Health Risk Associated with Management of Municipal Solid Wastes in Malaysia
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ABSTRACT

The development in urban and industrial sectors in Malaysia has a rapid growth during the last two decades.
These developments are associated with the increase of municipal solid wastes (MSW) generated from human
activities. The quantities of MSW in Malaysia are estimated to be 27,284 tonnes per day, and more than 35% of
these wastes are food wastes. The environmental conditions in the country, which include humidity and
temperature, play an important role in the increasing concerns of health risks associated with these wastes. The
organic matter in MSW is more degradable than plastic solid waste. However, it is more suitable as a medium
for the reproduction and distribution of infectious pathogens. Thus, the adverse effects on the public health level
due to poor disposal represent one of the limitations on the plan that is carried out by the country to become a
developed country by 2020. Hence, Malaysia has adopted stringent regulations for the management of solid
wastes since 1974. Recently, the segregation of solid wastes at the source point is applied in several public
centres and at household level. The limitation does not only include the management, but it is extended to
include the disposal method, which is conducted using open incineration with several disadvantages. However,
there is no plan to use the alternative treatment systems in Malaysia. The trend would be moving towards the
advanced incinerators to minimise national carbon dioxide emission. This paper discusses the current status of
management and treatment of solid wastes, as well as the future of the alternative technologies for inclinators in
Malaysia.
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1. INTRODUCTION

The development in urban and industrial sectors in Malaysia has a rapid growth rate
during the last two decades. In the urbanisation sector, the increase of communities and cities
has led to the increased quantity of municipal solid wastes (MSW) generated from houses and
public facilities accordingly. In Malaysia, the Population Equivalent (PE) has increased by
27.8% during the period from 1997 to 2012. In contrast, the industrial sector has increased

from 38.5% in 1980 to 44.5% in 2002. These developments have contributed in increasing
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the gross domestic product (GDP) from 19.64% in the 1980s to 31.56% in 2004 [1]. The
electrical and electronics manufacturing sector has enhanced the Malaysian economic by
more than 60% during the period from 1991 to 1996 [2]. However, these developments are
associated with the increase of MSW generated from human activities. MSW represents one
of the limitations on the plan that is carried out by the country to become a developed country
by 2020. Therefore, the country has adopted stringent regulations for the management of
solid wastes since 1974. These regulations are described in more detail in a new version of
Environmental Quality (Scheduled Wastes) Regulations (2005), and include collection,
segregation, storage, transportation process, treatment, and the final disposal into the

environment.

Municipal solid waste (MSW) is a general term that includes the non-hazardous solid
waste from households, industrial, commercial, and institutional establishments (including
hospitals), market waste, yard waste, and street sweepings. Meanwhile, municipal solid waste
management (MSWM) refers to the collection, transportation, treatment, recycling, and the
disposal processes of MSW [3]. The main goal of MSWM is to protect environmental health
and support the efficiency and productivity of the economy [4]. Therefore, the improper
management of MSW affects human health. For example, open dumping in most unsanitary
landfills loaded with 50% of food waste may contaminate the land and air, and then
contribute in the distribution of diseases around the near populated area. In some cases, open
incineration is applied; nonetheless, incineration is not a suitable technology for the treatment
of solid wastes due to the inevitable production of hazardous pollutants, including dioxins
and furans [5]; [6]. This provides a strong support for a move away from costly destruction of
solid wastes by incineration. The other limitation of incineration is climate change or global
warming, where incineration leads to the production of carbon monoxide, nitrogen dioxide,
hydrogen chloride, sulphur dioxide, chlorinated hydrocarbons, polycyclic aromatic
hydrocarbons, dioxin, and furan into the atmosphere, which further contribute to the increase
Earth’s temperature [7]; [5]; [6]; [8]; [9]. In Malaysia, the climate temperature has increased
at least 1°C during the period from 1992 to 2013 [10] due to the increase of industrial
activities. Recently, a few studies have been carried out to obtain an alternative method for
treating solid wastes [11]. However, there is no plan to use the alternative treatment systems
in Malaysia. The trend would be moving towards advanced incinerators that prevent the
production of gases into the atmosphere, and thus, reduce national carbon dioxide emission



40% by 2020, as compared to that produced in 2005. Therefore, there is a need to device a
proper disposal system of the large amount of MSW generated daily and to find more
effective communication ways of recycling and energy recovery methods for MSW in the
future. This paper discusses the health risks associated with the current status of the
management and treatment of solid wastes, as well as the future of the alternative
technologies for solid waste management in Malaysia.

