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Abstract

Poor hazardous waste management (HWM) poses a significant impact on the environment
and human health. Although Malaysia has established policies and regulations governing the
framework and outlining future directions for sustainable WM, implementing and monitoring
the regulations are complex and rigorous. The need for continuous enhancement and renewal
of regulations arises to keep pace with evolving technologies and changing circumstances
associated with HW production. Therefore, this review critically examines HWM in Malaysia
by synthesizing current regulations, relevant literature, and case studies, with an emphasis on
recent technological and strategic developments. This study also delves into the current state of
HWM practices in Malaysia, scrutinizing the existing regulatory framework and outlining future
directions for sustainable WM. Moreover, this review aims to explore potential innovations
and technologies that can shape the future landscape of HWM in Malaysia, thus ensuring a
harmonious coexistence between industrial progress and environmental stewardship. Eventually,
this work will provide a holistic overview of Malaysia’s HW landscape and offer forward-looking
recommendations for strengthening environmental resilience, governance, and sustainability.
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Waste reuse
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1. Introduction of regulations poses serious risks to the environment

Hazardous waste management (HWM) stands as a critical
aspect of environmental sustainability, particularly in
growing economies like Malaysia. According to the
U.S. Environmental Protection Agency (U.S. EPA),
HW is a waste having characteristics that are physically,
chemically, or toxicologically dangerous and harmful to
the environment and human health. In Malaysia, HW
can be defined as waste that falls within the First Schedule
of the Environmental Quality (Scheduled Wastes: SW)
Regulations 2005 lists (1). Currently, the lists hold 77 SW
types with five main groups (Table 1).

HW is defined by four characteristics: ignitability,
corrosivity, reactivity, and toxicity (Fig. 1). Industrial
growth has driven an increase in its generation (2,3),
requiring a strong framework for safe handling, treatment,
and disposal. It is noteworthy that the weak enforcement

and human health (4,5). The impacts of improper
disposal vary by source, scale, and waste properties (2,6),
influenced by policies, technology, enforcement, and
industry compliance (2,7-8). Effective HWM is, therefore,
vital to prevent pollution, protect health, and support
sustainable resource use.

To address these issues, this paper aims to provide a
comprehensive overview of the current status of HWM
in Malaysia, evaluating the existing regulatory landscape
governing such practices. It is worth mentioning that the
review extends beyond a general assessment, examining
policy  structures, implementation, enforcement
mechanisms, and the challenges faced by regulatory
bodies. Additionally, the introduction sets the stage for
contemplating future directions on HWM, exploring
innovative approaches, technologies, and strategies that
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Hazardous waste management in Malaysia

Table 1. Five Groups of the First Schedule of the Environmental Quality
(Schedule Wastes) Regulations 2005 (1)

Group Waste Categories

SW 1 Metal and metal-bearing wastes

Wastes containing principally inorganic constituents that may

SW 2 . . .
include metals and organic materials

Wastes encompassing principally organic constituents that may

SW 3 . ) ’
have inorganic materials and metals

SW4  Wastes that may contain either inorganic or organic constituents

The other types of wastes, which comprise any residues from

SW 5
treatment or recovery of scheduled wastes

Note. SW: Solid waste.

Ignitable: Liquid chemicals with flash
points below 60 °C non-liquids chemicals,
compressed gases and oxidizers.

Corrosive: Aqueous wastes with a Ph <2
and Ph2 125

S

Reactive: Unstable under normal conditions

Toxic: Harmful when ingested or
absorbed. may react with water and air, give off toxic
gases.

Fig. 1. Characteristics of Hazardous Waste and Symbols

can propel Malaysia toward a more sustainable and
resilient WM system. More importantly, this review serves
as a beneficial reference (guidance) for parties involved in
policy-making for sustainable HWM.

2. Current Hazardous Waste Management Practices
HWM is a critical aspect of environmental protection and
public health. Effective HW regulation and management
are essential to prevent environmental contamination
and ensure the safety of communities (9). In the context
of current HWM practices, it is necessary to discuss the
Amendment to the Environmental Quality Act (EQA)
of 1974 and the subsequent regulations to address
HW handling, transportation, and disposal in various
countries (10).

