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Abstract—The fast-growing electronic waste (e-waste) volume has intensified the practice of
informal recycling, especially in developing countries. The process of open burning, acid
leaching, and manual dismantling are some of the procedures involved, which are very
dangerous and have a lot of social and environmental impacts.

This paper addresses the health hazards linked with toxic substances such as lead, mercury,
cadmium, and brominated flame retardants, which could be absorbed by means of inhalation,
ingestion, or skin contact. The paper further looks into the environmental effects of informal e-
waste recycling such as the emissions of pollutants, the infiltration of pollutants in the soil and
water, and the decimation of biodiversity and ecosystems. In addition, Case studies from places
such as Guiyu in China and Agbogbloshie in Ghana are given to show how people have been
affected in real life. The paper goes on to discuss the economic context, the regulatory
challenges, and the solutions to these problems which have been proposed, stressing the
necessity of tighter regulations, formal recycling programs, and EPR policies. The results
highlight the importance of the immediate policy intervention and the industry action in
tackling the health and environmental risks posed by the informal e-waste recycling. The
matter presented in this article is the review of group of papers and is the summary of those
papers which was submitted in the form of an assignment / as an alternate assessment tool / case
study.

Index Terms—Human Health Risk, Environment, Impacts, E-Waste, Recycle.

|. INTRODUCTION

The rapid development of technology has absolutely led to an unprecedented increase in the number of obsolete
electronic devices, large amounts of electronic waste (e-waste), covering a broad array of items such as outdated
electronics and equipment.

As of 2023, the newly created e-waste no longer contains elements like copper, steel, and aluminium but has
already exceeded 53 million metric ton, hence the high amount of landfill space required is a threat to the
environment. The e-waste involves a wide range of products, like mobile phones, computers, and televisions that
have already been used by consumers and now have a lifetime of the end.

Grenze ID: 01.GIJET.11.1.551 2
© Grenze Scientific Society, 2025



Over the last decades, informal e-waste recycling practices have dominated the method of recycling to extract
valuable materials from discarded electronics, especially in rural areas where the infrastructure for formal
recycling is absent [1].

These techniques of recycling and not observing safety measures have led to rather dangerous activities like
open burning, acid leaching, and manual dismantling. Informal recycling activities occur basically due to the
lack of formal job opportunities; therefore, people explore this area to make a living at the expense of the most
dangerous chemical pollution that occurs. This piece of work seeks to study the human health hazards and
environmental effects that have come with unregulated e-waste recycling. Through the vein of showing the
dangers posed by the chemicals used in e-waste to human and environmental health, this paper aims to offer
relevant descriptions to the reader about toxic substances in the waste and their exposure pathways that were not
properly regulated and which happened to the most industrialized cities and their neighbouring communities.
Besides the pollution, the paper describes the soil and water contamination that is polluting the water catchments
and the terrestrial flora leaving the farmers with very few fertile lands to grow crops [2], the policy framework is
shown in the Fig. 1 [7].
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Fig. 1. E-Waste policy framework [7]

Il. HUMAN HEALTH Risks W.R.T. ToXIC SUBSTANCES

E-waste (ecological waste) is the kind of waste, which includes components that contain hazardous chemicals
that may be dangerous for the nature and health of even the workers who are working there. Major toxic
substances include lead in CRT screens, batteries, and printed wiring boards; mercury in fluorescent lamps,
switches, and batteries; cadmium used in rechargeable batteries, fluorescent layers, and printer inks; brominated
flame retardants (BFRS) used in plastics, cable insulation, and printed wiring boards; chromium VI in data tapes
and floppy disks; and arsenic, which is present in gallium arsenide in LEDs and other components. In many
cases, the workers of the informal recycling sectors are exposed to these toxic substances through various routes
such as the respiratory passages during dismantling and burning processes as well as FROM ingestion of
polluted food and water due to improper disposal OF toxic substances which leak into the environment and the
skin direct contact with hazardous materials during handling and dismantling [3].

Toxic substances exposure can lead to various diseases including lung diseases and respiratory irritation,
neurological damages due to substances like lead and mercury, cancer risks from long-term exposure to
carcinogenic substances like cadmium and chromium VI, and reproductive health issues like infertility, and birth
defects. Case studies from Guiyu, which is known as the e-waste capital of the world, and Agbogbloshie, another
major hub for informal e-waste recycling in Ghana, highlight the severe environmental and health impacts due to
elevated amounts of toxins in the air, water, and soil which cause some health issues like respiratory diseases,
neurological damage, and skin conditions. The case studies embody the urgent requirement of stringent e-waste
management and regulation to preserve both human health and the environment [4].
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I1l. ENVIRONMENTAL IMPACTS

A. Air Pollution

The unregulated e-waste recycling methods involving activities like open burning and disassembly put chemicals
that are hazardous into the air. Incineration of e-waste plastic and metals, as well as other materials, results in
toxic vapour emissions that include heavy metals and organic chemicals. These discharges strongly affect the air
quality of the area which is therefore dangerous to the residents of the neighbouring communities. The diffusion
of uncontrolled smoke into the atmosphere is polluting air, ruining the ozone layer, and in effect harming
wildlife. The toxic gases emitted by this technique not only destroy the ozone layer but also plants and animals,
thereby leading to a drop in their population [5].

