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The term “medical waste”, mainly refers to the waste and by-products generated from hospitals and healthcare facilities,

which are being produced in huge amounts. To be addressed properly, they need to be segregated and treated according

to their properties, level of contamination, and danger to living organisms and the environment.
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1. Introduction

The term “medical waste” is used in many countries, such as the US, South Korea, and China, while the European Union

and World Health Organisation (WHO) refer to it as “healthcare waste” . The World Health Organization (WHO) defines

healthcare waste (medical waste) as any waste or by-products from hospitals and healthcare facilities for humans and

animals used for diagnosis, treatment, or immunisation, e.g., used syringes, needles, metal sharps, dressings, blood

samples, body parts, pharmaceutical, chemical, radioactive materials, and devices . Generally, countries with high

revenue generate up to 0.5 kg/hospital bed of hazardous medical waste . Therefore, the healthcare sector’s waste

extensively impacts the environment and public health, proving very costly. In addition, the manufacturing and discarding

of medical and healthcare sector waste lead to increased levels of GHG emissions and pollution . The types of plastics

that are mainly used to make operating room tools and equipment are polyvinylchloride (PVC), polyethylene (PE),

polypropylene (PP), polyurethane (PU), and copolymers. The first three types of plastics can and are being recycled. In

general, most of the operating room’s waste can be considered non-hazardous because it is generated even before the

patient arrives and is not contaminated or infected .

Face masks make up a considerable part of medical waste (MW), especially after the massive increase in use due to

COVID-19 and mandatory face mask-wearing regulations. According to the findings of a recent study that included seven

hospitals and medical centres in the state of Massachusetts, USA, along with three veterinary hospitals , plastic waste

accounted for ~30% of the total waste produced by hospitals. Non-woven polyurethane, polypropylene, or polyacrylonitrile

fabrics are used to produce face masks. However, these aforementioned materials are not readily degradable but

decompose into smaller pieces and particles into microplastics. Additionally, the use of hand gloves made of latex or

plastic for protection by ordinary people and workers in various sectors after the pandemic led to an increase in the

amount of disposed of gloves. In addition, gloves also contribute to the pollution of the environment when disposed of

improperly because they are made of unrecyclable and undegradable materials . A study highlighted that 15% of the

total global carbon budget is attributed to greenhouse gas (GHG) emissions resulting from the life cycle of plastics .

Therefore, poor management and disposal of plastics threaten the ability of the global community to meet carbon

emissions targets and combat climate change .

Sharma et al.  reviewed the detrimental impacts of the incineration of MW caused by the ashes and gaseous

emissions. A vast variety of pollutants are released from a MW incinerator, including fly ashes as particulate matter (PM),

carbon monoxide (CO), heavy metals, e.g., arsenic, chromium, nickel, cadmium, copper, lead, etc., acid gases such as

sulphur dioxides, nitrogen oxides, and hydrogen chloride, and organic compounds such as carbon tetrachloride (CCl ),

benzene, toluene, xylenes, and polycyclic aromatic hydrocarbons. In addition, leachable organic compounds form bottom

residues and ashes containing heavy metals and dioxins. In addition, there is the carbon footprint of transportation,

autoclave decontamination, thermal treatment (i.e., low and high-temperature incineration at ≥850 °C and 1000 °C,

respectively), plus the carbon emissions produced during recycling . A study in the UK has found considerable variation

between different methods of MW treatment. It was estimated that the carbon footprint of MW treatment by high-

temperature incineration was 1074 kg CO e/t, making the choice of waste treatment method have an impact on the

carbon footprint of up to 50-fold .
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2. Classification of Medical Waste

According to estimates by the WHO, 15 to 20% of medical wastes can be classified as hazardous materials due to their

infectivity, toxicity, and, sometimes, radioactivity . However, medical waste management practices are not constant

or standardised in all countries because this categorisation is unclear or decisive .

