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ABSTRACT

Currently Sustainable Development Goals (17 goals) are the main 
challenges for industrialization and infrastructure development for an 
economy. One challenge faced is in developing economy like Bangladesh 
where the focus of industrialization has been given priority by sacrificing 
natural conservation. Recently a large number of health cares have been 
established all over the country. Therefore, a huge amount of medical 
wastage is generated daily and Bio-medical waste management is inevitable 
for sustainable development. The management of bio medical waste is 
directly relevant to SDG goal 3 (Good health and well- being), 6 (Clean 
water and sanitation), 11(Sustainable cities and communities), 13(Climate 
action) and 15(Life on land). From the literature, it has been found that few 
eco-friendly waste management technologies are available and adopted 
by various countries. This paper aims to identify the bio-medical waste 
management practice in Bangladesh and whether it is eco-friendly or not. 
A survey was conduced to 176 respondents from 22 healthcare institutions; 
the study showed that most of the health care institutions transfer their 
medical wastage to the responsible municipality/local authority. In addition, 
opinions of the responsible environmental managers concern health care 
institutions confirmed the lack in capacity of executing eco-friendly bio-
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medical waste management technologies in Bangladesh. By using the result 
of this study, it is hoped healthcare institutions of developing countries 
like Bangladesh can apply eco-friendly waste management technology for 
ensuring sustainable development.

© 2023 MySE, FSPU, UiTM Perak, All rights reserved
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INTRODUCTION 

Currently, Sustainable Development (SD) has become the buzzword in the 
business world. Literally, Dernbach (2003) and Stoddart (2011) connote 
Sustainable Development as development that can be continued for the given 
time period. The often cited SD definition from Brundtland Commission 
Report (Schaefer & Crane, 2005) as development that fulfills the needs of the 
current generation without compromising the ability of future successions 
to meet their own demands. Therefore, sustainable development concept 
calls for improving living standards without endangering the earth’s 
ecosystems or causing environmental challenges such as deforestation and 
water and air pollution that can result in problems such as climate change 
and extinction of species (Browning & Rigolon, 2019). Moreover, the 
essence of SD is internationally recognized from the beginning of 1970’s 
and has continued till to date. For instance, UN Conference on the Human 
Environment, Stockholm (1972); Rio Earth Summit (1992); World Summit 
on Sustainable Development (2002); Rio Earth Summit (2012); UN SDGs, 
2017 etc. (Mensah, 2019). 

According to Taylor (2016), SD consists of three main pillars such 
as economic sustainability, social sustainability, and environmental 
sustainability. Among these, the concept of environmental sustainability is 
about the natural environment and how it remains productive and resilient 
to support human life. It relates to ecosystem integrity and carries capacity 
of natural environment (Brodhag & Talière, 2006). Thus, environmental 
sustainability is urgent for reducing climate change effect which leads to 
the SDG achievement (17 goals). 
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One of the top issues of Environmental sustainability is effective 
waste management of an entity (Zhang et al., 2022). It is more important 
when an entity deals with infectious waste especially medical or health 
care organization (Singh, Ogunseitan, & Tang, 2022). The effective waste 
management of health cares is closely related to the SDG goal 3 (Good 
health and well- being), 6 (Clean water and sanitation), 11 (Sustainable cities 
and communities), 13 (Climate action) and 15 (Life on land). Employees of 
healthcare and citizens of a city are in great danger of mismanagement of 
bio-medical wastes as good health is essential for sustainable development 
and it is included in 2030 agenda of United Nations according to SDG 3. 
About three billion people have been suffering from hand washing facilities 
and two in five health care facilities have no soap or water. Hand washing 
facilities is essential in every stages of waste management (generation, 
segregation, treatment, and disposal) to reduce the risk of infections. One 
of the main targets of SDG 11 is to reduce the environmental effect of 
cities. Proper treatment of bio-medical wastages is vital for a clean and safe 
city (Organization, 2020). An important goal of SDG 13 is to strengthen 
resilience and adaptive capacity to climate-related disasters and integrate 
climate change measures into policies and planning. Protecting bio-diversity 
and natural habitats is the main target of SDG 15 (UNDP, 2022; Wikipedia, 
2022b). It is impossible to diminish the impact of bio-medical waste without 
proper management and SDG achievement without policy implementation.     

In Bangladesh, there are around 5,709 hospitals with 141,903 beds 
in total, along with an additional 9,061 diagnostic Centre beds generating 
huge amounts of medical waste (Md Mostafizur Rahman, Bodrud-Doza, 
Shammi, Islam , & Khan, 2021). As a densely populated country, most of the 
people are unaware about the use of medical kits (Banik, Rahman, Sikder, 
& Gozal, 2020). For instance, Tongi police station (East) convicted a man 
on charges of recycling used masks and hand gloves that the hospitals in 
Tongi, Uttara and Gazipur had thrown away as waste (Alo, 2020). Therefore, 
poorly managed medical waste poses a large environmental threat and may 
create a prolonged and unwanted public health hazard and could be the 
potential source of re-emerging infection.

Against the backdrop, this paper attempts to know the status of the 
current practice of eco-friendly bio-medical waste management technology 
in the healthcare sector of Bangladesh and to know whether the hospital 
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authority uses the best alternative of bio-medical waste management 
technology. In this regard, this study measures the capacity of bio-medical 
waste management at organization level (policy-making and organization’s 
capacity) and implementation level (employee capacity).

BACKGROUND OF THE STUDY

A review paper on sustainability by Mensah (2019) proposed the relationship 
among the three factors such as economic sustainability, social sustainability 
and environmental sustainability. Mere emphasis on economic sustainability 
had a negative impact on nature (Hardisty, 2010). Social sustainability in 
terms of quality of life and community development has come to the light. 
Finally, environmental sustainability is recognized by all concerns in the 
recent world. Interestingly, recent studies revealed the consideration of 
environmental sustainability issues for an entity that poses positive economic 
sustainability of the organization. 

Figure 1. Sustainable Development Concepts
Source: Justice Mensah, (2019)

For example, various stakeholders such as politicians (Gore, 1992), 
chief executive officers of major chemical companies (Reilly, 1990), and 
prominent scholars (Dowell, Hart, & Yeung, 2000; Farrow, Goldburg, 
& Small, 2000; Stead, McKinney, & Stead, 1998; Zhu & Sarkis, 2007) 
argued that improving environmental practices do not necessarily lessen 
a firm’s financial performance. Moreover, Clemens (2001) has claimed 
that environmental performance could provide a competitive advantage. 
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However, many researchers argue that environmental safety actions lead 
several economic benefits to the companies like cost savings and increased 
efficiency, quality enhancements, improved corporate image and community 
relations, reduced responsibilities, access to new markets (González-Benito 
& González-Benito, 2005, 2006, 2008; Porter & van der Linde, 1995; 
Shrivastava, 1995).

Against these views, the adaptation of eco-friendly strategies and 
technologies by healthcare institutions is not merely reducing the negative 
impact on the earth; it fulfills the economic and social sustainability as 
well. Thus, this study examines to know the current status of eco-friendly 
waste management technologies for achieving the sustainable development.  