2.1. Amendment to the Environmental Quality Act 1974
and Regulations

Regulation amendments refer to changes or modifications
made to existing regulatory frameworks, rules, or laws
governing various aspects of society, such as business
practices, environmental protection, safety standards, or
other regulated areas. These amendments are typically
introduced to address evolving circumstances, correct
deficiencies, improve effectiveness, or adapt to changing
needs within the regulated domain (1). In many
countries, the EQA of 1974 serves as the foundation for

environmental protection and HWM (11). Over time, as
our understanding of the environmental impact of HW
has deepened, amendments to the EQA have become
necessary to align with evolving environmental standards
and technologies. These amendments typically focus on
strengthening the legal framework for HWM, enhancing
regulatory authority, and incorporating international best
practices (12).

Regulations are the practical tools through which
governments enforce environmental laws and policies.
In the context of HWM, regulations play a pivotal role
in ensuring that HW is generated, handled, transported,
and disposed of in a manner that minimizes risks to
human health and the environment. Some key aspects of
modern HWM regulations include waste classification,
generator requirements, transportation, treatment and
disposal, recordkeeping and reporting, and international
agreements and best practices (3,13).

In terms of waste classification, regulations define what
constitutes HW and provide guidelines for its classification
based on its physical, chemical, and toxicological
properties. Proper classification is essential to determine
the appropriate handling and disposal procedures
(14). Regulations further outline the responsibilities
of waste generators, including requirements for waste
minimization, labeling, storage, and reporting, which
are aimed at promoting responsible waste generation.
Transportation regulations ensure the safe movement of
HW by mandating the use of suitable containers, proper
labeling, manifest systems, and training for transport
personnel, thereby preventing spills or releases during
transit. Moreover, regulations set standards for waste
treatment and disposal facilities, including landfills,
incinerators, and recycling facilities, thereby ensuring
that HW is processed or disposed of in a manner that
reduces environmental harm.

As regards record-keeping and reporting, regulations
often require detailed documentation from generators,
transporters, and disposal facilities (15). This
transparency helps regulatory authorities to monitor
compliance and respond to potential violations. Various
countries have adopted international agreements and best
practices in HWM, such as the Basel Convention on the
Control of Transboundary Movements of HW and Their
Disposal (16). These agreements promote international
cooperation and help prevent the export of HW to
countries with weaker regulatory frameworks.

In Malaysia, the EQA 1974 serves as the legislative
backbone for environmental protection, providing the
legal basis for controlling and preventing pollution. The
Act empowers the Director General of Environmental
Quality to take action against individuals or companies
responsible for pollution or improper waste handling.
Section 34B of the EQA provides one of the key
amendments to HWM, which prohibits the unauthorized
placement or disposal of SW, where the offenders may
face a fine or imprisonment, or both. This amendment
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emphasizes the importance of proper HWM and acts as a
preventive measure against illegal dumping (14).

Additionally, the Environmental Quality (Scheduled
Wastes) Regulations 2005, enacted under the EQA 1974,
introduced comprehensive definitions and classifications
for scheduled wastes, aligning Malaysia’s practices with
the Basel Convention. These regulations outline the
responsibilities of waste generators, transporters, and
receivers, including labeling, record-keeping, and storage
requirements. The EQA further enables the development
of supporting guidelinesand policies, such asthe Scheduled
Waste Guidelines and the Malaysia Environmental
Management System, which further strengthen regulatory
control and enforcement mechanisms for HW (17).

Overall, the amendment to the EQA 1974 and
subsequent regulations are the essential components of
modern environmental protection efforts, reflecting a
commitment to reducing the environmental and public
health risks, promoting sustainable practices, and ensuring
compliance with international standards. Considering
that our knowledge of HWM continues to evolve, these
regulations will continue to evolve to address emerging
challenges.

2.2. Current Practices in Malaysia

HWM in Malaysia has become a significant concern
due to the country’s industrial growth and economic
development. HW generation has risen with increased
industrialization and urbanization, thereby necessitating
the implementation of advanced technologies and
practices for effective management. HW in Malaysia
mainly originates from various industries, including
petrochemical, chemical, electronics, manufacturing, and
healthcare sectors, as well as construction and demolition
activities (12).

