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The purpose of this study is to provide information for feasibility assessment of medical
waste incineration in South-East Asia. Countries selected for closer examination from the
area are Thailand and Vietnam. The reason for selecting these countries is to limit the
amount of needed research to a reasonable level. These countries have increasing
population and present well the countries in this area. Thailand is classified as upper
middle-income country whereas Vietnam is classified as lower middle-income country.

There is also adequate amount of information available from these countries for the study.

Information for the study has been collected from literature, by collecting information with

questionnaire and from site visits. Questionnaire was formed based on decision making
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chain proposed by World Bank for assessment of waste incineration projects.
Questionnaire was delivered for specialists in Thailand and Vietnam by using anonymous
Webropol link. A part of answers was collected in Thai language and the Mahasarakham
University helped in collecting these answers. Site visits were made to Mahasarakham area
in Thailand and four facilities were visited there to study the current situation of medical
waste handling in Thailand. Two of these facilities were hospitals and other two were

clinics.

It can clearly be seen that there is still some work to do in improving medical waste
management both in Thailand and Vietnam. Medical waste management also needs some
more resources in both countries. It can clearly be seen that the number of beds in hospitals
is increasing strongly in near future, and this means that also amount of medical waste will
increase. It is clearly visible that handling of medical waste has some alternatives, but they
all require financing. Disinfection units are expensive so keeping up with the capacity to
handle the medical waste requires some financing. Incinerator would be a feasible solution
for handling the large amounts medical waste since existing incinerators are under
dimensioned even for current needs not to mention the future needs. Building a local
incinerator is seen as difficult task with all its requirements like modern flue gas cleaning

and public acceptance.
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1 INTRODUCTION

The purpose of this study is to provide information for feasibility assessment of medical
waste incineration in Thailand and Vietnam. This information is interesting for Finnish
export companies that operate in sales of waste incineration equipment. The idea is to find
out if there is a need for development of the management system of medical waste prior to
incineration and how this could be done. The reason for selecting Thailand and Vietnam to
represent the countries of South-East Asia is to limit the amount of research needed to
reasonable level. These countries have increasing population although the growth is
declining. In Thailand annual growth of population is declining more being around 0,1%
than in Vietnam where it is still around 0,7%. The population growth is declining when
Gross Domestic Product (GDP) is increasing. (World Bank, 2023a) (Aseanup, 2023b)
(Aseanup, 2023a) Thailand and Vietnam present well the countries in this area based on
their size of population, population growth, total area, and GDP. There is also adequate
amount of information available from these countries for the study. Information for the
study has been collected from literature, by collecting information with anonymous

Webropol questionnaire and from site visits in Thailand.

The starting point of management of biomedical waste was the need to protect local
communities from the spreading infections. Later it has become a globally significant issue.
Segregation of waste in hospitals has effects on the control of infections, the safety of
patients, the occupational health of the hospital employees and health, and the environment
of the overall community. Segregation of waste also reduces emissions of greenhouse
gases. It reduces also emissions of persistent organic pollutants (POPs), dioxins and furans,
heavy metals like mercury. Segregation of waste in hospitals also reduces amount of
hazardous waste. Healthcare waste (HCW) management combined with a safe water
supply, proper sanitation and hygiene are essential in the prevention and control of

infections in different healthcare facilities like hospitals and clinics. (WHO, 2017)
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Major challenges in medical waste treatment for low- and middle-income countries are
poor segregation of solid medical waste and lack of policies and regulations. (Huong, 2018,
p. 645) Thailand and Vietnam are both considered as middle-income economies. Vietnam
is classified as lower middle-income economy and Thailand is classified as upper middle-
income economy. (World Bank, 2023b) Even though a major part of medical waste is
incinerated in both countries there is still even open-pit incineration in use in some parts.
Incinerators do not necessarily have adequate flue gas cleaning available, or it is not
operated correctly. The major challenge is the lack of resources. Especially incinerator
capacity and sterilization capacity need to be increased when number of sickbeds and
amount of medical waste is increasing. Covid-19 pandemic increased the waste amounts
remarkably and revealed weaknesses of medical waste management system all over the

world.
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2 MATERIALS AND METHODS

Methods chosen for this research are literature study, anonymous Webropol questionnaire
and interviews at the site visits in Thailand. Literature study is first describing what medical
waste is. The classification of medical waste is presented in this thesis based on literature
research, which means that no waste analyses have been made during this thesis. Then the
composition of medical waste is examined based on literature references. As third the
treatment methods of medical waste are presented based on literature. Status of medical
waste management in Thailand and Vietnam are presented based on literature. The waste

amounts are studied and waste management procedures are presented.

Literature study was done several times since this thesis was started already on 2018 during
my stay in Tokyo. First literature study was done on 2018 and the last literature study was
done on 2024. Latest keywords used were hospital waste, health care waste, medical waste
and medical waste treatment. 100 most accurate references per each keyword were
examined from Finna database of Savonia University of Applied Sciences. This database
gives access to several other databases like Elsevier database. From these 400 references
104 references were shortlisted. From this list 49 books and articles were chosen for closer
examination based on novelty, accuracy, and availability. All these 49 references were red
through, and most relevant information was highlighted. 19 from these selected to be added
to the already existing reference list and to be used as basis of new chapter about medical

waste management in developing countries.

Findings from study visit to Thailand are presented as an example about medical waste
management there. Different local health care facilities are presented as well as their
medical waste management policies. Information from the study visit has been collected in
form of interviews, photos, and presentations. Since local representatives speak mainly
only Thai language the information is interpreted from Thai with help of the Dr.

Singhirunnusorn from Mahasarakham university.
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World Bank has presented decision making criteria to find out if waste incineration is
feasible for the selected location. (Rand, 2000) The series of questions presented by the
World bank are assessing the waste management system in general, potential sale of energy
from incineration, waste properties and economy of the incineration project. These
questions have been used as a basis for a questionnaire. Even though these questions are
created for finding out the feasibility of medical waste incineration they can be used also
for collecting the information about the medical waste management in general. The
questionnaire was prepared to collect information about the status of medical waste
management in Thailand and Vietnam. Some questions were added to collect information

about the background of the respondents. The questionnaire is shown in Appendix 3.

The questionnaire was distributed as Webropol link and altogether 23 answers were
received. Answerers could not be identified because the questionnaire was answered
anonymously. 8 answers were received from Vietnam and 15 answers from Thailand. The
complete set of results is shown in Appendices 4 and 5. Answers in Appendix 4 are mainly
from Vietnam and only one answer is from Thailand. All answers in Appendix 5 are from
Thailand and they are from questionnaire, that was translated to Thai language. Translation
to Thai and back to English was made by representatives of Mahasarakham university.

They also helped to distribute the questionnaire to get more answers from Thailand.
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3 CHARACTERIZATION OF MEDICAL WASTE

This chapter discusses the definition of medical waste since it varies a lot depending on the
country. There are also different terms used for medical waste. This chapter also presents
the composition of medical waste and discusses the different analyses available for medical

waste.

3.1 What Is Medical Waste?

The World Health Organization (WHO) is using the term Health Care Waste (HCW) to
describe all types of waste generated by different medical activities. According to WHO
(2019b) these activities include the diagnosis, preventive, curative, and palliative activities
in both human and veterinary medicine. HCW includes all the waste produced in medical
institution, medical research facilities and laboratories. There are several terms used for
HCW so it is also known as healthcare risk waste, clinical waste, infectious waste, medical
waste, regulated medical waste, infectious medical waste or hospital waste. In this thesis
HCW and medical waste are used as synonyms. Other terms are generally avoided since
the work of WHO forms basis for this thesis. Definition on medical waste has not been
globally agreed. Medical infectious waste refers to the waste that is generated in healthcare
facilities and is unsuitable for disposal together with municipal solid waste MSW because
it includes pathogens. Comparisons between different countries or even between different
regions in same country are difficult to make because of changing definitions for MSW.
This waste needs to be handled with care to prevent the spread of diseases or deadly
epidemics. HCW is considered globally as second most hazardous waste after radioactive
waste. HCW is defined as hazardous waste in most countries, so it is not mixed into the
municipal waste stream. Usually, HCW is collected separately within hospitals and treated
separately in dedicated treatment facilities. Hospitals generate around 50% of medical
waste. Rest of the waste is coming from other healthcare facilities like clinics. Dialysis

units generate the biggest HCW amount. After the dialysis unit the biggest HCW producers
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are intensive care unit, emergency care unit and outpatient clinic. Figure 1 shows the

classification of HCW. (WHO, 2019b) (Bisbjerg, 2011) (Das, 2021) (Winfield, 2015)

HealthCare Waste

— A Mon-risk HCW

— A1: Recyelable waste

I A2: Bicdegradable waste

—— AZ: other non-risk waste

— B: HCW requiring special attention

F— B1: Human anatomical waste

= B2: Sharps

F— B3: Pharmaceutical waste
B31: Non-hazardous Phamaceutical waste
B32: Potentially hazardous Pharmaceutical waste
B33: Hazardous Pharmaceutical waste

— B4: Cyto-toxic pharmaceutical waste

— BS: Blood and body fluids

— C: Infectious and highly infectious waste

= C1: Infectious wasle

— C2: Highly infectious waste

— [ Other hazardous waste

— E: Radioactive waste

Figure 1. Classification of health care waste (WHO, 2019a)

According to WHO (2019a) around 80% of health care waste is non-hazardous, 15% is

infectious or pathological, and the remaining 5% includes sharps, toxic chemicals,

pharmaceutical waste and radioactive waste. Approximately 1% of HCW is sharps and 3%

is chemical or pharmaceutical waste. Less than 1% is classified as other waste that includes

radioactive or cytostatic waste or other hazardous waste. (WHO, 2019a)
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Medical waste can be generated in medical departments, operating rooms, veterinary
clinics, laboratories, oncology departments, pharmacy stores, vaccination processes,
doctor’s offices, dental clinics and even at patients’ home. Examples from medical waste
that are created at patients’ home are injection needles needed for dosing of insulin or
dressing and gauze contaminated with blood and body fluids. Figure 2. shows the example

about medical waste. (Janik-Karpinska, 2023)

Figure 2. Example about medical waste (Honkanen, 2022)

According to Janik-Karpinska et al. (2023) medical waste always creates a risk to the
people who are working in healthcare facilities, handling the medical waste, or exposed to
it somehow. People categorized to the main risk group are doctors, nurses, healthcare

support personal, patients, visitors of medical facilities, support service workers like
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laundry workers, waste management and transportation staff, and waste treatment plant
workers. Medical waste may include and therefore has ability to infect people with over 30
different dangerous pathogens including hepatitis B, hepatitis C, and HIV. Up tp 30% of
hepatitis B infections, 1-3% of hepatitis C infections and 0,3% of HIV infections are
originating from poor handling of medical waste. Pathogens from HCW can enter human
body different ways like via damaged skin, breathing, mucous membranes, or eating. More
than two million persons are exposed to pathogens in their daily work. It has been estimated
that at least 5,2 million people die every year in illness caused by poorly managed medical
waste. From this amount 4 million are children. Based on these figures poor management
of HCW is a serious threat to human health especially in low- and middle-income countries.

(Janik-Karpinska, 2023)

3.1.1 Non-risk health care waste

Non-risk HCW is comparable with household waste or municipal solid waste and can be
treated in regular municipal waste treatment plants. The amount of non-risk HCW is
usually between 75-90% of the total amount of HCW. Paper, cardboard, glass, plastic,
metal and cans that are not contaminated are included in recyclable waste. They can be
recycled if a recycling industry in available in the location where they are generated.
Biodegradable waste includes waste that can be composted, e.g., left-over food and garden
waste. Other non-risk waste includes everything else, which does not belong to recyclable

or biodegradable waste. (WHO, 2019a)

3.1.2 Health care waste requiring special attention

HCW requiring special attention is not comparable to household waste or municipal solid
waste and cannot be managed in regular municipal waste treatment plants without special
attention. This waste is also called infectious medical waste. Studies show that 70-80% of
infectious waste from hospitals is non-infectious waste that has been accidentally mixed

with infectious waste. After non-infectious waste is mixed with infectious waste, it
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becomes contaminated, and it must be disposed as infectious waste. Point-of-disposal
segregation where healthcare workers sort the medical waste into non-infectious and
infectious streams of waste is the best way decrease the amount of infectious waste.

(WHO, 20192) (Winfield, 2015)

Human anatomical waste includes non-infectious body parts, organs, tissues and blood
bags. Wastes belonging to this category can include, for example, amputated body parts,

removed organs, tissue waste and placentas. (WHO, 2019a)

Medical waste type called sharps includes both used and unused sharps. This medical
waste category includes devices or objects used for puncturing or lacerating the skin. For
example, they can be syringes, needles, lancets, scalpels, ampoules, vials or broken glass.
Sharps waste includes items which have the ability to cut or puncture skin. Risks of the
treatment of sharp medical waste include the possible spreading of infection, injury,
chemical toxicity, and environmental damage. It has been estimated that prior to year 2000,
66 000 health-care workers had contracted hepatitis B, 16 000 hepatitis C, and 200-5000
HIV from sharp injuries. It has been also estimated that over 2 million health-care workers
are injured by infected sharps every year. Most of the needle stick and sharp injuries
(NSSIs) occur in developing countries. NSSI injuries occur also in developed countries
despite preventive measures that include standard operating protocols and real-time injury
monitoring systems. Measures like these and training programs for healthcare
professionals decrease the amount NSSIs and infections related to them. (WHO, 2019a)
(Ghodrat, 2017) (WHO, 2017) (Janik-Karpinska, 2023)

Pharmaceutical waste includes pharmaceuticals with expired date. It also includes
pharmaceuticals, which cannot be used due to other reasons, like call-back campaigns or
improper storage conditions. Pharmaceuticals are considered as several type of
preparations including active ingredients. Non-hazardous pharmaceutical waste does not
pose any risk during collection, intermediate storage or waste management and can be

treated together with municipal solid waste. Examples of such waste include, for example,
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tea and cough syrup. Potentially hazardous pharmaceutical waste generates a potential risk
when it is used against instructions by persons that are not allowed to use them. They are
considered hazardous wastes and they must be managed in an appropriate waste disposal
facility. Hazardous pharmaceutical waste includes unidentified pharmaceuticals, and
pharmaceuticals and disinfectants containing heavy metals. Mercury Hg and Cadmium Cd
in particular are such heavy metals that are categorized as hazardous. Pharmaceuticals are
disposed into sewage systems due to improper handling of unused or expired
pharmaceuticals. They cause damage to the environment and living organisms. Antibiotic
resistance in bacteria is an example of the problem caused by accumulation of
pharmaceuticals in environment. (WHO, 2019a) (Ghodrat, 2017) (WHO, 2017) (Janik-
Karpinska, 2023)

Cytotoxic pharmaceutical waste includes pharmaceuticals that have the capability of
killing cells. Cytotoxic chemicals can be divided to six groups. These groups are: alkylated
substances, antimetabolites, antibiotics, plant alkaloids, hormones and other cytotoxic
chemicals. Alkylated substances include cancer medicines, e.g., cytostatic drugs. These
substances have capability of alkylation of DNA nucleotides. This leads to cross-linking
and miscoding of genetic material of living creatures. Antimetabolites are acting as
inhibitors to the biosynthesis of nucleic acids inside the cell. Plant alkaloids include
morphine, strychnine, quinine, ephedrine, and nicotine. These substances have mutagenic
and carcinogenic properties, so they create potential health risk. Mutagenic means the
ability to change the DNA, carcinogenic means the ability to cause cancer and teratogenic
means the ability to cause changes to the embryo. Liquid residues of cytotoxic
pharmaceuticals, expired cytotoxic pharmaceuticals, and substances contaminated by
cytotoxic pharmaceuticals must be treated as cytotoxic pharmaceuticals. Certain cytotoxic
drugs are not entirely metabolized in the environment. They are also considered poorly
biodegradable. Cancer medication is known to cause spontaneous abortions and
malformations during the pregnancy. (WHO, 2019a) (WHO, 2019b) (Janik-Karpinska,
2023)
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HCW classified as blood and body fluids include items that are contaminated with human
or animal blood, secretions and/or excretions. It is possible that this type of waste includes
pathogens. Examples from this kind of waste are dressing material, swabs, syringes without
the needle, infusion equipment without a spike, and used bandages. It has been estimated
that 1-4 from every 10 000 health-care workers that are handling HCW can be infected
with HIV caused by blood splashes. (WHO, 2019a) (WHO, 2017)

3.1.3 Infectious and highly infectious waste

Infectious waste includes all HCW, which is known or expected based on medical
experience, to be contaminated by infectious agents and where there is cause for concern
that the diseases might spread. Biohazard is defined as a risk to humans by a biological
organism or by material produced by a biological organism. In addition, biological agents
and material that are potentially hazardous to animals or plants are sometimes included.
Biohazard is identified by the internationally recognized warning symbol shown on Figure

3. (WHO, 2019a) (Bisbjerg, 2011)

[N
~ BIOHAZARp Vi%m

o=
1uianzLien nasANAREY

vusidvede arsfani
yuzvudenidon i

Figure 3. Biohazard warning symbol (Honkanen, 2022)
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According to WHO (2019a) infectious waste includes all HCW known or assessed by
medical practitioner or veterinary practitioner to have the potential to infect humans or
animals. This kind of waste is originating from isolation wards in hospitals, dialysis units
treating for example hepatitis patients, pathology departments, operating rooms, medical
clinics and laboratories handling samples from patients with infectious diseases. Infectious
waste contains materials that are contaminated by blood, other body fluids or excreta from
infected patients. It also includes carcasses, litter, and animal faeces from animal test

laboratories if transmission of infectious diseases is anticipated. (WHO, 2019a)

According to WHO (2019a) highly infectious waste includes all microbiological cultures,
where pathogens have multiplicated. They are originating from the facilities dealing with
hygiene, microbiology or virology. Highly infectious waste can be generated in medical
laboratories and practices as well. Highly infectious waste includes also laboratory waste
contaminated with biological agents artificially cultivated in elevated numbers. (WHO,

2019a)

3.1.4 Other hazardous waste

Other hazardous waste includes gaseous, liquid and solid chemicals defined to be
hazardous in their safety data sheet. Toxic, corrosive, flammable, reactive, explosive, shock
sensitive and cyto- and genotoxic chemicals are also included in this category. Corrosive
means substances with a pH of less than 2 or greater than 12. Other hazardous waste
includes waste with high contents of heavy metals like Mercury (Hg), Cadmium (Cd) and
Lead (Pb). Also, pressurized containers, e.g., aerosol cans, are categorized as other
hazardous waste. Gases that are used in health care facilities are often stored in pressurized
cylinders, cartridges and aerosol cans. Many of these containers can be used again. Aerosol
cans are not reusable and therefore they must be disposed of. This type of waste has
approximately 3% share of the total medical waste. (WHO, 2019a) (WHO, 2019b) (Das,
2021)
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3.1.5 Radioactive waste

Radioactive health care waste includes all liquids, gases and solids that are contaminated

with radionuclides. lonizing radiation from radionuclides has genotoxic effects. Radiation

causes ionization of intracellular material, and therefore, radioactive materials are

genotoxic. Health care facilities use radioactive material that results in low level

radioactive waste. Low level radioactive waste has a radioactivity of less than 1 MBq. The

most commonly used radionuclides are Cobalt (*°Co), Technetium (**™ Tc), Iodine ('*'T)

and Iridium ("**Ir). They are used in therapeutic and imaging investigation activities.

Radionuclides are usually unsealed or sealed sources of radiation. Unsealed sources of

radionuclides are liquids, which are applied directly. This means that they are not capsuled

during the use. Sealed sources with radionuclides are generally returned to the supplier.

(WHO, 2019a) (WHO, 2019b)

3.2 PROPERTIES OF MEDICAL WASTE

This chapter discusses the properties of medical waste. Table 1 shows the range of physical

properties for health care waste according to WHO. (WHO, 2019b)

Table 1. Some Physical and Chemical Properties of Health Care Waste (WHO, 2019b)

Minimum | Maximum | Average

Combustible 83 99 -
matter [%]

Lower 12 550 25100 -

heating

value

[ki/kg]
Moisture 0 90 35
content [%] | (plastics) | (anatomical)
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Based on Table 1, it is possible to burn HCW, but variation in moisture content needs to
be controlled. The average moisture value shown in table is still doable in combustion but
generally the moisture content can be controlled by mixing wastes with different moisture
content together. The composition of HCW varies greatly, so analyses are needed for
defining the average composition and to select the correct waste treatment method. Typical
wastes from medical facilities are cotton, bandages, plastic syringes, and glucose bottles.
The following table presents the proximate analyses of different components of medical

waste. (Singh, 2013)

Table 2. Proximate Analyses for Medical Waste Components (Singh, 2013) (Linbo, 2018)

. . Average
Moisture Volatile | - Fixed Ash calorifgic
[%] m[i;tier ca[r;;)n [%] value
’ ’ [MJ/kg]
Cotton 17 48 21 14 15
Band- 15 45 25 15 18
ages
Plastic 13 33 24 31 43
syringes
Glucose 14 36 22 28 40
bottles
Plastic 0.3! 99 0,5 - 432
infusion
bag

Waste components including plastics have the best calorific value as shown in Table 2.
There is no further information in the source what heating value is given in Table 2 except
for plastic infusion bags. Heating values for other medical waste seem to be in line with
the lower heating value for plastic infusion bags so most probably all heating values are
lower heating values. Plastic syringes and glucose bottles have high ash content when
compared to plastics. There is no information available if the needles were included, which

would raise the ash content. The approximate chemical composition of HCW according to

! Sample was dried
2 Lower heating value
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WHO includes 50% Carbon C, 20% Oxygen O, 6% Hydrogen H and the rest includes
numerous other elements. 50% carbon content of waste means that it is well suitable for

combustion. Also high amount of volatiles means that the waste is suitable for combustion.

