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Abstract

Healthcare waste management is considered one of the biggest challenges that the world is going to face in the future. This
threat is becoming reality owing to the worldwide sharp rise in healthcare waste generation particularly during the current
COVID-19 pandemic. Like many other environmental crises, hospital plastic waste management is an area that got very
little attention despite being highlighted in the literature, local media, as well as in international electronic and print media.
This mini-review was conducted to assess the overall prevailing situation regarding hospital plastic waste management in
Pakistan. Several illegal and unethical activities have been observed regarding hospital plastic waste management in Paki-
stan which includes unhygienic recycling, repacking of used hospital plastic items, open dumping on land, and disposal of
hospital plastic waste in the ocean. To improve these conditions, suggestions have been made regarding the better manage-

ment of hospital plastic waste.

Keywords Hospital plastic waste - COVID-19 waste - Illegal recycling of hospital waste - Mixed plastic crosslinking

Introduction
Definition of healthcare waste

Healthcare waste (HCW) is a term used for all types of waste
produced by healthcare facilities, research centers, and lab-
oratories during the diagnosis, treatment, and immuniza-
tion of human beings and animals (Khan et al. 2010; Pieper
et al. 2017). Several different sources of healthcare waste
have been identified which include hospitals, health clinics,
medical camps, veterinary services, medical laboratories,
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research centers, blood banks, mortuaries, and home-based
healthcare (Prem Ananth et al. 2019).

Alternatively, different expressions have been used for
healthcare waste which includes hospital waste (S. Ali et al.
2015; Altin et al. 2003; Arshad et al. 2011; Qadir et al.
2002; Toheed et al. 2005; Zeeshan et al. 2009), medical
waste (Alwabr et al. 2010; Birpinar et al. 2011; El-Ramady
et al. 2011; Komilis et al. 2012; Mohee 2014; Patwary et al.
2014), biomedical waste (Badni and Dharmashree 2016;
Gautam et al. 2016; Tiwari 2018), and infectious waste (Lee
et al. 2021), etc.

Composition of HCW

According to WHO, healthcare waste can be categorized
into two main classes of non-hazardous and hazardous
wastes. The non-hazardous waste consists of 75 to 90%
of total healthcare waste, while the remaining 10 to 25%
of the waste is considered hazardous waste (Pieper et al.
2017). Hazardous waste has been classified into two major
categories, i.e., infectious (10%) and chemical (5%) wastes.
Non-hazardous waste is just like general waste and does not
require any special handling and treatment for its disposal.

On the other hand, hazardous waste is regulated and
requires special treatment and handling before its final dis-
posal (Lee et al. 2004). Six subcategories of hazardous waste
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have been identified in the healthcare sector, namely, infec-
tious waste, sharps waste, pathological waste, pharmaceuti-
cal and cytotoxic wastes, chemical waste, and radioactive
waste (Pieper et al. 2017).

Growth of HCW

Worldwide HCW generation rate has multiplied significantly
in the last few decades on accounts of several factors, i.e.,
world population growth, increase in healthcare facilities,
preference for disposable medical devices, and other social-
economic factors (Khan et al. 2019). This growth rate is
more prominent in developed countries as compared to the
developing nations due to innovative medical practices, the
rise of single-use disposable medical devices, and safety
measures (Ali et al. 2016; Oweis et al. 2005). The produc-
tion rate of healthcare waste per hospital bed per day is more
than double in high-income countries as compared to low-
income countries.

The USA alone generates 3.36 million tons of medical
waste per year and has spent around 3.7 billion US dollars
to dispose it of (Azouz et al. 2019; Mahmood et al. 2011).
Around 0.8 million tons of waste is daily produced from the
healthcare sector in Pakistan which is the sixth most popu-
lous nation in the world and considered as one of the rapidly
urbanizing and population growing countries in the Asian
region (Ali et al. 2016; Zeeshan et al. 2018).

Why is HCW management important?