Advanced technologies have been employed in HW
collection and transportation. Specialized vehicles and
equipment guarantee safe handling and prevent leaks
or spills during transport. Malaysia has also invested in
various treatment technologies, such as incineration,
chemical treatment, biological treatment, and
stabilization/solidification processes. Incineration, for
example, is used to dispose specific waste through high-
temperature combustion, thus reducing its volume and
toxicity (3). Waste that cannot be treated or recycled is
disposed of in engineered landfills, which are designed to
prevent leachate and contamination of surrounding soil
and groundwater (3).

HWM remainsaglobal concern, and Malaysia, similar to
many other countries, continues to improve its practices.
Contemporary approaches increasingly emphasize
sustainability, focusing on waste minimization, cleaner
production, recycling and recovery, and innovative
technology adoption.

2.2.1. Waste Minimization and Cleaner Production
One notable approach toward modern HWM is adopting
waste minimization strategies so as to emphasize source

Adman et al

reduction and develop cleaner production processes (18).
These strategies aim to reduce HW generation at its source
while promoting environmentally friendly production
methods. In Malaysia, such approaches have recently
gained significance due to their potential to address
environmental concerns and regulatory requirements.

Waste minimization is a core principle of HWM,
which focuses on reducing the volume and toxicity of
waste generated by industries, households, and other
sources. The primary goal is to prevent or reduce HW
creation through a variety of measures, including process
improvements, product reformulation, and material
substitution (19). Key practices encompass process
optimization, recycling and reuse, hazardous material
substitution, and environmental awareness and education.

Industries in Malaysia are encouraged to optimize
production processes to reduce waste generation. This
optimization includes adopting efficient manufacturing
techniques that reduce HW while improving resource
utilization. Recycling and reusing materials within
industrial operations, upon approval from the
Department of Energy (DOE) under the special WM
provisions of Regulation 7, Environmental Quality (SW)
Regulations 2005, can significantly reduce HW output.
Substituting hazardous substances with safer alternatives
is another effective strategy, involving the identification
and replacement of materials that pose environmental
or health risks. Likewise, raising awareness about waste
minimization among industries, government bodies, and
the public is equally important. Moreover, education
campaigns and workshops can help disseminate
knowledge about best practices (20).

Cleaner production, while being closely related to waste
minimization, takes a broader approach by focusing on
the design and operation of processes and products with
environmental sustainability in mind. It aims to reduce
pollution and resource consumption while increasing
efficiency. The key elements of cleaner production
include resource efficiency, eco-friendly technology
adoption, green product design, environmental audits
and certification, and regulatory frameworks. Industries
are encouraged to optimize energy and raw material
use, adopt renewable energy, and design recyclable or
biodegradable products to reduce HW throughput in
their lifecycle (21). Environmental audit and certification
programs recognize compliance, while updated
regulations make adherence mandatory in certain
sectors (20). The DOE actively supports these efforts
through developing industry-specific guidelines and
environmental management systems.

In 2021, Malaysian industries invested approximately
RM3.1 billion in environmental protection, marking
a 4.8% increase from the previous year, with 25.8%
(RM803.7 million) allocated to WM. These investments
highlight a growing commitment to cleaner production,
which protects the environment, safeguards public health,
and delivers economic benefits—positioning Malaysia
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toward more sustainable HWM (22).

2.2.2. Recycling and Recovery

Malaysia has made significant strides in promoting HW
recycling and recovery, with many industries adopting
recycling and reclamation techniques to recover valuable
materials from waste streams. This reduces the volume
requiring final disposal, which lowers environmental
impacts and offers economic benefits (23). Such practices
are crucial as industrial waste volumes rise, though
managing this waste sustainably remains an ongoing
challenge.

In Malaysia, HW is classified by chemical composition
and physical characteristics to determine suitable recycling
and recovery methods. Common categories include
spent solvents, heavy metals, and electronic waste (11).
Several key initiatives have been implemented, including
electronic waste (e-waste) recycling to recover metals
and plastics, lead-acid battery recycling to extract usable
lead and ensure safe disposal of toxic components, and
oil recycling, where used oils are re-refined to conserve
resources and reduce environmental harm.