2. Health risks associated with municipal solid wastes

Solid waste has less organic matter than domestic waste; however, it contains a
detectable amount of infectious pathogens, for instance, bacteria and fungi, which might
transmit from contaminated land by vectors, such as insects, rodents or birds [12]. In this
section, the potential of open disposal as a source for infectious agents is reviewed to
understand the health risks associated with these wastes on human beings and the
environment. The disposal of solid wastes into the environment is an essential step in the
management process. In developed countries, the disposal of solid wastes is subject to strict
regulations, where it has to be segregated at home, and then, the plastic and papers wastes are
recycled, while the wastes that contain organic matter, such as food wastes, are managed
safely to prevent any possible risk to human health [13]. In contrast, as for developing

countries, open dumping is the most common method [14]; [6].

In fact, no incidence of illness caused by infectious pathogens from the discharged
solid wastes have been reported. However, health risk is possible even in the absence of
reports due to the ability of several pathogens to survive in landfills [15]; [16]. Nevertheless,
the source of these pathogens, Salmonella spp., for instance, may survive in a contaminated
environment over 100 days in lower moisture (10-15°C) and for 30 days in higher moisture
(20-30°C), while faecal coliforms can survive for over 30 and 8 days respectively [17].
Salmonella spp. is among several pathogenic bacteria that have the ability to cause various
types of disease to humans. Salmonella spp. in solid wastes comes from food wastes. Among
the 2000 serotypes of Salmonella spp., two serotypes, namely Salmonella, S. typhi and S.
paratyphi (A, B, C), are the most dangerous to people. The high pathogenicity of Salmonella
spp. is due to their ability to infect nearly all living vectors from insects to mammals [18].

Besides, the bacterium has the potential to resist a wide range of antibiotics.

Faecal coliforms might be less available in solid waste due to the absence of faecal

pollution in these wastes. Nevertheless, they can come from the surrounding environment and
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then grow with the existence of nutrients in the solid wastes. The ability of these indicators to
grow and multiply in the environment has been demonstrated in Malaysia since 1998 by
Byappanahalli and Fujioka (1998) [19].

The survival of pathogenic bacteria in solid wastes and landfills is affected by several
factors, including temperature, moisture, sunlight, the availability of organic matter, soil pH,
soil particles, the presence of toxic substances, and the influence of competitive organisms
towards bacteria survival in soils [20]. The most common pathogenic bacteria in municipal
solid wastes include Clostridium perfringens, Escherichia coli, Listeria monocytogenes,
Pseudomonas aeruginosa, Salmonella spp., Staphylococcus aureus, and Klebsiella spp. Most

of these pathogens originate from food wastes.

The health risks associated with the pathogenic microorganisms in solid wastes are
not limited to their abundance and/or concentrations, but also on the quality of their
pathogenicity. A wide range of fungi, such as Aspergillus spp., produce several types of
toxins. The ability of fungal spores to survive in the environment has also reported in the
literature. Sahil and Otag (2013) [21] indicated that Aspergillus spp., Fusarium spp.,
Acremonium spp., Alterneria spp., and Cladosporium spp. can survive for more than one year

in sand at room temperature.

In general, the concerns of health risks related to solid wastes lie in the potential of
these pathogens for regrowth or persistence and transferral into the food chain [22]. The
microorganisms’ infectivity and survival are not synonymous terms. Survival is defined as
the ability of the organisms to propagate indefinitely when placed in a suitable environment
[23]. Survivability is necessary for infectivity; however, bacteria can lose their infectivity and
still be recovered as viable particles [24]. The ability of pathogenic organisms to survive in
solid wastes requires the presence of nutrients for their growth. Table 1 illustrates the
composition of solid wastes in Malaysia, in which food and organic wastes represent more
than 35% of the total weight compared to only 21% in the solid wastes generated in Australia
[25].



