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ABSTRACT 

In a world of technological advancement and countless gadgets, the quest to acquire the latest models is 
overwhelming: a slimmer desktop, new music system, televisions and so on. However the downside of the constant 
quest for better gadgetry is the rapidly piling hazardous wastes in our landfills. Discarded electronics are generated 
when users or owners of the products decide that they no longer want them. E-waste encompasses ever growing 
range of obsolete electronic devices such as computers, servers, main frames, monitors, TVs and monitor devices, 
telecommunication devices such as cell phones and pagers, calculators, audio and video devices, printers, scanners, 
copiers and fax machines besides refrigerators, air conditioners, washing machines and microwave ovens, E-waste 
also covers recording devices such as DVDs, CDs, floppies, tapes, printing cartridges, military electronic waste, 
automobile catalytic converters, electronic components such as chips, processors, mother boards, printed circuit 
boards, industrial electronics such as sensors, alarms, sirens, security devices, automobile electronic devices. In this 
manuscript impact of E-waste on health and environment, and various management strategies have been delineated.   
Keywords: CFCs; PCBs; Heavy metals; BFRs; Health hazards; Environmental impacts; Renewable materials; Material 
management; Groundwater 
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INTRODUCTION 
There was a time when people wrote letters and waited expectantly for the postman to bring in some 
news of relatives settled far away. But today at the click of a mouse one can send letters and talk to 
relatives and friends overseas. At the click of a button we can send messages. What’s more/ we can own 
communication and music devices with us wherever we go.  During the past few decades, there have been 
radical changes in human lifestyle. Electronic goods and gadgets have become essential components of 
urban households and are now increasingly making their way into rural areas as well. LCD, TVs, desktop 
computers and laptops, fancy cell phones, i-pods, digital cameras and fax-photocopy machines have 
become widely prevalent. 
Thanks to a marketing blitzkrieg by manufacturers and our own fetish for processing the newest model of 
electronic gadgetry, companies are all happy keep their assembly lines running. But do we ever sit down 
to think about the fate of these gadgets at the end of their useful life? These electronic goods turn into a 
neglected obsolete heap of hazardous elements. The problem has today taken on mammoth proportions 
in India too. Waste management, which already a neglected area in India, is becoming more complicated 
with the invasion of electronic waste.    
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Burgeoning burden: E-waste is considered dangerous as certain components of electronic products are 
hazardous. E-waste is of major concern due to several significant issues, including the increasing rate and 
volume of materials disposed to landfills, the toxicity of some of the materials present in this type of 
waste product, the variability in regulatory control on disposal methods, and relatively common practice 
of transferring E-waste components offshore to recycling facilities that may lack adequate quality control, 
environmental protection and safety standards. The volume of E-waste is increasing with the growth of 
electronics industry and where fashion and technological obsolescence have increased the new purchases 
and upgrading of existing products are usually avoided. This has led to landfills over choked with 
discarded products. E-waste for short – or Waste Electrical and Electronic Equipment (WEEE) – is the 
term used to describe old, end-of-life or discarded appliances using electricity. It includes computers, 
consumer electronics, fridges, etc. which have been disposed of by their original users. While there is no 
generally accepted definition of E-waste, often it is associated with relatively expensive and essentially 
durable products used for data processing, telecommunications or entertainment in private households 
and businesses.  

 
“E-waste” is used as a generic term embracing all types of waste containing electrically powered 
components. E-waste contains both valuable as well as harmful materials which require special handling 
and recycling methods. Wastes are hazardous wastes when they exhibit one or more of the following 
characteristic: toxicity, ignitibility, corrosivity or reactivity. The main concerns when electronic wastes 
are worn-out or discarded are the hazardous materials that they contain-CFCc 
(chlorofluorohydrocarbons), PCBs (polychlorinated biphenyls), lead (Pb), mercury (Hg), tin (Sn), 
cadmium (Cd), hexavalent chromium (Cr)VI in circuits boards, plastics, brominated flame retardants 
(BFRs) and the volume or space in landfill that they will occupy.  

Realizing the intensity of WEEE many developed countries have 
banned the disposal of E-waste in landfills. The use of electronic 
devices has increased rapidly in recent decades and the disposal 
of electronic devices such as PCs, cell phones, TVs, and other 
entertainment devices such as music centres and computer 
games have become a major problem around the world. Every 
year around 20 to 50 million tonnes of electronic waste are 
generated worldwide, bringing significant risks to human health 
and the environment. It is estimated that more than 500 million 
computers will become obsolete in the US alone between 1997 