According to the DOE 2022 Annual Report, Malaysia
generated approximately 1.36 million metric tons of SW,
with a 33.2% national recycling rate. The 12th Malaysia
Plan targets a 40% recycling rate by 2025 (24). However,
progress has been gradual, partly due to challenges,
such as logistical constraints, technological limitations,
and uneven distribution of licensed recovery facilities.
Notably, the states of Selangor and Johor contribute to the
highest volume of scheduled waste, given their industrial
density (24). These states also house the majority of the
country’s licensed recovery and treatment facilities,
centralizing much of the recycling activity in Malaysia.

While Malaysia has progressed in waste recycling and
recovery, challenges remain, and illegal dumping continues
to pose risks to the environment and public health (10,25).
Despite the EQA 1974, gaps in monitoring and limited
infrastructure hinder compliance, particularly in less-
developed areas (26). Addressing these issues requires
stricter enforcement, public awareness campaigns, and
strengthened technical and human capacity. Malaysia
could benefit from international collaborations in terms of
knowledge exchange and technology transfer to enhance
its. HW recycling and recovery capabilities (10,25).
Overall, Malaysia is actively addressing HWM challenges
through recycling and recovery initiatives. By enforcing
regulations, fostering partnerships, and investing in
technology, Malaysia is moving toward sustainable
HWM, though continued efforts are needed to curb illegal
dumping and ensure responsible practices nationwide.

2.2.3. Technological Advancements

Advancementsintechnologyareimproving HW treatment
in Malaysia through various methods, such as thermal
treatment, bioremediation, and chemical stabilization,
supported by geographic information systems and data

analytics for tracking and compliance (27-29). The
country is adopting pyrolysis and gasification to convert
hazardous organic waste into energy, thereby reducing
toxic residues (30). In addition, research is developing
nano-adsorbents with high capacity for removing
heavy metals and persistent pollutants (31). Artificial
intelligence-powered classification and the internet of
things-based tracking system enhance traceability (32-
33), while bioaugmentation and bioremediation using
bacterial-fungal consortia effectively remove metals
from contaminated soils (34-35). These innovations
strengthen Malaysia’s waste infrastructure and advance
its sustainability goals.

2.3. Hazardous Waste Management Strategies

Several critical aspects of HWM in Malaysia include its
regulatory framework, licensing and permits, treatment
and disposal facilities, and monitoring systems. The
DOE, under the Ministry of Environment and Water, is
the main authority responsible for developing policies,
enforcing laws, and ensuring industrial compliance,
guided by the National Strategic Plan for Solid Waste
Management (10). Designated facilities, such as Kualiti
Alam Sdn. Bhd., hold exclusive rights for the nationwide
collection, treatment, and disposal of scheduled waste.
Compliance is enforced through inspections, audits, and
monitoring. Nevertheless, illegal dumping remains a
challenge, revealing gaps in enforcement and oversight.
Ongoing improvements in practices, stricter enforcement,
and proactive responses to emerging issues are essential,
as HWM challenges have persisted for decades (36).

3. Regulatory and Strategic Framework for Hazardous
Waste and Disaster Waste Management in Malaysia
This section outlines both the regulatory framework
governing HW in Malaysia and the strategic approaches
to managing such waste during disaster scenarios.
The inclusion of disaster waste (DW) preparedness
reflects the recognition that environmental emergencies
can significantly increase HW volumes. Integrating
preparedness into regulatory systems offers a complete
view of the nation’s WM capabilities. Malaysia adopts
a phased approach to DW management (DWM),
encompassing prevention, preparedness, response, and
recovery. During emergencies, agencies such as the
DOE, the National Disaster Management Agency, and
local authorities work in coordination to ensure the
safe handling of chemical and industrial waste, thereby
minimizing secondary environmental and public health
impacts (37).

In general, for waste to pose a risk to the environment
or human health, three conditions must be met: (i) the
waste is hazardous or capable of causing harm; (ii) there
is a pathway for exposure, and (iii) there is a receptor,
such as a person or a water source (38). Waste meeting
these criteria should be prioritized for management. The
initial detection generally follows a structured process,
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including waste generation and identification, waste
analysis, comparison to the lists generated by the EPA,
documentation and record keeping, labeling and storage,
regulatory and compliance, and disposal or treatment.
Abiding by these steps can help ensure that the waste
is precisely detected and securely managed, which can
minimize the hazard to the environment and human
health. Based on this framework, disaster response and
preparedness can be divided into emergency (phase
1), early recovery (phase 2), recovery (phase 3), and
contingency planning (phase 4) phases.