Healthcare waste management is of utmost importance for
proper treatment and disposal of waste owing to the presence
of the infection-causing microorganism in healthcare waste,
which has the potential of infecting the patients, healthcare
staff, and the public. According to WHO, improper health-
care waste management practices have caused 33,800 HIV
infections, 1.7 million hepatitis B (HBV) infections, and
315,000 hepatitis C (HCV) infections in 2010. Persons in
direct contact with the waste (hospital cleaning staff and
scavengers involved in illegal scavenging) have a higher risk
of developing diseases like HIV (0.3%), HBV (30%), and
HCV (1.8%) (Amsalu et al. 2016; Arafa and Eshak 2020).
According to WHO/UNICEF statistics, out of 560,000
healthcare facilities, 40% lack proper healthcare manage-
ment in 125 countries and this condition is even worse in
under-developing countries where only 27% of facilities
have essential healthcare management (World Health Organ-
ization (WHO) 2019b).

To improve healthcare plastic waste management, a few
suggestions and a crosslinking method will be presented in
the current study which will help to stop the illegal recycling
of contaminated healthcare plastic waste in developed coun-
tries, especially Pakistan.

Importance of hospital plastic waste
management

Types of medical devices

Traditionally, materials like glass, metals, ceramics,
wood, and stone were used to accommodate the needs of
the healthcare sector in the form of medical devices. For
example, intravenous (IV) bottles of glass, tubing made
of rubber, and surgical instruments of metals were used
widely until the 1930s when IV bags of polyvinyl chloride
(PVC), tubing of PVC, and catheters made out of silicone
were introduced (Modjarrad and Ebnesajjad 2003). Nowa-
days, polymers, rubbers, and polymer composite—based
materials have occupied the market in the field of food
packaging, medical instruments, furniture, automotive,
health care instruments, and various other applications
(Abid et al. 2012; Adeosun et al. 2013; Gill et al. 2018,
b, c; Salernitano and Migliaresi 2020; Zagho et al. 2021a;
Zeng et al. 2021). The utilization of plastics in medical
devices includes simple tools such as spatulas, syringes,
and dressings along with complex instruments, i.e., MRI,
X-ray machine, surgical devices, etc. Two major categories
of medical equipment can be classified as non-disposable
and disposable.

Diagnostic and imaging instruments, dental and surgical
implants, and prosthetics are examples of non-disposable
devices while simple items such as syringes, gloves, IV bags,
tubes, catheters, and dressings are some common examples
of disposable devices/accessories. In the case of non-dis-
posable devices, the materials used are the ones which pos-
sess high mechanical and physical properties to make them
long-lasting. Non-disposable devices which come in contact
with living human tissues should be inert or biocompatible
depending on the nature of the implant (Sastri 2013).

On the other hand, disposable medical devices are made
of commodity plastics that have excellent mechanical
properties and possess the ease of processing according to
the desired design and application of the device. Besides
these, they should have the capability of sterilization and
should be cost-effective to replace the traditionally used
costly materials.

Share of plastics in the medical device market

Commodity plastics that approximately hold 70% market
of disposable medical devices are polystyrene (PS), poly-
propylene (PP), polyethylene (PE), and PVC. Similarly,
engineering, high temperature, and thermoplastic elasto-
mers are also being used in high-end medical applications
(Fig. 1) (Sastri 2013).
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Fig. 1 Share, types, and applications of plastics in the medical device industry

Share of plastics in HCW

Physical composition analysis has revealed that the major
components of hospital waste are plastic, textile, cardboard/
paper, glass, food, and other organic and inorganic materi-
als. The percentages of these components vary according to
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the country and type of hospital. Even in the same hospital,
these components vary based on the nature of the depart-
ments/ward present in the hospital (Altin et al. 2003; Alwabr
et al. 2016; Mohee 2005; Voudrias et al. 2012).

Plastic is considered as one of the main components of
healthcare waste due to the great usage of disposable plastic
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items in hospitals (Munir et al. 2014). The average percent-
age content in both types of wastes (hazardous and non-
hazardous) varies depending upon the category of hospital
and country in which the hospital is situated (Table 1).
There are different types of plastic present in healthcare
waste in form of different disposable products, packaging,
and medical instruments. These products are made up of a
single type of plastic and a mixture of plastics or a combina-
tion of plastics and other materials (paper, aluminum, etc.)