and 2007. 
 This is growing at a rapid rate because the global computer 
market is far from saturation and the average lifespan of a PC 
is decreasing rapidly – 4-6 years in 1997 to only 2 years in 
2005. Composition of WEEE,  is very diverse and differs in 
products across different categories. It contains more than 
1000 different substances, which fall under “hazardous” and 
“non-hazardous” categories. Iron and steel constitutes about 
50% of the WEEE followed by plastics (21%), non ferrous 
metals (13%) and other constituents. Non-ferrous metals 
consist of like copper, aluminium, and precious metals e.g. 
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silver (Ag), gold (Au), platinum (Pt), palladium (Pd), etc. The presence of elements like lead (Pb), mercury 
(Hg), arsenic (As), cadmium (Cd), selenium (Se), and hexavalent chromium (Cr)VI, halogenated 
substances (e.g. CFCs), polychlorinated biphenyls, plastic and circuit boards that contain brominated  
flame retardants (BFRs)  beyond threshold quantities in WEEE/E- waste classifies them as hazardous 
waste. BFR can give rise to dioxins and furans during incineration.  
Even as India is trying to devise environmental friendly ways to dispose garbage, the specter of 
Electronical-waste (E-waste) destroying the balance of the nation’s ecological health has already started 
looming over. More worrying is the absence of a regulatory framework to dispose or recycle e-waste 
further compounded by a lack of general awareness.   
According to a report named “E-waste in India” by Rajya Sabha Secretariat, E-waste from old computers 
would jump by 400 per cent on 2007 levels in China and by 500 per cent in India by 2020. In addition, E-
waste from discarded mobile phones would be about seven times higher than 2007 levels and, in India, 
18 times higher by 2020. Such predictions highlight the urgent need to address the problem of E-waste in 
developing countries like India where the collection and management of E-waste and the recycling 
process is yet to be properly regulated. The Rajya Sabha Secretariat has culled this data from a report 
called “E-waste a growing problem for China and India” by Computing, a UK based business technology 
publication.  
Rapid technological advancement and ever increasing 
obsolescence rate of consumer electronics and electrical items 
has undoubtedly created the precarious situation. Our failure to 
devise unhazardous ways of waste disposal was grimly 
highlighted during the Mayapuri radiation leak case in early 
2010. The incident where a person lost his life due to exposure to 
Cobalt-60 at Mayapuri scrapyard in West Delhi should have 
ideally served as a wake-up call for our authorities towards the 
unmonitored mounting quantity of hazardous waste including E-
waste. More importantly, it exposed systemic gaps on the issue.  
Revealing the darker side of technological advancements, 
Professor S C Rajora from the University of Kota, Rajasthan says, 
“spectacular developments in modern times have undoubtedly 
enhanced the quality of our lives. At the same time, these have 
led to manifold problems including the problem of massive 
amount of hazardous waste and other wastes generated from 
electric products. These hazardous and other wastes pose a great 
threat to the human health and environment.” 
Another survey conducted by the Central Pollution Control 
Board (CPCB) estimated that 1.47 lakh million tones per annum 
of E-waste was generated in the country during 2005. CPCB also 
revealed that MS, TN, AP, UP, WB, Delhi, Karnataka, Gujarat, MP 
and Punjab are among the top ten states generating about 70 per 
cent of the total E-waste. 
 
HEALTH IMPACTS  
Invariably WEEE is dumped in developing countries the 
technology adopted to recycle the waste is crude and done 
manually by the backyard recycling centres and informal sector. 
Heavy metals like lead, mercury, can cause damage to the central 
and peripheral nervous system. Lead in particular has serious 
effects on brain development in children. It damages the 
circulatory system, kidneys and reproductive system. Mercury can 
damage the kidney and exposure to pregnant mothers could 
possibly affect foetal development. When in contact with water, it 
converts into the more lethal methylmercury, would become a 
part of food chain. Exposure to beryllium (Be), barium (Ba), and 
BFRs can cause serious health complications. Effects of E-waste 
constituents on health are depicted in Table 1. 
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Table 1: Sources of E waste, constituents and health effects 
Sources of E-waste Constituents Health Effects 

Solder in printed circuit boards, 
glass panels ad gasket in 
computer monitor 

 
Lead (Pb) 

 

Damage to central and peripheral 
nervous systems, circulatory 
systems and kidney damage. 
Affects brain development of 
children 

Chip resistors and 
semiconductors 

 
Cadmium (Cd) 

Accumulates in kidney and liver, 
causes neural damage, 
Teratogenic 

Relays and switches, printed 
circuit boards 

 
Mercury (Hg) 

Chronic damage to brain, 
Respiraratory and skin disorders 
due to bioaccumulation in fishes 

Corrosion protection of 
untreated and galvanized steel 
plates, decorator or hardener for 
steel housings 

 
Hexavalent chromium (Cr) VI 

Asthmatic bronchitis, DNA 
damage 

Cabling and computer housing  
    Plastic including PVC 

Burning produces dioxin, Causes 
reproductive problems, Damage 
Immune system, Interfere with 
regulatory hormones  

Plastic housing of electronic 
equipments and circuit boards 

 
               BFRs 

Disrupts endocrine system 
functions 

Front panel of CRTs  
          Barium (Ba) 

Short term exposure causes 
muscular weakness, Damage to 
heart, liver and spleen 

Mother board          
 
         Beryllium (Be) 

Lung cancer, Inhalation of fumes 
causes chronic beryllium disease 
(berylliocosis), Skin disease such 
as warts 

Source: (www.basel.int/) 
 
IMPACT OF E-WASTE ON THE ENVIRONMENT 
Environmental hazard caused by electronic waste is not much talked about. There is no exlusive study 
done in India to understand the effect of e-waste generated in Indian cities lands up in garbage bins and 
eventually in landfill sites, without any segregation mechanism. In the landfill sites, non-biodegradable e-
waste remains untreated for a long time. It becomes a source of contaminated leachate, which pollutes the 
groundwater and may also contaminate drinking water supply. Acids and sludge obtained from melting 
computer chips cause acidification of the soil. The pollutant being non degradable and toxic, may enter 
the biological food chain by absorption from plants roots via soil and groundwater contamination. 
Bioaccumulation of heavy metals and other organic pollutants is a grave threat to life of higher animals 
and also humans.  
 Incineration of E-waste can emit toxic fumes and gases, thereby polluting the surrounding air mainly 

in developing and developed countries, where large consignments of E-waste in the form of second 
hand computers are being imported to reduce the digital divide. Developed countries are exporting 
hazardous waste to developing countries in Asia and Africa where there are no stringent 
environmental and safety regulations. 

 Computer wastes that are land filled would leachate   and eventually pollute the groundwater. Acids 
and sludge obtained from melting computer chips, if disposed on the ground causes acidification of 
soil. 

 For example, Guiyu, Hong Kong a thriving area of illegal E-waste recycling is facing acute water 
shortages due to contamination of water resources. This is due to the disposal of recycling wastes 
such as acids, sludge, etc. in rivers. Now water is being transported from faraway towns to cater to 
the demands of the population. 

 Improperly monitored landfills can cause environmental hazards. Mercury will leach when certain 
electronic devices, such as circuit breakers are destroyed. The same is true for polychlorinated 
biphenyls (PCBs) from condensers. When BFR plastic or cadmium containing plastics are land filled, 
both polybrominated diphenyl ethers (PBDE) and cadmium may leach into the soil and groundwater. 
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Not only does the leaching of mercury poses specific problems, 
the vaporization of metallic mercury and diethylene mercury, 
both part of WEEE is also of concern. 

