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Abstract: This study examines the environmental challenges faced by Malaysian industries in adhering to
industrial effluent regulations with the research question, what are the challenges in complying with
environmental legislations from industries? It investigates the primary factors contributing to non-compliance
and the perspectives, knowledge, and needs of Malaysian industries regarding environmental compliance.
This study recommends the best strategy for promoting self-compliance. Thirteen stakeholders from various
industries with environmental management experience were interviewed. Over the past seven years, these
industries have shown low compliance with the Industrial Effluent Regulation 2009, prompting an exploration
of their adaptability to regulations. Challenges identified include cost, employee attitudes, technology,
management support, public complaints, and jurisdictional issues. Responses varied from divergent to unified
viewpoints, highlighting the complexity of compliance issues. Respondents suggested enhancing compliance
through behavioral changes, including incentives, enforcement, awareness, guidance, industry ratings,
management commitment, and public disclosure of emissions. Suggestions for improvement and innovative
solutions emerged based on participants’ experiences, emphasizing the importance of continuous
improvement. The study emphasizes the government's crucial role in ensuring regulation adherence but
underscores the need for analyzing barriers and exploring alternative approaches. Understanding industry
perspectives and strategies is essential for progress. Compliance, however, requires an analysis of the current
challenges and adopting adaptive measures. It is important to understand industries' perspectives and
strategies to move forward.

Keywords: Industry challenge; environmental compliance; continuous improvement; behavioral
change; adaption of regulation

1. Introduction

Approximately 97% of the raw water Malaysia uses for domestic, agricultural, and industrial
purposes comes from surface water sources, primarily rivers. The country has 189 river basins, of
which 89 are in Peninsular Malaysia, 78 are in Sabah, and 22 are in Sarawak [1]. Industrialization,
urbanization [2], and sewage water from domestic use [3] are the three main sources of river pollution
in Malaysia which cause pollution of water resources and poses a threat to sustainable water supplies
through the release of harmful substances into rivers.

Although industry manufacturing is important to society’s needs, it also contributes
significantly to environmental pollution[4]. This requires further improvement in environmental
governance. Policies that promote policy coherence, integrity, and stakeholder engagement are
among the most important actions that can be taken in Southeast Asia to improve governance[5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The global impact of industrial effluent discharges on the environment, including degradation
of water quality[6] and environmental stress in aquatic ecosystems, may cause eutrophication in
receiving water bodies and provide a favorable environment for pathogens that produce toxins in
water [7]. This results in health concerns and demands for regulation tightening [8].

Water pollution also raises concerns about its potential impacts on drinking water [9]. To design
effective regulations and enforcement strategies, it is necessary to understand the factors that
influence motivations and abilities to comply [10]. Compliance with environmental regulations is the
strongest predictor of environmental performance [11].

Additionally, the regulations are backed by a solid legal basis that include legitimate enforceable
penalties associated with them. Non-compliance shall thus be expressly and legally penalized. When
firms are confronted with a credible threat of regulation, they are more likely to adhere to
environmental regulations because they may face harsh punishments if they violate them [12].

However, literature does not adequately discuss the environmental challenges that industrial
sector face in complying with the law [13]. Rita Padawangi examined the difficulties associated with
incorporating environmental concerns into urban planning [14] but did not discuss the challenges
industries face in ensuring compliance with environmental laws. The focus of several studies has
been on the specific environmental changes encountered by each type of industry, such as Kurniawan
et al. focussed on water-related environmental changes experienced by the fisheries industry [15] and
Abdul Hamid et al. discussed the challenges associated with the palm oil mill industry in
implementing circular economies to gain social, economic, and environmental benefits[16]. No
studies have addressed the challenges faced by Malaysian industries in complying with
environmental legislation and their adaptation to the regulation.

Beneficial uses of water or ecosystem functioning are negatively affected [17]. Currently, there
are few adequate solutions to address river pollution. Modelling that involves stakeholders has been
recommended as a possible solution to water resource management challenges [18].

Several studies (Etienne & Wendeln [19]; Markowitz & Gerardo[20]; Winter & May, [21]) have
expressed concern about compliance with environmental regulations, but little is known about the
industry’s views on this issue. The primary cause of non-compliance with industrial effluent
regulations must be identified by examining compliance with industrial effluent regulations [22].
Considering the lack of input from industries in Malaysia regarding the difficulties they face in
complying with environmental legislation and regulations, the objective of this study is to investigate
industries’ perspectives on environmental legislation and compliance challenges to fill this gap in the
literature.