(WHO, 2019b)

Disposable syringes are made from mixed plastics. The main element in mixed plastics is
polypropylene (PP) and other plastic types included in the mixed plastics are polyethylene
(PE) and polyvinyl chloride (PVC). Appendix 1 shows the elementary analysis of waste
syringes and plastic infusion bags. (Ghodrat, 2017) (Linbo, 2018)

It is important to recognize what types of plastics are included in HCW. Especially the
number of halogenated plastics like PVC is essential, when defining the possibility for
waste incineration since chlorine CI content affects e.g. the lifetime of components and the
flue gas treatment requirements at the incineration plant. Sometimes this is not possible
because for example in Japan it is not allowed to open the packages containing HCW. In
this case the analysis for the waste cannot be done and the incineration plant needs to
prepared according to worst case scenario. In this case that would mean HCW chlorine
content of 0,076 w-% that is the chlorine content of plastic infusion bags shown in

attachment 1. (WHO, 2019b) (Linbo, 2018)

Medical waste has generally higher plastic content than municipal solid waste. Especially
poly vinyl chloride PVC is present in high proportion in medical waste. According to
Yinying et al. (2018) most common medical wastes like tube for transfusion, sample
collector for urine and transfusion bag are mainly made from PVC. Table 3 shows the

amount of chlorine in health care waste compared to pure PVC. (Yingying, 2018)
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Table 3. Elementary Analyses of Health Care Waste (Ghodrat, 2017) (Linbo, 2018)

C H cl H/C
[w-%, in dry] [w-% in dry] [w-% in dry]

Pure PVC 38,40 4,80 56,80 1,5
Tube for 51,75 7,28 33,42 1,69
transfusion
Sample 43,49 6,16 46,87 1,7
collector for
urine

Chlorine contents HCW waste shown in Table 3 are almost as high as in pure PVC, which
needs to be considered when waste treatment method is defined. Table in Appendix 1

shows elementary analyses for different hazardous medical waste types.

Component analyses don’t seem to match here with overall analysis since total values are
higher than the values of individual components. Total analysis differs from typical values
given by WHO when it comes to carbon and oxygen. Carbon and oxygen contents in this
waste sample are lower than values given by WHO. Hydrogen seems to be in line with

WHO estimate. It is not clear if WHO estimate is given in as received basis.

Local HCW generation in healthcare facilities cannot be estimated based on data from other
countries or other types of establishments Even a limited survey will provide more reliable
data about local waste generation conditions in healthcare facilities. Generation of HCW
is usually lower in middle- and low-income countries than in high income countries.
According to World Bank (2023b) Thailand and Vietnam are considered as middle-income
countries. In middle income countries the annual health care waste generation is in range
0.8-6.0 kg/capita and hazardous health care waste generation in range 0,3-0,4 kg/capita.

Most common metric for measuring the amount of HCW generated in health-care facilities
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is defined by measuring the total kilograms of waste generated in the facility per day and
dividing that with number of beds present. This applies best for hospitals where patients
stay overnight and cannot be applied for clinics. Number of beds has strong correlation to
the amount of waste produced in similar hospitals. Daily health care waste generation in
middle-income countries of Eastern Asia is 1,8-2,2 kg/bed. 0,5 kg/bed daily can be used
for system planning for many countries including Thailand. (WHO, 2019b) (World Bank,
2023b) (Bisbjerg, 2011) (Winfield, 2015)
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4 MEDICAL WASTE TREATMENT TECHNOLOGIES

All produced medical waste should have an appropriate and well-defined path from the
place where it is generated to the end disposal stage. The path includes following steps:
generation, segregation collection, on-site transportation, on-site storage, off-site
transportation (optional), treatment and disposal of medical waste. The quantity of medical
waste should always be minimized, and caution must be taken in handling. Recycling and
reuse of medical items is discouraged by the fact that spreading of infections must be
prohibited. Anyhow, the part of medical waste which is like municipal waste can be reused
or recycled. Only 10-25% of medical waste is hazardous, so proper segregation is essential
to reduce medical waste treatment costs and environmental impacts. In countries where
scavenging of waste is common the medical waste among municipal waste poses a serious
risk for scavengers. Hazardous medical waste requires special treatment. Amount of
hazardous medical waste can be reduced to 2-5% if segregation of hazardous part is done
immediately. Disposal costs for hazardous waste are 5-10 times higher than for non-
hazardous waste. Recommended way for sorting of medical waste is to use color-coded
and well-labelled bags or containers. Maximum on-site storage time should not exceed 24
hours before on-site treatment or off-site transport. Each class of medical waste requires
specific treatment. However, it is advisable to sort out three major classes of medical waste
like waste sharps, infectious and cytotoxic waste and organic wastes like human anatomical
waste. Once infectious waste is disinfected it can follow the municipal waste stream. On-
site treatment means that the waste is handled where it is generated. On-site treatment is
usually applied in countries where the distances between health care facilities are long, and
roads are in poor condition or don’t exist. Off-site treatment means that the waste is
collected and transported to the centralized waste treatment plant. According to WHO
study on 2015 only 58% of the sampled facilities all around the world treated medical waste
properly. Table 4 shows the recommended treatment and disposal methods defined by
WHO for different types of medical waste. (WHO, 2019a) (Bisbjerg, 2011) (Ranjbari,
2022) (Ranjbari, 2022) (Koo, 2015)

28



Table 4. Treatment and Disposal Methods of Different Types of Medical Waste (WHO,
2019a)

MEDICAL WASTE MAIN TREATMENT OR ALTERNATIVE METHODS

TYPE DISPOSAL METHOD

A Non-risk medical | Incineration or landfilling with Recycling

waste domestic waste Composting

B1 Human Cremation Incineration

anatomical waste

B2 Sharps Incineration Shredding
Encapsulation Autoclaving

B3 Pharmaceutical | Neutralization in waste disposal Inertization

waste facility

B4 Cytotoxic Incineration in hazardous waste

pharmaceutical incineration plant

waste

B5 Blood and body | Household waste incineration Controlled sanitary landfill

fluids waste site

C1 Infectious Incineration Autoclaving

waste

C2 Highly Autoclaving Sodium hypochlorite

infectious waste disinfection

D Other health Appropriate treatment facility Encapsulation

care waste

E Radioactive Return to supplier Decay in storage to the

waste background radiation level

Main treatment method for medical waste is incineration. There are over 1400 incineration
plants operating worldwide. Since medical waste includes large amounts of chlorine it
needs special incinerators where materials of incinerator are resistant to chlorine corrosion
and flue gas cleaning is capable of handling chlorine compounds. Another treatment
method for medical waste is autoclaving where medical waste is sterilized in elevated
temperature. Incineration is reducing the volume of the waste whereas autoclaving is not.

(Liu, 2015) (Reddy, 2023)
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Health care waste alternates a lot as explained before. Therefore, it may require some pre-
treatment before incineration. Particle size can vary a lot and contents of water and
impurities have a wide range. It is possible that quality of waste is unknown if the
legislation prohibits the analysis of waste when fuel packages cannot be opened. Reasons
for this are occupational health and safety considerations of employees. (Yoshikawa, 2019)
Pre-treatment measures of waste before incineration include sorting of waste like for
example separation of metal, changing of waste particle size by crushing, reducing
moisture content of waste by drying, reducing impurity content of waste like washing away

the chlorine and getting rid of infectiousness by disinfecting the waste.

According to WHO (2019c) the waste treatment method should be chosen carefully and
based on understanding the local conditions. Following factors should be considered:
disinfection efficiency, health and environmental considerations, volume and mass
reduction, occupational health and safety considerations, quantity of wastes for treatment
and disposal vs. capacity of the system, types of waste for treatment and disposal,
infrastructure requirements, locally available treatment options and technologies, options
available for final disposal, training requirements of operation of the method, operation
and maintenance considerations, available space, location and surroundings of the
treatment site and disposal facility, investment and operating costs, public acceptability,
and regulatory requirements. According to WHO safe disposal of infectious medical waste
is a considerable problem for which there is not environmentally friendly, low-cost options

available at present. (WHO, 2019¢) (Winfield, 2015)

4.1 High Temperature Treatment Technologies

Incineration is usual way to treat the waste that is not recyclable or reusable. Incineration
is categorized into high temperature treatment technologies where volume and weight of

waste is reduced significantly. The mass and volume reduction of waste is approximately
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85-90% 1n incineration process. After incineration all biological organisms are destroyed,
residues from the incinerator are inert and ash is an indicator that waste has been
successfully treated and its origin cannot be recognized. Produced ash from the incineration
of HCW should be considered as hazardous waste and taken to sanitary landfill.
Combustion of organic matter in an incinerator produces gaseous emissions, particulate
emissions, and solid residues like ash. Flue gas from incinerator includes mainly water
vapor, nitrogen and carbon dioxide. Gaseous impurities produced in waste incineration are
nitrogen oxides, sulfur oxides, heavy metals, dioxins and furans PCDD/F and halogenic
acids like hydrochloric acid HCI. In USA HCW waste incinerators were identified as main
source of PCDD/F in 1994. This led to the release of new emissions regulations from EPA
and to shut down of more than 5000 medical waste incinerators. As a result of incomplete
combustion carbon monoxide CO and polycyclic aromatic hydrocarbons PAH can be
formed. Also fly ash and wastewater produced at the incineration plants include impurities,
which need to be treated. Energy recovery can be included to modern incinerators in the
form of heat or electricity production. Produced heat can be used for district heating or
cooling or for drying of the waste. (WHO, 2019c) (Bisbjerg, 2011) (Winfield, 2015)
(Hantoko, 2021)

There are three different types of incinerators recommended by WHO (2019c) for
incinerating medical waste: 1) double chamber pyrolytic incinerators designed to burn
infectious waste, 2) single chamber furnace with static grate, and 3) rotary kiln operating
at high temperature designed to decompose genotoxic substances and heat-resistant
chemicals. Plasma treatment is new thermal-based method that is currently under
development. Operation temperature for incinerator treating health care waste should be
between 900-1200°C. Chemical and pharmaceutical waste can be co-incinerated in
existing steel or cement kilns. Treatment cost of waste is in the range of 150-300 €/ton.
Treatment and disposal cost can be 150€/ton of waste in large waste incinerator. Source
doesn’t specify where this price is valid and is also quite old. Possible recovery of energy

from incineration of waste is an option for future that can provide some economic
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advantage. Energy can be recovered by producing fuel, heat or electric power from medical

waste. (WHO, 2019c¢) (Bisbjerg, 2011) (Janik-Karpinska, 2023) (Hantoko, 2021)

Incineration is releasing small particles that can enter lungs and cardiovascular system.
Small particles are difficult to catch even with particulate filters. Volatile heavy metal
compounds like mercury, lead, arsenic, and cadmium may also escape from incineration if
the flue gas cleaning is not handled properly. These heavy metals can damage
immunological and neurological systems of living creatures. They can also damage
kidneys, brain, and lungs. People living in the vicinity of incineration plants may suffer
from health effects like cancer or reproductive dysfunction if the flue gas cleaning is not
taken care of. According to Janik-Karpinska et al. (2023) ashes from the incineration of

hazardous waste are also hazardous as well. (Janik-Karpinska, 2023)

4.1.1 Pyrolytic Incinerators

Pyrolytic incinerator has a pyrolytic reactor for production of pyrolysis gases and a post
combustion chamber for after treatment of these gases. Medical waste is decomposed with
deficiency of oxygen in 800-900°C temperature. Products from pyrolysis are char and
gases. Heat for pyrolysis process is usually produced with a burner. Waste is loaded to the
pyrolytic reactor in waste bags or containers like cardboard boxes. Pyrolysis gases are
burned in post combustion chamber with a burner in temperature between 900-1200°C
using excess air. This way smoke and odours are minimized. If pyrolytic incinerator is
maintained and operated carefully and the size is limited to a certain range, no cleaning of
flue gases is required. Then any chlorinated compounds cannot be incinerated to prevent
the formation of dioxins. According WHO (2019c) the incinerator should fulfil following
criteria: 1) temperature in post combustion chamber is at least 900°C and residence time at
least 2 seconds, air inflow should be highly turbulent and excess air 100%, 2) residence
time of waste in pyrolytic chamber should be 1 hour and proper mixing with air or inert
gas should be ensured by using baffles or dampers, 3) material of pyrolytic chamber and

post combustion chamber should be corrosive resistant steel with refractory lining, 4) waste
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feeding points should be large enough to enable loading of waste packages and ash removal
openings should be big enough for removal of any incombustible material, 5) ash needs to
be cooled down before disposal, and 6) operating parameters and conditions such as
temperature, air flow and waste flow should be measured and displayed continuously to
allow monitoring and regulation of the incinerator automatically especially when heating

value varies a lot.

Well trained operator should take care of maximizing waste treatment efficiency and
minimizing emissions of the incinerator. Careful operation can also reduce maintenance
costs and maximize the lifetime of incinerator. Fuel amount needed for operation of
pyrolytic incinerator varies between 0,03 and 0,08 kg oil per kg of waste or between 0,04
and 0,1 m> of gas per kg of waste according to WHO (2019c). Incineration plant can be
located on-site meaning that it is located there, where waste is generated like at the hospital,
or it can be located off-site having centralized location and receiving waste from different
producers. Small incineration plants at the hospitals having capacity between 200-1000
kg/day are operated on demand. The combustion process is controlled automatically, and
ash is removed by shovelling or by vacuum cleaning. Large incineration plants with central
location having capacity between 1000-8000 kg/day are operated continuously and
automatically. Plants at this size range benefit from energy recovery and flue gas cleaning
equipment. Large waste incinerators should be placed at industry areas and at least 500 m

from nearest housing. (WHO, 2019¢)

Pyrolysis oil can be produced from medical waste by heating it to 500°C. Medical waste
used in the experiment was plastic, cotton and glass. Pyrolysis oil can be used as liquid fuel
as a substitute of fossil oil. Pyrolysis oil can be refined from gases produced in pyrolysis
reaction by fractional condensation. Pyrolytic oils can contain polycyclic aromatic
hydrocarbons PAHs that are carcinogenic substances. PAHs are formed when medical
waste used as raw material contains PVC. Waste particle size has a correlation with the

formation of PAHs in pyrolytic oil. High pyrolysis temperatures improve the yield of

33



pyrolytic oil, but they also enhance formation of PAHs. (Janik-Karpinska, 2023) (Mohseni-
Bandpei, 2019)

4.1.2 Single Chamber Furnaces with Static Grates

Single chamber furnaces with static grates are simple incinerators, which are operated
batch-wise and loading of waste and removal of ash are done manually. Airflow is based
to natural draft from oven inlet to chimney. Mechanical ventilation can be used to assist
natural draft. Regular soot and slag removal are required. These furnaces don’t have flue
gas treatment so all emissions from waste incineration are released to the atmosphere. Only
ways to reduce emissions are to sort out waste causing emissions and operate and maintain
incinerator carefully. Drum incinerator is the simplest form of incinerators and should be
applied only if no other options are available like during epidemic outbreak when infectious
waste needs to be treated immediately. Incineration temperature is between 200-400°C and
capacity is between 100-200 kg/d. Since flue gas cleaning is not available, this type of
incinerator cannot be used in areas where air pollution is a problem. Another option for
drum incinerator is brick oven. Simple incinerator reaches 99% destruction of infectious
micro-organisms and is efficient in reducing the volume and weight of waste. Ashes should

be collected and buried to the ground at the area where they are produced. (WHO, 2019¢)

4.1.3 Rotary Kilns

Rotary kiln includes rotating long almost vertical oven and post combustion chamber.
Vertical oven is slightly inclined having about 3-5% slope to the vertical level. Kiln is
rotating 2-5 times per minute and waste is introduced from the top of the kiln. Ash
collection occurs from the bottom of the rotary kiln. Gases from the kiln are burnt in post
combustion chamber. Temperature in the post combustion chamber is 1200-1600°C and
retention time is 2 seconds. High temperature ensures that gaseous organic compounds like
polychlorinated biphenyls PCBs are decomposed. Capacity of rotary kiln varies between
0.5-3 tons/h. Rotary kilns are operating continuously. According to WHO (2019c¢) they can
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treat infectious waste, sharps, and all chemical and pharmaceutical waste including
cytotoxic waste. Flue gas and ash treatments are required. High operation temperature
means high energy costs and corrosive substances in waste attack the refractory lining
inside oven. Rotary kilns are used for combustion of waste that has special characteristics.
According to WHO (2019c¢) examples from these are hazardous waste that needs to be
confined or waste that has very low heating value waste like animal waste or carcasses.

(WHO, 2019c)

4.1.4 Incineration in Municipal Waste Incinerators

Medical waste has higher heating value than municipal waste and the amounts are small
compared to the municipal waste. Municipal incinerators used for medical waste
incineration have usually double chamber design where first chamber has operational
temperature around 800°C and second chamber between 1000-1200°C. Medical waste
shouldn’t be kept in storage more than 24 hours. If storage period is more than 24 hours
cooling needs to be provided to prevent the growth of pathogens and odor formation.
Medical waste packages need to be loaded directly to the incinerator undamaged. Cleaning
and disinfection of transportation needs to be provided at the incineration plant. Medical
waste should be incinerated only during the normal operation and the combustion
efficiency should be at least 97%. HCW contamination of produced ash and wastewater

must be avoided whenever possible. (WHO, 2019c¢)

4.1.5 Incineration in Fluidized Bed

Fluidized bed combustion differs from traditional incineration by the combustion
temperature which is lower for fluidized bed being around 800°C. Bed material in fluidized
bed is usually silica sand, which is fluidized with air. Fuel is mixed with fluidized bed and
air is introduced from the bottom of the furnace through many nozzles. Mixture of fuel and
sand behaves like fluid and combustion takes place inside fluidized bed. Close contact of

fuel, bed material and air allow relatively low excess air level and high thermal efficiency,
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up to 90%. Low quality fuels with relatively high moisture and ash content can be
incinerated when combustion air is pre-heated and heat recovery from the furnace omitted.
Disadvantage of fluidized bed in waste incineration is demanding fuel treatment to meet
the requirements of particle size, fuel composition etc. Pre-treatment may involve
shredding to homogenize the waste, screening to reach the desirable particle range and
removal of metal with magnets. Therefore, fluidized bed is useful for homogenous waste
like sludge. Medical waste containing plastics can be incinerated in fluidized bed. The heat
transfer coefficient between fuel and bed material is defining the rate of volatiles from
combustion and thereby affecting the hydrocarbon emission from combustion. By using
different bed materials like alumina, the heat transfer and hydrocarbon formation can be

controlled. (WHO, 2019c¢) (Vehlow, 2011)

4.1.6 Open-pit incineration

Open-pit incineration of medical waste should be considered as a last option. It is better to
open-pit incinerate than store the waste in hospitals or other production places. Only small
amounts of waste can be open-pit incinerated since emissions to air and water are not taken
care of. Alternatively, a small open-pit incineration can be used during outbreaks of

epidemic diseases. (WHO, 2019c¢)

4.2 Other Treatment Technologies

This chapter discusses the technologies that do not involve incineration for treating the
medical waste. These technologies include chemical disinfection, wet and dry thermal
methods, microwave irradiation and radiation, landfill disposal, inertization and biological

methods.
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4.2.1 Chemical Disinfection

Chemical disinfection means adding chemicals to the waste to destroy or inactivate the
pathogens in it. This type of treatment usually disinfects rather than sterilizes and it is useful
when liquid medical waste such as blood, urine, stools or sewage is treated. Chemical
disinfection can be used also for solid or highly hazardous medical waste. Examples from
these are sharps and microbiological cultures. Usually waste needs to be shredded since
chemical disinfection cleans only the surface of solid waste. Shredding also reduces the
volume of waste and when combined with compacting can reduce original waste volume
60-90%. Water is usually added during the shredding to enhance the contact between waste
and disinfectant and to prevent excessive warming of waste. Strong disinfectants can be
hazardous themselves and therefore require trained personal having proper personal
protection equipment. Typical chemicals used for disinfection of medical waste are
aldehydes, chlorine compounds, ammonium salts and phenolic compounds. Chemicals
used in the process are usually strong alkali products like sodium hydroxide NaOH or
potassium hydroxide KOH. They will slowly decompose the waste which can be released
to sanitary sewer after neutralization. Chlorine dioxide ClO> or other oxidizing agents can
be used decontamination of the waste when combined with grinding. Chemical treatment
methods include also ozone treatment and alkaline hydrolysis. Human body parts and
animal carcasses shouldn’t be treated with chemical disinfectants unless it is emergency
case. Microorganisms have resistance to disinfectants in following order: 1. bacterial
spores 2. mycobacteria 3. hydrophilic viruses 4. lipophilic viruses 5. vegetative fungi and
fungal spores 6. vegetative bacteria, where number 1 means the most resistive and number
6 the least resistive microorganism. If some disinfectant is known to be effective against
certain microorganism, the same disinfectant is effective also against less resistive
microorganisms. Chemical disinfection has been used mainly in industrialized countries
and is usually carried out in hospitals. (WHO, 2019c¢) (Janik-Karpinska, 2023) (Shannon,
2011)
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4.2.2 Wet and Dry Thermal Methods