 In addition, uncontrolled fires may arise at landfills and this 
could be a frequent occurrence in many countries. When 
exposed to fire, metal and other substances, extremely toxic 
dioxins and furans can be emitted. 

   The most dangerous form of burning E-waste is the open-air 
burning of plastics in order to recover copper and the other 
metals. The toxic fall-out from the open air burning affects the 
local environment and broader global air currents, depositing 
highly toxic byproducts in many places throughout the world.  

 
ENVIRONMENTAL IMPACTS  
According to Basal Action Network (BAN), ‘Exporting Harm’ – containers of E-waste (computers) arrive 
from USA every month. It was found that 75% of the imports were junk. All these obsolete computers 
were either burned or discarded with no environmental safeguards, resulting in release of cancer causing 
chemicals and substances which were harmful for the hormonal and immune system. E-waste recycling 
and disposal operations found in India, China ad African countries are extremely polluting due to open 
burning, toxic solders. Ensure that the transboundary movement o hazardous wastes and other wastes is 
reduced to the minimum consistent with the environmentally sound and efficient management of such 
wastes, and is conducted in a manner which will protect human health and the environment against the 
adverse effects which may result from such movement; Do not allow the export of hazardous wastes or 
other wastes to a State or group of State belonging to an economic and/or political integration 
organization that are Parties, particularly developing countries, which have prohibited by their legislation 
all imports, or if it has reason to believe that the wastes in question will not be managed in an 
environmentally sound manner, according to criteria to be decided on 
by the Parties at their first meeting.    
The Basal Convention has established a control system for 
transboundary movements of hazardous and other wastes, based on 
the principle of prior informed consent of a State of import and state 
of transit before exports of wastes can take place. To this end, the 
Convention has established a notification procedure, functioning 
through the Complement Authorities designated by each. The south 
has emerged as dumping grounds of E-waste whilst the north has 

been enforcing stringent laws to 
tackle the problem.  
 
BASEL CONVENTION 
In view of the ill-effects of 
hazardous wastes to both 
environment and health, several 
countries exhorted the need for a 
global agreement to address the 
problems and challenges posed by 
hazardous wastes. Also, in the late 
1980s, a tightening of environmental regulations in industrialized 
countries led to a dramatic rise in the cost of hazardous waste disposal. 

Searching for cheaper ways to get rid of the wastes, “toxic traders” began shipping hazardous waste to 
developing countries. International outrage following these irresponsible activities led to the drafting and 
adoption of strategic plans and regulations at the Basal Convention. The Convention secretariat, in 
Geneva, Switzerland, facilitates and implementation of the Convention and related agreements. It also 
provides assistance and guidelines on legal and technical issues, gathers statistical data, and conducts 
training on the proper management of hazardous waste. 
  The Basal Convention on the Control of Transboundary Movements of Hazardous Wastes and their 
Disposal is the most comprehensive global environmental agreement on hazardous and other wastes. The 
Convention has 170 Parties and aims to protect human health and the environment against the adverse 
effects resulting from the generation, management, transboundary movements and disposal of hazardous 
and other wastes. The Basal Convention came into force in 1992. The Draft requires action at all levels of 
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society; training, information, communication, methodological tools, capacity building with financial 
support, transfer of know-how, knowledge and sound, proven cleaner technologies and processes to 
assist in the effective involvement and coordination by all concerned stakeholders as essential for 
achieving the aims of the Basal Declaration within the approach of common but differentiated 
responsibility.  
The Basal Convention brought about a respite to the transboundary movement of hazardous waste. India 
and other countries have ratified the Convention. However, US is not a party to the ban and is responsible 
for disposing hazardous waste, mainly, E-waste to Asian countries even today. Developed countries such 
as US should enforce stricter legislations in their own country for the prevention of this horrifying act. In 
the European Union where the annual quantity of E-waste is likely to double in the next 10 years, the 
European Parliament recently passed legislation that will require manufactures to take back their 
electronic products when consumers discard them. This is called Extended Producer Responsibility. It 
also mandates a timetable for phasing out most toxic substances in electronic products. Even with rules 
and convention the south has emerged as dumping grounds of E-waste whilst the Norths have been 
enforcing stringent laws to tackle the problem.   

 

 
INDIA’S E-WASTE: In India’s output of e-waste has jumped by 8x in the past seven years and the open yet 
illegal incineration of massive quantities of such trash may lead to serious public health hazards. 
According to the latest annual report of the Union Ministry of Environment and Forest (UMoEF), by the 
end of 2012, India would have generated a whopping eight lakh tons of e-waste – up 8x in the past seven 
years. Environmentalists point out than an additional 50,000 tonnes is imported from developed 
countries despite a ban. “The burning of e-waste can give rise to dioxins and furans during incineration. 
Arsenic and asbestos may act as a catalyst to increase the formation of dioxins, which is carcinogenic in 
nature,” the report states. 

 
 

E-waste includes household electronic appliances, toys, electrical and electronic tools, cell phones, 
monitoring and control instruments, automatic dispensers, IT and telecom equipments and consumer 
items. Mumbai tops the list of ten most e-waste generating cities, followed by Delhi, Bangalore, Chennai, 
Kolkata, Ahmedabad, Hyderabad, Pune, Surat and Nagpur. A state-wise break up shows that of the total e-
waste generated in the country, 70% comes from 10 states – Maharashtra, Tamil Nadu, Andhra Pradesh, 
Uttar Pradesh, Gujarat, West Bengal, Delhi, Karnataka, MP and Punjab. “E-waste contains minerals that 
are both toxic and valuable to the industry. Heavy metals like lead, nickel, mercury, cadmium, chromium, 
other toxicants viz. brominated flame retardant (BFR), metalloid arsenic are harmful to the environment 
and pose grave health hazards,“ the MoEF report stated.Last year, the ministry notified the e-waste 
(Management and Handling) Rules, 2011, making producers “responsible for environmentally sound 
management of the end-of-life products, including collection and recycling of the products”.  
 
