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Abstract

Life in an estuary and at the beach are unique settlement patterns in the history of Malaysia. Sabah is
well known for its water village settlements that are built on wooden pillars and which can be found along
Sabah coastal water. However, a lot of problems have occurred at the Sabah water villages. Thus, the aim of
this study is to measure the solid waste generation and composition in 150 households at select water villages
in Sabah, Malaysia. The study was conducted at three major towns in Sabah, namely Kampung Tanjung Batu
Laut, Tawau water village, Kampung Tanjung Aru, Kota Kinabalu water village and Kampung Sim-sim,
Sandakan water village. Based on the results, the total waste generation is 1519.30 kg and the average solid
waste generation rate per household is 0.29 kg/person/day. The main component of solid waste is food waste,
which comprises 37% of the total waste generated, followed by plastic waste at 31%, paper waste 14.7%,
glass 7.2%, and metal 6.3%. The remainder (3.8%) includes bulky waste, furniture, wood, etc. Although the
solid waste generation rate is comparatively low, it will create a negative impact on the environment and pub-
lic health if proper management of solid waste is not practiced.
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Introduction

Solid waste management is a worldwide problem. It is
a major challenge throughout the world day by day due to
the rise in population and industrialization, as well as our
lifestyle changes [1]. Without effective and efficient solid
waste management the waste generated from various
human activities (from industries, businesses, and house-
holds), will result in health hazards and bring a negative
impact to the environment. The increase in the world pop-
ulation and industrialization of more cities means increas-
ing the volume of waste, and managing the waste produced
by a city becomes more complex [2]. Over the last century,
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the world has seen an increase in amounts of waste gener-
ated and discharged into the environment, which creates
environmental consequences. Generally, an increase of
waste generated results to the scarcity of land for the sani-
tary landfill for waste disposal [3].

Sabah is also having problems in managing their solid
waste management. The local authority in Sabah does not
only need to manage the waste on land but they also have
to manage the stranded and floating waste along the coastal
area in Sabah. This is due to the water village settlements
that were built along the coastal area and cause various
problems in solid waste management. Water village settle-
ments have been known as the common tradition settle-
ments along most of the coast, island, and estuaries in
Borneo Island state of Sabah. In particularly, the water vil-
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lage existed before the 19" century. It has become the main
administrative and economic centre of the maritime gov-
ernment [4]. However, it has deteriorated with widespread
waste and litter particular in the water, and framed as a
black area and problematic slum due to the attitude of the
villagers as shown in Fig. 1.

Materials and Methods
Study Area

Sabah, one of the 13 states of Malaysia, is located on the
northern portion of Borneo island. It is the second largest
state in the country, with a total area of 73,620 km’ and a
population of 3,117,045. Sabah, which is surrounded by the
South China Sea in the west, the Sulu Sea in the northeast
and the Celebes Sea at the east, is often referred as “land
below the wind” due to its location at the south of the
typhoon-prone region around the Philippines. This study
was conducted in three selected water villages in Sabah.
There are Kampung Tanjung Batu Laut, Tawau, Kampung
Tanjung Aru, Kota Kinabalu, and Kampung Sim-Sim in
Sandakan, as shown in Fig. 2. The study areas were select-
ed because the three region areas are the major towns in
Sabah and have a high population.

Tawau is located at 117° east longitude and 4°30’ in lat-
itude, with a total population of 392,906 people. Tawau
Municipal Council is the local authority responsible for
administering the 6,243km’ province. Kampung Tanjung
Batu Laut was the biggest water village, located about 5 km
from the town of Tawau with an area exceeding 300 acres.
There are about 6,000 villagers with 800 houses, of which
80% the villagers are Bumiputera [5].

Kota Kinabalu is the capital city of Sabah State, which
was declared a city covering 35,070 km’ (136 miless) with a
population of 437,500. Kota Kinabalu City Hall is responsi-
ble for the administration, which includes the city center,

suburbs, rural areas, sea, and islands. 3,000 people live in 240
houses in Kampung Tanjung Aru, Kota Kinabalu water vil-
lage. Most of the villagers in this area are fishermen, public
or private sector workers, retires, and a business owners [6].

Sandakan is located on the northeastern coast of Borneo
and has a population of 479,121. Sandakan Municipal
Council is responsible under the jurisdiction of the
Sandakan District, covering about 2,266 km® (875 miles?).
Kampung Sim-Sim, a water village built on stilts on the
coast of Sandakan reachable only by plank walkways, is
home to local fishermen who live in neat wooden houses.
The water villages are also the site of the original town of
Sandakan, which was founded in 1879. It includes about
480 houses and 2,465 people [7].

