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Abstract

Background: Medical waste management is a crucial issue in healthcare due to its potential health
risks. Rapid population growth increases the demand for disposable medical equipment and

supplies, leading to more medical waste.

Purpose: The main purpose of the study is to investigate the current medical wastes management
process in Bethlehem governorate. Then addressing the required steps needed in order to
implement recycling program, and highlight its impact on health and economy. It assesses current
medical waste management practices, the feasibility of recycling, and the effects of medical waste

on health and the environment.

Methods and Data Collection: The study was conducted in Bethlehem governorate, targeting
healthcare facilities. Data was collected through structured interviews with healthcare management
and site visits, along with secondary data from annual reports by the Joint Services Council (JSC).
The study focused on facilities, which generates significant medical wastes, such as Beit Jala
governmental hospital that consists of several specialized departments, that indicates the large
volume of service provided, which in turn provided us with supplies and used items list that was

helpful to identify and classify wastes materials to be recycled.

Results: The study found a direct correlation between medical waste volume and healthcare
services provided. The Arab Society for Rehabilitation and Beit Jala Governmental Hospital
produced the most waste in 2021 and 2022, with plastic waste making up 66% of the total. This
presents both environmental challenges and opportunities for economic benefits through recycling.
However, the Palestinian plastic recycling market is constrained by insufficient investment.
Medical sharp wastes, representing 14% of waste, pose safety risks but can be recycled with proper
treatment. Other materials which represent 20% of medical wastes, that mainly consist of bed
sheets, surgical gowns and fabrics, offer economic value when recycled (140-199 $ per ton). The
annual high cost of medical waste management (242,000 — 292,000 $) highlights the potential
economic benefits of recycling, which can reduce costs, extend landfill lifespan, conserve energy,

and protect public health.



The study showed that establishing a medical waste recycling facility in Bethlehem is not only
feasible but also beneficial. It promises to reduce the environmental impact of medical waste,
provide economic gains through revenue generation, and support the principles of a circular
economy. This initiative can serve as a model for other regions, demonstrating the transformative

potential of effective medical waste recycling practices.

Conclusion: Medical waste recycling positively impacts health, the environment, and the
economy. Investing in recycling infrastructure and technology is essential to realize these benefits

and reduce the costs associated with inadequate waste management practices.

Keywords: Medical waste, Medical waste management, Recycling, Circular economy.
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Chapter One

Introduction

1.1 Background

World Health Organization (WHO) defines medical wastes as “waste generated by health
care activities, ranging from used needles and syringes to soiled dressings, body parts,
diagnostic samples, blood, chemicals, pharmaceuticals, medical devices and radioactive
materials” (WHO, 2018).

It is also considered as the wastes generated from every medical practice in health care
facilities. Hospitals, medical centers and other healthcare facilities such as blood banks and
clinics are responsible on maintaining the public health, by providing patient care and services
and preserving healthy and safe environment. Sharps, human tissues or body parts, and other
infectious items are typically included in the trash produced during the course of providing
medical care (Hussain et al., 2020). WHO classify these wastes into two main categories
Hazardous and non-hazardous. The hazardous wastes are classified into the following
categories: sharp materials, infectious, pathological, pharmaceutical (cytotoxic), chemical and
radioactive (Chartier et al., 2014).



However, these wastes require special ways of treatment in order to eliminate the risk or
danger that might affect public health. For many decades, medical waste management such as
steam sterilization (autoclaving), thermal treatment (microwaving), chemical treatment and
electrolysis have been developed. In Palestine, the most common practice is autoclaving. This
procedure may solve medical solid waste management issue, but on the other hand they would

cause several problems to environment and human health on the long term (Letho et al., 2021).

Medical waste management is one of the most important issues in healthcare system. Due to
potentially high risks on human health and the environment, the rapid population growth
requires more services which will lead to more medical equipment in use. Therefore, managing
medical disposals has been considered the right way that affects the public in many different
ways (Sujon et al., 2022).

Health care facilities must be aware of the risks in managing infectious waste and adhere to
the highest standards of disposal and transit. Nowadays, it is essential to educate staff, patients,
and community on the management of such wastes. Public attention and general understanding
of their dangers increased, where lawsuits were brought against negligent authorities. Recently,
several historic choices to improve hospital waste management have been taken (Padmanabhan
& Barik, 2018).

Proper treatment and disposal of medical wastes have received little attention in Palestine's
healthcare system. After receiving many donations to be used in treating medical waste in the
West Bank and Gaza Strip, Palestinian Authority focused on the issue of medical waste
management by the end of 1994. However, the lack of maintenance and experience in the
Palestinian community resulted in inadequate and unsatisfactory outcomes, due to the emissions

of smoke and odors that harm the local environment and public health (Radi & Ghani, 2012).

Applying medical waste management system has several financial aspects. It requires direct
costs of supplies and materials used for collection, transport, storage treatment, disposal,
sterilization and cleaning. Also, the training costs (labour and materials), requires well trained
employees to be aware and know how to deal with medical solid wastes. Furthermore the
operation costs and on-site maintenance of treatment facilities (Wisniewski et al., 2020).

Generally speaking, processing recycled materials uses less energy than making items from raw



materials. Strong recycling infrastructure also fosters technological innovation in waste

management, opening up new business prospects.

Moving to recycling as a solution for medical waste management issue can be game changer
for various reasons such as minimization of wastes produced and the costs of management.
Where these wastes are following 3Rs (reuse, reduce and recycle) (Cesario et al., 2020). As this
solution supports sustainability according to Sustainable Development Goals (SDGs) and will
result in preventing human and environmental health on the long term , by limiting the exposing
hazards (Faiza et al., 2019)

However, the recycling process promotes the economic progress. As it lowers the demand
on raw materials, where it reduces the cost of extraction and manufacture, by diverting materials
from landfills and reusing them in the production cycle. This in turn encourages the creation of
jobs in the recycling and other industries. All things considered, recycling has a positive
economic benefit that goes beyond waste reduction and promotes a more resilient and resource-
efficient economy (Xu & Peskin, 2022).

Based on the above discussion a concept of “circular economy” should be promoted, which
supports the idea of production and consumption system which aims to extend the lifespan of
products. The conventional linear concept of "take-make-dispose" is swapped out for a closed-
loop system in a circular economy. It is also, a systematic and essential strategy to reduce the
effects of medical waste on public health, environmental pollution, and climate change (Chew
et al., 2022). Circular economy would decrease the greenhouse gas emissions by 70% and

increase job opportunities by 4% (Amari et al., 2017).

Nevertheless, the estimated waste quantities can be predicted through reversed supply chain
model, which requires a well-managed strategies and plan. It could help in optimizing the
capacity, prices and the way of treatment (Kargar et al., 2020) Medical waste supply chain
perform the process of treatment including generation, segregation, transfer stations, disposal
facilities and landfills (Maihami & Ghalehkhondab, 2022).

Palestinian healthcare sector generates approximately 5000 tons of medical wastes annually,

where it require special treatment to eliminate risk and prevent dangers, because such wastes



contain infectious materials that could be harmful. However, such wastes is not always properly

managed or treated.

Highlighting the issue of waste management in Palestine and directing it toward recycling
as the next step showing its impact on the economy, will help in focusing on resource
preservation and institutional, legal, financial assessment and framework development.
Palestinian economy suffers from the scarcity of raw materials, it is obvious that political

obstacles barriers and impeding have denied Palestine from develop its industry.

However, this thesis inquiries about what if medical wastes have been recycled? And make
use of the raw materials produced in industry, and how it would affect the overall economy,

environment and human health?

1.2 Problem Statement

Medical wastes have special characteristics that can’t be considered as general and normal
wastes, as long as it’s generated from healthcare facilities usually medical wastes contain
dangerous agents, sharp materials and other contaminated objects that affect negatively the
public health. So, it should be handled carefully in a safe way, it requires special kind of
treatment and management to reduce its consequences and harm. However, it should be handled
according to specific guidelines and particular precautions to guarantee safety for healthcare
workers, janitors and public health.

Medical waste management is considered as an issue that is affected by political, legal,
sociocultural, financial, technological and environmental aspects. These aspects have an
interrelationship and depending on each other. Assuming that there is a viable medical waste
recycling management solution, all of these problems should be resolved. Some of developing
nations have stricter laws than industrialized nations which is a result of enforcement absence
and/or the presence of workable substitutes (Abdel-Shafy & Mansour, 2018).

Medical waste management indeed received the lowest priority due to the poor enforcement
of laws regulating the collection, disposal, and taxation of such wastes. Additionally, limited

funding sources have been identified as a major issue. Furthermore, there are technical



challenges, including a lack of necessary equipment, facilities, knowledge, and plans to

complete the process (Kwenda et al., 2022).

To deal with an effective medical waste management system, there should be an adequate
funding, proper infrastructure and clear legislation. Where the institutional support have to cope
with medical waste management plan, and that would lead to a better service delivery which
mean an increase in the number of people who are ready to pay for it and benefit from it. In
contrast, the absence of adequate collection and transportation infrastructure is a crucial aspect
that adds to the issues with medical waste management in a developing nation. However,
population growth doesn’t necessarily mean an increase in government revenues for waste
management (Abd El-Salam, 2010).

Yet, treatment of solid medical wastes is still subject to the absence of policies, strategies,
and unambiguous criteria. Therefore, handling the effects of solid waste and environmental
contamination has resulted from miss allocation of resources that may be utilized. Medical waste
management in developing countries might face challenges, where many of them are hindered
by institutional, financial, legal, and technical shortcomings. In other words, if donor financing
and aids stopped, medical waste management services will no longer be able to be provided
(Cardoso et al., 2022).

Healthcare facilities produce tons of medical wastes because of its daily basis practices that
the waste generation rate increase by the growth of the population and their needs. Figure 1
shows the rate of waste production associated with the population growth in the Middle East
and North Africa countries (Thabit et al., 2022). Then these wastes are managed and processed
in order to sterilize them to be discarded in dumbs after that. On the long run it may cause several
issues to environment and human health. This procedure has high costs and spending from the

expenditure.
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Figure 1: Population growth and medical solid wastes (MSW) production rate in the Middle East
and North Africa countries®

Having an alternative way in recycling and processing medical wastes may lead to several
benefits. It will help in producing raw material for manufacturing (rejuvenate medical supplies
or using the produced raw materials for manufacturing different products), which as a result will
help the economy and reduce import costs. Consequently, it will have a significant influence on

public health and work enforcement.

Bethlehem governorate, with its significant economic role and the presence of one of the
largest governmental hospitals in Palestine, serves as a crucial case study for exploring effective
medical waste management solutions. The region’s industrial and tourism activities, coupled
with its historical and religious significance, influence the local economy and present unique

challenges and opportunities for medical waste management.

Recycling and processing medical waste could offer substantial benefits, such as producing
raw materials for manufacturing, boosting the economy, and reducing import costs. Despite
these potential advantages, there is a lack of comprehensive studies examining the economic
benefits and effectiveness of medical waste recycling programs. This study aims to address this
gap by investigating the feasibility and impact of medical waste recycling in Bethlehem, thereby

contributing to better waste management practices and, community and economic development.

! (Figure 1) is taken from “Review of medical waste management in Jordanian health care organizations”
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1.3 Study Justification

Although Palestine is a developing country with a medical waste management issue, it is
still under the Israeli occupation and has limited access on solid waste treatment. Due to
continued Israeli transgressions against the people, community and the land they live on,

Palestine is in a challenging situation (G1Z, 2014)

The construction of healthy landfills is likewise hampered by and even prevented by the
Israeli occupation. It prevents wastes from being transported freely to landfills. This increases
the strain on managing medical waste properly and calls for further consideration, assistance,
and research in this area. The medical waste management sector will continue to have an impact
on Palestinian everyday life in the future, thus there is a great deal of effort to be done to develop

and oversee its resources.

Another reason can be added according to landfills, is that on the long run the capacity of
landfills will gradually decrease and the harm of accumulated medical wastes will increase
whether on the human health or the environment. One of the serious problems that can happen

is the leakage of wastes toxins to ground water.

Expansion of landfills is not always a good solution, as it requires high costs, they mainly
include buying a large piece of land to expand landfills and dumbs. So when dealing with
recycling as an alternative, it will reduce the costs and help in investing in these wastes to get
an end product as raw materials to be used in industry. In turns it will affect the import cost and
reduce it in a way or another. In other words, the rising amount of medical wastes production
could be used and become beneficial on several scales and not only being a disposed waste,

where this idea is supported by SDGs and it maintains sustainability.
However, recycling medical waste offers substantial benefits across various sectors:

1- Industry: Manufacturers and recycling facilities can obtain locally produced raw
materials at lower prices, reducing dependency on imports and fostering advancements

in waste management technologies.



2- Healthcare Sector: Medical institutions, pharmaceutical companies, and hospitals can
benefit from reduced raw material costs, potential profits from recyclable materials, and
lower disposal expenses.

3- Government: Local and national governments can achieve lower import costs, improved
trade balances, reduced ecological restoration expenses, and enhanced public health.
Regulatory authorities can more effectively meet sustainability and environmental goals
aligned with the Sustainable Development Goals (SDGs).

4- Environmental Groups: NGOs and community activists will observe reductions in waste
and pollution, leading to improved environmental and public health.

5- Public: The general population will enjoy a cleaner environment with fewer pollution-
related risks and potentially lower costs for medical products.

6- Economic Impact: The local economy can expand through job creation in the recycling
sector and related industries, while the global economy benefits from more efficient

resource use and reduced demand for raw materials.

Efficient financing is the foundation of a successful medical waste recycling management.
Additionally, it is important to evaluate the institutional, legal, financial assessment and
framework development issues around medical waste recycling management. Also, how it

might be strengthened in Palestine, where there are still unsustainable environmental practices.

Since waste management requires systematic institutional effort, abundant financing, and a
dependable legal framework for a successful medical waste recycling management, it is vital to
investigate the institutional, legal, and financial condition of medical waste recycling

management in Palestine.