 
 
 

Maheshwari et al 
 



 

RJCES Volume 1 [2] June 2013 www.aelsindia.com 9 | P a g e  

E – WASTE FOCUS 
 Improvement in product, product design and methodology to achieve easy-to-recycle goods. 
 Regular eco-toxicological monitoring of hazardous chemicals.  
 Extending producers’ responsibility to the post-consumer stage of the product’s life cycle and also its 

disposal.  
 Polluters pay principles. 
 Industries must enlist all chemicals in the product information and possible health hazards. 
 Maintenance of national level inventory for e-waste. 
 Development of national policy on e-waste and its strict implementation. 
 Strict measures on illegal import of e-waste. 
 Capacity building, training and awareness programme.  
 Setting up of government regulatory agencies. 
 Encouragement and support to research in hazardous waste management and NGOs working in this field. 
 Phasing out uncontrolled dumping of hazardous waste and promotion of waste segregation at individual 

level.  
 
MANAGEMENT OF E-WASTE 
It is estimated that 75% of the electronic items are stored due to uncertainty of how to manage it. These 
electronic junks lie unattended in houses, offices, warehouses, etc. and normally mixed with   household 
wastes, which are finally disposed off at landfills. This necessitates implementable management 
measures. In industries management of E-waste should begin at the point of generation. This can be done 
by waste minimization techniques and by sustainable product design. Waste minimization in industries 
involves adopting, inventory management, production process modification, volume reduction, recovery 
and reuse. 
HANDLING OF E-WASTE IN INDIA: Currently, in India, e-waste processing is being handled in two ways: 
formal and informal recycling. According to a recent study, the Indian recycling industry recycles 19,000 
million tons e-waste every year. Of which, 95 per cent e-waste is recycled in the formal sector and 
remaining goes for formal recycling. There is a very well-networked informal sector in the country 
involving key players like vendors, scrap dealers, dismantlers and recyclers. However, the disposal and 
recycling of computer specific e-waste in the informal sector are very rudimentary. The process followed 
by these recyclers is product reuse, refurbish, conventional disposal in landfills, open burning and 
backyard recycling. Of late, formal recycling is being pursued in a big way. Some initiatives have been 
taken to dismantle and dispose electronic items in the most environmentally sound manner; they also 
comply with occupational health and safety norms of the workers. Some major e-waste recycling 
companies are Trishiraya (Chennai), Infotrek (Mumbai0 and E-parisaraa (Bangalore). Sony has been on 
the recycling bandwagon way before the recycling rules came in to effect. 
But, as already mentioned, this is the story of just 5 per cent of the e-waste generated in India; the 
remaining 95 per cent is sold to scrap dealers in underground/ informal recycling markets of Delhi viz. 
Seelampur, Mayapuri, Shastri Park, and Meerut, Noida, etc. According to the recent report of Toxic Link 
(2012), a leading environmental NGO, about 1 ton of e-waste is daily passed through the hands of about 
300 dismantling units alone of Seelampur in Delhi. There are 25000 recyclers working in Delhi National 
Capital region (NCR) only. Similar trends are observed in Ferozabad, Mumbai, Bangalore, Chennai, and 
Pune. Labourers working in informal recycling units, especially children, get exposed to hazardous 
chemicals that pose serious health risk. Environmentally sound recycling of e-waste requires 
sophisticated technology and processes that are not only very expensive, but also need specific skills and 
training for the operation. Whereas, in the informal sector, workers are poorly protected. Presently, 
around 23 recycling facilities in various levels of infancy have come up  
 
Inventory management 
Proper control over the materials used in the manufacturing process is an important way to reduce waste 
generation (Freeman, 1989), by reducing both the quantity of hazardous materials used in the process 
and the amount of excess raw materials in stock, the quantity of waste generated can be reduced. This can 
be done in two ways i.e. establishing material-purchase review and control procedures and inventory 
tracking system. Developing review procedures for all material purchased is the first step in establishing 
an inventory management program. Procedures should require that all material be approved prior to 
purchase. In the approval process all production materials are evaluated to examine if they contain 
hazardous constituents and whether alternative non-hazardous material are available. Another inventory 
management procedure for waste reduction is to ensure that only the required quantity of a material is 
ordered. This will need the establishment of a strict inventory tracking system. Purchase procedures must 
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be implemented which ensure that materials are ordered only on an as-needed basis and that only the 
amount needed for a specific period of time is ordered. 
Production-process modification 
Changes can be made in the production process, which will reduce waste generation. this reduction can 
be accomplished by the changing the materials used to make the product or by the more efficient use of 
input materials in the production process or both. Potential waste minimization techniques can be broken 
down into three categories: 
 Improved operating and maintenance procedures, 
 Material change and 
 Process-equipment modification 
Improvements in the operation and maintenance of process equipment can result in significant waste 
reduction. This can be accomplished by reviewing current operational procedures or lack of procedures 
and examination of the production process for ways to improve its efficiency. Instituting standard 
operation procedures can optimize the use of raw materials in the production process and reduce the 
potential for materials to be lost through leaks and spills. A strict maintenance program, which stresses 
corrective maintenance, can reduce waste generation caused by equipment failure. An employee-training 
program is a key element of any waste reduction program.  Training should include correct operating and 
handling procedures, proper equipment use, recommended maintenance and inspection schedules, 
correct process control specifications and proper management of waste materials. Hazardous materials 
used in either a product formulation or a production process may be replaced with a less hazardous or 
non-hazardous material. This is a very widely used technique and is applicable to the most manufacturing 
processes. Implementation of this waste reduction technique may require only some minor process 
adjustments or it may require extensive new process equipment.  
Installing more efficient process equipment or modifying existing equipment to take advantage of better 
production techniques can significantly reduce waste generation. New or updated equipment can cause 
process materials more efficiently producing less waste. Additionally such efficiency reduces the number 
of rejected or off-specification products, thereby reducing the amount of materials which has to be 
reworked or disposed of. Modifying the existing process equipment can be a very cost-effective method of 
reducing waste generation. In many cases the modification can just be relatively simple changes in the 
way the materials are handled within the process to ensure that they are not wasted. For example, in 
many electronic manufacturing operation, which involve coating a product, such as electroplating or 
painting, chemicals are used to strip off coating from rejected products so that they can be recoated. 
These chemicals, which can include acids, caustic, cyanides, etc. are often hazardous waste and must be 
properly managed. By reducing the number of parts that have to be reworked, the quantity of the waste 
can be significantly reduced.  