Solid Waste Generation
and Composition Study

This study focused on household solid waste. Two
important aspects are being measured: solid waste genera-
tion and composition in selected water villages in Sabah.
Solid waste generation is solid waste produced from its
source, including waste retained for other purposes, and
waste discarded for collection [8]. Solid waste composition
is the components of the solid waste. Six categories usual-
ly are sufficient for a general solid waste study, namely
food waste, plastic, paper, glass, metal, and other waste.
The method used for solid waste sampling was based on the
method from Malaysian Standards [9]. Samples from 50
houses/premises were taken for solid waste generation and
composition study for each water village. 150 household
were involved in this study. The samples were selected by
randomly choosing houses in a row within the area of study.
Then the samples were collected and weighed separately on
a daily basis for 7 days a week. Once the waste was col-
lected, the samples were sorted into six categories and
recorded. The flow chart of the solid waste sampling activ-
ities is shown in Fig. 3.

Fig. 1. Situation at Water Village.
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Fig. 2. Location of study area.
Source: www.sabah.gov.my

The solid waste generation rate was calculated using
Equation (1) to identify the amount of solid waste produce
every day. Separation of solid waste was carried out for
finding the percentage composition of solid waste generat-
ed by using Equation (2). Waste is separated into the six cat-
egories of food waste, paper, plastic, glass, metal, and oth-
ers. Composition of waste taken is based on the weight of
each segregated waste.

Total of waste weight
No.of household X 7 days O

Waste generation rate =

Weight of waste category

Waste weight (%) =
aste weight (%) Total amount of waste

X 100 (2)

Results and Discussion

Solid Waste Generation
and Composition Study

Total solid waste generation among 150 households
studied in three water villages (Kg. Tanjung Batu Laut,
Tawau, Kg. Tanjung Aru, Kota Kinabalu, and Kg. Sim-Sim,
Sandakan) are shown in Table 1. Based on the results, total
solid waste generation per household is 1519.30 kg. Average
waste generation per household and per capita waste gener-
ation was 0.29 kg/person/day. Kampung Tanjung Batu Laut
and Tawau water villages generated the highest waste com-
pared to Kampung Tanjung Aru, Kota Kinabalu and Kg.
Sim-Sim, Sandakan. There is a difference in solid waste
generation in three study areas. It might be influenced by the
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difference in socio-economic status in the area where the
quantity of solid waste generation is mostly associated with
the economic status of a society [10]. Besides that, the solid
waste generation varies in different cities depending on the
standard of living, life style, social and religious tradition,
and the eating habits of the people [11].

Meanwhile, Fig. 4 showed the solid waste composition
in three water villages. At 562.20 kg, food waste generation
is higher than other types of waste. Plastic waste generated
about 471.50 kg, were higher than paper at 222.90 kg.
Based on these results, every person generates 0.11 kg of

distribute plastic
bags

g ¥

calculate daily
solid waste
generation rate

N 4

record solid waste
generation and
composition data

9

Fig. 3. Flow chart of waste generation and composition study.

weigh waste
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Table 1. Total solid waste generation in three water villages.

Total solid Average solid
Water Villages waste generation | waste generation
daily (kg) (kg/person/day)
Kg. Tanjung Batu Laut 607.70 0.35
Kg. Tanjung Aru 443.60 0.25
Kg. Sim-Sim 468.00 0.27
Total 1519.30 0.29

Table 2. Solid waste generation and composition at Tawau

water village.

food waste per day and food waste contributes nearly 37%
of the total waste generated in the study area.

As illustrated in Fig. 4, food waste is always the main
component in waste generation. Meanwhile, plastic waste is
also prevalent in water village area at 31% of the total, while
paper waste generated is about 14.7%, glass 7.2%, and metal
6.3%. However, other waste generated (3.8%) includes
bulky waste, furniture, wood, etc. The overall socio-eco-
nomic conditions in the area is also very much responsible
for the high percentage of waste component. Furthermore,
this study revealed that the percentage of recyclables like
paper, glass, and metal were high in all locations.

A study by Visvanathan also found that food waste
dominated over the major portion of the waste generated in
most developing countries in Asia such as China, India, Sri
Lanka, and Thailand [12]. Moreover, Malaysian solid waste
contains a very high concentration of organic waste and
consequently has high moisture content [13]. However, the
data shows that there has been a change in solid waste com-
position. The quantity of plastic wastes also has increased.
Shekdar also reported that the proportion of plastics and
paper is high, which is influenced by economic status [10].