3.1. Phase 1: Emergency Phase

Phase 1 tackles the most critical waste issues that must be
resolved to prevent death, reduce suffering, and enable
rescue operations. At this stage, any additional factors
are considered secondary. Activities undertaken in this
phase can be separated into short-term (beginning after
72 hours) and immediate (beginning after 72 hours)
categories. Immediate actions are usually taken within
hours, with priorities determined based on hazard
ranking principles. These steps are summarized in Fig. 2
(38). Conversely, immediate actions (up to 72 hours later)
are frequently initiated within the first few days. When
possible, household waste should be collected from those
who choose to stay in the disaster region. A quick DW
assessment ought to be performed to support future
decision-making. While precise data are unnecessary, it is
advisable to provide a reasonable assessment of the waste
issue, the capacity of local authorities to manage it, and
whether external assistance is necessary (38).

3.2. Phase 2: Early Recovery Phase

This phase establishes the framework for implementing
a DWM program during the recovery phase, focusing on
identifying suitable disposal sites for various waste types
and improving logistics for collection, transportation, and
reuse/recycling. Although efforts in this phase expand
upon the initial Phase 1 evaluation, they focus on deeper
analysis and long-term solutions. Typical activities include

Adman et al

assessments, operational planning, communication
strategies, and reporting (38).

3.3. Phase 3: Recovery Phase

Phase 3 involves executing the DWM initiatives developed
in Phase 2, alongside continuous monitoring of waste
conditions. The primary actions encompass implementing
a communication plan for engaging key stakeholders and
ensuring alignment with community needs, securing
or repairing essential machinery and facilities, and
providing targeted training to WM operators. It should be
noted that collaboration with local authorities and service
providers is vital for a coordinated response. Ultimately,
this phase aims to transit from emergency measures to a
standardized, resilient, solid WM system, thus ensuring
long-term efficiency and sustainability (38).

3.4. Phase 4: Contingency Planning

In a strict sense, Phase 4 is not related to emergency
response. It is a valuable investment that bridges the gap
between response, recovery, and long-term development.
Contingency planning can be undertaken before or during
the recovery process. The goal is to develop a DWM
contingency plan that enables communities to choose
the most effective WM strategies before the occurrence
of a disaster. The plan might also be used as a reference
document when negotiating for financial and technical
support. A successful DWM contingency plan tackles
problems beyond their initial elimination and ought to
incorporate a plan for recycling and reusing materials (38).

4. Development of Policy and Regulations for Hazardous
Waste Management in Malaysia

4.1. Framework for Sustainable Solid Waste Management
in Malaysia

This section outlines the framework for sustainable
SW management (SWM) in Malaysia, serving as a
reference for policies and regulations related to HWM.
Currently, the adoption of SWM faces challenges, such
as inappropriate disposal practices (40), the absence of a

Determine waste

problems

Using data from local agencies, government sources, HIT2, the
geographic information system, and news, ascertain the waste’s
geographic presence

Quantifying the contents and state of the identified waste streams,

Describe waste

dumps, and fills by site visits and waste sampling

Wasteful mapping

Mapping the impacted area’s garbage using the data above. The map,
which can be updated as new information becomes available, will be an
invaluable tool throughout the process

L 2

Examine garbage

Permitting the development of an action plan with priorities, which
calls for applying the previously mentioned framework: if waste is
found, find out if a “pathway” and “receptor” are there as well

Fig. 2. Steps for Hazard Ranking Principles. Source. Kurdve et al (39). HIT2, Hazard Identification Tool 2
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centralized database, low recycling rates, and significant
data gaps. Stakeholder responsibility remains limited,
while inadequate funding, resource constraints, and poor
coordination among agencies further hinder progress.
The lack of monitoring mechanisms prevents effective
evaluation and timely action.

Primary issues identified in SWM and HWM include
limited practical applications of existing regulations,
insufficient resources, financial constraints, a shortage of
skilled labour, and a lack of technical expertise. Delays in
fund disbursement further postpone the execution of the
national SWM plan, while the mismatch between revenue
and costs makes the current funding model unsustainable,
thereby requiring federal government support. The
authorization of new waste facilities is restricted by
financial and personnel limitations. Data management
practices exhibit inadequacies, including improper
systems, data obsolescence, challenging handover
processes, and a lack of supporting infrastructure. The
recyclables market remains largely unregulated, leading
to the undervaluation of its economic potential (10).