Medical waste refers directly or indirectly to infectious, toxic, or otherwise hazardous waste (HMW), illustrated in Figure 1
and described with examples in Table 1. Medical institutions generate this type of waste during medical or preventative

care and related activities, specifically infectious, pathological, damaging, pharmaceutical, and chemical waste . On the

other hand, non-hazardous medical waste (NHMW) includes all different regular non-infectious fractions of waste, such as

municipal solid waste. HMW is usually contaminated with pathogens. Therefore, it can cause a wide range of infections

and diseases in the case of misuse or poor handling and discarding. Adding to that, it can cause environmental

contamination in the case of poor management, causing pollution to land, water, plants, animals, and air, leading to the

spread of diseases.

Figure 1. Different types of hazardous medical waste.

Table 1. Healthcare waste categorisation according to WHO and the EU .

Category
(Examples) World Health Organization (WHO) EU Source

Hazardous

Sharps Sharps Sharps Hospitals, clinics,
laboratories, blood
banks, nursing homes,
veterinary clinics and
labs

Organic matter, including body
parts and blood

Pathological Human tissue, body
parts, organs, and
blood preserves and
bags

Hospitals, clinics,
laboratories, mortuary
and autopsy facilities,
veterinary clinics and
labs

Waste with restrictions in
collection and disposal due to
infectivity

Infectious Human and Animal
Infectious

Hospitals, clinics, and
laboratories

Waste with no restrictions or
special requirements for collection
and disposal due to infectivity
(e.g., plasters, casts, dressings,
bed sheets, disposable clothing,
etc.)

Infectious Infectious Hospitals, clinics, and
laboratories

Dangerous chemical materials and
substances

Chemical Chemical Hospitals, clinics, and
laboratories

Other chemicals Chemical Chemical/ Unused
hazardous medicines

Hospitals, clinics, and
laboratories

Cytotoxic and cytostatic
medicines

Cytotoxic Discarded unused
medicines

Hospitals and
laboratories
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Category
(Examples) World Health Organization (WHO) EU Source

Non-
hazardous

Other chemicals (non-hazardous) Pharmaceutical Unused non-
hazardous medicines

Hospitals, clinics, and
laboratories

Dental clinics (care centres)
amalgam waste

Amalgam (tooth
filling) waste from
dental
clinics/centres

Amalgam waste from
dental clinics/centres

Dental care centres
and clinics

MW can also affect physical and mental health and patients’ and health workers’ quality of life . The plastic portion of

MW is approximately 20% to 30% .

3. Medical Waste Management Process

Medical waste management is a series of steps where the MW generated is handled from the generation point until it can

be disposed of safely. The steps of the MW management process are shown in Figure 2. The success of the waste

management process is demonstrated in limiting the waste going for disposal and achieving a circular economy, where

the materials used within the medical system are maximally utilised, reaching almost zero waste.

Figure 2. Flow scheme for medical waste management.

3.1. Waste Generation

The medical waste generated is of various classifications, as mentioned in the previous section. The critical aspect of this

step is the amount of waste produced and how it is handled to prevent hazards to the personnel in contact with it. The

waste generated from medical institutions can be minimised to reduce waste accumulation. The minimisation can be

approached from different directions, such as reduction in waste at source, recycling, and stock management. The

reduction in waste at the source can be achieved by reusing materials that will not harm the users, such as washable

tablecloths, tableware, and refill containers for cleaning supplies . Recycling can aid in minimising waste by recycling

plastics and metals and composting food waste. Finally, stock management will help set an organised system of the

medicines inventory to prevent duplication and purchase of unnecessary products that could expire, thus reducing

potential waste .

3.2. Waste Segregation

Segregation identifies the various types of waste and how they can be collected separately. Segregation is mainly

achieved by separating different categories of MW in different colour bins or bags specified for each category .

