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Background and Purpose: The increasing provision of home healthcare has led to a rise in infectious 
waste within residential settings, posing significant public health and environmental risks. This 
study aimed to develop a comprehensive management framework to address this challenge.

Materials and Methods: This study used a mixed-methods design that integrated a systematic 
literature review and qualitative interviews to develop a conceptual model of household infectious 
waste management in Iran. Fifteen specialists in waste management were selected through 
purposeful sampling, and their expertise was examined using qualitative content analysis. The 
initial framework was then validated and refined using the Delphi technique, incorporating 
iterative feedback from the expert panel. Sample sizes were determined separately for each 
phase: Data saturation was achieved after 12 participants in the qualitative interviews, while 22 
experts participated in the first round of the Delphi study and 10 experts participated in the final 
validation.

Results: The final model is structured around 12 core elements: 1) education and culture, 2) 
management measures, 3) social and legal support, 4) economic support, 5) technology, 6) 
control and evaluation, 7) production, 8) classification and collection, 9) temporary storage, 10) 
transportation, 11) processing, and 12) safe disposal. These elements are further elaborated 
through 14 sub-components designed to improve operational practices. Quantitative validation 
results showed median scores of 3.5-4 on a 4-point scale for all 12 evaluation criteria, with expert 
agreement ranging from 90% to 100%. 

Conclusion: Our findings demonstrate that a holistic strategy, covering the entire life cycle of 
waste, from generation to final disposal, is crucial for effective management. A key insight is the 
critical need for public education on proper separation, storage, and disposal methods, given 
that those generating the waste typically lack formal training. The study also underscores the 
vital role of innovative technologies and intelligent management systems in optimizing the waste 
handling process. For this model to be implemented successfully, a collaborative effort involving 
households, healthcare providers, waste management professionals, and government agencies is 
essential. We recommend further investigation to test the model’s expert-based validation and 
enhance its efficacy in real-world scenarios. 
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Introduction

nfectious waste encompasses materials 
that may harbor pathogens capable of 
causing disease in humans. This type of 
waste is generated during medical activi-
ties, including diagnosis, treatment, and 

immunization. Examples include blood-soaked materi-
als, contaminated sharps (needles and scalpels), and 
biological specimens from laboratory research [1, 2]. 
Approximately 15% of healthcare waste is classified as 
hazardous. Healthcare waste is considered the second 
most dangerous waste category after radioactive waste 
due to its environmental and health effects [3, 4]. With-
out proper management, infectious waste poses serious 
risks to healthcare workers, patients, and the commu-
nity through transmission of viruses, such as hepatitis 
B and HIV [5]. 

Improper disposal of household infectious waste 
can lead to the spread of infections within homes and 
the broader community. Therefore, households must 
implement proper management practices, including 
segregating infectious waste from regular trash, using 
puncture-resistant sharps containers for needles, and 
double-bagging other infectious materials [6-9]. 

The development of an effective model for manag-
ing household medical waste is essential due to the 
increasing volume generated through home health-
care. This is particularly important as more individuals 
manage chronic conditions or recover from surgeries at 
home. Proper management safeguards public health by 
minimizing infection and sharps injuries. It also ensures 
compliance with local waste disposal regulations [4, 10, 
11]. 

An effective model should incorporate the following: 
(a) waste segregation at the source using clearly labeled 
containers for sharps, infectious materials, and general 
refuse; (b) education and training for household mem-
bers on safe disposal practices; and (c) partnerships 
with local waste management services for the safe col-
lection and disposal of waste [8, 12, 13]. To date, no 
comprehensive model for household healthcare waste 
management has been adequately developed. Most 
existing frameworks focus on hospital settings rather 
than residential contexts. This study aimed to design an 
efficient management model that improves household 
infectious waste handling, mitigates environmental haz-
ards, and promotes public health. 

Materials and Methods

This study employed a sequential exploratory mixed-
methods design and was conducted in Iran between 
April 2022 and March 2023. 

Study design overview

The research was conducted in four integrated phas-
es: (1) systematic literature review, (2) qualitative inter-
views with experts, (3) a Delphi study for model refine-
ment, and (4) expert validation of the final model. 

