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Abstract

The generation of a comparatively large amount of potentially infectious and hazardous wastes has in-
creased in healthcare services. Worldwide inappropriate healthcare waste management practices can have a
direct and indirect effect of health hazards. This article summarizes a literature review into healthcare waste
and presents basic information on characteristics of them generated in healthcare centers. Also, this paper
placed emphasis on sustainable treatment of the healthcare waste with case study. Different types of clinical
waste include infectious, pathogenic, genotoxic, radioactive, and pharmaceutical materials, plus sharps. The
various clinical wastes have to be managed and handled differently. There are several methods of healthcare
treatment such as incineration, autoclaving, microwaving, landfilling, and plasma pyrolysis. Each of them
has its own advantages and disadvantages. Before selecting the right treatment technology, it is necessary to
substantiate the waste volume and its category. Currently, healthcare waste is generally treated by incinera-
tion technology and the incinerated ash is disposed of in Malaysian landfills. There are several constraints
on incinerating and landfilling healthcare wastes as such waste can be a major source of dioxin and furan
pollution that may pose such health problems as liver failure and cancer. Therefore, other potential methods
should be examined as alternatives to incineration and landfilling in order to better manage healthcare waste
in Malaysia.

Keywords: healthcare waste management, treatment/disposal technologies, waste generation, environ-
mental, sustainable

Introduction

Each country has various ranges of healthcare wastes
produced from healthcare services. The generation of a
comparatively large amount of potentially infectious and
hazardous wastes have increased in healthcare services
(i.e., hospitals, clinics, laboratories, pharmacies, and other
supported healthcare facilities) every year [1-3]. Each
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type of medical waste has required its own management
process and treatment [4]. Inappropriate healthcare waste
management practices worldwide can have direct and
indirect effects on hazards to healthcare staff and patients
that include such diseases as cholera, dysentery, skin
infection, and infectious hepatitis, as well as environmental
pollution [5-8].

Several types of treatment and disposal process, burn
and non-burn technology, are available for healthcare
wastes. It is essential to comprehend the waste category
and volume before adapting the treatment method
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as various categories of wastes have to be managed
differently [9]. Therefore, healthcare facilities must
employ cost-effective and effective treatment and
disposal technologies for their clinical wastes based on
the classification and characteristics of wastes to decrease
volume and reduce cost as well as prevent environmental
hazards and protect occupational safety [1, 10]. Hence,
many potential evaluation factors — including economical,
technical, environmental, and social — must be considered
to determine an appropriate healthcare waste treatment
alternative for safe healthcare management [11-13]. The
main objectives of this review are as follows:

1. Summarize the information of healthcare waste

generation and treatment options.

2. Review the status of healthcare waste treatment in

Malaysia.

3. Determine the best proper technology for the safe
treatment of healthcare waste.

Thus, the present review proposes summarizing
available information and definitions of healthcare waste
and treatment technologies to implement the sustainable
method for treatment.

Background information on the technologies is
involved in order to provide information to those who may
not be aware of the detail of each alternative. The majority
of information gathered in our paper has been collected
from the desk study of open literature survey, although
some data have been obtained from reports available to
the authors.

Healthcare Waste (HCW)

Healthcare activities generate an extensive amount
of waste. Such wastes contain, besides domestic wastes,
non-risk or general healthcare waste with a similar
composition to household and municipal waste such
as paper, cardboard, food wastes, glass, etc. [14]. The
general wastes produced by health-care suppliers are
among 75 to 90% and a wide range of clinical wastes as
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Fig. 1. The categories of clinical waste.

hazardous wastes is 10-25% that may create a variety of
environmental hazards and public health risks [15, 16]. In
addition, healthcare wastes can be any waste that includes
blood, body fluids, human or animal tissue, excretion,
pharmaceutical products, dressings or syringes, and
needles or other sharp instruments. These wastes can be
generated from medical, veterinary, nursing, dental, and
pharmaceutical that can be hazardous and cause infection
to any person coming into contact with it [17]. Different
types of clinical waste may involve infectious, pathogenic,
genotoxic, radioactive, and pharmaceutical materials, plus
sharps (Fig. 1) [1, 8, 18-21].

The categories of HCW [22, 23] that need to be
managed with extreme care to minimize risks and other
health hazards are summarized in Table 1.