OBJECTIVES OF THE STUDY

The main aim of the study is to know the current status of eco-friendly 
bio-medical waste management technology practices for the sustainable 
development of Bangladesh. To achieve the goal, the following secondary 
objectives are to be examined.
a.To identify the existing practice of bio-medical waste management 

technology in hospitals 
b.To determine the capacity and challenges of the eco-friendly bio-medical 

waste management technology among the hospitals
c.To determine the knowledge on bio-medical waste management technology 

practices and the SDGs among the hospital employees   

RATIONALE OF THE STUDY

Bangladesh is a densely populated country in the world. The density of 
the population of cities is more than its overall density. Population growth 
is significantly correlated with the environmental pollution (Mohammad 
Mafizur Rahman & Alam, 2021). As a developing country, the number 
of public health institutions in city are inadequate. In order to meet the 
health services, a huge number of hospitals, clinics, diagnostic centers are 
allowed by the government. Despite having the health service providers of 
the country, they are generating vast risky waste which may bring threat to 
the nature and species (A. Rahman, Talukder, & Karim, 2022). As a result, 
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the Bangladeshi government has introduced Bangladesh Medical Waste 
Management Rules effective since 2008. Therefore, it is essential to identify 
the effectiveness of technology used by the health institutions to control 
the bio-medical waste. In addition to that, is to determine the knowledge of 
waste management employees regarding bio-medical waste management 
and the challenges to implement the right technology. On the contrary, a 
few research have been conducted on the practice of Bio-medical Waste 
Management focusing (Basak, Mita, Ekra, & Alam, 2019; Reza & Akter, 
2018; Som & Hossain, 2018) on the quantification of waste generation, 
waste separation, waste transportation and waste disposal. In fact, there is 
no research yet to conduct to judge the effective technology of Bio-medical 
Waste Management. Nevertheless a few research showed the capability 
of Bio-medical Waste Management of the hospital in terms of attitude, 
knowledge of the employees and practice of Bio-medical Waste Management 
conducted in many countries such as India (Gupta, Shukla, & Tyagi, 2016), 
Iran (Alimohammadi et al., 2018), Nigeria (Anozie et al., 2017), Ethiopia 
(Deress, Hassen, Adane, & Tsegaye, 2018), etc. Since Bangladesh has a 
different corporate and socio-economic culture and targeted to be in the 
middle level income country by 2027 and SDGs achievement by 2041, the 
practice of Bio-medical Waste Management technology and knowledge level 
of implementation workers should be explored. Moreover, the outcomes 
of the current study will provide a new dimension to the policymaker and 
Health institutions managers to use the right technology and knowledge 
improvement in using the proper technology efficiently.

LITERATURE REVIEW

Bio-medical waste management has become an emerging issue because 
of environmental safety (Kannadhasan & Nagarajan, 2022). We found 
the significance of the Bio-medical Waste Management practices from 
earlier research such as in Korea (Jang, Lee, Yoon, & Kim, 2006), Croatia 
(Marinković, Vitale, Holcer, Džakula, & Pavić, 2008), Turkey (Birpınar, 
Bilgili, & Erdoğan, 2009), Jordan (Abdulla, Abu Qdais, & Rabi, 2008), 
Myanmar (Aung, Luan, & Xu, 2019), Nigeria (Awodele, Adewoye, & 
Oparah, 2016), China (Gao et al., 2018), Cameroon (Dzekashu, Akoachere, 
& Mbacham, 2017), Greece (Zamparas et al., 2019) etc. These papers 
discussed about the Bio-medical waste generation, composition, segregation, 
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transportation, and disposal of bio-medical wastes. In addition, earlier 
studies have identified the incineration and landfilling as the most used 
technology of Bio-medical wastes. A summary of different Bio-medical 
Waste Management Technology, its advantages, disadvantages with the 
cost and knowledge required by the employees is presented in Appendix-2.   

On the contrary, researchers have emphasized on the knowledge of 
the relevant employees as well as challenges of implanting a technology. 
Mathur, Dwivedi, Hassan, and Misra (2011) and Anand, Jain, and Dhyani 
(2016) found that doctors, nurses, and laboratory technicians have better 
knowledge than sanitary cleaners on bio-medical waste management. 
According to Deress, et al., (2018), the level of knowledge, attitude, and 
practice scores were not satisfactory in Ethiopia because a majority of the 
healthcare professionals did not participate bio-medical waste management 
training regularly to upgrade their expertist. In Egypt, despite the presence 
of legislation for hospital waste management, disposal of Bio-medical 
Waste has not been implemented by healthcare workers (Hakim, Mohsen, 
& Bakr, 2014) due to lack of knowledge. A study by Chudasama et al. 
(2013) based in Rajkot, India found that only 44.3% of study respondents 
participated in training program for Bio-medical Waste Management  that 
expressed a lower intention towards waste management. Gupta et al. (2016) 
revealed that lack of knowledge and awareness about Bio-medical Waste 
Management amongst primary healthcare workers results in inadequate 
handling and managing, thereby exposing them to the general public on 
health and environmental hazards.

From an Iranian perspective, a study by Alimohammadi et al. (2018) 
showed that the relationship between attitude and practices was statistically 
significant. Also, this research found that the relationship between the 
individuals' work experience with the knowledge, attitudes, and practices 
of Bio-medical Waste Management were significant respectively. Dehghani 
and Rahmatinia (2018) explored no significant difference between male 
and female healthcare personnel among knowledge, attitude and practices 
of Bio-medical Waste Management. The study of Al Balushi et al. (2018) 
found satisfactory scores of knowledge, attitudes, and practice among nurse 
of Oman as compared to other participants like doctors, lab technician, etc. 
Therefore, it is evident that knowledge of employees especially who are 
directly involved with the Waste Management, about Bio-medical Waste 
and its management is a significant factor.
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On the other hand, many researchers revealed the interdependence 
between Waste Management and Sustainable Development. For example, 
Agnieszka Ulfik (2014) highlighted on solid waste management for 
Sustainable Development, while Kanagaraj, Senthilvelan, Panda, and 
Kavitha (2015) addressed Eco-friendly Waste Management strategies for 
Sustainable Development after they reviewed the waste management of 
the leather industry in India. Moreover, Waste management for sustainable 
development has become a focused area recently as it is mentioned in the 
United Nations Sustainable Development Goals (Nazry, 2021). For instance, 
Fuldauer, Ives, Adshead, Thacker, and Hall (2019) highlighted a strategic 
planning of waste management for small island developing states in order 
to achieve the United Nation’s sustainable development goals,  Ladychenko, 
Melnychuk, Golovko, and Burmak (2020) studied the waste management 
at the local level of EU and Ukraine addressing SDGs.

Despite having these global research findings, very few research have 
conducted on bio-medical waste management and capacity among healthcare 
personnel in Bangladesh.  Based on a survey of 7 hospitals of Dhaka a study 
by M. A. B. Sarker et al. (2014) showed that one-third of doctors and two-
third of nurses had insufficient knowledge about medical waste to manage. 
In addition, inadequate nurses deteriorate the  quality of health services in 
Bangladesh (Bala et al., 2021).  Bhattacharjee and Saha (2015) found that 
insufficient knowledge among the health care personnel that excludes the 
doctors in a survey conducted at a hospital of Gazipur, Dhaka. A study 
by M. F. R. Sarker et al. (2020) discovered that the knowledge of waste 
management among the majority of healthcare personnel is still at infant 
stage though the study covered a 250-bed hospital of Jamalpur, Bangladesh 
only. Another paper by Behnam et al. (2020) addressed the knowledge, 
attitude and practice of waste management of hospitals in Chattogram. The 
finding of the study also indicates the inadequacy of knowledge of health 
workers considering 4 (four) hospitals that only focussed on a comparison of 
waste management between public and private hospitals and lab test results 
of discharged water quality. These papers did not measure the knowledge 
of waste management of health institutions on specific Bio-medical Waste 
Management Technology.  