Phase 1: Systematic literature review

Search strategy and information sources

The search was conducted from April 18, 2022, to June 
4, 2022, using International databases (PubMed, Web of 
Science, Scopus, and ProQuest) and Iranian databases 
(Scientific Information Database [SID], Magiran, Civilica, 
Ricest, and IranDoc). Google Scholar and the guidelines 
of international organizations were also reviewed. 

The inclusion criteria were articles in English or Persian 
that addressed household infectious waste manage-
ment. Grey literature, including conference proceed-
ings, dissertations, and government reports, was includ-
ed if it reported original data. Unpublished studies were 
excluded. 

The exclusion criteria were articles that focused exclu-
sively on hospital waste or were written in languages 
other than English or Persian. 

Study selection and data extraction 

Initial database searches yielded 6,742 records. Af-
ter removing duplicates (n=515), 6,227 records were 
screened by title and abstract. A full-text review was 
conducted for 186 articles, of which 52 met the inclu-
sion criteria. The most common reasons for exclusion 
were that the articles did not focus on household waste 
(n=90), were not written in English or Persian (n=8), or 
reported outcomes that were not of interest (n=13). 

Title/abstract and full-text screening were conducted 
independently by two reviewers (Leila Mohammad-
inia and Khadijeh Raei). Disagreements were resolved 
through discussion or consultation with a third reviewer 
(Fathollah Gholami-Borujeni). Inter-rater agreement, 
measured using Cohen’s kappa, was 0.85 for title/ab-
stract screening and 0.92 for full-text screening. 

I
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Articles were stored in EndNote software, version X8 
and screened using a PRISMA flowchart (Figure 1). Quali-
tative evaluation was performed using the Joanna Briggs 
Institute (JBI) checklist. Using the JBI Critical Appraisal 
Checklist, studies scoring ≥80% were classified as ‘good,’ 
60-79% as ‘moderate,’ and <60% as ‘poor.’ Only studies 
rated as moderate or good were included in the synthesis 
(Figure 1). 

Phase 2: Qualitative interviews with experts

Participant selection and sampling criteria

Experts in the field of waste management were selected 
through purposeful sampling. Maximum-variation pur-
poseful sampling was used to recruit participants from 
different professional sectors and obtain information-
rich perspectives on household infectious waste man-
agement. The sample size was guided by the concept 
of information power, with recruitment continuing until 
sufficient depth and breadth of information had been 
achieved. The inclusion criteria were: (1) a minimum of 
5 years of experience in waste management, environ-

mental health, or public health policy; (2) current em-
ployment in a relevant organization, such as a university, 
municipality, environmental agency, or Ministry of Health 
and Medical Education (MOHME); and (3) demonstrated 
expertise through publications, executive roles, or in-
volvement in national waste management guidelines. 

The 15 selected experts included 6 faculty members 
in environmental health engineering, 4 health network 
managers, 3 municipal waste management directors, and 
2 officials from the Environmental Protection Organiza-
tion. The mean years of experience was 12.4±4.2 years. 

Data collection

Experts were contacted via official email and follow-up 
telephone calls. Interviews were conducted in person 
(n=11) or via video conference (n=4), based on partici-
pant preference. The interview duration ranged from 45 
to 90 minutes (mean=62 minutes). All interviews were 
audio-recorded, transcribed verbatim in Persian, and 
then translated into English by a certified translator. 
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Figure 1. Details of the included studies on household infectious waste management
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The semi-structured interview guide contained 12 
open-ended questions organized into 4 thematic do-
mains: (1) current practices and challenges in household 
infectious waste management, (2) infrastructure and 
resource needs, (3) legal and regulatory frameworks, 
and (4) proposed solutions and innovations. The guide 
was piloted with two waste management experts not 
included in the final sample. The questions were refined 
for clarity and relevance based on the pilot feedback. 

