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Abstract: With the increasing generation of medical waste worldwide, managing medical waste has
become crucial, given its potential environmental and public health risks. Previously in the Republic
of Korea, medical waste was often mixed with municipal waste and disposed of in residential landfills
or unsuitable treatment facilities (e.g., improperly managed incinerators). Environmental regulators
and waste producers have made extensive efforts in recent years to improve waste management at
healthcare facilities. This study presents an overview of the status of medical waste management
in Korea and discusses information on the generation, composition, separation, transportation,
and treatment of medical waste. Incineration was confirmed to be the most preferred treatment
method for medical waste and was the only one used until late 2005. Large-scale medical waste
incinerators are used for treating medical waste from most medical facilities in Korea; however,
with increasing regulations on toxic air emissions (e.g., dioxins and furans), air emission standards
are being tightened for all existing small-scale incineration facilities without air pollution control.
Since medical waste usually contains various plastic materials such as polyvinyl chloride, these
incinerators are highly likely to emit toxic air pollutants if improperly operated and managed. Waste
minimization and recycling, control of toxic air emissions from medical waste incinerators, and
alternative treatment methods to incineration are seen as major challenges. Incineration capacity
cannot be expanded as quickly as the rising quantities of medical waste in Korea; thus, there is a
growing need to reconsider the overall management system. Accordingly, we examined various
medical waste treatment policies and methods that are being implemented in other countries, in
addition to the main strategy of waste management. To determine preferable directions for the
improvement of the medical waste management system, we investigated and compared the status
of domestic and foreign waste management and proposed directions for improvement, focusing on
several issues related to the current medical waste management system in Korea.

Keywords: medical waste; Republic of Korea; effective management; hospital/medical waste;
COVID-19 pandemic

1. Introduction

The quantity of medical waste in Korea generated by the medical industry has rapidly
increased over the past decade. This medical waste is produced from the treatment, diag-
nosis, and vaccination of humans and animals in medical and veterinary facilities, health-
related research centers, and medical laboratories. Though medical waste comprises only a
small portion of all solid waste in Korea, it must be handled with care because it contains
potentially infectious and hazardous substances [1]. Improper treatment of medical waste
can seriously threaten human health and the environment. Problems caused by poor waste
management include harm due to sharp tools, human diseases caused by infectious agents,
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and environmental pollution from toxic and hazardous chemicals [2]; thus, medical waste
management is a major concern for all regulators and demands continued attention [3-5].
In Korea, medical waste was regulated by the Medical Care Act of the Ministry of
Health and Welfare until 2000. Medical waste was often mixed with municipal solid
waste (MSW) and disposed of in municipal waste landfills or improper treatment facilities;
moreover, information on handling and treating medical waste in medical institutions
was highly limited and not widely known. Under the mounting challenge of medical
waste management, Korea has continuously amended the Wastes Control Act to reinforce
medical waste management from the point of generation to its final destination. Medical
waste is classified as designated waste (or hazardous waste) and is subject to hazardous
waste regulations under the Wastes Control Act. The Korean Ministry of Environment
has disclosed several regulations on the definition, separation, packaging, tracking, and
disposal of medical waste. According to the law, medical waste is defined as solid waste
generated in medical and laboratory facilities operated by hospitals and is considered to be
potentially harmful to health. Waste includes animal carcasses, human and animal parts,
human and animal excrement, waste plastic material contaminated by blood, cultures,
accumulations of infectious agents, waste medical equipment, and other waste containing
infectious agents. Specifically, waste is classified into six major categories. It is noteworthy
that the term “medical waste” has frequently been used interchangeably with other terms
such as “hospital waste” and “infectious waste” worldwide (Table 1). Under a broader
definition, hospital waste refers to any waste generated by hospitals, including infectious
and non-infectious waste, hazardous waste and chemicals, and non-hazardous waste.