Thus, the current study attempts to measure the present status of Bio-
medical Waste Management practice, knowledge about Bio-medical Waste 
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Management Technology of the employees and explain the relationship 
among the practice, knowledge and sustainable development. 

METHODOLOGY

This study is a survey-based empirical research. The main goal of the 
study is to know the present condition of eco-friendly bio-medical waste 
management technology practices for the sustainable development of 
Bangladesh. In addition to that, the study measures the knowledge level of 
the hospital employees about the bio-medical waste management and the 
challenges of implementing eco-friendly waste management technologies. 
The following methods are followed to achieve the objectives of the study.

Population and Sample

All the public and private hospitals in Bangladesh and their employees 
are the population of the study. However, the ownership and services among 
the hospital in Bangladesh are almost similar in every division. Among 
the eight divisions, Chattogram is the largest in size and is the commercial 
capital of the country. Consequently, this study has considered all the 
large size (based on the facilities ensured suppose beds, no. of staffs, etc.) 
public and private hospitals of Chattogram City Corporation. Moreover, 
Chattogram City Corporation is also famous for its activities among the 
other authorities. The number of different types of hospitals in Chattogram 
City Corporation has been presented in the Table 1 below.

Table 1. Number of Healthcare Institutions in Chattogram
Public Medical College Hospital 01

Private Medical College Hospital 10

Chattogram City Corporation Controlled Hospital 06

Private Clinic 64

Diagnostic Center 116

Total 197
Source: Ministry of Health and Family Welfare Website, Chattogram City Corporation Website, 

BPCDOA (Bangladesh Private Clinic Diagnostic Owners Association), Wikipedia, Google
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From the above categories of institutions, the study has considered only 
22 which represents 11.17% of the total population. The low representation 
of the sample happened because of a small size of samples taken from the 
diagnostic centers. In fact, the services of the diagnostic centers are very 
limited and similar fashion engaging a few waste management employees. 
Thus, we left more than 20 diagnostic centers from our investigation. On 
the other hand, most of the public and private medical colleges have their 
own diagnostic facilities.

Table 2. List of the Sample Hospitals
Nature of the hospital No of Sample Percentage (%)

Public Medical College Hospital 01 100

Private Medical College Hospital 02 20

Chattogram City Corporation Controlled 
Hospital (local govt.)

02 33.33

Private Clinic 13 20.31

Diagnostic Center 04 3.45

Total 22 11.17
Source: Ministry of Health, Bangladesh

Apart from this, the study investigated the knowledge level of the 
employees and the workers about eco-friendly waste management and the 
SDGs. The number of surveyed employees and workers is pictured below.

Table 3. Number of Respondents 
(Waste management related employees and workers)

Particulars Total employee Number of 
respondents

Percentage (%)

Doctors 22 22 100

Administrators 22 22 100

Nurses 220 44 20

Cleaners 300 44 14.67

Sweepers 300 44 14.67

Total 864 176 20.37
Source: Data analysis

Though a large number of employees and workers are engaged with 
bio-medical waste management, most of the nurses, cleaners and sweepers 
were not interested to participate in the survey. As the job natures of these 
groups are the same, the minimum inclusion of respondents is sufficient to 
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get a fair representation of the population.

Questionnaire

There are two parts to this investigation. The first part is to know the 
current status of bio-medical waste management practices of the hospitals 
(see Appendix-1 on the types of waste management techniques). In the 
second part, the study identify the knowledge of the healthcare personnel and 
challenges of the implementation of relevant bio-medical waste management 
technology. In order to get the information, we divided the questionnaires 
into two parts – part-A includes current practices, and part-B measures the 
knowledge level and implementation challenges. The questionnaire was 
developed under the supervision of experts in the relevant field and based on 
previous literature. According to Awang and Mohammad (2015), the study 
assessed the content validity of the questionnaire by circulating five copies 
of questionnaire to the relevant expert and researchers. The questionnaire 
was circulated among the respondents based on the result of a pilot survey 
and after making the necessary amendment to it.

Data Collection

This study had also included an interview method for collecting data 
because most of the respondents are the 3rd or 4th class employees of the 
hospital. Most of them do not have an email or adequate knowledge to 
respond quickly. Besides, it is easy and time-saving for collecting data on 
a single day with the permission of the administration of the respective 
hospital. Maximum workers confessed their illiteracy and ignorance about 
eco-friendly waste management and SDGs though the administrators (most 
of them are doctors) have vast knowledge about these issues.

Data Presentation

After collecting and editing data, all the results are put in table. As per 
the opinions of administrators and workers, existing practice and capacity 
to adapt to the new one and limitations of workers’ knowledge about eco-
friendly bio-medical waste management and SDGs are discussed elaborately 
in the following section. Finally, a framework for future eco-friendly bio-
medical waste management system is recommended
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FINDINGS AND ANALYSIS

Maximum workers confessed their illiteracy and ignorance about eco-
friendly waste management and SDGs, although the administrators (most 
of them are doctors) have vast knowledge about these issues.

Objective No.1

We found the existing practices of bio-medical waste management 
technologies (BMWT) for Research Objective 1. A list of BMWT used 
in healthcare institutions in different countries is attached in Appendix-1. 
A detailed of each BMWT evaluated with remarks is also attached in 
Appendix-2. The current practices of BMWT in Bangladeshi hospitals is 
presented in Table 4.

Table 4. Practices of Waste Management Methods 
of Hospitals in Bangladesh

Name of the methods No. of Hospitals % of Hospitals
Dumping 22 100%
Incineration 13 59.09%
Autoclaving 0 0
Microwave irradiation 0 0
Chemicals 0 0
Solar disinfection 0 0
Pyrolytic combustion 0 0
Landfill 0 0
Recycling-reuse 0 0
Plasma Pyrolysis 0 0

Source: Data Analysis

It is evident from the Table 4 that all the 22 hospitals that are situated 
in the Chattogram Metropolitan area used only two techniques for disposing 
of their medical wastes. The average scores revealed that 100 percent of the 
hospitals followed the dumping method for disposal purpose. Final disposal 
of bio-medical wastes is incinerated or land filled by Chattogram City 
Corporation are directly appointed by hospitals or third party. It is noticeable 
that 59.09% hospitals among the visited hospitals used incineration method. 
It is an indication of advancement towards a widely used technology in the 



13

Eco-Friendly Bio-Medical Waste Management Technology Practice

world ‘incineration’ for disposing of most hazardous wastes generated at 
hospitals. The respondents reported that the hospitals segregate the wastes 
at their origin and employ a third-party for incineration. We have also found 
that hospitals do have a good reputation in the Metropolitan area for their 
services followed both the dumping and incineration method for disposal of 
bio-medical waste. However, it is also found that hospitals of Chattogram 
Metropolitan area do not use the remaining eight methods for management 
of bio-medical waste, which are widely used in the modern world for the 
features of the more environment friendly and pollution preventive.