Data analysis

Data were analyzed using MAXQDA software. Two 
researchers (Leila Mohammadinia and Khadijeh Raei) 
independently coded the transcripts. The coding frame-
work was developed inductively using conventional 
content analysis as described by Hsieh and Shannon 
(Hsieh and Shannon, 2005). Inter-coder reliability was 
assessed using Cohen's kappa (κ=0.81 for the full cod-
ing framework). Cohen's kappa was used only as a 
supplementary indicator of coding consistency. Consis-
tent with conventional content analysis, differences in 
coding were resolved through iterative discussion and 
consensus among the research team rather than rely-
ing solely on statistical agreement disagreements were 
resolved through consensus discussions with the third 
author (Fathollah Gholami-Borujeni). A codebook with 
definitions for each theme was developed and refined 
iteratively. 

Sample adequacy was guided by the concept of infor-
mation power. Recruitment continued until no new con-
cepts emerged during the analysis. Information power 
was considered sufficient after 12 interviews and was 
confirmed through three additional interviews, which 
yielded no new codes. 

To increase the consistency and accuracy of the re-
sults, the criteria of acceptability, conformability, de-
pendability, and transferability were used. 

Phase 3: Delphi study

Panel composition

The Delphi panel consisted of 22 faculty members, ad-
ministrators, health assistants, and environmental offi-
cials selected through purposive sampling. The experts 
were selected based on their experience and involve-
ment in waste management, environmental health, 
public health, and related policy-making activities. 

Delphi process and consensus criteria

The Delphi process consisted of two rounds conducted 
via email using structured questionnaires. The response 
rates were 91.7% (22/24) in Round 1 and 90.9% (20/22) 
in Round 2. For the Delphi process, consensus was pre-
defined as a median score of ≥7 on a 9-point Likert scale 
(1=not important to 9=extremely important) and an in-
terquartile range (IQR) of ≤2. Items with a median score 
of ≤4 were excluded, whereas items with median scores 
of 5–6 were revised based on expert comments and 
reassessed in Round 2. In Round 1, participants evalu-
ated the importance and feasibility of factors identified 
through the literature review and qualitative interviews. 
Items that did not meet the predefined consensus crite-
ria were revised or removed. In Round 2, revised items 
were presented together with anonymized feedback 
from Round 1, allowing participants to reconsider their 
ratings. The Delphi data were analyzed using SPSS soft-
ware, version 24. 

Phase 4: Model validation

Validation panel

The validation panel consisted of 10 experts, including 
university faculty members, managers, health vice pres-
idents, and officials from environmental departments 
and municipalities. Demographic characteristics of the 
validation panel are presented in Table 1. 

Validation instruments and procedures

Following completion of the Delphi process, the final-
ized model underwent a separate validation process. 
Participants evaluated the model using a questionnaire 
consisting of 12 criteria rated on a 4-point Likert scale 
(1=strongly disagree to 4=strongly agree). A forced-
choice format without a neutral option was used to 
encourage decisive evaluations. Content validity was 
assessed using the content validity ratio (CVR) method 
proposed by Lawshe in 1975. Experts evaluated each 
model component as “essential,” “useful but not essen-
tial,” or “not necessary.” The CVR was calculated using 
the Equation 1: 

1. CVR=(ne−N/2)/(N/2)

Where, ne represents the number of experts who rat-
ed an item as essential and N represents the total num-
ber of experts. For a panel of 10 experts, the minimum 
acceptable CVR value was 0.62. 
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Components that did not initially achieve the pre-
defined validity threshold were revised based on expert 
feedback and were subsequently reassessed by the 
same validation panel using the same evaluation criteria. 

Validation results

Following the validation process, all 12 evaluation in-
dicators met the predefined acceptance criteria. Me-
dian scores for all indicators ranged from 3.5 to 4 (IQR: 
0–1), and the proportion of experts selecting “agree” 
or “strongly agree” (scores 3 or 4) ranged from 90% to 
100%. The complete quantitative validation results are 
presented in Table 2. 