Consequently, this study aims to understand the industry’s perspective as one of the key
stakeholders in managing river pollution with the research question, what are the challenges in
complying with environmental legislations from industries? Insights from several industries with
low compliance with environmental legislation are gathered from a semi-structured interview. This
interview aimed to understand the main contributor factor to non-compliance, to find the relativity
of experiences, knowledge, and perceived needs with environmental compliance of industries in
Malaysia, and to investigate how much non-compliance impacted water quality and what are the
best ways to promote self-compliance.

This case study is helpful, particularly in exploring novel emerging explanations for challenges
in complying to the industrial effluent regulations in Malaysia, with a particular focus on industries
as one of the stakeholders for water pollution governance. Ultimately, this study will provide insights
into practical enforcement practices, policies, and negative environmental impacts.

2. Materials and Methods

The collection of non-numerical data was accomplished using qualitative research methods.
Participants or subjects are interviewed to determine their underlying motivations, opinions, or
meanings. In qualitative research, empirical studies investigate conventional notions of validity and
truth while adhering to the fundamental principles of recognizing the subjects studied as empirical
[23].

In engaging with stakeholders, this study intended to identify and target the industry type with
the lowest compliance towards Industrial Effluent Regulation 2009 for a span of time. Mokhtar
published eight types of industries with the lowest compliance rate from 2016 to 2022 [13], which
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were metal manufacturing except for machinery type of industry, manufacture of base metal,
manufacture of rubber and plastic and manufacture of other non-metallic mineral products,
manufacture of paper and paper products, food products manufacturing, manufacture of chemicals
and chemical products with and lastly manufacture of coke and refine petroleum product. The
participant from each industry is then contacted.

The identity of the participants was undisclosed, and they were invited to participate in the semi-
structured interview. Interview guides were developed, which include open-ended questions
subjected to the main theme of the study [24], which is understanding the challenges they faced in
managing river pollution. Interviews are a useful methodology for research because of their ability
to facilitate probing discussions with individuals that would allow the researcher access to relevant,
practical, and honest information that is generally unavailable in published sources [25]. The protocol
refinement for the interview is further detailed and explained in Figure 1. Semi-structured interviews
were conducted, and the interviews were recorded with prior consent from the participants to
facilitate transcription for analysis.

A reflexive thematic analysis approach was adopted to analyze the qualitative data obtained
from interviews with eight types of industries to accomplish the research objectives. An interpretive
approach to qualitative data analysis that is easily accessible and theoretically flexible is reflexive
thematic analysis [26]. Using this approach, we can facilitate specific themes within each dataset and
the detection and analysis of patterns.

Interview data were analyzed using a mixed method approach by combining coding, thematic
analysis and deductive analysis using NVivo 12 Plus software as a logical approach to progress from
general ideas to specific conclusions. This was done by identifying patterns, categories, and recurring
themes in the interview data [27]. The identification of major themes was carried out by conducting
a thematic analysis of the coded information. Subsequently, deductive analysis is carried out on pre-
defined hypotheses or theories related to the management of industrial river pollution. Finally, based
on insights gained from the interviews and analysis, the findings were synthesized. An outline of the
challenges associated with managing river pollution from industries and recommendations for
addressing these challenges were prepared.

ALIGNMENT OF

INTERVI MAKING AN INQUIRY- ~ET i SSESSMENT OF THE

TERVIEW AND. .
RESEARCH QUESTIONS BASED DIALOGUE AL T NTERVI] EW PROTOCOL

1. Interview
L. Increase the usefulness of questions which : : : : . Evaluations from
interview guestions are distinct {fqm . o iy Atial T
2. Ascertain the research re_searc-h questions
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conversational
social rules
3. Various questions.
4. Reliable questions

Figure 1. Protocol refinement for interviews.
3. Results and Discussion

3.1. Experience and Perceived need of Participants

This section provides a summary of expert responses of the type of industry to which they
belong to. In accordance with the responses from each type of industry, opinions vary based on the
level of knowledge and practical experience of the respondents. Table 1 summarizes the individuals
who participated in this study (while maintaining their anonymity). Most industries have been
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operating for at least 20 years, except for paper manufacturing (10 years) and other non-metallic
mineral manufacturing (9 years).