Legislations regarding hospital waste
management

To improve healthcare management in Pakistan, Hospital
Waste Management (HWM) Rules (2005) have been intro-
duced. They are operated under the Environmental Protec-
tion Act (PEPA) of 1997 of Pakistan and guidelines laid
down by WHO for the establishment of healthcare waste
management in healthcare facilities. HWM rules (2005)
define different types of wastes present in healthcare waste
(infectious waste, chemical waste, genotoxic waste, patho-
logical waste, and non-risk waste, etc.) and specify a waste
management plan. Similar to the HWM rules 2005, the Envi-
ronment Protection Department of Punjab has legislated its
own Punjab Hospital Waste Management Rules (PHWM),
2014 (EPD 2014).

Fundamental steps of adequate waste management
include segregation, collection, transportation, treat-
ment, and safe disposal (World Health Organization 2a)
(Fig. 2019a).

According to the PHWM, segregation of waste is required
to be done at the point of source in hospitals by healthcare
staff. The risk waste needed to be placed in separate containers
lined with yellow color plastic bags which are removed when
they are three-quarters filled and marked with useful informa-
tion like date, point of source, quantity, and biohazard sign.

Sharp waste is required to be placed in a metal or plastic
sealed container that then can be placed in a yellow bag if it
is required to be incinerated. Similarly, small quantities of
pharmaceutical waste are placed inside the yellow plastic
bag. In the case of radioactive waste, it can be placed in
a yellow bag or white bag (designated for non-risk waste)
depending upon its infectious or non-infectious nature.
Non-risk waste is placed in a separate container lined with
a white plastic bag. For the in-house transportation of hospi-
tal waste, three- or four-wheel yellow and white trolleys for
risk waste and non-risk waste, respectively, are equipped to
transport waste in sealed bags from the collection point to
the final storage in hospital premises.

These trolleys should be free from sharp edges and should
have ease of unloading and loading capability. For the off-
site movement of hospital waste, vehicles and skips provided
by the local council should be used to transport risk and
non-risk waste separately. Yellow bag waste is needed to

Table 1 Plastic content in healthcare waste depends on the category of hospital and country in which the hospital is situated

Sr. no Country Plastic content in hazard- Plastic content in non- Type of hospital
ous waste (%) hazardous waste (%)
1 Pakistan (Lahore) 75.9 2.3 Children’s hospital (Munir et al. 2014)
2 Pakistan (Gujranwala) - 13.41 Multiple (Ali et al. 2016)
3 India 20-60 - Multiple (Tiwari 2014)
4 Turkey (Sivas) 41 Multiple (Altin et al. 2003)
5 Mauritius - 22 Multiple (Mohee 2005)
6 Taiwan 29.58 Multiple (Li and Jenq 1993)
7 Peru 11.75 Multiple (Diaz et al. 2008)
8 Yemen (Sana) 22 Multiple (Alwabr et al. 2016)
9 Kuwait 24 Multiple (Desai and Mukherji 2001)
10 Libya - 24 Multiple (Sawalem et al. 2009)
11 Bangladesh 20.30 6.77 General (Alam et al. 2008)
12 Iran (Tabriz) 35.72 16.40 Multiple (Taghipour and Mosaferi 2009)
13 USA 32.64 25 Multiple (Wong et al. 1994)
14 Australia 33 Multiple (Vinyl Council of Australia 2018)
15 Italy 46 - General (Pieper et al. 2017)
16 Romania 20 - Multiple (Bordeianu et al. 2015)
17 Canada 14 - General (Strashok et al. 2010)
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Fig.2 a Overview of hospital
waste management (Pieper

et al. 2017). b Global demand
of PPE during COVID-19 for
healthcare workers each month
estimated by WHO (Singh et al.
2020)
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transport at least daily by the staff wearing protective cloth-
ing in a vehicle that is free from sharps, capable of easy
loading and unloading, and easy cleaning and disinfection.