Table 1 Composition of municipal solid wastes in Malaysia

Types of waste 2003 | 2004 2005 2007 2010 2012
Food waste and organic | 37.4 49.3 47.5 42.0 43.5 75.0
Mix plastic 18.9 9.7 ND 24.7 25.2 21
Mix paper 16.4 17.1 18.5 12.9 22.7 1
Textiles 3.4 ND 2.13 2.5 0.9 ND
Rubber/lather 1.3 ND ND 2.5 ND ND
Wood 3.7 ND 4.41 5.7 ND 1
Yard wastes 3.2 ND 2.72 ND ND ND
Ferrous 2.7 2.0 ND 5.2 2.1 ND
Glass 2.6 3.7 ND 1.8 2.6 ND
Pampers 5.1 ND 3.81 ND ND ND
Others 53 18.2 21.93 2.6 1.8 2
Total 100 100 100 100 100 100

ND (non-detected); Source: Kathirvale et al. (2003) [26], Mohammad et al. (2007) [27], Rohana and Arshad
(2010) [28]; Budhiarta et al. (2012) [29]

The environmental impact of disposed wastes include the contamination of surface
and groundwater through leachate, soil contamination through direct waste contact or
leachate, air pollution through burning of wastes, spreading of diseases by different vectors
like birds, insects, and rodents, odour in landfills, and uncontrolled release of methane by

anaerobic decomposition of wastes.

3. Management of municipal solid wastes

The management of solid wastes represents a challenge for municipalities in the urban
environment. According to the United Nations Environment Protection (2010), the quantity
of solid wastes produced annually is estimated to be 1.7 to 1.9 billion metric tonnes. In
Malaysia, the generation rate of solid wastes ranges from 0.5 — 0.8 kg to 1.7 kg/person/day in
major cities of Malaysia [26]. Nazeri (2002) [30] stated that the solid waste generation in
West Malaysia has increased from 16,200 tonnes per day to 19,100 tonnes per day, and
accordingly, assuming a 3.6% growth by 2020, the amount is expected to be 31,000 tonnes

per day. Table 2 shows the trends of solid waste generation in major residential areas in West



Malaysia from 1970 to 2006, in which there was a tremendous increase in the quantity of
solid waste generation during the period at major residential areas of West Malaysia.

Table 2 Generation of municipal solid wastes in major residential areas in West Malaysia
(1970 -2006) [31]

Municipal solid waste generated (tonnes/ day)

State 1970 1980 1990 2002 2006

Kuala Lumpur 98.9 310.5 586.0 2,754 3,100
Johor 41.1 199.6 174.8 215 242
Perak 22.5 82.7 162.2 208 232
Penang 53.4 83.0 132.2 221 249
Selangor 18.0 56.0 122.8 478 538
Terengganu 8.7 61.8 121.0 137 154
Kelantan 9.1 156.5 102.9 129.5 146
Pahang 7.1 45.0 85.3 174 196
Seremban 13.4 45.1 82.5 165 185
Malacca 14.4 29.1 46.8 562 632

The lack of an appropriate management for these wastes could lead to the increase in
the contamination of soil, water, and air, as well as an increase in greenhouse gas emissions
[32]. In Southeast Asian nations (ASEANS), solid waste is the most visible environmental
problem due to rapid urban growth, economic development, and industrialisation since the

1980s, which results in increased generation and composition of solid waste [33].