Notably, within each industry, there were individuals who had a comprehensive understanding
of environmental issues and waste management. However, fewer participants had insight into the
main factors contributing to non-compliance in their respective industries. They feel that the
challenges they face also contribute towards non-compliance. Using the matrix coding query in
Figure 2, it is evident that each type of industry has contributed significantly to the analysis of
industry challenges and suggestions for improving compliance with the Industrial Effluent Regulation
2009. Nevertheless, only the manufacturing of food products, chemicals and chemical products, and
rubber and plastics have provided insight into the factors contributing to non-compliance.

In Table 2, we can observe that the highest percentage of innovative solutions developed by the
industry to address river pollution comes from a paper and paper products industry that has been in
operation for ten years; with six references and 20.41 percent coverage, followed by a food products
manufacturing company operating for 40 years; with six references and 15.50 percent coverage.
According to this analysis, innovative solutions are not affected by the number of years or how short
the industry has been in operation.

Additionally, according to the participants, determining factors of success are dependent upon
the technical expertise of the engineer. Innovative solutions in the form of technical expertise include
minimizing the effluent discharged by using technology that uses less water and reducing the cost of
disposing of chemicals, as well as recycling water and improving the deionized water system by
extending the life of the resins. Furthermore, the participants speak about an internal evaporator
machine with an electric heater which helps reduce sludge waste six to eight drums daily and
supervisory control and data acquisition (SCADA) should be used to eliminate human errors.

There were several innovative solutions shared that involved the public relations of the industry
in the handling of public complaints. Some industries engage with local communities. In addition,
they installed an airbox monitoring system to monitor the air surrounding their factory and establish
stations in the local area. They provide live feeds of direct current readings and ambient, and
wastewater treatment plant information on their Facebook page.

Table 1. Overview of the length of time industries have been in operation and the positions of their

participants.
Type of Industry Participants Years of
operations
Manufacture of coke and refine P1 (Senior engineer) 25
petroleum product
Food products manufacturing P2 (Chief production manager) 40
P3 (Manager)
P4 (Engineer)
Manufacture of base metal P5 (General manager of operation) 32
P6 (Engineer)
Manufacture of chemicals and P7 (General manager) 20
chemical product
Manufacture of paper and paper P8 (Manager) 10
products
Manufacture of rubber and plastic P9 (Senior manager) 32
P10 (Senior engineer)
P11 (Senior executive)
Manufacturing of other non- P12 (Group industry ecology 9
metallic mineral products manager)
Metal manufacturing except P13 (Senior engineer for the plant 35
Machinery and facilities department)

Table 2. Content analysis of innovative solutions provided by type of industries showed that the
manufacture of paper and paper products and foods products with the highest innovative solution.
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Percentage coverage on themes

Type of Industry References . . .
innovative solution
Manufacture of coke and refine 1 5.24%
petroleum product
Food products manufacturing 6 14.50%
Manufacture of base metal 3 11.07%
Manufacture of chemicals and chemical 1 3.85%
product
Manufacture of paper and paper 6 20.41%
products
Manufacture of rubber and plastic 3 10.43%
Manufacturing of other non-metallic 4 8.22%
mineral products
Metal manufacturing except Machinery 1 5.72%

3.2. Contributing Factors to Non-Compliance
3.2.1. Challenges Faced by Industries

The responses regarding challenges indicated that industry participants have a wide range of
opinions. Prevalent opinion themes that participants from various industries frequently mention cost,
employees’ attitude, treatment technology, top management support, public complaints, and the
distinction between federal and state jurisdictions.

Participants identified costs as the most prevalent topic in identifying the challenges they face in
managing river pollution. There were costs associated with the operation, waste disposal, investment,
maintenance, and treatment of facilities and equipment. Cost is a crucial source of financing for
controlling pollution [28], demonstrating the economic feasibility of addressing river pollution [29].