Even though, the West Bank health care institutions produces a rising amount of medical
wastes each year, the fundamental management functions of sorting, assembly, transport;
treatment, recycling, and disposal are not kept up with the field's advancements on a worldwide

scale.

In cooperation with local government units (LGUSs), relevant ministries, and non-
governmental organizations (NGOs), various medical waste proper management initiatives have
been carried out in Palestine during the past ten years. While some efforts achieved the
anticipated effects, others failed to have a long-lasting impact on the improvement of medical
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waste recycling management. Without this sector's steady growth, projects would not be able to
maintain themselves or grow further. However, technical, financial, institutional, economic,
legal, and social areas face challenges that might contribute to the failure of some initiatives for
medical waste management projects. All of these elements would confirm the significance of

this study.

In exploring the broader context of medical waste recycling, a recent workshop titled "The
Reality of Solid Waste Management in Palestine,” organized by the Coalition for Integrity and
Accountability (AMAN), sheds light on these issues. The study, conducted by researcher Raida
Qandil, focused on the integrity system within the Joint Services Council for Solid Waste
Management in the Ramallah and Al-Bireh Governorate.

The participants stressed the need for the council to seek assistance from the Council of
Ministers in signing agreements with the Ministry of Health for medical waste management,

and for the council to be guided by governmental codes of conduct (Watan, 2024).

In summary, converting medical waste into valuable raw materials aligns with sustainability
objectives, mitigates environmental impact, and provides significant economic benefits. This
study aims to explore these multifaceted advantages, thereby supporting more sustainable and

economically viable waste management practices.

1.4 Purpose of the Study

The main purpose of the study is to investigate the current medical wastes management

process in Bethlehem governorate. Then addressing the required steps needed in order to
implement recycling program, and highlight its impact on health and economy. This will be
achieved by assessing the current status of medical waste management and the impact of wastes
on human health and environment and clarifying the concept of recycling and its application on
medical wastes. In addition, the probability of medical waste recycling and its impact on
economy. Based on main objective, the study specific objectives are presented as follow:

To determine the amount of produced medical wastes and how it has been treated.
To determine the costs that they spend on medical wastes treatment.
To assess the impact of produced raw materials on Bethlehem industry.

A W Dp e

To determine the benefits of medical wastes recycling on human health and environment.
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1.5 Study Questions

Palestine produces hundreds of thousands of tons of solid wastes per year as a result of its

home, commercial, and healthcare industries. The following inquiries are tried to be answered

by this study:

1.

How to enhance the role of recycling policy in achieving health, environment and
economic development in Palestine? (Main Question)
How would medical waste recycling affect public health?

How would medical waste recycling help the industry?

1.6 Terms Definitions

Healthcare Facility: any location where healthcare services are provided.

Public Health: is the practice of preventing disease and promoting good health within
groups of people, from small communities to entire countries (APHA, 2024)

Medical wastes: waste generated by health care activities, ranging from used needles
and syringes to soiled dressings, body parts, diagnostic samples, blood, chemicals,
pharmaceuticals, medical devices and radioactive materials (WHO, 2018).

Medical wastes management: is the process of collecting, sorting out and disposing of
medical wastes (Bansod & Deshmukh, 2023).

Recycling: is the process of collecting and processing materials that would otherwise
be thrown away as trash and turning them into new products (US EPA, 2023).
Sustainability: the integration of environmental health, social equity and economic
vitality in order to create thriving, healthy, diverse and resilient communities for this
generation and generations to come (UCLA, n.d.)

Circular economy: is a model of production and consumption, which involves sharing,
leasing, reusing, repairing, refurbishing and recycling existing materials and products as
long as possible (Wright et al., 2019).

10


https://en.wikipedia.org/wiki/Healthcare

1.7 Context of the Study
The study conducted in Bethlehem governorate to target its healthcare facilities (public and

private sectors) as it has one of the largest governmental hospitals in Palestine (Beit Jala
governmental hospital) and one of the largest private hospital (Holy Family) in Bethlehem

Governorate.

Due to the importance of medical waste related issues, there must be a highlight of current
practices for medical wastes management to implement an alternative that affect different life

aspects such as economy, industry and public health.

1.7.1 Bethlehem Governorate

Bethlehem is located less than 10 kilometers south of the Old City of Jerusalem, along the
main road between Jerusalem and Hebron, on a mountainous plateau that rises an average of

750 to 800 meters above sea level.

However Bethlehem is tourism place of interest due to its historical and religious importance
and that plays a role in developing Bethlehem local economy. It is a home to three universities
as well as a number of museums and cultural centers. Most of the buildings of the old town have
been restored through the efforts of the Centre for Cultural Heritage Preservation. The city’s
infrastructure underwent comprehensive rehabilitation in preparation for the Bethlehem 2000

celebrations to commemorate 2,000 years since the birth of Jesus Christ.

= Nablus
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Figure 2: Bethlehem location on the map of

Palestine
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1.7.2 Health Sector

The healthcare sector providers in Bethlehem governorate consist of Ministry of Health
(MoH), the United Nations Relief and Works Agency for Palestine Refugees in the Near East
(UNRWA), NGOs and for-profit providers. The following show an overview of Bethlehem's

Healthcare Sector.

Public Healthcare Facilities

Bethlehem Governmental Hospital (Beit Jala Hospital) provides various services such as
emergency care, surgeries, and maternity services. Despite its importance, it faces issues like

overcrowding, limited resources, and outdated equipment

Private Healthcare Sector

The Holy Family Hospital, managed by the Order of Malta, is known for its maternity and
neonatal care. The private sector is expanding, with new clinics and specialized centers opening,

but access is often limited to those who can afford private healthcare.

Bethlehem's pharmaceutical industry is growing, producing some medications locally to

reduce dependency on imports, though it faces regulatory and economic challenges.

Non-Governmental Organizations (NGOs)

Bethlenem Arab Society for Rehabilitation (BASR) is a major institution offering
comprehensive rehabilitation services, from medical to social rehabilitation. However, BASR,
like other public facilities, struggles with funding shortages and restrictions on importing

medical supplies due to the political situation.

NGOs such as Medical Aid for Palestinians (MAP) and Doctors without Borders (MSF) fill
critical gaps, offering mental health counseling, physical rehabilitation, and emergency medical
aid. These organizations heavily rely on international funding and face resource allocation
challenges. Various NGOs also run community health programs focusing on preventive care,
maternal and child health, and nutrition, which are essential in areas with limited access to

healthcare facilities.
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UNRWA

There are several locations for UNRWA health centers in Bethlehem governorate camps
that serve a significant number of Palestinian refugees many of whom have limited access to
healthcare due to socio-economic constraints and political challenges. The health centers offer
a range of services, from primary care to specialized treatments, ensuring that even the most
vulnerable populations receive necessary medical attention. They are located in Aida Camp,
Dheisheh Camp and Azza Camp.

Healthcare Challenges

Bethlehem's healthcare sector is hampered by logistical issues such as restricted movement
due to political instability, affecting timely delivery of healthcare services. Many facilities lack

modern equipment and suffer from outdated infrastructure.

Financial constraints are significant, with both public institutions and NGOs relying on
unpredictable and often insufficient donor funding. Economic instability, exacerbated by

political conflict and the COVID-19 pandemic, further strains financial resources

Public health issues include high levels of trauma and mental health problems due to ongoing
conflict, and an increasing prevalence of chronic diseases like diabetes and hypertension, which
add pressure to the healthcare system. The COVID-19 pandemic exposed weaknesses such as a

lack of ICU beds and ventilators, further straining the system.

Implementing medical waste recycling could provide economic benefits by reducing
disposal costs and generating raw materials for manufacturing, alleviating some financial

pressures on the healthcare sector.
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Bethlehem hospitals profile

This profile aims to provide a comprehensive overview of the main

Bethlehem Governorate as shown in table 1.

Table 1: Bethlehem Healthcare facilities profile

largest hospitals in

Arab Society for Holy family Caritas Baby Beith Jala
ey e . . governmental
rehabilitation hospital hospital .
hospital
) A major
A major Known- for its governmental
Facility rehabilitation maternity and Specializes in hospital that
information center providing a | Pediatric services | e diatric care consist of several
range of services specialized
departments.
Bed Capacity 100 82 63 153
Human
2 2 4
Resources (staff) 300 50 00 06
Rehgbilitation - Surgery
services, Mat.ern.lty care, | Comprehensive gastroscopy and
Services and orthopedic pediatrics, pediatric care, colonoscopy unit,
Specialization surgety, general surgery | neonatal intensive gynecology and
neurology care obstetrics,
oncology
Funding Sources: A mix of government funding, private donations,
Financial international aid, and patient fees.
information Budget and Expenditure: Facilities operate with varying budgets, dependent on
their size and scope of services.
Licenses and Permits: All facilities are licensed by the Palestinian Ministry of
Legal and Health.
regulatory
compliance Regulatory Adherence: Strict adherence to local and national health regulations
ensures compliance and safety.
Current Challenges: Include funding limitations, equipment shortages, and
Challenges and political instability affecting supply chains and infrastructure development.
opportunities

Opportunities for Improvement: Enhanced funding mechanisms, partnerships
with international health organizations, and community-based health initiatives.
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Chapter Two

Literature Review

This chapter focuses on the related studies to the topic, where it reviews the concept of
“medical wastes”, in terms of production rate and management globally and locally and their
costs. Then moving to the idea of converting such wastes into sustainable materials and its

effects on public health and economy.

2.1 Medical Wastes

Medical wastes or health care wastes are the wastes generated due to any health care facility
practices, including hospitals, laboratories, clinics and research centers. They can be divided
into two categories hazardous such as sharps, pharmaceutical, infectious and radioactive wastes

and non-hazardous wastes like paper, cardboard, packaging etc. (Janik-Karpinska et al., 2023).

Also, it can be defined as the wastage produced in hospital during the treatment which
consists of excretions of the patients through blood and other treatments. They include the used
medical equipment and supplies like syringes, bottles, gloves and other personal protective
equipment (PPE)” (Chew et al., 2023).
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WHO classify medical wastes into four main categories: chemical, pharmaceutical, general
medical wastes (non-hazardous) and hazardous or infectious medical waste. In fact, the last
types require special treatment before disposal (WHO, 2018).

However, hazardous wastes represent 15-20% of total healthcare wastes where they are
contaminated with infectious and harmful substances to human and public health. Therefore, it
is required a special way of handling and disposal methods to minimize the risk of exposure and
harm. There is a variety of materials undergo this category such as sharp wastes that include
items like needles, broken glassware or scalpels, which is dangerous because it may puncture
the skin and transmit an infection. Also, the infectious wastes that are responsible to bring an
infection to human or animals and it can be used bandage, syringe or discarded surgical gloves.
However pharmaceutical wastes are considered as hazardous ones, where they can be expired

or unused medications and the manufacturing wastes (Padmanabhan & Barik, 2018).

2.1.1 Factors affecting production rate of medical wastes

There are a number of factors that affect production of medical wastes. They are highly
considered in this study. A proper strategy should be adopted and adapted to reduce waste to
end up with the best practices of infection control and protection for public health and
environment. This rate is measured by Kg/bed/day or ton/year. Some of the main factors are the
type of healthcare facility its size, services and workload volume (Korkut, 2018). For example,
medical waste production rate of a hospital with a variety of specialized services is greater than
a clinic with limited ones. However these rates differ from country to another for example more
developed countries produce up to 11 kg of hazardous wastes per bed per day such as USA rate
(8.4-10.7) otherwise the developing countries rate is up to 6 kg like Jordan and Egypt as they
range (2.5-6.1) and (0.7-1.7) respectively, which might be due to improper waste segregation

and management as a result the rate is much higher (Janik-Karpinska et al., 2023).

As shown in one of the literature, Jenin hospitals produce 43.2% hazardous wastes from its
total wastes, where primary healthcare centers generate 54% medical wastes (hazardous and
non-hazardous) (Al-Khatib, 2011).

The usage of disposable medical supplies, such as PPEs, has increased significantly as a

result of the COVID-19 epidemic. China and other nations with sophisticated disposal
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techniques are finding it difficult to keep up and are running their incinerators to full capacity.
Global healthcare systems give managing the rising amount of medical waste generated less
importance than recovering viruses (Chaudhary et al., 2023).

A study on the impact of covid-19 pandemic on MWM in Lebanon showed that the
estimated average of infectious wastes is 39,035 kg/month (1.3 ton/day), which became more
challenging in medical waste management procedures and highlighted many risks that might be
faced as it represent between 5% and 20% of total infectious wastes, with all the gaps in their
wastes statistics (Maalouf & Maalouf, 2021).

A survey conducted in Jordan on four hospital and ten clinical laboratories showed that the
average generation rate of medical wastes estimated to be more than 6, 5, and 4 kg/patient/day,
for public, maternity, and private hospitals, respectively (Bdour et al., 2007). The rapid growth
of medical waste production caused an indirect harm to human health and environment. It may
release pathogens and toxins pollutants into the environment such as methane gases and sulfide
which pollutes the atmosphere, it also may contaminate the drinking water and soil if the
landfills are not constructed well.

2.1.2 Medical waste management

Medical waste management procedure undergoes several steps: classification, segregation,
minimization, handling and collection, on-site transport and storage, and lastly treatment and
disposal. Also labeling can be added as an important step in order to know the type of waste,
the date it has been collected in and its weight. When collecting medical wastes, it should be
done the right way, as it must be classified in the first place according to the type and be put in
the right container/ bag, also the healthcare worker whose responsible in this step must be aware
of the proper way of collection and handling, they should know how to hold it, seal it and when
to collect it. For example sharp wastes must be collected to be handled when the container is %
full (Icrc, 2011).