mentioned in 18 01 08

Amalgam waste from dental care

waste

medicines

Sustainability 2022, 14, 3678 30f 25
Table 1. Comparison of classification of medical waste.
Catego Republic of Korea WHO USA EU Japan China
gory [11 (6] (7] [s] [9,10] [11]
Terminology Medical Waste Healthcare Waste Medical Waste Healthcare waste Infectious Waste Medical Waste
Contaminated . .
Sharps Sharps Sharps sharps,/Unused sharps Sharps Infectious Industrial Sharps
Bodv parts and Human or animal
. . yP Bulk human Body parts and organs pathological wastes,
Body parts and organic including fluids/Blood . . . . . - .
. Pathological blood /Pathological including blood bags Infectious Municipal tissues, organs, blood,
blood bags and blood preserves contaminated /
. wastes and blood preserves pus, body parts, and
Pathological test ;
fluids
Isolation/Cultures and
Waste whose collection and stocks of infectious . . .
. . . . . . . Human and Animal Infectious Industrial .
disposal is subject to special Infectious Infectious agents and associated . . - Infectious
. . . . . . Infectious /Infectious Municipal
requirements to prevent infections biologicals/animal
wastes
Waste whose collection and
disposal are not subject to special
requirements o prevent mfec.tlon General Infectious - Infectious Infectious Municipal Infectious
(e.g., dressings, plaster casts, linen,
disposable clothing, diapers
contaminated with blood, etc.)
Chemlcals consisting of or Blologl.cal/ Chemical . Chemical Chemical
containing dangerous substances Chemical
Chemicals other than those . Sma'l I volumes of Chemical/ .
. . Chemical chemical hazardous Unused hazardous Chemical
mentioned in 18 01 06 s
waste medicines
Cytotoxic am‘ﬁl cytostatic . . Cytotoxic Antineoplastic drug Unused }}a'zardous Chemical
medicines Biological/ medicines
Chemical
. Small volumes of
Chemicals other than those Pharmaceutical chemical hazardous Unused non-hazardous Medical

Amalgam waste
from dental care

Amalgam waste from
dental care

Amalgam waste from

dental care
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Medical waste is often regarded as a subcategory of hospital waste, encompassing
“potentially” infectious waste generated by medical facilities [12,13]. Globally, the terms
“medical waste” and “healthcare waste” are used interchangeably. As shown in Table 1,
“medical waste” in this study refers to all waste with an infectious potential generated dur-
ing diagnosis, treatment, examination, and research in general hospitals, clinics, veterinary
hospitals, and research institutes.

This study presents an overview and future directions of medical waste management
in Korea and discusses the generation rate, treatment methods, and characteristics of
medical waste. We discussed the basics of current waste treatment methods and the actual
state of medical waste management. We also presented several proposals for improving
medical waste management practices in Korea. Using national statistical data, we composed
statistics on the amount of medical waste generated in hospitals and treated by type, as well
as on the treatment methods used and the disposal of infectious medical waste [including
medical waste produced during the ongoing COVID-19 pandemic. We then assessed
the acquired data and presented an overview of the latest knowledge on medical waste
management in Korea.

2. Materials and Methods

The research method included the collection of monitoring data on national medical
waste generation and treatment, as reported by the Ministry of Environment, as well as
site visits to medical waste treatment facilities, interviews, and conversations. We held
meetings with field workers and experts from the government, industry, and academia. We
then performed a literature review of published reports and scientific papers; and analyzed
the available statistics and data on medical waste systems published by the Institute
for European Environmental Policy (IEEP), Organization for Economic Cooperation and
Development (OECD), and European Union (EU).

This study also examined the recent regulations on medical waste, as well as the
published literature and media reports related to the recycling and disposal of medical
waste. Medical waste classification systems and treatment methods were assessed based on
statistics regarding the amount of medical waste generated, treated, and recycled in Korea
by type from 2009 to 2017. We also used statistical data from the Ministry of Environment
on the treatment methods and incineration throughput of COVID-19 infectious medical
waste in Korea.

