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ABSTRACT
Nat. Env. & Poll. Tech.
Website: www.neptjournal.com Makassar City slum settlement has a complex solid waste management problem located in a coastal
area, divided by canals, inhabited by middle-class people who live with limited environmental facilities,
Received: 21-04-2020 and some build semi-permanent houses on the sea. This study aims to investigate the solid waste
Revised: 27-05-2020 management in coastal slum settlement including waste generation, storage, collection system
Accepted: 25-06-2020 also community lifestyle, and coastal settlement characteristics. The method used in this study was
Key Words: quantitative and qualitative. The result of the_ analysis sh_ows th:_:\t the vqlume of V\{aste generation
Solid Waste Management; catggory was about_49.47% compost pot_entlal, 25_.57% inorganic recycling potential, and 24.96%
Slum Area: ’ re_5|due material. Solid waste management is _not going weII_ in this area where most qf the households
Coastal Se;ttlement' did not get access to the comm_unal trash bin and (_:ol_lectlon route. Recor_nmendatlon_s for the sc_)lld
Waste Generation ’ waste management model are given to overcome existing problems by onsite composting and selling
\ waste online and offline, and small amounts of residual waste discharged to the final disposal.
INTRODUCTION the aesthetics (Kirpalani et al. 2005, Raharjo et al. 2018).

Furthermore, a gradual increase in waste generation coupled
with inadequate services for solid waste management
(SWM) intensifies the problems related to SW. This
escalating problem has crucial effects on the environment,
threatening the health of humans as well as incurring
economic, biological and environmental losses (Moftah et
al. 2016). The cities in a developing country using 20-55%

Indonesia is one of the developing countries in the world,
which is an archipelago and Makassar City is a metropolitan
city located on Sulawesi Island. Makassar has a strategic
position as it is located between the south and north in
the provinces of South Sulawesi. Thus, the rapid growth
of urbanization and industrialization within the area is
unavoidable, resulting in Makassar being an area of mixed ) ) )
commercial-residential industrial along with the problem of of their bUdget in solid waste.: management, only 40-80%
water, air and soil pollution, which in turn can disturb human of the waste is collected (Yavini & Musa 2013). The waste

health (Sattar et al. 2012, Sattar et al. 2019). This, of course, is transported to the final disposal site is just 63.9%, the
requires efforts to overcome (Rashid et al. 2014). remaining small portion is managed at the source and the
majority of the remainder is not transported so that it ends

in an empty land, waterways, water bodies, and around the
streets, and settlements. For the city of Makassar, 1,000 tons
of garbage per day is transported to the final disposal with
an open dumping system, the remaining 450 tons per day is
not managed or not transported. Households are the biggest
waste producer, reaching 62.99% compared to other sectors
such as trade and services, offices and others (Indonesian
Ministry of Environment 2012).

In general, Solid Waste Management (SWM) is one
of the most popular urban environmental problems in
many developing countries because of the increase in
urban, economic and industrial activities, especially in fast
population exploding countries like India and Indonesia
(Nyakaana 1996, Ramesh et al. 2009, Sattar et al. 2014).
Poor Municipal SWM practices can result in land, water,
and air pollution, improper disposal leads to the spreading
of diseases and unhygienic conditions besides spoiling
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Recorded that 75% of households in Indonesia are not
accustomed to sort out waste. Currently, there are wide-
spread environmental movements initiated by the private
sector, academics, and the government but their value has
not shown significant changes (Indonesian Ministry of En-
vironment 2012). When in fact, the separation of recyclable
waste material would lead to a reduction in the quantity of
solid waste (Sharma 2008). The fact, residents in villages
or even sub-urban areas around 66.8% choose to burn waste
and only 1.2% are recycled (Indonesian Ministry of Envi-
ronment 2017). Another report suggested that this condition
is exacerbated by the weak political power of those who
realize the importance of environmental management. The
struggle to preserve the environment is only supported by
a small group of the middle class who lack political power
in decision making, also stated that there were a few people
who had knowledge but were still being environmentally
unfriendly (Kutanegara 2014). So, what must be done is to
build awareness, understanding, and community participa-
tion to behave in an environmentally friendly manner.