Treatment/Disposal Technologies

According to WHO, for the selection of the best
healthcare waste treatment technology, they must have
minimal risk evaluation for waste management facilities,
minimal human health impact, and minimal environmental
impact, and must be cost-effective and easily implemented
[8, 22]. In addition, the treatment technologies must be
able to adequately inactivate infectious micro-organisms
to prevent dangers to public health and safety [14, 24-
26]. Furthermore, before deciding the technology to be
selected for treatment of clinical waste, it is necessary to
substantiate the waste volume and its category because the
various clinical wastes have to be managed and handled
differently [9]. Table 2 summarizes treatment procedures
for clinical wastes [23, 27]. The different treatment
processes, method and techniques for clinical wastes to
reduce the hazards and costs are namely: incineration,
autoclaving, microwaving, landfilling and plasma

pyrolysis.
Incineration Technology

Healthcare waste incineration has been the major
technique used worldwide for disposing of the amount of
materials that are biomedical waste, including explosive
materials such as polyvinyl chloride plastics, papers, and
discarded items of equipment [28-30]. Also, incineration
is an engineered process that is designed to treat healthcare
waste that uses thermal decomposition via thermal
oxidation at high temperatures between 900 and 1200°C
to destroy the organic fraction of the waste [31]. The U.S.
National Academy of Science in 2000 argued that the
emission of pollutants during the incineration process is
a potential risk to human health, and living or working
near an incineration facility can have social, economic,
and psychological effects [32].

Autoclaving (Steam Sterilization)

Autoclaving/ steam sterilization is the second most
commonly used waste treatment method. An autoclave



Advantages and Disadvantages...

19

Table 1. Healthcare wastes: description, source, and health hazard.

Category Descriptions Source Health hazard
Wastes from surgeries and autopsies . ..
. UrS . Hop Viral hepatitis A, B and
" on patients with infectious diseases, C. anthrax. septicacmia
L : : : : ]
7 Consists of materials and instruments in gloves, aprons; excreta, blood and ca:n & daem’ia pbacteriaemia
2 contact with humans and animals infected other body fluids and soiled materials hemorrha ic, fevers. AIDS ’
% with highly infectious agents and pathogens | from isolation wards; dialysis enital infgec tion re’s ira to’
= acteria, viruses, parasites or 1) tha ubes an ers; infected animals; : . i .
3 bact P ¢ fungi) that tub d filt fected ! ;gnfectlons astro entrc)srlc Y
LE pose a risk of disease transmission. laboratory stocks and cultures, . lons, gastr .
= . . . . infections, skin infection and
isolation wards, dialysis tubes and . .
ocular infection.
filters.
Sharps are subcategory of infectious health . ..
. . Viral hepatitis A, B and
care waste that contain all objects and . . fral hepatitis A, 2 af
materials that are closely connected with Disposable needles, hypodermic C, anthrax, septicaemia,
" healthcare activities an dyare sharb that can needles, infusion sets, saws, broken | candidaemia, bacteriaemia,
g cause risk of iniury and in fectiorzp due to glass and pipettes, scalpels and hemorrhagic fevers, AIDS,
= their puncture (ir 2’1 t property. So. sharps other blades, knives, syringes with genital infection, respiratory
are ccr))nsi dered as onepo fI:he }rl;lost’hazgdous attached needles, auto-disable infections, gastro enteric
. i . infecti kin infecti d
waste generated in the healthcare and they Syrnges g::slil rl(;;l;é;ig:lm ection an
must be managed with the maximum care. ’
Viral hepatitis A, B and
. Pathological waste including of C, anthrax, septicaemia
= Pathological waste could be a subcategory h & & P > S¢P L
S . , . uman tissues, blood, unused blood | candidaemia, bacteriaemia,
‘S of infectious waste, but often is often . .
3 . . . products, body fluids, body parts, hemorrhagic fevers, AIDS,
—= categorized separately in particular when o . .
g unusual methods of managine. treatment organs, fetuses and human flesh and | genital infection, respiratory
S and disposal are used gmne, wastes from surgery and autopsies on | infections, gastro enteric
P ’ patients with infectious diseases infections, skin infection and
ocular infection.
Pharmaceutical wastes are unused, expired
and polluted pharmaceutical goods, R .
% propl:r’ie tary dfugs no longer i quired Intoxication, injuries and either
= . o o, Chemicals and drugs that are by acute or chronic exposure
2 vaccines and sera, in addition, throw away . . .
g item such as vials and boxes containin returned from the wards, outdated, including burns, to skin, eyes, or
£ . . g spilled, no longer required or the mucous membranes caused
5 pharmaceutical residues, gloves, masks and . .
= . . . . contaminated. by contact with flammable,
= connecting tubing that due to their chemical corrosive or reactive materials
or biological nature, need to be disposed
attentively.
Out of date drugs, drugs that came
Genotoxic waste is extremely hazardous back from the wards, polluted Nausea, headache or dermatitis,
o mutacenic inducing a enetiZ mutation ? materials from drug procurement dizziness, and extreme irritants
’g terat f enic that cafse %ie focts in a fetus’ such as gauzes, vials, syringes, which have dangerous special
‘é And isga cancer-causing like cytotoxic ’ needles, packaging, urine, vomit effects after through contact
3 drugs used in cancer trgatment and the and faeces from patients, which may | with eyes or skin. It increases
e t‘(“j; bolites have potentially hazardous amounts | earnest safety harms, both inside
' of the administered cytostatic drugs | hospitals and after disposal.
or of their metabolites.
Materials contaminated with radionuclides Solids. easeous and liquid wastes
used in health care are in either unsealed 1Es, g2 d . .
o tainted with unnecessary radioactive
= or open sources or sealed sources are . . . .
= . . materials used in diagnosis and Headache, dizziness, and
Q radioactive wastes. They are produced as . . . . .
S M . therapy of diseases such as toxic vomiting, affect genetic material
o=t a result of procedures like in vitro analysis L . o .
3 . R goiter, infected glassware, urine and | and demolitionof tissue.
R of body tissue and fluid, in vivo organ excreta from tested with unsealed
imaging and tumor localization, and various radionuclides or patients treated
investigative and therapeutic practices. p '