Most experts demonstrated a high level of agree-
ment regarding the examined criteria and confirmed 
the practicality and applicability of the proposed model. 
Two components that did not initially achieve the pre-
defined validity threshold were revised according to 
expert feedback and subsequently reassessed by the 

same validation panel. After reassessment, both com-
ponents achieved acceptable CVR values (>0.8) and 
were retained in the final model. 

Therefore, no further modifications were considered 
necessary. The final conceptual model of household 
infectious waste management, consisting of 12 main 
components and 14 subcomponents, was approved by 
the experts. 

Methodological considerations and limitations 

Several methodological considerations warrant discus-
sion. First, purposeful sampling may introduce selection 
bias, as experts with stronger opinions on waste man-
agement may have been more likely to participate. To 
mitigate this, we explicitly defined inclusion criteria and 
attempted to recruit experts from diverse organization-
al backgrounds (academia, government, and municipal 
services). Second, the generalizability of the findings 
may be limited by the study’s geographic restriction to 
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Table 1. Demographic characteristics of the participants involved in the evaluation of the designed model

Param-
eter

Sex Age (y) Education Level Career Field Work Experience (y)

Male Female ≤40 41-50 ≥51
Bach-
elor’s 

degree 

Mas-
ter’s 

degree 
PhD Munici-

pality 

Envi-
ron-

ment

Health 
Care

Aca-
demic  ≥10 10-20 ≥21

No. (%) 3(30) 7(70) 4(40) 5(50) 1(10) 1(10) 3(50) 4(40) 2(10) 3(30) 4(40) 2(20) 3(30) 5(50) 2(20)

Table 2. Quantitative results of the model validation by the expert panel (n=10) 

Evaluation Criterion Median Score Interquartile Range (IQR) Agreement (Score 3 or 4) (%)

Model execution capability 4 0.5 100

Compatibility with upstream documents 3.5 1 90

Model acceptance capability by stakeholders 4 0 100

Model efficiency 3.5 0.5 100

Model flexibility 3.5 0.5 90

Model effectiveness 4 0.5 100

Model simplicity 3.5 1 90

Coherence and integration between the model 
components 4 0 100

Model comprehensiveness 4 0.5 100

Model component sequence 3.5 0.5 90

Appropriateness and balance between the com-
ponents 4 0.5 100

General appropriateness of the proposed model 4 0 100
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two Iranian provinces. Cultural, economic, and regula-
tory contexts differ across regions, potentially limiting 
the applicability of the findings to other settings. Third, 
self-selection and social desirability biases may have 
influenced the interview and Delphi responses. We ad-
dressed these potential biases by ensuring the anonym-
ity of individual responses during the Delphi rounds and 
using neutral, non-leading questioning techniques dur-
ing the interviews. Fourth, although the validation panel 
size (n=10) was sufficient for using CVR analysis, it may 
have limited the diversity of perspectives and the ability 
to identify potential disagreements.

Results

Systematic review results

A total of 52 studies met the inclusion criteria for the 
systematic review (Figure 1). Table 3 summarizes the 

characteristics of the included studies. The most fre-
quently reported components related to household 
infectious waste management were a lack of public 
awareness (reported in 78% of studies), inadequate 
infrastructure (65%), the absence of clear regulations 
(60%), and economic constraints (52%). 

Qualitative interview findings

Qualitative content analysis of 15 expert interviews 
yielded 12 main components and 14 sub-components. 
The identified components were organized into two 
levels: Enabling factors (education and culture, man-
agement measures, social and legal support, economic 
support, technology, control and evaluation) and waste 
management cycle elements (generation, classification 
and collection, temporary storage, transportation, pro-
cessing, and safe disposal).

Mohammadinia L, et al. Sustainable Model for Household Infectious Waste Management. Iran J Health Sci. 2026; 14(3):273-284.

Figure 2. Conceptual model of household infectious waste management (developed by the authors based on findings from the present 
study and not adapted from any previously published model)
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Delphi study results

After two Delphi rounds, consensus was achieved for 
all 12 components based on the predefined Delphi cri-
teria (median ≥7 on a 9-point Likert scale and IQR ≤2). 
The education and culture component received the 
highest priority among the identified components (me-
dian=9, IQR=1), followed by management measures 
(median=8.5, IQR=1.5). No components were excluded 
during the Delphi process. However, minor wording re-
visions were made to three subcomponents based on 
the experts’ qualitative feedback. 