Medical waste management is one of the most important issues in healthcare system, due to
potentially high risks on human health and the environment. This is because of the rapid
population growth requires more service provision which will lead to more medical equipment
in use. So, managing the disposable medical wastes the right way will affect the public in many
different ways (Sujon et al., 2022) (Huda et al., 2022).
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Management of medical wastes is a systematic approach which includes vital steps:
Collection, segregation, storage, transportation, treatment, and disposal, these steps can
minimize the risks both within and outside healthcare facilities, by limiting a definitive source
of preventable infection. There are various ways of disposing medical wastes like steam
sterilization (autoclaving), thermal treatment (microwaving), mechanical treatment (Chemical)
and electrolysis (Letho et al., 2021). Only 44% of hospitals in south-east Asia have a proper
medical waste treatment methods (Chew et al., 2023).

For example, autoclaving technique depends on steam, moisture, heat and pressure, which
plays an important role in inactivating microorganisms, sterilizing medical devices and
treatment of medical wastes. The temperature should be at least 121°C with pressure 105 kPa
for about 60 minutes, in this case the wastes become safe and sterile and ready to be recycled or
disposed (Attrah et al., 2022). However, Anatomical and pathological wastes, low-level
radioactive waste, organic solvents, laboratory chemicals, and chemotherapy waste should not
be treated in an autoclave.

Substances placed in the autoclave produce emissions that may have unpleasant odors, and
in some instances may be hazardous. However, there’s a potential risk of using an autoclave
such as heat and steam burns, hot fluid scalds, injuries to hands and arms from the door, and
bodily injury in the event of an explosion. Also the exposure to biohazard material may occur,

if biohazard waste is improperly packaged or manipulated (Ferdowsi et al., 2013).

As a very first step there must be sorting for the types of medical wastes and then weighting
them in order to know the amounts that have been produced. After that a proper management
process must be chosen to implement. However, multiple criteria in decision making (MCDM)
methods are suggested, which are the most effective when dealing with medical waste
management, as in this case the hospitals were classified according to the wastes generated and

dealt with the appropriate procedure. (Chew et al., 2022).

These procedures may fail for various reasons, such as genitors and healthcare workers lack
of awareness and negligence, inadequate financing and weak legislations, as it led to air water
and soil pollution. Various studies showed that infectious diseases, respiratory diseases, gastro-

intestinal problems and injuries were due to poor medical waste handling. Proper waste
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management requires awareness about the health hazards related to health-care waste, which

will develop after having an adequate training (Takunda & Steven, 2023).

2.1.3 Medical Waste Throughout countries

Medical waste management is a global issue that has been dealt with in several ways and

the following is some of the examples:

The Republic of Rwanda: Is considered as one of the nation’s dealing with economic
development issue. Over the past 20 years, Rwanda's economy has grown quickly; its
Gross Domestic Product (GDP) is currently growing at a rate of 7.9%, it faces some
challenges with solid waste management process and they are trying to improve the
recycling rates (Kabera et al., 2019). Medical waste production rate in Rwanda is equal
to 5.168 kg/day, which estimated by 60,775,164 kg annually that is consist of 74% non-
infectious wastes, 24% liquid wastes, and1.2% infectious wastes (Remezo et al., 2023).
The concept of “reuse and recycle” medical wastes is present in Rwanda medical waste
management system, where they put into consideration a proper way of sterilization and
disinfection, to make sure that they get rid of any infectious agents. Some of the items
are reusable such as blades scalpels, syringe and glass after being sterilized. There is also
a recycling strategies for the non-infectious wastes such as paper glass and polythene
(Ministry of Health, 2016). Some private sector companies in Rwanda support the idea
of recycling and trying to implement it, and the government is looking forward to move
this service to the public sector(Kabera et al., 2019).

Pakistan: A study in Pakistan focuses on the financial benefits of employing an eccentric
method to recycle medical waste in a Pakistani public hospital. The embodied energy of
various waste fractions is examined, and the financial potential of currently available
waste recycling methods is compared with the case of 100% recycling of valuable waste
fractions. The study concludes that recyclable waste fractions have a higher value than
their market prices reflect due to their latent embodied energy, and this value rises with
full recycling. To reduce expenses related to the extraction and processing of natural
resources, the study makes the case for source-segregation and recycling of healthcare
waste. This method can be used in future research to examine the effects of waste

treatment processes for hazardous medical waste (Al et al., 2018).
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India: Medical waste has significantly increased between 2005 and 2019 by CAGR of
12.5%. In 2005 the production of medical waste was 0.179 kg/bed/day which increased
to 0.709 kg/bed/day by 2019. Medical wastes are increasing as the years go by which
require more attention from the stakeholders in order to take a step toward reusable

materials and waste reduction strategies(Achra et al., 2021)

2.1.4 Waste Management in the Middle East

Middle East is still in early stages in the field of recycling industry. Yet, recycling rates

are relatively low compared to developed countries, due to several factors such as lack of

public awareness, unclear policies by the government and the gap between costs and

revenue. However, there are obstacles that might face the industrial growth. In fact, most

of Arab governments have understood the importance of applying an alternative and more

effective solution for the issue of waste management as the following:

Saudi Arabia: In 2017, the Public Investment Fund declared that it would create a Saudi
Recycling Company to "support and operate its investments in domestic recycling
projects.” One of the proposed solutions was thermal plasma for ecological friendly
management of medical wastes, which focuses on energy recovery (Galaly, 2022).
Yemen: A study aims to assess current practices of medical waste management in
Amanat Al-Asimah which was carried out in the four biggest private hospitals, revealed
that the hospitals had no independent, specialized administrative units that would have
managed, monitored, and disposed of medical waste. Additionally, there were no laws
or regulations regarding medical waste management or how to deal with it (Zaid et al.,
2022).

United Arab Emirates (UAE): Healthcare facilities in UAE, especially in Dubai and
Abu Dhabi, focus on sustainability and finding an environment friendly solution in
the issue of medical waste management. Medical waste is separated at the source in
accordance with well-established waste management guidelines, which are common in
UAE healthcare facilities. Non-hazardous materials like as plastics, paper, and cardboard
are frequently recycled, whereas hazardous medical waste is handled separately using
techniques like autoclaving or cremation. A new federal law on integrated waste
management was passed in 2018 the first in the region. Additionally, plans were made
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to build a waste facility in Sharjah with a daily capacity of 900 tons, a cement waste-to-
energy plant in Abu Dhabi at a cost of 28 million euros, a waste-to-energy plant in Dubai
with a daily capacity of 2,000 tons, and another waste facility in Sharjah with a daily
capacity of 900 tons. Although there has been a renewed interest in waste management
in the area, the field is still insufficient (Shaheen, 2020) (AlHaj Ali et al., 2022).

e Morocco: Waste management in morocco is not a well obtained system, and require
a better infrastructure to obtain sustainability (Campitelli et al., 2023). With a
funding from the international bank the goal was to increase the recycled wastes by
20% by 2022, and improve the overall situation of waste field collection (Shaheen,
2020).

e Jordan: The situation of medical wastes can be summarized in: inadequate
procedures for medical waste segregation, storage, transportation, and disposal present
difficulties for Jordanian healthcare organizations. Healthcare personnel require better
education and awareness campaigns that emphasize following national norms and
regulations for efficient management. To improve medical waste management
procedures in Jordan and address these concerns, comprehensive measures are needed

(Al-Momani et al., 2019).

2.1.5 Palestine and Medical Waste Management

According to (Al-khatib et al., 2011) the approximate quantity per month of solid waste
generated by the healthcare centers in Palestine (West Bank and Gaza) was 472.9 tons, as only
38.1% of the primary healthcare centers separate wastes. On the other hand, 71% of secondary
healthcare centers follow that. Where only 17.3% of healthcare facilities are managing MW
properly. Al-khatib study also discussed the situation of solid waste management in healthcare
centers in Palestine. For about 87.2% of healthcare facilities use an unhygienic dump owned by
the local authorities as the location for the final disposal of medical waste. Healthcare waste
collection, storage, and disposal represent an environmental issue that poses a serious health
risk and necessitates quick attention and intervention. Facilities for storing and disposing of

waste are inadequate and insufficient at healthcare facilities.

To be more specific a study conducted in Nablus and Salfit governorate, interviewed for

about 190 healthcare facility, showed that 80% of wastes the non-sharp ones were separated but
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the other 20% (the sharp wastes) were not put into special containers. The average of waste

produced by bed per day was 98¢ (34 g hazardous and 55¢g non-hazardous) (Al-Khatib, 2013).

A recent study on three hospitals in Jenin governorate showed that the average of medical
waste generation rate is 0.54 — 1.82 kg/bed/day with average weight 0.78 kg/bed/day. The
management of these wastes is not fully defined in all of health care facilities but they all end
up in a centralized municipal sanitary landfill. However, the hospitals might face some
challenges including estimation of the data about wastes quantities and the type of them, also

personnel’s lack of skills and professionalism in handling such wastes (Al-Khatib et al., 2019)

In Palestine territories, the Ministry of Local Government (MOLG) has put in place extensive
plans, strategies, programs, and policies pertaining to waste management, with a focus on wastes
reduction and encouragement of reuse, recycling, and treatment activities. Municipal solid waste
generation in Palestinian territories was predicted to be 1.423 million ton per year in 2019, with
a daily generation rate of 0.9 kg/day per capita. 12.6% of MSW in the West Bank is made up of
paper, 50% is organic trash, 14.6% is plastic, 1.8% is glass, 2.5% is metal, and 18.5% is other
waste. In particular, waste-to-energy initiatives have become a viable renewable energy source
in Palestine with favorable effects on the environment and the economy. Notwithstanding these
initiatives, it is anticipated that by 2025, the world's waste production would increase to 6
million tons per day, underscoring the continued need of efficient waste management plans and
environmentally friendly behaviors (Osaily et al., 2023). Even though the above information
related to general waste management, but it could be an indicator to be applied on medical

wastes.

One of the most common ways to manage health care wastes is autoclaving where 40% of
Palestinian medical facilities rely on it (Al-Khatib, 2010). However, the waste management
practices in Palestine (West Bank and Gaza) are poor and far below WHO guidelines. As a it
requires an alternatives for handling wastes “a locally made autoclave integrated with a

shredder” to be implemented to handle this issue (Shtayeh et al., 2009) (Mhady et al., 2019).

There’s an agreement between the local government and the Japanese international
cooperation agency (JICA) to build up a project for infectious medical waste treatment and

management, as there is special stations for management ( Minya in the south of the West Bank,
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Zahrat Al-Fanjan in the north, and another in Ramallah in the center) and they were provided

with all modern technologies for that (LocalGovernment, 2022).

2.1.6 Medical waste management costs

The GDP is an important indicator to measure macroeconomic development status which is
reflective of economic development and medical policies in waste generation. For example the
economic costs associated with medical waste ranging from $760 billion to $935 billion, which
accounts for approximately 25% of total US health care spending (Shrank et al., 2019).
Furthermore, according to (Chew et al., 2022) the cost of medical waste management will reach
to $17.89 billion in 2026 as compared to $11.77 billion in 2018, which is equivalent to the

compound annual increase of 5.3%.

2.1.7 Benefits of medical waste recycling

One of the best options for medical waste treatments is recycling, which means convert these
wastes into another usable form. Recycling medical wastes has a good influence on health and
environment. It reduces consumption of raw material and reduces the volume of the waste
materials that must be disposed in a landfill. Less medical waste in a landfill, will mean reduced
emission of greenhouse gasses, less burning of fossil fuels as well as less carbon dioxide in the
atmosphere (Bartl, 2014).

In other words, recycling has a significant impact on environment that shows in energy saving
and resource preservation, where the discarded wastes are collected, processed and transformed
into new products. Rather than the environmental importance of recycling, it has an effect on
economy by increasing the resource efficiency by saving costs for individuals and industry due
to expanding lifespan of products. Also, it helps in developing market after having new recycling
markets, which will foster the economic resilience, suppress the reliance on global commodity

market and create new employment opportunities in collection, processing and production.

However, waste management costs are high somehow, but when having a recycling system,
it will decrease the amount of wastes sent to landfills and reduce the cost of waste disposal and
management. Such practice requires the community engagement to increase the awareness and

achieve the desired outcomes for human and public health (Tonjes & Mallikarjun, 2013).
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One of the live examples recycling and moving towards sustainability in several aspects of
life is Singapore. The recycling rate in Singapore currently stands at about 60%. In 2018 only
4% of plastics were recycled as the aim to increase the recycling rate to 70% by 2030 (Ministry

of Sustainability and the Environment, 2023).

The higher the recyclability the lower hospital expenditure will be. Biohazard wastes reduced
in Singapore general hospital which led to a decrease in its expenditure by approximately SGD
42,0008 per year (Peishi et al., 2021).

The sustainable solid waste management system that Singapore has implemented is based on
four main concepts: waste treatment that uses innovative technologies to recover energy
efficiently, minimize land-take and ash residue, recycle to recover valuable materials from
waste, turn waste into resources, and adopt viable and efficient recycling methods for
environmental sustainability. Finally, landfill and Ash Management that maximizes landfill
lifespan and turns ash residue into a resource. The remaining waste is gathered and delivered to
facilities that convert waste into energy for burning. Waste can be reduced by up to 90% through
incineration, conserving landfill space. The heat generated during this process is recovered to
create steam, which powers turbine-generators to produce electricity, meeting up to 3% of the
island's electrical demands. The remaining non-incinerable wastes and incineration ash are
subsequently moved to the Tuas Marine Transfer Station (TMTS), where they are barged to
Semakau Landfill for ultimate disposal (Weng, 2021).

The public and private sectors are all involved in sustainable solid waste management. In
close collaboration with the key stakeholders. National Environmental Agency (NEA) has
created a number of projects and activities aimed at slowing the increase of waste production.
Recyclables are separated and collected for processing at the waste generation site in order to

save resources (Waste Manag., 2023).