Objective No.2

We have also determined the capacity and challenges of implementing 
relevant BMWT. 

Table 5. Opinions of Waste Management Managers about the 
Implementing Capacity of Methods

Methods Replies I AR CE HHF LET RFS

D Yes 72.73% 36.36% 72.73% 54.55% 50% 31.82%

I Yes 81.82% 31.82% 31.82% 50% 81.82% 63.64%

A Yes 72.73% 18.18% 18.18% 54.55% 81.82% 81.82%

MI Yes 45.45% 50% 50% 50% 77.27% 45.45%

C Yes 18.18% 18.18% 18.18% 18.18% 18.18% 18.18%

SD Yes 31.82% 31.82% 31.82% 31.82% 31.82% 31.82%

L Yes 22.73% 22.73% 22.73% 22.73% 22.73% 22.73%

PP Yes 0% 0% 0% 0% 0% 0%

GS Yes 31.82% 0% 22.73% 0% 22.73% 22.73%

TI Yes 9.09% 9.09% 9.09% 9.09% 9.09% 9.09%
Source: Data Analysis I=Idea, AR=Available Resources, CE=Cost Effectiveness, HHF=Health Hazard 

Free, LET=Less Environmental Threat, RFS=Risk free for species. 

The result of Table 5 shows that most of the respondents are familiar 
with waste management techniques named dumping (D), incineration (I), 
and autoclaving (A) but having poor knowledge about microwave irradiation 
(MI), solar disinfection (SD), gas sterilization (GS), landfill (L), chemicals 
(C), and thermal inactivation (TI) and they do not have any idea about plasma 
pyrolysis/pyrolytic combustion (PP). Based on the result, all the hospitals 
use dumping method but about 50% policy makers of the hospitals opined 
that the method is risky for environment and hazardous for health. More 
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interestingly, they claimed that they have limited resources to employ the 
method, although it is cost effective. The respondents informed that the 
other two methods- incineration and autoclaving which are known to the 
decision-makers of the hospitals are highly risky for environment and other 
species. Since the knowledge about the remaining methods is very limited, 
the replies about the other information on environment sensitiveness and 
implementation are insignificant.

Objective No.3

We have measured the knowledge on bio-medical waste management 
technology practices and the SDGs among the hospital employees. 

Table 6 Opinions of Waste Management Employees and Workers 
about BMW and SDG

 Doctors Administrators Nurse Cleaners Sweepers

Does your company maintain a 
waste management policy?

100% 100% 40% 2% 2%

Do you know about the SDG? 100 70 7 0 0

Do you find any relationship 
between waste management policy 
and SDG?

77 32 0 0 0

Do you think waste management 
reduce the health risk?

100 100 94 87 76

Do you think waste management 
reduce the global warming?

88 93 3 0 0

Do you think BMW reduce the 
carbon emissions?

87 90 2 0 0

Do you think BMW relevant to 
clean water?

95 91 72 76 71

Do you think BMW relevant to 
sanitation?

92 94 93 99 93

Do you think BMW improve the 
water and sanitation?

100 100 94 94 93

Do you think BMW improve living 
standard of city dwellers?

100 100 48 65 67

Do you think BMW build the clean 
city?

100 100 79 82 89

Do you think BMW save the 
biodiversity and natural habitats?

97 100 6 0 0

Do you think BMW save the 
environment?

100 100 84 46 52

Source: Data Analysis
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In this study, we surveyed five respondent groups that are directly 
related to the generation and management of bio-medical wastes. The 
results showed that most of the nurses, cleaners, and sweepers have a piece 
of poor knowledge about the waste management policy of their respective 
workplaces. Though the employees and workers are directly related to 
the origin and management of BMW, they have poor knowledge about 
its hazardous impact on the environment. Specifically, they are ignorant 
about the global warming, biodiversity and carbon effect. However, these 
groups showed positive opinions on clean water, sanitation, clean city, living 
standard, and environment. 

On the other hand, doctors and administrators are highly positive 
about the relationship between BMW and SDGs individually.  Surprisingly, 
they are traditional in case of waste management policy and SDGs. This is 
because corporate waste management policy does not provide and consider 
SDGs in their practice rather just  to comply the government’s regulations. 
For this, all the doctors and administrators replied positively. However, for 
Table 5, it was found that they do not have enough knowledge on world-
wide used eco-friendly waste management technology. The other reasons 
of poor knowledge of eco-friendly bio-medical waste management are 
flexible government supervision, insufficient training, unskilled workers, 
unconscious public etc. 

DISCUSSION 

Based on findings, doctors and managers are familiar with the BMWT 
and SDGs very well but not interested to adopt policy as they lack in 
experts in implanting stages. On the other hand, workers and employees 
are ignorant about the bad impact of BMW resulting in poor Bio-medical 
waste management. Authorities are reluctant to improve the situation 
since there is weak support from the corporate governance and absence 
of stakeholders’ pressures. In spite of having Bio-medical Waste Control 
Rules, poor supervision and weakness of law enforcement agencies are 
mainly responsible for the current status (Shammi et al., 2022). The other 
stakeholders such as NGOs, Financial Institutions, Media, Competitors, 
Citizens and Society are also very reluctant to highlight the negatives sides 
of mismanagement of Bio-medical Waste (A. Rahman et al., 2022). This 
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may happen because of a slow environmental degradation and impact to 
human and other species. That is why it is essential to educate the workers 
related to the Bio-medical Waste dealings in order to prevent the long term 
loss. Moreover, all the trainings, seminar, conferences, workshops relating to 
environmental sustainability and sustainable development are confined only 
to the top level management for example doctors and owners of hospitals. 

Top level management is required to upgrade their knowledge and 
they should do the same in educating their workers on this. If this was 
not addressed properly, the knowledge gap about the Bio-medical Waste 
Management and Sustainable Development between top level management 
and workers at implementation stage will increase. This requires a balance 
in knowledge development between workers and doctors by arranging 
different learning programmes. The existing practice of disposing waste 
is unscientific because the City Corporation workers who are actually 
managing the household waste dispose. Since the nature of the household 
waste and Bio-medical Waste is different, thus either City Corporation 
cleaners should have proper knowledge of dealing Bio-medical Waste or 
health institutions will have to separate Bio-medical Waste management 
technology. According to the planned behavior theory (Heidari et al., 2018), 
health institutions should put emphasis on environmentally friendly intended 
employees at appointment level. It will be easy to teach and improve the 
workers learning and knowledge level if government and the healthcare 
institutions initiate’d different educational programmes like workshops, 
training etc to the employees.

PROPOSED FRAMEWORK: 

According to the objective no. 1, a hospital can use an eco-friendly waste 
technology to save the humanity and the earth.
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Source: Authors

Apart from this framework, both the government and hospital can 
work together to enhance knowledge (refer to Objective no.2) and overcome 
challenges (refer to objective no.3) in targeting the SDGs by introducing 
eco-friendly waste technology. The suggestions are attached with the 
following table.