The management of the ever-increasing volume of solid wastes has been one of the
prime environmental issues in Malaysia. According to Othman (2006) [34], the local
authorities in Malaysia are responsible for solid waste management services in their various
areas of jurisdiction. However, over the years, due to various constraints in infrastructure,
institutional setup, and financial and technical resources, this has led to the privatisation
process by the Malaysian government in 1996. The collection of solid wastes is conducted
without segregation in most cities of Malaysia, until recently, the government has announced
the waste segregation programme on 1 September 2015, with the objective to reduce the

amount of wastes disposed in landfills. The implementation has been conducted in stages



towards a stringent enforcement later this year under the Solid Waste and Public Cleansing
Management Act 2007 (Act 672). Another issue in regards to waste collection is waste
collection handling. Workers are not aware of the potential hazards of these wastes and are
not found to take requisite protective measures. In most cases, they do not wear plastic

aprons, sturdy gloves, masks, and shoes during the collection and transportation of wastes.

The solid wastes are stored using various types of bins, such as a small bin
(household), medium bin (communal bin), and large bin (hauled communal). These bins are
made up of metal, plastic, rubber, concrete bin, and cardboard boxes. In the case of high-rise
buildings, communal bins or central containers are used [35]. The frequency of collection in
Malaysia varies from daily to three times a week. Everyday collection is normally practised
in city centres, commercial areas, and public areas. In a wider perspective, direct haulage
from the collection point to disposal sites without any intermediate treatment is the current
practice in Malaysia. In commercial areas and public areas, there are some segregation of
solid wastes, especially for plastic bottles; however, these practices are not applied at the
households. It has been indicated that a majority of the problems associated with the
collection of solid wastes are the nuisance caused by the passage of MSW collection vehicles,
the smells, the sight of landfill areas, the negative feelings from neighbouring with an MSW
collection facility, the worry for potential public health risks, and the not-in-my backyard
(NIMBY) syndrome, which understandably creates a negative social attitude towards MSW
treatment and landfilling [36].

The municipal solid wastes in Malaysia are disposed at landfills or dumpsites, and
only a small amount are disposed to incinerators. There are 155 official dumps in Malaysia
(Table 3). The operational landfill has increased to 165 in 2012 across Malaysia, catering
95% of Malaysian wastes. The Department of National Solid Waste Management reported in
2012 that only eight sanitary landfills are operating, while the remaining eleven are under
various constructions. However, some of the landfills are in very bad shape so much so that
there is a need for improvement in the design of the landfills, site location, size, and

management of the disposal sites [37].



Table 3 Types and number of disposal sites in Malaysia [38]

State Open dumping Contro-lled Sanitary landfill | Total
dumping

Johor 12 14 1 27
Kedah 9 5 1 15
Kelantan 12 2 0 14
Malacca 2 3 0 5

Negeri Sembilan 8 6 0 14
Pahang 7 5 3 15
Perak 15 11 4 30
Perlis 0 1 0 1

Penang 1 1 1 3

Selangor 5 15 0 20
Terengganu 2 8 1 11
Total 73 71 11 155

A majority of the solid wastes are being buried at dumps. This practice is also applied
in several developing countries, such as South Africa [39], Algeria [40], and Egypt [41],
whereas, developed countries have achieved remarkable success in waste recycling [42]. The
Malaysian government has recently increased its campaign for public awareness on the
importance of waste recycling and waste minimisation. It is estimated that only 3% of the
total solid wastes (SWs) generated nationwide are being recycled [34]. In comparison, 43%
of the total solid wastes in Australia are recycled [33]. However, by 2020, about 22% of the
solid wastes in Malaysia are going to be recycled, 8% composted, 17% incinerated, and 53%

would be disposed into the landfills.

Open dumping is less expensive and used to reduce the volume of the wastes and stop
the spread of papers and plastic; as additionally, there is no other alternative method available
at this reasonable cost. However, it has been reported that open dumping represents a
potential infection source of public health and environmental pollution [39]; [14]. Moreover,
the rapid population density limits the utilisation of landfill facility in developing countries.
Suitable landfill sites are becoming more difficult to find as urban areas expand, in addition
to the transportation cost [42]; [43].