Joint Services Council (JSC) assume that there are several recyclable wastes from what they
collect such as paper and cardboards, plastics, aluminum tiers, glass and organic substances. For
example, when recycling 1 ton of plastic wastes will save approximately 600kg of raw materials
or it saves 5.6 square meters in waste dumb, as the plastic is harmful to the environment so safe
disposal will contribute in saving it.
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2.2 Circular economy and sustainability

Circular economy (CE) is a production and consumption system that aims to extend the
lifespan of products. In other words, it is an economic and industrial framework intended to
uncouple economic growth from the use of finite resources, the production of waste, and the
release of pollutants. It tries to reconsider how goods and materials are produced, consumed,
and disposed of through a holistic and regenerative approach to economic activity. The
conventional linear concept of "take-make-dispose™ is swapped out for a closed-loop system in
a circular economy. It is also a systematic and essential strategy to reduce the effects of medical

waste on public health, environmental pollution, and climate change (Chew et al., 2023).

However, nowadays businesses are moving towards waste reduction through circular
economy (CE) where it may help in faster expansion for several industries. The circular
economy has gained popularity in industrialized nations, but not in low- and middle-income
countries, which are still primarily adjusting to the CE concept and its national relevance. There
are still a lot of questions about the effectiveness of adopting CE practices, would it have a
positive impact on sustainable development, job creation, and economic growth. The fact that
lower-income nations are already more "circular” than their counterparts in affluent economies
must be acknowledged. Due to lower levels of consumption and less availability of material
commodities, a CE is frequently the default economy in low-income settings (Wright et al.,
2019).

Circular economy would decrease the greenhouse gas emissions by 70% and increase job
opportunities by 4%. There are two models of circular economy the first one rely on "reuse"
materials and goods by repairing and upgrading them, and the second one is identified by
"recycling” through converting materials into new ones where Human Resources are involved
in both cases (Amari et al., 2017)

The idea of implementing circular economy in Middle East might face several challenges,
such as developing infrastructure for recycling and waste treatment facilities, creating legal
frameworks for circular economy practices, and devising efficient waste management
techniques. However, there is a need of increasing knowledge and influencing consumer

behavior to reduce waste and consume sustainably. So it is important to have a cooperation and
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coordination between different stakeholders, such as enterprises, the public, and government
officials, in order to overcome obstacles and guarantee the Middle East's effective adoption of
the circular economy model (Al Kufy, 2021).

Applying a recycling program on medical wastes will be beneficial in many aspects such as
environment, human health and economy. According to the product and its volume produced
from healthcare facilities it still doable. There is plastic such as containers and bags, glass like

tubes lab containers and paper and cardboards from packaging.

2.3 Similar studies

2.3.1 Medical Wastes Management

(Abouelela, 2023) suggests that direct costs could be reduced when reducing the generation
of hazardous medical wastes in Egypt healthcare sector where they found a reduction by
approximately 764 million EGP per year (25 million USD). In order to have this result and
implement an effective medical waste management a proper segregation of HCW when
generating and gathering them. Where increasing the awareness of the proper and good practices

will support the procedure as a whole.

For example, in Belgium “Ecosteryl” company is concerned with sterilizing medical wastes
using only electricity. The whole process starts with shredding all kind of medical wastes and
then sterilizing them, to end up with sterile small pieces, which might be a recyclable solid
byproduct. The procedure is eco-friendly in other words there is no generation of any polluting
emission which will decrease the indirect harm to environment and health (Ecosteryl, n.d.). Such

devices are used in some of Palestinian healthcare facilities to treat medical wastes.

2.3.2 Medical Wastes Recycling

According to Singapore ministry of health, medical wastes increased by 5% annually during
the period 2016-2020, an increase from 4400 to 5700 ton. Singapore governorate found a
solution for managing such wastes by reducing and recycling them. For example, plastic
packaging materials of sterile equipment, fluids, and glove wrappings would be collected as
recyclable waste. This will affect public health in general as it is going to be disposed safely,

where in term it will prevent cross contamination and its risk (Weng, 2021).
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(Chisholm et al., 2021) suggests policies and solutions to support sustainable medical waste
management in African developing countries. There are 67,740 healthcare facilities that produce
2.83 million ton of medical waste per year, which will help the stakeholders to develop strategies
that enhance the quality of healthcare system by modifying eco-friendly procedures of medical
waste management. Their main goal is to recycle non-hazardous wastes and find a way to
recycle the hazardous waste. In order to avoid using incineration, medical waste neutralization
during chemical disinfection and subsequent disposal of the safer compounds are most likely an
option to heat treatment. Medical waste disposal method followed in African countries is
incineration as it diminishes 90% of wastes easily and afterwards produce energy. However, the
consequences from this method are awful where it can cause harm to environment and public

health due to toxic emissions.

Sixty six percent of wastes saved from burning, approximately 76 tons where 71.9 tons are
recyclable wastes. If the wastes are not separated properly, the hazardous and chemical wastes
will spoil the rest, which in turns will cause more pollution to the environment and increase
management costs by 64%. As a result recycling solution was effective in cost reduction and

protecting the public health (Cesario et al., 2020).

However, a number of programs for recycling plastic-based medical waste have been
developed worldwide to cycle PVC based materials like oxygen masks and tubes, such as
recycling pilot developed in the UK and another one conducted by the Vinyl Council of
Australia. To achieve such process, protocols and guidelines have been designed which in turns
will increase the environmental and economic benefits and decrease health associated benefits
(Kheirabadi & Sheikhi, 2020).

2.3.3 Plastic Recycling

Plastic recycling has substantial financial and economic advantages, but it get ignored
because it depend on energy saving. During the early phases of plastic recycling, approximately
100 million British thermal units (BTUs) of energy may be saved for every kilogram of plastic,
which is equal to 17 barrels of oil. Manufacturing products using recycled materials is a cheaper
option than using virgin materials. It reduces the amount of waste that would ends up in landfills.

Since oil is a nonrenewable resource at this moment, such process may save manufacturing
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costs, energy expenditures, and the negative effects of extracting and processing virgin
materials. CPCB (Central Pollution Control Board) 2020 established the Extended Producer
Responsibility regulation, which will assist prevent plastics out of the environment while

returning the cost of negative externalities to producers (Sahoo et al., 2024).

Medical supplies mostly are made from plastics as they are considered more durable than
glass and ceramics, also it is more compatible with recycling practices in contrast of non-plastic
ones (Kheirabadi & Sheikhi, 2020). According to United Nations Sustainable Development
Goals (SDGs) alter the importance and the urgency of recycling plastic based materials (Walker,
2021).

(Beloeil & Albaladejo, 2021) showed that when applying 5Rs rule, there would be
improvements towards reducing the environmental footprint. Additionally, the greening of
operating rooms requires the dedication of all medical staff members as well as other

departments (pharmacy, hygiene), as well as management.

2.3.4 Medical Wastes Costs

As noted, healthcare industry spends 40.3 billion US dollars annually on disposable medical
supplies, and healthcare facilities generate an average of 1.5 billion kilograms of solid waste
each year. A study conducted to review the experiences of managing medical waste in healthcare
facilities worldwide, focusing on studies published between January 2020 and April 2022,
aimed to gain insights into the concept of green hospitals. An initial investment is required to
optimize processes, it is expected that reducing, recycling, and reusing tools and instruments
can lead to annual savings of thousands of dollars due to the cost-effectiveness of waste
management in hospital settings. The primary recommendation was to follow the 5 Rs rule
(reduce, reuse, recycle, rethink, and research) to maximize the benefits of supplies while
minimizing waste. It is suggested that managers be made aware of this issue by including the
costs of waste disposal, warehousing, occupational health, and environmental impact in the
purchase price of disposable medical items to determine their total acquisition cost. The study
categorized waste into five types: general, clinical, recyclable plastics, paper, and sharps
(Lattanzio et al., 2022).
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There’s an increase in medical waste production rate by 3% annually in Bangladesh. They’re
trying to implement circular economy concept and life cycle assessment in order to achieve a
sustainable and effective medical waste treatment, as their current model of medical waste
management is far from sustainability. The estimated medical waste generation in Bangladesh
would be approximately 50,000 tons (1.25 kg/bed/day) in 2025, out of which 12,435 tons were
predicted to be hazardous wastes, without considering any unusual medical emergencies
(Rahman et al., 2020).

Import spending and costs on raw materials are high. So when having raw material locally
without importing them it will help the overall industry economy. For example when recycling
plastic disposal waste like syringe, it will form plastic as raw material, which will help
manufacturing and industry field where plastic import cost has reached US$327.34 Million
during 2021, according to the United Nations COMTRADE database on international trade
(Hopewell et al., 2009).

A study titled “A reverse supply chain for medical waste: A case study in Babol healthcare
sector” aims to create a supply chain model for safe disposal. It will take into consideration the
unpredicted amount of medical wastes volume, where it will optimize the number, capacity and
prices and the way of treatment. And that would be achieved through several integrated models
to work as a reverse procedure (Kargar et al., 2020). As the term medical waste supply chain
(MWSC) performs treatment processes for medical waste. A typical MWSC includes waste

generators, contractors (or transfer stations), disposal (or treatment) facilities, and landfills”
(Maihami & Ghalehkhondab, 2022).

2.3.5 Summary

The above studies highlight the significant financial and environmental benefits of proper
medical waste management. For example, reducing hazardous medical waste in the healthcare
sector can lead to substantial cost savings, primarily through proper waste segregation and
increased awareness of best practices. An eco-friendly method developed in Belgium shreds and
sterilizes medical waste without generating harmful emissions, and this approach has been
adopted in various regions to improve waste management practices. Similarly, in response to
increasing medical waste, some regions have promoted recycling initiatives that reduce cross-

contamination risks and enhance public health. In developing countries, sustainable waste
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management strategies, such as recycling and chemical disinfection, are preferred over

incineration, which, although efficient, has severe environmental and health consequences.

Efforts to recycle plastic-based medical waste are gaining momentum globally, with
programs focused on recycling materials like PVC-based medical supplies. These initiatives,
supported by proper guidelines, offer substantial environmental and economic benefits.
Regulatory measures are also being implemented to encourage recycling and reduce reliance on
nonrenewable resources. Additionally, the "5Rs rule has been advocated as a way to minimize
the healthcare industry's environmental impact, which currently spends billions on disposable
supplies. Some regions, facing increasing medical waste, are working towards implementing
circular economy principles for sustainable waste management. Optimizing medical waste
supply chains has also been suggested as a means to enhance efficiency, reduce costs, and

contribute to more sustainable healthcare practices.
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Chapter Three

Framework and Methodology

This chapter represents a detailed description of the study’s methodology and procedure that
this research would make use of operational and conceptual framework, method and design, the

sample and data collection (interviews).

3.1 Framework

The connection between poor solid waste management and adverse health effects is evident
and straightforward, but it can also be indirect and not obviously tied to negative health
outcomes in populations. This study offers a framework to understand the links between
inadequate solid waste management and health, highlighting the importance of efficient waste
management as a means to prevent iliness and promote wellness. The chapter explores various

aspects of medical waste management and combined impacts on health in developing countries.

The information supporting the concept of the impact of medical wastes management is
divided into two sections: exposure to solid waste and the mechanisms that cause ill health
outcomes; and unfavorable health consequences. Under exposure, five types of exposure are
considered: i) exposure to waste by waste generators; ii) exposure from waste handling among

waste collectors; iii) pickers at dump sites; iv) living/working in neighborhoods near dumping
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sites and incinerators; and v) accumulation of noxious substances such as heavy metals in the

environment.

Figure 3 represents the factors that are associated with the conceptual framework
components for the impact of medical wastes recycling. The conceptual framework model is
adopted after studying similar studies. The medical wastes recycling conceptual framework
which consists of (Human health, healthcare facility, industry and environment) and they are
affected as the following:

-  Human Health: Recycling medical waste helps protect human health by reducing
exposure to hazardous materials. Proper waste management minimizes the risk of
spreading infections and prevents accidents with sharp or toxic waste. Safe recycling
practices ensure that harmful substances are treated properly, lowering health risks for
patients and the community.

- Healthcare Facility: For healthcare facilities, recycling medical waste enhances
operational efficiency and reduces disposal costs. Effective recycling programs improve
safety and cleanliness, comply with regulations, and promote sustainability. This
approach also helps manage resources better, leading to a more efficient and cost-
effective healthcare environment.

- Industry: The medical waste recycling industry benefits from innovation and growth
opportunities. Efficient waste processing can create valuable byproducts and drive
technological advancements. Increased demand for recycling services supports job
creation and aligns with trends towards environmental responsibility, boosting the
industry's reputation and economic potential.

- Environment: Recycling medical waste reduces landfill use and environmental
contamination. It cuts greenhouse gas emissions and conserves resources by
reprocessing waste into new products. Sustainable recycling practices lessen the

environmental impact of medical waste, contributing to a healthier and cleaner planet.
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Healthcare Medical Wastes

Facilities Recycling

Figure 3: Conceptual Framework: the main factors that are affected by medical wastes
recycling

3.2 Method and Design

As depicted in figure 4, this study used a retrospective design in which the available report

reviewed to achieve the aims of the study. As a primary source the data was collected through
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Figure 4: Study Methodology
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interviews and visits, whereas the secondary data was collected from annual reports and the data
provided by healthcare facilities. A retrospective study was carried out in a short period and
provides a ‘snapshot’ of the outcome and the characteristics associated with it. It is also

relatively inexpensive and takes up little time to conduct.

Choosing a retrospective study design to look into how medical waste recycling affects the
economy can be justified through several reasons. First of all, retrospective studies allow
researchers to look at previous trends and patterns using current data from sources like, medical
waste management reports, costs and supply reports and documented data. This method allows
for the long-term analysis of medical waste recycling, including the expenses associated with
waste disposal, the money made from recycling programs, and any noted shifts in the economic

activity around recycling activities.

However, it is important to note that this design provide findings that could be translated
into valuable insights for stakeholders, which can be helpful in future policies, contribute the
investment in recycling infrastructure, and encourage the development of sustainable waste

management practices regulations.