Integrated Goal (govt./
hospital)

Integrated Objectives 
(govt./hospital)

Responsibilities 
(government)

Responsibilities 
(hospitals)

SDGs
-Clean city
-Reduce Global 
warming
-Reduce carbon 
emission
-Clean water
-Sanitation
-Bio-diversity and 
natural habitats

-waste segregation
-identify risky/sensitive 
waste
-reduce waste at 
source
-in-house treatment/
combined treatment for 
similar types of wastes
-separate by product 
material 

-Inclusive waste 
management policy 
(capacity of hospitals) 
-Include eco-friendly 
waste management 
subject in medical 
education
-Offer BMW diploma 
for hospital workers
-Categorize hospitals 
as per waste 
generation (chemical/
liquid/solid/risky)
-Suggest eco-friendly 
waste management 
technology for different 
waste generated 
hospitals
-Arrange training for 
workers continuously

-Inclusive training for 
all employees and 
workers
-Segregate waste at 
source as per risk and 
by product materials
-Separate waste 
management wing
-Backward linkage 
subsidiary for reuse of 
waste (For example, all 
the plastic tubes can 
be recycled)

Source: Authors
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CONCLUSION

Nowaday, Sustainable Development (SD) and Sustainable Development 
Goals (SDGs) recommended by the United Nations have received much 
attention from researchers. In addition, the recent pandemic that occurs 
has influenced the prominence of the sustainability issue (Lakner, Plasek, 
Kiss, Soós, & Temesi, 2021). Any kinds of waste are contaminated if it is 
not treated properly. Bio-medical waste is more vulnerable than any other 
wastes due to its high sensitivity. Improper management of bio-medical 
waste can hamper Sustainable Development Goals (SDGs) in many 
ways (Nabavi-Pelesaraei, Mohammadkashi, Naderloo, Abbasi, & Chau, 
2022). On the contrary, hospitals, diagnostic centers, clinics, healthcare 
have been boosted in the city to meet the demand of city dwellers. As a 
densely populated country, Bangladesh has allowed all establishments like 
residential, shopping malls, playground, entertainment parks and hospitals 
in the same area. Therefore, managing bio-medical waste has become a 
crucial health issue for the hospital workers and the general public and 
environmental perspective. As per literatures, it is evident that developed and 
developing countries like Malaysia (Keshminder, 2018) in the world have 
applied eco-friendly waste management technologies. Besides, Bangladesh 
is an active partner in reducing global warming and climate change impact 
and has already achieved MDGs and concerned about SDGs (Ashraf, Ullah, 
Shuvro, & Salma, 2019; Nasrullah, 2021). Hence, this paper examines the 
practice of bio-medical waste management technology in hospitals and 
investigates the knowledge about eco-friendly waste management systems 
and SDGs relevant to BMW. The results revealed that dumping is a common 
practice for managing bio-medical waste in Bangladesh where incineration is 
used in some particular cases. Past research and current work on SDG have 
suggested that this system is highly responsible for spreading diseases and 
the environment. Also, the people (nurses, sweepers, and cleaners) involved 
with the bio-medical waste management have inadequate knowledge of eco-
friendly waste management. This is in contrast with the top management, 
such as the doctors and administrators who responded positively about their 
limited command of all sorts of eco-friendly waste technologies. They have 
also confessed the limitations of available resources if alteration occurs. 
In this circumstance, this paper proposes a framework for eco-friendly 
waste technology. However, this paper considered only one region of the 
country and collect feedback from the administrator and the worker (2 of 
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each category for every sample) of 22 hospitals. The result may be different 
if the investigation considers the entire population in the country or the 
capital city Dhaka. Further research on effectiveness of BMWM rules 2008 
is encouraged to gain a better understanding of the issue.

ACKNOWLDEGEMENT

This research was partially supported by the University of Chittagong. We 
thank our colleagues from the University of Chittagong who provided insight 
and expertise that greatly assisted the research. We are also immensely 
grateful to them for their comments on an earlier version of the manuscript, 
although any errors are our own and should not tarnish the reputations of 
these esteemed persons. We thank the healthcare institutions of Chattogram 
City Corporation and the healthcare personnel for sharing their views about 
the research topic and continuously support and provide valuable comments 
that greatly improved the manuscript. We would also like to show our 
gratitude to the reviewers for their insights. 

FUNDING

This paper is a partial work under a research project on “Capacity and 
practice of Bio-medical waste management (BMWM) of hospital workers 
and corporation cleaners: A Chattogram perspective” approved by the 
Research and publication cell, University of Chittagong, Chattogram-4331, 
Bangladesh.

AUTHOR CONTRIBUTIONS

The distribution of the work is shown below: Conceptualization, M.A.A.C. 
and M.Z.I.; methodology, M.A.A.C. and M.Z.I.; data collection, M.Z.I.; 
formal analysis, M.A.A.C.; investigation, M.A.A.C.;resources, M.A.A.C. 
and M.Z.I.; data curation, M.Z.I.; writing—original draft preparation, 
M.A.A.C. and M.Z.I.; writing—review and editing, M.A.A.C.; supervision,
M.A.A.C.; project administration, M.A.A.C.; Both authors have read and 
agreed to the published version of the manuscript.



20

Malaysian Journal of Sustainable Environment

CONFLICT OF INTEREST

Both the authors declare that, they have no conflicts of interest.

REFERENCES

Abdulla, F., Abu Qdais, H., & Rabi, A. (2008). Site investigation on medical 
waste management practices in northern Jordan. Waste Management, 
28(2), 450-458. doi: https://doi.org/10.1016/j.wasman.2007.02.035

Agnieszka Ulfik, S. N. (2014). Determinants of Municipal Waste 
Management in Sustainable Development of Regions in Poland. Polish 
Journal of Environmental Studies, 23(3), 1039-1044. 

Akvopedia. (2022). Waste Management Technique. 

Al-Salem, S. M., Lettieri, P., & Baeyens, J. (2009). Recycling and recovery 
routes of plastic solid waste (PSW): A review. Waste Management, 
29(10), 2625-2643. doi: https://doi.org/10.1016/j.wasman.2009.06.004

Al Balushi, A., Ullah, M., Makhamri, A., Al Alawi, F., Khalid, M., & Al 
Ghafri, H. (2018). Knowledge, Attitude and Practice of biomedical 
waste management among Health Care Personnel in a secondary care 
hospital of Al Buraimi Governorate, Sultanate of Oman. Global Journal 
of Health Science, 10(3), 70. doi: https://doi.org/10.5539/gjhs.v10n3p70

Alimohammadi, M., Yousefi, M., Azizi Mayvan, F., Taghavimanesh, V., 
Navai, H., & Mohammadi, A. A. (2018). Dataset on the knowledge, 
attitude and practices of biomedical wastes management among 
Neyshabur hospital’s healthcare personnel. Data in Brief, 17, 1015-
1019. doi: https://doi.org/10.1016/j.dib.2018.02.024

Anand, P., Jain, R., & Dhyani, A. (2016). Knowledge, attitude and practice 
of biomedical waste management among health care personnel in a 
teaching institution in Haryana, India. Int J Res Med Sci, 4(10), 4246-
4250. doi: http://dx.doi.org/10.18203/2320-6012.ijrms20163115

Anozie, O. B., Lawani, L. O., Eze, J. N., Mamah, E. J., Onoh, R. C., Ogah, 
E. O., Anozie, R. O. (2017). Knowledge, Attitude and Practice of 



21

Eco-Friendly Bio-Medical Waste Management Technology Practice

Healthcare Managers to Medical Waste Management and Occupational 
Safety Practices: Findings from Southeast Nigeria. Journal of 
clinical and diagnostic research 11(3), IC01-IC04. doi: 10.7860/
JCDR/2017/24230.9527

Ashraf, M., Ullah, L., Shuvro, M. A., & Salma, U. (2019). Transition from 
Millennium Development Goals (MDGs) to Sustainable Development 
Goals (SDGs): Blueprint of Bangladesh for Implementing the 
Sustainable Development Goals (SDGs) 2030. Medicine Today, 31(1), 
46-59. doi: 10.3329/medtoday.v31i1.40323

Aung, T. S., Luan, S., & Xu, Q. (2019). Application of multi-criteria-decision 
approach for the analysis of medical waste management systems in 
Myanmar. Journal of Cleaner Production, 222, 733-745. doi: https://
doi.org/10.1016/j.jclepro.2019.03.049

Awang, M., & Mohammad, A. H. (2015). Reliability and Validity of 
Facilities Management Competencies Instrument Using Partial Least 
Squares. International Journal of Social Science and Humanity, 5(1), 
95-99. 