To ensure safe offsite transportation of the waste, vehicles
are required to be equipped with empty waste bags, cleaning
tools, protective clothing, and disinfectant to safely manage
any spillage. Besides these vehicles, staff should be trained
properly to handle yellow bag waste and necessary docu-
mentation should be done from point of collection to the
final disposal site (EPD 2014).

Current practice in Pakistan

Pakistan is among the developing Asian countries where
inadequate infrastructural arrangements and mishandling of
hospital waste are reported frequently (Abdullah et al. 2021;
Ahmed Bin Hassan and Mubashar Hassan Zia 2020; Arub
et al. 3; Ayub et al. 2019; Khan et al. 2020; Naz et al. 2020).
In opposition to the guidelines and rules laid down by WHO
and the Ministry of Climate Change (MoCC) of Pakistan,
unsafe and illegal disposal of hospital waste is reported in
electronic and press media. There have been so many inci-
dents when hospital infectious plastic waste was dumped
in the ocean or open land. Figure 2021 contains four such
electronic media reports (e, f, g, h) related to hospital waste
becoming part of the environment and contributing signifi-
cantly toward environmental pollution.

@ Springer

In a media report, open dumping of hospital waste in
Jinnah Postgraduate Medical Centre, Karachi was stated
which were accessible for stray birds and scavengers due
to non-operational incineration facilities (Faiza Ilyas 2016)
(Fig. 3e). Similarly, another electronic media reported an
incident littering of Clifton Beach, Karachi, with hospital
waste, which included used syringes, blood vial, and broken
glass (Drury 2019) (Fig. 3h).

In the same way, unlawful recycling of hospital infectious
waste has been reported in international as well as local
electronic and press. Infectious waste is being recycled into
the making of toys, kitchen foodware, and drinking straws
(Jaffery 2013) (Fig. 3a—d). At least 40 recycling units have
been identified in Lahore which is involved in illegal and
unethical recycling of hospital plastic waste (Randhawa 2003).
In addition to the recycling of hospital waste plastic, reusing
of used syringes after washing, cleaning, and repacking has
also been reported in the literature (Mujeeb et al. 2018).

Impact of COVID-19 on hospital plastic
waste

Worldwide scenario

According to interim guidelines issued by WHO in the wake

of the COVID-19 pandemic, a variety of groups of peo-
ple, who were nearby infected patients, are at higher risk
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Fig.3 a-d Illegal recycling of hospital waste in Lahore (Jaffery
2013). e Open dumping of hospital waste in Jinnah Postgraduate
Medical Centre, Karachi (Faiza Ilyas 2016). f Surgical mask at Hong

of infection as human-to-human contact and human body
fluids (saliva droplets) have been identified as a mode of
transmission of coronavirus. Personal protection equipment
(PPE) is recommended to be worn by these groups of people
including healthcare workers, cleaners, visitors, laboratory
technicians, caregivers, and ambulance drivers working in
the patient room, triage, consultation room, temporary isola-
tion area, etc. (World Health Organization (WHO) 2020a).
Consequently, an exponential rise in the usage of PPEs
has been seen during the COVID-19 pandemic (Ammendolia
et al. 2021; Das et al. 2b; Haddad et al. 2020; Haque et al.
2020; Yu et al. 2020). According to a model developed by
WHO, currently, there is a need for 89 million medical-grade
masks, 76 million gloves, 30 million protective gowns, and
1.6 million safety glasses per month for healthcare workers
throughout the world as shown in Fig. 2021 (Feinmann 2021;

Kong beaches (Bidal 2020). g Used gloves and masks thrown in the
city of Beirut (AFP 2020). h Hospital waste littering on Karachi
beach (Drury 2019)

Rai and Roy 2021; Sangkham 2021; Sarkodie and Owusu
2021).