3. Results and Discussion
3.1. Definitions and Classification Systems of Medical Waste

In Korea, “medical waste” is defined as “the waste specifically enumerated by the
Presidential Decree among the waste discharged from public health and medical institu-
tions, veterinary clinics, testing and inspection institutions, and other similar institutions,
including such waste as the parts and extracts from human bodies and carcasses of lab-
oratory animals, which may harm the human body through infection or otherwise and
needs to be specially controlled for public health and environmental conservation.” Medical
waste in Korea is currently classified and managed as a designated waste. Medical waste is
categorized into infectious, hazardous, and general medical waste, and hazardous medical
waste is further divided into tissue, sharps, pathological test, biological and chemical, and
blood-contaminated waste. Table S1 shows the degree of risk associated with medical waste,
classified as infection, injury, intoxication, and ethical concerns. The degree of risk is shown
for each of the current medical waste categories. Infectious medical waste and sharps
waste are closely associated with infection, sharps waste is strongly associated with injury,
biological and chemical waste with intoxication, and tissue waste with ethical concerns.

Medical waste-related terms and classification systems are consistently used world-
wide. The US, Korea, and China make use of the term “medical waste”; the World Health
Organization (WHO) and EU use “health-care waste”; and Japan uses the term “infectious
waste” (Table S1). The “Safe Management of Wastes from Healthcare Activities” published
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by the WHO in 2014 (hereinafter, “the WHO guidelines”) defines all waste produced from
medical practice and related research as “healthcare waste” [6]. The WHO guidelines
classify healthcare waste into hazardous and non-hazardous healthcare waste. Hazardous
healthcare waste is further classified into seven categories: sharps waste, infectious waste,
pathological waste, pharmaceutical waste, cytotoxic waste, chemical waste, and radioactive
waste (World Health Organization).

The EU uses the European Waste Catalogue (EWC), which consists of a six-digit code;
the first two digits indicate the broad classification of the waste, the next two digits the
sub-classification, and the last two digits the actual waste itself (Table 1). The EWC defines
healthcare waste as waste generated during the treatment of humans and animals and
during disease research, and Code 18 is assigned as the major classification. Healthcare
waste classified under Code 18 in the EWC is divided into two sub-chapters: “wastes from
natal care, diagnosis, treatment, or prevention of disease in humans” (18 01) and “wastes
from research, diagnosis, treatment, or prevention of disease involving animals” (18 02).
Each sub-chapter is further classified into the full EWC codes (9 items under 18 01 and
7 items under 18 02).

The EWC classifications comprise categories designated by six-digit codes; those
presented in Table 1 are classified as “healthcare waste” (Table 1). Thus, “medical waste” in
Korea is defined by the EU as “healthcare waste.” Sharps are classified as 18 01 01/18 02 01;
body parts and organs, including blood bags and blood preserves, as 18 01 02; waste whose
collection and disposal are subject to special requirements to prevent infection as 18 01
03*/18 02 02*%; waste whose collection and disposal are not subject to special requirements
as 18 01 04/18 02 03; chemicals consisting of or containing dangerous substances as 18 01
06*/18 02 05; chemicals other than those mentioned in 18 01 06 as 18 01 07/18 02 06;
cytotoxic and cytostatic medicines as 18 01 08*/18 02 07*; medicines other than those
mentioned in 18 01 08 as 18 01 09/18 02 08; amalgam waste from dental care as 18 01 10;
and metallic packaging containing a hazardous solid porous matrix (for example asbestos),
including empty pressure containers, as 15 01 11 [8].

EU countries may reclassify healthcare waste according to the definitions of the Euro-
pean Working Council, even if they have a previously adopted definition and classification.
For example, from 1992, Germany had previously classified medical waste into Group
A (general household waste), B (waste contaminated with blood and body fluids), C + E
(infectious waste and extracts), and D (chemicals), with a medical waste management
system where Groups A and B were treated identically to household waste and Group
C + E and D were treated according to type. Today, however, medical waste in Germany is
classified with six-digit codes according to the EWC [14].