Wet thermal disinfection process is also called steam disinfection process, where shredded
waste is treated with steam. These technologies are considered to be less costly than other
recommended medical waste treatment methods. If sharps are treated the milling or
crushing is recommended. If contact time and temperature are sufficient then most of the
microorganisms are inactivated. Process is similar with autoclave process, but inactivation
efficiency of microorganisms is 99,99% compared to 99,9999% of the autoclave
efficiency. Process is not recommended to treat anatomical waste or animal carcasses and
it is inefficient for treating chemical and pharmaceutical waste. After disinfection with
thermal process the waste can join municipal waste flow. Minimum operational
temperature is 121°C and residence time for waste is 1-4 hours. Thermal process tank needs
to connect with steam generator and designed for 160°C temperature and 6 kPa pressure.
Vacuum pump and electricity supply are needed for operation. Wet thermal processes are
operated usually batch-wise, but they may be operated automatically as well. Optimal
operation is achieved when waste is shredded to fine size and process tank is half-filled.
Operation and maintenance or thermal disinfection require trained staff. Shredder is the
main maintenance target. Large size wet thermal plants with tank size of 8 m* or more can
be located off-site and some of them don’t use any shredder. Anatomical waste may also

be treated, and it becomes unrecognizable. (WHO, 2019c) (Maamari, 2016)

Autoclaving i1s an efficient method utilized in hospitals for sterilization of medical
equipment with steam so that they can be used again without any risk of infection. The
amount of waste to be treated is limited and therefore autoclaves are used mainly for sharps
or highly infectious microbiological cultures. All hospitals should be equipped with
autoclaves. Minimum operating temperature is 121°C and residence time 1 hour when
amount of waste is small. Steam pressure is 100 kPa. Then steam penetrates fully into waste
material and all vegetative microorganisms and majority of the bacterial spores will be
inactivated. D -value is giving the required time for destroying 90% of the micro-

organisms. Sterility means that probability for presence of micro-organisms is one in a
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thousand or one in a million. Downside of autoclaving is that there is no visual difference
between treated and untreated waste. This has led to situations where autoclaved medical
waste needs to be incinerated because communities are reluctant to allow non-incinerated
medical waste into their landfills. Autoclaving does not decrease the volume of waste
unless it is combined with shredder. Sterilization efficiency is depending on successful air
evacuation from the autoclave, loading of medical waste inside autoclave, thermal
conductivity of waste, air pockets in waste mixture, and having waste inside sealed, heat-
resistant containers. There are some types of medical waste that are difficult to sterilize
like dialysis cartridges or tightly rolled diapers. They might need longer time in sterilization

than recommended. (WHO, 2019c¢) (Bisbjerg, 2011) (Maamari, 2016) (Winfield, 2015)

Hydroclave is generally autoclave with paddles for mixing and fragmenting of waste.
Steam is injected to the outside jacket of the hydroclave. Heating evaporates the moisture
included in the medical waste and increases the pressure of hydroclave. If medical waste
is dry, some additional steam can be injected. Hydroclave with shredder can be used instead
of autoclave when keeping in mind that sorting errors are common in developing countries.
Shredders are vulnerable for sorting errors because large, hard metal objects can cause
downtime and increase maintenance costs. Based on 5 years’ experience in Lebanon
autoclave with shredder is 60% more expensive than hydroclave. Maintenance costs are

147% higher for autoclave with shredder compared with hydroclave. (Maamari, 2016)

Screw feed technology is included in dry thermal methods. Waste is shredded to 25 mm
particle size and heated with rotating auger to 110-140°C by circulating oil through its
central shaft. Waste is rotating through auger about 20 minutes and after this period the
waste is in compact form. Volume reduction is 80% and mass reduction is between 20-
35%. This process is suitable for treating the infectious waste and sharps. The process is
not suitable for pathological, cytotoxic, or radioactive medical waste. Exhaust air and
condensed water should be treated before disposal. Another example of dry thermal
methods is thermal frictional sterilization TFS where the waste is shredded, and the friction

created in the process heats the treated waste so that humidity in waste evaporates and
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provides the sterilization. Residue from the process can be used as refuse derived fuel RDF.
TFS method provides 75% volume reduction and 25% weight reduction. Process is suitable

also for pathological waste. (WHO, 2019c¢) (Jia, 2022)

Hydrothermal treatment is developed to convert solid waste into fuel by using 2 mPa
saturated steam with residence time of one hour. Treatment results fuel with more uniform
composition and particle size, lower moisture and higher density without reducing heating
value. Saturated steam provides hydrolysis reaction, which releases the water inside cell

boundaries of waste. Following figure shows the hydrothermal treatment process.

(Yoshikawa, 2014)

Raw MSW

Boilar

Fual

Steam
Reactor
Hotar Unit
Yy
Product
Waler

Waler
Treatment Cengansar

Figure 4. Equipment for hydrothermal treatment (Yoshikawa, 2014)

Waste and steam are mixed in a reactor. Product and condensate are extracted from the
reactor. Product is left to dry naturally for two days after which it is ready to be used as a
fuel. Steam is ideally generated with fuel produced from waste. Product fuel can be further
sieved to remove glass and metal. After handling with steam, the product is also sterilized.
Figure 5. shows the example of product fuel from hydrothermal process. (Yoshikawa,

2014)
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Figure 5. Product example from hydrothermal treatment (Y oshikawa, 2014)

Chlorine content of waste can be high due to PVC included in medical waste. Chlorine
content can be reduced by washing the waste, but organic chlorine included in PVC is not
soluble to the water. Hydrothermal treatment of waste provides the change of organic
chlorine in presence of limestone into inorganic chlorine which can be washed with water.
Hydrothermal process causes rapid dehydrochlorination of PVC in temperatures between
250 and 350°C. Hydrochloric acid HCI and polyene are produced in the process. Following
figure shows the change of chlorine content in municipal solid waste MSW before and after

hydrothermal treatment and washing. (Yoshikawa, 2014) (Liu, 2015)
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Figure 6. Chlorine contents of waste before and after hydrothermal treatment and washing

(Yoshikawa, 2014)

Hydrothermal method seems to reduce the amount of organic chlorine in MSW effectively
and further washing reduces the amount of inorganic chlorine in the product. However, it
seems that the effect is not the same for medical waste since the plastics will agglomerate
heavily and organic chlorine is not transformed to inorganic chlorine effectively. When
wood chips were added to the hydrothermal treatment the chlorine transformation
improved. Cellulose from wood chips can prevent caking of the plastic during
hydrothermal process. Almost 70% reduction of organic chlorine was reached when wood

chips were added to the process with ratio 1:1. (Liu, 2015)

4.2.3 Microwave Irradiation and radiation

According to WHO most microorganisms can be destroyed with microwave irradiation of

2450 MHz frequency and 12,24 cm wavelength. The water included in HCW is rapidly
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heated with microwaves and heat destroys infectious agents. Metals cannot be present in
the waste because microwaving metals can cause large, potentially dangerous sparks. First
waste is introduced to a shredder and humidified. It is irradiated about 20 minutes in
irradiation chamber, that includes microwave generators. After irradiation treatment waste
is compacted. Then it can be treated together with municipal solid waste. Efficiency of
microwave disinfection needs to be checked as a routine. It is possible to reach 99,99%
reduction of bacterial spores. This method is widely used in several countries. Anyhow it
is not recommended method for developing countries because costs are relatively high and
there is potential for operation and maintenance problems that require special skills from
the personnel. Ionized radiation is used for deactivating pathogenic micro-organisms.
Sterilization by radiation reduces ability of microorganisms to reproduce but waste needs
to be shredded before treatment. Radiation has been used in food industry for sterilization
but for healthcare waste the method is under development. (WHO, 2019c) (Bisbjerg, 2011)
(Winfield, 2015)

4.2.4 4.2.4 Landfill disposal

Landfilling of medical waste should be considered as a last option. It is better to landfill
than store the waste in hospitals or other production places. Two most common landfilling
types for medical waste are open dumping and sanitary landfilling. Open dumps should not
be used for medical waste due to risk of disease transmission. Sanitary landfills are
designed so that waste is geologically isolated from the environment. Scavenging must be
prohibited in sanitary landfills where medical waste is disposed so access to such landfills
must be restricted. Sanitary landfills require some engineering before opening and they
have staff available for operation. Waste deposit is organized, and waste is covered daily.
Infectious waste and small amounts of pharmaceutical waste can be deposited to sanitary
landfills. This is possible because contamination of the soil, surface water and ground water
are prevented. Air pollution, odours and public contact are limited. Alternatively, a small
burial pit can be used during outbreaks of epidemic diseases. Waste is covered with soil or

lime or both in burial pit. Encapsulation should be applied if medical waste is disposed to
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municipal landfills. Encapsulation means that containers are filled with waste and
immobilizing material and then sealed. Plastic foam, bituminous sand, cement mortar or
clay material are used as immobilizing materials. Containers are sealed and disposed when
immobilization material has dried. Encapsulation is effective against waste scavengers.
Safe on-site burial can be used for limited amount of waste, but it’s practicable only for
limited time burials. After disinfection or incineration medical waste can be safely

landfilled. (WHO, 2019¢)

4.2.5 Inertization

Inertization means mixing the HCW with cement and other substances. The purpose is
minimizing the risk of surface water or groundwater contamination. Method can be used
for pharmaceuticals and incineration ash having high content of heavy metals. It is also
called stabilization in case of incineration ashes. Pharmaceutical waste is inertisized
without the package by adding a mixture of water lime and cement. This mixture is pressed
to cubes or pellets. They are transported to the proper storage site. Liquid mixture can also

be landfilled by mixing the liquid into municipal solid waste. (WHO, 2019c¢)

4.2.6 Biological methods

Organic and placental waste can be treated with composting or vermicomposting where
earthworms consume organic waste. Pathological waste can be treated through burying it
which is causing its natural decomposition. Biogas can be produced from medical waste
by using thermophilic bio-digestion conditions. Biogas can be used as gaseous fuel as a
substitute for natural gas. The yield of biogas from experiment with recycled medical

cotton was 92% (Janik-Karpinska, 2023)

44



4.3 Summary of Medical Waste Treatment Technologies

This chapter summarizes the medical waste treatment technologies. WHO (2019¢) has

composed following summary of main advantages and disadvantages of different treatment

and disposal methods: (WHO, 2019¢)

Table 5. Main Advantages and Disadvantages of Treatment and Disposal Methods of
Medical Waste, modified from (WHO, 2019c¢)

TREATMENT OR
DISPOSAL ADVANTAGES DISADVANTAGES
METHOD
Rotary Kiln Adequate for all infectious High investment and
waste, most chemical waste operating cost
and pharmaceutical waste
Fluidized Bed High disinfection efficiency Demanding fuel pre-
Incineration Adequate for all infectious treatment
waste, most chemical waste
and pharmaceutical waste
Reduction of emissions inside
incinerator
Fuel flexibility
Capital and maintenance costs
relatively low in comparison
with other waste incineration
methods
Pyrolytic High disinfection efficiency Incomplete destruction of
Incineration Adequate for all infectious cytotoxics
waste, most chemical waste Relatively high investment
and pharmaceutical waste and operating cost
Single-chamber Good disinfection efficiency Significant emissions of
Incineration Reduction of weight and atmospheric pollutants
volume of waste Need for periodic removal of
Residues may be disposed of in slag and soot
landfills Inefficiency in destroying
No need for highly trained thermally resistant chemicals
operators and drugs like cytotoxics
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Relatively low investment and
operating costs

Drum or Brick
Incinerator

Reduction of weight and
volume of waste
Very low investment and
operating costs

Destroys only 99% of micro-

organisms
No destruction of many
chemicals and
pharmaceuticals
Massive emission of black

smoke, fly ash, toxic flue gas

and odors

Chemical
Disinfection

Highly efficient disinfection
under good operating
conditions
Some chemical disinfectants
are relatively inexpensive
Reduction in waste volume

Requires highly qualified
technicians for the operation
of the process
Uses hazardous substances
that require comprehensive
safety measures
Inadequate for
pharmaceutical, chemical
and some types of infectious
waste

Wet Thermal
Treatment

Environmentally sound
Reduction in waste volume
Relatively low investment and
operating costs

Shredders are subject to
frequent breakdowns and
poor functioning
Operation requires qualified
technicians
Inadequate for anatomical,
pharmaceutical and chemical
waste and waste that is not
readily steam-permeable

Microwave
Irradiation

Good disinfection efficiency
under appropriate operating
conditions
Reduction in waste volume
Environmentally sound

Relatively high investment
and operating cost
Potential operation and
maintenance problems

Encapsulation

Simple, low-cost and safe
Can be applied for
pharmaceuticals

Not recommended for non-
sharp infectious waste

Safe Burial

Relatively safe if access to site
is restricted and natural
infiltration is limited

Safe only if access to site is
limited and certain pre-
cautions are taken

Inertization

Relatively inexpensive

Not applicable to infectious
waste
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Disinfection efficiency in Table 5 means the sterilization capability of the treatment
method. Health and environmental consideration include for example noise emissions and
emissions to air and water. Volume and mass reduction are related to the available disposal
space. Occupational health and safety mean taking care of the health and safety of
employees involved in waste treatment. Treatment capacity should be estimated for long
term use and quantity of waste defines the needed capacity. Types of waste determine for
example needed materials for corrosion resistance and needed flue gas cleaning.
Infrastructure requirements means if common infrastructure like road or sewage network
or electricity is available at treatment site. Locally available treatment options and
technologies mean mainly if the area is developed or still under development and how
much support the waste treatment is going to require. Options available for final disposal
include the disposal of waste streams from treatment like flue gas or ash from incineration.
Training requirements of operation of the method are related to the fact how much trained
staff is available for operation of the waste treatment plant. Operation and maintenance
requirements are for example related to availability of needed additives and spare parts.
Available space defines what size of the plant can be built. Location and surroundings
define what kinds of emission control methods are required. Investment and operating costs
are related to the financing of the treatment plant. Public acceptability needs to be
considered when choosing the suitable treatment method and the location of the plant.
Regulatory requirements give limits for emissions from the waste treatment plant. (WHO,

2019c¢)

4.4 Emission Treatment Technologies

This chapter discusses the emission treatment technologies used in incineration of medical
waste. Emissions from medical waste incinerators should comply with national standards.
American standards from EPA or European standards from EU can be referred to if such
standards don’t exist. Following table shows the emissions limits in EU’s waste

incineration directive WID. Emission limit are given for 11% O> content in flue gases.
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Table 6. European Standards for Incineration of Waste (EU, 2023)

Emission
limit
[mg/Nm?3]

SO, 50

Total Organic Carbon TOC 10

co 50

Total dust 30

HCI 10

HF 1

NOx 200

Cd+Tl 0,05

Hg 0,05

Sb+As+Pb+Cr+Co+Cu+Mn+Ni+V | 0,1

Dioxins and furans 0,1
ng/Nm3

Flue gases meaning exhaust gases from incinerators contain several pollutants like fly ash
in the form of particulates, various heavy metals in gaseous and solid form, dioxins, furans,
thermally resistant organic compounds, oxides of nitrogen, sulphur and carbon and
hydrogen halides. De-dusting removes particulate matter like fly ash from flue gases and
scrubbing with alkaline substances like limestone removes gaseous acidic compounds like
sulphur oxides. Catalytic oxidation removes carbon monoxide and nitrogen oxides.
Catalytic oxidation is applied if so-called combustion measures like air-staging are not
adequate. If wastewater is produced in flue gas cleaning, it needs to be neutralized before
discharging. Wastewater treatment sludges and fly ash cooling sludges should be treated
as hazardous waste. They need to be treated in hazardous chemical disposal facility or
encapsulated before landfilling. After flue gas cleaning the gases are emitted to the
atmosphere via stack, which should be designed according to national requirements.
Growing opposition against waste incineration and desire for public acceptance of waste
incineration have been the driving forces for use of flue gas cleaning. Incineration plants
without proper flue gas cleaning equipment grow opposition against waste incineration.

(WHO, 2019c) (Dalager, 2011)
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4.4.1 Dust removal

Flue gas is leaving post combustion chamber in 800°C and it needs to cool down at least
to 300°C before dust removal. This is usually achieved by quenching with water or with
heat exchangers where water is circulating inside tubes. Recovered heat can be used for
example for drying of waste. Incineration produces 25-30 kg ash per ton of medical waste.
Cyclonic separators are static devices where flue gases are circulating in spiral movement
and centrifugal forces separate the particulate matter. Efficiency in removing particles
smaller than 15 pum is low and therefore cyclones can be used only for preliminary
particulate removal. Their efficiency can be improved by spraying water along the axis of
the cylinder. Fabric filters also called baghouse filters are very efficient in dust removal,
but investment and operating cost is relatively high. Bag life in baghouse filter is limited
especially in high temperatures. Flue gas flows through filter bags, that retain the dust on
the bag surface. Clean gas exits from the top of the bags and dust is removed from the
surface of the bag mechanically or by reverse airflow. Electrostatic precipitators are also
efficient dust collectors. Their operational cost is moderate but initial investment is high.
Flue gas flows through the series of electrodes having high voltage potential. Fly ash is
charged electrically, and electric field conveys electrically charged ash to the collecting

electrodes. Fly ash is removed mechanically from the collecting electrodes. (WHO, 2019c¢)

4.4.2 Removal of acids or alkalis

Acid gas removal processes are dry, semi-dry and wet scrubbing with alkaline additives
like hydrated lime Ca(OH), burnt lime CaO and limestone CaCO3. Hydrofluoric acid HF,
hydrochloric acid HCI and sulphur acid H2SOg4 are all acidic gases from the waste
incineration. Wet process means scrubbing the flue gas with limestone or sodium
hydroxide NaOH. If alkalinity of flue gas is the problem, some acidic solution is added.
Simultaneously flue gas will be cooled, and some fly ash will be removed. Alkaline

solution is recycled continuously, and some part of the solution will be replaced with fresh
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solution. Generated wastewater needs to be treated before disposing it into the sewage.
End-product from wastewater treatment is gypsum. Semi-dry process means that liquid
solution is added to the flue gas, but the end-product is dry salt, which is removed in de-
dusting. Dry process means that powder is injected to the flue gas and end-product is dry
salt, which is removed in de-dusting. The key parameters for choosing between these three
methods are the moisture and temperature of the flue gas. The wet flue gas cleaning process

is the most efficient from these three processes in acidic gas treatment. (WHO, 2019c)

4.4.3 Removal of nitrogen oxides

Nitrogen oxides referred as NOx are formed in combustion and their removal is a separate
process. Adequate air distribution during combustion helps to minimize NOx levels in the
flue gas. There are two principal options for removing NOx from the flue gas. Selective
noncatalytic reduction SNCR utilizes ammonia NH3 or NH2 —containing compounds like
urea NH>CONH> inside temperature window suitable for the reduction. Reaction starts in
the temperature 870°C and after 1200°C reagent oxidizes directly to nitrogen monoxide
NO. The recommended temperature window for the application is between 900°C and
1000°C. It is possible to reach NOx reduction rate 50% on average. Unwanted side effect
of the method is the emission of excess ammonia called ammonia slip NH3. Ammonia is
odorous already in concentration of 2 ppm. Ammonia slip causes problems if ash gets wet
after SNCR like it does in wet fly ash handling or in acid gas removal. Filter bags in bag
house may also suffer from clogging due to ammonia salts. Another option for NOx
removal is selective catalytic process SCR. This method uses same reagents as in SNCR
but includes a catalyst to enhance NOyx removal in lower temperatures. Catalysts used in
SCR are based on vanadium having vanadium pentoxide V>0s as active material and
titanium oxide TiO» as support material. Reaction starts in temperature 160°C and typical
operation temperature is 300-350°C. Catalyst can be placed in different configurations in
the boiler. Typical for waste incineration is tail-end connection where catalyst is placed

after the complete flue gas cleaning train so components which are harmful for catalyst are
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already removed from the flue gas. The downside of this configuration is that flue gas needs

to be reheated to reach optimal operation temperature. (Dalager, 2011)

4.4.4 Removal of dioxins, furans, and heavy metals

PCDDYJF is present in waste incineration, but it is destroyed in combustion chamber almost
completely. Incinerators having operating temperature between 850-1100°C and equipped
with certain type of flue gas cleaning equipment can reach the limits of PCDD/F in
international emission standards. When flue gas is cooled under 200°C new formation of
PCDD/F starts. Reformation occurs in oxy-chlorination of particulate carbon in the
temperature range 200-500°C. These compounds need specific removal process which
involves activated carbon. Activated carbon injection combined with bag filter binds
gaseous PCDD/F and gaseous heavy metals like mercury. Bag filter also removes particle
bound PCDD/F and heavy metals. Another possibility to remove PCDD/F is to use its
tendency to be adsorbed to plastics. Plastics are used in wet scrubbers as wall materials and
filling materials and in low temperatures PCDD/F are adsorbed to those plastics.
Unfortunately, scrubbers gradually release PCDD/F adsorbed to plastics, which is called
memory effect. By using a layer of polypropylene filled with activated carbon PCDD/F
can be bound without memory effect in wet scrubber. Baghouse with catalytic bag material
is also effective in binding PCDD/F. In this case both particulate form PCDD/F and
gaseous form PCDD/F are removed with the same filter. (Dalager, 2011) (Janik-Karpinska,
2023)
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5 MEDICAL WASTE MANAGEMENT IN DEVELOPING
COUNTRIES