4. Future direction for management of municipal solid wastes in Malaysia

The quantity and quality of solid wastes vary depending upon the living manner of
each community. However, the segregation of solid wastes at the source, reuse, and recycling
would enhance public health and environmental safety. Malaysia aims in 2020 to pursue an
economic development in ensuring the protection of natural resources of water from
contamination, as well as human and environmental health [44]. The country has adopted a
strategy based on the pollution control and preventions through the enforcement of the
Environmental Quality Act (EQA), 1974. The country has planned to construct new treatment
facilities at various states. Table 4 shows the solid waste management facility plan: 9™
Malaysia Plan [37].

Table 4 Municipal solid waste management facility plan: 9" Malaysia Plan [37]

Project/facilities Operation capacity

(tonnes per day)

Taman Beringin Transfer Station, Kuala Lumpur 1,700
Thermal treatment plan, Labuan 40
1% cell for Selong Sanitary Landfill, Johor Bahru 1,200
1% cell for Bukit Tagar Sanitary Landfill, Hulu Selangor 1,500

Thermal treatment is the reduction of waste volume aimed at the conversion of wastes
into harmless materials. It is a process in which waste energy is converted into heat, steam,
electrical or combustible material. However, several developed countries have shifted to use a
non-thermal technology for the treatment of solid wastes [45]. Therefore, the country has to
identify more effective alternative technologies without toxic by-products. Malaysia’s solid
waste management challenges could reasonably be addressed by the adaption of source
reduction and reuse option, which is the most prepared option for the waste management
strategy to achieve a cleaner technology [44]; [4]; [47]. These practices focus on volume
reduction of wastes, including the switch to reusable products and packing. Thus, in order to
gain environmental sustainability, the implementation of integrated solid waste management
with regards to the environment needs to be coordinated and implemented. This approach is
important because a country like Malaysia with a good economy can afford to acquire the

technologies to make the process of waste management more efficient, thus, reduces
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pollution and environmental degradation, and enhances the protection of public health.
Downmore et al. (2011) [48] mentioned that the recycling of bio-degradable wastes into
compost manure can be used to substitute chemical fertilisers in urban agriculture, which
leads to reducing the volume of waste generation as well as water pollution by leachate,

either from landfills or chemical fertilisers.

Conclusion

Municipal solid wastes represent a real hazard for human and environmental health.
The management of these wastes in Malaysia is still in the developing stage. Malaysia has a
strong regulation in the management and treatment of these wastes; however, the challenges
lie in the absence of public awareness in terms of segregation and recycling of the recyclable
wastes. More studies need to be conducted to evaluate the health risks and range of the

contamination that occur via the disposal of the solid wastes into landfills.

Acknowledgments

The authors would like to convey their appreciation to the Office for Research, Innovation,
Commercialization and Consultancy Management (ORICC), Universiti Tun Hussein Onn

Malaysia grant vot E15501 who provided the financial support for this study.

References

[1] Kamaruddin R and Masnon TA. : Sources of growth in the manufacturing sector in
Malaysia: Evidence from ARDL and Structural Decomposition Analysis. Asian
Academy of Management Journal. 15(1), 99-116 (2010).

[2] Asid R.: The technical efficiency analyses of manufacturing sector in Malaysia:
Evidence from the First Industrial Master Plan (1986-1995). Asian Soc Sci, 6 (2), 99-
107 (2010).

[3] Downmore MB, Cohen RRH, Urynowicz MA, Poudyal KN: Searching for a way to
sustainability: Technical and policy analysis of solid waste issues in Kathmandu.
Waste Manage Res. 30, 483-489 (2011).

10



[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Ogwueleka T.: Department of Civil Engineering, University of Abuja, Abuja, Nigeria.
Municipal Solid Waste Characteristics and Management in Nigeria. Iran J Environ
Health Sci Eng 6, 173-180 (2009).

Blenkharn JI.: Safe disposal and effective destruction of clinical wastes. J Hospital
Infec. 60: 295-297 (2005).

Coker A, Sangodoyin A, Sridhar M, Booth C, Olomolaiye P, Hammond F.: Medical
waste management in Ibadan, Nigeria: Obstacles and prospects. Waste Management.
29: 804-811 (2009).

