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Abstract

The objective of this study was to gain insight into the knowledge and behaviors pertaining to the management
of infectious household waste among the residents of Moo 4 villages in Phlai Chumphol Municipality, located in
Phitsanulok Province among the total number of 150 participants, a significant majority of 86.00% expressed
recognition on the significance of isolating infectious waste prior to its disposal. A significant majority of participants,
namely 87.30%, accurately recognized personal protective equipment such as masks utilized by individuals
affected with a disease as being classified as infectious waste. A majority of respondents, specifically over 80.00%,
expressed consensus regarding the environmental advantages associated with the segregation of infectious waste,
disinfection of testing equipment, and utilization of designated bins for disposal purposes. A majority of respondents,
specifically 80.70%, expressed the belief that the utilization of Antigen Test Kits (ATKs) had a substantial impact
on the escalation of infectious waste. Nevertheless, it was apparent that there were misconceptions among
the participants. Specifically, a significant majority of 84.00% held the belief that separated infectious waste did
not necessitate any additional treatment. Additionally, a considerable number of individuals were under the mistaken
impression that fabric surgical masks degraded in a safe manner. The mean knowledge score was 0.83 £ 0.37, indicating
a satisfactory level of comprehension. However, it is important to note that there are various myths within the treatment
of infectious waste. The present study provides significant insights that might inform future research and establish

a fundamental framework for developing methods for managing infectious waste in comparable areas.
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Introduction

The SARS-CoV-2-caused the coronavirus disease 2019 (COVID-19) pandemic was unexpected
and first spotted in Wuhan, China in December 2019. It quickly became a global health crisis, impacting
over 227 countries and challenging global response efforts (Gurria, 2023; WHO, 2023). The current pandemic
has become a major public health issue, posing significant challenges to global societal, infrastructural,
and governmental capabilities, according to the organization for economic co-operation and development
(OECD) (WHO, 2020). In mid-2021, Thailand rebounded after using community-based contact tracing,
isolation, and border control to contain the pandemic by December 2020. The increase in cases, mostly
due to the highly contagious Delta strain (B.1.617.2), has underlined the need for comprehensive and
adaptive treatments to combat its changing course and serious consequences. Government initiatives,
healthcare systems, and demographics have affected these outcomes differently among countries (Oxford
Policy Management and United Nations, 2020; Thye, et al., 2021; Kuai and Ser, 2021).

The COVID-19 pandemic has increased the usage of disposable personal protective equipment (PPE)
such as masks, gloves, aprons, and others (El-Ramady, et al., 2021). PPE use is increasing to protect
frontline medical staff and the public. It has also increased global medical and infectious waste.
Trash production has increased throughout the epidemic (Nzediegwu and Chang, 2020). In China, hospital
medical waste increased, requiring garbage plants and 46 mobile waste treatment facilities to handle over 240
metric tons of waste everyday. Barcelona generated 1,200 tons of medical waste, up 350% from the average 275
tons (Sarkodie and Owusu, 2020). Thailand's infectious waste has also increased. October 2021 to
September 2022 recorded 110,427.65 tons of infectious waste. This was a 22.68% increase from 2021,
when infectious waste reached 90,009.23 tons (Bureau of Environmental Health, 2022). Due of COVID-19's
persistence on surfaces, household and clinical waste has increased in numerous countries, making waste
management difficult (Kampf, et al., 2020). Thermal methods like incineration and microwave treatment
are commonly used for hazardous waste management (Klemes, et al., 2020). However, the pandemic increased
waste volume, requiring treatment capacity expansion. In Wuhan, municipal solid waste incinerators and
cement kilns were used (Luhar, et al., 2022). Even though PPE waste is increasing, public education about proper
disposal and separation of infectious waste is needed. Even in places with excellent waste management systems,
improper waste management causes health and environmental problems. Countries must meet the epidemic's
immediate demands while simultaneously developing effective, adaptive, and secure medical waste management
procedures. This issue affects the ecology and public health (Al-Emam and Al-Yousfi, 2021).
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Infectious waste increased due to COVID-19 pandemic use of PPE emphasizing the significance
of waste management. Technology and treatment methods improve, yet public understanding remains
challenging. The unintended combining of waste types, especially infectious waste, can release pollutants
and spread viruses like coronavirus. In order to prevent this, waste separation and disposal must be fully
understood. Public education on infectious waste handling methods is essential for effective management.
This study examines household knowledge and behavior about infectious waste management in Phlai Chumphol
Subdistrict, Mueang District, Phitsanulok Province. Develop insights to improve community waste

