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— Today, the healthcare industry has grown in importance as the number of hospitals
has increased in response to the increased number of patients. This signifies that the world will be Received: 26-1-2021
facing a more critical environment as a result of waste generation by hospitals. However, there are Revised: 5-5-2021
still insufficient studies that systematically review the existing literature on hospital waste Accepted: 16-8-2021
management. Thus, this systematic literature review focuses on hospital waste management and
its environmental impact. The results from Google Scholar and Science Direct show 80 articles

starting from 2015 to 2020. Only 12 articles fulfil the criteria for further analysis. Most studies ZZ:ﬁZi;f;t:Ste
indicated the presence of hospital waste procedures such as waste segregation, a lack of Clinical waste
awareness among clinical staff, poor facilities and government enforcement. The study contributes Biomedical waste
to the body of knowledge and the industry. This study explains the importance and environmental Environment impact

impact of hospital waste management. A recommendation for future research is provided.

Hospital waste contains different forms of waste from hospitals, nursing homes, medical research facilities, clinics,
and medical shops that vary in character and composition (Manzoor & Sharma, 2019). The majority of hospitals generate
waste comparable to domestic waste, and it is becoming increasingly imperative that hospitals find ways and improve
strategies to manage the waste sustainably, according to Baaki, Baharun, Ali, and Jaafar (2018). A study conducted by
Mekonnen, Geremaw, and Asefa (2020) shows that more than half (57.4 per cent) of the total healthcare waste produced
in the hospital was general or non-risk, with the remaining 42.25 per cent being hazardous healthcare waste. Recycling is
also an alternative to reducing hospital waste, as it conserves natural resources, saves electricity, lowers disposal costs,
reduces toxic air and water pollution, saves money, and creates jobs (Asuamah, Kumi, & Kwarteng, 2012).

Today, several hospitals are beginning to examine recycling or donating leftovers that are still accessible in developing
countries such as Indonesia, Mexico, and Singapore (Halder & Singh, 2018) mentioned that increasing recycling of urban
waste has become a priority for sustainable environmental management and planning in both developed and developing
countries. Furthermore, waste management practices can improve organisational performance systematically and
effectively, particularly in the healthcare sector (Roslan, Habidin, Zainudin, Norazlan, & Abdul Hadji, 2014). On the
other hand, ineffective waste management policies would cause exposure to health risks and real environmental problems
(Manzoor & Sharma, 2019). Therefore, the review of literature plays a critical role as a base for all study forms.

This approach is the basis for creating expertise, creating strategy and implementation guidance, the proof of an
impact, and, if done well, having the potential to generate new ideas and directions for a specific area (Snyder, 2019).
This paper attempts to contribute to the existing body of knowledge by developing a systematic review on hospital waste
management using a systematic method. According to Weng, Chen, and Chen (2015), systematic literature review (SLR)
is recognised, referenced; and methods for data analysis, including analysis methods, research rigour, and strength of
evidence.

This study is conducted to analyse hospital waste management and discuss the environmental and health impacts.
Numerous researches have been conducted on hospital waste management and its impact from multiple perspectives such
as management, practices, assessment and risk (Ayse, Dursun, Hysen, 2014; Eigitait, 2013; Mochungong, 2011,
Sengodan, 2014; Al Razib, 2017). Despite the fact that many studies on hospital waste have been conducted, the amount
is still insufficient. Figure 1 depicts the process of managing waste generated by hospital activities to provide a clear
understanding of the hospital waste process.
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This review is guided by the central research question, which is why hospital waste management is important for the
environment. This study aims to fill the gap by reviewing previous literature systematically in order to gain a better
understanding of hospital waste management around the world.

The ROSES review protocol was used in this study to provide standard reporting for Systematic Evidence Synthesis
and design for systematic review and maps for the environment field (Haddaway, Macura, Whaley, & Pullin, 2018).
ROSES aims to increase and maintain high standards in conducting systematic reviews and mapping by increasing
transparency and facilitating quality assurance. The authors believed that ROSES better reflects the nuances and
heterogeneity of situations in which they work as reviewers than PRISMA.