Medical waste management is different in developed and developing countries. There is a
significant difference in waste amounts. High-income countries can produce as much as 11
kg of hazardous waste in a day per hospital bed whereas low-income countries produce up
to 6 kg. Health care waste is often not segregated in low-income countries which leads to
higher amounts of hazardous waste when non-hazardous waste ends up in the total amount
of hazardous waste. Despite of this the registered amount of medical waste is lower in
developing countries than in the developed countries. For example, in Iran 37,6% of the
medical waste is considered hazardous instead of typical 10-25% figure. HCW waste
management is strongly depending on economic conditions. Therefore, it is essential to
develop low-cost systems for handling of medical waste in developing countries. Less than
50% of healthcare facilities in India are segregating their waste properly to non-infected
and infected waste or follow medical waste management guidelines. Since the amount of
medical waste has increased there, the capacity of incinerators is not adequate for handling
the produced waste. 198 common disposal facilities are handling daily more than 447 tons
of medical waste but still around 40 tons per day is going to the environment untreated.
Medical waste management is completely unorganized in rural areas of developing
countries compared to urban and semi-urban areas of these countries. In India incineration
of waste is preferred as medical waste treatment due to its small footprint, high capacity,
and high sterilization efficiency. Also, possibility to utilize the energy content of the waste
makes it economically attractive. (Janik-Karpinska, 2023) (Mohseni-Bandpei, 2019)
(Maamari, 2016) (Manupati, 2021) (Thakur, 2021)

Problems in medical waste management are common in developing countries that produce
large amounts of medical waste per day. Increase of population is generating pressure on
medical waste management at the same time when there are a lack of economical, and

technological capacity and social problems. Typically, in these countries the methods for
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HCW treatment are landfilling, recycling, incineration, or storage. Landfilling of untreated
medical waste is not the recommended method for HCW treatment, but it is common in
low-income countries because it is cheap and easy. Open-pit incineration of untreated
medical waste together with municipal solid waste is also common method to treat HCW
in low-income countries. Mixing untreated medical waste with MSW is risking the public
health and environment. According to one study about 80% of HCW in developing
countries is mixed with municipal solid waste. Other risks related to medical waste
management are lack of awareness about health risks of HCW, insufficient training about
the waste management, lacking human resources, and low importance of medical waste
management. There are facilities in developing countries that use toxic chemicals and have
inadequate strategy for management of chemical waste. Minimizing risks in medical waste
management would result less illness, sharp injuries, and environmental pollution.
Pollutants like PCDD/F and polychlorinated biphenyls have been found from the soil
around incinerators in a study conducted in India, Vietnam, Cambodia, and Philippines.
Incineration of medical waste in uncontrolled conditions is specifically problem in
developing countries. People living close to incineration facilities are experiencing higher
levels of dioxins than overall atmospheric conditions show. (Janik-Karpinska, 2023) (Das,

2021) (Mohseni-Bandpei, 2019) (Thakur, 2021) (Winfield, 2015) (Pattra, 2023)

The management of HCW is a part of national healthcare system and it reflects the quality
of healthcare services. WHO guidelines should be followed when organizing appropriate
waste management system. Waste management practices should be standardized in whole
country via national legislation and regulations based on WHO guidelines. Medical waste
management covers the generation, segregation, transportation, storage, treatment, and
disposal of waste. Managers of healthcare facilities are responsible for the quality of
medical waste management. Number one priority of medical waste management in
healthcare facilities should be the prevention of contact with infectious items. All medical
staff must be trained so that they can do the segregation and waste collection properly.
Segregation process at the waste generation point is the key to the efficient health care

waste management. Poor medical waste management increases the risk of acute injuries,
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incidences and splashes of blood and body fluids. Infection control committee is
recommended for low-income areas so that one person would be responsible for waste
management if healthcare facilities. The prerequisite for effective healthcare management
is proper strategy that includes also efficient organization for HCW management. Strategy

needs to be updated regularly and communicated well for the stakeholders. (Janik-

Karpinska, 2023) (Das, 2021) (Winfield, 2015)

Very few developing nations had specific, integrated legislation for medical waste
management in Asia in 2010. Those countries that did have legislation had included it to
some other waste legislation. Even when a developing nation has established legislation
for medical waste management there is often big gap between the legislation and reality.
Governments should establish standardized definitions for infectious and non-infectious
waste. Disposal of HCW should be tightly regulated to stop illegal dumping. Governments
should also provide incentives for healthcare facilities to decrease the amount of infectious
waste. Governments should also invest in research of medical waste reduction and in
development of incineration safe medical products. That would benefit especially
developing countries by reducing the risk of exposing population to harmful emissions of
waste incineration. Public sharp disposal programs are recommended and funding for those
must come governments and governmental organizations. Developing countries are
exceling in research of medical waste management. Six out of ten most productive
countries in medical waste research are developing countries. This means that the gap
between high scientific academic production and low amount of medical waste

management adaptation can be high. (Winfield, 2015) (Shannon, 2011) (Ranjbari, 2022)

According to Das et al. (2021) healthcare waste management strategy includes usually
following points: 1) compliance with regulations, 2) responsibilities of staff members, 3)
definitions and classification of HCW, 4) specific procedures for handling the HCW, and
5) training of related workers. WHO has given recommendation for segregation and
collection of healthcare waste. For example, they have recommended the colours for waste

containers. According to WHO guidelines black colour should be used for containers with
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general waste. Yellow colour should be used for containers including sharp, infectious, or
pathological waste. Brown colour should be used for containers including chemical and
pharmaceutical waste. Containers should be filled only three-quarters and they should be
collected at least once per day. Pharmaceutical, chemical, and radioactive waste can be
collected when needed. There is some variation in medical waste classification between
different countries, but most of them follow the criteria of WHO. Anyhow, lack of
standardization in classification of medical waste makes segregation difficult for
employees and causes unnecessary generation of infectious waste. It also confuses the
employees that are transferring from one healthcare facility to another. (Das, 2021) (Janik-

Karpinska, 2023) (Winfield, 2015)

Collected medical waste is transported from hospital or health-care facility with containers
and trolleys specifically dedicated for this purpose. Figure 7. shows the trolley for
transporting the infectious waste in Suddhavej hospital in Thailand. Trolleys used for the

purpose must be cleaned and disinfected daily.
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Figure 7. Trolley for transporting the infectious waste in Suddhavej hospital in Thailand
(Honkanen, 2022)

Waste storage must be organized in designated rooms. Non-hazardous, infectious, sharp,
pathological, pharmaceutical, chemical, and radiological waste should all be kept
separately in designated storages under designated conditions. Safety and security
measures for storage of waste must be applied. Lack of safety equipment and clothing is
typical for hospital workers in developing countries. Figure 8. shows the designated waste
storage room for chemical waste in Mahasarakham general hospital in Thailand. (Janik-

Karpinska, 2023) (Ranjbari, 2022)
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Figure 8. Designated waste storage room for chemical waste in Mahasarakham general

hospital in Thailand (Honkanen, 2022)

Waste transportation to off-site disposal facility is usually contracted to third-party
company. The use of third-party company gives them or individuals who work for them
opportunity to receive money without taking care of medical waste trusted for them. Illegal
dumping of untreated infectious waste puts society to danger due to potential pathogen
release to the environment. Public funds need to be used for cleaning up after illegal
dumping, so it also costs a lot to the society. Medical waste is usually not allowed to be
reused or recycled even though it would be sterilized. Contracting the waste disposal to

third party company also gives them opportunity to sell the material in black market. For
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example, sharps or syringes can be sold for re-use without proper sterilization. (Winfield,

2015)

Selecting the right medical waste disposal method is still challenging for the municipalities
in developing countries. As already stated earlier, there is not available environmentally

friendly, effective low-cost solution for treatment of medical waste. (Ranjbari, 2022)

5.1 Sustainability in medical waste management

3Rs are the cornerstones of circular economy referring to reduce, reuse and recycle. The
most efficient way to control the impacts of HCW is to generate less waste. The best way
to reduce the amount HCW is the efficient segregation of waste in the point where is is
generated. Since safety is considered as the number one priority in management of medical
waste, a lot of waste is generated due to single use of medical supplies. In developing
countries recycling of medical waste is common and scavengers pick up waste from
landfills to be sold as raw material. For example, single-use plastics and sharps are recycled
without proper safety measures. Companies producing medical supplies could use
materials that are treated more easily as medical waste, or they could make products that
can be used for secondary purposes. Purchasing strategy and inventory control of medical
supplies could be enhanced so that waste is minimized. This could be done by using less
materials and by checking date of expiration upon product’s arrival. Items with short
expiration date should be avoided. According to Thakur et al. (2021) stringent economic
policies are the backbone of the sustainable HCW management systems. Main threats for
the success of sustainable medical waste management are the poor education about
handling of infectious waste and lack of awareness among the workers handling infectious

waste. (Janik-Karpinska, 2023) (Chauhan, 2021) (Thakur, 2021) (Winfield, 2015)

If both infectious waste and general waste are generated in the same area it is useful to

place bins for both to improve segregation of medical waste. It is worth of considering if
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the reduced amount of infectious waste would pay the wage of a specialized sorter who

would take care of the segregation of medical waste. Figure 9. shows the trash bins for

general and infectious waste segregation placed side by side in Suddhavej hospital in

Thailand.

Figure 9. The trash bins for general and infectious waste segregation placed side by side in

Suddhavej hospital in Thailand. (Honkanen, 2022)

Autoclaving can increase the amount of recyclable material and reduce the volume in the
landfill. Based on life cycle assessment LCA incineration is better option than autoclaving
and landfilling when energy from incineration can be recovered. Energy recovery from
medical waste incinerator is not easy due to relatively small amounts of medical waste and
big variations in fuel quality. Incinerator is operated batchwise when amounts of medical
waste is small. If medical waste cannot be reduced, reused, or recycled then its energy

content can be utilized in energy generation. Anyhow, incinerators cause emissions to the
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environment, and this is especially critical in the big cities of developing countries where
air quality is poor to begin with. Suppliers of medical products could develop products that
would not release PCDD/F and heavy metals when incinerated. This means that for
example amount of PVC should be reduced in medical products. PVC is prevalent material
in medical products so suppliers should have some incentive in reducing PVC. There is a
possibility to produce fuels from medical waste for example using thermal or biological
processes. Energy for waste treatment process is also possible to recover from renewable
sources. For example, drying of medical waste can be done with heat received from
pyrolysis process powered with solar disc collectors. This kind of equipment could have
feasible capacity of 1000 kg/h in India. (Das, 2021) (Reddy, 2023) (Manupati, 2021)
(Winfield, 2015) (Koo, 2015)

Use of smart technologies can enhance the circular economy in management of medical
waste. Smart tools like artificial intelligence Al, internet of things IoT, and big data can be
utilized in tracking of generated medical waste. The capability of handling waste has been
essential for the development of cities, and it will remain to be so in the age of smart cities.
RFID technology can be used for tracking of waste streams. It creates data for medical
waste management in smart city context. RFID technology can also prevent criminal
activities related to dumping of the medical waste. Disposal of waste is usually contracted
to private companies, and they may seek extra profit from unlawful dumping of medical
waste instead of handling it properly. GPS tracking systems in the waste transportation

trucks make sure that waste is transported to the disposal facility. (Chauhan, 2021)

Healthcare professionals are motivated towards sustainable behaviour by training and
awareness programs about sustainable activities. Society has significant role in transition
to sustainable waste management system as well as techno-economical assessment.
Management of hospitals could be motivated for implementation of better segregation
practices by adding some incentives because higher cost of infectious waste decreases the
amount of waste sent to infectious waste stream. In developed countries there are already

policies to create sustainable medical waste management systems, but there is a lack of
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academic discussion about the application of circular economy principles in HCW
management. Anyhow, sustainability in medical waste management is now attracting
increasing interest in academia. Sustainable medical waste management is possible only if
waste amounts can be estimated reliably. Otherwise, investments to this will be inefficient.
In Asian developing countries there is a need to invest in modern medical waste treatment
facilities to replace outdated incineration plants. One incineration related issue to be solved
is the secondary pollution caused by fly ash from incinerators. Heavy metals and other
pollutants removed from the flue gas of incinerators end up in the fly ash. Fly ash from the
medical waste incinerators should be treated as hazardous waste. It is under investigation
if the harmful substances in fly ash can be reduced so that fly ash could be utilized as
material for example in construction industry. (Thakur, 2021) (Ranjbari, 2022)

According to Ranjbari et al. (2022) following ways are recommended for approaching
sustainable healthcare industry: 1) Preparing action plan for circular economy oriented
healthcare industry, 2) encouraging healthcare facilities to shift from single-use mindset
towards circular economy approach, 3) establishing sharing platforms for healthcare
facility assets, 4) developing circular economy indicators for measuring and monitoring
the progress towards sustainable healthcare industry, and 5) encouraging partnership
between stakeholders to reach sustainable supply chains and developing the industry
towards circular economy. When single-use products are replaced with reusable ones the
amount of medical waste can decrease significantly. For example, using reusable sharp
containers instead of disposable ones can decrease infectious waste 15 000 kg/year and
save up to 175 000 USD/year in hospital with 1000 beds. According to Ranjbari et al.
(Ranjbari, 2022) there is a need for 1) technological and methodological advancements to
safely recover as much value from medical waste as possible including utilizing its’ energy
content, 2) optimizing trade-off between single-use and reusable healthcare materials, and
3) policy incentives to encourage authorities especially in developing countries to shift

towards circular economy. (Ranjbari, 2022)
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5.2 COVID-19 pandemic in medical waste management

COVID-19 pandemic increased the amount of medical waste by five-to-seven times higher
in healthcare facilities worldwide. Pandemic started in Wuhan in China. Ministry of
Ecology and Environment MEE in China gave regulations for storage conditions of
medical waste. Waste production from the hospital is defining the capacity of the storage.
High risk medical waste should be treated within 24 hours if temperature of the storage is
higher than 5°C. When COVID-19 pandemic started, these conditions could not be kept in
hospitals and medical institutions of Wuhan. Incinerator capacity was 50 tons/day at
Wuhan before COVID-19 outbreak. Incinerators in the area are equipped with utilization
of thermal energy and flue gas cleaning. Waste-to-Energy WTE solutions have been
increasingly utilized in treatment of waste in China. In case of emergency like COVID-19
pandemic there is also possibility to treat medical waste together with MSW if the capacity
of existing plants is insufficient. There are five WTE incineration plants and two sanitary
landfills available for MSW in Wuhan. Landfilling is not considered safe for high-risk
medical waste even though it is still used in some developing countries. Suitability of MSW
incinerations plants was examined for the emergency use of treating medical waste during
the COVID-19 pandemic. The requirement for incinerator was that combustion
temperature should exceed 850°C so that combustible gases and toxic substances are
entirely destroyed. Only two WTE plants are fulfilling this request in Wuhan. WTE plants
qualified for incineration of medical waste are equipped with grate-fired boilers. Other
WTE plants are equipped with fluidized bed boilers where 850°C cannot be guaranteed
without additional burner. MEE defined that maximum loading of medical waste in WTE
plants is 5% from the total amount of waste. The rest of the waste is MSW. This gave extra
100 tons/d of co-processing capacity for treatment of medical waste during the pandemic.

(Yang, 2021) (Thakur, 2021) (Hantoko, 2021)

According to Das et al. (2021) The outbreak of pandemic compromised the containment of
radioactive waste and special measures were required to manage this waste. It also

increased the amount of pharmaceutical waste because the number of patients in hospitals
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increased. The use of rapid test kits for COVID-19 increased during the pandemic as well,
which generated additional waste stream because the kits are used only once and then
disposed. Information about the time that the virus survives on the surfaces was important
when management strategy for HCW was planned. Different countries selected different
approaches in managing HCW during the COVID-19 pandemic. Suitable facilities were
needed for temporary storage of waste during the situations when treatment capacity was
not adequate. Storage of waste was recommended to be done in sealed containers in
protected areas. Only authorized personnel were allowed to enter these areas. Cement kilns
and other industrial furnaces were an alternative for HCW incinerators during the
pandemic. In US the healthcare waste generated by COVID-19 patients was treated as any
HCW whereas in Philippines there was a special amendment for handling HCW during the
pandemic. According to Das et al. (2021) the management of COVID -19 waste in Jordan
was done according to following principles: 1) reduction of unnecessary waste, 2) isolating
the hazardous waste from regular waste, and 3) proper treatment of HCW reduce risks for
workers and society. One COVID-19 patient can generate around 3,4 kg of HCW per day
but waste generation in total is unpredictable because it is depending on the number of
infections. Therefore, temporary medical waste management was organized to take care of

the increased waste stream. (Das, 2021)

A huge amount of personal protection equipment was used in healthcare facilities during
COVID-19 outbreak. The instruction from WHO was to place the PPE to the sealed bag
for transportation to the cleaning. The recommended cleaning agent was 10% lime slurry.
Since nine days was considered long enough to inactivate COVID-19 virus from the
surfaces the recommendation was to disinfect the COVID-19 waste with sodium
hypochlorite or alcohol and then store it for nine days to limit the spreading of the virus.
Copper is known as material that can reduce the lifetime of pathogens so it can be used as
a surface material to stop the spreading of virus. UV radiation treatment is a low-cost option
for killing the pathogens in medical waste. WHO recommended that COVID-19 waste can
be treated like normal medical waste but the problem in developing countries was that they

did not manage to treat even normal amount of medical waste properly. During the
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pandemic the risk for virus transmission was high in developing countries. Incineration is
expensive but efficient way to treat waste. Anyhow, single hospital units cannot usually
afford incineration costs by themselves so effective option for incineration is disinfection
with chemical disinfectant in combination with microwaving or steam treatment. UNEP
has classified recommended methods for treatment of COVID-19 waste so that preferred
technologies are steam sterilization and microwaving, secondary preferred technologies
different incinerators, and emergency solution is onsite pit burial. Onsite pit burial should
be done immediately without storing the waste especially in developing countries. (Das,

2021) (Reddy, 2023) (Manupati, 2021) (Ilyas, 2020) (Hantoko, 2021)
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6 MEDICAL WASTE MANAGEMENT IN THAILAND

Thailand is also a long country like Vietnam and its capital Bangkok is located in central
Thailand as shown in Figure 10. Thailand has total area of 513 120 km?. Population was
69 110 000 in 2018. (Aseanup, 2023a)
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Figure 10. Map of Thailand (Aseanup, 2023a)

Thailand is considered as middle-income country according to World Bank. Major
authority for waste management at state level is Pollution Control Department PCD.

Ministry of Science, Technology and Environment has right to create regulations for
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control, storage, transportation, treatment, and disposal of hazardous waste. Ministry of
Public Health has responsibility over management of solid waste in hospital and medical
facilities. Bangkok Metropolitan Administration BMA is authority with responsibility in
waste collection, transport, and treatment in city of Bangkok. In general, there are many
parties involved in waste management of Bangkok, but they lack co-operation. Different
instances also give different figures for medical waste amount. Medical waste generation
rate given by Pollution Control Department PCD was 0,65 kg/bed/day, rate given by
Department of Health DH was 0,43 kg/bed/day and rate given by BMA 0,11 kg/bed/day in
Bangkok in 2009. 484 tons of infectious waste was generated in Bangkok in 2005, which
was 0,2% of the total amount of waste generated according to Solid Waste Disposal
Division. Table 7 is showing the composition of medical waste in Bangkok. (World Bank,

2023b) (Bangkok Metropolitan Administration, 2009)

Table 7. Composition of Medical Waste in Bangkok’s Hospitals (Bangkok Metropolitan
Administration, 2009)

COMPONENT COMPOSITION
[w-% dry]
Cotton/gross 67,15
Rubber glove 12,52
Plastic 13,48
Paper 2,71
Wood 3,23
Food 0,65
Leather 0,13
Metal 0,12

22 tons of infectious waste was generated in hospitals of regional part of Thailand and 24
tons was generated in hospitals of Bangkok in 2000. Incinerators were only acceptable
treatment for organic waste, human tissue and body parts in 2006. Problem has been that
air pollution problem couldn’t be controlled effectively and the content of ash remained

unknown. In some hospitals, ash was buried to the ground. Since incineration is expensive
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medium and small size hospitals prefer to send their infectious waste to be treated in private
incinerators or incinerators of big hospitals. The amount of infectious waste produced in

hospitals of Chiang Mai is presented in table 8. (Panyaping, 2006)

Table 8. Amount of Infectious Waste in Chiang Mai’s Hospitals (Panyaping, 2006)

HOSPITAL AMOUNT
[kg/bed/day]

Big government 0,97

hospital

Medium 0,53

government

hospital

Medium private 0,17

hospital

Small private 0,17

hospital

6.1 Past of medical waste management in Thailand

Bangkok Metropolitan Administration BMA has been strongly supporting privatization of
medical waste management services. Approximately 40% of medical waste was collected
in 1998 whereas the rest was being disposed with municipal waste. There were plans to
improve operating efficiency of regional medical waste incinerators, to establish services
fees for medical waste producers and implement waste management public relations and
education program. There were two on-site incinerators at the local hospitals and the rest
was collected by trucks of BMA. Coffee tins were reused for storage and transport of used
sharps. Replacing sharp collection bins with recycled solutions seems to be typical in
Thailand because bins for the collection of sharps are expensive. Bin needs to be rigid,

leak-proof and break- and puncture-resistant. Sharp collection bin is shown in Figure 11.
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Figure 11. Collection bin of sharps (Honkanen, 2022)

At Rajavithi hospital glass, plastic and paper were separated from non-infectious medical
waste and handled by small private recycling operator. Potential business opportunities
were seen in on-site treatment of medical waste and in expansion of the current treatment

capacity. (Kiser, 1998) (Das, 2021)

Amount of medical waste produced in Thailand was 0,65 kg/bed/day in 2006. 19-20
tons/day of medical waste was generated in Bangkok in 2001. Medical waste from
Bangkok hospitals were taken to incinerator operated by private contractor Krungthep
Thanakom Co.,Ltd and located at On Nuch disposal centre. Treatment fee for ton of waste
was 153 dollars in 2006. Incinerator was delivered by Australian company. Incinerator has

capacity of 15 tons/day for infectious waste and there are two units in operation.

