Island obtained a length of 34.98 Km, and the
nine possible zones for landfill were outside the road
network. Consequently, a value of 1 was given. Based
on a 2021 study conducted in northern Iraq, highways
play a crucial role in selecting a landfill site for waste
disposal. This is because the transportation of garbage
from its source to a suitable landfill site is a key aspect of
the project. This scenario underscores the significance of
road infrastructure while also necessitating consideration
of the nearby landfill due to the potential adverse effects
of unpleasant odors on the tourism industry (1).

Waste is regarded as a nuisance with numerous
adverse health and aesthetic repercussions, hence its
management by segregating organic and inorganic waste
is vital. According to a study conducted on Bunaken
Island, 52.25% of respondents agree with the existence
of a landfill, whereas 47.75% disagree. According to a
study conducted in the Klaten area of the Yogyakarta
Region, the majority of participants responded favorably
to the presence of a landfill, hoping it would lead to
improved waste management (40). The consequence of
garbage transportation by ships is that in the event of an
accident, the surrounding area will become contaminated
by the presence of a cargo load of waste. Plastic debris
entering the ocean can undergo fragmentation, resulting
in microplastics forming between 0.3 to 5 millimeters
in size (41). The preservation of the ocean is crucial,
particularly in regard to waste management, specifically
plastic waste. Plastic waste has the potential to break
down into microplastics, which fish can readily ingest.
Subsequently, fishermen capture these fish, and
humans consume them. This poses a significant worry
for pregnant women, as the ingestion of microplastics
might result in developmental impairments in subsequent
generations (42).

The 2021 Napid study showed that burning
waste is generally carried out openly, and the emissions
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containing CO and CH4 gases have the potential to
pollute the environment and have a negative impact on
health (43).

Decomposing waste (organic and solid) generally
emits gases such as methane (CH,) and carbon
dioxide (CO,)as wellas other compounds. Globally, these
gases are one of the causes of declining environmental
quality (air) because they have a greenhouse effect
(green house effect) which causes an increase in
temperature, and causes acid rain (44). Large amounts
of rotten garbage will result in the spread of unpleasant
odors that make nausea and dizziness because they
contain gases resulting from the decay process including
methane H,S, NH, etc. Waste disposed of in the landfill
is still at risk because if the landfill is closed or landfilled,
especially with buildings, it will cause methane gas to
not be able to escape into the air which can cause an
explosion. In addition, if the garbage is burned, it will
produce smoke that interferes with breathing and vision
which will cause the effects of shortness of breath and
sore eyes and the results of burning plastic in the form
of dioxin gas are very dangerous because they include
carcinogens that can cause cancer (45).

One of the diseases caused by waste is
diarrheal, and in the age category of Toddler, as many
as 7 respondents are affected. Based on study in the
Coastal Communities in Piru Village 2019, a total of 108
respondents, accounting for63.9%, suffered fromdiarrhea
caused by trash cans, use of latrines, and disposal of
wastewater that did not meet health requirements. It also
includes the conditions of sanitation facilities that did not
meet healthy conditions. Therefore it is very conducive
to the development of disease (46).
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CONCLUSION

The results of the regional feasibility analysis
using the QGIS application show the existence of 9 zones
suitable for Landfill Sites (TPA) with varying land areas.
After generalization, 2 recommended locations were
identified as suitable landfill zones: location 1 covering
3.40 hectares and location 2 covering 0.45 hectares.
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This decision ensures that the selected locations are
most appropriate for the landfill, taking into account
environmental impact and community welfare.
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