Final conceptual model

Following the Delphi process, the final conceptual 
model was developed based on the prioritized com-
ponents and expert feedback. The model consists of 
two interconnected levels. Level 1 (enabling factors) 
includes: (1) education and culture, (2) management 
measures, (3) social and legal support, (4) economic 
support, (5) technology, and (6) control and evaluation. 
Level 2 (waste management cycle) includes: (7) genera-
tion, (8) classification and collection, (9) temporary stor-
age, (10) transportation, (11) processing, and (12) safe 
disposal. 

Figure 2 presents the conceptual model, illustrating 
the relationships between enabling factors (outer and 
middle layers) and the waste management cycle (inner 
layer). Figure 3 details the waste management cycle, 
and Figure 4 presents the proposed software-based 
implementation model. 

Figure 3 illustrates the proposed household infec-
tious waste management cycle, which represents the 
sequential operational processes required for safe and 
effective waste handling. The cycle includes the main 
stages of waste generation, classification and collection, 
temporary storage, transportation, processing, and safe 
disposal. The framework emphasizes the continuity and 
interconnection of these stages, highlighting the im-
portance of coordinated management throughout the 
entire waste management pathway to reduce potential 
health and environmental risks. 

Figure 4 presents the proposed software-based im-
plementation model for household infectious waste 
management. This model demonstrates how digital 
solutions can support coordination, monitoring, and 
information management across different stages of the 
waste management process. By facilitating data record-
ing, tracking, communication among stakeholders, and 
real-time monitoring, the proposed digital approach 

Mohammadinia L, et al. Sustainable Model for Household Infectious Waste Management. Iran J Health Sci. 2026; 14(3):273-284.

Table 3. CVR results for the model components

Model Component Number of Experts Who Rated the 
Component as “Essential” CVR Value Meets the Minimum CVR 

Requirement

Education and culture 10 1 Yes

Management measures 9 0.8 Yes

Social and legal support 9 0.8 Yes

Economic support 8 0.6* No

Technology 9 0.8 Yes

Control and evaluation 10 1 Yes

Production 8 0.6* No

Classification and collection 9 0.8 Yes

Temporary storage 9 0.8 Yes

Transportation 9 0.8 Yes

Processing 10 1 Yes

Safe disposal 10 1 Yes

*Economic support and production initially had a CVR of 0.6, which was slightly below the threshold of 0.62. Based on expert feedback, 
these components were revised to provide greater specificity. Following revision, validation using the same panel yielded a CVR of 0.8 for 
both items. 
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can enhance the efficiency, transparency, and respon-
siveness of household infectious waste management 
systems. 

Model validation results

The finalized conceptual model was subsequently 
evaluated through a separate validation process using 
a 4-point Likert scale and a content validity assessment. 

Table 2 presents the quantitative results of the model 
evaluation. All 12 evaluation criteria met the predefined 
acceptance criterion (median ≥3). Median scores ranged 
from 3.5 to 4, and the highest ratings were observed for 
model execution capability, stakeholder acceptance, 
coherence, and general appropriateness (median=4). In 
addition to the Likert-scale evaluation, the content va-
lidity of the model components was assessed using the 
CVR. As presented in Table 3, CVR values ranged from 
0.8 to 1, exceeding the minimum acceptable threshold 
of 0.62 for a 10-member expert panel. The education 
and culture, safe disposal, and control and evaluation 
components achieved the highest CVR values (1).

Discussion

The present study developed a comprehensive model 
for household infectious waste management using a 
mixed-methods design that integrated qualitative in-
terviews with expert consensus through the Delphi 
technique. Unlike previous frameworks, which have 
primarily focused on healthcare facility waste manage-
ment, the proposed 12-component model specifically 
addresses the unique challenges associated with house-
hold-generated infectious waste [8, 9]. The final model 
represents the integration of stakeholders’ experiences 
identified during the qualitative phase with the priori-
ties established through Delphi validation, ensuring that 
each component reflects both practical needs and ex-
pert consensus.