disposal protocols.

Research Objectives
To assess infectious waste management knowledge and behavior in Phlai Chumphol Subdistrict,

Mueang District, Phitsanulok Province.

Literature Reviews

Definition and Classification of Infectious Waste

The 2002 Ministerial Regulations on the Disposal of Infectious Waste define "infectious waste"
as trash containing germs in quantities or concentrations that cause disease. Medical diagnostics, therapy,
immunization, disease testing, post-mortems, and research produce most such waste. This includes
(1) human or animal remains from surgical procedures, post-mortem examinations, or experimental
animals; (2) sharp objects such as needles, blades, syringes, glass tubes, containers, slides, and slide
covers; and (3) materials such as cotton, gauze, or rubber hoses that have or possibly come into contact
with blood, blood products, bodily fluids, or live pathogen vaccines. Infectious waste refers to materials
that have been exposed to bodily fluids of patients, including but not limited to mucus, saliva, and blood.
(Hanpanjakit, et al., 2018). During the outbreak of COVID-19, there was a notable increase in the volume
and sources of solid waste. It is of crucial significance for relevant organizations and countries, including
Thailand, to conduct a thorough evaluation of their current processes and procedures in order to improve
the effectiveness of infectious waste management. Chandanachulaka, et al. (2021) used documentary research
and expert consultations from a variety of professions to study infectious waste management during
the COVID-19 epidemic in Thailand. The study revealed that the main contributors to the generation of

infectious waste are 41,786 hospitals, 3,224 veterinary hospitals, and 816 microbiological laboratories.
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The outbreak of COVID-19 has resulted in a significant increase in waste volumes, beyond the normal
disposal capacity of Thailand. COVID-19 waste is often categorized as ordinary infectious waste according to
global rules. However, a few nations including China and South Korea have implemented distinct methods
in managing this waste. The recommendations for Thailand encompass several key areas, mainly the revision
of the Public Health Act, the broadening of waste source definitions, the strengthening of personal
protective measures, and the promotion of inter-ministerial collaboration. In addition, it is recommended
to provide support to provincial authorities and explore novel waste management strategies, such as waste-
to-energy technologies.

The Knowledge, Attitudes, Practices (KAP) model

One educational paradigm that is commonly used in health education topics is the rational model.
In this framework, educational interventions target both individual and group entities with the main goal
of encouraging healthy behaviors and preventing unhealthy ones. The distribution of impartial, objective
information is given top priority in these activities. Known by its abbreviation KAP model, its fundamental
concept is that increasing a person's knowledge base generally leads one's behavior to change. This paradigm
functions under the assumption that a lack of knowledge is the main obstacle to taking responsible and
logical action. Therefore, when this deficiency is addressed by well-informed education, a predicted
step-by-step sequence emerges increasing knowledge triggers a change in attitudes and beliefs, which in
turn leads to an alteration in behavior (Mitic, et al., 2012).

KAP model has become a vital resource in the field of health education and treatments. It provides
a means of identifying and comprehending the complex relationships that exist between information,
beliefs, and the behaviors that follow within a community. Health practitioners can create procedures that
are precisely customized to the complex demands of certain groups by using this theoretical framework.
Furthermore, KAP surveys are incredibly useful in highlighting and identifying differences in knowledge,
attitudes, and practices. These insights enable the thoughtful distribution of resources, guaranteeing that
treatments effectively close noticeable gaps or misconceptions. Moreover, KAP assessments' sequential
character, which involves conducting them both before and after an intervention, provides an effective
structure for assessing the provable effects of health campaigns or initiatives (Azlan, et al., 2020).