Furthermore, by utilizing retrospective data, researchers can save time and money by
examining the relation between recycling and economic outcomes without having to go through
extensive prospective data sets. In order to promote sustainable waste management,
retrospective studies can also be utilized to identify patterns and linkages that will guide future
resource allocation and economic policy decisions. Generally, it provides a practical and helpful

approach to examine the financial effects of medical waste recycling programs.

The source of data was provided by Joint Services Council for solid waste management and

some of health care facilities.

3.2.1 Case Study

This study conducted on Bethlehem governorate to target health care facilities, public and
private sectors, as it has different styles of healthcare facilities such as clinics, pharmaceutical
factory, laboratories and hospital, including one of the largest governmental hospitals in

Palestine (Beit Jala governmental hospital).
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Bethlehem has several healthcare facilities with different type of services provided, which
mean a larger variety of several types of medical wastes. It has 9 main hospitals 3 general
hospitals, 1 specialized hospital, 1 rehabilitation hospital 3 Maternity hospitals, 1 military
hospital and 1 hospital for children (in total of 597 beds). Also, there are 4 primary healthcare
facilities and 3 UNRWA clinics. There are also several charities and medical institutions and
private health clinics, specialized in the field of health care and social development. In addition
to a number of medical laboratories, radiology centers, public health clinics, and pharmacies
(Appendix 6).

3.2.2 Sampling

The sample was selected according to the need of the information about the amount and type
of medical wastes generated, which can be provided by hospitals and health care facilities in
Bethlehem, which basically depend on the type of wastes generated throughout their daily
practices. The disposables used end up as medical wastes, where the quantity of them might
vary according to the services provided. So large healthcare facilities like Beit Jala hospital and
Arab society for rehabilitation were helpful in classifying wastes according to the material they
were made from, because of the large variety, the volume of the services provided and different
tools used, which is considered as a crucial step in recycling. The variation of items used during
medical procedures and service delivery had to be effectively managed during waste
classification, following the Palestinian Ministry of Health Guidelines, that include using color-
labeled bins (each color refers to certain type of wastes) that is clearly labeled to follow the
proper way of disposal, where the staff is trained and aware of these guidelines. In addition, the
items used were also identified by supply / purchase items lists of these hospitals. However, the

total volume of medical wastes disposed was measured by Joint Services Council JSC.

3.2.3 Eligibility criteria

3.2.3.1 Inclusion criteria

e Healthcare facilities (hospitals, health centers, and labs) in Bethlehem governorate.

3.2.3.2 Exclusion criteria

e Healthcare facilities (hospitals, health centers, and labs) outside Bethlehem governorate.
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3.2.4 Tools of data collection

The data was collected through interviews and some site visits. The interviews included
some questions based on what was found in the literature to understand the current situation of
medical waste management and how it had been treated in health care facilities and JSC. Also,

to consider the amount of wastes generated and its type.

Moreover, there were a provision of medical wastes reports including the information about
medical wastes management, the wastes generated annually and its types, in addition to purchase
costs and management cost for each kg.

The data was collected through six interviews and site visits. The interviews and visits were
conducted as follow: an interview with the financial manager and quality assurance department
manager of Beit Jala Pharmaceutical company, the audit manager and quality control
department head of Al Yamama Hospital (private hospital), the administrative manager of Beit
Jala governmental hospital (governmental Hospital) and with the head of JSC in southern
directorate at joint services council for solid wastes in Tuqu’. However, these six interviews
were enough because the responses where almost similar to each other, since all of healthcare
facilities in Bethlehem governorate are following the same instructions and policies issued by
MoH.

The questions to collect data through the interview were prepared after reading in the
literature and looking at data collection tools including questionnaires that were related to the
topic, see appendix 1.

Beit Jala governmental hospital is one of the largest healthcare facilities in Palestine which
has a capacity of 153 beds, maintaining an occupancy rate of 97%. Its departments encompass
emergency, general surgery and vascular surgery, operating rooms, gastroscopy and
colonoscopy unit, intensive care unit, gynecology and obstetrics, nursery, pediatrics, Huda
Egyptian Centre for pediatric oncology, outpatient clinics, otolaryngology, physiotherapy,
radiotherapy, pharmacology, laboratory and blood bank. The hospital is staffed by a workforce
of 406 individuals, including 41 specialists and 48 general practitioners. Notably, in 2013, it

earned accreditation as a pediatric oncology center in Palestine.
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So, according to its importance and the variety of the services provided, where different
tools and supplies are used, it was considered as base to classify the disposables into major waste
categories depending on the materials they made from. They provided us with reports of their
supply orders and costs for the year 2022 and 2023. The quantities of medical wastes produced
can be estimated their quadrant supplies order (order every 3 months). The categories were as
the following: plastic, sharps and other disposals, in order to know the majority of wastes types,

which is important to know what if it’s recyclable or not.

From the visits of the interviewed healthcare facilities, the observed practices was collecting
medical wastes and segregate them in specific containers, to be sealed in special barrels labeled
with the type of waste, the date of collection and the facility name to be stored and collected
within 24 - 48 hours. After that Joint Services Council vehicles collect these wastes from
healthcare facilities. As a first step they weigh each barrel and replace it with clean and sterilize
one, to be taken to waste management stations. However, joint services council for solid wastes
in Tuqu’ has provided us with the reports concerned with the quantities produced from
healthcare facilities in Bethlehem by the year 2021 and 2022 (appendix 2).

3.3 Ethical Consideration

The process of obtaining ethical approval for a research proposal from Al Quds University
- Public Health Research Ethics Committee signifies a commitment to upholding ethical
standards and ensuring the integrity of the research. This approval acknowledges that the
proposed research meets ethical guidelines and safeguards the rights and well-being of
participants (Appendix 3). After having the approval, the data was collected through interviews
that were arranged with several healthcare facilities (Beit Jala Pharmaceutical Company,
Yamama Hospital, Beit Jala governmental hospital and Joint Services Council for solid wastes).

These interviews likely involved engaging with healthcare professionals, administrators and
other relevant stakeholders to gather valuable insights and perspectives for the study.
Collaborating with these institutions to conduct research demonstrates a dedication to practical
application and community involvement, which amplifies the significance and influence of the

study outcomes.
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Additionally, adherence to ethical principles throughout the data collection process ensures
that the rights and confidentiality of participants are respected, maintaining the trust and
credibility of the research endeavor.
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Chapter Four

Descriptive Analysis of Interviews

This chapter represents a complete and detailed view of the most important findings of the
study, including the amount of wastes generated, the procedure of waste management and costs
of management, that were obtained by the interviews that the researcher has conducted and site

visits.

4.1 Summary of the Interviews

This part includes an overview of the conducted interviews and visits, highlighting the main
questions were asked and the common practices within healthcare facilities and Joint Service
Council (JSC).

4.1.1 Medical waste management classification

Medical wastes types were classified according to the material that has been made of. So,
there was a need to look at supplies and disposable equipment’s which were used in healthcare
facilities when providing services. Beit Jala hospital® provided reports of their supply orders and
costs for the year 2022 and 2023, which were helpful to cover up most of the disposable items

! Beit Jala governmental hospital visit 5.10.2023
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in use, it was considered as a base to compare other healthcare facilities with. In other words,
the quantities and type of wastes produced can be estimated by their quadrant supplies order
(order every 3 months).

4.1.2 Medical waste management

Beit Jala hospital plays a significant role in Bethlehem that emphasized by the substantial
volume of medical waste it generates, estimated at approximately 2 tons per month. To manage
the large volume of wastes produced responsibly, the hospital follows a systematic process.
Initially, the medical waste undergoes sterilization via autoclaving, ensuring the elimination of
any potential pathogens. Following sterilization, the waste is systematically sorted and placed
into specially designated bins. These bins are sealed and prominently labeled to denote their
contents, maintaining strict adherence to safety protocols. Subsequently, the sealed bins are
handed to the Joint Services Council (JSC), a key partner in waste management initiatives. The
JSC assumes responsibility for the transportation and final disposal of the medical waste,
operating under a structured system where the weight of the waste is carefully recorded and
payment is made accordingly for each kilogram handled. This comprehensive approach not only
ensures the safe and efficient management of medical waste but also highlights the hospital's

commitment to environmental sustainability and public health.

However, Al Yamama Hospital® adheres to a similar waste management protocol as Beit
Jala Governmental Hospital. Waste is segregated into special bags and containers, and then
sterilized in autoclaves. The JSC conducts regular visits to collect and weigh the sterilized waste

for disposal.

Furthermore, when they were asked “Is there a main temporary collection point (storage
center/treatment unit) within healthcare facility used to store medical wastes in preparation for

transferring it to treatment sites and landfills by external contractors? “

Beit Jala hospital administrative manager: “Yes, there is storage or point of storing medical
wastes. They are stored in place that is closed and the access is limited only for the workers in

responsible, which is also far from patients” (Beit Jala hospital interview, 2023).

1 Al Yamama hospital interview 15.03.2023
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Beit Jala Pharmaceutical Company* known for its diverse product line comprising creams,
liquids, and tablets, generates an estimated 2 - 3 tons of waste annually. Their waste
categorization system separates active and non-active types before storage in the company
warehouse. The procedure followed for medical solid waste is the same as the previously
mentioned healthcare facilities procedure. Otherwise, one of the major medical wastes problems
is liquid wastes, as its somehow hard to be managed and there is no advanced technology to be
used in treating it. As managing liquid waste poses challenges due to its toxin-laden nature from
drug production, regardless of its high costs. To address this, the company collaborates with
Tabib Toxic Wastes Services Ltd.

Medical waste management programs require a strategic planning and fund, in order to
eliminate danger and harm to human and environment, so there were a question through the
interviews” Does your healthcare facility administrates pay real attention to mitigate the severity
of medical wastes elements by using less dangerous and safer items? E.g. electronic devices

instead of mercury, less toxic fume-producing materials, less toxic sterilizing agents, etc.”

Beit Jala hospital administrative manager: “within the healthcare facility we try our best to

stick to MoH guideline” this answer was similar to Al Yamama hospital.

“Unfortunately, there is lack of fund that supports such programs” (JSC head manager,
interview 2024).

4.1.3 Joint Services Council (JSC) role

The Joint Services Council (JSC) ? in Tuqu’ is dedicated to manage solid waste for the
Bethlehem and Hebron governorates. It operates a landfill spanning 280 acres and employs 100
individuals. The JSC is committed to fostering a healthier environment and promoting
collaborative efforts among local entities to enhance service quality. Their mission revolves
around optimizing resource utilization and fostering capabilities for sustainable development,
achieved through the implementation of comprehensive policies and community awareness
initiatives. Moreover, the council recognizes the vital role of community engagement in driving

sustainable development forward. Through proactive community awareness initiatives, the JSC

! Beit Jala pharmaceutical company 15.03.2023
2 Join Services Council visit and interview 18.01.2024
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attempt to empower individuals and communities to adopt environmentally friendly practices

and contribute to the collective effort towards sustainability.

The visit to the JSC main purpose was to gain insights into their medical waste management
processes and procedures. This included a comprehensive understanding of their operational
strategies, technological capabilities, and adherence to regulatory standards. The visit also
entailed a guided tour of their waste management facilities, providing direct exposure to their
operational framework and infrastructure. Through this experience, valuable insights were
sought to be acquired, which would inform our understanding of best practices in medical waste
management and contribute to ongoing efforts to enhance waste management strategies in the

region.

In the beginning, it was noted that their office had been relocated from Hebron to its current
location since 2012, driven by the availability of better and larger space, to expand the area by
buying the adjacent property.

The services provided served to the local communities in Bethlehem and Hebron,
encompassing the management of solid waste in all its forms, including medical waste. And that
lead to an important question “Are medical wastes disposed of using the sanitary landfill

method?”

JSC head manager: “Yes, the wastes are disposed in landfills where a depression (cells) is
made by removing soil and then lined with synthetic plastic or isolation materials to prevent
leakage and leachate from wastes. The depth of the cell depends on the level of hazardousness

of waste, so medical wastes cells are deeper than general wastes” (JSC interview, 2024).

In more details, general wastes are disposed of in landfills, where of pit or depression cells
is made, 3-4 meters in depth, involves the excavation of soil and subsequent lining with synthetic
plastic or isolation materials to mitigate leakage and leachate from the waste. The depth of these
cells depends on the hazardousness level of the waste. The medical waste department,
comprising 7 employees (2 processing unit staff, 2 drivers, and 3 workers), is responsible for

handling medical waste management operations.

The services provided by JSC extend to a significant number of small health centers and

laboratories, totaling between 70-100 establishments. This widespread participation underscores
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the comprehensive nature of the waste management initiative, ensuring that even smaller

facilities are included in the systematic waste collection and disposal process.

4.1.4 Collaboration between JSC and healthcare facilities

The initial phase of the medical waste disposal process begins with the carefully prepared
specialized vehicles designed exclusively to transport hazardous wastes and materials. These
vehicles are equipped with sophisticated cooling units, precisely engineered to maintain the
integrity and safety of the waste throughout its journey to the designated processing center,

typically overseen by JSC.

So when healthcare facilities were asked “Is transporting medical wastes from healthcare
facilities to treatment units and landfills are conducted only by the authorized local authority?”

Al Yamam audit manager responded: “Yes, transferring medical wastes to treatment units
are only done by JSC vehicles” (Al Yamama hospital interview, 2023).

With more information about vehicles were added by JSC: “The vehicles are equipped and

cooled on the required standards” (JSC interview, 2024).

Healthcare facilities or organizations vested in the responsible management of medical
waste engage in annual contracts with JSC to ensure the seamless and safe disposal of these
materials. Upon arrival at the healthcare facility, the driver or worker, alongside a representative
committee from the facility, starts the process of weighing the stored waste. This step is crucial

as it determines the precise quantity of waste to be measured and pay for it.

Following the weighing process, the driver or worker affixes a stamp onto the
documentation, detailing essential information such as the date of collection, the measured
weight of the waste, and the corresponding price for disposal services provided. This stamped
documentation serves as a formal record of the transaction, ensuring transparency and

accountability in the medical waste disposal process.
“Is there documentation of the quantities and types of the Medical wastes generated?”