Education and culture

Among the 12 components of the proposed model, 
education and culture emerged as the highest-priority 
domain. During the qualitative phase, participants con-
sistently identified inadequate public awareness, poor 
knowledge of waste segregation, and limited com-
munity participation as major barriers to household 
infectious waste management. These findings were 
reinforced during the Delphi process, in which this com-
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Figure 3. Household infectious waste management cycle
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ponent achieved the highest level of expert agreement 
(CVR=1), highlighting its fundamental role within the 
final model.

The convergence of qualitative findings and expert 
consensus suggests that educational and cultural in-
terventions constitute the foundation for successful 
implementation of all other management strategies. 
Without improving public knowledge, attitudes, and 
behaviors, even well-developed regulations and tech-
nical interventions may not achieve their intended 
outcomes. Similar findings have been reported in de-
veloped countries, where effective waste manage-
ment systems combine regulatory approaches with 
continuous public education, community engagement, 
and awareness campaigns [14]. Previous studies have 
likewise emphasized the importance of education for 
households, communities, and municipal personnel to 
improve waste segregation and promote sustainable 
behavioral change. This findings suggest that cultural 
change through educational programs may be the most 
critical enabling factor, as reflected by the highest CVR 
score (1).

Management measures

Management measures were identified as another 
core component of the proposed model. Participants in 
the qualitative phase emphasized the need for stronger 
governance, clear organizational responsibilities, effec-
tive planning, and comprehensive executive guidelines. 
These priorities were subsequently confirmed through 
the Delphi process, indicating broad expert agree-
ment regarding their importance. Several countries 
introduced new waste management guidelines during 
the COVID-19 pandemic [11, 15]. However, experts in 
the present study emphasized that household-specific 
guidelines remain insufficiently developed in Iran. This 
finding suggests that effective management requires 
not only policy development but also coordinated im-
plementation, intersectoral collaboration, and integra-
tion with educational initiatives to ensure consistent 
practice.

Social and legal support

Social and legal support was identified as an essen-
tial enabling component of the final model. Qualitative 
findings highlighted the need for stronger stakeholder 
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participation, greater public engagement, and support-
ive legal frameworks to improve household infectious 
waste management. These priorities were retained dur-
ing Delphi validation, demonstrating consensus on their 
importance.

Previous studies have similarly emphasized the role 
of comprehensive legislation, regulatory enforcement, 
and penalties for inappropriate waste management 
practices [16]. However, the findings of the present 
study further suggest that legal measures alone are 
insufficient. Effective implementation requires comple-
mentary social support mechanisms, including commu-
nity participation, public awareness campaigns, and col-
laboration among relevant stakeholders.

Economic support

Economic support was recognized as a prerequisite 
for sustainable implementation of household infectious 
waste management. During the qualitative phase, par-
ticipants emphasized the need for adequate financial 
resources to support infrastructure development and 
service delivery. These priorities were subsequently 
confirmed through expert consensus.

Consistent with previous studies, investment in waste 
management infrastructure and emerging technologies 
has been identified as an important strategy for improv-
ing waste management systems [17]. Public and private 
investment has been proposed as an important solu-
tion. Our validation panel highlighted that economic 
support should target both infrastructure development 
(collection vehicles, treatment facilities) and operation-
al costs (personnel training, public education).

Technology

Technology emerged as one of the enabling compo-
nents supporting effective implementation of the pro-
posed model. Participants emphasized the potential 
contribution of digital technologies to improving moni-
toring, coordination, and traceability throughout the 
waste management process. Previous research has sug-
gested that technologies, such as the Internet of Things, 
automation, and remote-control systems can improve 
waste management efficiency [18]. Consistent with 
these developments, the present model incorporates a 
software-based management system that enables real-
time monitoring and tracking of household infectious 
waste from the point of generation through final dis-
posal (Figure 4). The inclusion of this component distin-

guishes the proposed model from many existing frame-
works that primarily focus on operational procedures.