Therefore, this causes a problem when collecting from various sources due to the lack of standardisation of the colours

associated with each waste category , thus increasing the needed time and financial cost of labour and equipment to

separate the waste and direct it to the proper waste stream, resulting in a problem. The segregation should mostly occur

at the point source except for the waste undergoing the same treatment, which could be separated in the treatment facility

. The sharp objects should always be separated at the source . The segregation is carried out by medical staff,

which requires training to safely dispose of waste to avoid infections . If a mistake occurs while segregating waste, it

should not be corrected to prevent the contamination of the other waste . Medical waste should be stored safely to

avoid unauthorised human contact, which can cause infections .
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3.3. Waste Collection and Transportation

The frequency of MW collection should be as high as once per day to avoid the accumulation of waste, which can spread

infections. In addition, the personnel responsible for collection should be equipped with safety gear to prevent

contaminations and infections that should be safely disposed of . The waste is collected from the health care entity and

transported using secondary transportation to the treatment facility for disposal, recycling, and treatment processes.

Treatment facilities are either located within the health care facility or off-site in a separate location .

3.4. Waste Treatment

Medical waste treatment is a process carried out before the disposal of MW to limit the hazardous effects of this type of

waste on the environment and health. The lack of proper treatment can have several impacts, as follows :

Poisoning from toxic elements,

Bacterial and fungal infections,

Release of toxins into the atmosphere,

Leaching to the soil and underlying aquifers,

Bioaccumulation,

Leaving a footprint on the environment,

Destruction of habitats.

In the production phase of any medical equipment, the impact of these types of equipment must be considered by

performing a life cycle analysis (LCA) and practicing proper treatment techniques. However, the methods and techniques

for treatment have minimal impact in terms of carbon emissions released into the ambient air. For example, a single

intravitreal injection causes the release of 0.05 kg CO e during the disposal phase .

Several treatment methods for MW are illustrated in Table 2, with their primary advantages and disadvantages. Despite

these challenges, these methods can reduce the hazards mentioned earlier. The treatments currently in the field are

incineration, autoclave disinfection, microwave disinfection, and mechanical and chemical disinfection .

Table 2. A comparison between treatment methods in terms of advantages and disadvantages.

Treatment Method Advantages Disadvantages

Incineration − Weight and volume reduction

− Suitable for all waste types

− Heat recovery

− Emissions, e.g., furans and dioxins

− Public opposition

− High capital and operating costs

− High maintenance costs

− Restrictions due to emissions regulations

Autoclave disinfection − Low operation costs

− Adequacy for biological testing

− Less hazardous residues

− No change in waste characteristics

− Inapplicable for all waste types

− Unknown air emissions
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Treatment Method Advantages Disadvantages

Microwave disinfection − Volume reduction

− No liquid discharge

− High capital cost

− Weight increase

− Inapplicable for all waste types

− Risk of exposure

− Unknown air emissions

Chemical disinfection − Volume reduction

− Time efficient

− Removal of waste odour

− High capital cost

− Inapplicable for all waste types

− Unknown air emissions

− Storage and handling of chemicals

3.4.1. Incineration

Incineration is the most widely practised treatment method due to its applicability to treating all waste types . The

incineration process is carried out in furnaces operated at temperatures of 800–1200 °C . High temperatures kill

pathogens, destroy 90% of organics, and change waste characteristics such as weight, volume, and shape . This

process is governed by several parameters such as :

Mixing of waste,

Moisture content,

Amount of waste in the furnace,

Temperature,

Residence time,

Maintenance and repair.

Incineration produces fly ash and emissions such as dioxins, furans, and mercury . Dioxins and furans are considered

carcinogenic, have a half-life ranging from 7 to 11 years, and are persistent footprints on the environment . Dioxin

emissions can be reduced if the complete combustion of waste is achieved . The dioxins emitted can also be treated

using selective non-catalytic reduction (SNCR) . This technology depends on the production of free nitrogen via the

reaction between nitric oxide and ammonia, and this gas is considered to be of high effectiveness and low cost .

Mercury represents 3–9% of the emissions from incineration, which impacts the nervous system and general health .