In the United Kingdom (UK), four commonwealths (England, Wales, Scotland and
Northern Ireland) implemented the EWC in 2004 and 2005 to reform the medical waste
management system. The UK uses a management system that largely follows the EU
guidelines. The Controlled Waste Regulations (2012) of England and Wales classify clin-
ical waste as waste from the healthcare and non-healthcare activities [15]. Waste from a
healthcare activity includes waste that (i) contains viable microorganisms or their toxins,
which are known or reliably believed to cause disease in humans or other living organisms;
(ii) contains or is contaminated with a medicine that contains a biologically active pharma-
ceutical agent; or (iii) is a sharp object, body fluid, or other biological material contaminated
with a dangerous substance according to the Council Directive 67/548 /EEC. Waste from a
non-healthcare activity of a similar nature to the above three descriptions is classified as
clinical waste [16,17].

In Belgium, medical waste refers to “waste generated from the treatment and research
of humans and animals,” and is systematically managed up to the final treatment according
to its risk-based classification, based on a view that emphasizes safe management over
the issuing of penalties. In terms of risk, medical waste is divided into “high-risk medical
waste (HRMW)” and “ordinary medical waste (OMW),” where HRMW is categorized into
(i) infection risk; (ii) intoxication; (iii) sharps; (iv) ethical aspects—body organs, blood; and
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(v) genetically modified organisms. Blood, as a liquid, is regarded as HRMW, and if HRMW
and OMW are mixed, then the mixture is considered an HRMW.

The US Environmental Protection Agency (EPA) defines medical waste as “any solid
waste that is generated in the diagnosis, treatment, or immunization of human beings
or animals, in research pertaining thereto, or in the production or testing of biologicals”
(Table 1). Medical waste is categorized as an industrial waste classified as non-hazardous
waste but is managed separately from other industrial waste (Table 1). To comprehensively
manage the generation, movement, and treatment of medical waste and ensure that the
improper disposal of waste does not cause harm to humans and the environment, the US
EPA amended the Resource Conservation and Recovery Act and implemented the Medical
Waste Tracking Act from November 1988 to June 1991. Through this, a tracking system
was established for the discharge, collection, transportation, and treatment of medical
waste; the tracking system compiled opinions on its effectiveness, potential threats posed
by medical waste, types and generated amounts of medical waste, and national legislation.
The medical waste tracking method was applied to infection-related culture media or
strains, pathological waste, blood, sharp instruments, contaminated laboratory animal
waste, and isolated medical waste from infectious disease patients [7]. Since then, the US
EPA has recommended that each state develop a waste management system based on the
Medical Waste Tracking Act and provide model storage, transportation, and treatment
guidelines for medical waste management [18]. In practice, however, even the term for
“medical waste” varies among the states, and is indicated with terminologies such as
“regulated medical waste” (New York, Rhode Island, Virginia, etc.), “infectious waste”
(Colorado, New England, Nevada, etc.), “biomedical waste” (Connecticut, Florida, Georgia,
Maine, Washington, etc.), and “special medical waste” (Maryland, etc.); there are also
differences in the regulations being implemented at various levels [19].

In Japan, waste is classified into industrial waste and municipal waste, and waste
under each category requiring special treatment is managed as “specially controlled waste”
as shown in Table 1. Concerning medical waste, infectious or potentially infectious waste is
classified as specially controlled waste, which is further divided into “specially controlled
industrial waste” or “specially controlled municipal solid waste” according to type (Min-
istry of Environment Japan). Infectious MSW is defined as being infectious because of
materials from medical institutions such as tissues, bandages, and sanitary cotton, while
infectious industrial waste is defined as being infectious because of the presence of blood
(waste alkali or sludge), needles (metal waste), and X-ray fixative (spent acid) [20].

Table 2 shows a comparison of medical waste by country and type. It is classified into
infectious medical waste, tissue waste, pathological waste, injury waste, biological and
chemical waste, blood-contaminated waste, and general medical waste. As demonstrated,
the scope and classification systems vary for each type of general medical waste. For
example, in Korea, Germany, and the UK, waste is defined as “waste whose collection and
disposal is not subject to special requirements to prevent infection (e.g., dressings, plaster
casts, linen, disposable clothing, diapers contaminated with blood, etc.).” Waste classified
under 18 01 04/18 02 03 is defined as general medical waste in the WHO guidelines but
does not fall into the category of medical waste that must be specially controlled in the US,
Japan, and China.