A change in solid waste generation and composition
caused by demographic factors such as family size, income
level, economic growth, and lifestyle has a strong influence
on solid waste generation and composition [14].
Meanwhile, the factors that affect solid waste generation of
the households are household size and income levels [15],
meanwhile other factors of socio-economic characteristics
include education and age. Solid waste generation and
composition is also influenced by the economic sector’s
growing population and economy, whose solid waste gen-
eration is increasing [ 11]. However, family size and income
are the most significant factors affecting quantity of solid
waste from household consumption [16].

Food waste

Others - ) = Tawau Water Village

Plastic
Sandakan Water
Village
) = Kota Kinabalu Water
Metal “ ' Glass

Village

Paper

Fig. 4. Solid waste composition in Sabah water villages.

Type of Total solid Solid w‘a.ste Average soli.d

waste waste genera- | composition | waste generation

tion daily (kg) (%) (kg/persons/day)
Food waste 268.20 44.10 0.15
Plastic 148.60 24.50 0.09
Glass 46.20 7.60 0.03
Paper 88.50 14.60 0.05
Metal 33.80 5.60 0.02
Other 22.40 3.70 0.01
Total 607.70 100.00 0.35

Solid Waste Generation and Composition
in Tawau Water Village

Table 2 shows the total waste generation daily at Kg.
Tanjung Batu Laut, Tawau with 50 households being select-
ed and a total of 248 family members. Total solid waste
generation daily was 607.70 kg, of which food waste gen-
eration (268.20 kg) is the highest. Meanwhile, plastic waste
generated about 148.60 kg, paper 88.50 kg, 46.20kg glass,
33.80 kg metal, and 22.40 kg other waste generated daily in
Tawau water village. Based on these results, every person
generates 0.15 kg of food waste per day and food waste
contributes nearly 44.1% of the total waste generated in the
study area. Average waste generation per household and per
capita waste generation in Tawau water village was 0.35
kg/person/day, respectively.

Solid Waste Generation and Composition
in Kota Kinabalu Water Village

Total solid waste generation and composition in Kg.
Tanjung Aru, Kota Kinabalu is shown in Table 3. We
selected 50 households with total number 256 people. Kg.
Tanjung Aru, Kota Kinabalu water village generated about

Table 3. Solid waste generation and composition at Kota
Kinabalu water village.

Type of Total solid Solid Wa§te Average soli.d

waste waste genera- | composition waste generation

tion daily (kg) (%) (kg/persons/day)
Food waste 191.60 42.20 0.11
Plastic 138.30 31.20 0.08
Glass 22.90 5.00 0.01
Paper 58.90 13.00 0.03
Metal 18.10 4.00 0.01
Other 13.80 3.00 0.01
Total 443.60 100 0.25
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Table 4. Solid waste generation and composition at Sandakan

water village.

Table 5. Relationship between family size and solid waste gen-

eration.

Type of Total solid Solid W.a.ste Average soli.d

waste waste genera- | composition | waste generation

tion daily (kg) (%) (kg/persons/day)
Food waste 102.40 21.60 0.06
Plastic 184.60 39.40 0.11
Glass 39.70 8.40 0.02
Paper 75.50 15.90 0.04
Metal 43.60 9.20 0.02
Other 22.20 4.70 0.01
Total 468.00 100.00 0.27

Family size

Pearson Correlation 0.292*
Solid waste Sig. (2-tailed) 0.000
generation
N 150

*Correlation is significant at the 0.01 level (2-tailed).

Table 6. Relationship income level with solid waste generation.

Family size

Pearson Correlation 0.067
Solid waste Sig. (2-tailed) 0.415
generation
N 150

443.60 kg of waste. Food waste generation is 191.60 kg,
greater than other types of waste, whereas plastic waste
generation was lower at 148.30 kg. Meanwhile, paper
waste generated, 58.9 kg, was higher than glass, 22.9kg.
Another type of waste is metal, which is 18.10 kg, and
other waste, 13.80 kg. Food waste contributed nearly
42.2% of the total waste generated in the study area.
Average waste generation per houschold and per capita
waste generation in Kota Kinabalu water village were 0.25
kg/person/day.

Solid Waste Generation and Composition
in Sandakan Water Village

However, there is a difference in solid waste generation
and composition in Kg. Sim-Sim, Sandakan water village.
Based on the results of Table 4, the total daily solid waste
generation among 50 select households and 250 total num-
ber of household members is 468.0 kg. Plastic waste gener-
ation, 184.60 kg, was higher than other types of waste,
whereas food waste generation was lower at 102.40 kg.
Meanwhile, paper generated was 75.50 kg, higher than
glass (39.70 kg), metal (43.60 kg), and other waste (22.20
kg) generated daily. Based on these results, every person
generates 0.11 kg of plastic per day, and plastic contributes
nearly 39.4% of the total waste generated in the study area.
This shows that residents in Kg. Sim-Sim, Sandakan water
village generate more plastic waste. Average waste genera-
tion per household per capita waste generation in Kg. Sim-
Sim, Sandakan water village was 0.27 kg/person/day.