This study takes the area of research in the coastal settle-
ments of Makassar city because it is one of the Waterfront
Cities in Indonesia having many coastal settlements with a
population of about 1,46 million people (Makassar Statistical
Center 2019). Most of the coastal settlement in Makassar
City was originally formed from the fisherman who utilizing
marine resources as the source of life. However, dramatic
city development transforms this settlement into slums with
limited facilities of life, and one of their big problems is
waste management.

Cambaya village is one of the slum settlements in the
coastal area where some people build informal wooden
houses over the sea with poor social services and amenities.
This study was focused on waste management that takes
place in this area. Solid Waste Management (SWM) defined
as scientific disciplines related to generation control waste,
storage, collection, transfer and transportation, and process-
ing waste (Tchobanoglous 1993). The generation of solid
waste depends on several factors such as lifestyle, habits
of food, living standard, season, and commercial activities
degree (Upadhyay et al. 2012). However, managing waste
is a complex activity that required appropriate technical
solutions, cooperation between all stakeholders, and adequate
organization capacity (Marshal & Farahbakash 2013).

Slum area identical to low-class people where the highest
fraction of waste from this area is organic waste (Thakuria
2009, Miezah et al. 2015). In addition, the composition of
urban waste is changing with the increasing use of packing
materials and plastics (Asnani 2006). Furthermore, param-

eters of solid waste management will be an efficient support
tool for the comparison and selection of effective alternative
management of solid waste management programs (Qdais et
al. 1997, Chang & Davila 2008, Hancs et al. 2011). For this
reason, it is necessary to collect and manage statistical data on
waste management, which is usually inadequate, especially in
developing countries (Buenrostro et al. 2001). Thus, a study
on solid waste and its proper management to minimize its
effect on the environment becomes of utmost importance.
Therefore, this study tries to calculate the composition of
waste, and divide it into potential components of compost,
recycle, and residual waste. After that, community char-
acteristics assessment survey was also conducted because
participation from the community has a direct bearing on
efficient SWM. The next stage was conducting an ongoing
SWM assessment. In the absence of a basic facility of storage
and collection of waste from source, communities are prone
to dumping waste on the streets, open space, drains, and water
bodies in the vicinity creating unsanitary situations (Asnani
20006). Finally, this study tries to give recommendations for
the SWM model that can be applied.

MATERIALS AND METHODS
Study Area Description

Makassar city has many slum areas, but this study picked
Cambaya Settlement because of its location on the coast, and
it is divided by canals that drain water from large rivers in
the upstream area. So, this area is a complex area for SWM
research. Fig. 1 shows a map of Indonesia and the arrow
is pointing to the location of Cambaya Village (5.110958
E,119.4248602 S). The village is situated close to the old
city of Makassar. Fig. 2 displays the blow-up location of
the slum area Cambaya that were divided into permanent
and semi-permanent houses where some houses are built
over the sea.

Fig. 1: Location of Case Study
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Fig. 2: Blow up Location of Cambaya Slum Area.

Survey of Waste Generation

This activity was conducted to calculate the volume, weight,
and composition of waste generation from every household
per day. This survey used the Indonesian National Standards
(SNI) 19-3964-1994 concerning Methods for Taking and
Measuring Samples of the Generation and Composition of
Urban Waste. The digital scale and volume measurement
tools were used. For the determination of samples, the cal-
culation used are as below.

(K)=§ (D

(S) = Number of People
(n) = Number of people per household

(S1) = proportion of the number of permanent housing/
high income households = 25%

(S2) = proportion of the number of semi-permanent
housing/ moderate-income households = 30%

(S3) = proportion of the number of non-permanent hous-
ing/ low income households = 45%

The garbage from housing:
1. permanent=S1x K
2. semi-permanent = S2 x K
3. non-permanent = S3 x K

An effective solid waste management model is needed
through the evaluation of the characteristics and rate of the
solid waste generation which is one of the important first
steps towards effective solid waste management (Qu et al.
2009, Tiruneh et al. 2015. Truong et al. 2017).

Survey of Community Characteristics

Survey questionnaires were carried out to find out the
community lifestyle who lived in Cambaya village, where

education level, household size, and income are significant
factors that influence household generation rate (Truong et al.
2017). Questionnaires were distributed to respondents who
live in two types of houses (permanent and semi-permanent).
The questionnaire asked about solid waste management
activities (sorting, storage, collecting, and transportation)
and their current behaviour.

