) Asian Journal of Pharmaceutical Education and Research
B Vol -14, Issue-1, January- March 2025

e ISSN:2278-7496

[ REVIEW ARTICLE Impact Factor: 7.014 ]

E-WASTE MANAGEMENT: ADDRESSING THE GROWING CHALLENGES
OF ELECTRONIC WASTE

Jyoti Rathore'*, Keshaw Kumar Kaushik?

1Government E.V Post Graduate College, Korba (C.G)
2Swa.pyare Lal Govt. College Bhaisma, Korba (C.G)

*Corresponding Author’s E mail: joychemistryjrc@gmail.com
Received 22 Dec. 2024; Revised 08 Jan. 2025; Accepted 10 Jan. 2025, Available online 15 Jan. 2025

r Growing Challenges of Electronic Waste. AS|an Journal of Pharmaceutlcal Education
and Research. 2025; 14(1):16-22.

https://dx.doi.org/10.38164/AJPER/14.1.2025.16-22

ABSTRACT

Electronic waste (e-waste) has emerged as a critical global challenge due to the rapid proliferation of
electronic devices, short product lifecycles, and improper disposal practices. This review article explores
the current state of e-waste management, highlighting key environmental and health concerns,
technological advancements in recycling, and policy frameworks aimed at mitigating the issue. Emphasis
is placed on sustainable solutions such as circular economy models, advanced material recovery
techniques, and public awareness initiatives. By examining case studies and global best practices, this
article provides actionable insights for achieving effective e-waste management.
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INTRODUCTION

The digital age has significantly accelerated the production and consumption of electronic devices,
leading to a surge in electronic waste, or e-waste. Defined as discarded electrical or electronic devices,
e-waste includes a broad range of products such as smartphones, laptops, televisions, and industrial
equipment. According to recent reports, global e-waste generation reached approximately 53.6 million
metric tons in 2019 and is projected to exceed 74 million metric tons by 20302, E-waste contains
valuable materials like gold, silver, and copper, as well as hazardous substances such as lead, cadmium,
and mercury. While the economic value of recoverable materials is substantial, improper handling of e-
waste poses severe environmental and health risks. This review delves into the challenges of e-waste

management, innovative solutions, and the role of stakeholders in addressing this issue **.
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Table 1: Technological innovations in e-waste management >0

Category Technological Innovations Benefits Examples
Recycling Advanced robotic sorting Enhanced efficiency and Robotic arms sorting metals,
Technology systems accuracy in material plastics, and  reusable

separation components
Automated shredding and Quick processing of large Machines separating metals
separation equipment volumes of e-waste and plastics based on density
and size
Data Al-powered waste tracking Improved accountability and Software monitoring e-
Management systems transparency waste from collection to
recycling
Blockchain-based e-waste Secure and tamper-proof Decentralized databases
tracking records of e-waste processing tracking every step of e-
waste management
Collection Drones for e-waste collection ~ Access to difficult-to-reach Drones gathering e-waste
Systems areas and remote locations from urban or rural locations
loT-enabled bins Real-time monitoring of bin Smart bins alerting
fill levels collection services when full
Energy Pyrolysis and gasification of Generation of energy from Conversion of e-waste into
Recovery electronic waste non-recyclable e-waste fuel and electricity
Plasma arc technology Environmentally friendly Using plasma torches for
recovery of valuable metals  high-precision material
recovery
Material Bioleaching using Eco-friendly extraction of Recovery of gold, copper,
Recovery microorganisms precious metals and palladium using bacteria
Hydrometallurgical processes  Reduced environmental Use of solvents for metal
impact compared to recovery
traditional smelting
Recycling Online platforms for e-waste Incentivizes e-waste Marketplaces  connecting
Marketplaces trading recycling and promotes reuse  consumers and recyclers
Design Modular electronic designs Easier repair and recycling Modular smartphones,
Innovations laptops

Use of biodegradable and eco-
friendly materials in
electronics

Reduces environmental
impact of disposed devices

Devices with compostable
components

Composition of E-Waste(11-14)

E-waste comprises:

« Metals: Precious metals (e.g., gold, silver), base metals (e.g., copper, aluminum), and hazardous metals

(e.g., lead, cadmium).
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« Plastics: Used for insulation and casing, contributing to non-biodegradable waste.
o Glass: Found in CRT monitors and screens, often containing lead oxide.

