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Abstract – Electronics waste is becoming a major global
issue. Electrical and electronic devices is the fastest-growing
sector of several countries, At the same time, rapid
replacement process of these devices causing serious impact
on the environment as well health .This replacement making
the life of IT and electronicequipmenttoo short and causing
generation of waste. This paper gives an overview of status of
E-waste generation, consequences of E-waste, strategies for
proper handling of E-waste in India, some guidelines for
recycling and reuse to minimize for effective management. In
this paper Focus will be laid on e-waste from IT-equipment
(IT-waste).
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I. INTRODUCTION

E-waste has been one of the fastest growing waste
streams in the world. Industrial revolution followed by the
advances in information technology during the last century
has radically changed people's lifestyle. Although this
development has helped the human race, mismanagement
has led to new problems of contamination and pollution.
The technical prowess acquired during the last century has
posed a new challenge in the management of wastes. For
example, personal computers (PCs) contain certain
components, which are highly toxic, such as chlorinated
and brominated substances, toxic gases, toxic metals,
biologically active materials, acids, plastics and plastic
additives. The hazardous content of these materials pose
an environmental and health threat. Thus proper
management is necessary while disposing or recycling E-
wastes.

India is also facing serious crisis due to growing
generation of e-waste. The main challenge in India is to
create awareness of the environmental, social and
economic aspects of e-waste among the public, consumers,
producers, institutions, policy makers and legislators.

II. E-Waste

In the simplest of terms, Electronic Waste – e-waste for
short – or Waste Electrical and Electronic Equipment
(“WEEE”), includes all types of electronic equipments/
products which have become obsolete or have been
discarded due to:
o Advancement in technology
o Changes in fashion, style, status or perception
o Nearing the end of their useful life

The term ‘e-waste’ is generally understood to refer to
any old, obsolete, end-of-life appliances using electricity
which have been disposed off by their owners. E-waste

thus would include discarded old computers, television
sets, refrigerators, radios, telecommunication equipment,
laboratory equipment, and other handheld gadgets –
basically any electrical or electronic appliance that has
reached its end-of-life.

III. CONTRIBUTORS OF E-WASTE GENERATION

Household Appliances-As E-waste covers ever growing
range of outdated electronic devices such as TVs &
display devices, servers, main frames, refrigerators, air
conditioners, washing Machines.

IT Equipment - Computer waste is the most significant
of all e-waste due to the quantity as well as rate at which it
is generated. The computer hardware sector has displayed
a phenomenal growth in the past few years keeping pace
with the rapid growth in the software sector.

And given the continuous innovations and technological
up gradations that take place in the hardware segment,
obsolescence risk remains a key area of concern for
companies that have made huge investments in their IT
systems.

Telecommunications Equipment - these includes Fax/
telephone, answering machine, modems, pagers,
telephone, mobiles, cable, PCB wastes, military electronic
waste, automobile catalytic converters, electronic
components such as chips, processors, mother boards,
printed circuit boards, engineering electronics such as
sensors, alarms, sirens, safety devices, automobile
electronic goods.

Audio-Visual Equipment - Camera, sound equipment
,television, video players, projector and recorders,
recording devices such as DVDs, CDs, floppies, tapes,
printing cartridges
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IV. E-WASTE GENERATION SCENARIO

The Basel Action Network (BAN) which works for
prevention of globalisation of toxic chemicals has stated in
a report that 50 to 80 per cent of e-waste collected by the
US is exported to India, China, Pakistan, Taiwan and a
number of African countries. This is done be-cause
cheaper labour is available for recycling in these countries.
And in the US, export of e-waste is legal.

(A) International Scenario:
 In USA, it accounts 1% to 3% of the total municipal

waste generation.
 In European Union (EU), e-waste is growing three

times faster than average annual municipal solid waste
generation. A recent source estimates that total amount
of e-waste generation in EU ranges from 5 to 7 million
tonnes per annum or about 14 to 15 kg per capita and is
expected to grow at a rate of 3% to 5% per year.

 In developed countries, currently it equals 1% of total
solid waste generation and is expected to grow to 2%
by 2010.

(B) Indian Scenario:
The growth rate of discarded electronic waste is high in

India since it has emerged as an Information Technology
giant and due to modernization of lifestyle. We are using
electronic products for last 60 years however, there is no
proper disposal system followed in our country that has
lead to enormous amount of e-waste. There is a need to
find proper disposal and recycling technique so that
environmental pollution and health hazards can be
reduced. Following graph projects the increasing demand
for electronics hardware products in India.

The total e-waste generated in India amounts to 1, 46,
180 tons per year.
 Sixty-five cities in India generate more than 60% of the

total e-waste generated in India.
 Ten states generate 70% of the total e-waste generated

in India includes Maharashtra, Tamil Nadu, Andhra
Pradesh, Uttar Pradesh, West Bengal, Delhi,
Karnataka, Gujarat, Madhya Pradesh and Punjab.

 Among top ten cities generating e-waste, Mumbai
ranks first followed by Delhi, Bangalore, Chennai,
Kolkata, Ahmedabad, Hyderabad, Pune, Surat and
Nagpur.

 In India, increased demand for the key products like
PC, TV, and Telephones in last 5-10 year has been
responsible for the increasing amount of e-waste
generation.

