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Abstract

Keywords

Background and aims: Nowadays, with the advent of the electronics industry
in human life, the issue of electronic waste has emerged as one of the most E-Waste
significant concerns for urban management. These wastes pose a substantial
environmental risk. Hence, managing the risks associated with electronic waste

Environmental risk assessment

is a necessity for urban management today. Risk assessment can guide city DEMATEL
management on where to invest more resources. The aim of this research is Heavy metal
to develop a model for assessing the environmental risks posed by electronic

waste Soul pollution

Methods: In this study, the 3D-Melborn method was employed as the
foundational model, and DEMATEL was utilized for risk modeling. Expert
opinions were gathered in a fuzzy format, and calculations were performed
based on this fuzzy data.

Results: The findings indicated that in risk assessment, three parameters -
probability, intensity, and contact - were identified as the primary evaluation
parameters. Reversibility and neutralization were determined as corrective

parameters.

Conclusion: The results revealed that the most significant environmental risk is Received: 2024/02/19

soil contamination caused by heavy metals in electronic waste. The reversibility Accepted : 2024/04/30
and neutralization indices in environmental risk assessment allow pollutants

that can be reversed and removed from the environment to be evaluated at a

lower level than substances that persist in the environment.
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EXTENDED ABSTRACT

INTRODUCTION

One of the most crucial aspects of the environment
in urban management is solid waste. It has a significant
impact on society, making its management one of the
most vital tasks in urban management. Annually, only
8% of the 15 million tons of waste produced in the
country is recycled. The dumping and accumulation
of garbage can lead to extensive, irreparable losses
and land degradation. The short lifespan of computer
equipment, coupled with people’s desire to diversify
their use of new electronic devices, has gradually made
electronic waste a major global problem. According to
a United Nations report, between 20 and 50 million
tons of electronic waste are disposed of worldwide
each year, with the United States being the largest
producer of this waste.

Bangladesh generates approximately 400,000 tons
of e-waste annually, and the accumulation of e-waste is
expected to increase by 20% each year. The collection
and disposal of garbage, along with addressing the
health consequences of leaving garbage in the streets
and habitats, are among the primary goals and slogans
of urban management that prioritizes the health of
citizens and the environment.

The collection, transfer, and disposal of these
wastes require special arrangements, which have been
given particular attention in urban management.
Separating electronic waste at the source simplifies the
management of this hazardous waste and reduces the
associated risks. On the other hand, electronic waste
contains valuable metals such as nickel, chromium,
manganese, and silver, which are highly valuable and
make recycling economically viable. The question here
is how long this waste can remain in the environment.
Until now, the usefulness of the recycling process was
determined solely based on the quantity of these wastes.
However, the environmental risk these wastes pose to
the environment and human life is sometimes so high
that it is not feasible to focus solely on its economic
profitability. Severe environmental crises, along with
the acceleration of industrialization in countries
and the consequent increase in energy consumption
and international trade, are very evident. Based on
this, in recent decades, the study of the relationship
between economic growth, the exploitation of natural
resources, and changes in environmental quality has
received serious attention from the world’s scientific
and managerial circles.

One of the practical definitions of risk is the
probability of a failure with a certain severity at a
certain time. Risk is a combination of two parameters
of severity and probability at a certain time. In other
words, risk is the possibility that the risk will cause
harm and damage multiplied by the severity of that
harm or damage. Therefore, risk is the possibility of
a risk becoming actualized. Mathematically, risk is

calculated by multiplying the probability of a specific
adverse event (such as physical injury, fire, etc.) by
the outcome of that event. In many of the presented
articles, risk is mentioned as an important and effective
tool in decision making. In risk evaluations, the use of
decision-making modes and multi-objective models
can solve the problems that exist in the evaluation
and personal judgments of the evaluators. The risk
of regional accidents is considered as the focus and
the most difficult challenge of management, which is
a serious threat to people’s lives and property. Much
of the current literature relies on the calculation and
assessment of risks from environmental incidents.
There is little information about the driving factors
of the risks of environmental accidents, and how they
affect the level and characteristics of the distribution
of risks, especially the inherent links between
regions and companies (individuals). Studies on how
environmental hazards evolve in abandoned mining
areas in the medium term have rarely been conducted.
Although the answer to this question is necessary to
evaluate the need for immediate control measures in
these areas, the justification of these plans is not clear
due to the uneconomical nature of their control. This
research was carried out with the aim of determining
the model of environmental assessment of risks caused
by electronic waste. The main research question is to
determine the factors affecting the environmental
pollution caused by electronic waste.

METHODOLOGY

This research is applied in terms of purpose, and
in terms of method, it is a descriptive type of model
solution in which the researcher aims to provide a
model to analyze the risks of electronic waste. The
research method employed in this study is a survey
method. In implementing this method, due to the
specialized nature of the subject, the views and
opinions of experts are utilized. To achieve this goal,
it is necessary to use the opinions of experts who have
studied solid waste and risk for years and are familiar
with urban management. The DEMATEL method
was used to compile the model of environmental risk
caused by electronic waste and to check the cause-
and-effect relationship.