Beyond merely disseminating knowledge, the KAP approach promotes a more comprehensive

understanding of the fundamental facilitators and barriers associated with behavior modification. KAP-
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centric methods to community engagement raise health literacy levels and encourage community involvement,
which in turn creates a sense of shared ownership and openness to health interventions. Culturally particular habits
and beliefs that could otherwise go unrecognized become more apparent, making it possible to create
interventions that are more responsive to cultural differences and, consequently, more effective. Policymakers
can create health policies that better reflect and tackle the reality of community-based knowledge, attitudes, and
practices by using the macro-level insights from KAP studies. The KAP model, particularly promotes
an all-encompassing strategy, enhances the impact and cost-effectiveness of health education programs

(Truong, et al., 2014).

Methodology

Research Design

This survey research aimed to elucidate the knowledge and practices pertaining to infectious
waste management among households in Village No. 4, Phai Chumphol Municipality, Mueang District,
Phitsanulok Province.

Participants and Sampling

A representative population of 150 participants was determined using Yamane's formula
(Yamane, 1973) at a confidence level of 0.05 within a community consisting of 240 households. The study
mandated that participants, primarily individuals who were either household heads or representatives,
meet particular requirements. These criteria included being a minimum of 30 years old, possessing fluency in the
Thai language, and not having any significant health limitations. Participants who did not provide consent
or expressed intentions to withdraw from the study were not included in the analysis. The sampling
process consisted of categorizing households into ten distinct groups, followed by the random selection
of representatives from each group until the desired sample size was achieved.

Instrumentation

A thorough questionnaire that was carefully designed to record participants' answers using both
closed-ended questions—which encourage concise responses—and rating scale questions was utilized as
the main tool for collecting data. An important feature of the instrument, the rating scale questions, were
thoughtfully included to provide participants a scored scale on which to express their opinions, attitudes,

or preferences. This allowed for a more detailed and comprehensive understanding of their perspective.
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Validity and Reliability

By analyzing item-total correlations and employing indices like item-objective congruence
(IOC) and discrimination indices, three experts evaluated the content validity. Their validity was further
confirmed by reliability tests, which showed a Cronbach's alpha of around 0.89 and a range of 0.67-1
and a KR-20 confidence of 0.81.

Data Analysis

Descriptive statistical analyses-frequencies, percentages, means, and standard deviation values-were
deployed to interpret demographic data and assess the use and knowledge of infectious waste items like
face masks and ATK test kits, as well as analyze knowledge and behavior scores.

Ethical Adherence

The Human Research Ethics Committee of Pibulsongkram Rajabhat University granted approval
for this study (Certification COA No: 068/2022 PSRU-EC: B2022/0017). All participants provided
written informed consent prior to data collection, with the assurance of autonomy to withdraw or omit

questionnaire items without necessitating justification.

Results

The data from the questionnaire was collected and then analyzed in order to evaluate the demographic
features, knowledge, attitudes, and habits of the 150 people involved in the study. Following an analysis
of the demographic characteristics of the sample population, it is apparent that a substantial majority,
precisely 67.30%, comprised persons who self-identified as female. Moreover, a significant percentage of
52.00% was seen to fall under the age bracket of 41-50 years. In relation to marital status, a total 0o£ 93.30%
of the participants were included in the analysis. The most prevalent degree of education reported by
the participants was primary school, with a percentage of 84.70%. The occupation category with
the highest representation among the respondents was self-employed, comprising 54.00% of the sample.