68



Incinerator has 2 chambers. The combustion temperature is 760°C in first chamber and 1
000°C in the second chamber. Supplementary fuel is required due to 70% moisture content
of medical waste. Ash from the incineration is landfilled at disposal centre site. It was
reported on 2001 that the incinerator cannot fill all the requirements of medical waste
disposal. Furnace temperatures were not operated according to manufacturer’s instructions.
Problem in Bangkok has generally been poor segregation of medical waste. Medical waste
has been disposed with municipal solid waste. There have been campaigns against medical
waste incineration in Thailand. NGO’s meaning non-governmental organizations including
Greenpeace have raised public awareness against incineration. (Visvanathan, 2006)

(Jungrungruen, 2011) (Kiser, 1998) (Valin, 2001)

Infectious waste has been handled more carefully than municipal solid waste due to
government rules and regulations, that require the separation and proper treatment of
infectious waste. Rules for medical waste management were proposed in 1992 and
regulations followed the proposal. Policy on management of biomedical waste called the
Regulation of MOPH B.E. 2545 was established in 2002 and Public Health Act in 2007.
There are over 3 000 different sources of medical waste in Bangkok. There were 56 public
hospitals, 60 public health centers and 117 private hospitals with 16 000 beds in 2009.
There were also more than 3 000 clinics in Bangkok in 2009. (Bangkok Metropolitan
Administration, 2009) (Danchaivijtr, 2005) (WHO, 2017)

39 hospitals across Thailand were surveyed about medical waste management practices in
2002. Doctors, nurses, infection control nurses, ward workers and dustmen were
interviewed about management of medical waste. Medical waste management practices
were observed, waste sample bags were examined, and garbage collector’s infections were
investigated. It was discovered that in household waste bags 3,3% of the waste was medical
waste and in medical waste bags 15,2% of the waste was household waste. Amount of
medical waste was 0,4kg/bed/day. Weakest part of awareness among doctors and nurses
was related to live vaccines. Only 49% knew that live vaccines are included in medical

waste. Same thing was observed with ward workers. Only 64% knew that live vaccines are
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included in medical waste. Washing of hands when removing the gloves was the weakest
part in handling of medical waste. Only 16,7% of ward workers and 65% of garbage
collectors were washing hands after removing gloves. (Bangkok Metropolitan

Administration, 2009) (Danchaivijtr, 2005) (WHO, 2017)

6.2 Present medical waste management in Thailand

Infection control nurses have direct responsibility in supervising hospital’s waste
management. Doctors and nurses are responsible in segregating waste at the place of origin.
Thailand has reported to WHO that medical waste segregation applies, and waste packages
are color-coded. Thailand segregates medical waste only in two categories which are sharp
waste and non-sharp waste. Mixing up pathological and other recyclable waste is not
recommended, and more categories must be established. Waste collection and
transportation through private companies has led to situation, where substantial amount of
health care waste is mixed with municipal waste. This problem needs to be worked out.
Hospitals have different ways for waste management so that some hospitals segregate some
parts of the medical waste and other parts are submitted to local government for disposal.
Hospitals use private companies for waste disposal and send waste to adjacent hospitals
that have own incinerators. Approximately 62,4% of hospitals take care of the disposal
themselves, 23,3% transfer the waste, and 14,2% use private companies under control of
Ministry of Public Health. Waste storage must be kept under 10°C if infectious waste is
more than 7 days old. There is no policy for handling and managing hazardous and
cytotoxic drugs in place although they are widely used in health-care Thailand has country
and state orders for phasing out medical instruments containing mercury, but there are still

mercury instruments in use. (Danchaivijtr, 2005) (WHO, 2017) (Pattra, 2023)

Currently Thailand doesn’t have infection control policy nor guidelines. Thailand has
reported to WHO that they have regular training program for health care personal about
management of medical waste. Thailand has also reported about keeping record and

reporting to the government about medical waste management, but the information is not
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public. Thailand doesn’t have medical waste management related accident reporting
procedure in place nor there is monitoring of medical waste management. Healthcare
workers are facing risks in their work because poor management of medical waste. High
frequency of occupational injuries from sharp objects has been identified in Thailand. In
laboratory examination of waste collectors, it was found that 3,4% had tuberculosis, 5,1%
had parasites and stomach infections, and 8,5% were Hepatitis B positive. Table 9 presents
the amounts of health-care facilities in Thailand. (Danchaivijtr, 2005) (WHO, 2017)
(Pattra, 2023)

Table 9. Amount of Health Care Facilities in Thailand (WHO, 2017)

TYPE OF FACILITY NUMBER
OF NUMBER
FACILITIES OF BEDS
Government 10 845
hospital
Hospital under 10 730 99 193
Ministry of Public
Health
Regional hospital 28
General hospital 88
Community 780
hospital
Subdistrict health 9777
promoting hospital
Hospitals under 57
departments
Hospitals under 115 21129
other ministries
Private hospitals 343 30028
Private clinics 23 054
Animal 2522
hospitals/clinics
Pathogenic micro- 1198
organism
laboratory
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Table 10. is showing the number of sickbeds in EU countries for comparison.

Table 10. Number of sickbeds in EU hospitals (EU, 2019)

EU country Amount of available sickbeds
Belgium 63 962
Bulgaria 53997
Czech 70225
Denmark 15 067
Germany 657 662
Estonia 6011
Ireland 14 213
Greece 44 817
Spain 138 861
France 392 593
Croatia 23040
Italy 188 909
Cyprus 2747
Latvia 10379
Lithuania 17 733
Luxembourg 2644
Hungary 67 494
Malta 2 068
Netherlands 53394
Austria 63 838
Poland 234 417
Portugal 36 064
Romania 136 715
Slovenia 9 256
Slovakia 31422
Finland 18 475
Sweden 21288

Average waste generation is about 0,8 kg/bed/day in Thailand according to WHO.
According to Pattra et al. (2023) this can vary in middle-income country like Thailand
between 0,02 to 3,2 kg/bed/day depending on differences between rural, suburban, and
urban healthcare systems, the number of occupied beds and country’s income. Another
source states that between 2013 and 2017 the annual waste amounts were 50 481, 52 147,

53 868 and 55 646 tons and 0,4 kg of waste was generated daily in Thailand. Most probably
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this figure is per hospital bed. Figure 11. shows the amount of medical waste globally for

comparison.
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Figure 11. Global amount of medical waste (Gomes, 2022)

About 92% of public hospitals are filling the standards of infectious waste treatment.
According to WHO (2017) Ministry of Public Health has committed to make health-care
providers green and clean in 2017. Ministry of Natural Resources and Environment is
recommending steam/autoclave technologies, incineration, and thermal inactivation for all
types of waste. Local government manages ten existing incinerators and private companies
run six existing incinerators. 37 hospitals don’t have access to these incinerators, and they
have own incinerators. There have been operational issues with the incinerators that
Ministry of Public Health has built for hospitals. These issues include lack of standards,
lack of skilled operators and inadequate maintenance of incinerators. The consequences
from all this are local pollution and disturbing odours. There are thermal inactivation
systems for treatment of infectious waste in four hospitals. Six facilities are off-site
treatment facilities meaning that they are not located adjacent to healthcare facilities
providing the waste. This number of facilities is not enough to treat all medical waste
produced in Thailand. Incineration standard gives emission limit for dioxins and furans,
and it is 0,5 ng I-TEQ/Nm? according to B.E. 2546. Generally, incinerators do not meet the

requirements especially when it comes to the combustion temperature. Secured landfill is
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used for ashes coming from incineration. WHO’s (2017) recommendation for Thailand is
to invest in non-incineration technologies and seek Global Environment Facility GEF

funding for investments. (WHO, 2017) (Pattra, 2023)

During the Covid-19 pandemic Thailand produced 31 896 tons/day medical waste and
there were only 12 795 confirmed COVID-19 cases. In country with population of 70
million people these amounts are very low. Amount of urban population in Thailand is
51% which explains why with smaller population Thailand produced more medical waste
than Vietnam during the pandemic. It was estimated that 57 million facemasks were used
in Thailand daily. That corresponds better with the population of the country and makes
171 tons of discarded facemasks per day. This has created a large additional waste stream

to be managed in Thailand. (Hantoko, 2021)

6.3 Future of medical waste management in Thailand

Thailand was supposed to develop national master plan for infectious waste during years
2017-2020. Green and Clean hospital concept is being implemented in health-care facilities
operated under Ministry of Public Health to enhance the sustainability of these facilites and
decrease global warming. These health-care facilities would act as role models for other
health-care facilities in reducing global warming. According to WHO (2017) the highlights
of the program are documentation of the success stories, calculating carbon footprint of the

hospitals and training the staff. (WHO, 2017)

According to Pattra et al. (2023) Ministry of Internal Affairs is responsible for overall waste
management policy at operational level. According to Pattra et al. there should be done a
decentralization of management authority to local governments. Local administrative
organizations should have strategies to manage infectious waste in the community.
Upstream measure would be PR campaign for separating infectious waste in the
community. Midway measure would be that local government agency would provide

places for collection of waste like red bins and anti-infection equipment like masks.
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Destination measure would be using laws for disposal of infectious waste like Ministerial

Regulation on Disposing of Infectious Waste B.E. (Pattra, 2023)

The amount of elder population is predicted to increase rapidly in Thailand in future. This
means that the number of bed patients is also going to increase which leads to increase of
medical waste. It has been predicted that in Thailand will be 153 000 bed patients by 2030.
Estimate for year 2037 is 311 000 bed patients. Increase is 8 000 — 10 000 bed patients per
year leading to rapid increase in amount of medical waste. Bed patients are also treated at
home in Thailand so medical waste is produced at homes as well as in healthcare facilities.
Typical medical wastes produced in homes include for example gauze and gloves. Medical
waste produced in homes is rapidly increasing the amount of medical waste in
communities. Medical wastes produced in homes are collected to red bags which are taken
to public health care centers or burnt at home. No segregation is done so also adult diapers

and toilet paper are included. (Pattra, 2023)

6.4 Examples of medical waste management in Thailand

Medical waste management in Thailand was examined in research trip to Mahasarakham
area in North-East Thailand in 2022. The main source of income in the area is agriculture,
but there is also a big Mahasarakham University with approximately 40 000 students.
Mahasarakham university MSU has Faculty of Sustainable Environmental Science
MRCES that organized the visits to local hospitals and clinics. Two local hospitals were
visited from which another one was university hospital. Local healthcare clinic and dialysis
clinic were also visited. Visit showed that the handling of medical waste is organized in
Thailand and one of the visited hospitals is acting as an example in organizing the handling

of HCW.

Health care in Thailand is organized under Ministry of Public Health. There are four

regional offices for northern, eastern, western, and southern Thailand. There are 76
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provincial offices under regional offices. All hospitals are organized under provincial
offices whether they are public or private hospitals. Provincial hospital is responsible for
collecting infectious waste from other healthcare facilities. In Mahasarakham the district
hospital collects infectious waste. District hospital operates under provincial hospital.
According to Singhirunnusorn (2022) Ministry of Natural Resources and Environment is
responsible for hazardous waste. All HCW in Thailand is reported in internet portal.

Information about the amount of infectious waste is public. (Singhirunnusorn, 2022)

6.4.1 6.4.1 Suddhavej hospital

Suddhavej hospital in Mahasarakham is faculty of MSU. It has 111 beds. Suddhavej
hospital is segregating its waste into five different categories. MSW is marked with black
color. Yellow colour marks glass, plastic, and paper, that are segregated and recycled.
Infectious waste is marked with red colour. It has two different categories that are non-
sharp and sharp waste. Non-sharp waste is also including medicine packages. Infectious
waste is collected by a company and taken to an incinerator once per week. If infectious
waste would be kept in storage more than one week then it’s temperature would need to be
controlled. Incinerator is operated by private company. Combustion temperature in
incinerator is 1 000-1 200°C. Hazardous waste is marked with blue colour and it includes
medicines. One part of the expired medicines is sent back to the supplier and another part
is segregated as hazardous waste. Hazardous waste is collected once per year. Radioactive
waste is marked with grey colour and taken to an incinerator once per week. Private
company will collect radioactive waste in a box. Different temperature is used for
radioactive waste than for infectious waste in the incinerator. Public health act is the
regulation that the hospital must follow. Also, Thai standards are followed in the hospital.
They are local versions from international standards. Generally, all the waste from the
hospital is considered as medical waste and then segregated into different groups.
Hazardous waste is coming also from the MSU’s faculty of medicine. Suddhavej hospitals
produced in 2019 approximately 26,5 tons of infectious waste and 230 kg of hazardous
waste. Correct segregation is important because the price for hazardous waste per kg is
approximately 4 times more expensive. Suddhavej hospital plans to increase the number

of the beds to 250 beds within three years and to 1 000 beds within 10 years. Disposal
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method of HCW would remain same but collecting and transport of HCW needs to improve
when amount of waste increases. Own incinerator for the area would be practicable but it
is considered very difficult to establish. Staff in hospital is trained and tested so that they
can do segregation of HCW correctly. 14 persons work in the waste management
organization, and they are doing the collection of HCW. HCW is collected from the bins
when % of their volume is filled. During the Covid-19 pandemic the amount of infectious
waste increased also in Suddhavej hospital. Waste amount doubled or even tripled during
the pandemic. Covid-19 waste has special treatment so that bags are first sprayed with
alcohol and then second bag is added. Infectious waste and radioactive waste have own

storage room at hospital site. Waste storage is shown in Figure 12.

Figure 12. Waste storage for medical waste (Honkanen, 2022)

Chemical containers are used for collection of sharps because official containers for sharps

shown in Figure 5 are expensive. (Suwattanapong, 2022)
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6.4.2 Bankung medical center

One medical center is taking care of 9 000 patients. HCW from the medical centre is
collected three times per week. HCW is collected also from patients treated at home. In
Finland patients need to return their medical waste to the pharmacy so in Bankung area this
has been made easier for the patients. Health care centre does not have any beds but
provides mainly nursing and vaccination. Bankung medical centre produces 30 kg of
infectious waste per month, and it is collected free of charge. In Bankung area there are

two clinics and one medical centre. (Fimea, 2023) (Singhirunnusorn, 2022)

6.4.3 Dialysis clinic

Dialysis clinic is a private clinic that also treats dialysis patients sent by local hospitals.
Clinic has 12 beds, and they treat 3 rows of patients per day. Clinic needs to apply for a
permit every year. Then also treatment of HCW is checked. Local authority controls that
clinical waste is handled according to regulations. Clinic reports the amount of waste to
internet-based portal. Clinic produces 80 kg of infectious waste per week. Waste is picked
up every two days because clinic does not have waste storage. All the hoses and bags used
in dialysis are going to the waste and only filter used in dialysis machine is recycled. Waste
flows in the clinic to the same direction as patients and is stored in the end of the clinic.

(Singhirunnusorn, 2022)

6.4.4 Mahasarakham general hospital

Mahasarakham general hospital MSH has 580 beds. Hospital is one of the prototype
hospitals of the ministry showing how to handle HCW. The hospital collects HCW from
17 health care centres, from four hospitals and from one prison hospital. All the waste
generated in hospital is required to report on-line since Covid-19 pandemic. WHO
standards for HCW have been applied in Thailand in their own way meaning that for
example the colours for waste segregation may not be the same. Waste management in

hospital includes following phases: 1) Sorting and separating, 2) Collecting, 3) Transfer,
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4) Disposal and 5) Monitoring. Waste is separated into four groups: 1) General waste
MSW, 2) Recyclables, 3) Hazardous waste including cytotoxic waste and 4) Biohazard
waste. Biohazard waste means here infectious waste including body parts and organs,
sharps, materials that have been contaminated with liquids from patient and any waste from
special care treatment room. Red colour is used to mark infectious waste. Black colour
means MSW. Grey colour is used for hazardous waste and purple colour is used for
chemical waste. Chemical waste includes chemotherapy medicines. Sometimes it is
difficult to choose to which category waste belongs and the category might also change.
Examples from HCW that have had category changes are broken mirror and saline tube.
Names and other personal information have to be destroyed from medical waste especially
in the unit where HIV positive patients are treated. Waste bag is filled only % of its volume

and disposed.

In this hospital waste bin colours are different for different types of HCW. They also differ
from colour codes used in the hospital for marking of the different types of HCW. Red bin
colour is for infectious waste, blue bin colour is for MSW, orange bin colour is for
hazardous and toxic waste, green bin colour is for organic waste and yellow bin colour is

for recyclables. Figure 13. shows the different colours of waste bins in MSH.
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Figure 13. Waste bin colours in MSH (Honkanen, 2022)
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Hospital has timetable for collecting different types of HCW. Timetable shows when,
where and what is collected. Infectious waste segregated into sharp and non-sharp is picked
up 2 to 3 times per week. Hospital has a small disinfection unit that can handle 350 kg
waste per day, but it is not big enough. Disinfection unit is integrated shredder and
sterilizer. It has large capacity sterilization chamber and built-in steam generator. Size of
the chamber volume is 150 litres. Built-in steam generator power is 18 kW, and steam
capacity is 25 kg/h. Sterilization temperature is 134°C for 3 minutes. (Steribel, 2023)

Figure 14. shows the disinfection unit.

Figure 14. Disinfection unit (Honkanen, 2022)

HCW from medical centre is disinfected with the unit, but that waste does not include
severe infections. Hazardous waste is transported into storage from where it is picked up
once per year. Biohazard waste is collected by private company once per month. Local
authority owns the incinerator, where HCW is incinerated. Private company operates the

incinerator. Hospital representative visits the incinerator once per year. Infectious waste

80



collected by the hospital is 600-800 kg per day. During Covid-19 pandemic this figure was
1 200-1 500 kg per day, which means that the amount of waste doubled. One hospital bed
in MSH provides 1-1,2 kg of infectious waste per day. The hospital has plans to increase
the number of beds to 800 within five years. Current waste storage capacity should still be
enough for this number of beds. If waste is stored at hospital storage more than seven days
then the temperature of the storage needs to be kept under 10°C. This is impossible
according to representative of the hospital. New nine store hospital building will have own
elevator for waste transport. Old hospital building has common elevator for service and

waste transport. Figure 15. shows the HCW categories produced in MSH in 2021

HCW categories in MSH on 2021 [%]

1,6

6,5

® MSW = Infectious waste Recyclable waste Hazardous waste

Figure 15. Different HCW types in MSH in 2021 modified from (Mahasarakham Hospital,
2022)

Waste management staff is well taken care of in the MSH and importance of their work is
recognized. Their working conditions have been improved continuously. Hospital
representative recognizes need to reduce the waste amount from the hospital although the
price for infectious waste treatment is lower than in Suddhavej hospital. (Mahasarakham

Hospital, 2022)
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7 MEDICAL WASTE TREATMENT IN VIETNAM

Vietnam is long country, and its capital Hanoi is located in Northern Vietnam as shown in
Figure 16. Vietnam has total area of 332 698 km?. Population was 96 020 000 in 2018.
(Aseanup, 2023b)
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Figure 16. Map of Vietnam (Aseanup, 2023b)

Vietnam is considered as middle-income country according to World Bank. Major
authority for waste management at state level is Ministry of National Resources and
Environment MONRE. Waste Management and Environment Promotion Agency WEPA
is the agency that has the responsibility over waste management. Ministry of Health MOH
has responsibility over management of solid waste in hospital and medical facilities. Urban
Environment Company URENCO is state owned company with responsibility in waste

collection, transport and treatment in provinces and cities. Around 95% of hospitals in
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Vietnam were segregating their medical waste according to regulations of Ministry of
Health in 2011. In general, there are many parties involved in waste management of
Vietnam, but they lack nationwide co-operation. Financial investments on waste
management are on low level and especially budget on waste treatment is very low. Poor
management of medical waste in Communal Health Centers of Vietnam is caused by low
budget, inadequate training of medical staff and high amount of medical waste generated
in health-care facilities that are over-loaded with patients. Further challenge is the lacking
suitable equipment for transportation, storage, treatment, and disposal of medical waste.
There is not enough information available regarding management of medical waste
including segregation, collection, storage, transportation, treatment, and disposal. (World

Bank, 2023b) (Huong, 2018) (Thang, 2017)

Table 11 is showing the composition of waste generated in hospitals of Hanoi. (Nguyen,

2014)
Table 11. Composition of Hospital Waste in Hanoi (Nguyen, 2014)