« Other Components: Batteries, circuit boards, and flame retardants.

Computer Equipment

Copiers
Personal
Electronic
Devices
Televisions
Monitors and
Laptops

Audio / Video

Equipment % Cell Phones

Figure 1: Types of e-waste
Environmental and Health Impacts(15-19)
Environmental Impacts:

« Soil Contamination: Hazardous substances like lead, mercury, and cadmium leach into the soil,
disrupting microbial activity and reducing fertility. Contaminated soil can lead to bioaccumulation
of toxins in plants and animals, affecting entire ecosystems.

o Water Pollution: Improper disposal methods such as open dumping can result in toxic chemicals
leaching into groundwater and surface water bodies. Contaminants like brominated flame
retardants (BFRs) and heavy metals pose severe threats to aquatic life and water quality.

« Air Pollution: Informal recycling practices, including open burning of wires and plastic casings to
extract metals, release harmful gases such as dioxins and furans. These are persistent organic

pollutants that contribute to air quality degradation and climate change.
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Loss of Resources: Valuable materials like gold, silver, and rare earth elements are often lost due

to inefficient recycling or landfilling, exacerbating resource scarcity.

Health Impacts:

Direct Exposure: Workers in the informal recycling sector are directly exposed to hazardous
substances. For instance, handling mercury in lighting devices can cause neurological and kidney
damage, while cadmium exposure can lead to lung and bone diseases.

Chronic Diseases: Prolonged exposure to lead and other heavy metals can result in irreversible
health effects, including cognitive impairments, cardiovascular diseases, and reproductive issues.
Child Health Risks: In areas where informal recycling is prevalent, children are particularly
vulnerable to toxic exposures. Studies have linked e-waste exposure to developmental delays, lower
IQ, and increased risk of chronic illnesses in children.

Secondary Exposure: Communities living near e-waste dumping or recycling sites are at risk of
secondary exposure through contaminated air, water, and soil, leading to widespread health
problems.

Current E-Waste Management Practices (20-23)

Informal Recycling: Informal recycling is prevalent in developing countries due to lower costs and lack

of regulatory enforcement. This practice involves:

Crude Methods: Techniques such as acid baths, manual dismantling, and open burning are
commonly used to extract valuable materials.

Environmental and Health Risks: These methods release toxic fumes and pollutants,
contaminating the environment and endangering workers' health.

Economic Drivers: Informal recycling thrives due to the high demand for recovered metals and

minimal investment in infrastructure.

Formal Recycling: Formal recycling involves organized facilities equipped with advanced technologies

for material recovery. Key aspects include:

O

O

Advanced Techniques:
Mechanical Shredding: Breaks down e-waste into smaller fragments for sorting.

Pyrometallurgy: Uses high temperatures to extract metals.
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Hydrometallurgy: Employs chemical solutions for metal recovery.

Environmental Benefits: Proper facilities ensure minimal emissions and safe disposal of
hazardous substances.

Material Efficiency: Higher recovery rates of precious metals and other materials compared to

informal methods.

Landfilling and Incineration: These methods are often used when recycling is not viable, though they

have significant drawbacks:

Landfilling:

Hazardous substances leach into soil and groundwater, causing long-term environmental damage.
Loss of valuable materials that could be recovered.

Incineration:

Releases harmful gases, including dioxins and furans, contributing to air pollution.

Reduces waste volume but does not recover valuable resources.

CONCLUSION

Effective e-waste management requires a multi-faceted approach involving technological innovation,

robust policy frameworks, and active participation from stakeholders. Transitioning toward a circular

economy, investing in green technologies, and fostering global collaboration are essential for mitigating

the growing challenges of e-waste. By addressing these aspects, we can pave the way for a sustainable

and environmentally responsible future.
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