Michelle A, Pat Cr, Paul J. Incineration and human health state of knowledge of the
impacts of waste incinerators on human health. Greenpeace Research Laboratories,
University of Exeter, UK (2001).

Ruoyan G, Lingzhong X, Huijuan L, Chengchao Z, Jiangjiang H, Yoshihisa S, Wei
T, Chushi K.: Investigation of healthcare waste management in Binzhou District
China. Waste Management. 30: 246-250 (2010).

Efaq AN and Al-Gheethi AA. Management of Clinical Solid Wastes Generated from
Healthcare  Facilities in Yemen. 3rd International Conference on
Sustainable Solid Waste Management, 2-4 July 2015, Tinos Island, Greece.

DS (2013) Environmental statistics time series, Department of Statistics, Malaysia.
ISSN 2289-2060.

Efaqg AN, Nik Norulaini Nik Ab. Rahman, Nagao H, Al-Gheethi AA, Ab. Kadir
MO.: Inactivation of Aspergillus spores in clinical wastes by supercritical carbon
dioxide. Arabian Journal for Science and Engineering (AJSE), Online. 2016.
Palmgren H. Importance of wild birds in the spread of Salmonella. Ph. D. Thesis.
Umea University (2002).

Blenkharn Jl.: Medical wastes management in the south of Brazil. Waste
Management, 26: 315-317 (2006).

Al-Khatib IA and Sato C.: Solid health care waste management status at health care
centers in the West Bank. Palestinian Territory. Waste Management. 29: 2398-2403
(2009).

Al-Gheethi, AA, Mohamed RMRS, Efaq AN, Amir HK (2015) Reduction of
microbial risk associated with greywater utilized for irrigation. A review. Water and

health Journal. In press.

11



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Al-Gheethi AA.: Recycling of sewage sludge as production medium for cellulase
enzyme by a Bacillus megaterium strain. International J Rec Org Waste Agri. 4 (2):
105-119 (2015).
Winfield MD, Groisman EA.: Role of non-host environments in the lifestyles of
Salmonella and Escherichia coli. Appl Environ Microbiol. 69(7), 3687-3694 (2003).
Strauch D.: Pathogenic microorganisms in sludge anaerobic digestion and
disinfection methods to make sludge usable as fertilizer. Eur Water Manage. 1, 12—
26 (1998).
Byappanahalli MN, Fujioka RS.: Evidence that tropical soil environment can support
the growth of Escherichia coli. Water Sci Technol. 38(12), 171-174 (1998).
Zhang T, Wang H, Wu L, Lou J, Wu J, Brookes PC, Xu J.: Survival of Escherichia
coli O157:H7 in soils from Jiangsu Province, China. PLoS ONE 8 (12): e81178
(2013). doi:10.1371/journal.pone.0081178.
Sahil D and Otag F.: Filamentous fungi isolated from clinical samples stored for a
long time in the sand, Clinic Microbial. 2 (1):1-2 (2013).
Rose JB, Sun GS, Gerba C, Sinclair NA.: Microbial quality and persistence of enteric
pathogens in graywater from various household sources. Water Res. 25, 37-42 (1991).
Davis BD, Dulbecco R, Eisen HN, Ginsberg HS, Wood WE. : Principles of
microbiology and immunology, New York, NY; Harper and Row Publishers, Inc.
(1968).
Cox CS.: The aerobiological pathway of microorganisms. New York, NY:John Wiley
and Sons. Inc (1987).
El- Hanadeh and Abba: Waste Compositions and Best Management Scenario in
Sydney, Australia. J Waste Manage. Sydney, 3, 164-172 (2006).
Kathirvale S, Yunus MN, Sopian K, Samsuddin AH.:Energy potential from municipal
solid waste in Malaysia. Renewable Energy 29, 559-567 (2003).
Mohammad S, Huda ATM, Hoque R.: Household solid waste characteristics and
management in Chittagong, Bangladesh. Waste Manage 28, 1688-1695 (2007).
Rohana MY, Arshad MA. : Household solid waste characteristics and management in
low cost apartment in Petaling Jaya, Selangor. Health Environ J 1, 2 (2010).
Budbhiarta I, Siwar C and Basri H.: Current Status of Municipal Solid Waste
Generation in Malaysia. International Journal on Advanced Science Engineering
Information Technology, 2(2): 16-21 (2012).