3.2. Comparison of Collection, Storage, Transport, and Treatment of Medical Waste

Table 3 shows the characteristics of medical waste management systems in Germany,
Belgium (Flanders), the US, Japan, Korea, and China. Overall, medical waste-related
regulations are the strongest in Korea, followed by Belgium (Flanders), Germany, Japan,
the US, and China.
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Table 2. Comparison of medical waste type in each country.

ROK USA Germany UK Japan China

Place of discharge: Material
discharged after being used
for treatment, examination,
etc. in infectious disease Material that is carrying a
beds, tuberculosis beds, variety of pathogenic
operating rooms, emergency  microorganisms and
outpatient rooms, intensive  spreading the risk of

All waste from medical care units, and examination  infectious disease induced

practices for persons Isolated Wastes whose Infectious rooms (blood, blood products, and

Infecti . isolated to protect others . . collection and . Types of infectious diseases:  objects that are polluted
nfectious medical waste/infectious waste/contaminated

waste

from the infectious diseases
specified under Article 2-1
of the Infectious Disease
Control and Prevention Act

pathogens and related
organism media

disposal is subject to
special requirements
to prevent infection

infectious clinical
waste

Class I, II, III, IV, and V
Infectious Diseases, Novel
Influenza Infection, etc.,
Designated Infectious
Disease, New Infectious
Disease, Tuberculosis
Examination, etc. under the
Act on the Prevention of
Infectious Diseases and
Medical Care for Patients
with Infectious Diseases

with them; quarantine waste;
microbiology laboratory
waste; dialysis waste; used
surgical operation clothes;
infectious organ pieces,
blood and anything
contaminated with these
materials)

Tissue waste

Human or animal tissues,
organs, body parts, animal
cadavers, blood, pus, and
blood products (serum,
plasma, blood derivatives)

Animal waste

Body parts and
organs, including
blood bags and
blood products

Form: Pathological wastes
(organs, tissue, skin, etc.)
from surgery, etc.

Human or animal
pathological waste,
including tissues, organs,
blood, pus, and body parts
and fluids

Pathological waste

Culture media used for
testing /examination, culture
vessels, stored strains, waste
test tubes, slides, cover glass,
waste media, waste gloves

Pathological waste

Form: Material used for
tests, examinations, etc.
related to pathogenic
microorganisms (media,
laboratory animal cadavers,
test tubes, Petri dishes)

Human body waste and
medical experimental
animal carcasses produced
during processes of
diagnosis and treatment
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Table 2. Cont.

ROK

USA

Germany

UK

Japan

China

Injury waste

Injection needles, suture
needles, surgical blades,
acupuncture needles, dental
needles, broken glass of
testers

Injury waste/unused
injury waste

Pointed or sharp
objects

Non-contaminated
injury waste

Form: Sharp objects stained
with blood (including
broken glass fragments, etc.)

Medical sharp waste that
can hurt or cut the human
body (needles, syringes,
broken glass, blades, and
other items that could cause
a cut or puncture)

Biological and
chemical waste

Lung vaccines, lung cancer
drugs, lung chemotherapy
drugs

Anticancer drugs/small
amounts of chemically
harmful substances

Chemicals/cytotoxic
drugs and mitogens
consisting of or
containing
dangerous toxic
substances

Cytotoxic and
cytostatic waste

Medicine waste: Medicine
waste of expired, obsolete,
deteriorated, or
contaminated (common
medicines that are expired
or are no longer required or
are discarded; other
medicines discarded that
could cause cancers or
genetic diseases; the
discarded vaccine products)
Chemical waste: toxic,
corrosive, flammable, and
explosive chemical goods
(hazardous chemicals; heavy
metal-containing waste;
pharmaceutical waste;
amalgam wastes; gynotoxic
waste; genotoxic waste

Blood-contaminated
waste

Waste blood bags, waste
used in hemodialysis, and
other waste requiring special
control because they contain
enough blood to leak

Blood

Form: Blood, etc. (blood,
serum, plasma, and body
fluid)
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Table 2. Cont.