essentially is a metal vessel designed to sustain high
pressures and temperatures, with a sealable door and an
arrangement of pipes and hatches through which steam is
introduced to and removed from the vessel. In other words,
in an autoclave the process steams the waste materials to

destroy potentially infectious effects and kills pathogens
before entombing the wastes [3, 23]. Since autoclaves
use only limited quantities of waste and for the highly
infectious waste, such as microbial cultures or sharps
[33], a shredder combined with an autoclave can be the
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Table 2. Suitability of treatment procedures for each type of clinical waste [23, 27].

Type of Clinical Wastes
Type of Treatment
Infectious Sharps Pathological Pharmaceutic Genotoxic Radioactive

Incineration Yes Yes Yes Yes Yes No
Autoclaving Yes Yes No No No No
Microwaving Yes Yes No No No No
Plasma pyrolysis Yes Yes Yes Yes Yes Yes
Landfilling Yes* Yes** No No No No

best option to treat the medical waste to reduce the size of
waste that has to go to the landfill sites [34].

Microwaving

Microwave technology of clinical waste in the
healthcare waste sector is considered an alternative
technology of the incinerator and is a steam-based
process, and electromagnetic waves with frequencies
between radio and infrared waves that use wet inside
the wastes or by additional steam to sterilize wastes and
destroy infectious agents and pathogenic organisms in the
waste. So it includes the use of high-intensity radiation to
heat the moisture inside the waste [8, 35, 36]. The types
of waste generally treated in microwave systems are
equal to those treated in autoclaves [37]. Also, microwave
methods cycle very rapidly between positive and negative
and the very high frequency around 2.4 billion significant
times per second that when receive the body of liquid or
solid vibrate very quickly to result in friction to create
significant amounts of heat [3].

Landfilling

The landfill method is one of the popular methods
because all wastes after minimization or treatment need
access to land for final disposal to remove the remaining
healthcare waste materials with the least environmental
impact. The treated waste can be disposed of in a regular
municipal waste landfill with most non-incineration
technologies [38]. Although the landfill method is an easy
and low-cost waste disposal method, it can enhance human
health risk and environmental pollution if not handled
carefully and properly [39, 40]. Furthermore, three waste
products, including solid-like degraded waste, liquid-like
leachate (which is water polluted with waste), and gas as
landfill gas are generated from landfills that may pollute
the environment. So landfills cannot be a safe method of
healthcare waste treatment [8, 39].