Similarly, the European Centre for Disease Prevention
and Control has estimated that there would be a require-
ment of 14-24 PPEs sets per confirmed COVID-19 case
in healthcare facilities (Feinmann 2020). Italy, the hard-hit
country by a coronavirus, would require 1 billion facemasks
and 0.5 billion gloves per month after lifting the lockdown
according to the estimates made by the Polytechnic Univer-
sity of Turin. It reveals that if 1% of the masks are disposed
of improperly, then there would be 10 million masks (equal
to the 40,000 kg of plastic waste considering the average
weight of the mask is 4 g) per month littering the environ-
ment (Nilay Syam 2020). A similar example of PPEs litter-
ing in the capital city of Lebanon was reported in electronic
media (AFP 2020) (Fig. 3g). Similarly, used masks were
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seen floating on Hong Kong beaches during the COVID-19
outbreak (Bidal 2020) (Fig. 3f).

Likewise, the healthcare sector in the UK, another country
facing the wrath of COVID-19, has consumed 748 million
PPEs including masks, aprons, gowns, and gloves during the
initial 53-day period of the coronavirus outbreak (Islam 2020).

Situation in Pakistan

The situation regarding the use of PPEs in Pakistan is not
different from other countries. According to the official data
provided by the National Disaster Management Authority
of Pakistan (NDMA), 141 million of PPEs have been dis-
tributed among the hospitals and government departments
throughout the country. These PPEs were acquired through
direct purchase and in the form of foreign donations. They
include facemasks (surgical, N96, KN95, etc.), protective
gowns, goggles, gloves, surgical caps, face shields, and shoe
covers. Until now, almost 5000 tons of PPE waste has been
estimated in government hospitals of Pakistan during this
pandemic. Their total quantity, material, weight per item,
and the total weight of PPEs are described in Table 2.

This is an estimation of PPE-based medical waste gener-
ated by medical staff in government hospitals, but the actual
waste generation rate in Pakistan during the coronavirus out-
break would be higher because of the huge consumption of
PPEs by general masses and other institutions.

Most of the PPEs are disposable single-use items (Cook
2020), and waste produced by them is considered infectious
hospital waste (Wang et al. 2020). Although transmission of
COVID-19 through unprotected handling of hospital waste
is not reported, yet the waste collection, transportation, treat-
ment, and disposal should be done safely (World Health
Organization (WHQO) 2020b). That is why it has become
inevitable for the world especially developing countries like
Pakistan to build and implant better healthcare waste man-
agement to control outbreaks of COVID-19.

National action plan (policy) for healthcare supply
chain in Pakistan

The national action plan (NAP) provided by the Ministry
of National Health Services, Regulations & Coordination,
Government of Pakistan (Ministry of National Health
Services Regulations & Coordination- Government
of Pakistan 2020) serves as the policy document for
confirming that all the principles for improvement in the
healthcare supply chain are followed that also defines a
priority activity list to deal with the healthcare supply
chain management. In accordance with the priority
activity list, PPEs and other healthcare equipment
availability at several designated hospitals is supposed
to be ensured. Following the plan, tax exemptions and
collaboration of local/private PPEs manufacturers with
leading government industrial organizations is one of
the key policy interventions considered, so far. Defense
Science and Technology Organization (DESTO),
Pakistan was subjected to build up the capacity for local
manufacturers to prepare masks, surgical gloves, Tyvek
suits, and other obligatory equipment. Similarly, the
federal taxation institution (Federal Board of Revenue:
FBR) in Pakistan granted the exemption on income tax
and sales tax to private sector manufacturers of PPEs
for ensuring maximum coverage at the reduced prices
of PPEs. A ban on the export of medical equipment was
imposed to increase the emergency capacity of hospitals.
DESTO ensured mass production of ethanol-based hand
sanitizers to avoid the spread of coronavirus. Exports of
ethanol were subjected to regulations by the Ministry of
Commerce to ensure the 100,000 L/per month availability
of pure 99.9% ethanol for country requirements. These
are the parts of policy interventions that have yielded to
control the pandemic at the cost of the unprecedented
rate of generation of hospital waste and tremendous
pressure over the healthcare sector across the globe.