ROK USA Germany UK Japan China
Wastes whose
Sanitary cotton, bandages, collection and
gauze, disposable diapers, disposal is not
General medical sanitary napkins, disposable subject to special Sanitary/diaper
waste syringes, and infusion sets - requirements to waste. otc - -
containing blood, body prevent T
fluids, secretions, and infection/amalgam
excrement waste from dental
care
If there are no applicable
Other medical waste - Low-concentration Pharmaceutical items from Step 1 to Step 3,
radioactive waste waste it is classified as
non-infectious waste *

US EPA

(https:/ /www.epa.gov/
Wastes Control Act sites/default/files /2016 UK, Waste control

-02/documents/model . EU Waste regulations (England  Japan Ministry of the
Enforcement Decree (see A L - . Healthcare Waste

Remarks R guidelines_for_state_ Framework Directive and Wales Environment, Infectious .
Supplementary Material) . ) . . Management regulation
Tvpes of Medical Waste medical_waste_ 2008/98/EC regulations Waste Disposal Manual
P management.pdf 2012;2012;811)

(accessed on 31 May
2021))

* According to the protocol for determining infectious waste in Japan, waste is classified as infectious waste or non-infectious waste through Step 1 (Form), Step 2 (Place of Discharge),
and Step 3 (Type of Infectious Disease).


https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/model_guidelines_for_state_medical_waste_management.pdf
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Table 3. Comparison of medical waste management methods.

Country Discharge/Container Storage Transport Disposal
.. e  Federal laws related to the US
Individual laws and . . . .
reoulations in each state e Individual laws and regulations in Department of Transportation and
D;g dicated containers and each state individual regulations under state laws Final treatment methods such as
sealed discharee from the e In Mississippi, it is prohibited to e  Prevention of damage to waste steam sterilization, incineration,
eneration s tage store infectious waste at 6 °C or containers chemical sterilization, thermal
USA gHazar d label ogn the outer higher for 7 days, and if stored at Sterilization of transport vehicles inactivation, and sanitary landfill after
ackaein 0 °C or lower, it may be stored for o  When transporting off-site from hospital intermediate grinding are suggested
P g . . 90 days without obtaining special facility, load in a sturdy container and according to the type of medical waste
Barcodes attached in medical .
institutions where possible permission use leak-proof truck
e  about 500 km
Dedicated containers and
1 isch f h . e e
sealed C.hSC arge from the . Infectious potential is eliminated from
generation stage ° Must use cover, lid, and roof; for infectious waste via incineration, etc
Collection containers for each e  Short-term storage in principle; transport vehicles without a cover, the . T
. . . . . before the final treatment
type of medical waste; color refrigeration for long-term storage packaging container must not be . . . .
Japan . . . . Treatment by incineration, dissolution
regulations of potentially perishable waste affected by rainwater high-pressure steam s terilliza tion. dr !
Some hospitals use a tracking e about100km;2h he%lt sl:’zerilization ot Ay
management system using IC T
tags
e Infectious waste:
. . Stored at temperatures of —15 °C or Maximize recycling; landfilled as the
Container type and material .
according to the type of below (can be stored for up to one week)- final treatment
. . o . . Infectious waste treated at special
medical waste are presented in @ At 8 °C or below, the storage period e  There are regulations on pressure . . s
- . . waste incineration facilities
the Supplementary Material: can be extended after consultation difference rather than temperature: Non-infectious medical waste may be
Germany Table S2 with a hospital hygiene expert practically kept at 0 °C Y

Regulations on separating
hazardous waste from other
wastes

Body organs/blood, etc.: .
Can be stored for up to 6 months

while frozen or under the same
conditions as infectious waste

e  Store in ventilated storage

about 100 km; <2 h

incinerated at general incineration
facilities after sterilization (93 °C for
10 min) via a method certified by the
Robert-Koch Institute
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Table 3. Cont.