Awodele, O., Adewoye, A. A., & Oparah, A. C. (2016). Assessment of 
medical waste management in seven hospitals in Lagos, Nigeria. BMC 
Public Health, 16(1), 269. doi: 10.1186/s12889-016-2916-1

Bala, S. D., Rony, M. K. K., Sharmi, P. D., Rahman, I., Parvin, M. R., & 
Akther, T. (2021). How inadequacies in the nursing field deteriorate the 
quality of health care in a developing nation. Annals of the Romanian 
Society for Cell Biology, 25(6), 3467-3475. 

Banik, R., Rahman, M., Sikder, T., & Gozal, D. (2020). COVID-19 
in Bangladesh: public awareness and insufficient health facilities 
remain key challenges. Public health, 183, 50-51. doi: 10.1016/j.
puhe.2020.04.037

Basak, S. R., Mita, A. F., Ekra, N. J., & Alam, M. J. B. (2019). A study on 
hospital waste management of Sylhet city in Bangladesh. International 
Journal of Engineering Applied Sciences and Technology, 4, 36-40. 

Behnam, B., Oishi, S. N., Uddin, S. M., Rafa, N., Nasiruddin, S. M., 



22

Malaysian Journal of Sustainable Environment

Mollah, A. M., & Hongzhi, M. (2020). Inadequacies in Hospital Waste 
and Sewerage Management in Chattogram, Bangladesh: Exploring 
Environmental and Occupational Health Hazards. Sustainability, 12(21). 
doi: 10.3390/su12219077

Bhattacharjee, S., & Saha, B. (2015). Study Of Knowledge, Attitude And 
Practices Regarding Biomedical Waste Management Among Healthcare 
Personnel In Gazipur, Bangladesh. Life Sci. Int. J, 1, 1-6. 

Birpınar, M. E., Bilgili, M. S., & Erdoğan, T. (2009). Medical waste 
management in Turkey: A case study of Istanbul. Waste Management, 
29(1), 445-448. doi: https://doi.org/10.1016/j.wasman.2008.03.015

Brodhag, C., & Talière, S. (2006). Sustainable development strategies: Tools 
for policy coherence. Natural Resources Forum, 30(2), 136-145. doi: 
https://doi.org/10.1111/j.1477-8947.2006.00166.x

Browning, M. H. E. M., & Rigolon, A. (2019). School Green Space and 
Its Impact on Academic Performance: A Systematic Literature Review. 
International Journal of Environmental Research and Public Health, 
16(3). doi: 10.3390/ijerph16030429

Capoor, M. R., & Bhowmik, K. T. (2017). Current Perspectives on 
Biomedical Waste Management: Rules, Conventions and Treatment 
Technologies. Indian Journal of Medical Microbiology, 35(2), 157-164. 
doi: https://doi.org/10.4103/ijmm.IJMM_17_138

Chudasama, R. K., Rangoonwala, M., Sheth, A., Misra, S., Kadri, A., 
& Patel, U. V. (2013). Biomedical Waste Management: A study of 
knowledge, attitude and practice among health care personnel at tertiary 
care hospital in Rajkot. Journal of Research in Medical and Dental 
Science, 1(1), 17-22. 

Clemens, B. (2001). Changing environmental strategies over time: An 
empirical study of the steel industry in the United States. Journal 
of environmental management, 62(2), 221-231. doi: https://doi.
org/10.1006/jema.2001.0426

Datta, P., Mohi, G. K., & Chander, J. (2018). Biomedical waste management 
in India: Critical appraisal. Journal of laboratory physicians, 10(1), 



23

Eco-Friendly Bio-Medical Waste Management Technology Practice

6-14. doi: 10.4103/JLP.JLP_89_17

Dehghani, M. H., & Rahmatinia, M. (2018). Dataset on the knowledge, 
attitude, and practices of biomedical waste management among 
Tehran hospital× ³s healthcare personnel. Data in Brief, 20, 219-
225. doi: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85051481539&doi=10.1016%2fj.dib.2018.08.002&partnerID=40&m
d5=90215b23d44b8e50c6665fd8fc542edd

Deress, T., Hassen, F., Adane, K., & Tsegaye, A. (2018). Assessment of 
Knowledge, Attitude, and Practice about Biomedical Waste Management 
and Associated Factors among the Healthcare Professionals at Debre 
Markos Town Healthcare Facilities, Northwest Ethiopia. Journal of 
Environmental and Public Health, 7672981. doi: 10.1155/2018/7672981 
page number? volume?

Dernbach, J. C. (2003). Achieving Sustainable Development: The Centrality 
and Multiple Facets of Integrated Decisionmaking. Indiana Journal of 
Global Legal Studies, 10(1), 247-284. doi: 10.2979/gls.2003.10.1.247

Derso, S., Taye, G., Getachew, T., Defar, A., Teklie, H., Amenu, K., . . . 
Bekele, A. (2018). Biomedical waste disposal systems of health facilities 
in Ethiopia. ehemj, 5(1), 29-37. doi: 10.15171/EHEM.2018.05

Dowell, G., Hart, S., & Yeung, B. (2000). Do Corporate Global 
Environmental Standards Create or Destroy Market Value? Management 
science, 46(8), 1059-1074. doi: 10.1287/mnsc.46.8.1059.12030

Dzekashu, L. G., Akoachere, J. F., & Mbacham, W. F. (2017). Medical waste 
management and disposal practices of health facilities in Kumbo East 
and Kumbo West health districts. International Journal of Medicine 
and Medical Sciences, 9(1), 1-11. 

Experts, H. W. (2022). Nationwide Hazardous Waste Disposal, Chemical 
Disposal, and Environmental Remediation. 

Farrow, R. S., Goldburg, C. B., & Small, M. J. (2000). Economic Valuation 
of the Environment:  A Special Issue. Environmental Science & 
Technology, 34(8), 1381-1383. doi: 10.1021/es000944o

Fuldauer, L. I., Ives, M. C., Adshead, D., Thacker, S., & Hall, J. W. (2019). 