Employees’ attitudes were found to commonly refer to concerns about compliance as one of the
challenges- namely, a lack of awareness is the underlying barrier. Education will play a major role in
tackling the lack of awareness and employees’ attitudes. The sentiments expressed here are in
accordance with the literature. In their study, J.Wilkinson et al. concluded that education and
awareness could reduce pollution in rivers [30]. Education and awareness must be conducted to
identify and understand the causal pathways [31]. Waqar Ahmad Khan et al. reached a similar
conclusion, concluding that environmental education can reduce industrial water pollution [32].

The third most common issue raised was that of treatment technology. Developing the most
appropriate treatment technology for each industry's specific wastewater characteristics has proven
challenging. A variety of treatment technologies, such as advanced oxidation processes, biological
methods, and continuous monitoring, have been found to reduce industrial pollutants in rivers [33—
36]. To address this challenge, the best available environmentally friendly technologies should be
utilized to treat industrial effluent discharges.

While interview respondents cited cost as their greatest challenge, they also pointed out that top
management support is sometimes lacking. According to one participant, it is quite challenging to
change the mindset of the top management with respect to the management of industrial effluent
systems. This is because the industrial effluent system has a - 0 return on investment. Top
management can support in several ways, including improving industrial effluent treatment
infrastructure, increasing waste management budgets [30] and developing environmentally friendly
key strategies [37].

There was general agreement among interview respondents that public complaints are also a
prevalent challenge. The interview participants stated that engaging with government authorities,
non-government agencies, and environmentalists to investigate public complaints is time-
consuming, and requires much effort, such as transparency in discharge quality and engagement
with corporate social responsibility. Nevertheless, studies have shown that public complaints can
help reduce river pollution from industry by raising awareness of health and environmental threats
[30], advocating for cost-effective management practices [38], promoting sustainable business
planning [39] and enhancing cooperation in pollution treatment projects [40], as well as prompting
government action [41].
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Few respondents indicated that the distinction between federal and state jurisdictions is one of the
challenges, due to the state government of Sarawak passing their laws pursuance to Article 77 of the
Federal Constitution. Most respondents agreed that they see no overlapping jurisdictions between
the authorities, however, they noted that the water governance in Malaysia is a complex system. In
addressing river water management, Malaysia has Federal lists, State Lists and Concurrent Lists.
According to Hasan et al., too many authorities involved in water pollution governance [42] with its
own water-based legislation. Abdul Rahman mentioned that these authorities have conflicting and
competing objectives [43]. Yet, effective regulatory frameworks for water pollution require strong
legal principles, stringent regulatory requirements, and appropriate institutional framework [44].

Opinions regarding challenges are also centered on behavioral changes. Educating and
informing employees can enhance their attitude towards improvement as well as motivating them
and provide them with support from top management. It is also necessary to ensure communications
are delivered precisely to handle public complaints effectively. Additionally, it is essential that
treatment technology be managed appropriately to ensure its effectiveness, which requires certain
behavioral standards. An overview of all the challenges is presented in Figure 2.
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Figure 2. Overview of challenges that are faced by the industries associated with industrial effluent
compliance extracted from NVivo Software indicated the challenges raised by the participants with
the type of industry.

3.3. Difficulties Complying with the Industrial Effluent Regulation
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In this study, two key areas were identified within the interview responses regarding the
difficulties the industrial sector is experiencing in complying with the Industrial Effluent Regulation
2009. The first is effluent characterization. Individuals from the food and plastic product manufacturing
industries have stated that because their products vary, the primary difficulty is the change in effluent
characterization from production lines over time. It is necessary to adjust the industrial effluent
treatment system, which is one of the main reasons for noncompliance. This is because quick
adjustments may be difficult, and adjustments to treatment may be non-smooth impacting
environmental protection policies. In some cases, engineers or operators of treatment plants lack the
technical knowledge to make the appropriate adjustments. It may result in effluent discharges that
do not comply with the concentration limits set forth in the Industrial Effluent Regulation 2009. It is
difficult to treat industrial effluents sustainably due to ineffective treatment solutions and a lack of
technical expertise [45].

The second factor is the cost of treatment. Small and medium-sized businesses (SMEs) have
limited budgets for waste management. However, installing an industrial effluent treatment system
requires a considerable number of financial resources to have a specific treatment unit of operation.
This is required to comply with the Technical Guidance Document on Industrial Effluent Treatment
Systems specified in regulation 5, Industrial Effluent Regulations 2009. This is not a major concern for
large international companies with substantial environmental management budgets. A substantial
amount of solid residuals from industrial effluent treatment systems [46] classified as scheduled
waste must also be disposed of at a significant cost. Increasing costs of industrial effluent treatment
have contributed to non-compliance [47].