WASTE TYPE AMOUNT

[w-%]
General waste 26,6-40,0
Packing paper, 3,0-9,8
tissues waste

Sharp waste 1,3-2,3
Blood 4,6-18,1
contaminated

waste

Chemical waste 1,3-13,8
Plastic waste 2,6-3,2
Metal waste 0,6-1,4
Broken glass 1,8-2,6
bottles

Medicine waste 0,1-1,6
Others 12,5-26,0

The number of recyclable materials in medical waste is approximately 25% of the total
weight. It is common that medical waste has high content of organic matter being around

52% of total weight and high content of moisture. Medical waste is segregated and
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collected into 4 different groups according to decision 43/2007 made by Ministry of Health.
These groups are biomedical waste, sharps, chemical and medical waste, and radioactive
waste. Waste must be segregated at the place of origin and marked with colour codes and
symbols. Bags and boxes need to be labelled and hazardous waste needs to be separated
from general waste. Maximum amount of waste is % of the volume in one waste bag. Waste
collection must be organized at least once per day. Initial treatment of highly hazardous
waste must be done at the place of origin. Health care facilities need to make contract with
official party like URENCO for transport and disposal of waste. If official party is not
available, then facilities need to report to local authorities how disposal is handled.
Hazardous waste must be transported safely so that requirements of Circular No. 12/2006
of Ministry of Natural Resources and Environment are met. Table 12 shows how well the

regulations were followed in Hanoi’s hospitals in 2014. (Nguyen, 2014) (Minh, 2018)

Table 12. Status of Segregation and Collection in Hanoi’s Hospitals in 2014 (Nguyen, 2014)

MEDICAL AMOUNT
WASTE [%0]
MANAGEMENT
REGULATION
Thickness and 67
volume of waste

bag

Color of waste bag | 31
Waste bag 81
according to

packing standard

Sharp waste box 94
according to

standard

Container with lid 58
Container with 67
label

It seems that marking of the waste package is most often neglected so that color of the
waste bag doesn’t follow the regulation. Managing sharp waste is done best, which is

natural since the risks are clear in case of poor handling.
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7.1 Past of medical waste treatment in Vietnam

According to WHO (2015) Vietnam has signed and ratified Basel Convention about control
of transboundary movements of hazardous wastes and their disposal in 1995. The Basel
Convention includes clinical waste from health care and hospitals as well as waste
pharmaceuticals, drugs and medicine. Vietnam has also signed and ratified Stockholm
Convention on Persistent Organic Pollutants POP in 2002. In Stockholm conventions
governments must decrease or eliminate emissions from unintentionally emitted of dioxins
and furans. Dioxins and furans are generated and emitted to the atmosphere combustion
processes firing fuels with chlorine content. These processes include medical waste
incinerators. Best available techniques for dioxins and furans must be required and best
environmental practices promoted in all new incinerators since year 2006. Vietnam has
signed and ratified Minamata Convention on mercury. This Convention includes gradually
giving up using equipment containing mercury like thermometers and blood pressure
devices in health care. A UNDP-GDF global health care waste project has demonstrated
and promoted best available techniques and practices for reduction of health-care waste to
prevent emissions of dioxins and mercury. There have been various projects financed with
bilateral donors that have included components for health care waste. For example,
Germany and Belgium have given such bilateral donors. WHO estimated in 2015 that the
condition of health care waste management in Vietnam is fair. The weakest points of health
care waste management were technology and financing since they were rated with 2

whereas 1 stands for insufficient and 5 for excellent. (WHO, 2015)

Medical waste was collected and stored at the hospital area in Hanoi in 2014. Non-
hazardous waste was taken to collecting areas of Hanoi Urban Environment One Member
Limited Company URENCO. It was mixed with municipal solid waste for landfilling.
There were no recycling activities of medical waste although legally this has been fixed in
Waste Management Regulation. The reason for lacking recycling facilities is the lack of
capital investments. Hazardous medical waste is incinerated in small incinerators of

hospitals or transported to city’s centralized incineration plants. Proportion of well
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operated incinerators is estimated to be 50% of all installed incinerators. Main reasons for
this are lack of capital investments, lack of proper training of staff, high price of fuels for
combustion and high price of flue gas cleaning equipment. Solid waste handling centres
handle also solid hospital waste on Mekong Delta area. Three existing sites receive waste
from hospitals of Long Xuyen, Rach Gia and Can Tho cities and Thoai Son, Chau Thanh
and Hon Dat districts. (Nguyen, 2014) (Thang, 2017)

Population is increasing rapidly as well as the demand for healthcare in Vietnam.
Especially big cities are facing rapid growth, and the total amount of sickbeds in existing
hospitals has grown from 17,7/10 000 to 22/10 000 between 2005 and 2009.This has led to
the rise in produced medical waste amount as well. Hanoi city is the capital of Vietnam,
where largest hospitals and most national level hospitals are located. Hospitals of Hanoi
are receiving patients from Northern provinces of Vietnam, which enhances the
overloading of local hospitals. In 2014 there were 16 hospitals with 6 680 sickbeds and 16
medical institutes with 1 030 sickbeds under the Ministry of Health. In addition to this there
were 15 hospitals with 3 270 sickbeds under other ministries. Amount of the provincial
level hospitals was 23, district level hospitals 16, private hospitals 20 and communal
healthcare centres 300. The area of Hanoi city is expanding so the population is also
growing, and the amount of medical waste is increasing. Average value for medical waste
produced in hospitals of Hanoi was 0,86 kg/bed/day in 2014. The amount of hazardous
waste was 0,14 kg/bed/day, which was 16% of total amount in 2014. Appendix 2 shows
the amounts of medical waste and hazardous medical waste generated in Hanoi hospitals

in 2014. (Nguyen, 2014)

Ministry of Health found out that 17.16 tons of medical waste was generated in Vietnam
in 2013. 16.82 tons from this amount was treated which corresponds with 95% of the total
amount. Thu Duc district hospital is located at Ho Chi Minh city in Southern Vietnam. The
average amount of solid waste in the hospital was 1 470 kg/day in 2015. The share of
medical waste was about 28%. Medical waste from the hospital was taken to Binh Hung

Hoa incinerator for disposal. Originally waste was incinerated at the hospital but due to
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lack of funding hospital contracted waste disposal with Urban Environmental Company
CITENCO. Waste storage time in the hospital is 24 hours before it is taken to the
incineration plant. (Trinh, 2020)

Binh Hung Hoa incineration plant has capacity of 7 tons/day. Capacity may be temporarily
increased up to 14 tons/day. Incinerator type is HOVAL GG42 from Switzerland. There
are two chambers from which the first chamber provides heating, drying and de-gasing of
waste with ambient primary air. Second chamber is thermal reactor with three different
zones. First zone is mixing zone where the secondary air is mixed with the fuel. Second

zone is ignition zone that is equipped with modulating burner. Third zone is combustion

zone where tertiary air inlet is located. Fuel used in modulating burner is in gaseous form.
Figure 17 shows GG type of HOVAL incinerator. (Loan, 2015) (Minh, 2018) (Hoval,
2019)

Figure 17. GG Type of HOVAL incinerator with steam heat recovery attached (Hoval, 2019)

Furnace is static and operated semi-continuously. Combustion temperature is between 850-
1 200°C and retention time in furnace is between 0.5-2 seconds. Thermal capacity of the

incinerator is 4.2 MW and possible heat recovery is 2,6 MW. There are three operational
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stages, where first stage is loading the garbage, second stage is combustion, and third stage
is cooling. All stages take about eight hours to complete. Incinerator is equipped with flue
gas cleaning including dry sorbent feeding and bag filter. Incinerator ashes are taken to
burial. Almost all hospitals in Ho Chi Minh city had contract with Urban Environment City
about the disposal in 2015. Incinerators were overloaded due to increasing amount of
medical waste. Bingh Hung Hoa incinerator has been operated on continuous overload with
12-13 tons/day capacity. Maintenance has been insufficient, which has caused
unavailability of the incinerator. There is also second incinerator at Bingh Hung Hoa
cremation center. Incinerator’s capacity is 4 tons/day. Combustion temperature is between
850-1 000°C. Dong Thanh is another medical waste incinerator site located in Ho Chi Minh
City. Five additional private hazardous waste incinerators are located in Ho Chi Minh City.

(Loan, 2015) (Hoval, 2019) (Minh, 2018)

Medical waste treatment must meet environmental requirements of authorities and follow
international conventions Vietnam has ratified. There are three models for scales of
medical waste treatment: Model 1 Large scale, Model 2 Medium scale, and Model 3 small
scale. Large scale means treating medical waste in centralized waste treatment plants,
medium scale means common waste treatment plant for health care facilities cluster, and
small-scale means treating the medical waste at the place of origin. Ministry of Health
made survey of Vietnam district and Commune Health Facilities with World Bank in 2015.
Data includes 246 communal health care centers from 6 different provinces and cities
representing 6 geographical regions of Vietnam. Three options were given for treatment of
solid medical waste in the survey: 1. Using special incinerator, contracting sanitation
company, contracting hospital or referring to district health care center, 2. Using open-pit
incineration, 3. Landfill. Significant correlation was noticed between socioeconomical
status of commune and solid medical waste disposal method. Communal health care
centers located in poor communes used more often open-pit incineration or landfill than

those in wealthier communes. (Huong, 2018) (Minh, 2018)
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7.2 Present medical waste treatment in Vietnam

Majority of hospitals burn medical waste in manual incinerators without flue gas cleaning
equipment. Some hospitals have installed modern incinerators, but they may not be used
due to high operating costs. Even open pit burning is applied on rural areas. Majority of
solid medical waste from communal health care centres is incinerated at specific
incinerators, contracted out to sanitation companies, or transported to the district health
centres that take further care of the waste processing. Table 13 presents the percentages of

solid medical waste treatment types in communal health care centres. (Huong, 2018)

(Thang, 2017)

Table 13. Treatment Method of Solid Medical Waste in Vietnam in Communal Healthcare
Centers (Huong, 2018)

METHOD OF | RURAL [%] URBAN [%] TOTAL [%)]
MEDICAL

SOLID

WASTE

DISPOSAL

1.Specialized 62,4 88,6 76,8
incinerator,

contract with

sanitation

company,

transportation to

district health

care center

2. Open pit 22,6 6,1 13,5
incineration

3.Landfill 15,0 5,3 9,7

Although incineration of medical waste was not recommended by Ministry of Natural
Resources and Environment and Ministry of Health the most communal health care centers
use incineration for medical waste treatment. According to Huong et al. (2018) Article 72
in Law on the Environmental Protection of Vietnam requires that all health-care facilities
must have proper management and treatment of medical waste including solid waste,

wastewater, and emissions to the air. According to Huong et al. (2018) the management of
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these medical wastes is specified in Joint Circular Number 58/2015 on medical waste
management and Joint Circular Number 36/2015 on the management of hazardous wastes.
Based on current information it cannot be stated if the solid medical waste treatment

complies with local regulations. (Huong, 2018)

Ho Chi Minh city is the biggest city in Vietnam. There are currently 476 public medical
institutions and more than 13 140 private medical institutions in the city. From this amount
only 192 hospitals are having own incinerator for medical waste. These hospitals are also
monitoring the amounts medical waste. Incinerators are lacking regular maintenance,
which gradually leads to poor condition of incinerator. Due to inadequate surveillance of
authorities some private operators dispose their medical waste together with municipal
waste. It was estimated that 8 500 private health-care facilities don’t have contract with
official waste treatment company. This means that their medical waste is collected as
municipal waste. Majority of these facilities are estimated to be small scale facilities.
According to Minh (2018) Urban Environmental One Member Limited Company
CITENCO collects the medical waste from large scale facilities. District service providers
collect medical waste from small scale facilities. Plastics and glass can be recycled as raw

material and health care facilities have right to sell their waste. (Minh, 2018)

Limitations of current medical waste management system in Ho Chi Minh City are as
follows: 1) medical waste treatment system is continuously operated on overload, 2) 30-
50% of the private sector facilities has not participated actively on segregation and
treatment of medical waste, 3) there is lack of equipment for collection in districts, 4) cities
don’t have medical waste management plan or strategy for 2030, 5) forecast for waste
amount in future is uncertain since estimate is based on actual data and not on research
data, 6) collection and treatment of solid medical waste is not profitable since there are no
competitive market nor investors available, 7) there is a lack of environmental specialists

in medical waste management (Minh, 2018)
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Current potential market for waste management related business is high in Vietnam. The
reasons for this are: 1. growing amount of waste due to increasing population, economic
growth and urbanization, 2. underdevelopment of waste infrastructure 3. Vietnam’s policy
to promote integrated solid waste management and 3R principle for waste standing for
Reduce, Reuse and Recycle. Ho Chi Minh City has capacity of 11 tons/day for incineration
and the current medical waste amount produced is around 26 tons per day. Even with
operating incinerators in overload this capacity is not reached. This means that new
incinerator capacity is needed. Incineration is estimated to be only medical waste treatment
method affordable for Vietnam for the time being. Altogether 47 tons/d medical waste was
generated in Vietnam in 2016 and approximately 15% of this amount was taken to the

landfill. (Thang, 2017) (Minh, 2018) (Vinachemia, 2017)

Most of the medical waste is sorted and pre-treated in large and medium size hospitals, but
there is no information if sorting is efficient in small local healthcare facilities. Common
methods for treatment of medical waste are incineration and landfilling. Medical waste is
pre-treated with sterilization, autoclaving, or microwaving before it is transported to the
landfills. Approximately 90% of hazardous medical waste in Vietnam goes to incineration.
Incineration is considered advantageous because it can be used for power generation, and
it does not require big footprint like landfills do. Incineration systems are not considered
economical because they require fossil fuels to maintain the high combustion temperature.

Cost of incineration is approximately 0,5-1,0 USD/kg. (Trinh, 2020)

7.3 Future of medical waste treatment in Vietnam

Ministry of Health MOH has been given a goal that in 2020 100% of medical waste is
treated, incinerated, or buried safely in Vietnam. Hanoi’s Peoples Committee has estimated
that there will be 25/10 000 sickbeds in Hanoi in 2020 and 30/10 000 sickbeds in 2030.
Based on figures given earlier for years 2005 and 2009 shown in Figure 18 this estimate

seems to be conservative. (Nguyen, 2014) (Ministry of Environment Japan, 2012)
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Sickbeds/10,000 people

Figure 18. Estimate of sickbeds in Hanoi between 2005-2030 (Nguyen, 2014)

According to Nguyen et al. (2014) amount of medical waste was estimated to be in the
future 2,2 kg/bed/day in national level hospitals, 1,5 kg/bed/day in provincial level
hospitals and 1 kg/bed/day in district level hospitals, which is in line with WHO’s estimate
for Eastern Asia middle-income countries. Estimate was made for planning of solid fuel
management by Ministry of Construction in 2014. Estimates about development of medical

waste amounts are shown in Table 14. (Nguyen, 2014)

Table 14. Estimate for Waste Amount Development in Hanoi’s Hospitals (Nguyen, 2014)

YEAR TOTAL NORMAL HAZARDOUS
WASTE WASTE WASTE
[ton/d] [ton/d] [ton/d]

2010 18 13,5 4,5

2020 30 24 6

2030 46 37 9

Amount of healthcare waste is estimated to increase 10% per year in Ho Chi Minh City,
which is interpreted by Minh that the waste amount would be 30 tons/day in 2020 and 51
tons per day in 2025. This would mean that in 2020 Ho Chi Minh City would produce equal

amount of medical waste compared to Hanoi and already in 2025 remarkably more than
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Hanoi. Two solid waste handling sites more would be receiving hospital waste in future on
Mekong Delta area. They would be serving cities Can Tho after 2020 and Ca Mau and
district U Minh after 2025. (Minh, 2018)

In future incinerators for hazardous medical waste are expected to be replaced by
autoclaves and microwave ovens, which are considered more environment friendly than
incinerators. Pyrolysis and gasification are also seen as environment friendly options for

traditional incineration. (Nguyen, 2014) (Thang, 2017)

The management of medical waste should be planned in communal health care centres and
the staff should be properly trained for segregation, collection, storage, and transportation
of solid medical waste. According to Huong et al. (2018) communal health care facilities
should have regulations for staff, patients, and visitors about maintaining hygienic

conditions and about the management of medical waste. (Huong, 2018)

Trinh et al. was using waste from hospital in Hanoi to test a new type of low-cost
incinerator that operates without external fuel. Capacity of the incinerator was 50 kg/day
and it was adjusted for medical waste production of chosen hospital. Medical waste was
dried with flue gases from the incinerator. Combustion was controlled with airflow and
incinerator did not have any burners. Incinerator was consisting of different chambers and
the temperatures of the chambers were controlled with air flow. Flue gases were cleaned
with scrubber using NaOH solution. Table 15 is showing the composition of medical waste

from Hanoi hospitals.
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Table 15. Composition of medical waste from Hanoi hospitals (Trinh, 2020)

No

Components

Percentage [%]

General waste: paper,
organic waste, metal, soil
and other waste

77,3

Chemicals and
pharmaceutical waste:
medicine bottles, medicine
bags, blood bags, medical
plastic, glass, syringes,
injection vials, ampoules
and sharps

13,3

Infectious waste: Tissue and
pathological waste, cotton,
gauze, bandages, broken
bones and fixed braces

9,4

Medical waste from the hospital was having 25% moisture content. The heating value for

waste was 8,6 MJ/kg because waste had high moisture content. According to Trinh et al.

(2020) potential sources of moisture in waste were wet cotton, blood and liquid from

infusion bottles and other wet materials. Waste was fed to the incinerator batchwise, but

continuous feeding would make drying and carbonization processes more effective because

the temperatures in different chambers would be more stable. Emissions from the

incinerator met the Vietnamese emission limits set in QCVN 30:2012/BTNMT after the

scrubber using 20% solution of NaOH. Table 16. shows the emission limits and the

emissions from the incinerator before and after flue gas cleaning. (Trinh, 2020)

Table 16. Emission limits and the emissions from the incinerator before and after flue gas

cleaning (Trinh, 2020)

Before wet After the stack | Emission limit
scrubber
[mg/Nm’] [mg/Nm’]
1 CO 540 0,065 250
2 CO, 122 0,099
3 SO, 96,52 0,536 250
4 HF 0,168 0,00062
5 HCl 0,538 0,0014 50
6 PMio 185 0,0125 100
7 PCDD 4,58 0,0017
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There are some discrepancies in this table. Most probably PCDD are given in ng/Nm?.
There is no information if the emissions are in wet or dry gas and what is the oxygen content
of measured flue gas. That means that it is not certain that emissions and emission limits
are comparable. Scrubber is known to be efficient with certain emissions like acidic gases

and particulates, but results show that all the emissions have been reduced effectively.

During the Covid-19 pandemic Vietnam produced 3854 tons/day medical waste and there
were only 1 546 confirmed COVID-19 cases. In country with population of 97 824 681
people these amounts are extremely low. Amount of urban population in Vietnam is 38%
which explains why with smaller population Thailand produced more medical waste than
Vietnam during the pandemic. It was estimated that 59 477 406 facemasks were used in
Vietnam daily. That corresponds better with the population of the country and makes 178
tons of discarded facemasks per day. This has created a large additional waste stream to be

managed in Vietnam. (Hantoko, 2021)
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8 DEVELOPMENT OF MEDICAL WASTE INCINERATION
IN THAILAND AND VIETNAM

Primary goal in development of medical waste management in Thailand and Vietnam is to
ratify all international conventions related to medical waste treatment and to take care that
they are also implemented properly. Both countries have ratified Basel Convention on
control of transboundary movements of hazardous wastes and their disposal and it has been
entered into force in both countries. The Convention requires that generation of hazardous
waste is minimized, amount of adequate disposal facilities is ensured, and personnel
working at the management of disposal facilities is taking care of preventing pollution from
the facilities. Vietnam and Thailand have both ratified Stockholm convention of persistent
organic pollutants and it has been also entered into force in both countries. The Convention
requires to decrease or get rid of unintentional emissions of dioxins and furans. Best
Available Techniques BAT should be considered for reducing the emissions of dioxins and
furans when building new plant or when retrofitting the old one. BAT for flue gas cleaning
is defined to be thermal or catalytic oxidation, dedusting with for example with bag filter
or adsorption to substances like activated carbon. BAT for combustion process includes
modification of process design to prevent the formation of dioxins and furans by
controlling incineration temperature and residence time. Vietnam and Thailand have both
ratified Minamata Convention on mercury. The Convention requires that products and
processes containing mercury will be phased out, mercury emissions shall be controlled
and waste containing mercury shall be treated in environmentally sound manner. Existing
sources of mercury shall at least have quantified goal for controlling and where feasible
reducing mercury emissions at latest ten years after the date of entry to force. Thailand has
made accession in 2017 and Vietnam has made approval in 2017. (Basel convention, 2023)
(Stockholm Convention, 2023) (Minamata Convention on Mercury, 2023) (Basel
Convention, 1989) (Stockholm Convention, 2017) (Minamata Convention on Mercury,

2017)
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according to Rand et al. (2000) applicability of waste incineration projects requires
following according to World Bank: 1) a mature, well-functioning waste management
system has been in use for several years, 2) solid waste is disposed of at controlled and
properly operated landfills, 3) the supply of combustible waste is stable and waste amount
at least 50 000 metric tons per year, 4) the lower calorific value is at least 7 MJ/kg and not
under 6 MJ/kg at any circumstances, 5) the community agrees to accept the increased
management cost through management charges, tipping fees and tax-based subsidies, 6)
skilled staff can be recruited and maintained and 7) the planning environment of the

community is stable enough to allow planning horizon of 15 years or more. (Rand, 2000)

According to Rand et al. (2000) public awareness campaigns emphasizing waste
minimization, recycling and proper waste management are also a part of mature waste
management system. Detailed discussion about environmental protection measures
included in the project are necessary with environmental authorities as well as with
organized NGO’s. The feasibility of waste incineration projects in developing countries
should be evaluated in two phases. First phase is called preliminary assessment. It can be
based on already existing information that includes relevant and properly adapted data from
the literature. The second phase is called thorough assessment. It can include collecting the
local data about waste generation and composition. It can also include detailed research of

the plant financing and full environmental impact assessment. (Rand, 2000)

When developing an incineration project, the waste management system should be

assessed first as shown in Figure 19.
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Optimum scenario

Iz waste collection
system well-
organized with clear
division of
responsibilities and
control of all waste
types?