JCS head manger: “Yes, the quantities of generated medical wastes by healthcare facilities
in Hebron and Bethlehem is measured then documented, and then they’re provided with the

reports and numbers registered”.
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Also, Beit Jala hospital administrative manager said: “There is an initial documentation, and

then a full report is provided by JSC”

However, it’s important to mention that in adherence to safety protocols, healthcare workers
place medical waste into specialized bags designed with specific characteristics tailored for such
hazardous materials. These bags are then carefully placed within special bins, ensuring proper
sealing to prevent any leakage or exposure. Additionally, each bag is labeled with relevant
information, including the name of the facility and from what department it is produced, serving

as a crucial measure to mitigate any potential contamination or infection risks.

Moreover, the interviews included questions about the awareness of workers:” Does the
healthcare facility staff receive the necessary awareness content on the subject of medical wastes

management?”

Beit Jala hospital administrative manager: “we can say that the process of medical waste
management within he healthcare facility is divided into two steps, the first one includes the
healthcare workers where they should be aware with the type of medical wastes they’re dealing
with to discard it in the right container, and he second step include the janitors where they collect
the containers to be stored and treated. So, these two parties are trained and aware”. (Bei Jala

hospital interview, 2023)

But JSC head manager respond was: “Unfortunately, not all workers or janitors are aware,
for example some of them don’t stick with using PPE’s. Also, one of the serious problems that
we faced, that they threw a metal chocolate box with medical wastes that result in breaking

down the microwave used in waste treatment and that cost a lot”. (JCS interview, 2024)

It’s important to ensure that healthcare workers are aware and updated with medical waste
management trainings. Regarding whether employees are receiving updated training, we asked
the question: Is there an updated training for employees about collecting, sorting and labeling

medical wastes elements?

AL Yamama quality control manager: “Yes, the quality control coordinators make semi-

annual training for employees about medical wastes management”.

Once filled and securely sealed, the bins undergo a meticulous process of replacement,
wherein they are exchanged with sterile counterparts of equal quantity. The exchange procedure
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is essential in maintaining the integrity of the waste disposal system, guaranteeing the continued

safety of both healthcare workers and the broader community.

4.1.5 Transportation and collection of wastes

Before handing waste to JSC, healthcare facilities engage in a critical process of segregating
waste into hazardous and non-hazardous categories. Sorting is an essential step to ensure that
potentially dangerous materials are handled carefully and that all waste is appropriately
managed. Distinguishing between hazardous and non-hazardous waste, healthcare facilities
uphold safety standards and mitigate risks associated with improper disposal. This careful
attention to the right process confirms their commitment to safeguarding public health and the
environment, laying the groundwork for the responsible transfer of waste to the designated
disposal service.

To ensure a continuous enhancement in service quality, a systematic practice is in place
where the vehicles and cars utilized for medical waste transfer from site to another are renewed
every three years. This involves replacing the existing vehicles with newer, technologically
advanced models. These new vehicles are carefully selected to incorporate the latest innovations
in safety features, efficiency, and environmental considerations, thereby increasing the overall
quality of service provided. This proactive approach not only maintains the reliability of the
transportation infrastructure but also underscores the commitment to ongoing improvement and

optimization in delivering essential medical waste management services.

The collection of waste from healthcare facilities by JSC is organized based on the volume
generated, adhering to a systematic schedule. Typically, waste collection occurs on specific days
of the week, tailored to the needs of each region. For instance, in Bethlehem, collections are
scheduled for Saturday, Monday, and Wednesday, while in Hebron, they occur on Sunday,
Tuesday, and Thursday.To accommodate the varying quantities of waste produced, specialized
vehicles are deployed accordingly. For larger quantities, specialized large trucks are utilized,
equipped to handle substantial loads efficiently and smaller healthcare centers and laboratories
receive waste collection services via smaller vehicles, either on-call or with a scheduled visit at

least once per week.
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4.1.6 JSC machines and technology

Upon arrival at the JSC stations, the workers initiate the process of waste segregation to
ensure proper management. Medical waste management involves the utilization of specialized
equipment, including an incinerator with a capacity of 45 liters per hour (Figure 6). However,

this method is not the most preferred due to emissions generated during the incineration process.

Alternatively, a microwave system with a capacity of 75 liters per hour (Figure 5) is
employed, offering a more environmentally friendly approach as it operates without emitting
harmful substances. However, this method necessitates heightened awareness among workers
and meticulous segregation of waste at the initial stage. Mixing different types of waste can

compromise the effectiveness of the microwave process, potentially rendering it ineffective.

>
e | -

\ e
Figure 5: Microwave 75 L used in JSC* Figure 6: Incinerator 45L used in JSC

The final product of the waste management process consists of small shredded pieces,
achieved through the chosen method of disposal. This approach ensures that waste is managed
efficiently and in compliance with environmental regulations, minimizing negative impacts on

both public health and the environment.

One of the main problems they face is managing liquid medical waste that is mostly
generated by nephrology departments. The microwave can only take up to 15% liquid to be
managed per run.

1.2 The pictures shown in figure 5 and 6 were taken at JSC (18.01. 2024)
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The procedure of medical waste management followed is according to Ministry of Health
policies (see appendix 3). Some of the participant is not fully committed in payment and have
debts, but the JSC can’t forbid the service because of its importance and it would lead to many
consequences if that happen. If it’s a governmental organization, ministry of health is paying

for the service, where the private sector from its own expenses.

4.1.7 Ministry of Environment role

Ministry of environment keeps on tracking and maintaining the quality of service. The
process is done through filling a checklist (see appendix 4). This list is intended to assist
Environmental Quality Assurance (EQA) inspectors to inspect and monitor medical waste

management. The main items are:

- Characteristics of the vehicle that transport wastes from healthcare facility

- Vehicle’s travel route

- Waste management and the way of disposal

For their Vision and further improvement, they are looking forward for making healthcare
facilities manage the wastes initially by autoclaves to make them sterile in the first place and
then collected to manage it in a final way. However, they had an agreement with MoH that none
of healthcare facilities can take an accreditation without having a contract with the JSC to

guarantee the commitment with the service.

There are some limitations that JSC face; one of them is the occupation as there is a lot of
limitations for the capabilities and proficiency of the services provided. As there were restriction
of transport and working in the past few months. Also, the step of segregation in the production
site is not always done properly which lead to some complications such as the damage of the
processing machines such as the microwave and required more efforts from the workers when
handling the waste in the site of management. However, the microwave is working fully by
electricity where any power cut during the work can damage the device (the wastes form clogs
when cool down which block the path where the wastes move through) as the expenses of

maintenance and repair is high.

To conclude, when talking about medical waste management in Palestine we found that most

of healthcare facilities are depending on local community services, as there is no on-site medical
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waste processing or disposal, and a very little number of healthcare facilities have a sterilization
step before hand them to JSC.

4.2 The amount of wastes generated

The amount of medical wastes generated from any healthcare facilities are directly
proportional with the volume of the services provided. In Bethlehem the variation of medical
wastes produced is due to the size of the organization, as shown in figure 7. Arab society for
rehabilitation has the highest amount produced in the past few years, where the total of the

private labs and clinics was the lowest, and that can be related to the size of services provided

This data was provided by Joint Services Council for solid wastes management (JSC) for
Bethlehem and Hebron governorates, where they noted that there was an increase of medical
wastes produced in 2023 by 20% than 2022. As shown in the figure the production of wastes in
the year 2021 was higher due to Covid-19 which was exclusion for the linear annul increase of

medical waste generation.
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Figure 7: Medical waste quantities (Kg) generated by Bethlehem governorate healthcare facilities
in 2021 & 2022, obtained by JSC
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However, after discussing the quantities with JSC manager “According to the data about
medical wastes quantities, do you think that the raw materials resulted from medical wastes
recycling is economically feasible?” the respond was “Yes, it would be supportive; according
to the numbers and reports we observe there’s a genuine increase with the quantities of medical

wastes throughout the years” (JSC head manger interview, 2024).

According to - one of the largest governmental hospitals in Palestine — Beit Jala hospital
reports, the material of the majority of the medical wastes produced is plastic including tubes,

cuvette, syringe, cups and bags.

4.3 The procedure of medical wastes management

The procedure of medical wastes management is followed by the guidelines established by

Ministry of Health (MOH), where it has various steps as the following:

1. Segregation and Collection
Segregation: The process of separating and sorting medical waste requires to be done
at the site of production. Using sufficient numbers, types, colors and sizes of
bags/containers necessary to collect waste, according to the recommendation by MOH
as shown in (table 1). The container should not be filled by more than 75% of its capacity,
and the tightly sealed with adhesive plastic strips or using self-sealed plastic
bags/containers (no metals should be used for sealing) to prevent any leakage or
accidently falling of wastes from the container. The waste is then transported by special
vehicle to the waste processing unit or temporary storage place within the healthcare

facility. The packaging collected is replaced by new packaging instantly.

Collection: the segregated wastes are collected in certain container that is viable for each
type, then labeled with the type of waste, the date and the facility that it came from. After
that every facility collects these containers and sterilize it (if there is a sterilization unit

on the site) to be stored, then transfer to the site of management.
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Table 2: Types and colors for medical wastes containers

General wastes

Black

Infectious wastes

Normal plastic bags

Yellow

Yellow plastic containers, leak-free, labeled can be
sterilized with steam

Sharp wastes

Yellow or Red

Pathological wastes

Plastic container or made of cardboard, leak-free,
labeled

Pharmaceutical wastes

Plastic container, leak-free, labeled

Mixed types of wastes

Plastic container, leak-free, labeled

According to the
highest danger

Plastic container, leak-free, labeled that its mixed
wastes

2. Transfer and Storage

The collected and sterilized wastes should be transferred to the site of storage in the
healthcare facility in special carts through specific passage to prevent any harm or
infection toward patients and the society in general. The warehouse should be cooled
and the entry is only allowed for the employees. Then special vehicles from JSC come
to healthcare facility to weight the wastes and transfer them to the site of management
in Tuqu’, where they make sure that everything is segregated the right way to start the
process of management.

The special vehicles for transferring medical wastes should have a cooling unit inside it,
symbols to show the purpose of it and enough space and height for the collected wastes.
Medical Wastes Processing and Disposal

Medical wastes processing starts when making sure that everything is segregated the
right way, then transfer them into (ECOSTERYLO075) microwave with 75L capacity. It

starts with sterilizing wastes on high heat then shredding them into small pieces as final
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product. Or it can be disposed using an incinerator (INCENORS) with 45L capacity
which is an odor free. As a final step it disposed in landfills, to be put in cells with at
least 1.8 meters in depth — depth depend on the level of danger of the waste- , with special

lining in order to prevent any leakage to reach the groundwater.

4.4 Medical wastes types

BeitJala’s hospital supply report for 2022 and 2023 was considered as a base for the

14% 2.02 tons
Sharps
20% N 2.88 tons
T Other
66% Other Disposals Disposals 9.51 tons
Plastic
Figure 8: Medical wastes categories percentage Figure 9: Beit Jala medical wastes in 2022

disposable supplies to be ordered by healthcare facilities, because it’s the largest in Bethlehem
governorate. The reports consist of the ordered and consumed supplies quantities and their
costs. These supplies (items list) were categorized into three main categories: plastics, sharp
materials, other disposals. The majority of wastes were made of plastics (see figure 8). For
example, BeitJala governmental hospital waste in the year 2022 were 14.4 tons divided as shown
in figure 9

Plastic wastes category consists of: syringes, cannulas, catheters, tubes, plastic bags, urine
cups / bags, autoclave bags, IV sets, gloves, medicine cups, petri-dish, droppers/ pasture pipette,

cuvettes and umbilical clamps.

Sharp wastes category consists of: disposable lancets, sterile blades, needles and slides.

“Other disposals” category consists of: bed dressing, bandage, cotton, gowns, masks and

tongue depressor.
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4.5 Medical wastes management costs

Medical wastes management costs can be divided into several aspects. Operational costs
including buying new machines, their maintenance and transferring wastes from site to another
with the special vehicles. One of the main problems that JSC face is the electric shortcut, which
result in breaking down the machines, so it require high costs for maintenance that might reach
40,000$.

Also, the cost of processed and disposed wastes, where JSC consider the fee for managing

every kilogram of medical
80701
wastes costs 4 ILS (see figure
67126
10). !
2021 2022

Figure 10: Medical wastes management costs ($) in 2021 & 2022

Where the small health centers or labs they pay 60 shekels per month and the little bigger
ones 120 shekels (720 - 1440 shekels annually) and that is determined according to the quantity

of wastes produced, the money is taken by a fee collector.

And that’s according to JSC head manager when asked “what are the costs of medical wastes

management process?”

He responded:” the costs of this process can be divided into three parts: operational costs,
materials and human resources. For example, the cost of managing 1 kg of medical wastes is 4
ILS (1.13), also the cost of wastes containers and bags where each has its own price. However,

on the long term there would be a need for buying new landfills”

1 Assuming that 1 $ = 3.63 ILS
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According to the respond, there are additional costs for the containers and bags used for
medical wastes collection. Some of the containers are purchased by healthcare facilities and the

others by JSC, and their costs are shown in table 3.

Table 3: Medical wastes container costs

Type of Container Cost $ / Piece

Yellow Bag 0.03 - 0.06
Red Bag 0.03-0.06
Sharp Box 0.6-3.12

Despite the need for buying new landfills every several years, the answer about “Does
recycling medical wastes reduces the number of used landfills, which in turn improves the
quality of the environment?” was “Yes, it would. Actually, the landfills are getting bigger as
the time pass, and of course there is a need to buy new ones, so recycling and reducing the

dumped wastes would be a great solution” (JSC head manger, interview 18" Jan 2024).

Plastic represents 66% of medical wastes produced by healthcare facilities in Bethlehem
governorate, which equals 48335.76 Kg (48 ton) produced annually. Recycling 1 ton of medical
plastic save 147 USD and selling a processed recycled ton cost 368.8 USD according to 2021
indicators (RecyclingMarkets, 2021).