Relationship between Family Size and Income
Level and Solid Waste Generation

Table 5 shows the relationship between family sizes
with the solid waste generation in Sabah water villages.
Based on the results, there is a significant positive correla-
tion (p = 0.00, p < 0.01) at 0.01 probability level. This is
obviously due to the reason that increasing household num-
bers leads to increasing resource consumption, resulting in

an increase in solid waste generation. Due to the probabili-
ty value of Pearson correlation (r=0.292), it is more than the
determined alpha value (/2 = 0.025). Therefore, from the
finding it can be concluded that there is significant rela-
tionship between family size and solid waste generation.
Based on the results, this study revealed that family size can
influence solid waste generation.

In addition, household size is the most significant factor
affecting the quantity of solid waste from household con-
sumption [17]. As in the Ghorbani study, family size is an
important determinant in household waste production [18].
While Jones states that the quantities of waste generated
generally depend on the number of households, larger
households tend to generate larger quantities of waste com-
pared to smaller households [19].

Table 6 shows results of the relationship between
income levels with solid waste generation. It shows that the
correlation coefficient of income level is not significant
(p=0.415, p>0.05) at 5% probability level of confidence.
Based on the results, it shows that there is no relationship
between income level and solid waste generation. This is
due to the fact that higher income didn’t influence the solid
waste generation in household consumption. Due to the
probability value, Pearson correlation is r=0.067.
Therefore, from the finding it shows that there is no signif-
icant relationship between income levels with solid waste
generation.

Many research findings point out that generally solid
waste generation increases as income rises. However, we
also note that when household income increases, waste
generation decreases. This is because of their attitude in
implementing the 3R concept in their daily life, which
reduces waste, and reuses and recycles waste. Duminda and
Prasansa also revealed that family income is negatively
related if a family applies the reuse concept to shopping
bags [20]. Moreover, it might be due to recycling activities,
which have been on the rise [21]. Respondents in the study
arca might sell bottles/paper/metal items to the recycle shop
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Table 7. Comparison of solid waste composition in three water
villages.

Mean Square Sig.
Food Between groups 105.693 0.000
waste | Within groups total 3.195
Between groups 0.835 0.622
Plastic
Within groups total 1.753
Between groups 5.425 0.044
Glass
Within groups total 1.651
Between groups 1.010 0.636
Paper
Within groups total 2.225
Between groups 1.341 0.032
Metal
Within groups total 0.371
Between groups 0.079 0.592
Others
Within groups total 0.150

and earn income. Besides that, it might because of the
increasing level of awareness of responsibility and active
participation among respondents in supporting and imple-
menting good municipal solid waste management practices.

Comparing Solid Waste Composition
in Three Selected Water Villages

Table 7 the shows the comparison of solid waste com-
position in the three select study areas. Due to the probabil-
ity value of ANOVA, there is significant difference between
solid waste compositions in Sabah water villages at 5%
probability level.

According to Table 7, there is significant difference of
food, glass, and metal waste composition in Kg. Tanjung
Batu Laut, Tawau, Kg. Tanjung Aru, Kota Kinabalu, and Kg.
Sim-Sim, Sandakan which is food waste (p=0.00, p<0.05),
while glass (p=0.44, p<0.05) and metal (p=0.032, p<0.05)
are at 5% probability level. The finding show that solid waste
composition is different in the three water villages.

Meanwhile, there is no significant difference between
solid waste composition in plastic, paper and other waste.
The significant value of plastic is (p=0.622, p>0.05), paper
(p=0.636, p>0.05), and other waste (p=0.592). It can be
concluded that there is no difference of solid waste compo-
sition (plastic, paper, and other) in the three water villages
(Kg. Tanjung Batu Laut, Tawau, Kg. Tanjung Aru, Kota
Kinabalu, and Kg. Sim-Sim, Sandakan).

Conclusion

In conclusion, solid waste generation in Sabah water
villages amounted 1519.3 kg, and the average of solid
waste generation per household was 0.29 kg/person/day. In
the solid waste composition study, food waste formed the

largest fraction of the MSW at 37%, followed by plastic
31%, paper 14.7%, glass 7.2%, and metal 6.3%. However,
another 4% of solid waste generated includes other waste.
Therefore, for further study the researcher can add other
water villages in each district and add up other districts in
Sabah to see the issue widely. Furthermore, the actual data
of solid waste generation and waste composition in Sabah
can be acquired.
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