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ABSTRACT

Introduction: Improving health and the environment is one of the components of development, social
welfare, and economic growth. Another influential factor in increasing health costs and reducing social
welfare is work-related accidents and diseases, which impose high costs on individuals, industries, and the
national economies of countries. Therefore, using multi-criteria decision-making methods, the present
study provided a conceptual model to identify and rank work-related diseases” environmental and health
costs.

Material and Methods: The present study was conducted in 2023. A classification model for the economic
evaluation of environmental and health costs of occupational diseases was developed to achieve the
study’s aim. In the current research, the Delphi method was used to identify health and environmental
criteria, and the Analytic Network Process (ANP) was used to weight the sub-criteria. Finally, the cost
of health and the environment was estimated based on the available information. Naft Tehran Hospital
(NSHT) was also selected as a case study site.

Results: The results showed that the drug and medical equipment cost factor, with a weight of 0.312 in
the treatment sector, and the particular and infectious waste cost factor, with a weight of 0.085, were the
most critical factors in the economic evaluation. Also, the parametric model results showed that 99.84%
of the total costs are related to health costs, and 0.16% are related to environmental costs. In general,
the results of this research showed that 61.3% of the costs of the health sector are related to the two
sectors of medicine and medical equipment and the cost of service personnel, and 91.7% of the costs of
the environmental sector are related to wastewater treatment and the cost of electricity consumption.

Conclusion: This study presented a semi-quantitative model to estimate health and environmental costs
caused by occupational diseases. The results can create a novel scientific insight into implementing control
measures using the optimal point of cost-benefit parameters. Implementing this integrated model can be
a practical and effective step in allocating resources and prioritizing interventions.
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1. INTRODUCTION

Occupational accidents and diseases have very
high economic costs. These incidents have many
adverse consequences and irreparable effects on
organizations’ workforce, assets, environment,
and reputation. The estimate of the International
Social Security Association (ISSA) showed that
the average cost of accidents and diseases caused
by work, which is spent on visible and invisible
costs caused by the occurrence of occupational
accidents and diseases, is approximately four
percent of the world’s gross domestic product
(GDP) every year.

A 2015 study by Safe Work Australia found
that workers, employers, and the community bear
approximately 77%, 5%, and 18% of the cost of
work-related occupational injuries and illnesses,
respectively. Employers were found to incur between
$11,287 and $132,749 in medical expenses for fatal
occupational accidents. In contrast, employees
incurred a maximum of $185,358, depending on
the number of workdays lost due to occupational
injuries and accidents. Identifying, classifying,
evaluating, and estimating the economic costs of
the health and environmental sectors using multi-
criteria decision-making methods can increase
the awareness of industry managers, particularly
huge industries such as oil and gas, in a working
environment.

This conceptual model facilitates the systematic
identification and prioritization of environmental
and health costs linked to work-related diseases.
It offers a quantitative approach to assessing their
relative significance and interconnections. Through
a multidimensional analysis that considers direct
and indirect costs and qualitative health impacts
on healthcare workers, patients, and organizational
performance, this study endeavors to enhance
the understanding of the holistic implications of
occupational diseases in hospital settings.

By synthesizing expert input, incorporating
stakeholder perspectives, and employing a robust
analytical framework, the proposed model aims
to inform evidence-based policies, interventions,
and resource allocations to mitigate hospital work-
related diseases’ economic and health burdens.
Therefore, using multi-criteria decision-making
methods, the present study provided a conceptual
model to identify and rank work-related diseases’
environmental and health costs.
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2. MATERIALS AND METHODS

This study aimed to present a new combined
approach to evaluate occupational diseases’
environmental and health costs. This approach
was studied by integrating the Delphi method
and the Analytical Network Process (ANP). The
invented approach provides a comprehensive tool
for evaluating the multifaceted environmental
and health costs of occupational diseases in work
environments by combining these analytical tools.
In this study, the intersection of the Delphi method
was integrated with the structured decision-making
process of ANP to form an effective framework for
economic evaluation. Naft Hospital of Tehran was
also chosen as the location of the case study.

In general, the current research has been carried
out in seven general stages, which include: 1) review
of the existing situation, 2) identification of health
and environmental criteria, 3) determination
of independent and dependent sub-criteria, 4)
screening criteria using the Delphi method, 5)
weighting according to the sub-criteria based on
the ANP method, 6) development of a conceptual
parametric model of health and environment and
7) estimation of health and environment costs
using the obtained algorithm.

The reliability of related questions was
measured using Cronbachs alpha test. In this
study, Cronbach’s alpha of the questionnaire was
calculated as 0.75, which is statistically acceptable.
Finally, the Delphi questionnaire was distributed
among 19 experts in three stages during the current
study.

In this research, to determine the importance
coefficient of each sub-criteria based on the network
analysis model, the Likert scale was used on a scale
of 1 to 9 so that the number 1 indicates the slightest
impact, and the number 9 indicates the most
significant impact. The final weight of the parameters
was calculated using the ANP method with Super
Decision software, and the relationship between the
clusters and the elements within the clusters was
evaluated using the pairwise comparison matrix. In
all comparative matrices, the rate or compatibility
ratio (CR) values were calculated to be less than 0.1,
which is statistically acceptable.

Finally, regression and correlation analysis in
IBM SPSS software version 25.0 was used to validate
the computational model and evaluate the alignment
of the actual model with the proposed model.
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and in the environmental sector on eleven sub-
criteria. Tables 2 and 3 give the findings of the
weighting of work package criteria in the health
and environmental sectors.