B. Soil and Water Contamination

The process of informal recycling results in the entrance of heavy metals and toxic substances into the soil and
groundwater. An example of this can be the laborious dismantling of CRT and ICT devices, which is a major
source of heavy metal pollution. These pollutants may remain in the environment for a very long period of time,
resulting in persistent soil and water pollution. Researches in areas like Agbogbloshie, Ghana, have
demonstrated that the levels of heavy metals in soil and groundwater samples are high, thus posing
environmental and health dangers. The e-waste land filled in landfills is improperly disposed of and can lead to
the leaching of toxic substances such as lead, mercury, cadmium, and arsenic into the soil [6].

The soil that has been contaminated is not only unsuitable for the cultivation of plants but also poses a threat to
the groundwater sources. The burning electronics produce the ash that is generated from the fire and the fine dust
that is emitted from the shredding spread deep into the topsoil, where they alter the soil structure and texture.
The tainted soil and water eliminate the plants, which are the primary food source for the animals, thereby
causing the death of the animals. The air pollutants are deposited on the leaves, and the animals inhale these
pollutants. Animals are also affected in various ways when they ingest the polluted water and leaves. Later on,
the levels of heavy metals and other toxins, especially in water, are elevated through the food chain to dangerous
levels at the top feeders [7].

C. Global Environmental Impact

A localized problem caused by informal recycling of e-waste becomes a catalyst for global ecological issues.
Emissions of greenhouse gases from the e-waste burning process add to climate change by increasing the
concentration of carbon dioxide, methane, and other pollutants. Even the incorrect handling and disposal of e-
waste (and thus adding toxins) to the soil and water can cause bioaccumulation, making the planet’s ecosystems
and human health, in particular, vulnerable to these toxins. Handling bioaccumulation and biomagnification of
toxic substances in the food chain represents potential health threats to humans, as these toxins are consuming
contaminated food and water. The spread of e-waste creates a hazardous substance, which could be transported
over borders to impact the pristine areas far from the source of the pollution. Besides, the continuous release of
pollutants into the environment can result in them being around for years and continue to be a threat even after
the initial exposure [8].

D. Biodiversity and Ecosystem Damage

One of the main environmental effects of the release of toxic chemicals into the environment using informal e-
waste recycling is through the destruction of local biodiversity and environmental damage to the ecosystem.
Noise emissions, lead, cadmium and mercury, and organic pollutants such as polychlorinated biphenyls and
polycyclic aromatic hydrocarbons are among the toxic substances that can cause harm to plants and animals both
on land and in water leading to the disruption of food chains and ecological balance. An instance of such a
problem is pollution by heavy metals and other chemicals from e-waste in organisms that are higher in the food
chain due to the phenomenon of bioaccumulation and bio-magnification. Toxic chemical substances’ fate in a
wildlife population involves reproductive failures, developmental deformities, behavioural disorientation, as well
as death among the organisms. Aquatic ecosystems are the most exposed to contamination, as the leach eat seeps
into the water and threatens fish and other sea creatures; in turn, birds and mammals that rely on these
ecosystems for food can be endangered [9].

IV. Soclo-EcoNomIC CONTEXT & CHALLENGES

Economic Dependency w.r.t. this, Informal recycling is basically a necessity for many people to make a living.
In rich nations, even the formal sector is scarce in terms of job supply, user, low-income people who pick up
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waste and recyclers depend on the informal economy for their employment. The workers gather the avoidable
and recyclable materials from different places like the streets, trash cans, and dumps, which makes them be able
to transform the waste into sellable commaodities. Such activity becomes a vital source of income for a number of
families with little or no other means of financial support. The informal recycling sector is a very important part
of the economy in many developing areas. It creates jobs for millions of people who would otherwise be without
a job or with very little one. For example, in India, nearly 1.5 million people are said to be doing informal
recycling. These workers sort and treat huge amounts of waste, which is then used for the recovery and the use
of materials that could otherwise be dumped in landfills. Nevertheless, the economic benefits are accompanied
by high costs [10]

Informal recyclers usually work in unsafe conditions without safety equipment or health insurance, thus their
health is at risk. Although the risks, nevertheless, these people often prefer to go on doing this kind of work to
protect the family by getting the daily needs for them. The economic dependence on informal recycling is felt
not only among the workers but also entire communities. Informal recycling hubs, such as Guiyu, China,
Agbogbloshie, Ghana have been formed out of the trade of e-waste. They provide different services and goods
that are related to recycling activities. These centers are instrumental in the development of the local economy by
creating auxiliary jobs in transportation, trading, and repair services. In the last resort, the industry scaling
heavily on informal recycling implies that regulation frameworks should be constructed as well as proper
formalization should be introduced to the sector. Inclusion of the informal workers in the formal economy could
be safer for such workers by providing them with better working conditions, living wage, and even social
benefits, consequently, the whole community would be improved [11].