Is waste disposal
fully controlled?

|5 waste disposed
of in
environmentally
controlled landfills?

Do the waste

generators pay
the full cost of
waste disposal?

Control of all
types of waste

Investigate the
feasibility of
waste as a fuel

Househalds

Cnly municipal
solid waste

Acceptable scenario

No

Improved requirement

Upgrade collection
system before
introducing
incineration

Upgrade disposal
system before
introducing
incineration

Implement
controlled landfills
before incineration

Revise waste charge
system before

incineration

Figure 19. Assessment of waste management system, modified from (Rand, 2000)

Second thing to assess is the potential sale of energy from incineration as shown in Figure

20.
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Is MSW incineration
plant located where
all energy recovered
can be sold for
district heating or
steam for industrial
purposes?

May the energy be

sold as combination
electricity and heat
or steam?

Is only sale of
electric power
possible?

select hot water or
LP steam boiler for
cost efficiency

Select steam boiler,
turbine with outlets
for steam and hot
water circuit

Select a steamn boiler
with turbine and
cooling circuit

Energy
recovered
cannot be
brought to good
use

Re-asses the
economic
feasibility of the
project

Figure 20. Assessment of potential sale of energy, modified from (Rand, 2000)

Third thing to assess are the waste properties as a fuel as shown in Figure 21.



Has a survey besn
conducted to
establish the
amount of MSW in
the area?

Do records
document the
annual variation in
waste volume and
composition?

Is the lower calorific
value of the waste to
be at least 6 MIkg
throughout all
se@sons (average
annual LCV =7

Ml/kg)?

Has the effect of
scavenging and
recycling on the
waste volume been
investigated?

-
o
A

No

Mo

The waste is likely
feasible for mass
burning

Conduct a waste
monitoring program

Conduct a waste
monitoring program

The waste is not
suited for
incineration

Evaluate the
consequences of
introducing
incineration

Figure 21. Assessment of waste as fuel, modified from (Rand, 2000)

Fourth thing to assess is the economy of the incineration project as shown in Figure 22.
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153 public guarantes
for payment of
capital and
operating costs
obtainable?

Is foreign currency
committed, available
far payment of
capital amd
operating costs?

Are the regulations
for enforcing
payment of waste
charges and energy
in place?

are the serviced
communities able
and willing to pay
thie incineration
costs?

Has an econamic
sensitivity analysis
been conducted
and worst case
assessed?

)

obtain commitrment
or cancel the

project.

Cancel project.

The economic
viahility is in
jeopardy.

Evaluate the
consequences of
introducing
incineration.

\ 4

Perform sensitivity

The praject is
economically
wiable

Figure 22. Assessment of project economy, modified from (Rand, 2000)
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Flue gas cleaning for waste incineration has three different performance levels according
to World Bank. These levels are presented in table in Appendix 2. Minimum level includes
only particulate filter for dust emission less than 30 mg/Nm?®. Basic level includes flue gas
cleaning equipment for particulate emission, acidic pollutants SO2, HCl and HF and heavy
metals As, Cd, Cr, Cu, Pb, Mn, Hg and Ni. Advanced level removes efficiently all the
emissions from incineration as shown in table in Appendix 2. Basic flue gas cleaning is
decreasing investment cost 10% of the total investment value compared to medium level.
Advanced flue gas cleaning is increasing the investment 15% of the total investment value
compared to medium level. The stack height should be twice the height of tallest building
within 1 km or at least 70 m. (Rand, 2000)

8.1 Development of medical waste incineration in Thailand

Thailand has been participating a mercury related project during 2016-2017 where goal
was to accelerate ratification and facilitate early implementation of Convention by legal
preparation. Identification of gaps and needs, setting of priorities, raising of public
awareness, and sharing of experiences were also included in the project. Project funding
was 65 000 USD. Donor was Federal Office for the Environment of Switzerland FOEN
and project was executed by UNITAR. UNITAR stands for United Nations Institute for
Training and Research. Since Thailand has regulations for hazardous waste management,
import, export, possession, and management in place for mercury the main source of
improper mercury in the country are households. Several awareness raising activities for
the population were taken during the project. (UN environment, 2023) (Minamata

Convention of Mercury, 2019)

8.1.1 Development of medical waste incineration in Thailand: Waste amount and

financing

In 2017 estimated amount of medical waste in Thailand was 44 000 tons. The amount is

too small for full scale incineration plant which would require 50 000 tons of waste per
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year. (Rand, 2000)Thus, the options for medical waste incineration are small-scale
incineration or co-incineration with municipal solid waste. Co-incineration with municipal
solid waste requires disinfection of the medical waste. Potential business opportunities
have been seen in on-site treatment of medical waste and in expansion of current treatment

capacity.

WHO has advised Thailand to seek funding from GEF medical waste handling projects.
Projects related to Stockholm and Minamata conventions have received funding form GEF
and government of Switzerland. Typically, financing of project is coupled with technology
from financing country. According to GEF (2023) developing countries can receive GEF
funds to be able to meet the requirements of international environmental conventions and
agreements. GEF Trust Fund has donors from both developed and developing countries.
Finnish companies that export waste handling equipment can benefit from Finnish
financing sources. Finnvera is an example of a party financing Finnish export companies.
It is official export guarantee party of Finland and part of Team Finland. Finnvera has
subsidiary called Suomen Vientiluotto Oy, which can help with financing of Finnish export
companies’ customers. Export guarantee can be used also as a bond for bank when
delivering for customers abroad. In case of closing deal abroad it may be necessary to
organize finance for foreign customer. Finnvera can issue bonds for financial institutions
for covering risks related to foreign customer, to foreign bank or to foreign country of the

customer. (GEF, 2023) (Suomen Yrittdjdt, 2017)

8.1.2 Development of medical waste incineration in Thailand: Public Opinion

Incinerators are only considered acceptable for organic waste like human tissue and body
parts. Crematories are state-of —art technology in disposing organic waste but they are not
accepted for hazardous waste in general. There have been campaigns against medical waste
incineration in Thailand and NGOs like Greenpeace have organized protests. WHO is also
recommending non-incineration technologies for Thailand, which means using autoclaves

and microwaves for disinfection of medical waste. (WHO, 2017)
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Tokyo is a great example of having successfully located waste incineration plants in the
downtown area. Local waste incineration plants have open door events for neighbourhood,
and they give tours to visitors. Waste incineration plants in Tokyo have been designed
carefully to fit to the surrounding environment. Good example of taking public opinion
into account is Toshima incineration plant in Ikebukuro. It has been designed to include
fitness centre for area residents including swimming pool which is heated by burning
waste. Toshima incineration plant has stack height of 210 m because it is close to building
with height over 230 m. Stack height should be also carefully considered especially in the
urban areas. (Clean Authority of Tokyo, 2023)

8.1.3 Development of medical waste incineration in Thailand: Flue gas cleaning

Thailand has set emission limit of 0.5 ng I-TEQ/Nm® for dioxins and furans from
incineration. The limit is five times higher than emission limit given by World Bank in
Appendix 2. Most common method to cut the emissions of dioxins and furans is using
activated carbon for adsorption. Activated carbon increases the costs of flue gas cleaning
so it could be feasible to find some low-cost raw materials to produce activated carbon
locally. Possible low-cost material for producing activated carbon in Thailand could be
palm kernel shell. Palm oil industry is one of the major agricultural processing industries
in Thailand and palm kernel shell is by-product from palm oil production. Efficiency of
activated carbon is based on surface area available for adsorption. Activated carbon has
large surface area available due to its porous structure. Raw palm kernel shell needs to be
washed, dried, crushed and screened. When product size is less than 0,425 mm it will be
impregnated with chemical. Impregnation can be done with phosphoric acid H3PO4. After
impregnation the product is carbonized and washed with hot distilled water. Impregnation
time, chemical concentration and impregnation temperature are affecting the quality of
produced activated carbon as well as carbonization temperature and time. Impregnation
requires heat and mixer. Carbonization requires tubular furnace, water and nitrogen gas

feed. It is possible to produce activated carbon equal to commercial scale product with this
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kind of a setup. Most probably this kind of facility would have reasonable payback time
because commercial grade activated carbon is expensive. Palm kernel shell is used as a fuel
in steam boilers so producing activated carbon would bring extra value for this waste

material. (Boontham, 2018)

8.1.4 Development of medical waste incineration in Thailand: Maintenance

Since maintenance of medical waste incineration plants have proven to be difficult, it
should be considered that provided plant requires as little maintenance as possible. This is
somewhat problematic goal since there are several maintenance objects in waste
incineration plants. As an example of challenging maintenance object can be mentioned
fabric filter in flue gas cleaning. It is required to capture dioxins, furans, and mercury in
particulate form, and it needs regular maintenance to be able to keep down the emissions.
Broken bags need to be replaced regularly to be able to keep dust emission low. These
tasks require special skills from maintenance staff and is also very expensive. (World Bank,

2017)

8.2 Development of medical waste incineration in Vietnam

Vietnam has been participating three mercury related projects between 2014-2017. First
project was initial assessment of Minamata Convention with budget of 500 000 USD.
Budget was coming from Global Environment Facility GEF and Vietnam Chemicals
Agency Vinachem executed project. Second project is about application of green chemistry
in Vietnam. Budget is coming from GEF and government is executing the project. Third
project is about early implementation of Minamata Convention and Vietnam is one of the
participants. Budget is 875 000 USD and partially coming from government of

Switzerland. (Minamata Convention of Mercury, 2019)
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Due to rapid growth of Vietnam’s population and economy especially in the urban areas it
seems that there is a need of developing projects for medical waste handling. Issues to be
solved before entering the market are the finance of the investment in Vietnam and the
public opinion about medical waste incineration. Stockholm convention and Minamata
convention have entered into force in Vietnam so medical waste incineration should be
equipped with appropriate flue gas cleaning to cut down the emissions of dioxins, furans
and mercury. Mercury abatement requires also use of Best Available Technology BAT so
flue gas treatment needs to include thermal or catalytic oxidation of mercury, dust
precipitation or adsorption. BAT shall be applied also for combustion process so furnace

temperature and residence time must be controlled.

8.2.1 Development of medical waste incineration in Vietnam: Waste amount and

financing

In 2015 amount of medical waste in Vietnam was 600 tons/day and estimate for 2020 was
800 tons/day. This amount is more enough for several full-scale incineration plants because
one would require 50 000 metric tons of waste per year. In this case the full-scale
incineration plants could be located to biggest cities, where the waste amount is biggest.
Thus, the options for medical waste incineration in Vietnam are small-scale incineration,
co-incineration with municipal solid waste and full-scale waste incineration. Co-
incineration with municipal solid waste requires disinfection of the medical waste. Since it
seems that financing in Vietnam is not adequate, developing of medical waste incineration
project would require finding investors or other funding. Basically, the same as described

before in 8.1.1 for financing in Thailand applies also for Vietnam. (Huyen, 2021)

8.2.2 Development of medical waste incineration in Vietnam: Public Opinion

Public opinion seems to be against incineration of medical waste in Vietnam. Other options
like autoclaves and microwaves are considered as more desirable methods for future. Use
of autoclaves and microwaves isn’t reducing the volume of waste efficiently so some part

of the waste would still go to landfill sites. Since incineration can reduce the volume of the
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waste by 80-95% and emissions can be controlled efficiently it appears that using
incineration for medical waste treatment could benefit from public awareness campaign.
Same as described in chapter 8.1.2 for Thailand about waste incineration in Tokyo applies

also for Vietnam. (Nguyen, 2014) (Rand, 2000)

8.2.3 Development of medical waste incineration in Vietnam: Flue gas cleaning

Adsorption is the common method for capturing dioxins, furans and gaseous mercury.
Mercury in particle form requires bag filter for capture. Adsorption requires adsorbent,
which is activated carbon for these emissions. Adding adsorbent to the flue gas cleaning
process increases the operation cost of the incineration plant. To ensure the use of adsorbent
in the flue gas cleaning operation it could be feasible to produce absorbent on—site from

some low-cost waste material that is available locally as described in chapter 8.1.3 for

Thailand.

8.2.4 Development of medical waste incineration in Vietnam: Maintenance

Since maintenance of medical waste incineration plants have proven to be difficult, it
should be considered that provided plant requires as little maintenance as possible. Same
issues as described in chapter 8.1.4 for Thailand apply also in Vietnam. (World Bank,
2017)
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9 RESULTS AND DISCUSSION

As already presented in chapter 2. Materials and methods there were three different parts
in this thesis. First there was a literature study. Based on the information from the literature
study an anonymous Webropol survey was established and distributed to the professionals
in Thailand and Vietnam. Thirdly a research visit was made to Thailand to get the full

picture of medical waste management in Maha Sarakham area.

9.1 Results from Survey for Thailand

There were altogether 15 answers for the survey from Thailand. Only one answer was
received via Webropol survey in English and rest of the answers were received from survey
in Thai language. 12 answers were received from urban area and 3 answers from rural area.
Most of the hospitals are in cities so this may explain the distribution of answers. 5 answers
came from persons working in healthcare facilities and 8 answers came from people
working in municipalities as local authorities. Background of 2 answerers is unknown. It
seems that those who have answered the survey are well informed about the situation of

health care waste based on their backgrounds.

In Thailand scavenging is found only occasionally based on the answers. All waste sorts
mentioned in the inquiry are mainly collected but there were also some exceptions. It would
be interesting to know if this is focusing on the rural area because based on the visit, the
situation seems to be in order in the city. Based on the answers the MSW goes to fully
controlled landfill whereas hazardous and medical wastes are mainly incinerated. This is
also what was found in the research visit. In Thailand medical waste seems to be collected
segregated since majority of answers were supporting this option. This was also the case

in the research visit.

108



Lower calorific value of medical waste was unknown for most of the answerers, but two
answers suggested that it is less than 7 MJ/kg. Calorific value of waste would need to be
analysed to find out if it is possible to recover energy from incinerator. Based on the
backgrounds of the answerers they may not have understanding about calorific value.
Anyhow low calorific value of medical waste does not encourage for producing energy as
such so calorific value of waste would need some improvement measures. Only a part of
waste generators pays full cost of waste collection and disposal, which indicates that the
gate fee does not provide enough money for running a full-scale waste incineration plant.
Incineration seems to be the prevailing technology for treatment of medical waste and looks
like it will be the one also in the near future although most answers suggested that there
aren’t any future plans. It seems that workers would be available for incineration plants but
not for all positions. Major part of the answers was showing that there is no planning
horizon for waste incineration. Also public opinion doesn’t look too good for incineration

of waste generally.

9.2 Results from Research visit to Thailand

Visit to the example hospital in Maha Sarakham showed that good management practices
for medical waste are already available, but they need to be distributed to all medical
facilities in the area. Visit to Suddhavej hospital showed that local actors have original
ideas for reducing the costs of medical waste handling. Expensive sharp collection bins
were replaced by using waste material for collecting sharps. Training of the personal and
also organizing good working environment for them are essential to be able to handle the
medical waste properly. Disinfection capacity was too small even for the current waste
amount in the example hospital MSH. This needs to be considered when developing the
handling of medical waste. Climate in Thailand is hot so medical waste cannot be stored
for longer times without cooling. This means that frequent traffic to the medical waste

handling was required.
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Medical waste was incinerated in Maha Sarakham area, but the capacity of incineration
plant was too small especially for future needs since both major hospitals were planning
on increasing the number of sickbeds in near future. Incinerator was not located close to
the city, so medical waste had to be transported a longer way. Building an incinerator to
the city was seen difficult and contracting the service from some company was seen as
easier solution. In case of building an incinerator to the city some active party would be
required. First public opinion would need to be researched more in detail and public
awareness campaign would need to be established. There is a big university in the area so
creating and distributing information should be relatively easy. If resident acceptance
would be gained, then some active player in waste management business would be required
to develop the incinerator project. Also, international financing would be required. The
area seems promising for export of waste handling technology since the hospitals have
plans for growth and this also increases the amount of produced medical waste. Research
visit to the area gave a good overall picture about management of medical waste in the area

and helped also in interpreting of the answers from the survey.

9.3 Results from Survey for Vietnam

All answers from Vietnam are from urban area and none of them from rural area. More
answers are needed from Vietnam and especially from rural area to get the total picture.
Six answers were received from people with academic background, one answer was
received from people with medical background and two answers from people with other
background. This includes also one answer received from Thailand, which cannot be
separated from Vietnamese answers because they were in the same Webropol survey.
Thus, it is possible that none of the answers is from Vietnamese that work in medical

facilities.

Based on the answers the scavenging of waste is at least occasional and thus the medical
waste needs to be disinfected to avoid infections. In some countries scavenging is an
essential part of the recycling system. If scavenging needs to be reduced the recycling

system needs some improvement. From open answers it can be seen that scavengers are

110



after recycling materials. Based on answers some amount of waste goes to the landfill
uncontrolled and this applies also for medical waste. The situation of hazardous industrial
waste seems to be somewhat better. Illegal littering is still a problem even in major cities.
Environmentally controlled landfill sites are mainly available in major cities especially in
Vietnam. Segregation of medical waste seems to be quite rare in Vietnam since only one
answer from nine was supporting this option. Especially smaller practices in Vietnam seem
to dispose medical waste together with municipal waste. Concept of lower heating value
seems to be unknown also for Vietnamese answerers. This means that waste samples
should be collected, and heating value analysed. Only one answerer suggested that lower
heating value would be less than 7 MJ/kg, which means that heat recovery is not feasible,
and segregation is poor. There is no information if this answer came from Thai or

Vietnamese participant.

Incineration is the current solution for medical waste also in Vietnam. Incineration for
energy is suggested as future plan for medical waste treatment in 5 answers and 4 answers
state that there is no future plan for handling the medical waste. Question about staff
recruitment for incineration plant has produced some mixed answers. It seems that staff is
available for recruitment in Vietnam but maintaining skilled staff is not easy. This question
was about waste incineration generally and not about medical waste incineration. There are
also some opinions that staff is not available for incinerators at all. Some improvement in
training and payment are required to be able to maintain skilled staff for incineration plant.
Planning horizon for waste incineration seems still to be shorter than 15 years and some
answers suggest that there is no planning horizon. One answer informs that government in
Vietnam has long term plan for waste incineration. Public opinion is somewhat mixed
based on the answers but in general municipal waste incineration seems to be acceptable.
One open answer suggest that anaerobic digestion would be a good option for incineration
since the waste has high moisture content and mixed organic waste. Anyhow incineration
of medical waste is not seen as acceptable as incineration of municipal waste. It can be

seen from open answers that emissions are raising concerns in firing of waste.
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9.4 Feasibility of waste incineration in Thailand and Vietnam

Based on the answers received from the survey and following the assessment chain in
figures 19-22 from World Bank it is possible to evaluate the feasibility of waste
incineration with the following questions: 1. Is waste feasible as a fuel? 2. Can recovered
energy be brought to good use? 3.Is waste likely feasible for mass burning? 4. Is project

economically viable? Answers are similar for both Thailand and Vietnam:

Figure 19. provides following suggestions for question: Is waste feasible as fuel? Based on
answers received from survey: 1. Upgrade collection system before introducing
incineration, 2. Upgrade disposal system before introducing incineration, 3. Implement
controlled landfills before incineration and 4. Revise waste charge system before
incineration. This means that waste management should be improved before building

incinerators for waste.

Figure 20. provides following suggestion for question: 2. Can recovered energy be brought
to good use? Based on answers from the survey: 1. Select a steam boiler with turbine and
cooling unit because sales of electricity is the most feasible option in Thailand and
Vietnam. Another possibility is to use the steam for process industry. District heating is

not required in these countries.

Figure 21. provides following suggestions for question 3. Is waste likely feasible for mass
burning? Based on previous study and received answers: 1. The waste is not suited for
incineration, 2. Evaluate the consequences of introducing incineration and 3. The waste is
likely feasible for mass burning. The lower heating value here is the key if the energy
content of incinerated waste can be utilized. The answers from survey couldn’t mostly
answer this question so waste samples should be analyzed to find out the lower heating

value.
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Figure 22. provides the following suggestions for question 4. Is project economically
viable? Based on previous study: 1. The economic viability is in jeopardy, 2. Evaluate the
consequences of introducing incineration and 3. Perform sensitivity analysis. Most
probably the treatment fee for waste is not high enough for feasible waste incineration so

financing would be needed from the local government.