However, recycled medical waste plastics can be used in several industries such as
constructions industry where it can be helpful in making composite lumber which has several
uses like outdoor furniture and fencing. Also, it can be turned into pallets, pipes, building
insulation and other durable products. Furthermore, consumers’ good can be incorporated into
these industries including bins, buckets, hoses and other household items. In addition to many

other plastic products that can be far from the personal human use.
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Table 4: Types of medical wastes annual quantities in tons

Type of Waste Annual Quantity in ton

Plastic 48.33576
Sharp wastes 10.25304
Other disposal 14.6472

Sharp wastes are mainly made of steel, which represents 14% of medical wastes produced
by healthcare facilities in Bethlehem, which equals 10253.04 Kg (10 ton) produced annually.
Selling a processed recycled 1 ton in 2021 cost was 102.81 USD (RecyclingMarkets, 2021).

Other disposals are mainly consisting of dressing’s gowns and masks, which can be
segregated and shredded to produce manufactured wool. This category represents 20% of
medical wastes produced by healthcare facilities in Bethlehem, which equals 14647.2 Kg (14
ton) produced annually. 1 ton of recycled fabrics costs 76 USD (RecyclingMarkets, 2021).
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Chapter Five

Medical Solid Waste Recycling (Benefits and Feasibility)

After examining the current state of medical waste management in the Bethlehem
governorate, which is similar to other regions in the West Bank, this chapter will present the
benefits and feasibility of medical waste recycling. Additionally, we will explore the potential
for establishing a factory dedicated to medical waste recycling.

5.1 Recycling Process

Recycling process converts waste materials into new, reusable products, where it conserves
natural resources, reduce pollution and minimize landfill use. It promotes sustainability and
support circular economy through transforming disposed items into valuable resources. The
proposed project is concerned with recycling plastic medical wastes (Orlov et al., 2021).
Currently there are no recycling projects or station are set in West Bank so this project is
considered as initiative for it, where it would serve Bethlehem healthcare facilities in the first
place then the rest of other healthcare facilities in WB. Bethlehem healthcare facilities were the

case because there is a variety of services and establishments to be served.

In addition to general medical waste management steps (collection, segregation,
transferring, storage, processing and disposal) there are extra steps to be done in order to achieve

an overall recycling process.
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As shown in figure 11, the process of recycling medical wastes includes several steps

(Solevag, 2023) underlies as the following:

Transportation: Mixed plastic waste is transported from health care facilities to the

recycling station.

- Sorting: The mixed plastic wastes like containers, syringe, oxygen masks etc., are made
from various types of plastics, such as HDPE, LDPE, and PET. Each type of plastic
should be separated before recycling.

- Sterilization: Waste should be sterilized at very high temperature 121°C using
autoclaves with high pressure in order to get rid of any infectious substances attached to
them.

- Grinding: The plastics are then ground or cut into smaller pieces to increase their surface
area for washing and drying. At this stage, the pieces are still too large for reprocessing.

- Washing: Plastics are often contaminated with residues; the plastics need to be washed
to remove these contaminants.

- Drying: After washing, the plastics are wet and must be completely dried before further
processing.

- Granulation: The plastics are ground into flakes, turning the smaller pieces from the
grinding process into micro-pellets for compounding.

- Compounding: In this step, the polymer is melted down in an extruder. The extrudate

is then cooled into a solid phase as it exits the die and is pelletized for reprocessing.

- Distribution: Finally, the processed plastics are distributed to consumers.

l Medical Wastes Recycling Process l

{Transportation ]——‘ Sorting }—4 Grinding }—A W?:‘r:'i:g& }—~ Granulation }——

Figure 11: Medical wastes recycling steps

Compounding }—- Distribution \
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5.2 Bethlehem Medical waste quantities in ton

The results in chapter 4 showed that the quantities of medical waste generated by healthcare
facilities in Bethlehem governorate in the year 2021 and 2022 were 72.236 tons and 59.917 tons
respectively. The quantities in 2021 were higher due to covid-19 pandemic where there were an
increase in the use of PPEs and disposable medical supplies, but generally the annual increase
of medical wastes is approximately by 30%. However, the total amount generated daily is

184.99 kg/day that include hospitals, clinics and centers.

As stated in chapter 4, the materials of medical wastes were categorized into 3 main groups:
Plastic, sharp materials and other disposals. Plastic constitute 66% of wastes, sharp wastes 14%
and other disposals 20%. Each has a special way of treatment. The main focus would be on

plastics as it is the largest quantity produced.

However, there are many factors affecting recycling process, such as type of plastic,
recycling infrastructure, system and technologies. If all of the factors are addressed and engaged
optimally, the percentage of plastic recycling can reach 70-80% from the overall plastic waste
quantity (Yu & Zhu, 2022).

5.3 Medical waste quantities in West Bank and the estimated recycling guantities

To have a better insight about the generated quantities from other cities of west bank
compared to the generated quantities from Bethlehem healthcare facilities which represent a
small portion of them (1/11). The data shown in table 5 represent the estimated quantities
generated in West Bank’s health care facilities in kg/day for the year 2022, In addition, the
percentage of quantities for each city in the West Bank compared to Bethlehem was estimated
for the benefits of recycling, the whole quantities of medical solid waste recorded annually in
the West Bank.

On average, West Bank produce 1.82 ton per day which equals 664.3 tons annually. The
material of concern in this project is plastic that represents 66% of medical wastes, which mean

that 438.4 tons of medical plastic wastes are generated annually in WB.

! Infectious Waste Management in West Bank, MoLG-JICA CDSWMP-IIIl and COVID 19 Emergency Project
Inventory and Estimated Generation Amount of Infectious Waste in West Bank.
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Table 5: Medical wastes estimated quantities generated in West Bank

Medical Waste quantity  Quantities compared to

City Name
(Kg/day) Bethlehem
Bethlehem 148.99 100.00%
Hebron 476.9 320.09%
Jenin 187.5 125.85%
Ramallah 293.72 197.14%
Jerusalem 175.06 117.50%
Nablus 271.1 181.96%
Jericho 32.27 21.66%
Tubas 27.44 18.42%
Tulkarm 105.79 71.00%
Qalgiliya 71.33 47.88%
Salfit 28.43 19.08%
Total 1818.53 (1.82 ton)

5.4 Plastic as Raw material (Creating raw materials from medical disposals)

Plastic is one of the main materials used in industry nowadays due to its importance,
abundance, durability, versatility and cost-effectiveness. Which can be categorized according to
the domain it used in into six main categories: PE, HDPE, LDPE, PVC, PP and PS (Bobulski &
Kubanek, 2021). For example, PP and PE are used in automotive industry to create dashboards,
interior trim, and battery cases. Moreover, the construction sector use plastic like PVC and
HDPE can be used in insulation, piping, window frames and flooring, which is considered an
ideal choice for building applications (Cirino et al., 2023). Medical field is mainly dependent
on plastic supplies and disposables, which results in significant waste generation (Kheirabadi &
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Sheikhi, 2020). Table 6 shows each of these plastic categories and the source of medical plastic

waste type they produced from, also the end products that can be made of after recycling.

Table 6: Products from recycled medical plastic wastes

Category Medical Plastic waste Products
Plastic bags
Syringe
Polyethylene PE Containers
Tubing

Agriculture films

Automotive parts
Medical trays
Constructions materials
Polypropylene PP Containers
Storage bins
Disposable instruments
Garden furniture

Pipes, window frames, flooring
IV bags
Polyvinyl Chloride PVC Floor mats
Oxygen masks
Cable insulation

Playground equipment

High-Density Polyethylene Bottles Plastic lumber
HDPE Rigid containers Piping
New bottles

) Insulation materials
Medical trays
Polystyrene PS _ Office supplies (rulers, desk organizers
Packaging
etc,)

Compostable packaging
o Biodegradable medical .
Polylactic acid PLA Disposable cutlery
products

Agriculture mulch films
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Plastic industry in Palestine comprises 243 establishments, which is significantly
contributing to the country’s economy. They affect the economic landscape, adding real value
to the industry. The added value reaches $64 million, which plays a critical role in economic
development with the potential of future growth (PCBS, 2023). Moreover, this industry creates
job opportunities and simulates other sectors which highlight its importance in the larger

economic framework.

For example, HDPE cost in the market starts at approximately 1320$ per ton, while PP is
priced 1400$. These prices represent the current market rates and indicate the costs of the
materials used in the plastic industry, which in turns influence the production expenses and the
pricing of plastic products (Prenovitz et al., 2023). This means that producing raw materials

from such wastes would definitely enhance the economy and reduce the prices.

5.5 Cost of medical wastes management and recycling

The idea of medical wastes recycling highlights the importance of moving from linear
economy into circular economy (Orlov et al., 2021), where the costs of medical wastes

management turn into revenues.

The supplies used in the process of waste management costs starts from the bags and
containers used for collecting wastes, moving to operational costs that include transferring
wastes from the site of collection to management station, running processing machines and the
station. As mentioned in chapter 4, the management process of medical wastes in Bethlehem
healthcare facilities cost was 81,148 $ (292,944 ILS) in 2021 and 67,221 $ (242,668 ILS) in
2022,

As shown in figure 12, most of the management steps are included in the recycling process,
except the two last steps (processing in the machine and disposal). That means part of the cost
of the recycling steps are already paid for the management, also we would get rid of the cost of
these two excluded steps in case of recycling. As mentioned in one of the literature that the
annual cost of recycling wastes is 141,370$ where recycling 1 ton cost 136$. So in our case if
the generated wastes in Bethlehem healthcare facilities in the years 2021 and 2022 were recycled
that would cost 9,824% and 8,3228$ respectively.
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Figure 12: Medical waste management and recycling steps

As shown in figure 13, if medical wastes have been recycled, it would create a closed loop

as the following:

Healthcare facilities pay for having medical waste management services, so when it

became recyclable they would be more conscious and concerned about medical wastes

segregation and collection as they should collect it the right way using the right

containers, because there would be a return from this process even if its paid back or

having some intensives.

- Recycling station would buy medical wastes from healthcare facilities in order to start

processing it to develop raw materials.
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- The factories (manufacturers, consumers) buy the produced raw materials which
would be cheaper than importing it. The new products generated can be beneficial for

healthcare facilities utility and the public.
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Figure 13: Medical waste recycling loop

5.6 Imported raw materials

According to PCBS the cost of imported raw materials for the year 2019 and 2020 reached
112 and 127 $million respectively which shows an in increase by 13.36% (PCBS, 2021). So,
when recycling medical wastes and producing raw materials locally, it would be beneficial in
many different ways. The companies can reduce their reliance on imported raw materials,
potentially leading to significant cost savings. Moreover, it would help in mitigating the
environmental impact associated with importing materials by conserving resources, reducing
energy consumption, and lowering greenhouse gas emissions. This not only aligns with
sustainability goals but also enhances supply chain resilience by broadening raw material
sources and reducing exposure to risks. However, complying with regulations promoting the
use of recycled materials can help companies avoid penalties and maintain regulatory

compliance, while also enhancing their market competitiveness by attracting environmentally
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conscious consumers and investors. Overall, integrating recycling and local production of raw
materials into business operations not only fosters sustainability but also contributes to
economic efficiency and market success which in turns serves the concept of circular economy

that main goal is to keep the resource in use as long as possible.

5.7 Revenue from the recycled medical wastes

Medical waste recycling process is not only reducing the costs related to waste disposal but
also creates a revenue from the sales of recycled materials. However, an intensive investment
in recycling infrastructure, system and advanced technologies can promote the efficiency and
effectiveness of such program. In other words turning medical wastes into resource, this would
significantly offset the costs of waste management in the medical field and support more

sustainable future (Cirino et al., 2023).

There are several factors that affect the amount of money that can be made per ton of
recycled plastic such as the quality of the plastic, market demand, and the current market prices
for recycled plastic. However, HDPE and PP are more common than other types of plastic that
have higher demand with higher market values, especially for better quality recycled plastic.
Their cost can be ranged from few hundred dollars to over thousand dollars per ton. Moreover,
transportation costs, processing costs, government incentives or subsides and the efficiency of
recycling process are factors that can affect the profitability of plastic recycling (Bobulski &
Kubanek, 2021).

Revenue from waste recycling per ton for a specific country is challenging due to several
factors that can be widely vary such as: market conditions, processing costs, regulations, and
commodity pricing. Based on (Seal et al., 2021) the revenue from recycling 1 ton of wastes is
approximately 26.6$. according to the financial analysis from waste management in Tukwila
which me serve as a rough benchmark for other countries. So, the estimated revenue from
recycling the overall quantity of medical wastes in Bethlehem governorate is 1446.5 $ annually,

where the revenue of west bank quantities 17,670$ as shown in table 72.

! The revenue was calculated according to the estimated revenue defined by city of Tukwila recycling tonnage
and revenue in 2021.
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Table 7: Estimated revenue from recycled medical plastic wastes in West Bank

Gity Name Estimat_d Annual Estimated Re_cycling
Quantity in Ton Revenue in $
Bethlehem 54.4 1446.5
Hebron 174.1 4630.2
Jenin 68.4 1820.4
Ramallah 107.2 2851.7
Jerusalem 63.9 1699.7
Nablus 99.0 2632.1
Jericho 11.8 313.3
Tubas 10.0 266.4
Tulkarm 38.6 1027.1
Qalqiliya 26.0 692.5
Salfit 10.4 276.0
Total 663.8 17,656.1

5.8 Palestinian establishments concerned with waste recycling

There are recycling initiatives in the West Bank that handle several types of waste materials,
which include sorting, treatment, and recycling. Some of them were successful whereas the

other didn't receive the required support and fund.