24

Malaysian Journal of Sustainable Environment

Participatory planning of the future of waste management in small 
island developing states to deliver on the Sustainable Development 
Goals. Journal of Cleaner Production, 223, 147-162. doi: https://doi.
org/10.1016/j.jclepro.2019.02.269

Gao, Q., Shi, Y., Mo, D., Nie, J., Yang, M., Rozelle, S., & Sylvia, S. (2018). 
Medical waste management in three areas of rural China. PloS one, 
13(7), e0200889. doi: https://doi.org/10.1371/journal.pone.0200889

Ghasemi, M. K., & Yusuff, R. B. (2016). Advantages and Disadvantages 
of Healthcare Waste Treatment and Disposal Alternatives: Malaysian 
Scenario. Polish Journal of Environmental Studies, 25(1). doi: DOI: 
10.15244/pjoes/59322

González-Benito, J., & González-Benito, Ó. (2005). Environmental 
proactivity and business performance: an empirical analysis. Omega, 
33(1), 1-15. doi: https://doi.org/10.1016/j.omega.2004.03.002

González-Benito, J., & González-Benito, Ó. (2006). The role of stakeholder 
pressure and managerial values in the implementation of environmental 
logistics practices. International Journal of Production Research, 44(7), 
1353-1373. doi: 10.1080/00207540500435199

González-Benito, J., & González-Benito, Ó. (2008). Operations management 
practices linked to the adoption of ISO 14001: An empirical analysis of 
Spanish manufacturers. International Journal of Production Economics, 
113(1), 60-73. doi: https://doi.org/10.1016/j.ijpe.2007.02.051

Gore, A. (1992). Earth in the balance - ecology and the human spirit. United 
States: Houghton Mifflin Company.

Gupta, N. K., Shukla, M., & Tyagi, S. (2016). Knowledge, attitude and 
practices of biomedical waste management among health care personnel 
in selected primary health care centres in Lucknow. Int J Community 
Med Public Health, 3(1), 309-313. doi: http://dx.doi.org/10.18203/2394-
6040.ijcmph20151582

Hakim, S., Mohsen, A., & Bakr, I. (2014). Knowledge, attitudes and 
practices of health-care personnel towards waste disposal management 
at Ain Shams University Hospitals, Cairo. doi: https://apps.who.int/iris/



25

Eco-Friendly Bio-Medical Waste Management Technology Practice

handle/10665/250606 article? book?

Hardisty, P. E. (2010). Environmental and economic sustainability: Crc 
Press.

Heidari, A., Kolahi, M., Behravesh, N., Ghorbanyon, M., Ehsanmansh, F., 
Hashemolhosini, N., & Zanganeh, F. (2018). Youth and sustainable 
waste management: a SEM approach and extended theory of planned 
behavior. Journal of Material Cycles and Waste Management, 20(4), 
2041-2053. doi: 10.1007/s10163-018-0754-1

Ilyas, S., Srivastava, R. R., & Kim, H. (2020). Disinfection technology and 
strategies for COVID-19 hospital and bio-medical waste management. 
Science of The Total Environment, 749, 141652. doi: https://doi.
org/10.1016/j.scitotenv.2020.141652

Jang, Y.-C., Lee, C., Yoon, O.-S., & Kim, H. (2006). Medical waste 
management in Korea. Journal of environmental management, 80(2), 
107-115. doi: https://doi.org/10.1016/j.jenvman.2005.08.018

Kanagaraj, J., Senthilvelan, T., Panda, R. C., & Kavitha, S. (2015). Eco-
friendly waste management strategies for greener environment towards 
sustainable development in leather industry: a comprehensive review. 
Journal of Cleaner Production, 89, 1-17. doi: https://doi.org/10.1016/j.
jclepro.2014.11.013

Kannadhasan, S., & Nagarajan, R. (2022). Recent Trends in Bio-Medical 
Waste, Challenges and Opportunities. Machine Learning and Deep 
Learning Techniques for Medical Science, 97-108. 

Keshminder, J. S. (2018). Environmental developments in Malaysia : 
a review on challenges and opportunities ahead to eco-innovate. 
Malaysian Journal of Sustainable Environment (MySE), 5 (2), 1-26. 

Ladychenko, V., Melnychuk, O., Golovko, L., & Burmak, O. (2020). Waste 
Management at the Local Level in the EU and Ukraine. European 
Journal of Sustainable Development, 9(1), 329. doi: 10.14207/
ejsd.2020.v9n1p329

Lakner, Z., Plasek, B., Kiss, A., Soós, S., & Temesi, Á. (2021). Derailment or 
turning point? The effect of the COVID-19 pandemic on sustainability-



26

Malaysian Journal of Sustainable Environment

related thinking. Sustainability, 13(10), 5506. doi: https://doi.
org/10.3390/su13105506

Marinković, N., Vitale, K., Holcer, N. J., Džakula, A., & Pavić, T. (2008). 
Management of hazardous medical waste in Croatia. Waste Management, 
28(6), 1049-1056. doi: https://doi.org/10.1016/j.wasman.2007.01.021

Mathur, V., Dwivedi, S., Hassan, M., & Misra, R. (2011). Knowledge, 
Attitude, and Practices about Biomedical Waste Management among 
Healthcare Personnel: A Cross-sectional Study. Indian journal of 
community medicine : official publication of Indian Association of 
Preventive & Social Medicine, 36(2), 143-145. doi: 10.4103/0970-
0218.84135

Mensah, J. (2019). Sustainable development: Meaning, history, principles, 
pillars, and implications for human action: Literature review. Cogent 
Social Sciences, 5(1), 1653531. doi: 10.1080/23311886.2019.1653531

Nabavi-Pelesaraei, A., Mohammadkashi, N., Naderloo, L., Abbasi, M., & 
Chau, K.-w. (2022). Principal of environmental life cycle assessment 
for medical waste during COVID-19 outbreak to support sustainable 
development goals. Science of The Total Environment, 827, 154416. 
doi: https://doi.org/10.1016/j.scitotenv.2022.154416

Nasrullah, A. M. (2021). Achieving Sustainable Development Goals 
(SDGs): Challenges and Preparation in Bangladesh. In A. Kaushik, C. 
P. Kaushik & S. D. Attri (Eds.), Climate Resilience and Environmental 
Sustainability Approaches: Global Lessons and Local Challenges, pp. 
379-403. Singapore: Springer Singapore.

Nazry, K. (2021). A review of the sustainable development goals policy 
framework for malaysian local governments. Malaysian Journal of 
Sustainable Environment, 8(1), page number?? .No.1DO - 10.24191/
myse.v8i2.13245. 

Nema, S. K., & Ganeshprasad, K. S. (2002). Plasma pyrolysis of medical 
waste. Current Science, 83(3), 271-278. 

Organization, W. H. (2020). Global progress report on water, sanitation and 
hygiene in health care facilities: Fundamentals first: UNICEF.



27

Eco-Friendly Bio-Medical Waste Management Technology Practice

Porter, M. E., & van der Linde, C. (1995). Toward a New Conception of 
the Environment-Competitiveness Relationship. Journal of Economic 
Perspectives, 9(4), 97-118. doi: 10.1257/jep.9.4.97

Rahman, A., Talukder, B., & Karim, M. R. (2022). Healthcare waste 
management in Bangladesh: practices and future pathways. In T. 
Roshni, P. Samui, D. Tien Bui, D. Kim & R. Khatibi (Eds.), Risk, 
Reliability and Sustainable Remediation in the Field of Civil and 
Environmental Engineering, pp. 37-52, Elsevier.Place of publication?