Considering the examination of facial mask and ATK test kit utilization within the sample of 150
individuals, it was observed that the prevailing behavior consisted of employing medical masks in combination
with reusable cloth masks, constituting 80.00% of the observed practices. The study findings indicate that
the reported frequency of daily mask usage was 96.00%. Furthermore, it was observed that 99.30%
of the participants reported using an average of 7 masks per week. Notably, 96.00% of these individuals
reported not reusing masks. In 67.30% of the sample, the length of mask usage per instance exceeded

6 hours (Table 1).
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Table 1 Utilization patterns of face masks and antigen test kits (ATK) among participants. (n = 150)

Description Number (Persons) Percent (%)
Type of Face Mask Used
Medical mask only 18 12.00
Medical & reusable cloth mask 120 80.00
Medical mask & other equipment 3 2.00
Did not use any face mask 9 6.00

Face Mask Usage Frequency
Daily 144 96.00

1-3 days per week 6 4.00

Average Number of Masks Used Weekly

7 or more pieces 149 99.30

1-3 pieces 1 0.70
Mask Reuse Frequency

Never 144 96.00

3-4 times 6 4.00

Average Duration of Mask Usage at a Time

3-4 hours 1 0.70

5-6 hours 48 32.00

More than 6 hours 101 67.30
ATK Test Kit Type Used

Saliva test ATK kit only 0 0.00

Nasal cavity ATK test kit only 9 6.00

Did not use any ATK test kit 141 94.00

The findings taken from Table 2, which examines at 150 participants' understandings and perspectives
on infectious waste management, show a markedly higher level of awareness in a variety of crucial areas.
The vast majority of participants (95.33%to 98.67%) showed adequate knowledge of the significance of

classifying items used by infected individuals as infectious waste, the minimal environmental impact of
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cloth surgical masks, the requirement to disinfect testing equipment before disposal, and the significance
of segregating hazardous waste. Despite these encouraging points, it is worth noting that only 60.00% of
the participants know the difference between infectious and hazardous waste, and only 33.33% know that
isolated infectious waste needs to be treated further before being disposed of. With a mean knowledge
score of 0.87 + 0.33, participants generally demonstrated a significant level of awareness regarding

infectious waste management. However, there were clear gaps in their knowledge of some of the aspects

involving this issue.

Table 2 Knowledge and perceptions of respondents on infectious waste management.

Number of Percentage

Total respondents (n = 150)

Respondents (%)

1 All harmful trash, including masks and ATKs, must be separated before 143 95.33
it can be disposed of.

2 Cloth surgical masks decompose rapidly and don't present a significant 148 98.67
environmental risk.

3 Infectious waste is the same as dangerous garbage since it can spread infections. 90 60.00

4 Infectious waste that is disposed of separately benefits the environment 145 96.67
immediately.

5 Testing equipment must be cleaned with an alcohol or chlorine solution 148 98.67
to remove any bacteria before it can be disposed of.

6 Testing equipment-related infectious waste needs to be disposed of in 145 96.67
containers with clear markings, like red bags.

7  Segregated infectious waste requires no further treatment before disposal. 50 33.33

8  The utilization of ATKs for COVID-19 has led to a significant surge in 144 96.00
infectious waste generation.

9 The segregation of waste from infected individuals is not mandatory for 147 98.00
each disposal instance.

10 Items utilized by infected individuals, such as masks and ATKSs, are 148 98.67

deemed infectious waste.

Knowledge score (mean = SD) = 0.87 + 0.33
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Table 3 classifies the respondents based on their knowledge of infectious waste. The results show
that most of the respondents showed very good knowledge (63.00%), while a small percentage had medium
knowledge (34.00%). Even a few percent (2.70%) were categorized as having little knowledge, suggesting

that most respondents were generally aware of the handling and categorization of infectious waste.

Table 3 Distribution of respondents according to their level of knowledge on infectious waste.