Table 2 Details of PPEs
distributed in Pakistan’s
hospitals and Government

Sr. no PPE

Quantity

Material Average weight Total weight

departments (NDMA 2020) Surgical face mask

NO95 mask
Protective suits
Goggles

Gloves

Surgical caps
Gowns

Face shield
Boot/shoe cover
Total weight of PPE

Total weight of PPE (tons)

NN R W N -

per item (g) of items (kg)
8,052,460 Non-woven PP (NPP) 4 322,098
1,784,403 NPP 12 214,128
1,161,646 NPP 250 2,904,115
145,628 Polycarbonate 80 116,502
1,492,599 Natural latex 80 1,194,079
510,830 NPP 15 76,624
361,532 NPP 60 216,919
114,983 PET 30 34,494
478,968 PE, CPE, PP 3 14,369
5,093,331
5093.33
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Suggestions to improve hospital plastic
waste management

Involvement of all stakeholders

One possible way of safe and efficient handling of hospital
plastic waste is the involvement of all stakeholders involved
in the production and usage of medical equipment (dispos-
able and non-disposable items). Stakeholders could be the
manufacturer, importer, distributor, and healthcare facili-
ties. UK policy for the recycling of plastic waste may be
followed for this purpose which divides the share of plastic
recycling cost among different stakeholders, i.e., raw mate-
rial manufacturer (6%), converter (9%), fillers (37%;), the
seller (48%), secondary provider (85%), and service pro-
vider (85%) (Producer Responsibility Obligations (Packag-
ing Waste) Regulations 1997(Producer 1997).

As mentioned earlier, the major portion of hospital
plastic waste consists of PP, HDPE, and PVC which are
present in the form of syringes, infusion bottles, packag-
ing, tubing, oxygen mask, and other disposable items. PP
and HDPE present in hospital waste are mostly of very
high quality and up to 90% of them are worthy enough to
be recycled. Nevertheless, they can be recycled into non-
food and non-medical graded items such as coat hangers
(Vogt and Nunes 2002). Similarly, IV bags (PVC) which
can be 10% of the total plastic waste are 90% non-infected
and can be recycled (Lee et al. 2014).

Segregation at source

One of the most crucial steps in the recycling of hospital
plastic waste is the proper segregation of waste at the point
of source or ward level. It requires the contribution from con-
sumers as well as hospital staff especially the nursing staff.

To make the recycling of hospital plastic waste a suc-
cessful alternate, the active contribution of medical staff is
very important. In this regard, proper training of the nurs-
ing staff for the segregation of non-infected waste from
infected waste would be mandatory.

Since most of the disposable medical items are used
by the nursing staff, they could play an important part in
the sorting of the plastic at the point of source. This step
would be made part of their performance evaluation.

This recycling practice can enhance the burden of plas-
tic on the environment and its acceptable disposal methods
can be beneficial for the hospitals as an income-generating
stream (Vogt & Nunes 2014), and revenue generated from
the sale of hospital non-infectious waste may be distrib-
uted among the nursing staff, which will be an incentive-
based policy. This value-added step can bring the desired

results of on-source segregation and accounting of hospital
waste.

Need for amendments in rules

Hospital waste management rules 2005 of Pakistan provide
information about the segregation of infectious or risk waste
from hospital waste, but it does not have any policy regard-
ing the sorting of plastic waste from non-infectious waste.
Necessary amendments are needed to be made in these rules
regarding the segregation of plastic waste from the non-risk
waste at the point of source to reduce the impact of hospi-
tal plastic on the health, environment, and economy of the
country.

American standards regarding the separation of plastic
(especially chlorinated plastic) from hospital waste before
its final incineration can be followed to amend local rules
(Environmental Protection Agency 2013).

Chemical crosslinking disposal method

Despite institutional governance issues, some deliberate
actions were also observed on the part of sweeping/cleaner
staff which promotes illegal segregation of hospital plastic
waste. This manhandling leads to the breakage of a chain of
proper hospital waste management and resultantly hospital
plastic waste drawn from the cycle reaches the hands of ille-
gal recyclers. To curtail this issue, an engineering solution is
proposed for the effective handling of hospital plastic waste.

Chemical crosslinking of the hospital plastic waste
can be adopted which will make sure that hospital plastic
waste leaving the hospital premises will not be reprocessed
illegally. According to this method, the plastic content of
hospital waste may be shredded and mixed with a suitable
crosslinker. After mixing, the blend will be thermally com-
pressed and finally shredded to dispose of the waste using
already available incineration and landfill technology or even
used for resource-derived fuel (RDF).