The review protocol explains the systematic searching strategy, which consists of three main sub-processes. The
subprocesses include identification, screening (inclusion and exclusion criteria), and eligibility. The next process is an
appraisal of the quality of the selected articles, which involves the explanation of the strategy applied to ensure the quality
of the articles to be reviewed. The final process explains the data abstracted for the review and how-the data was analysed
and validated.

The authors are interested in using PICo to assist in developing relevant research questions for the review. PICo is
based on three main concepts, which are Population or Problem, Interest, and Context. Based on the concepts, the authors
included hospital workers (population), adoption of a new process (Interest), and Malaysia (Context), which guided the
authors to formulate its main research question, which is what is the impact of hospital waste management on the
environment.

There are two databases used in the systematic searching strategies processes: identification, screening, and eligibility.
The first database used is Web of Science by using keywords TS = ("hospital* waste*" OR "healthcare* waste*" OR
"clinical waste*" OR "medical waste*" OR "biomedical waste*", "pathological waste*", "impact*", "organisation",
“performance*”). The second database used is Google Scholar.

The appropriate combination of keywords such as "hospital waste", “healthcare waste”, “clinical waste”, “medical

waste”, “biomedical waste”, “pathological waste”, “impact”, “organisation”, “performance” and aborigines was practised
using functions of page searching and the Boolean operator (OR, AND).

Identification is the process of searching any synonym, related terms, and variations for the study’s main keywords,
which are hospital waste management impact on organisational performance review. The above-mentioned keyword
development was then carried out (Piper, 2013). The total number from both sources resulted in a total of 80 articles.



Researchers must screen 80 selected articles by choosing the criteria for article selection based on the database’s
sorting function. The selection is based on the research question, as suggested by (Piper, 2013). In this study, articles
were selected from 2015 until 2020. All articles were reviewed by reading the references to meet the objective of the
study. To avoid confusion in understanding, only articles with empirical data and published in English were selected to
ensure the quality of the review. This process had excluded eight articles as they did not meet the inclusion criteria. The
remaining 72 articles were used for the third process, which is eligibility.

The third process involved the authors manually monitoring the retrieved articles to ensure that all of the remaining
articles (after the screening process) met the criteria. This was done by reading the titles and abstracts of the articles. This
process excluded 60 articles because the focus was on vulnerability rather than the scope of practices, assessment, types
of waste, and environmental impact. Overall, 12 articles were selected.

In ensuring the quality of the article's content, the remaining articles were presented to two experts for quality
assessment. The literature review suggested that experts should classify the remaining articles into three categories: high,
moderate, and low. Only articles with a high or moderate rating should be reviewed. The expert focuses on the articles'
methodology to determine the rank of the quality to be included in the review. Both authors must mutually agree that the
quality must be at least moderate.

This study relied on an integrative review. This technique enables the review to include a variety of research designs
(quantitative, qualitative, and mixed-method). According to Noyes et al. (2019), the best way to synthesise or analyse
integrative data is to employ a qualitative or mixed-method technique. Table 1. shown the researchers read the 12 articles,
paying special attention to the abstract and discussion sections. The data abstraction was conducted based on the research
question, which means that any data from the review studies that can answer the research questions were used.

The first step in thematic development is to generate themes. During this process, the authors tried to identify patterns
that emerged from all reviewed articles' abstract data. The authors then re-examined the seven sub-groups. The next
process was to review the accuracy of this theme. Throughout this process, the authors re-examined all the main and sub-
themes generated to ensure their usefulness and accurate representation of the data. Four sub-themes were eliminated
during the process.

List of Articles Reviewed

Hospital
No Studies Country Practices ~ Assessment waste Environment
generation
1 Adu, Gyasi, Essumang, and India N N
Otabil (2020)
2 Susi, Enri and Chaerul (2020) Indonesia \
3 Tfaily and Moussa (2020) South N N
Lebanon
4 Musa, Mohamed, and Selim Qatar N
(2020)
5 Ugwu et al., (2019) Nigeria \
6 Rajan, Robin, and Vandanarani India N
(2018)
7 Niyongabo, Jang, Kang and Ethiopia N N
Sung (2019)
8 Zamparas et al., (2019) Greece \
9 Gunawardana (2018) Colombo \ \
10 Ali, ljaz, Aman, Nasir and Pakistan N
Anjum (2017)
11 Baaki, Baharum and Akashah  Nigeria N
(2017)

12 Kalaivani (2017) India N N N
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Figure 2. Flow Diagram for Systematic Reviews. Version 1.0 (Adaption from: Haddaway et al., (2018))
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The review managed to obtain 12 selected articles. Based on the thematic analysis, four themes were developed, namely
practices, hospital waste generation, assessment, and environment, to answer the research questions.