Knowledge Level Amount (n = 150) Percentage (%)
Low (0-6 points) 4 2.70
Medium (7-8 points) 51 34.00
Very Good (9-10 points) 95 63.30

Most of the 150 respondents to the infectious waste management survey adhere to waste disposal
and segregation regulations. Specifically, 97.30% and 98.67% of respondents said they routinely
separated ATK test kits and masks before discarding them. The majority (65.30%) burnt infectious waste
on occasion on their own. Although 55.30% of respondents adopted it occasionally, encasing old ATK
test kits in Ziploc bags before disposal to reduce the spread of germs was only minimally implemented.
While "Post-Disposal Hygiene" and "Waste Segregation and Disposal" were generally followed,
"Preventive Measures for Germ Spread" differed, offering suggestions for how to increase public adherence to

comprehensive waste management techniques (Table 4).

Table 4 Examination of infectious waste management behavior among respondents. (n = 150)

Never Practiced Practiced
No. Behavioral Aspect in Infectious Waste Management Practiced Occasionally Regularly
(%) (%) (%)

Waste Segregation and Disposal
1 Differentiation of masks from other waste before disposal 0 (0.00) 2(1.33) 148(98.67)
2 Segregation of utilized ATK test kits from other waste 0(0.00)  4(2.70) 146 (97.30)

prior to disposal.

3 Sorting of utilized items (e.g., lunch boxes, water bottles) 0 (0.00) 4(2.70) 146 (97.30)

if infected, from other waste pre-disposal.
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Table 4 (Continued)
Never Practiced  Practiced
No. Behavioral Aspect in Infectious Waste Management Practiced Occasionally Regularly
(%) (%) (%)
4 Folding/bundling masks before disposal to minimize germ spread. 0 (0.00) 8(5.30) 142 (94.70)
5  Depositing masks in a specified bin or container before 0(0.00) 14(9.30) 136(90.70)
disposal.
6  Ifinfected, storing used items (e.g., lunch boxes) in 0(0.00) 17(11.30) 133(88.70)
dedicated bins before disposal.
7  Differentiation of masks from other waste before disposal. 0 (0.00) 2(1.33) 148 (98.67)
8  Segregation of utilized ATK test kits from other waste 0(0.00) 4(2.70) 146 (97.30)
prior to disposal.
9  Sorting of utilized items (e.g., lunch boxes, water bottles) 0 (0.00) 4(2.70) 146 (97.30)
if infected, from other waste pre-disposal.
10  Self-incineration of utilized facial masks as a disposal 0(0.00) 27(18.00) 123 (82.00)
technique.
11 Autonomously conducting the incineration of infectious 0(0.00) 98(65.30) 52(34.70)
waste materials.
12 Employing self-facilitated burial as a disposal method for 0 (0.00) 7(4.70) 143 (95.30)
used masks.
13 Allocating utilized masks to municipal waste receptacles 0(0.00) 5(3.30) 145 (96.70)
for disposal.
14 Coordinating the disposal of masks, ATKs, and infected 0 (0.00) 2(1.30) 143 (95.30)
person waste at waste management sites like hospitals.
Preventive Measures for Germ Spread
15  Encasing utilized ATK test kits in Ziploc bags pre- 0(0.00) 83(55.30) 67(44.70)
disposal to mitigate germ spread.
16  Consolidating masks, ATK test kits, and infected waste at 0 (0.00) 10 (6.70) 140 (93.30)

dedicated infectious waste disposal points.
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Table 4 (Continued)
Never Practiced Practiced
No. Behavioral Aspect in Infectious Waste Management Practiced Occasionally Regularly
(%) (%) (%)

17 Folding/bundling masks before disposal to minimize germ spread. 0 (0.00) 8(5.30) 142 (94.70)

Post-Disposal Hygiene

18  Handwashing post mask sorting. 0(0.00) 13(8.70) 137 (91.30)

19 Handwashing post ATK test kit sorting. 0 (0.00) 8(5.30) 142 (94.70)

20  After collecting infected waste, wash hands. 0(0.00) 11(7.30) 139(92.70)
Discussions

The COVID-19 pandemic, triggered by the SARS-CoV-2 virus, quickly became a global health
emergency affecting over 227 countries and territories, with international response mechanisms tested
(Gurria, 2023; WHO, 2020; WHO, 2023). The COVID-19 pandemic has caused waste and environmental
management issues because to a spike in medical waste and PPE use. Several areas have seen a substantial
increase in daily litter production, emphasizing the need to enhance garbage management. Raising public
awareness of careful garbage disposal and proper waste separation is essential. Addressing pandemic-
related health issues and implementing safe and effective waste management strategies are crucial for
overcoming future challenges (Kampf, et al., 2020; Klemes, et al., 2020).