Plasma Pyrolysis

Plasma pyrolysis is a modern technology for safe
disposal of healthcare waste. Also, it is an environmentally
friendly technology that transforms organic waste into
useful products [41], and it is another type of thermal

parsing of carbonaceous materials in oxygen. Plasma
pyrolysis technology needs two chambers installed so that
the primary chamber takes place at a high temperature of
1,100°C and secondary chamber ignition takes place at
950 to 1,000°C [42]. In addition, due to the severe heat
generated by the plasma, it can dispose of all types of
waste, including municipal solid waste, biomedical waste,
and hazardous waste in a safe and reliable manner [33,
43].

Studies on healthcare waste treatment show that
among many methods for HCW treatment, about 59-
60% are treated via incineration, 37-20% by steam
sterilization, and 4-5% by other treatment technologies
[1, 44, 45]. Incineration methods are most used among
the technologies for healthcare waste treatment in most
countries. So the advantages and disadvantages of each
technology are summarized in Table 3 [27, 46-48].

Malaysian Scenario for Healthcare
Waste Treatment

Healthcare services are developing in Malaysia. The
cost of treatment is still cheaper than in other countries
in this area. Moreover, Asian patients are expected and
believed to obtain a better standard of healthcare facility
and treatment from Malaysian healthcare services [49,
50]. Also, the number of foreign patients who come
to be treated in Malaysia is increasing every year. The
increasing number of healthcare facilities and patients has
produced an increase in the amount of healthcare waste.
Therefore, healthcare waste management systems must
operate properly.

According to the Ministry of Health Malaysia (MOH)
[51], hospital waste in Malaysia contains general waste,
clinical waste, pharmaceutical waste, hazardous chemicals,
and radioactive waste (of which 75 to 90 percent of
hospital wastes are generally), and the remaining 10 to 25
percent of the wastes are hazardous [52]. According to the
scheduled waste by the Department of the Environment
(DOE), the hospital waste in Malaysia in 2010 is
42,029.33 metric tons (Table 4), which with the current
clinical waste growth rate, a development of accessible
plants and appropriate management of healthcare wastes
in Malaysia is necessary for proper treatment to reduce the
adverse effects that this waste may pose [52].
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Table 3. Comparison of treatment technologies [27, 46, 47, 48].

Treatment Technologies
Incineration Autoclave Microwave Plasma Landfilling
Pyrolysis
—Environmentally
sound, —Technology —Suitable all types of wastes,
—Accept the greatest 1s easy,
. —Adopted for —Consumes less space,
variety of waste, —Reduce volume .
@ . many years, o —Environmentally sound,
N —Treated waste is by 80%, . .
o . —No hazardous . —Not require chimney,
= unrecognizable as ash, . —Environmentally . . . —Low cost,
g .. emissions, —Toxic residuals is much below, .
£ | —Significant volume sound, . . —Easy operation
S . —Low cost, L —Not require segregation,
< reduction, —No liquid
—Technology —Energy recovery,
—Energy recovery, . . effluents,
. is easily, . —Reduce volume
— Waste totally sterilized —The emissions N
—No pre-or-post .. more than 99%
. are minimal
treatment required
—Very expensive,
—Acid gases in air
emissions, —Need drying —Cost is very high, —Requires access
o:JD —Heavy metals in mechanism, —Not suitable to sanitary
g ash residues, —Foul odors, for all types _ Requires technical persons landfill,
S | —Convert biological —Not suitable for all of wastes, B Co(slt s very ex ensri)ve ’ —Cause soil
g problem into types of wastes, —The shredder Ty exp pollution,
) potential air quality —Need a shredder to used is noisy —water
emission problems, reduce the volume —Offensive odors contamination,
—Major source of dioxin
and furan emissions
Table 4. Clinical waste generation in Malaysia 2004-10 in metric tons/year.
Year 2004 2005 2007 2008 2009 2010
Clinical waste generation 80,076 37,508 31,847 17,743 | 26,968 94,602 42,029
in Malaysia (MT/y)