Country Discharge/Container Storage Transport Disposal
Contaminated waste is incinerated
Collection containers for each Recycling and sanitary landfill after
UK type of.medmal waste; color Follows ADR regulations 1nter.med1ate treatment are suggested
regulations for final treatment according to the
type of medical waste
Installation and operation of
Dedicated containers and Infectious medlcaol waste and tissue refr1gerat19n facilities at 4 °C or.below Medical wastes other than recycled
. waste stored at 4 °C for collection and transport vehicles; .
sealed discharge from the o . . ) placenta are disposed of at
. Must be kept at 4 °C or less if stored installation of sealed cargo boxes . . R
generation stage - . g incineration facilities or
- . by a collection/transport company Regulations on storage facilities and o S -
Regulations on storage period, . . . - . sterilization/grinding facilities
- . in a temporary storage site. Storage chemicals needed to disinfect the inside .
storage conditions, images, . . . . (on-site/outsourced treatment)
; and color according to the type period limited to 5 days in dedicated of carbo boxes For medical waste stored by an
Republic of ) & P storage facilities and 2 days in other about 350 km; about 4 h . ) . y
Korea of medical waste O - intermediate waste disposal company,
. . facilities Body of the collection and transport .
Inspection standards provided . o . . . daily storage must not exceed 5 days
. . For medical waste stored by an vehicle is white, with the image of the . .
for dedicated containers . . . . . of the disposal capacity, and the
. . intermediate disposal company, medical waste, business name, and AN
RFID implemented for medical . . . storage period is limited to 5 days
o daily storage must not exceed 5 days phone number written on both sides of . - .
waste monitoring and . . . . Residues after incineration are
of the disposal capacity, and the the cargo box and image of medical .
handover system U A . landfilled
storage period is limited to 5 days waste indicated on back; the text color is
green
ii?gggig?e?agzgsizfal or Incineration technology (rotary kiln,
P ’ ’ e . pyrolysis, etc.) is considerably
paper) Medical institution can install . .
. o ires advanced and suitable for treating
Of the hospitals, 73% use a temporary storage facilities (2 days) medical waste. and operators are
segregated collection for all Cannot store medical waste in the . g pe
. . o . . . experienced in installation and
medical waste, while 27% of open air. The disposal companies arrange for - .
. -, - . operation. Therefore, it has been the
the hospitals have not yet Storage conditions of low special trucks to collect medical waste .
China preferred option.

implemented segregated
collection for all medical waste
Infectious waste (yellow bags);
municipal waste (black bags);
sharps (plastic containers;
cytotoxic/cytostatic drugs
(original packaging)

temperature and anti-corrosion
Responsible for collection and
transport at medical storage
institutions and storage and
disposal of medical waste

from various hospitals once every
1-2 days.

Due to lack of experience in large
facilities of high-temperature
evaporation technology (pyrolysis),
technical standards applicable to small
facilities were enacted and pilot
facilities were installed and operated
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3.2.1. Collection and Storage at Discharge Facilities

In Korea, institutions that discharge medical waste must establish a separate location
for transporting and storing the waste off-site until it is treated and must disinfect it at least
once a week. Highly infectious medical waste and tissue waste, including placental tissue,
must be stored at 4 °C or below in a dedicated plastic container. Sharps waste must also be
stored in a dedicated plastic container (Table 3). The storage period for infectious medical
waste is 7 days, while sharps waste can be stored for up to 30 days. Other types of solid
medical waste are collected using plastic bags and dedicated cardboard containers.

In Germany, the storage period for infectious waste at temperatures of 15 °C or below
must not exceed one week, while it can be extended after consultation with a hospital
hygiene expert at temperatures of 8 °C or below [21]. The same temperature conditions
apply to body parts, organs, and non-infectious blood products, though they can be stored
for up to 6 months in a deep-frozen state. In Flanders, Belgium, HRMW is collected in three
types of containers: plastic sanitary boxes, boxes with a plastic bag, and needle collection
containers. HRMW is placed in a separate locked container, while OMW is compressed
using a container press and moved to the storage site. The warehouse where HRMW is
stored is maintained below 7 °C and kept clean [22,23].