9.5 Discussion on medical waste management in developing countries

Same issues faced in other developing countries are also visible in Thailand and Vietnam.
Amount of medical waste is increasing rapidly in both countries. In example from
Mahasarakham the incinerator capacity is in the limit and both local hospitals have
expansion plans in the near future. There are also differences in the way how waste
management has been organized in urban, semi-urban and rural areas. Incineration seems
to be dominant solution for handling of medical waste. Limiting the amount of released
dioxins and furans from incinerators could be improved by adding activated carbon
injection where activated carbon could be produced from local low-cost raw materials.
Segregation of waste is still a challenge. Best way to reduce the amount of infectious waste
is to keep MSW out of infectious waste. Low-cost waste management systems for
developing countries are helping the struggle with the costs. For example, in Thailand
expensive sharp collection bins have been replaced with cheaper chemical containers.
Harmonization of legislation and management policies would be helpful. For example, the
color markings for different waste categories are varying even in the same city which
makes the situation confusing for the employees especially if they will change between
different healthcare facilities. Thailand has established exemplary hospitals where medical
waste management has been organized exceptionally well. Reality in rest of the hospitals
may not be the same but hopefully good practices can be spread effectively. In exemplary
hospital also hospital workers are treated well, and the value of their work is recognized.
Scavenging seems not to be as big problem in Thailand and Vietnam as it is in other

developing countries.
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Sustainability work in medical waste management has not started yet since there are still
many things to fix in basic management itself. Stringent economic policies are the
backbone of sustainable medical waste management systems and as long as they are
lacking the sustainability work cannot really begin. Anyhow there is possibility to produce
medical supplies that are more easily disposed. Also enhancing purchasing strategies and
inventory control of medical supplies are low-cost solutions towards sustainability. Labour
costs are low in both countries so the idea of hiring specialized sorter should not be too
difficult to realize. Energy recovery from incinerators would be the most feasible option
according to LCA but incinerator size should be big enough and this option would increase
the transport of medical waste. This means that sustainable options for waste transport
should be sought. Electric or fuel cell cars are not yet in operation in Thailand and Vietnam,
so transport there is relying heavily on fossil fuels. Reusable sharp containers are already

in use in Thailand because some hospitals are constantly seeking more economic solutions.
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10 CONCLUSIONS

Based on the results some development of waste management system needs to be done
until Thailand and Vietnam are ready for commercial waste incineration whether it is
municipal or medical waste. Waste incineration is already done in both countries, but

projects rely on governmental funding and on receiving some international funding.

Although there is clearly a need to develop the treatment of medical waste in Thailand and
Vietnam there are also things, we can learn from them. One example from this is picking
up the medical waste from patients treated at home. This makes life easier for sick people
who do not necessarily have possibility or resources to take care of their medical waste.
There is need to improve medical waste management both in Thailand and Vietnam.
Medical waste management also needs some more resources in both countries. It can
clearly be seen that the number of beds is increasing strongly in near future, and this means
that also amount of medical waste will increase. Segregation of the medical waste needs to
be improved and more attention paid to using of personal protection equipment in handling
of medical waste. One way to improve segregation of medical waste could be to inform the
persons involved, what is happening to the different waste streams after the segregation.
That would increase motivation for the segregation of medical waste. Even in developed
country like Finland where segregation is normal procedure for the medical waste, people
involved in doing it may not necessarily know where waste is going after the segregation.
The example hospital MSH is showing a great example how handling of medical waste can
be done in Thailand. For example, I was impressed to see how people working in handling
of medical waste were treated well and their importance was recognized by the hospital by
arranging good working conditions for them. It remains to be seen how well the example

of MSH is followed by the other hospitals.

It is clearly visible that handling of medical waste has some alternatives, but they all require

financing. Possible advantage for financing could be received from taking advantage of the
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medical waste by using it for fuel production or recovering its energy in form of thermal
energy, steam or electric power. Disinfection units are expensive so keeping up with the
capacity to handle the medical waste requires some financing. Incinerator would be a
feasible solution for handling the large amounts medical waste since existing incinerators
are under dimensioned even for current needs not to mention the future needs. Building a
local incinerator is seen as difficult task with all its requirements like modern flue gas
cleaning and public acceptance. Waste incineration has bad reputation because in the past
flue gas cleaning has been poor. Japan has successfully introduced waste incineration in
the middle of Tokyo, but it requires Best Available Technology for flue gas cleaning and
also big efforts on public relations work. Data mining would be an interesting tool for
researching the public opinion about the waste incineration. The research could be
continued by visiting Vietnam and especially rural area to find more information about the
handling of medical waste there. In this way it would be easier to list the differences
between these two countries in management of medical waste. Based on my research the
differences between Thailand and Vietnam would be especially in the rural areas from
which there is very little information available for Thailand and no information at all for

Vietnam. In cities the situation seems to be more or less same in both countries.
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APPENDIX 1

Elementary Analyses of Health Care Waste (Ghodrat, 2017) (Linbo, 2018)

H 0] N S cl Ash Water
C[‘;’I‘ti’]‘t ¢ a[‘:";]%' w% | w% | wo% | w% | [w% [I\/(IEJ(;\k/g] W% | [w%
o a.r.] a.r.] a.r.] a.r.] a.r.] a.r.] a.r.]
Paper 20 5,71 0,78 5,79 0,04 0,03 - 10,6 3,0 4,7
Cotton 11 1,30 0,18 1,43 - - - 43 0,9 7,2
textiles
Polymer- 25 16,60 2,45 1,91 0,14 - - 31,8 0,8 3,2
based
textiles
Polymers 15 10,20 1,37 0,19 0,15 - 0,71 32,3 0,5 1,9
Rubber 3,4 3,00 0,31 - 0,01 0,03 - 39 0,2 -
Food waste 6,1 0,39 0,13 0,83 0,06 - - 2,9 0,3 4,3
Biological 0,7 0,08 0,05 0,03 0,01 - - 10,2 0,1 0,5
waste
Disinfecting 1,8 0,28 - 0,37 0,32 - 0,54 3 0,2 0,1
agents
Gypsum 10 - - - - - - - 10 -
Glass 2 - - - - - - - 2 -
Metal 5 - - - - - - - 5 -
Total 100 37,56 5,27 10,55 0,73 0,06 1,25 17 23,0 21,9
Elementary Analyses of Hazardous Medical Waste (Zroychikov, 2018)
H (0] N S cl
Cin[:r-;?’ [w-% in [w-% in [w-% in [w-% in [w-% in [I\i J(;\k/g]
dry] dry] dry] dry] dry]
Waste syringes 72,2 11,5 16,3 0,2 0,03 - 42,2
Plastic infusion 81,8 5,7 0,15 0,11 - 0,076 42,65%
bag

3 as received

* Lower heating value
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APPENDIX 2

Amount of Medical Waste in Hospitals of Hanoi in 2014 (Nguyen, 2014)

HOSPITAL UNIT HAZARDOUS
TOTALWASTE | 1oTAL WASTE TOTALWASTE HAx:sDTCEJUS WASTE HAZARDOUS
NALTE'\?E"‘LAL PROVINCIAL | oo | NATIONAL PROVINCIAL WASTE
HOSPITAL LEVEL OSPITAL LEVEL LEVEL DISTRICT LEVEL
kg/bed/day] HOSPITAL (ke/bed/day] HOSPITAL HOSITAL HOSPITAL
[ke [kg/bed/day] | /P 4V | [kg/bed/day] | [kg/bed/day] | [ke/bed/day]
Intensive care and 1.08 1,27 1,00 0,30 0,31 0,18
casualty unit
Medical unit 0,64 0,47 0,45 0,04 0,03 0,02
Child unit 0,50 0,41 0,45 0,04 0,05 0,02
Surgical unit 1,01 0,87 0,73 0,26 0,21 0,17
Maternity unit 0,82 0,95 0,74 0,21 0,22 0,17
Eyes and 0,66 0,68 0,34 0,12 0,10 0,08
otorhinolaryngology
unit
Clinical unit 0,11 0,10 0,08 0,03 0,03 0,03

Emission Limits for Waste Incineration Given by World Bank (Rand, 2000)

Emission standard Emission standard Emission standard
(mg/Nmé, dry, 11% O2) | (mg/Nm?, dry, 11% 0;) | (mg/Nm3, dry, 11% O)
Parameter Raw flue gas Basic Medium Advanced
Particles 2 000 30 30 10
HCI 600 n.a. 50 10
HF 5 n.a. 2 1
SO; 250 n.a. 300 50
NOx as NO 3502 n.a. n.a 200
Hg 0,3 n.a. n.a 0,05
Hg+Cd 1,8 n.a. 0,2 n.a.
Cd+Tl 1,6 n.a. n.a. 0,05
Ni+As 1,3 n.a. 1 n.a.
Pb+Cr+Cu+Mn 50 n.a. 5 n.a.
Sb+As+Pb+Cr+Co+Cu+ 60 n.a. n.a 0,5
Mn+Ni+V
Dioxins and Furans 3b n.a n.a 0,1

n.a. not applicable in particular standard

a) Without any primary measures

b) Polychlorinated para-dibenzoe dioxins and furans, ng/Nm? 2,3,7,8- TCDD equivalents
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APPENDIX 3

Questionnaire Concerning Medical Waste Treatment in Thailand and Vietnam

1. Whatis your location?
a. Thailand
b. Vietnam

Please describe here with own words:

2. Areyou located in urban area or rural area?
a. Urban area (inside major cities)
b. Rural area (outside major cities)

Please describe here with own words:

3. Is waste scavenging common in your area?
a. Yes
b. No

Please describe here with own words:

4. Isthe waste collection system well-organized with clear division of
responsibilities and control of all waste types?

a. Control of all waste types including hazardous and medical waste
b. Only municipal solid waste is controlled
c. No control

Please describe here with own words:

5. Is waste disposal fully controlled?
a. Control of all waste types including hazardous and medical waste
b. Only municipal solid waste is controlled
c. No control

Please describe here with own words:
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6. Is waste disposed in environmentally controlled landfills meaning landfills which
have permanent staff and control of leakage water?
a. All waste types including hazardous and medical waste
b. Only municipal solid waste
c. No control

Please describe here with own words:

7. How is medical waste collected in your location?
a. Collected as segregated ie. different parts of medical waste are collected
separately
b. Collected as medical waste
c. Collected together with municipal waste
d. Not collected

Please describe here with own words:

8. Isthe lower calorific value of your medical waste at least 7 MJ/kg?
a. Lower calorific value is over 7MJ/kg
b. Lower calorific value is less than 7 MJ/kg
c. Question is not relevant

Please describe here with own words:

9. Do the waste generators pay the full cost of waste collection and disposal?
a. All waste types including hazardous and medical waste
b. Only municipal solid waste
c. No payment

Please describe here with own words:

10. How is medical waste treated in your location?
a. Incineration
b. Landfill
c. Notreatment
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Please describe here with own words:

11. Are there future plans for medical waste handling in your location
a. Incineration
b. Landfill
c. No future plans

Please describe here with own words:

12. Is it possible to recruit and maintain skilled staff for waste incineration plant?
a. Recruit and maintaining possible
b. Only recruit possible
c. Not possible

Please describe here with own words:

13. Is the planning horizon for waste incineration more than 15 years?
a. Planning horizon is more than 15 years
b. Planning horizon is less than 15 years
c. No planning horizon

Please describe here with own words:

14. What is the public opinion about waste incineration?
a. Waste incineration is acceptable for all kinds of waste including
hazardous and medical waste
b. Waste incineration is acceptable only for municipal waste
c. Waste incineration is not acceptable at all

Please describe here with own words:
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APPENDIX 4

Medical waste handling questionnaire from

Webropol

Total number of respondents: 9

1. What is your location?

n Percent
Thailand 11,11%
Vietham 8 88,89%
Option names Text
Thailand Bangkok

2. Are you located in urban area or rural area?

n Percent
Urban area (inside 9 100%
major cities)
Rural area (outside 0 0%

major cities)
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Option names Text

Urban area (inside major cities) H6 Chi Minh city
Urban area (inside major cities) Ho Chi Minh City
Urban area (inside major cities) Ho Chi Minh City

3. Is waste scavenging common in your area?

n Percent
Yes 5 55,56%
No 4 44,44%
Option names Text
Yes Yes. Scanvengers mainly collect

recycling materials (plastic, cardboard,
alu cans, non-ferrous metals.
Collections take place at landfill sites
(50%) and from households (50%)

4. Is the waste collection system well-organized with clear
division of responsibilities and control of all waste types?

n Percent

Collection of all waste 3 33,33%
types including
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hazardous waste and
medical waste are
controlled

Only municipal solid 22,22%
waste is controlled
No control 44 .45%

Option names

Text

No control

All waste go into the same bag and is
brought to recycling center.

Collection of all waste types
including hazardous waste and
medical waste are controlled

Medical waste is collected separately
from municipal mixed waste (no
separation at households). However,
marjority of hazardous waste still mix
with municipal solid waste. Only
hazardous industrial waste is collected
separately

5. Is waste disposal fully controlled?

Percent
Disposal of all waste 22,22%
types including
hazardous and medical
waste are controlled
Only municipal solid 33,33%
waste is controlled
No control 44 45%

Option names

Text

Only municipal solid waste is
controlled

Not fully controlled, still 35-40% of
municipal solid waste in the public
areas is still from illegal littering
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6. Is waste disposed in environmentally controlled landfills
meaning landfills which have permanent staff and control of
leakage water?

n Percent
All waste types 1 11,11%
including hazardous
and medical waste
Only municipal solid 4 44,45%
waste
No control 4 44,44%
Option names Text
Only municipal solid waste Yes. However, this kind of landfill sites

are only available in big cities; the rest
(in small and rural cities, towns,
provinces) is still not environmentally
controlled

7. How is medical waste collected in your location?

n Percent

Collected as 1 11,11%
segregated ie. different
parts of medical waste
are collected
separately

Collected as medical 4 44.,45%
waste
Collected together with 4 44,44%
municipal waste
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Not collected

0%

Option names

Text

Collected as medical waste

Some small clinic dispose it same as
municipal waste

Collected as medical waste

No segregation (i.e. no separation of
after-operation human residues from
bloody fabrics, napkins)

8. Is the lower calorific value of your medical waste at least 7

MJ/kg?

Percent
Lower calorific value is 0%
over 7TMJ/kg
Lower calorific value is 11,11%
less than 7 MJ/kg
Question is not 88,89%
relevant

Option names

Text

Question is not relevant

| have no idea about the LHV

Question is not relevant

7Mj/kg la gi. cc

Question is not relevant

Im not sure about this question

9. Do the waste generators pay the full cost of waste collection

and disposal?
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n Percent
All waste types 4 44,45%
including hazardous
and medical waste
Only municipal solid 3 33,33%
waste
No payment 2 22,22%
Option names Text

10. How is medical waste treated in your location?

n Percent
Incineration 7 77,78%
Landfill 1 11,11%
No treatment 1 11,11%
Option names Text

Incineration at the hospital
Incineration And landfill too
Incineration Only incineration, by law
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11. Are there future plans for medical waste handling in your

location
n Percent
Incineration 5 55,56%
Landfill 0 0%
No future plans 4 44.44%
Option names Text

Incineration

Yes. Incineration for energy,
eliminating furan/dioxin generating

12. Is it possible to recruit and maintain skilled staff for waste

incineration plant?

Percent
Recruit and 4 44,45%
maintaining possible
Only recruit possible 22,22%
Not possible 3 33,33%
Option names Text

Recruit and maintaining possible

yes. But proper trainings and hardship
allowance on top of the wage must be

provided
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13. Is the planning horizon for waste incineration more than 15

years?

Percent
Planning horizon is 33,34%
more than 15 years
Planning horizon is 33,33%
less than 15 years
No planning horizon 33,33%

Option names

Text

Planning horizon is more than 15
years

yes, according to the central
government's master plan

14. What is the public opinion about waste incineration?

Percent

Waste incineration is
acceptable for all kinds
of waste including
hazardous and medical
waste

44,45%

Waste incineration is
acceptable only for
municipal waste

44,44%

Waste incineration is
not acceptable at all

11,11%

Option names

Text

Waste incineration is acceptable
only for municipal waste

Incineration must be applied to
medical waste treatment for energy
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without/least furan emission.
Anaerobic digestion can be partly
applied to MSW (due to mixed oranic
matters and high moisture content)

15. What is your background

n Percent
Academic 6 66,67%
Medical branch 1 11,11%
Other 2 22,22%
Option names Text
Academic Chemical Engineering
Academic Environmental Engineering
(graduated)
Other Senior Advisor of Business Finland in
Vietnam, specialized in Energy,
Waste-to-Energy, CleanTech, and
Sanitation business
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APPENDIX 5

Medical Waste Handling: additional answers received directly from Thailand

Q1. Current working background

Frequency Percent Valid Cumulative
Percent Percent
Valid | Medical work 5 357 357 357
Local Authority, 8 571 571 929
Municipality
Others 1 71 71 100.0
Total 14 100.0 100.0
Q3. Your location
Frequency Percent Valid Cumulative
Percent Percent
Valid Urban 11 786 786 786
Area
Rural 3 214 214 100.0
Area
Total 14 100.0 100.0
Q4. Scavenging in your area
Frequency Percent Valid Cumulative
Percent Percent
Valid | commonly found in the 1 71 71 71
area of collection
Occatioinally found 10 714 714 786
Never 3 214 214 1000
Total 14 100.0 1000
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Q5.1 Waste collection: MSW

Frequency Percent Valid Cumulative
Percent Percent
Valid No 3 214 214 214
Yes 11 786 786 1000
Total 14 1000 100.0
Q5.2 Waste collection: Hazardous Waste
Frequency Percent Valid Cumulative
Percent Percent
Valid No 2 143 143 143
Yes 12 857 857 1000
Total 14 1000 100.0
Q5.3 Waste collection: Medical Waste
Frequency Percent Valid Cumulative
Percent Percent
Valid No 5 357 357 357
Yes 9 643 643 1000
Total 14 1000 100.0
Q6.1 Fully controlled landfill. MSW
Frequency Percent Valid Cumulative
Percent Percent
Valid No 2 143 143 143
Yes 12 857 857 1000
Total 14 1000 100.0
Q6.2. Fully controlled landfill: Hazardous waste
Frequency Percent Valid Cumulative
Percent Percent
Valid No 12 857 857 857
Yes 2 143 143 1000
Total 14 1000 100.0
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Q6.3 Fully controlled landfill: Medical waste

Frequency Percent Valid Cumulative
Percent Percent
Valid No 14 1000 100.0 1000
Q6.4 Fully controlled incinerator: MSW
Frequency Percent Valid Cumulative
Percent Percent
Valid No 12 857 857 857
Yes 2 143 143 1000
Total 14 1000 1000
Q6.5 Fully controlled incinerator: Hazardous waste
Frequency Percent Valid Cumulative
Percent Percent
Valid No 6 429 429 429
Total 14 1000 1000
Q6.6 Fully controlled incinerator: Medical waste
Frequency Percent Valid Cumulative
Percent Percent
Valid No 2 143 143 143
Yes 12 857 857 1000
Total 14 1000 1000
Q7. Environmentally controlled landfills
Frequency Percent Valid Cumulative
Percent Percent
Valid Fully controlled 11 786 786 786
No control 2 143 143 929
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Other (please 1 71 71 1000
specify)
Total 14 100.0 100.0
Q8. How is medical waste collected in your location
Frequency Percent Valid Cumulative
Percent Percent
Valid Collected as 11 786 786 786
segregated
Other (specify) 3 214 214 1000
Total 14 100.0 100.0
Q9. Low Heat Value (LHV) of medical waste
Frequency Percent Valid Cumulative
Percent Percent
Valid LHV less than 1 71 71 71
7TMJkg
don't know 13 929 929 100.0
Total 14 100.0 100.0
Q10. Waste generators pay the full cost of waste collection and disposal
Frequency Percent Valid Cumulative
Percent Percent
Valid All waste MSW, HW, Med 8 571 571 571
waste)
Only MSW 3 214 214 786
No Payment 2 143 143 929
Others (please specify) 1 71 71 1000
Total 14 100.0 1000
Q11. How is medical waste treated in your location?
Frequency Percent Valid Cumulative
Percent Percent

141



Valid Incinerator 9 643 64.3 643
No Treatment 1 71 71 714
Other (please 4 286 286 1000
specify)
Total 14 100.0 100.0
Q12. Future plans for medical waste handling
Frequency Percent Valid Cumulative
Percent Percent
Valid Incinerator 429 429 429
No plan 571 571 1000
Total 100.0 1000
Q13. Is it possible to recruit skilled workers for the waste incineration?
Frequency Percent Valid Cumulative
Percent Percent
Valid | possible 2 143 14.3 143
possible in some 8 571 571 714
positions/skills
impossible 3 214 214 929
Other (please specify) 1 71 71 1000
Total 14 100.0 100.0
Q14. Planning horizon for waste incineration
Frequency Percent Valid Cumulative
Percent Percent
Valid more than 15 years 3 214 214 214
less than 15 years 3 214 214 429
No planning horizon 7 500 50.0 929
other (please 1 71 71 1000
specify)
Total 14 100.0 1000
Q15. Public opinion about waste incineration
Frequency Perce Valid Cumulative
nt Percent Percent
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Valid

acceptable for all waste 3 214 214 214
acceptable only for 5 357 357 571
MSW

Not acceptable at all 3 214 214 786
Other (please specify) 3 214 214 1000
Total 14 100.0 100.0
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