Fly ash is the solid residue from incineration, rich in heavy metals . Fly ash can be recycled but has to undergo

chemical pre-treatment first by using ethylene diamine tetra acetic acid disodium (EDTA) or sodium sulphide, which

removes the heavy metals from the fly ash . Approximately 3 kg of CO  is produced from burning 1 kg of clinical waste,

therefore, incinerating MW contributes to global warming by releasing significant amounts of greenhouse gases (GHG),

mainly CO  .

3.4.2. Autoclave Disinfection

Autoclave disinfection is a treatment method using temperature and steam simultaneously to kill microbes . It is

operated at a lower temperature than incineration but with pressure and steam influence to achieve disinfection . The

operating conditions are 60 min, at 121 °C and 1 bar, followed by a cycle of 60 min at 134 °C to ensure the complete

disinfection of waste . The following aspects govern the operation of the autoclave :

Temperature (121–134 °C),
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Steam penetration,

Waste load,

Length of the treatment cycle,

Chamber air removal.

Due to the low operating temperatures of autoclaving, the waste appearance does not change, and the pathogens are not

removed, which requires pre-treatment of the waste by incineration to be disposed of in landfills . Thus, the autoclave is

not optimum for all waste types.

3.4.3. Microwave Disinfection

Microwave disinfection uses low-temperature and high microwaves for the reverse polymerisation and degradation of

organic substances and microorganisms . The waves induce molecular bond vibrations, saving energy and preventing

emissions, making it a more environmentally friendly method . The disinfection is operated at temperatures ranging

between 177 and 540 °C electromagnetic waves of wavelength ranging between 1 mm and 1 m and frequency ranges

between 300 and 3000 MHz . Microwave disinfection has high costs and can be combined with incineration and

autoclave . The following aspects govern the operation of this method :

Waste characteristics,

Moisture content,

Microwave source strength,

Exposure time,

Degree of waste mixing.

3.4.4. Chemical Disinfection

Chemical disinfection is used to kill microorganisms and fight off pathogens by using chemicals . It is primarily used for

treating liquid infectious wastes such as blood, urine, faeces, or hospital sewage . The chemical disinfectants that are

commonly used are bleach solution (1%) or a diluted active chlorine solution (0.5%) . In addition, other disinfectants

such as lime, ozone, ammonium salts, and peracetic acid can be used . This treatment method directly affects those in

charge of the treatment due to the inhalation of volatile chemicals or irritations to the skin and eyes . The following

aspects govern the effectiveness of this method :

pH,

Contact time,

Waste and chemical mixing,

Recirculation versus flow.

The residues of this treatment are liquid and solid residues . The liquid residues are disposed of in the sewer system,

and solid residues are disposed of in the landfill . Determining an adequate treatment method involves defining the

waste characteristics, type, and desired outcome, which should be checked against each treatment method to show the

advantages and shortcomings of each process .

3.5. Waste Recycling

Waste recycling is using produced waste or by-products for the same or different purposes. Most of the waste produced

by the medical sector is non-hazardous waste that is mainly disposed of in landfills. The use of waste dumps and landfills

can be reduced by recycling used products such as plastics, batteries, paper, glass, metals, and silver used in

photographic processing . Food and organic waste can be used for composting purposes . Fly ash from incineration

can be used after treatment in concrete mixtures and as building blocks . The heat produced from the incineration

could be used to heat water for a centralised heating system .
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3.6. Waste Disposal

Rejects of the previous steps are transported to a sanitary landfill for disposal. However, landfills are not the optimum

solution for handling MW due to their environmental effects. These effects are soil and water pollution caused by leachate

and gas emissions into the air due to waste degradation . Thus, the waste being disposed of should be minimised to

the most, and achieving a circular economy guarantees that. The long-term decomposition of waste is the primary

process responsible for waste disposal in landfilling . Preventive measures should be taken to ensure the safe disposal

of MW, which are :

Rapid cover of waste,

Burying it under the old municipal waste of minimum burial of three months,

Waterproof bottom,

Minimum 2 m above the water table,

No disposal of chemicals.
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