Lack of Formal Recycling Infrastructure, where the absence of recognition and successful development of the
recycling infrastructure undermine the potential for the proper disposal of e-waste. In a lot of developing
countries, there has been the unfortunate truth of a complete lack of facilities and systems that can ensure proper
recycling of electronic waste. As a result of this lack of infrastructure, communities are pushed to use unsafe and
environmentally damaging informal recycling methods. For instance, withdrawal by hand of electronic
equipment in harmful places and the possible exposure to toxic substances without having the proper PPEs make
the workers’ health at risk and the environment gets contaminated. The existing infrastructure, on the other hand,
is likely not enough to deal with the ever-increasing amount of e-waste that is generated every year, which is
resulting in the piling up of waste and its improper disposal [12].

Ineffective Regulations, where the regulations that are supposed to curb e-waste are usually either insufficient or
not enforced at all. In many instances, the existing laws fail to effectively address the entire lifecycle of
electronic products, from their production to the last phase, the disposal. Even if regulations are there, the
enforcement of them is what is more problematic. The absence of constructive monitoring and oversight enables
informal activities to thrive; thus, non-compliance becomes the norm. For example, in some areas where illegal
dumping and the open burning of e-waste are rampant, even though there are legal frameworks that are supposed
to stop these activities, the situation hasn't changed. The shortcoming in these regulations is also caused by the
government not having enough resources and capacity to enforce compliance, making it easier for many e-waste
recyclers to operate outside the law [13].

Challenges in Monitoring, where the E-waste recycling is a very hard thing to monitor and it comes with many
obstacles. The mere recycling of a lot of waste is one of the major challenges, which takes place in unregulated
areas and even in places that are often hidden. This is a big problem for authorities because they can hardly track
and monitor how e-waste is being handled and if it is being done in a safe and sustainable way. Besides, the lack
of correct data and reporting mechanisms hinders the evaluation of the problem’s magnitude and the formulation
of efficient interventions. Observation issues also arise from the globalization of e-waste trading, as sometimes
the waste is sent to countries with weaker regulations, this makes implementation and surveillance even harder
[14].

Enforcement Issues, where it is found that, although the regulations exist, enforcement is still a problem. This is
the case most of the time, informal e-waste handing facilities, which cater to a substantial amount of e-waste, are
the ones who remain out of the regulatory frameworks. Another problem of this sector is its wide non-
compliance which is, in turn, due to inadequate enforcement mechanisms and resources. For instance, in the case
of many developing countries, the enforcement agencies do not have the manpower and the technological tools
to have a good monitoring and control system for proper waste management. Furthermore, the entrenchment of
both corruption and lack of political will interfacing with regulatory efforts can allow for the persistence of
illegal activities.

Gaps in Controlling Informal Recycling, where Identifying and closing certain gaps still to some extent let
informal recycling practices slip away. The absence of connection of informal recyclers to the formal waste
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management system definitely appears to be the main gap. The street-wise recyclers are frequently only
recognized by the law and have no access to formal recycling methods, which means that they function in unsafe
conditions. Moreover, the approaches provided for policy should cover not only the disposal of end-of-life
electronic products but also the successive stages of design, production, and consumption. Current regulations
are presently not really stringent here, as sometimes they do not reward the firms that design more easily
recyclable products or take responsibility for their waste management.

Attempting to solve these gaps must incorporate enhanced surveillance of regulations that are currently in place,
the initiation of new initiatives that enhance sustainable product design and support responsible consumption,
and inclusion of the informal recyclers in the formal sector. Educating them, giving them easy access to
technology, and better jobs are the ways to make these informal recyclers become more suitable to the
environment and health codes. This, in turn, will remain e-waste more sustainably.

V. PROPOSED SOLUTIONS & RECOMMENDATIONS FOR STRENGTHENING THE REGULATIONS

A. Developing Comprehensive Legislation

Governments should formulate detailed regulations on e-waste that consider the whole lifecycle, from
production to disposal of e-waste. Manufacturers, consumers, recyclers, and regulatory bodies must clearly be
defined in such regulation. The laws must be periodically reviewed and updated as technology evolves, and the
nature of e-waste changes. Standard definitions and classifications of e-waste can also help in standardizing the
regulation and making it uniform.