12



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Nazeri AR. A report on solid waste composition from a study conducted at Tamn
Beringin landfill (2002).

Rafia A, Muhammad MN. Using a contingent valuation approach for improved solid
waste management facility: Evidence from Kuala Lumpur, Malaysia. Waste
Management. 31, 800-808 (2011).

Al-Gheethi AAS, Efag AN.: Clinical wastes generated from healthcare facilities in
Yemen. Waste Management Journal, 34 (12), I, A Glance at the World (2014).

Ngoc UN, Schnitzer H. Sustainable solutions for solid waste management in
Southeast Asian countries. Waste Manage 29, 1982-1995 (2009).

Othman, J.: Economic valuation of household preference for solid waste management
in Malaysia: A Choice Modelling Approach. IJMS. 14 (1), 189-212 (2006).

Zaini S.: Municipal solid waste management in Malaysia: Solution for sustainable
waste management. J Appl Sci Environ Sanit 6 (1), 29- 38 (2011).

Hadjibiros KD, Laspidou CS.: Municipal solid waste management and landfill site
selection in Greece: Irrationality Versus Efficiency. Global NEST J 13(2), 150-161
(2011).

Manaf LA, Abu Samah MA, Zukki NM.: Municipal solid waste management in
Malaysia: Practices and challenges. Waste Manage 29, 2902-2906 (2009).

Wan A and Kadir WR. A Comparative Analysis of Malaysian and the UK. Addison-
Wesley Publishing Company Inc.(2001).

Nemathaga F, Maringa S, Chimuka L.: Hospital solid waste management practices in
Limpopo Province, South Africa: A case study of two hospitals. Waste Manage 28,
1236-1245 (2008).

Bendjoudi Z, Taleb F, Abdelmalek F, Addou A. Healthcare waste management in
Algeria and Mostaganem department. Waste Manage 29(4), 1383-1387 (2009).

Abd El-Salam MM.: Hospital waste management in El-Beheira Government, Egypt. J
Environ Manage 91, 618-629 (2010).

Dong QZ, Tan SK, Gersberg RM.: Municipal solid waste management in China:
Status, problems and challenges. J Environ Manage 91, 1623-1633 (2010).

Agamuthu P. Landfilling in developing countries. Waste Manage Research: the
journal of the International Solid Wastes and Public Cleansing Association, ISWA,
31(1), 1-2 (2013).

13



[44]

[45]

[46]

[47]

[48]

Dawda B, Samad MA, Latifah AM, Muda AB.: Assessment of municipal solid waste
composition in Malaysia: Management, Practice and Challenges. Pol J Environ 21 (3),
539- 547 (2011).

Efaqg AN, Nik Norulaini NA, Nagao H, Al-Gheethi AA, Md Shahadat, Ab. Kadir
MO. Supercritical Carbon Dioxide as Non-Thermal Alternative Technology for Safe
Handling of Clinical Wastes. J Environ Process 2 (4):797-822 (2015).

Mohamed RMSR, Misbah GS, Wurochekke AA, Kassim AHM.: Energy Recovery
from Polyethylene Terephthalate (PET) Recycling Process. J Eng Technol (JET), 2(4)
(2014).

Mohamed RSRM, Yaakob MA, Al-Gheethi AA. Recycling of solid wastes at
Kindergartens Centres. Songklanakarin J Sci Technol (Accepted) (2016).

Downmore MB, Cohen RRH, Urynowicz MA, Poudyal KN.: Searching for a way to
sustainability : technical and policy analysis of solid waste issues in Kathmandu.
Report : Waste manage Res 30, 483-489 (2011).

14



15