Hospitals provide many services, such as short-term hospitalisation, emergency room services, general and speciality
surgical services, x-ray/radiology services, etc. These activities contribute to waste generation and directly have an impact
on the environment if poor practices are followed. Proper hospital waste management is the foundation of hospital
cleanliness, hospital hygiene, and maintenance activities (Adu et al., 2020). Many countries are now developing
guidelines or policies to manage hospital waste. The study found that training, sensitisation, and awareness are considered
the most critical factors, followed by environmental legislation in compliance with international environmental
rules/regulations; and specific and elaborate regulations concerning medical waste (Baaki et al., 2017). Unfortunately, a
study conducted by Rajan et al. (2018) shows that the current classification system of SMW in national guidelines was
not appropriate for safe collection and disposal (disposal techniques adopted for Ayurveda biomedical wastes are e-
sewage/drains, incineration, and landfill).

They also found that while contaminated sharps were separated into brown safety boxes, the colour coding for other
infectious waste containers was inconsistent across health care facilities. The same problems arise from the workers'
unsatisfactory practices regarding policies, regulations, procedures, safety issues, and awareness (Tfaily & Moussa,
2020). With that, governments should provide legislation and regulatory support. Organisations of all sizes must have a
positive attitude, awareness, capability, and technology to initiate improvements for waste management processes and be
prepared to adapt to new trends (Gunawardana, 2018).

This study stresses the need for increased participation at both the internal (HCF) and external (ministry) levels in
creating awareness about the risk potential of medical wastes and existing guidelines to encourage acceptable practices
and enactment of specific legislation dealing with MWM (Baaki et al., 2017). To improve current practices, nurses must
be well-equipped with skills and practices in managing medical waste. The percentage of nurses who correctly colour-
coded different waste categories were 92.8%. After analysing and summarising hospital waste practices, many hospitals
have their own method to manage their waste, including policies, procedures, and disposal methods. Other than that, the
involvement from the government also plays a primary role in supporting this method.

The assessment is critical for measuring the effectiveness of hospital waste management. Waste management is
becoming a significant issue since they pose many health risks and cause environmental damage (Tfaily & Moussa, 2020).
Based on the assessment conducted by researchers, evaluated hospitals showed good management of healthcare wastes
(Tfaily & Moussa, 2020). However, another study shows unsatisfactory practices in these hospitals in terms of policies,
regulations, procedures, safety issues, and awareness (Tfaily & Moussa, 2020). Zamparas et al. (2019) used four elements
to assess hospital waste practices a) current legislation and directives issued for medical waste management in Greece
and among other EU-members; b) contribution of healthcare wastes (HCW) generation rate on social and economic
parameters in selected European countries; c) available procedures, techniques, and methods for disposing of infectious
wastes in the healthcare studied, and; d) propositions for integrated management of such hazardous wastes. Other studies
were interested in examining the current collection, storage, treatment, and disposal methods used in healthcare facilities
and proposing improvements to practices that needed to be improved immediately (Adu et al., 2020).

The hospital waste generation rate is 163.9 tons/month. Community health centres and clinics contribute 1.1 and 3.5
tons of waste per month, respectively (Susi et al., 2020). The total hospital waste generated is composed of 55% non-
infectious waste, 15% infectious waste, 25% bio-hazardous waste, 2% sharps waste, and 3% chemical waste is the
generation in these hospitals (Ali et al., 2017). Some methods of diagnosis and treatment produce more waste than others
(Kalaivani, 2017). Several types of waste were found, which could be classified as sharps, including syringes and needles,
ampoules and vials, saline bags, and infusion sets.

The waste generation rate varies from ward to ward. The difference is because of the characteristics of each ward.
Table 2 shows the total waste generated from three categories per kg/ward/day. Category A recorded the highest amount
due to the multiple services offered compared to other categories and the number of beds (Ugwu et al., 2019). Each ward
requires a different type of diagnosis and treatment. Other studies calculated total waste generation by using per bed and
the number of medical wastes per health care worker and found that they were 3.6 and 5.9 times higher in public HCFs
than in private HCFs, respectively (Niyongabo et al., 2019).