Addressing these challengesrequires strategies, including
minimizing waste generation and developing waste
recovery facilities, to improve planning, execution, and
implementation (10, 41). Adopting the 3Rs (reduce, reuse,
and recycle) and incorporating elements (e.g., recovery,
treatment, and disposal) are essential components of
this enhancement. Establishing a dedicated regulatory
committee for governance is vital for coordinating
planning, problem-solving, execution, and oversight
functions (42). Reforming policies and introducing
facilitators and measures to reduce the financial burden on
the government are critical for long-term stability (41,43).

Fig. 3 displays a potential framework for sustainable
SWM in Malaysia, which sets 2020 targets of a 40%
decrease in landfilled waste and a 22% increase in

4 N

2020 Goals

A 40% decrease in
solid waste quantity
dumped in landfills

A 22%
trash

increase in
recycling

y

-

recycling rates. Although designed for 2020, it remains
relevant for evaluating policy progress. Since its
introduction, Malaysia has improved institutional
coordination, recycling infrastructure, and public-private
partnerships (41). However, targets, such as nationwide
waste segregation and landfill diversion, remain ongoing,
thus making the framework a continuing benchmark for
evaluating progress and identifying priority areas.

4.2. Health Risk Assessment

The technique used by the U.S. EPA (44) served as the
basis for the health risk assessment framework used in
this study (Fig. 4). In addition, issue identification was
based on the case of illicit toxic waste dumping in Pasir
Gudang, Malaysia. To identify the hazards, the chemical
agents detected at the disposal site were evaluated using
toxicological, epidemiological, in vitro, and mechanistic
research to ascertain their potential impacts on human
health. Moreover, both acute and long-term health risks
were taken into consideration, along with the evidence
on relevant exposure-related disorders. Furthermore,
exposure assessment was performed by recognizing the
routes of exposure, the sources of exposure, the period of
exposure, and the number of impacted people.

During the risk characterization phase, the potential
health impacts of the incident were estimated using data
from exposure assessments and hazard identification. The
environmental destiny of the chemicals was assessed to
ascertain the extent of those impacts on human health
and the ecosystem.

5. Future Direction and Technological Innovation

HW is a significant environmental and public health
concern in Malaysia; therefore, to efficiently address
this issue, future strategies should focus on sustainable,
circular approaches that prioritize the minimization and

Optimization and minimization of
solid waste

Waste facilities

Market creation ]

SWM and public cleansing

|

Governance and policy and
regulations

|\

Enablers: Data management, enforcement, standards, incentives,
human capital, awareness, and education

Scope: All types of waste identified under the Act 672

%

Fig. 3. Framework for SWM in Malaysia, With Target Year 2020. Note. SWM: Solid waste management. Source. Zainu (10)
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Issue Identification

- What is the concern?

Hazard Identification
- What types of adverse health effects are potentially caused by the agents?
- What are the adverse health effects at different levels of exposure?

Dose-Response Assessment
- How much the amount of the agent has been dumped in the study area?

N/

Exposure Assessment
- What are the magnitude, frequency, extent, and duration of exposure?

- How many people were affected?

Risk Characterization

- What is the extra risk and severity of health effects likely to occur due to actual or predicted
exposure?

Figure 4. Framework for Health Risk Assessment in Malaysia. Source. Ibrahim et al (2)

prevention of waste and the development of innovative
treatment and disposal technologies. Emerging
technologies, such as pyrolysis, nanotechnology-based
remediation processes, and plasma gasification, were
introduced to treat HW streams in a much safer way.
Pyrolysis converts waste into energy-rich products
(e.g., char, oil, and combustible gases) through thermal
degradation in the absence of oxygen (45,46), a method
historically used for charcoal production for thousands of
years (47). Nanotechnology-based remediation, though
still limited in real-world applications, offers considerable
potential. Several classes of nano-materials can be applied,
such as nano-adsorbents, nano-catalysts, and nano-
membranes (48).