Direct interviews also were conducted with housewives
who become the women leader of the community to explore
the waste generation daily from the households. The village
chief was also asked about the activities of the people. The
data analysis technique used is a qualitative descriptive
analysis technique by tabulating primary data.

Mapping of Solid Waste Management

The overlay map was used in the mapping of spatial coverage
for the garbage collection vehicle route and trash bin user
area using the ArcGIS application.

RESULTS AND DISCUSSION
Settlement Characteristics

Some of the buildings were built over the land boundary.
The street in this settlement is a narrow alley about 50 cm
in width. This situation makes it difficult to do several ac-
tivities including waste management. Visualization of house
characteristics is shown in Fig. 3.

Table 1 illustrates the general characteristics of the com-
munity. Most of the respondents were female, as solid waste
management encourages the participation of females. Most of
the respondents have a low level of education and have below
the regional minimum wage. This situation influences their
attitude towards waste management. It can be seen from the
amount of garbage around residential areas and water bodies.
A study found that the reasons for the waste management

Nature Environment and Pollution Technology ® Vol. 20, No.2, 2021
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Fig. 3: Settlement characteristics.

cases were lack of information relating to health, low knowl-
edge level, tradition, culture, and economic situation as well
as low level of living standard (Shahmoradi & Rad 2009).

Waste Generation Result

Fig. 4 below describes the result of the waste generation
survey of waste weight. From this survey, the average

Table 1: Characteristics of communities.

Characteristics Value (%)
Number of people per house
6 people 15
5 people 39
4 people 20
Others 26
Livelihood
Fishermen 35
Labourer 41
Others 24
Income per month
IDR 1,000,000-2,000,000%* 50
IDR 2,000,000-3,000,000 20
Others 30
Education
Elementary School 53
Junior High School 26
Others 21

*below the regional minimum wage

waste generation per household was 1.8 kg Organic Waste
per day per household, and inorganic waste 1.31 kg per day
per household.

The volume of waste generated in the Cambaya Coastal
Area was dominated by 58% organic waste and 42% inor-
ganic waste. Furthermore, from Table 2 it can be concluded
that if the onsite waste processing is done (onsite composting
and recycle), only 24.96% will be transported to the final
disposal as residue. This waste was potentially thrown into
the water bodies if there is no proper waste management. A
study reported that Municipal Solid Waste (MSW) generally
includes degradable (paper, textiles, food waste, straw, and
yard waste), partially degradable (wood, disposable napkins,
sludges) and nonbiodegradable (leather, plastics, rubbers,
metals, glass, ash from fuel-burning like coal, briquettes,
wood, electronic waste). Generally, Municipal Solid Waste
is managed as a collection from the street and disposed of
at landfills (Jha et al. 2008).

Inorganic
42%

Organic
58%

Fig. 4: Average percentage of the weight of organic and inorganic waste
generation.
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Table 2: Waste component calculation.

Type of Garbage Value (%) Explanation

Organic (Compost 49.47 Leftover, leaves, and twigs.

Potential)

Inorganic (Recycling ~ 25.57 *Paper, plastic, metal, and

Potential) bottles

Residue 24.96 Textiles, cloth, rubber, leath-
er, and other materials.

*Potential Recycling is adjusted to the data of items sold in the collectors
(Waste Bank and Trash Mall)

Fig. 6: Individual trash bin.

Storage System

The existing storage system was used as an individual,
communal, and some of them throw trash directly into
the water bodies (canal and sea) especially for those who
live over the sea or in front of the canal. The communal
trash bin is only in front of the main road as secondary
solid waste storage, but most people use an individual
trash bin for primary solid waste storage. Some of the
families collect rubbish from an individual bin and brought
it to the communal bin located on the main road. The
visualization of the type of trash bin used is shown in Figs.
5,6,and 7.

Data from a previous study showed that about 80% of the
community not yet separate their waste because of a lack of
materials, knowledge, and motivation as well as they cared
less about environmental conditions (Anggraini 2018).

Fig. 7: No trash bin (Trash over water bodies).
Collecting and Transport System

The collection is carried out by janitors on the main road
with the frequency of transportation as every day or 7 times
a week. After collecting the garbage from households, they
bring it to a temporary waste container. A cleaning fee is
charged to the people. Type of the garbage collection ve-
hicle is a three-wheeled motor (Viar). Most areas are not
passed by Viar due to road conditions that cannot be passed
by collection vehicles. This condition makes it difficult for
the community, so some of them have to transport garbage
independently to the communal trash bin, and some choose
to dispose of their garbage around the settlement. Visuali-
zation of the collection service and route is shown in Fig 8.
The mushrooming settlement colonies are developed in an
unplanned way, thus, posing several constraints on the city’s
municipal services (Sharma et al. 2007).