. Total waste generated (adopted from Ugwu et al. (2019))

Category Kg/ward/day
Category A — Hospital 59.811
Category B — Private Hospital 32.53
Category C — Primary health centre 31.53

Hospital waste management faces the risk of cross-contamination from hospital activities. The lack of thorough waste
sorting at the point of generation, the disposal of hazardous and non-hazardous waste types, and the use of open-fire pits
and substandard incinerators for burning infectious waste (Adu et al., 2020). Hospital waste can be reduced with the
cooperation of all workers and patients. However, nursing personnel play a significant role in the whole process (Musa
et al., 2020). Hospital waste may pollute the air and water. Pollution refers to substances in the natural environment that
are the result of human activity that might harm humans, animals, or the environment (Kalaivani, 2017).

The implementation of sustainable waste management can gain benefits through this project. The implementation
depends on private institutes in the healthcare sector using world-accepted waste disposal methods (Gunawardana, 2018).
Sustainable waste management aims to address waste's health and environmental impacts through recovery, recycling,
reuse of resources, and minimisation of waste streams.

According to Figure 2, other strategic waste management is divided into two categories: non-waste and waste. Non-
waste includes waste prevention and preparation for reuse, as well as waste that will be recycled, recovered, or disposed
of in the final destination. (Ferrari, Gamberini, & Rimini, 2016). Another study also agreed that implementing a
sustainable waste management hierarchy in hospital waste could protect the intention of directing more efforts toward
waste prevention, with waste disposal considered the last resort for waste that must inevitably end up at waste disposal
mechanisms (Baaki et al., 2018).

1. Prevention

— Non Waste
2. Preparing for Reuse
3. Recycling
4. Others Recover —  Waste

W

The strategic waste hierarchy (adopted from: Ferrari et al., (2016))

Currently, hospital waste management becomes a critical issue around the world. Mismanagement of hospital waste
affects all individuals, particularly healthcare providers. Generally, hospital waste management encompasses the
processes of segregation, collection, storage, transportation, treatment to disposal (Mmereki, Baldwin, Li, & Liu, 2017).
However, in this systematic literature review, studies mentioned the absence of waste practices (Baaki et al., 2018;
Gunawardana, 2018; Kalaivani, 2017; Rajan et al., 2018; Tfaily & Moussa, 2020) This is most likely due to a lack of
appropriate utilities, awareness, and a lack of enforcement of laws and regulations. The findings show that the
government, hospital management, and staff all play a role in implementing the right practices required by law and
procedure. To ensure the effectiveness of the practices in the future, an assessment of the improvement process is required.
The impact of good practices and assessments will be seen in the amount of waste generated. High waste generation
indicates poor waste handling and management responsibility in reducing waste at their organisation. In the end, this will
have an impact on the environment through disposal processes such as incineration and landfill.



This systematic literature review recommends conducting a study about behavioural impact on organisational
performance. This is because, due to a lack of focus on hospital waste, several studies primarily focus on environmental
impact. Many researchers focus on core business activities such as treating patients, improving processes and procedures.
Besides, recycling practices in the healthcare industry should be considered as a means of reducing waste disposal and
preventing environmental pollution.

In conclusion, many researchers are now interested in conducting a study on hospital waste. Most research focuses on
waste generation, disposal, alternative treatment, environmental and health impact, and other topics. They also tried to
find out the lack of accessible guidelines, utilities, inadequate training, and other issues to improve current hospital waste
management. The study stresses this to prevent our environment from polluting for future generations. It is hoped that
this study will prevent waste mismanagement in hospitals for many years to come.

The study and its findings have theoretical and practical implications. The healthcare industry must consider
alternative approaches to managing and improving current hospital waste. The results can also be used to develop new
waste management implementation and operational strategies in the healthcare industry. The findings allow for much-
needed in-depth studies of hospital waste practices from different stakeholders and research design perspectives.

The authors declare that they have no known competing financial interest or personal relationship that could have
influenced the work reported in this paper.
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