Up to the 1980s, Malaysia had no appropriate
management of clinical waste. Due to increases of HIV,
the Ministry of Health (MOH) along with the DOE
prepared new policies and guidelines for management of
clinical waste and control of infectious disease [53]. The
DOE has regulated the Waste Pollution Prevention and
Control Law and/or the regulations on medical hazardous
waste management. Management and disposal of clinical
waste in Malaysia using the “cradle -to- grave” concept
is controlled by Environmental Quality (Schedule Waste)
Regulation 1989, Environmental Quality (Prescribed
Premises) (Scheduled Wastes Treatment and Disposal
Facilities) Regulations 1989, and Environmental Quality
(Prescribed Premises) (Scheduled Wastes Treatment and
Disposal Facilities) Order 1989 [54]. Since 1993, under
the privatization program in Malaysia, three private
consortia have been nominated by the government to
provide storage, collection, transportation, treatment, and
disposal services for clinical wastes from hospitals [55],
including:

— Faber Medi-Serve SdnBhd for the states of Perlis,

Kedah, Penang, Perak, Sabah, and Sarawak
— Radicare (M) SdnBhd for Wilayah Persekutuan Kuala

Lumpur and Putrajaya, Selangor, Pahang, Kelantan,

and Terengganu

— PantaiMedivestSdnBhd for Negeri Sembilan, Melaka,

and Johor [56]

In Malaysia, incineration technology and the disposal
of the incinerated ash to landfills is mostly used to treat
healthcare waste [9, 57]. The Bukit Nanas Integrated
Waste Treatment Facility is the first general incineration
treatment system in the country containing different
facilities with high temperature, physical, and chemical
treatments. Pursuant to the Consumers’ Association of
Penang (CAP), five regional medical waste incinerators
were manufactured with capacity of 20 to 500 kg per
hour to manage biomedical wastes of all types. Table 5
summarizes specification of the incinerator. Furthermore,
other regions of higher capacity of about 200 kg per
hour are in progress but still have siting problems and
opposition from local authorities [55]. Nevertheless, in
some of the biggest states, individual hospitals have fixed
on-site incinerators for the disposal of clinical wastes [58].

According to research carried out by Omar et al. [S0] in
three district hospitals located in Johor, Perakand Kelantan,
the infectious waste was first filled into light blue bags
for autoclave treatment before placing them into yellow
bags for incineration. However, all collected clinical waste
has been transported to the incinerator plant and turned
into ash. In addition, cities have pursued controlled and
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Table 5. Incinerator specifications.

Operation time 24 h
Type of fuel Diesel
Type of feed Hospital waste
Treatment capacity 500 kg/h
Amount of flue gas 20,000 m*/h
Amount of slag produced 10%
Temperature in Primary Chamber 950°C
Temperature in Secondary Chamber 1,200°C

sanitary landfilling to receive hazardous waste [59]. At
the present, the state of Selangor is using a private-sector
landfill and the federal government is arranging to expand
this scheme nationally. Also, the federal government
constructed nine sanitary landfills between 1995 and 2000
and later improved other 27 in 34 local authorities [55].

Although there is a healthcare waste management
system in Malaysia, several obstacles and problems have
been found through the different studies. Also, there has
not been comprehensive research and strategy done on
the effectiveness of healthcare waste management for
infectious disease prevention. Razali and Ishak [53] have
found several problems in healthcare waste management
(HCWM), one of which is the lack of enough space to wash
and dry bins. Disposal cost also is increasing due to public
awareness, which is measured as low to separate clinical
waste and general waste. In general, fund limitations,
shortage of technical knowledge, and competence, lack of
storage, and insufficient transfer stations also are presented
to the problem of effective healthcare waste management
(EHCWM) in Malaysia [58]. Financial constraints
and lack of community involvement and participation
hamper implementing and improving sustainable waste
management. In some countries there is an encouraging
attitude to increase monetary resources and manpower
abilities and capabilities for waste management services.
However, at present waste management in Malaysia
is similar to many countries because of parallel and
overlapping tasks [59].

Healthcare wastes consist of various hazardous material
combinations such as radioactive materials, toxic chemicals,
and bio-hazardous factors. Thus, selecting methods of
treatment for multi-hazardous wastes and determining
the most proper system of treatment processes is often a
complex and problematic mission in Malaysia [60].