In the US, medical waste is separated at the point of generation and stored in an
appropriate container [7]. For example, containers used for sharps waste include heat-
resistant containers, plastic containers for solids that cannot be reopened once the lid
is closed, and translucent containers to show how many needles and similar materials
are in the container [7]. Medical waste is packaged in two layers and labeled on both
sides; the outer packaging (e.g., box) is made of a hard material to prevent damage during
loading, collection, transportation, etc. The inner packaging must not be reused, and
must be tightly tied to prevent waste liquid from leaking. If the medical waste is not
immediately treated, a suitable storage site must be secured and kept clean. Though the
specific temperatures and storage periods are not provided, minimizing the storage time is
suggested. In Japan, infectious waste is tracked and recorded from generation to the final
treatment using a dedicated container, although the storage temperature at the discharge
facility is unregulated [9]. Waste in China is collected in colored bags and containers (made
of plastic, metal, and paper) for the following: infectious waste (yellow bags), municipal
waste (black bags), sharps (plastic containers), and cytotoxic/cytostatic drugs (original
packaging) [24].

3.2.2. Transportation and Outsourced Incineration

Table 3 compares the transport methods and conditions for medical waste in each
country. In Korea, only incineration is permitted as an outsourced treatment method; how-
ever, there are only about 15 medical waste-dedicated, outsourced incinerators nationwide,
and hence, the transportation distance is longer than that in other countries. Medical waste
is generated mainly in Seoul and Gyeonggi Province, but these are mostly transported to
the Gyeongsang Province for treatment, as the incineration capacity is concentrated there.
As a result, medical waste is transported up to approximately 350 km by dedicated vehicles
with containers maintained at 4 °C or below.

In Germany, infectious waste and highly toxic chemicals are transported to hazardous
waste incinerators with transport distances of approximately 100 km. There is no reg-
ulation stipulating that the transport vehicles must transport only medical waste, and
temperature is unregulated during transportation, although in practice, it is transported
at low temperatures such as 0 °C, depending on the transport company. There are also
regulations for ensuring that the dedicated containers withstand pressure from the gas
generated inside them. In Belgium, incineration is seen as the safest treatment method;
thus, all non-recyclable waste is treated using incineration. There are separate incinerators
specifically for medical waste, but there is no regulation, such as that in Korea, stipulating
that they can incinerate only medical waste. Transportation distances are short due to the
small land area. There is no regulation on temperature during transportation and none
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stipulating that only medical waste can be transported. In the US, medical waste is some-
times transported at long distances up to 500 km, but this has limited significance because
there is no extensive dependence on outsourced incineration. There are no regulations on
temperature during transportation or dedicated vehicles for transporting medical waste.

Japan has no regulations on temperature or dedicated vehicles for transporting medical
waste as well, and transport distances range up to approximately 100 km, similar to
Germany. Overall, the dependence on outsourced incineration is moderate and is growing,
although Japan does not designate dedicated incinerators for treating medical waste, as
does Korea.

3.2.3. Treatment Methods at the Discharge Facility

Table 3 compares the treatment methods for medical waste in each country. In Korea,
it is permitted to sterilize and grind medical waste using ultrasonic waves or steam on-site,
though only one hospital in the country is operating a sterilization grinder using ultrasonic
waves. In Belgium, autoclaving is the only recognized on-site treatment. Owing to the
country’s small size and area, all waste treatment is centered on incineration and the
proportion of on-site treatment is very low, with no cases of residues being landfilled. In
Germany, sterilization according to stipulated conditions using steam or ultrasonic waves is
permitted as an on-site treatment method, and the residues after treatment can be landfilled.
In the US, methods using steam or ultrasonic waves and chemical treatment are generally
suggested, after which the treated products can be landfilled [7,18]. As the scope of medical
waste management expands in the US, on-site treatment methods are expected to become
more active. In Japan, the permitted on-site treatment methods include melting and steam
and dry heat sterilization. The treated products can also be landfilled, but the proportion of
landfilled medical