In Nablus, the Sairafi Company with collaboration with the Nablus Municipality, are
interested in waste transfer and sorting procedures. Also, other companies like the Palestinian
Recycling Company and Green Palestine were concerned with waste treatment and recycling
but both projects failed. A Jordanian enterprise called Special Waste Solution SWS was
involved in Zahrat Al Finjan landfill project in Jenin, where it faced challenges and it stopped
(GlZ, 2014).
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On the other hand, Al Bal’awi Company for Cardboard and Papers Recycling in Jenin is a
successful example of recycling, which collects paper and cardboard as they press these
materials and then export it to Israel. Moreover, In Hebron village Al Shyoukh, the Union of
Plastic Industries play a big role in sorting and recycling plastic. Also, Al Andalus Company
located in Bani Na'em introduced efforts in plastic recycling. Rather than plastic, glass takes
place in the recycling industry in Hebron which is represented in The Hebron Glass and
Ceramics Industry, located in Ras Eljora.

However, there are some examples of paper and cardboard collecting, pressing and recycling
institutions in Ramallah such as Green City and Tadweer, where they both export cardboard to
Israel (GIZ, 2014).

These establishments represent the basis of Palestine's recycling and waste management
initiatives, demonstrating the industry's vast potential as well as its constant difficulties in
supporting project sustainability and economic viability. However, the collaborative efforts of
these firms highlight their ongoing dedication to enhance waste management procedures in West
Bank despite the obstacles they might face. From this point there is a need for intensive efforts
and support for recycling projects in Palestine that would be beneficial for human health

environment and economy.
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Chapter Six

Discussion, Conclusion, Recommendation and Limitation

This chapter represents results interpretation and discussion according to prior studies,

followed by the conclusion, recommendation and the limitations of the study.

6.1 Discussion

From the previously reviewed results:

The comprehensive review of medical waste management practices reveals a multifaceted
approach employed by healthcare facilities in Bethlehem governorate, underscored by the
pivotal role of responsible waste management in safeguarding public health and environmental
sustainability. Building upon the findings obtained from interviews and site visits, coupled with
insights from prior research, this discussion aims to provide a detailed analysis of the key aspects

pertaining to medical waste management.

6.1.1 Relationship between Waste Generation and Healthcare Services

The volume and type of medical waste generated by healthcare facilities exhibit a direct
correlation with the scope and nature of services rendered (Korkut, 2018) Notably, the Arab
Society for Rehabilitation emerged as a significant contributor to medical waste generation,

followed closely by Beit Jala Governmental Hospital. This underscores the importance of
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understanding the intricate relationship between service provision and waste generation

patterns, which informs strategic waste management initiatives.

6.1.2 Guidelines and Awareness in Medical Waste Management

Adherence to establishing guidelines is paramount in ensuring effective waste management
within healthcare settings (Letho et al., 2021). Health care workers play a crucial role in
segregating and discarding waste according to its type, using designated containers and
following prescribed protocols. This initial step is foundational in the waste disposal process,

setting the stage for subsequent handling and management procedures.

6.1.3 Challenges and Opportunities in Plastic Waste Management

Plastic waste management presents a significant global challenge, exacerbated by its
prevalence in medical waste streams (Saha et al., 2023). With approximately 66% of medical
waste comprised of plastic, there is a pressing need for sustainable solutions to mitigate
environmental impact. Recycling initiatives offer a promising avenue, with potential benefits
for health, the environment, and the economy, although challenges persist in the Palestinian

context due to limited investment and infrastructure (Matar, 2019).

6.1.4 Special Considerations for Sharp Wastes and Other Disposables

Medical sharp wastes, comprising 14% of total medical waste, necessitate specialized
handling protocols to mitigate risks associated with infectious agents (Ziqubu et al., 2023).
Similarly, other disposables such as bed dressings, surgical gowns, and masks, predominantly
composed of polyester or polyester-cotton blends, hold potential for recycling and industrial

repurposing, offering economic and environmental benefits (Do Amaral et al., 2018).

6.1.5 Financial Implications and Environmental Impact of Waste Management

The financial burden of medical waste management is substantial, with annual costs ranging
from 67,221 $ to 81,148 $ in Bethlehem governorate alone. Despite these costs, the current
approach predominantly entails disposal in landfills, highlighting the need for sustainable
alternatives that leverage recycling and resource recovery. Recycling initiatives not only reduce
the environmental footprint but also contribute to cost savings and energy conservation (Neto
et al., 2023).
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6.1.6 Positive Impact of Recycling on Health and Environment

Medical waste recycling holds inherent benefits for human health and environmental
sustainability. By reducing the volume of disposed waste, recycling efforts contribute to
preventing exposure to harmful agents and prolonging the lifespan of landfills. Moreover,
recycling initiatives align with broader sustainability objectives, offering a pathway towards

resource conservation and environmental stewardship.

6.1.7 Moving from waste management to waste recycling

The analysis of medical waste management in Bethlehem and the broader West Bank region
highlights the substantial potential for recycling medical plastic waste. With plastic accounting
for 66% of medical waste, recycling offers a viable solution to reduce landfill use, conserve
resources, and minimize pollution. Implementing a recycling process involving transportation,
sorting, sterilization, grinding, washing, drying, granulation, and compounding, as outlined, can

effectively transform medical plastic waste into valuable raw materials.

Bethlehem produces around 72.236 tons of medical waste annually, with a daily generation
rate of 184.99 kg. The projected benefits extend to the entire West Bank, which generates
approximately 1.82 tons of medical waste per day (664.3 tons annually). By focusing on
recycling medical plastic waste, significant environmental and economic benefits can be
achieved. The analysis indicates that, with optimal engagement of factors such as recycling

infrastructure and technology, plastic recycling rates could reach 70-80%.

Recycling medical waste not only reduces disposal costs but also generates revenue. The
cost of recycling medical waste in Bethlehem is estimated at $141,370 annually, with a per-ton
cost of $136. If the medical waste from Bethlehem's healthcare facilities were recycled, the costs
would amount to $9,824 for 2021 and $83,228 for 2022. Additionally, recycling 1 ton of medical
plastic waste can save $147 and generate revenue of $368.8 per ton, leading to estimated annual
revenue of $1,757 for Bethlehem and $17,670 for the entire West Bank.

68



6.2 Conclusion

This study explores medical waste management practices in Bethlehem governorate,
highlighting significant challenges and opportunities. The findings showed that the volume of
medical waste generated correlates with the services provided by healthcare facilities, where the
amount of wastes generated increase by the increase by the population growth. This underscores
the need for tailored waste management strategies that consider the specific contexts of different

healthcare settings.

However, the study emphasizes the importance of adhering to established guidelines and
protocols for effective medical waste management and focus on suggesting more sustainable
alternative such as recycling. Healthcare workers play a crucial role in proper waste segregation,
containerization, and documentation. However, maintaining high levels of awareness and

compliance among staff remains a challenge, necessitating targeted training and interventions.

Plastic wastes are identified as a major concern due to its significant presence in medical
wastes, posing environmental risks. The local plastic recycling market faces obstacles such as
limited investment and infrastructure, highlighting the urgent need for sustainable waste
management solutions. Additionally, the management of medical sharp wastes requires careful
handling to minimize safety and environmental risks, with recycling options for materials like

steel.

Financial implications further underscore the importance of efficient waste management,
with substantial costs associated with traditional disposal methods. Recycling presents a
promising alternative, offering potential economic and environmental benefits. Establishing a
medical waste recycling station/factory in Bethlehem could reduce environmental impact,

provide economic gains, and support a circular economy.

Overall, the study suggests prioritizing investments in recycling infrastructure, promoting
awareness, and the development of supportive policies. By embracing innovative solutions and
fostering collaboration, Bethlehem governorate can achieve sustainability, health, and economic
growth. This initiative can serve as a model for other regions, demonstrating the transformative

potential of effective medical waste recycling practices.
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6.3 Recommendation

Based on the findings of the study, the following recommendations were proposed:

Ministry of health and Ministry of environment

Reconsider and reassess the current situation of medical waste management in Palestine,
because of the increasing rate of medical waste production and the sizes of the landfills.
Increase the awareness of healthcare workers to the policies concerned with medical
wastes management and soon recycling.

Think of medical waste recycling as a serious solution for medical waste issue.

Create a clear policy for medical waste recycle because of its beneficial outcomes on
human health and environment. Having a strategic plan and guidelines would lead to
better understanding for the process and its importance.

Implement a medical waste recycling station that serves all cities in West Bank.
Increase the public awareness about the importance of recycling practices.

The main source of energy to operate medical waste recycling project should mainly rely

on solar energy.

Al-Quds University

Propose the idea of this thesis to stakeholders that might help in implementing the

project.

Further research

Thinking of the issue of medical waste management requires an intensive research effort,
because it’s a lifelong problem as long as there is a medical waste production.

There is a need for local studies that resemble the idea of medical waste recycling and
how it affects the economy, so this requires further research on the topic.

Based on this thesis, the researcher recommends creating a feasibility study for
establishing initiative for medical waste recycling.

As an extension of this thesis, it is recommended to conduct a study on the economic
impacts of medical waste recycling. It should focus on how recycling practices can

enhance employment opportunities and reduce the import costs of plastic raw materials.
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6.4 Study Limitation

e Due to the absence of a clear policy for waste recycling, it was difficult to implement
the study to the level of the West Bank, Gaza Strip and East Jerusalem.
e Lack of'local research and studies concerned with this topic that it was difficult to obtain

the influencing factors without field data collection.

e Due to the time constrain we were unable to access all health care facilities in Bethlehem

city.
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Appendices

Appendix 1: Some questions that have been asked during the interviews

Administrative and Compliance Questions

1 Is there an independent administrative branch responsible for medical waste
’ management processes as per standards in your facility?

Does the healthcare facility adhere to the Palestinian Ministry of Health legislation

2. regarding the use of special containers for the collection and sorting of medical
waste?
3. Is there documentation of the quantities and types of medical waste generated?

Employee Training and Safety

Do employees receive necessary training and awareness on medical waste
4. management, including packaging, labeling, and handling of different types of
medical waste?

5 Are there periodic medical checks for staff exposed to medical waste, and do they
’ receive necessary preventive vaccinations?

Are medical waste management personnel provided with protective clothing and
6. equipment, such as gloves and coats, and do they adhere to safety provisions and
identification card?

7 Are medical waste management personnel qualified, with practical experience, and
’ do they receive updated training courses?

Waste Handling and Management

Is there a main temporary collection point (storage center/treatment unit) within the
8. healthcare facility for storing medical waste before transfer to treatment sites or
landfills?
9. Are medical waste collection points safe and compliant with regulations?
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10.

Is medical waste properly segregated, sorted, and identified according to
specifications?

Risk Management and Environmental Impact

Does the healthcare facility use sanitary landfill methods for waste disposal, and are

11 these landfills located safely away from residential areas?
12 Does recycling medical waste reduce landfill use and toxic emissions from
* | incineration, improving environmental quality?
3 Is there a plan to reduce the amount of medical waste produced and mitigate its

severity using safer items or alternatives?

Community and Economic Considerations

Will the community accept products made from recycled medical waste, and the

14. generated raw materials?

15 Do you believe that the economic benefits of recycling medical waste outweigh the
* | costs, and can it support the economy?

16 According to the data about medical wastes quantities, do you think that the raw

materials resulted from medical wastes recycling is economically feasible?
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Appendix 2: Joint Services council medical wastes quantities
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Appendix 4: Medical waste management policy by Ministry of health
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Appendix 5: Environment quality assurance checklist
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Appendix 6: Bethlehem healthcare facilities list

Hospitals
BeitJala gov. Hospital (General)
Al Yamama Hospital (General)
Dr.Ahmad Maslamani Hospital (General)
Ad Dibs Hospital (Maternity)
Shephards Field Hospital (Maternity)
Holy Family Hospital (Maternity)
Caritas Baby Hospital (Children)
Military Services Hospital (Military)
Arab Society For Rehabilitation (Rehabilitation)
Bethlehem Psychiatric Hospital (Specialized)
Primary Health Care
Bethlehem Health Directorate (MOH)
Zaa’tara Health Directorate (MOH)
Beit Sahour Health Directorate (MOH)
Beit Fajjar Health Directorate (MOH)
UNRWA
UNRWA Aida Camp (UN)
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UNRWA Dheisheh Camp (UN)

UNRWA Azza Camp (UN)

Other Health Care Facilities

Health Work committee (AdDaman)

German Palestinian Medical Center

Aida Health Center

Al Sadagah Medical Society

Medicare Laboratories

MedLab Laboratory

BioLab Laboratory

Odeh’s Medical Laboratory

Al Hayat Laboratory

Future Medical Center

Razan Center For Infertility

Kahmashta Health Center

Beit Sahour Specialized dental Center

Arab Dental Center

Massad Dental Clinic

Cmodent Dental Cinic

94




Appendix 7: Initiative

This thesis proposes a groundbreaking initiative to establish a medical waste recycling
factory in collaboration with Al-Quds University, aimed at addressing the critical issue of
medical waste management in the Bethlehem Governorate. This project seeks to leverage the
academic expertise and research capabilities of Al-Quds University to develop innovative and
sustainable solutions for recycling medical waste generated by healthcare facilities. By
implementing advanced recycling technologies, the factory will not only mitigate the
environmental hazards associated with medical waste disposal but also create a model of best
practices that can be replicated across the region. According to JSC data and reports the average
of annual medical wastes quantities produced in 2021-2022 is 66 tons with an annual increase

of 3%.

The establishment of this factory will bring numerous benefits to the Bethlehem
Governorate. It will enhance public health and safety by reducing the risk of contamination and
infection from improperly disposed medical waste. Additionally, indeed create new job
opportunities and stimulate the local economy. The collaboration with Al-Quds University will
ensure that the project is grounded in scientific research and innovation, fostering a culture of
sustainability and environmental stewardship within the community. This initiative aligns with
global efforts to promote green technologies and sustainable waste management practices,
positioning Bethlehem as a leader in environmental responsibility. Additionally this project
would turn the waste management costs into revenues that will in deed enhance the local

economy of Bethlehem governorate.
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