Nature Environment and Pollution Technology ® Vol. 20, No.2, 2021
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Fig. 8: Collecting vehicle route and trash bin user area.

Existing Solid Waste Management Model

The solid waste management model goes on as seen in Fig.
9. All garbage produced by households depends on transport
personnel who have limited services so that not all garbage
can be transported (about 20-30% uncollected). People with
low income also have limitations in paying waste fees.

Recommendation of Solid Waste Management Model

The design and operation of appropriate solid waste man-
agement systems are necessary for ensuring good sanitation
and a clean environment (Gawaikar & Deshpande 2006).
The model in Fig. 10 shows the Solid Waste Management

Recommendation Model for reducing the waste chain that
leads to Final Disposal. This model is chosen to overcome
the main problem faced in SWM, which is the limitations in
terms of waste collection. This model wants to change the
old paradigm of waste management that takes place in the
research area to a new paradigm that is more sustainable by
utilizing existing waste recycling agents.

The characteristics of settlements with narrow streets
make it difficult to waste carts to enter, making it difficult
for people to get services in terms of garbage collection. The
limited facilities and knowledge about the environment give
the potential to dispose of waste into water bodies such as
canals and the sea.

H hold W
ousehold Waste Waste Carts

Temporary Waste
Container

Trasported by
Dump Truck

Fig. 9: Flow Diagram for existing solid waste management model.
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Organic Waste
for Compos

Inorganic Waste
for Recycle

Household Waste .

Residue

- I

Waste Carts

Onsite Composting

Waste Bank
Qrganize by
Govemment

Waste Mall
Organize by Private
Sector

Temporary Waste
Treatment Plant

Trasported by
Dump Truck

Open Dumping
Final Disposal

Fig. 10: Solid waste management recommendation model.

The solution of waste management is not limited to the
end-of-pipe system, but management system such as waste
reduction from its source, waste-sorting, until recycling pro-
cess (Wijayanti et al. 2015). Recycling and compost concepts
are considered pillars of sustainable solid waste management
(Cheru 2011). Furthermore, recycling is one of the best
methods of solid waste reduction. Similarly, the method can
be applied in certain other aspects to decide on the most ap-
propriate option to achieve the best expected results (Purohit
etal. 2015). The existence of the Trash Mall and Waste Bank
provides an opportunity for the community to sell recycled
waste, the difference is that the Trash Mall uses an online
system while the Waste Bank uses the offline system. Waste
bank or “Bank Sampah” is the concept of waste management
in Indonesia and developing countries in Southeast Asia in
the management of recycled waste to get money in the form
of savings that are established in an environment that is usu-
ally around 1000 inhabitants (Khair et al. 2019). The online
system support by Trash Mall is something new, up to date
by utilizing the technological sophistication of allowing the
community to order via smartphone and recycled waste will
be picked up by officers, this makes it easier than the offline
system. In terms of sales prices, the offline system provides
a slightly higher price, but the community needs to bring its
recycling waste to the nearest Waste Bank office. This model
can be used for other residential areas especially those that
have the same characteristics as the study area.

There is a need for onsite composting using both com-
munal and individual systems because the organic waste

potential for compost (leftover food, leaves, and twigs) is
about 49.47%. This system can be run by women who are
mostly housewives. The remaining small amount is 24.96%
residual waste will end up at the final disposal and become
the responsibility of the government in its transportation
and processing.

CONCLUSION

The study regarding solid waste management was carried
out. The different factors and strategies of solid waste
management were determined. Solid Waste Management
in Cambaya coastal slum settlement is not going well yet
because of several reasons such as characteristics of settle-
ment, characteristics of citizens who live there, and lack of
MSW facilities. The waste generation in Cambaya Village
is dominated by organic waste 58% and inorganic waste
42%. Most of the citizens did not get access to communal
storage and collection, so potentially waste from households
is thrown directly to water bodies. It needs serious waste
management to minimize pollution of the coastal area. If
properly managed according to the recommendations of the
SWM model, only 24.96% of the residue will be transported
to the final disposal.
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