Waste shredding technology has been previously com-
bined with other waste treatment technologies such as auto-
claves, microwave, and chemical treatment technology to
reduce hospital waste volume and to make it unrecogniz-
able (Mukhtar et al. 2017; Pieper et al. 2018; World Health
Organization 2019a). However, in the chemical crosslinking
method, the shredding and compression technique may be
combined with incinerator and landfill technology, as shred-
ding alone does not serve the purpose to prevent hospital
plastic waste recycling.

The compression of mixed plastic and crosslinking would
make the resulting shredded material non-processable. On-
site incineration of hospital waste is a high-cost treatment
technology considering its capital and operational cost
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(World Health Organization 2019a). There is also a grow-
ing public concern about the incineration of hospital waste
due to the harmful emission of mercury, cadmium, furans,
and dioxins (Gautam et al. 2010).

Unlike incineration, this proposed method does not
involve any incineration within healthcare premises and pro-
vides a cost-effective solution to hospital waste management
as it involves simple and small-scale shredding, mixing, and
thermal compression (Fig. 4).

Methodology

First, the hospital plastic waste will be collected from hos-
pitals. After the collection of hospital waste, it will be seg-
regated based on types of polymers, and the amount of each
polymer present in it will be recorded. Then segregated
plastic will be shredded using a high-speed rotating blade
(1750 revolutions per minute) shredder (Spilhaus 1967). The
resulting shredded plastic will be blended in a rotary mixer
with dicumyl peroxide (DCP). After blending mixed plas-
tic and crosslinking additive, the blend will be thermally
compressed using a vertical compression molding machine
in crosslinked sheets of mixed plastic. These sheets will be
cooled and shredded again using a high-speed rotating blade

shredder. Finally, this shredded plastic waste will be sent
to incineration or landfill facilities, as illustrated in Fig. 5.

To crosslink plastic blends on a laboratory scale, different
approaches have been used in literature. The most commonly
used technique to crosslink mixed plastic waste is the mix-
ing of granulated plastic waste with a crosslinking agent
and compression molding to prepare samples for testing as
shown in Table 3. That is why mixing the granulated plastic
mixture with DCP at temperature 50 °C and compression
molding at 190 °C for 10 min at a pressure of 20 bar would
be enough to crosslink the mixed plastic.

Choice of crosslinking agent

Crosslinking agents are most commonly used to modify the
properties of thermoplastic. Crosslinking prevents chain
movement by joining them together which increases the melt
flow index of the polymer (Tamboli et al. 2004).

Peroxide crosslinking is one of the most suitable routes
of crosslinking for recycled plastics due to the following

reasons.

1. Uniform crosslinking throughout the polymer

Suggestions for reduction of hospital plastic waste in Pakistan
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asingle use of health
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Fig.4 Suggestions and high potential approach for managing the hospital plastic waste in Pakistan
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Fig.5 Process flow diagram Plastic waste collection
of the newly proposed disposal

method

Incineration

2. Organic peroxide is preferable because of its economic
feasibility and easy control of the initiator’s decomposi-
tion rate

Lesser amounts of side products

4. Ease of availability

b

Dicumyl peroxide (DCP) is one of the most commonly
used crosslinking agents for polyolefin due to the highest
efficiency of DCP among all other peroxides (Tamboli et al.
2004). It is regarded as the best crosslinking agent for HDPE
(Anbarasan et al. 1995). The most commonly used crosslink-
ing agent for polyolefin blends is DCP (Ajji 1996; Chodak
et al. 1997; Fuke and Mahanwar 2002; Viksne et al. 2004).
Besides the disposal of hospital plastic waste, another fea-
sible option for its treatment is recycling. Upgradation of
the properties of recycled plastics is another way for the
utilization of plastic waste as a base polymeric material for
the fabrication of polymer-based nanocomposites in the field
of non-medical applications (Gill et al. 2012, b, ¢c; Mamoor
et al. 2014; Vogt and Nunes 2014) Nevertheless, they can be
recycled into non-food and non-medical graded items such
as coat hanger (Vogt and Nunes 2020). Similarly, IV bags
(PVC) which can be 10% of the total plastic waste are 90%
non-infected and can be recycled (Lee et al. 2021a).