The differences in infectious waste management knowledge and expertise among participants
are noteworthy. While some people realize hazardous waste segregation and disposal, knowledge gaps,
especially about different types of waste, are concerning. It showed the positive and negative consequences of
waste processing and disposal, highlighting the gap between theory and practice. This contradiction
requires improved education programs and practical recommendations to adopt consistent and efficient
waste management procedures and protect public and environmental health. Numerous researchs have
shown infectious waste management knowledge, policy, and implementation discrepancies. A Philippine
research found an abundance of guidelines for managing domestic healthcare waste, especially during
the pandemic, despite appropriate legislation for normal household and healthcare waste disposal. Waste

segregation policy gaps cause downstream inefficiencies and environmental health risks, requiring an adaptive
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policy strategy to meet public health needs (Apostol, et al., 2022). Recent Bhutanese research found that
technological, fiscal, social, and staff training barriers hindered Medical Waste (MW) management
practices (Letho, et al., 2021). A cross-sectional research in Phuket, Thailand, found that clinic workers
had higher medical waste management knowledge, attitudes, and behaviors. Akkajit, et al. (2020) highlighted
the importance of practical knowledge, duration of employment, and proper waste collection and transportation
in waste management. These studies underline the necessity for coordinated policy creation, successful
implementation, and ongoing infectious waste management training. These actions are crucial for global
health and environmental security.

The study found that while respondents had some understanding of infectious waste management
and some compliance with guidelines, policy implementation and enforcement need improvement. According
to the responses of 63% of participants, system performance depends on high awareness. This shows that
in-depth knowledge is not adequate to assure waste management effectiveness and safety, especially in a pandemic.
Potential risks in material management, the requirement for decontamination, resource unpredictability,
and the lack of uniform evaluations emphasize the necessity of individual and community behaviors and
good policies. These issues underscore the necessity of implementing actions that prioritize public health
and assure the long-term sustainability of the environment. Individual knowledge and structural, policy-driven
action must work together to address infectious waste management public health challenges (Bunjongsiri,
et al., 2023). Most people are competent at treating infectious waste, although there are variances in
particular methods, indicating that community participation might enhance performance. Regular and
correct separation of waste and information efforts about the health risks of waste disposal that is incorrect
can improve protocol compliance. Educational initiatives, workshops, and joint clean-up campaigns may
increase environmental awareness and responsibility. This can help create a healthy, self-sufficient

community (Kioupi and Voulvoulis, 2019).

Conclusion

In conclusion, our study determined that the levels of knowledge and practice scores were
considered satisfactory. The findings indicate that while individuals possess information regarding waste
management practices, there exists variation in the implementation of this knowledge across different
geographical locations. It is evident that there is a pressing need for more assistance from governmental
bodies and environmental organizations in order to facilitate the persistent adherence of individuals to
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sound waste management methods. By prioritizing solutions that demonstrate comprehension and
resolution of localized obstacles and assets, we may enhance our waste management practices, thereby

safeguarding our well-being and the environment during present and future health crises.

Suggestion

The findings of this study can serve as a basis for formulating comprehensive guidelines for
the effective management of infectious waste in community settings. The implementation of the next
phase of the study will adhere to the prescribed norms of participation. It will be carried out in certain
regions that have been appropriately conditioned to establish a model for managing infectious waste

pathogens. This model will be applicable and suitable for various areas.
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