The 3D-Melbourne method was used for risk
assessment, and the risk assessment parameters in this
method include probability, intensity, and contact.
RS=ExLxC

In environmental risk assessments, one of the
effective parameters is the degree of reversibility,
which consists of two factors: reversibility and
neutralization. Reversibility illustrates the difference
between materials such as plastic and perishable
materials such as food or paper.

The neutralization factor indicates the possibility of
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Table 1. The fuzzy domains used in this research (29)
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Fig. 1. Cartesian diagram of environmental risk indicators

neutralizing the pollution created in the environment.
This index shows the difference between pollution
caused by acids and pollution caused by mineral oil
substances.

In the first step of implementing the risk
assessment method, a team of experts was formed.
Experts at this stage are individuals who have
environmental expertise (at least a bachelor’s degree)
and at least 5 years of work experience in municipal
waste management, and are familiar with the concept
of risk and the 3D-Melbourne method. To familiarize
all the selected experts, they participated in the risk
assessment workshop that was held for this purpose.

To determine the type of risks, the experts were
asked to independently identify the risks associated
with electronic waste obtained from the available
documents. They used a Likert scale in a fuzzy
environment according to the provided checklist and
the provided fuzzy domain. This was used in Table 1.

Then, using the COA central limit relationship, the
opinions of the experts were diffused, and the values
obtained were incorporated into the subsequent
calculations.

COA:a+2b+c

For the risk modeling part, the network model
was employed, in which DEMATEL was used to
determine the relationship between the elements
defined in risk. In this regard, we determined the
influence and effectiveness of the elements by using
DEMATEL. Subsequently, decision tree models were
used to determine the type of connection between

y

elements, thereby establishing the conceptual model.

RESULTS

The results of the DEMATEL section revealed
that the elements of probability, intensity, and contact
are the factors influencing risk, while the elements
of reversibility and neutralization are effective. This
portion of the results is depicted in Figure 1.

Based on the results obtained, it was discovered
that there is a one-way relationship between
probability, intensity, and contact, and all three factors
influence risk. As for the parameters of reversibility
and neutralization, there are network relationships,
and they are interconnected. Therefore, the conceptual
model of environmental risk assessment can be
depicted as Figure 2.

We use the following relationship to determine the
reversibility parameter:

Re=re+ne

Re : Reversibility Factor

re: reversibility index

ne: Neutralization index

The presented mathematical model is:

RS =PxSE
Re=re+ne
RS, = RS xRe

According to the opinions of experts and fuzzy
calculations, it was determined that the most
significant pollution caused by electronic waste is
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Fig. 2. Conceptual model of environmental risk assessment

Table 1. The results of the calculations of the risk level of the determined aspects in electronic waste

E S P

Sy s RSc Re 1nes lres RS 1-10 1-10 0-1 Environmental Aspects
Iz 121.42 8 44 36 15.17 16 102 093 soil-heavy metals

i 99.44 7.6 3.8 38 13.8 2.4 94 058 Water - Heavy metals
Low 84.87 7.6 36 4 11.16 1.8 9.4 0.6 Air - Heavy metals

related to soil pollution, water pollution, and air
pollution, all caused by heavy metals. In accordance
with the presented model, the risk levels of aspects of
soil-heavy metals, water-heavy metals, and air-heavy
metals were evaluated. The results of this evaluation
are presented in Table 1.

DISCUSSION

The results indicated that the most significant
source of pollution in electronic waste is the presence
of heavy metals, a finding that aligns with the results
of Kazancoglu. In Kazancoglu’s article, it is stated that
the main board of computer systems is the primary
source of heavy metal pollution in the environment. In
this research, decision-making models were utilized
to prioritize the environmental aspects of electronic
waste, with soil pollution caused by heavy metals
being identified as the most critical environmental
aspect.

Furthermore, the results showed that the most
significant environmental aspect caused by electronic
waste is soil pollution due to heavy metals. These
findings are consistent with the results presented by
Okeki et al. in their article, in which they also stated
that soil pollution caused by heavy metals is the most
significant risk associated with electronic waste.

CONCLUSION

Environmental risk assessment should be capable
of predicting and evaluating the effects that a factor
can bring to the environment. In the environmental
assessment, two parameters are defined: reversibility
(for the long-term effects of a pollution agent)

and neutralization (for the ability to remove from
the environment). In many existing articles on
environmental risk assessment, only two parameters,
probability and intensity, have been used, which may
not provide the required accuracy in environmental
risk assessment. According to the results obtained, it
is concluded that with regard to electronic waste, it
is necessary to consider the indicators of reversibility
and neutralization in the risk assessment process and
incorporate them as corrective parameters in the
risk assessment. These indicators enable substances
that are reversible in the environment to have a more
accurate assessment of the pollution created.
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