3.4. Suggestion to Increase Compliance

3.4.1. Improvement and Adaptation of Industrial Effluent Regulation 2009

In Figure 3 some interview respondents recommended a few amendments to the Industrial
Effluent Regulations 2009 to increase compliance. Most respondents believed centralized treatment
systems for certain homogeneous industries could reduce river pollution problems. However, they
also pointed out that this adaptation is only feasible in new industrial development areas, due to all
the infrastructure and facilities that must be considered.
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Figure 3. Sunburst chart on Industrial Effluent Regulation 2009 improvement suggestion from
industries stated the main three consideration are centralized industrial effluent treatment system
(IETS), dedicated discharge standard for industries and increments of licensed facilities.

Respondents noted that regulation 12, Industrial Effluent Regulations 2009 stipulated the
Chemical Oxidation Demand (COD) discharge limit standard. According to the regulation, three
types of industries have designated more lenient discharge limits than others, such as pulp and paper,
textiles, and refineries. Hence, some respondents indicated that their specific type of industry
required a dedicated discharge standard for COD and more lenient discharged standard for Ammoniacal
Nitrogen (AN).

Due to the high disposal costs for scheduled waste sludge generated by industrial effluent
treatment systems, some participants suggested that the Department of Environment should increase
the number of licensed facilities to provide a competitive price for the disposal of scheduled waste
sludge. The participants may not know, pursuant to Section 19 of the Environmental Quality Act
1974, the intention to construct must be submitted by the company itself, not by the Department of
the Environment.

Several interview respondents suggested that the Industrial Effluent Regulation 2009 be amended
to adapt sustainability approaches. This includes the adaptation of net carbon-zero, and zero discharges.
Other than that, some respondents want a more lenient standard, particularly for the ammoniacal
nitrogen parameter. Most reasonable reason for this is because the neighboring country, Singapore
has a more lenient standard towards ammoniacal nitrogen (20mg/1 for controlled watercourse and 50
mg/l for water course) while Malaysia's standard is 10 mg/1 for standard A and 20 mg/1 for standard
B.

However, none of the respondents mentioned that Singapore has a more stringent standard for
the Suspended Solid parameter (30 mg/1 for controlled watercourses and 50 mg/1 for watercourses)
than Malaysia (50 mg/l for standard A and 100 mg/l for standard B). A greater variety of treatment
technologies may be available in the market for suspended solids than for ammoniacal nitrogen may
result to this.

Respondents provided suggestions for improving the regulation, including the automation
provision. By adapting automating in the treatment process, time can be saved, and human error can
be reduced. Automating the process can assist in increasing compliance by enabling the elimination
of organic contaminants and heavy metals from effluents as soon as they are generated [48].

3.4.2. Industry-Specific Sustainable Strategies in Promoting Self-Regulation and Increasing
Compliance
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Figure 4. Hierarchy chart on industry-specific sustainable strategies to promote self-regulation.

This section discusses the recommendations that have emerged from the interviews that have
taken place regarding the best sustainable solutions and strategies to cultivate self-compliance among
industries. Among the participants, there is some consensus that government incentives, such as lower
optimal taxes for industries that implement effluent recycling technologies, or that focus on zero
discharges, are likely to assist industries in striving toward self-regulation. The industry will take
more pollution prevention measures that will significantly reduce pollution [49].

Despite acknowledging that enforcement visits from regulatory agencies could lead to penalties
if they were unable to comply with the regulations, respondents agree that frequent visits from
enforcement agencies will result in greater compliance. There is still a need for command-and-control
in Malaysia. By enforcing environmental regulations, regulators can improve compliance rates by
enticing regulated entities to comply [50]. Moreover, regular visits by enforcement agencies will
provide an opportunity to identify areas that need improvement and provide guidance regarding
compliance with the regulations.