 
Volume reduction 
Volume reduction includes those techniques that remove the hazardous portion of waste from a non-
hazardous portion. These techniques are usually to reduce the volume, and thus the cost of disposing of a 
waste material. The techniques that can be used to reduce waste-stream volume can be divided into 2 
general categories: source segregation and waste concentration. Segregation of wastes is in many cases a 
simple and economical technique for waste reduction. Waste containing different types of metals can be 
treated separately so that the metal value in the sludge can be recovered. Concentration of a waste stream 
may increase the likelihood that the material can be recycled or reused. 
 
Recovery and reuse 
This technique could eliminate waste disposal costs, reduce raw material costs and provide income from 
a saleable waste. Waste can be recovered on-site, or at an off-site recovery facility, or through inter 
industry exchange. A number of physical and chemical techniques are available to reclaim a waste 
material such as reverse osmosis, electrolysis, condensation, electrolytic recovery, filtration, 
centrifugation, etc. for example, a printed circuit board manufacturer can use electrolytic recovery to 
reclaim metals from copper and tin-lead plating bath. However recycling of hazardous products has little 
environmental benefit if it simply moves the hazards into secondary products that eventually have to be 
disposed of. Unless the goal is to redesign the product to use non-hazardous materials, such recycling is a 
false solution. 
 
SUSTAINABLE PRODUCT DESIGN 
Minimization of hazardous wastes should be at product design stage itself keeping in mind the following 
factors: 
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Rethink the product design 
Efforts should be made to design a product with fewer amounts of hazardous materials. For example, the 
efforts to reduce material use are reflected in some new computer designs that are flatter, lighter and 
more integrated. Other companies purpose centralized networks similar to the telephone system. 
Use of renewable material and energy 
Bio-based plastics are plastics made with plant-based chemicals or plant-produced polymers rather than 
petro-chemicals. Bio-based toners, glues and inks are used more frequently. Solar computers also exist 
but they are currently very expensive. 
Use of non-renewable materials that are safer 
Because many of the materials used are non-renewable, designers could ensure the product is built for re-
use, repair and/or upgradability. Some computer manufacturers such as Dell and Gateway lease out their 
products thereby ensuring they get them back to further upgrade and lease out again. 
MANAGEMENT OPTIONS  
Considering the severity of the problem, it is imperative that certain management options be adopted to 
handle the bulk E-wastes. Following are some of the management options suggested for the government, 
industries and the public.  
 SAFE MANAGEMENT OF e-WASTE:  Over the last six years, Saahas has worked closely with several 
partners including the Karnataka State Pollution Control Board, GTZ and EMPA to study various issues 
related to generation of e-Waste as also its flow, recycling and final disposal. In 2006, For this first time 
in India,  Saahas along with other partners including WeP Peripherals and  E-Parisaraa, an authorised e-
Waste recycler,  set up a collection system for frequently generated e-Waste  products like dry cell 
batteries, CDs and floppies. The material collected is sent to E-Parisaraa wherein plastic and metal 
components are retrieved for recycling and the  hazardous content is  stored for disposal in the 
hazardous waste facility which is currently being set up close to Tumkur, near Bangalore. In order for 
the recycling to be viable, these items have to be collected in large volumes. Thus there is a requirement 
for a collection system to be established by reaching out to all users of these products. Saahas has 
around 200 collection receptacles set up in public locations, schools, apartments and corporate offices. 

 

 
Responsibilities of the Government 
 Governments must encourage research into the development and standard of hazardous waste 

management, environmental monitoring and the regulation of hazardous waste-disposal.  
 Governments should enforce strict regulations against dumping E-waste in the country by outsiders. 
 Governments should enforce heavy fines levied on industries, which do not practice waste prevention 

and recovery in the production facilities. 
 Polluter pays principle and extended producer responsibility should be adopted. 
 Government should encourage and support NGOs and other organizations to involve actively in 

solving the nation’s E-waste problems. 
 Uncontrolled dumping is an unsatisfactory method for disposal of hazardous waste and should be 

phased out. 
 Governments should explore opportunities to partner with manufactures and retailers to provide 

recycling services. 
Responsibilities and role of Industries 
Generators of wastes should take responsibility to determine the output characteristics of wastes and if 
hazardous, should provide management options. All personnel involved in handling E-waste in industries 
including those at the policy, management, control and operational levels, should be properly qualified 
and trained. Companies can adopt their own policies while handling E-wastes. Several countries have 
enacted legislations to regulate the volume of wastes generated. Developing cleaner technologies and 
safer recycling methods could be made possible by manufactures/ producers. Leading computer 
companies like Dell has taken responsibility for free recycling of products. Cleaner recycling plants reduce 
the burden of environmental pollution and there could be recovery of valuable metals. Extended producer 
responsibility is an important tool to reconcile environmental protection and economic growth. 
Responsible management of products and processes from an environmental point of view can stimulate 
greater awareness throughout the company, improve corporate creditability and reputation, enhance 
business development opportunities and facilitate dialogue and partnership with key stakeholders. 
Companies can be more environmentally responsible in different ways , including the analyzing of 
potential environmental impacts of production processes and products, restricting an activity whose 
impact on the environment is uncertain, promoting environmentally sound technologies , implementing 
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cleaner production and ensuring transparency and complete communication with stakeholders. Apply 
precautionary approaches in different activities regarding products and processes; 
 Adopt the same operating standards regardless of location. 
 Improve supply-chain management. 
 Facilitates technology improvement and transfer. 
 Contribute to environmental awareness in company locations. 
  Communicate with different stakeholders. 
 Standardize components for easy disassembly. 
 Re-evaluate ‘cheap products’ use, make product cycle ‘cheap’ and so that it has no inherent value that 