Rahman, M. M., & Alam, K. (2021). Clean energy, population density, 
urbanization and environmental pollution nexus: Evidence from 
Bangladesh. Renewable Energy, 172, 1063-1072. doi: https://doi.
org/10.1016/j.renene.2021.03.103

Rahman, M. M., Bodrud-Doza, M., Shammi, M., Islam , A. R. M. T., & 
Khan, A. S. M. (2021). COVID-19 pandemic, dengue epidemic, and 
climate change vulnerability in Bangladesh: Scenario assessment for 
strategic management and policy implications. Environmental Research, 
192, 110303. doi: https://doi.org/10.1016/j.envres.2020.110303

Rajan, R., Robin, D. T., & M, V. (2019). Biomedical waste management in 
Ayurveda hospitals – current practices and future prospectives. Journal 
of Ayurveda and Integrative Medicine, 10(3), 214-221. doi: https://doi.
org/10.1016/j.jaim.2017.07.011

Reilly, W. K. (1990). The green thumb of capitalism: The environmental 
benefits of sustainable growth. Policy Review, (54), 16-21. doi: https://
www.elibrary.ru/item.asp?id=8287106

Remigios, M. V. (2010). An overview of the management practices at solid 
waste disposal sites in African cities and towns. Journal of sustainable 
development in Africa, 12(7), 233-239. 

Reza, S. M. S., & Akter, K. S. (2018). Finding an optimum technology for 
medical waste management at upazila & rural level in Bangladesh. 
Journal of Environmental Treatment Techniques, 6(1), 1-7. 

Sarker, M. A. B., Harun-Or-Rashid, M., Hirosawa, T., Abdul Hai, M. S. B., 
Siddique, M. R. F., Sakamoto, J., & Hamajima, N. (2014). Evaluation of 



28

Malaysian Journal of Sustainable Environment

knowledge, practices, and possible barriers among healthcare providers 
regarding medical waste management in Dhaka, Bangladesh. Medical 
science monitor : international medical journal of experimental and 
clinical research, 20, 2590-2597. doi: 10.12659/MSM.890904

Sarker, M. F. R., Debnath, R., Rahman, A. S., Howlader, L. B., Sarker, Z. 
J., & Rahman, M. S. (2020). Medical waste management practices in a 
selected secondary healthcare facility. Journal of Bangladesh College of 
Physicians and Surgeons, 38(4), 160-165. doi: https://doi.org/10.3329/
jbcps.v38i4.48975

Schaefer, A., & Crane, A. (2005). Addressing Sustainability and 
Consumption. Journal of Macromarketing, 25(1), 76-92. doi: 
10.1177/0276146705274987

Shammi, M., Rahman, M. M., Ali, M. L., Khan, A. S. M., Siddique, M. 
A. B., Ashadudzaman, M. Tareq, S. M. (2022). Application of short 
and rapid strategic environmental assessment (SEA) for biomedical 
waste management in Bangladesh. Case Studies in Chemical and 
Environmental Engineering, 5, 100177. doi: https://doi.org/10.1016/j.
cscee.2021.100177

Shrivastava, P. (1995). Ecocentric Management for a Risk Society. 
Academy of management review, 20(1), 118-137. doi: 10.5465/
amr.1995.9503271996

Shui, S. (2017). Pyrolysis of medical waste and the pyro gas combustion 
system. (Independent thesis Advanced level (degree of Master (Two 
Years) Student thesis). Retrieved from http://urn.kb.se/resolve?urn=ur
n:nbn:se:kth:diva-204873 DiVA database.

 
Singh, N., Ogunseitan, O. A., & Tang, Y. (2022). Medical waste: Current 

challenges and future opportunities for sustainable management. 
Critical Reviews in Environmental Science and Technology, 52(11), 
2000-2022. doi: 10.1080/10643389.2021.1885325

Som, U., & Hossain, M. S. (2018). Medical Waste Management is Vital 
for Safe Town Development: An Incident Study in Jessore Town, 
Bangladesh. European Journal of Sustainable Development Research, 
2(3), 36. doi: https://doi.org/10.20897/ejosdr/2668



29

Eco-Friendly Bio-Medical Waste Management Technology Practice

Stead, E., McKinney, M. M., & Stead, J. G. (1998). Institutionalizing 
environmental performance in US industry: Is it happening and what 
if it does not? Business Strategy and the Environment, 7(5), 261-270. 
doi: https://doi.org/10.1002/(SICI)1099-0836(199811)7:5<261::AID-
BSE167>3.0.CO;2-4

Taylor, S. (2016). A review of sustainable development principles: Centre 
for environmental studies. South Africa: University of Pretoria. 

Thakur, Y., & Katocha, S. S. (2012). Emerging technologies in biomedical 
waste treatment and disposal. Chemical Engineering, 29, 787-792. doi: 
DOI: 10.3303/CET1229132

Zafar, S. (2019). Medical waste management in developing Countries. 
Bioenergy consult,,[Accessed 12.12. 2017]. 

Zamparas, M., Kapsalis, V. C., Kyriakopoulos, G. L., Aravossis, K. G., 
Kanteraki, A. E., Vantarakis, A., & Kalavrouziotis, I. K. (2019). Medical 
waste management and environmental assessment in the Rio University 
Hospital, Western Greece. Sustainable Chemistry and Pharmacy, 13, 
100163. doi: https://doi.org/10.1016/j.scp.2019.100163

Zhang, Z., Malik, M. Z., Khan, A., Ali, N., Malik, S., & Bilal, M. (2022). 
Environmental impacts of hazardous waste, and management strategies 
to reconcile circular economy and eco-sustainability. Science of 
The Total Environment, 807, 150856. doi: https://doi.org/10.1016/j.
scitotenv.2021.150856

Zhu, Q., & Sarkis, J. (2007). The moderating effects of institutional 
pressures on emergent green supply chain practices and performance. 
International Journal of Production Research, 45(18-19), 4333-4355. 
doi: 10.1080/00207540701440345



30

Malaysian Journal of Sustainable Environment



rcj,1h,1t rrrpust�k.1.111 I 
1,1,,,m1111 om .. ,· 

Univcrsili Tcknologi MARA 
Cawangan Pcrak 

K,1mp11s Seri lsk�ndar 
:12610 B,mJ;ir B,1ru Srri lsk�nd.ir, 

l'rr,ik J),irul Ridw,m, MALAYSIA 
Tl'I: l•·<,05) 374 2093/2453 F,iks: (+<,05) 374 2299 

M 
\·P:1:q,1·,:<,::•·:1,•�:,\
.!>.��,&-�
UNIVERSITI 

� ...... � 
TEKNOLOGI 

� MARA 

Surat kami : 700-KPK (PRP.UP.1/20/1) 

Prof. Madya Dr. Nur Hisham Ibrahim 
Rektor 
Universiti Teknologi MARA 
Cawangan Perak 

Tuan, 

-�fl::::.�, : 20 Januari 2023
G ,. 

I -1.,.,, \ 

ERIN1A

'-r• 

'·-y 

� J�JI 'l01J

/\TR 
-....;;::.._·--·-·-� 

PERMOHONAN KELULUSAN MEMUAT NAIK PENERBITAN UiTM CAWANGAN PERAK 
• MELALUI REPOSITORI INSTITUSI UiTM (IR)

• 

Perkara di atas adalah dirujuk.
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