In addition to the formal enforcement visit, interview respondents noted that industries also
required guidance from regulators. Ideally, this would take the form of open discussions, town hall
meetings, seminars, and knowledge sharing between the two parties. As regulators benefit
shareholders by minimizing environmental impact, a better understanding and collaboration
between regulatory authorities and industry can be achieved through open discussions, town hall
sessions, seminars, and information sharing. A sense of partnership and mutual trust is fostered
through the exchange of ideas, concerns, and expertise. By taking this proactive approach, more
effective regulations and strategies can be developed, ultimately enhancing compliance, and
achieving sustainable results [51].

Some respondents indicated that awareness in education can help cultivate self-regulation. The
awareness program can be increased by having a technical visit among industries with noteworthy
environmental problems to learn about treatment technologies. In addition, this will focus on
environmental education in schools on the primary and secondary levels. The importance of
environmental education lies in its ability to demonstrate the importance of forming resilient and
sustainable communities [52]. On the other hand, environmental education aims to increase
knowledge and empower individuals to actively participate in addressing of environmental issues
[51]. Considering these issues, it plays a critical role in resolving them.
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According to some respondents, top management involvement in waste management will lead
to self-regulation of waste management. With the decision maker's knowledge of how the process
works, and the penalties attached to non-compliance, the budget for waste management in industrial
effluent treatment facilities can be increased. This could lead to more effective waste management,
improving water quality and reducing water pollution [53]. It could also lead to cost savings for
businesses, as they could be held liable for any pollution caused by their waste.

Respondents raised the issue of a public declaration by the industries regarding discharge limits
as a means of increasing self-regulation. The industries must submit their effluent reports online to a
dedicated website monthly. However, they are only available to Department of Environment officers,
and the public cannot access them. Providing public access to this system will encourage industries
to improve their treatment system and comply with the standard set limit to increase compliance
[54].

4. Conclusions and Recommendations

In this study, eight industries with the least compliance are examined in terms of the challenges
they face regarding complying with the Industrial Effluent Regulation 2009 in Malaysia. Based on the
interview result (n=13), it was found that innovative solutions developed by industries do not reflect
their years of experience, but rather the engineer's understanding of the system. According to the
industries, several challenges contribute to noncompliance including costs, employee attitudes,
treatment technology, support from top management, and the jurisdiction between federal and state
jurisdictions.

A few challenges are associated with the Industrial Effluent Regulation 2009 itself, which is
difficult to comply with. First, there is the issue of effluent characterization, and second, there is the
issue of the applicable treatment costs. The cost of disposing of scheduled waste sludge generated
from the industrial effluent system also contributes to treatment costs.

There have been some suggestions from industries for improving the Industrial Effluent
Regulations 2009. Among those is the construction of centralized industrial effluent treatment
systems, the establishment of specific discharges based on the type of industry, the expansion of the
number of licensed facilities, lenient discharge standards, and the incorporation of sustainability in
regulation. Seven industry-specific suggestions can be used to improve self-regulation and increase
compliance, including government incentives, enforcement, awareness, guidance, industry rating,
top management commitment, and public disclosure. As a result of these suggestions, the
government will be able to implement its enforcement duties better and improve compliance with
the regulation. This will enable the government to focus on more serious offenses, and to enforce
stricter penalties. Additionally, this will also ensure that more time and resources are devoted to
addressing environmental violations.

This study concludes that the challenges faced by industry should be addressed as they serve as
ongoing barriers to progress and improve compliance. A key component of addressing the challenges
facing the industry is ensuring that all stakeholders play a vital role in ensuring industry compliance
and that regulations are followed. The government should provide incentives for developing and
adopting cost-effective treatment technologies, while industries should prioritize self-regulation,
increase awareness and compliance, and invest in research to find innovative solutions for effluent
treatment and sludge management.

Efforts should be made to develop more cost-effective treatments for ammoniacal nitrogen.
Identifying other options for treatment or recycling other than final disposal of sludge may be
possible by analyzing the cost-benefit of disposing of sludge generated by industrial effluent
treatment systems. This can be done by researching new technologies that reduce sludge generated.
Additionally, research should be conducted to better understand the efficacy of existing technologies
for treating ammoniacal nitrogen. Finally, governments should incentivize these technologies.

By actively engaging with industry stakeholders and seeking their perspectives and insights, we
can gain a deeper understanding of the challenges faced by industries in complying with effluent
regulations. Hence, effective solutions and strategies that address the specific needs of different
industries can be developed, ultimately fostering collaboration and driving progress in industrial
effluent treatment and sludge management.
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