The integration of artificial intelligence and robotics can
improve precision in waste sorting, thus enabling better
waste segregation and reducing hazardous residues (49).
In addition, blockchain and digital tracking technology
offer transparent, immutable recordings of HW
movement, thereby improving traceability, reporting,
and regulatory compliance (50). Moreover, advanced
monitoring tools (e.g., drones, remote sensing, and
sensor networks) can help map waste sources, types, and
distribution. Accordingly, more investment in research
on next-generation waste-to-energy technologies should
be made to maximize energy recovery while minimizing
emissions and environmental impacts (51).

A shift toward circular economy principles can
remarkably reduce HW generation (3). Keeping materials
in use through strategies such as “reuse, reduce, and recycle”
can help minimize the environmental and economic costs
of extraction, production, and disposal (52). Further,
implementing these strategies reduces the growing
demand for natural resources and minimizes waste, both
of which are associated with significant environmental
damage and economic costs. The transformation from
a linear economic model into a circular approach could

significantly reduce the burden on the environment, since
the waste materials could also be reduced with respect to
reuse and recycling practices (3).

In some cases, HW can be turned into a value-added
product under the recycling practices and treatment
processes. For example, heavy metals (e.g., mercury,
cadmium, and lead) generated from e-waste can be
recycled and reused to manufacture new products, such as
the production of new batteries using lead recovered from
the applied , car battery (53). Additionally, once purified
with distillation and purification processes, spent solvents
can be reused for different or the same purposes/cases
(54). Furthermore, organic solvents and waste oils can be
reused as fuels in incinerators to produce energy (55).

Circular economic goals include increasing the life cycle
of raw materials and waste and facilitating their reuse. A
circular economy is not limited to WM but starts with
developing and producing the product, its consumption,
or its use as a secondary material (56). Developing
sustainable products and packaging to reduce HW
generation could also encourage the circular economy.

Considering that e-waste is one of the alarming issues
in managing HW, developing specialized methods
to handle this waste is urgently required. Advanced
recycling for valuable materials and the safe disposal of
toxic components can be used for managing these wastes
(57). In addition, bioremediation and bioaugmentation
techniques should be expanded for the natural breakdown
of hazardous contaminants in soil and water. Additionally,
green chemistry practices designed to minimize the
use and production of hazardous substances should be
mandated for industrial processes (58).

Future  improvements  should include  the
implementation of specific disposal protocols and
recycling programs for expired or unused medications,
which are growing sources of environmental
contamination. Furthermore, regulations and incentives
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for waste minimization and pollution prevention should
be enforced, and all businesses should be encouraged
to adopt cleaner production practices (59). Further, the
“Zero Waste Initiatives” program should be promoted to
industries and communities in order to minimize waste
generation through better design, product stewardship,
and sustainable practices (60). Moreover, the requirement
for comprehensive environmental impact assessments
for HW facilities should be strengthened to ensure a
thorough evaluation of potential ecological and health
impacts. Financial incentives and penalties can encourage
compliance, while collaboration with neighboring
countries and international organizations can help address
transboundary waste issues through shared expertise and
technology (61).

Public awareness and engagement are the most crucial
matters for the success of HWM. Education campaigns
on responsible disposal and safe handling practices can
prevent environmental contamination more effectively
than remediation alone (62). By combining technological
innovation, strong regulatory frameworks, and active
public participation, Malaysia can transition toward an
integrated, sustainable, and circular HWM system that
minimizes environmental risks while optimizing resource
use.

6. Conclusion

In general, HWM practices in Malaysia have undergone
substantial development, spurred by both industrial
growth and environmental awareness. The regulatory
framework, while exhibiting strengths, faces challenges
in terms of enforcing and adapting to emerging waste
streams. The future of HWM in Malaysia centres on a
proactive approach that integrates advanced technologies,
public-private partnerships, and continuous regulatory
enhancements. As the nation navigates toward
sustainable development, implementing comprehensive
WM strategies will be crucial. By embracing innovative
solutions, fostering collaboration, and staying up-to-
date with global best practices, Malaysia can forge a path
toward a more environmentally responsible and resilient
HWM paradigm. This review serves as a foundation for
informed decision-making and policy evolution in the
dynamic landscape of HWM in Malaysia.
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