Future prospects

More obviously, the future load of hospital plastic waste
will continue to be disproportionally increased particu-
larly during the COVID-19 pandemic era. In a literal sense,

Crushing Mixing with Crosslinker

Crushing Thermal compression

prevailing hospital waste management legal instruments are
good at defining the roles of waste generators, collectors, and
handlers. However, lessons learned from their implementa-
tion suggest that there are technical flaws and hacks which
drastically reduce the efficacy of these instruments. One of
the major challenges is to fix the issue of hospital plastic
waste pilferage. This thorough review leads to technically
sound recommendations for updating the polices for mini-
mization of chances of pilferage through a thermochemical
approach. We believe that in near future, the implementa-
tion of updated policies would lead to a stable ecosystem
and can be helpful in coping with the unethical and illegal
practices regarding handling of hospital plastic waste. Fur-
thermore, the dataset and suggestions provided in this review
can assist the country in achieving its objective of reducing
hospital plastic waste. In the future, we intend to recommend
the instant interventions to the legislature and Environment
Protection Department (EPD) for incorporating in the piece
of legislation.

Conclusion

The present paper highlighted the illegal and unethical prac-
tices regarding the hospital’s infectious plastic waste that
includes open and unsafe dumping in the ocean and land
as well as illegal recycling of the hospital plastic waste in
Pakistan. Hospital plastic waste being made of pure poly-
mers and low-cost raw material sources for recycling attracts
many illegal plastic recyclers who convert them into food-
ware and children’s toys.
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Table 3 Techniques used for crosslinking of plastic blend
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References

The technique used for crosslinking

Sr. no Title of the research article

(Krupa and Luyt 2002)
(Baris Koltukuz 2015)

Mechanical mixing + compression molding for 10 min at 180 °C

Cross-linking of LDPE/wax blends in the presence of dicumyl peroxide

Dissolution in hexane +drying at 60 °C 4+ Compression molding at a tem-

Preparation of cross-linkable high-density polyethylene and polypropylene

2

perature of 195 °C with curing time of 3.5 min+

polyblends

(Liu et al. 2014)

Grinding + blending at 80 °C + compression molding with a pressure of

The effect of peroxide cross-linking on the properties of low-density poly-

3

approximately 20 bar, which was applied for 20 min at 160 °C

ethylene

(Gu et al. 2013)

Drying at 80 °C for 4 h+ blending for 10 min + extrusion with twin-screw

The eftect of PP and peroxide on the properties and morphology of HDPE

extruder at 210 °C
Melt mixed in an internal mixer at 145 °C for 5 min + mixed with cross-

and HDPE/PP blends

An investigation of the chemical crosslinking effect on properties of high-

(Khonakdar et al. 2003)

linker for 3 min+ compression molding 190 °C and pressure of 10 MPa for

5 min

density polyethylene

(Fuke and Mahanwar 2020)

Preheating 80 °C for 4 h+ melt blend mixing in the twin-screw extruder at

To study the effect of electron beam and chemical crosslink on electrical

210 °C + compression molding at 210 °C and 120 kg/cm? pressure

properties of PP: EPDM: LDPE ternary blends

With the spread of COVID-19, usage of disposable plas-
tic protective equipment has increased which is causing the
exponential rise in hospital plastic waste in Pakistan. The
main disposal methods being used in Pakistan are incinera-
tion and landfilling, but these techniques are not followed
properly due to several factors. Successful practices of hos-
pital plastic waste handling in developed countries may be
followed to improve hospital plastic waste management in
Pakistan.

USA and UK hospital plastic waste segregation strategies
can prove to be an effective role model for Pakistan. Besides
these, a new chemical crosslinking approach has been sug-
gested to curb the illegal recycling of hospital plastic waste.
If implemented, this low-cost on-site method could prove
a game-changer for hospital plastic waste management in
countries like Pakistan.
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