B. EPR Implementation

EPR policies can prove as a tough tool for effective e-waste management as this compels the producer to take
full responsibility of products throughout their life cycle, which includes both take-back and recycling along
with safe disposal. The burden of responsibility put on producers will ultimately keep them concerned about
designing easier-to-recycle products and limiting use of hazardous materials in it. These frameworks can be
enhanced by governments with clear guidelines and realistic but ambitious targets on recycling with a
mechanism in place to monitor and enforce such policies.

C. Mechanism Enhancement for Enforcement

Number of Inspection and Monitoring Increase: The amount of funds provided for regularly inspecting and
continuously monitoring the facilities recycling e-waste must be significant to track the flow of e-waste in real-
time so that no e-waste is dumped and mishandled. Use high-tech techniques such as GPS tracking, blockchain,
and loT can be an added tool that provides transparency and traceability in the e-waste management process. b.
Penalties and Incentives: Strict penalties for non-compliance to e-waste regulations, such as high fines and
sanctions, should be imposed. On the other hand, offer incentives through tax breaks, subsidies, or grants for
companies for their compliance with the regulations and investing in sustainable practices in e-waste
management.

Financial incentives: Financial incentives can be bestowed upon consumers and producers for the adoption of
environmentally sound technologies and practices. c. Enhance Training and Certification: Have proper training
schemes and certify employees who are engaged in recycling e-wastes. Certified Training ensures that workers
are exposed to safe handling procedures and will understand the impacts of the wastes on the environment.

D. Supporting Safer Practices

Technical Research to enhance safer and more efficient recycling of e-waste. Government support for research in
the area of safer and more efficient e-waste recycling methods can be undertaken. Private-public partnerships
should be promoted, and research collaborations should be fostered between academies and the private sector for
the development and validation of new technologies. Innovations in material recovery technologies, waste
treatment, and recycling processes are all projected to significantly decrease the adverse environmental and
health impacts of e-waste. Facilitation of Transition of informal recyclers to Formal Sector Support informal
recyclers in getting into formal sector, like providing financing, access to proper facilities and safe recycling
practices. In such a manner, formalization of the informal sector will bring an improvement in the result from the
point of view of both safety of workers as well as environmental outcome. Micro-financing programs and
cooperatives will help informal recyclers scale up their operations and achieve regulatory standards. Organize
public campaigns aimed at instilling consumer awareness on the demand for proper e-waste disposal and the
risks involved in informal recycling. Foster responsible consumption by rewarding consumers who recycle old
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electronics through certified facilities or manufacturer take-back schemes. Educational programs will provide
consumers with the following information on the need for reducing, reusing, and recycling electronic devices.

D. International Cooperation

Governments should take an active role and strengthen international agreements and conventions on e-waste,
such as the Basel Convention, which regulates trans-boundary movement of e-waste and ensured hazardous
waste was managed responsibly. International co-operation can also facilitate international exchange of best
practices, technologies, and experiences in effective e-waste management. Sharing Best Practices and Providing
incentives for international cooperation to share best practices, technologies, and regulatory frameworks on e-
waste management. Advanced countries that have a sound system of e-waste management can assist the
developing countries in informal recycling practices through technical assistance and support. Knowledge
sharing and capacity building can augment global efforts in solving problems surrounding e-waste. Capacity
building towards effective e-waste management in developing countries. Capacity building can include
financing, training, and technology transfer on improved safe recycling practice to strengthen the capacities of
these enforcement agencies. Local authorities and communities can be capacitated to establish sustainable
solutions responsive to particular needs and context.

V1. CONCLUSIONS

The informal recycling of e-waste presents serious health and environmental risks. The primary dangerous
substances that exist in e-waste include lead, mercury, cadmium, and brominated flame retardants. Through
means such as inhalation, ingestion, and contact with skin, these toxic substances find entry pathways into the
human body and cause serious damage to health, for example through problems of respiration or neurological
damage, cancer risks, or damage to reproductive health. Case studies from Guiyu, China, and Agbogbloshie,
Ghana, reveal the dark implications for local communities: nearly toxic-levels of materials within the
environment and widespread health problems among residents. Informal recycling practices emit toxic chemicals
to the atmosphere, seriously degrading local air quality. The leakage into the soil and water leads to water
resource contamination, presenting long-term serious threats to ecosystems and human health. These pollutants
therefore accumulate and bio-magnify in both biota and ecosystems, destabilizing food chains and disrupting the
balance of nature. In addition, greenhouse gases produced by burning e-waste increase global environmental
challenges.
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