would encourage a recycling infrastructure. 
 Create computer components and peripherals of biodegradable materials. 
 Utilize technology sharing particularly for manufacturing and de manufacturing. 
 Encourage / promote / require green procurement for corporate buyers. 
 Manufacturers, distributors and retailers should undertake the responsibility of recycling/ disposal 

of their own products. 
 Manufactures of computer monitors, TV sets and other electronic devices containing hazardous 

materials must be responsible for educating consumers and the general public regarding the 
potential threat to public health and the environment posed by their products. At minimum, all 
computer monitors, TV sets and other electronic devices containing hazardous materials must be 
clearly labelled to identify environmental hazards and proper material management.     

Responsibilities of the Citizen 
Waste prevention is perhaps more preferred to any waste management option including recycling. 
 Donating electronics for reuse extends the lives of valuable products and keeps them out of the waste 

management system for a longer time. 
 Reuse, in addition to being an environmentally preferable alternative, also benefits society. 
  E-waste should never be disposed with garbage and other household wastes. This should be 

segregated at the site and sold donated to various organizations. 
 While buying electronic products consumers should opt for those that are made with fewer toxic 

constituents use recycled content are energy efficient are designed for easy upgrading or disassembly 
utilise minimal packaging offer leasing or take back options have been certified by regulatory 
authorities. For upgrading their computers or other electronic items to the latest versions rather than 
buying new equipment.  

 NGOs should adopt a participatory approach in management of E-waste. 
 
SUSTAINABLE DEVELOPMENT 
The Indian economy has witnessed a significant growth over the last two decades. The Information 
Technology (IT) sector has contributed significantly to this overall economic growth and has been 
responsible for a major shift in the consumption patterns of the Indian middle class, especially for 
consumer durables and household goods.The digital revolution, which commenced in 1980, continues to 
the present day and has transformed the way we live, work and communicate. There are a whole range of 
products, which have become affordable and infiltrated homes and offices. There is also a change also in 
the way these are utilized by consumers, as it is now easier and more convenient to replace than to repair 
these products. The increasing affordability and availability of these products means a gradual 
penetration into smaller towns which are now recording impressive sales of consumer electronics. The 
desktop PC and laptop/notebook sales have shown impressive growth in the smaller cities and towns 
(Rest of India in Fig 1 & 2) in the last five years, accounting to 68% and 75% of the total sales volume in 
2008-09, compared to 45% and 25% in 2003-04. India, with around 500 million mobile users, is now the 
second largest market in the world after China, and in 2008-09 rural India outpaced urban India in mobile 
growth rate. According to data available with the Telecom Regulatory Authority of India, 48 million rural 
consumers took a new mobile connection in the first six months of calendar 2009 compared with just 32 
million in the cities, thus taking the mobile penetration in rural India to around 17%. These figures do 
suggest that the penetration of consumer electronics like computers and mobile has deepened in the 
country but there is still very large untapped market potential for these products. With the absolute 
penetration of these equipments still being very low, the coming years will see further increase in sales as 
new markets are explored and accessed. 
Mounting quantities of E-waste 
The unprecedented growth of the consumer electronics market is revolutionary, as it has brought 
knowledge and information at every one's doorstep. The electronics manufacturing industry, one of the 
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largest and fastest growing in the world is also one of the most innovative, constantly creating and 
utilizing new technologies and thereby inbuilt product obsolescence. The result is that an ever increasing 
quantity of electronics and electrical appliances being discarded, as it is often cheaper to buy new than to 
repair or to upgrade a broken or obsolete product. This has given rise to a new environmental challenge: 
Waste from electrical and electronic equipment or "e-waste." 
E-waste is one of the fastest growing waste streams today and is growing almost three times the rate of 
municipal waste, globally. As per current estimates, the global e-waste market is forecasted to reach 53 
million tonnes by 2012 from 42 million tones in 2008; thus growing at a CAGR of 6 per cent. India with 
population of over 1 billion, a growing economy and increasing consumption is estimated to be 
generating approximately 4,00,000 tones of waste annually (computers, mobile phone and television 
only) and is expected to grow at a much higher rate of 10-15%. The main sources of electrical and 
electronic waste generation in India are government institutions and business houses, accounting for 
around 70% of the total waste, while contribution of individual household is relatively small. But with the 
growth of middle class in the country and increasing disposable income, e-waste generation from 
households is also set to increase. This huge generation of highly toxic waste poses serious concerns as 
India is still struggling to find sustainable solution to this complex issue.  
The illegal waste being dumped from developed countries further aggravates the E-waste situation in the 
country. India happens to be at the receiving end of the international waste and reports suggest that large 
volumes of this toxic waste are brought in illegally into the country. These are primarily being dumped 
into India for profit due to availability of cheap labor and weak environmental laws. Some of the Export 
Promotion Zones are also proving to be lucrative destination/ centers for such waste trade. This illegally 
dumped waste from developed nations adds to the already mounting waste pile from domestic sources. 
The country does not possess appropriate technology, infrastructure or a supporting legal framework to 
manage this waste, thus making it highly unsustainable and unsafe. 
 