Control and evaluation

Control and evaluation were identified as fundamen-
tal mechanisms for ensuring the effectiveness and sus-
tainability of household infectious waste management. 
Participants emphasized the importance of continuous 
monitoring, regular auditing, and compliance assess-
ment across all stages of waste management. The Del-
phi panel further highlighted the need to monitor oc-
cupational health among waste management personnel 
while implementing standardized compliance protocols. 
These findings suggest that continuous evaluation not 
only improves system performance but also supports 
worker safety and quality assurance.

Waste management cycle elements

The operational components of the proposed model 
followed the established principles of healthcare waste 
management, including waste generation, classifica-
tion, collection, temporary storage, transportation, 
processing, and safe disposal [3, 4]. Nevertheless, the 
qualitative findings revealed several challenges that are 
unique to household settings, including the absence of 
standardized waste containers, limited public knowl-
edge, lack of trained personnel, and irregular patterns 
of infectious waste generation. These findings indicate 
that household infectious waste management requires 
context-specific operational strategies that comple-
ment existing healthcare waste management principles 
rather than simply transferring institutional practices to 
community settings.

Comparison with existing models

The proposed conceptual model (Figure 2) was devel-
oped by the authors based on the integrated findings of 
the qualitative and Delphi phases and was not adapted 
from any previously published model. Compared with 
existing frameworks [8, 13, 17], the proposed model of-
fers several important contributions. First, it integrates 
enabling components—including education and cul-
ture, management measures, social and legal support, 
economic support, technology, and control and evalu-
ation—with the operational stages of the household 
infectious waste management cycle. Second, it incorpo-
rates a software-based implementation framework that 
enables monitoring and management of household in-
fectious waste throughout its life cycle. Third, the model 
was specifically designed for low- and middle-income 
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countries, where infrastructure and policies for house-
hold infectious waste management remain underde-
veloped. By integrating stakeholder experiences with 
expert consensus, the proposed model provides a con-
text-sensitive framework that can support future policy 
development and practical implementation. 

Prioritization of model components

Among the proposed components, education and 
culture received the highest consensus and validity 
scores, indicating that experts considered it the most 
critical enabling factor for household infectious waste 
management. This prioritization is consistent with the 
qualitative interviews, in which participants repeatedly 
emphasized poor public awareness, limited household 
training, and the absence of safe disposal habits as the 
main barriers to effective waste management. There-
fore, education and culture appear to function as the 
foundational prerequisite for the successful implemen-
tation of other components of the model. 

Limitations

This study has several limitations. First, the model was 
validated only through expert consensus and was not 
pilot-tested in real-world household settings. Second, 
the research was geographically limited to two provinc-
es in Iran, which may affect generalizability. Third, the 
sample sizes for the Delphi panel (n=22 in round 1, n=20 
in round 2) and the validation panel (n=10), although 
consistent with methodological norms, were relatively 
small. Fourth, participation was voluntary, which may 
have introduced self-selection bias. Fifth, purposeful 
sampling may have excluded the perspectives of non-
expert stakeholders (e.g. households and waste collec-
tion workers). Future research should address these 
limitations by conducting pilot implementations, test-
ing effectiveness through randomized controlled trials, 
and validating the model’s applicability in international 
contexts. 

Conclusion

The present study developed a comprehensive model 
for household infectious waste management using rig-
orous scientific methods. This model includes 12 main 
components and 14 sub-components, providing a com-
bination of literature review and expert opinions. 

Key measures include education and culture-building 
to promote public knowledge, the development of 
management guidelines, the strengthening of social 

and legal support, the allocation of financial resources, 
the use of new technologies, and the promotion of 
monitoring and evaluation. These criteria can help fa-
cilitate the effective implementation of the household 
infectious waste management cycle, including genera-
tion, classification, collection, temporary storage, trans-
portation, decontamination, and safe disposal. 

For future research, we recommend pilot implemen-
tation of the model to identify practical shortcomings, 
estimate household waste generation rates, estimate 
patient awareness, and estimate disease transmission 
pathways from improper waste disposal. 
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