3. RESULTS AND DISCUSSION

Table 1 presents the final table of relevant
criteria and sub-criteria. Ultimately, the experts
in the health sector agreed on eight sub-criteria

Table 1: The result of the Delphi method regarding the criteria and sub-criteria of the health and environment work packages

Goal Criteria

Medical

sector
Determining independent and

dependent health work packages

Support
sector

Medical
sector

Determining independent and
dependent environmental work packages

Support
sector

Sub-criteria (independent)
Treatment service personnel
Responsibility or technical right
Hospital bed services
Para clinical services
Medicines and medical equipment
Support sector service personnel
Transportation

Time off from patient tasks

The medicine and chemicals used

'The radioactive materials consumed

The number of shots

The production rate of particular and
infectious waste

The normal waste production

The consumption of recyclable
materials (paper and cardboard)

Mercury devices consumed
The electricity consumed

Gas energy consumed

Water consumed

Fuel consumption of vehicles

Sub-criteria (dependent)
The cost-of-service personnel
Hospital technical fee
The cost of hospital bed services
The cost of preclinical services
The cost of medicine and medical equipment
The cost of personnel working in the Support sector
The cost of travel

The cost of sick leave
The cost of disposal of waste caused by chemicals and
drugs

The cost of disposal of waste caused by radioactive
materials

The cost of disposal of imaging waste

The cost of disposal of particular and infectious waste
and their decontamination
The cost of regular waste disposal and delivery to the
municipality
The cost of disposal of recyclable waste (paper and
cardboard)

The cost of mercury waste disposal
The cost of electricity consumption

The cost of gas energy consumption

The cost of treated wastewater in the wastewater
treatment plant

Fuel cost of vehicles

Table 2: The coefficient of the significance of the criteria obtained from the ANP method in the health sector

Criteria

Sub-criteria

Treatment service personnel

Responsibility or technical right

Medical sector Hospital bed services
Para clinical services
Medicines and medical equipment
Support sector service personnel

Support sector Transportation
Time off from patient tasks

Abbreviation Weight
xS 0.234
xH 0.054
xHf 0.0009
xPS 0.076
xDE 0.312
XAS 0.247
xT 0.053
xSD 0.018

Table 3: The significance coefficient of the criteria obtained from the ANP method in the environmental sector

Criteria Sub-criteria
Pharmaceutical waste
Radioactive waste
Medical sector .
Imaging waste
Special and infectious waste
Normal waste
Recyclable waste
Mercury consumption waste
Support sector Electricity consumption
Gas consumption
Effluent treated in the sewage treatment plant

Pollutants by vehicle fuel and diesel generators
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Abbreviation Weight
xDW 0.039
xRW 0.037
xIW 0.045
xSIW 0.085
xNW 0.021
xReW 0.029
MW 0.065
xEW 0.015
xGW 0.026
xWW 0.022

xVF 0.055
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The results showed that the drug and medical
equipment cost factor, with a weight of 0.312 in the
treatment sector, and the particular and infectious
waste cost factor, with a weight of 0.085, were the
most critical factors in the economic evaluation.
Also, the parametric model results showed that
99.84% of the total costs are related to health costs,
and 0.16% are related to environmental costs.
In general, the results of this research showed
that 61.3% of the costs of the health sector are
related to the two sectors of medicine and medical
equipment and the cost of service personnel, and
91.7% of the costs of the environmental sector are
related to wastewater treatment and the cost of
electricity consumption. So far, many studies have
been conducted using the analytic network process
(ANP), analytic hierarchy process (AHP), and
fuzzy analytic hierarchy process (FAHP) in various
industries to assess safety risk. Baratchi et al.
examined health risks using the MCDM method.
In this study, all the hazards of various medical
center units were selected with the help of hazard
identification checklists and ranked using the ANP
method. Different studies have been carried out at
the world level regarding the economic evaluation
of accidents caused by work. Hoque et al. (2018)
examined the effects of industrial processes
on social, environmental, and public health
degradation in Bangladesh.

In conclusion, developing a conceptual model
to identify and rank environmental and health
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costs of work-related diseases in hospitals through
integrating the Delphi study and the Analytic
Network Process (ANP) represents a significant
contribution to the field of occupational health
economics. This study has successfully established
a structured framework that enhances our
understanding of the economic burden and health
implications associated with occupational diseases
within healthcare settings.

The operationalization and validation of this
conceptual model in real-world hospital settings
can empower stakeholders to make informed
decisions that prioritize occupational health and
safety, mitigate financial risks associated with
work-related diseases, and cultivate a culture of
well-being within healthcare organizations. By
leveraging the synergies between the Delphi study
and ANBD, this research sets a precedent for future
studies seeking to integrate expert insights and
analytical methodologies to address the complex
challenges of occupational and environmental cost
management in healthcare environments.

4. CONCLUSIONS

This study presented a semi-quantitative model
to estimate health and environmental costs caused
by occupational diseases. The results can create a
novel scientific insight into implementing control
measures using the optimal point of cost-benefit
parameters. Implementing this integrated model
can be a practical and effective step in allocating
resources and prioritizing interventions.
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Hygiene Total Cost (HTC) = (0. 232x S.f.)+
(0.055xTA.£.)+(0.0009xH.£.)+(0.089  xPS.f.)
+(0.311 x DE.f) + (0.236xAS.f)+ (0.056 x
T.£)+(0.018x SD.f.)

Environmetal Total Cost (ETC)
=(0.038xDW.c)+(0.037xRW.c)+(
0.045xTW.c)+(0.085xSTW.c)+(0.021
XxNW.c)+(0.029xReW.c)+(0.065xMW.c
)+(0.015xEW.c)+(0.026xGW.c)
+(0.022xWW.c )+(0.055 xVEc)
QEHC=HTC+ETC=
573193329090+938589496= 574131918586
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