Hazards and Concerns 
The problems associated with electronic waste are now being recognized. E-waste is highly complex to 
handle due to its composition. A computer contains highly toxic chemicals like lead, cadmium, mercury, 
beryllium, Brominated Flame Retardants (BFRs), PVC and phosphorus compounds. A television or a 
mobile phone is also loaded with many toxics chemicals. Most of these materials are known to have 
serious human health concerns and requires to be handled with extreme care in order to avoid any 
adverse impacts. This warrants the need for appropriate technology for handling and disposal of these 
chemicals. Though some of these materials are used in small quantities in each computer, the aggregate 
volumes being recycled are significant and will have serious impacts on environment and human health if 
not handled with due safeguards. Many developed countries practice very stringent norms for recycling 
these products to avoid these adversities. 
While India generates this huge volume of waste, almost 90% of the available E-waste continues to be 
recycled in the informal sector, in the by-lanes of cities and towns. Many of the processes are rudimentary 
in nature and can be classified as dangerous and toxic. Some of the processes involve burning or direct 
heating, use of acid baths, mercury amalgamation and other chemical processes to recover materials. 
These result in the release of toxic materials into the environment through emissions or effluents. The 
recycling centers are also slowly and gradually shifting as we witness growth of many such centers in 
smaller towns, thus raising concerns of dispersed contamination. Some of the more toxic and dangerous 
practices are gradually and increasingly moving to smaller towns to avoid scrutiny by the regulators. 
Most workers engaged in these recycling operations are the urban poor and unaware of the hazards 
associated with it. Traditionally the urban poor have engaged with the trade of waste and recycling, one 
of the most polluting and unsafe livelihood opportunities for survival. While traders, who only engage in 
trading such waste make around 10 to 15% profit, the worker earns a meager 150 to 200 rupees per day 
and is exposed to the hazards of the processes. E-waste also contains precious metals and many rare 
materials, which are highly valuable,. The recycling operation especially the process of material recovery 
being rudimentary, results in very low recovery of materials and non-recovery of many rare elements. 
This loss is significant, making the whole process highly inefficient. 
Some of the impacts of the current informal sector recycling are 

 Release of toxins into environment 
 Loss of natural resources due to low recovery of materials 
 Health impact to workers 
 Loss of revenue to state 
 Disproportionate sharing of profits 
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The inadequate capacity for recycling this huge quantity of toxic waste, resulting in loss of natural 
resource and release of toxins into environment, is the real challenge for sustainable production and 
consumption in the country today. These can be only mitigated through a Life-cycle Approach. Lifecycle 
thinking is essential and goes much beyond the traditional focus on production and manufacturing 
processes. 
 
Upstream innovation and solutions 
Application of a Lifecycle approach to environmental management is recognized as the most effective tool 
for sustainable products. A product can be evaluated for each of the stages of its life and can be optimized 
for eco efficiency. The Lifecycle approach and design for environment would permit bridging the 
technological divide between production and recycling. Looking at the complete lifecycle helps in 
reducing waste at every stage of the product, reducing toxics load on the environment and enhancing its 
recycling potential. 
The electronic industry needs to incorporate the principles of Design for Environment (DfE) in attempting 
to address the optimization of mass of the product, energy usage and recycling potential. The essential 
requirement for the disposal to be conceived in tandem at product design stage would ensure its higher 
recycling potential. This also helps bridge the technology gap between manufacturing and disposal, 
improving the recycling potential of the product and hence optimizing resource utilization. DfE also 
addresses the issue of the mass of the products and producers constantly strive to reduce the size while 
enhancing product efficiency. Good examples of such concepts in design are the new generation laptops, 
radios and mobile phones which result in reducing the total material consumed in the production process 
also minimization of waste generation at the end of life of the product. 
Material substitution or use of less toxic materials in the manufacturing process also brings down the 
environmental footprint of the product. The European regulation -ROHS (Restriction On use of Hazardous 
Substances)- is one regulatory instrument which has been an important driver in reducing toxics in 
electronic products. This regulation aims at gradually reducing the use of Mercury, Lead, Cadmium, 
Hexavalent chromium, PBB and PBDE. It is important to learn from the European experience and 
incorporate the principles of ROHS to the Indian context with the objective of reducing the use of toxic 
substances in electronic products. Material substitution with less toxic substances helps in reducing 
environmental load while improving recycling potential, thus also reducing the recycling costs. 
Downstream solutions: 
Downstream solution would essentially attempt to address technological issues of recycling, a frame 
work of responsibility of stakeholders and setting up of a reverse supply chain process. 
 
Extended Producers Responsibility (EPR) 
Extended Producers Responsibility is the most apt, accepted and recognized framework for finding 
solutions to the complex issue of product disposal and pollution prevention. It implies that the 
responsibility of the producer extends beyond the post consumer stage of the product. The producer 
through a series of actions will aim to set up a reverse logistical process for the products and ensure its 
environmentally safe recycling and disposal. Many countries have adopted this framework in their policy 
and regulation to manage E-waste. It will be prudent and appropriate to incorporate EPR framework for 
any regulation on E-waste in India. Both individual and collective responsibility of the producers is viable 
and workable. 
Responsibility of the producer to the end-of-life management brings in more commitment and 
responsibility on part of producers for cleaner materials and production processes. 
 
Reverse Supply Chain 
In the Indian context setting up of a robust and viable reverse supply chain for the E-waste stream is 
currently the biggest challenge. The existing informal sector with very low investment in infrastructure 
and ability for deep penetration provides a skeletal reverse supply chain process in India. The sheer 
expanse and size of the country demands and justifies a well-organized and regulated system to ensure 
that the material flows to the best technology centers for disposal. Closing the loop for the reverse supply 
chain and also shortening its length is of critical importance. 
It is also critical for linkages to be formed between the formal and informal sector in developing the 
reverse supply chain process. The strength of the informal sector with its capacity of deep penetration 
must be upgraded, managed and effectively utilized to build a sound system. Previous experiences do 
suggest that competition between the informal and formal sectors have been responsible for weakening 
the system leading to diversion of materials in two separate channels. Thus it is essential to have an 
inclusive system, which will not only encourage sound recycling technology in the formal recycling 
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facilities but will also take advantage of the existing strengths of the informal recycling sector. Formal 
recycling facilities would only be viable if material supply is assured through an established system of 
reverse supply chain. EPR would ensure material availability for recycling through manufacturers' vast 
networks. 
 