Results and Discussion

Medical wastes involve multiple types of noninfectious
waste and infectious waste of medical waste [8, 61]. In
Malaysia, the amount of wastes generated in healthcare
is extensive and increasing due to pandemics such as
SARS and avian flu, and outreaching health tourism in

addition to seeking medical help with more people via
changing demographic lifestyles and aging nations [55].
By 2020 it is predicted that medical waste from Malaysian
healthcare will reach 33,000 tons annually [55]. So, with
the current clinical waste growth rate, the development
of a reasonable system and appropriate management of
healthcare wastes in Malaysia is necessary. To select and
determine the most suitable treatment method is often a
problematic task in Malaysia [60]. Incineration, landfill,
and autoclave methods are all used for treating clinical
wastes in Malaysia.

Incineration technology has been accepted and
adopted as an effective method in this country.
However, the capacity of incineration is inadequate
to process 18,000 tons of waste per year [55]. Also,
incineration of healthcare waste can produce secondary
waste and pollutants if the treatment facilities are not
appropriately constructed, designed, and operated. It can
be one of the major sources of toxic substances, such as
polychlorinated dibenzo-pdioxins/dibenzofurans (PCDD/
PCDF), polyvinyl chloride (PVC), hexachlorobezene and
polychorinated biphenyls, and dioxins and furans that
are known as hazardous pollutants. These pollutants may
have undesirable environmental impacts on human and
animal health, such as liver failure and cancer [31, 62].
Furthermore, incineration of clinical waste is an improper
technology for most developing countries because of
high financial startup costs and the occupational capital
essential to implementing incineration facilities [5, 6, 8,
25, 63]. Based on research conducted by Razali and Ishak
[53] in Selangor hospitals, one of the major challenges of
handling healthcare waste in Malaysia is an alternative
treatment for incineration in the future regarded to increase
in clinical waste.

Landfilling is an easy and low-cost waste disposal
method. Also, it may be said that the toxic wastes produced
by healthcare are significantly low, as they are separately
treated via landfill. However, the site of landfilling
generates air pollution and intussuscepts vermin and
other disease-causing germs. Moreover, it produces waste
products in three phases, namely solid, contaminated
water and toxic liquid called leachate, and gas by releasing
heavy metals and toxic materials like dioxins and furans
into the atmosphere and that may impact and pollute the
environment [39, 64]. So a landfill is not a safe solution
to treatment of clinical waste [40]. These must be taken
into consideration with stringent policy to tackle the future
occurrence of diseases that may affect the surrounding
environment and human health [55].

Autoclaving as a non-incineration technology of
healthcare waste is an alternative method to incineration.
It is viewed as a more costly technology than incineration
[30, 65]. However, the autoclave method is not suitable
for all kinds of clinical wastes and large amounts of
hazardous waste [1]. Therefore, selecting the effective
HCW treatment alternative and considering the need of
multiple conflicting criteria problems such as economical,
technical, environmental, and social, and their related
sub-criteria with the involvement of a group of experts.
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It is viewed as a complex multi-criteria decision making
(MCDM) problem [1, 3, 13, 66].

Conclusions

All steps in the medical waste management system are
important parts of a hospital waste management operation.
Medical wasteneedsspecial careinitstreatmentanddisposal
because of its hazardous and diverse characteristics. It
is well known that these wastes may cause a potential
hazard to human health in terms of growth of diseases
by viruses and micro-organisms, and for the environment
(soil, air, water) when inappropriately handled, treated,
stored, transported, or disposed of. Healthcare wastes are
categorized according to their source; typology and risk
factors related with their managing, storage, and use of
different disposal and treatment methods. There are two
types of treatment technologies: incineration and non-
incineration. Many non-incineration methods include
autoclaving (steam sterilization), microwaving, land
filling, and plasma pyrolysis. However, the final selection
of the best treatment system should be made carefully, on
the foundation of different factors, many of which rely on
local conditions. It is a fact that incineration is the main
disposal method of medical waste in Malaysia. Also, in
recent years in this country, the quantity of medical waste
generation and the public concerns about the inappropriate
treatment and disposal of medical waste has been
increased. Therefore, the Malaysian government must
consider regulating policy programs and healthcare waste
strategies more systematically and stringently to control
cost and manage healthcare waste appropriately, as it can
reduce the hazards and risks to the community and the
ecosystem. Finally, other potential treatment technologies
must be examined as alternatives to incineration in order
to better manage medical waste in Malaysia.
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