Recycling Infrastructure 
E-waste is gradually being viewed as an important resource due to the presence of some precious and 
rare metals. Many entrepreneurs view this as a lucrative business opportunity and have set up facilities 
with differential capacities to handle this waste. As per current information in last four years more than 
ten recycling facilities in the organized sector have emerged in the country, engaged in dismantling and 
segregation of this complex waste. These recycling facilities have been authorized by the respective 
Pollution Control Boards to undertake specific processes based on their capacities. Availability of 
adequate number of sound recycling infrastructure units across the country will be critically important 
for safe management of E-waste. The country, currently, has only one integrated facility with an annual 
capacity of around 30000 tones of waste. Most units are only engaging in pre-processing of this waste and 
then exporting some of the valuable E-waste abroad for material recovery. 
These recycling facilities are in various stages of infancy and need to grow, evolve and establish best 
practices and standards in order to achieve sustainable E-waste management. The existing recycling 
facilities also suffer from a serious lack of credibility making them less attractive destination in 
channelizing waste from the multi-national corporations. They are currently handling only a small 
fraction of the total waste generated in the country as they compete with the informal sector in accessing 
and treatment of waste. The current situation of low material availability in the formal sector is expected 
to change as these E-waste companies build credible reputation and brand value aided by suitable 
regulation and enhanced public awareness. 
 
Resource recovery 
The production process of electrical and electronic products consume large volumes of materials some of 
them precious and many rare. Excessive mining and consumption of some of these elements leads to 
faster depletion of natural resources, also increasing the environmental burden. Unsustainable 
production consumption processes could seriously impact the reserves, hence the need to recycle these 
materials and plough them back into the supply chain process. Improving the recycling potential of these 
products coupled with technology up-gradation for recycling will enhance the material recovery and also 
result in conservation of energy. 
 
Refurbishment and Reuse 
Another opportunity and tool for waste minimization in India would be reuse and refurbishment. IT 
products are rendered surplus and waste as they become obsolete. These products though obsolete and 
old for a particular consumer base have the potential of being used by another set of consumers. The 
markets for such products have always existed in India in semi-urban settings. These however, are 
quickly seeping into rural areas providing a significant market size for these second-hand products. 
Refurbishment and reuse need to be thought through as a market strategy and implemented with due 
care so that the conflict with trade of new products is minimized while achieving the goal of sustainability 
and waste minimization. 
 
Legal Framework 
Currently E-waste in India is covered under the Hazardous Waste (Management, Handling and 
Transboundary Movement) Rules, 2008. The existing Hazardous Waste Rules was primarily drawn up to 
address issues of waste generated in industrial processes and is inadequate to cover issues specific to E-
waste. The Government, after prolonged deliberation, issued a Guideline for safe management of E-waste 
in the country. The guideline is a voluntary instrument and largely attempts to address the technological 
gap. While the guideline was a welcome step, it did not provide the requisite drivers for changing the 
ground situation. The voluntary nature of the guideline was a limiting factor as it failed to provide a level 
playing field to brands and trigger significant actions. Stakeholders' discussions suggested that a 
mandatory regulation specific to E-waste would be the most desirable way forward. A core group 
comprising of Toxics Link, Green Peace, Manufacturers Association of Information Technology and GTZ 
[The Deutsche Gesellschaft für Technische Zusammenarbeit (German Society for Technical Cooperation)] 
took the lead and drew up draft Rules. These Rules broadly encompass the framework of Extended 
Producer's Responsibility and Restriction on use of Hazardous Substances. The draft Rules have since 
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been submitted to the Ministry of Environment and Forests (MoEF) who have committed to finalizing the 
rules expeditiously. 
 
CONCLUSIONS 
The twentieth century marked the beginning of use of equipments like radio, television and a ground 
breaking discovery - the first computer. Innovation and development in the field of science and 
technology and an open global market resulted in availability of a range of products at affordable prices, 
changing the very lifestyle of societies. New electronic appliances have infiltrated every aspect of our 
daily lives, providing society with more comfort, health and security, with easy and faster information 
acquisition and exchange. The sheer amount of electronic equipment reaching end-of-life poses a growing 
challenge. Increased consumption on account of rapid obsolescence and wide choices have been 
responsible for generation of huge quantities of waste termed as E-waste, both post consumption and in 
the production processes. E-waste mainly comprises waste from electrical and electronic gadgets such as 
computers, mobile phones, television, photocopiers DVD players, washing machines, refrigerators and 
other household consumer durables, many of which contain toxic materials. India, in the last couple of 
decades, has also been vastly influenced by consumerism. Many of the trends in consumption and 
production are unsustainable and pose serious concerns about environmental and human health. Optimal 
use of natural resources, cleaner products, minimization of waste and toxicity and a lifecycle approach are 
some of the issues that need to be addressed while ensuring economic growth and enhancing the quality 
of life. 
The IT industry has been an important driver in the growth of Indian economy and will continue to be a 
very significant player. The Indian economy is expected to be one of the fastest growing economies of the 
world. The sheer size of the market and large consumer base is expected to boost consumption patterns 
and result in generation of huge quantities of waste. While this throws up a serious new challenge it also 
brings in new set of opportunities not only to manage this waste but also for innovation of cleaner and 
more sustainable products. Waste minimization is a cardinal principle to be researched, experimented 
and adopted for sustainability. These are possibilities not only for a solution to local problems, but are 
also applicable to global issues on E-waste. New revenue models in the business of E-waste appear as 
interesting possibilities in the Indian context and could perhaps be used as one of the many working 
solutions. The ideal mix of skilled labor from the informal sector coupled with appropriate technology, 
perhaps can provide solutions for sustainable E-waste practices. 
The urgency for a larger policy and an enabling regulation to manage this waste are important 
instruments, which would provide important drivers for a safe and sustainable E-waste management 
practice. The concept of Extended Producer Responsibility is the most appropriate framework to be 
discussed and slowly practiced. However, the challenge lies in the implementation of this framework and 
the regulatory process. The issues of governance have always been a limiting factor in effective 
implementation of rules and it would be utmost importance to embed necessary drivers for 
accountability, transparency and sustainability into any regulation or policies on waste. 
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