According to a survey estimations, being conducted by
the Central Pollution Control Board (CPCB), 1.47 lakh
Metric Tons (MT) of e-waste was generated in the country
in the year 2005, which is likely to increase close to 8.00
lakh MT by 2012. The information was revealed by
Minister of state (I/C) for Environment and Forests
Jayanthi Natarajan. Further, Natarajan informed that the
Ministry of Environment and Forests (MoEF) has notified
the Hazardous Wastes (Management, Handling and
Transboundary Movement) Rules, 2008. Import and
export of e-waste are regulated as per these guidelines and
the Import of such wastes for disposal is only permitted
for recycling or recovery or reuse with the permission of
the Ministry of Environment and Forests and/or
Directorate General of Foreign Trade. Permission for
import and export of e-waste can be considered only by
those recycling units, which have environmentally sound
recycling facilities and are registered with State Pollution
Control Board/ Pollution Control Committee concerned.
Furthermore, the minister also informed that a number of
steps being taken by the Ministry of Environment and
Forests ensuring environmentally sound management of e-
waste in the country.

V. HARMFUL EFFECTS OF E-WASTES

Toxins generated from the open burning of Plastic
shells, PCB boards and other non-ferrous materials
contained in e-waste pollute the air, water and ground and
are a growing concern and for health authorities in and
around the regions where such practices take place. In fact,
due to the presence of PVC and brominated flame
retardants in wires, the emissions contain high levels of
both brominated and chlorinated dioxins and furans – two
of the most deadly persistent organic pollutants (POPs).
Even high traces of cancer causing polycyclic aromatic
hydrocarbons (PAHs) are found in the emissions and the
ash of E-waste.

Much of the work to remove chips from circuit boards is
done for the ultimate purpose of removing precious
metals. This is most often done by a very primitive process
using acid baths, which are normally a mixture of 25%
pure nitric acid and 75% pure hydrochloric acid. The
studded PCBs are dipped into the acid mixture until the
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PVC is separated from the chips, after which this acid is
irresponsibly drained out into the nearest drain or river.
Water samples tested in and around the areas where such
activities are carried out have been found to have
dangerously high levels of toxins for human contact, let
alone human consumption.

Lead-laden monitor glass, which qualifies as a
hazardous waste as per the Basel Convention, is regularly
dumped on land or pushed into rivers, after the copper
laden yoke of the CRT monitor is extracted. This copper
laden yoke is then sold to scrap metal dealers, but only at a
very heavy price to the environment.

Circuit boards and motherboards are used to recover
working components manually after which the boards are
heated to recover thin copper sheets. In some recycling
units they are cut into 5-10 mm bits and then they are
exported for recovery.

Plastics-Nearly 20 per cent of a computer is made up of
plastics – primarily Alpha Butadiene Styrene (ABS) used
for making CPU and keyboard housings. In recent years,
even polycarbonate is used to enhance the aesthetics. ABS
plastics are a high quality plastic and harder than most
other varieties. Their hardness and the requirement of
specialized equipment for their recycling discourage its
retrieval. ABS plastics from computer components are
separated and sold on weight basis to plastic recyclers.
These recyclers collect ABS plastics from various other
sources, and after pelletizing them, pack them off to
Mumbai or Delhi where the pellets are recycled into chairs
and trays.

VI. COMPOSITION OF E-WASTE AND THEIR

CONSEQUENCES

It contains more than 1000 different substances, which
fall under “hazardous” and “non-hazardous” categories.
Broadly, it consists of ferrous and nonferrous metals,
plastics, glass, wood & plywood, printed circuit boards,
ceramics, rubber and other items. Iron and steel constitutes
about 50% of the e-waste followed by plastics (21%), non
ferrous metals (13%) and other constituents. Nonferrous
metals consist of metals like copper, aluminum and
precious metals ex. silver, gold, platinum, palladium etc.
The presence of elements like lead, mercury, arsenic,
cadmium, selenium, and hexavalent chromium and flame
retardants beyond threshold quantities in e-waste classifies
them as hazardous waste.
Lead

Lead has many uses in electronics products. Metallic
lead has been used in electrical solder, commonly as an
alloy with tin. Lead oxide is used in the glass of cathode
ray tubes (CRTs) and lead compounds have been used as
stabilisers in PVC formulations. Concentrations of lead in
the environment are generally low. Soils and freshwater
sediments typically contain less than 30 mg/kg). Under
landfill conditions lead can leach from CRT glass.
Incineration and burning can also result in release of lead
to the air as in the ash produced. Releases of lead oxide
dust or lead fumes may also occur during glass crushing or

high temperature processing, including smelting.
Following release to the environment lead has low
mobility compared to most metals. Workers involved in
high temperature processes, such as at lead smelters, can
be significantly exposed to lead fumes. Workers using lead
based solders may also be exposed to lead-bearing dusts
and fumes following exposure humans can accumulate
lead, as can many plants and animals where soils and dusts
are contaminated with lead, children can be particularly
exposed through hand-to-mouth transfer (Malcoe et al.
2002). Children living in an area in China where electronic
wastes are recycled and disposed of have been found to
have elevated blood lead levels compared tochildren in a
neighboring area (Huo et al. 2007).

Lead is highly toxic to humans as well as many animals
and plants. Lead exposure is cumulative; the effects of
exposure are the same whether through ingestion or
inhalation, and some appear to beirreversible (ATSDR
2007, Bellinger & Dietrich 1994, Goyer 1996). In humans,
lead has a wide range of effects including damage to the
nervous system and blood system, impacts on the kidneys
and on reproduction. Of particular concern is the effect of
low-level exposure on brain development in children,
which can result in intellectual impairment. It is currently
thought that there may be no level of blood-lead that does
not produce a toxic effect, particularly in the developing
central nervous system (ATSDR 2007, Canfield et
al.2003). Similar toxic effects are seen in animals, and
lead is also toxic to all aquatic
Cadmium and its compounds

Cadmium and its compounds are used in a number of
applications with in electrical and electronic products.
Cadmium metal is used in some contacts, switches and
solder joints. Many devices contain rechargeable nickel-
cadmium (Ni-Cd) batteries which contain cadmium oxide.
Cadmium compounds have also been used as stabilisers
within PVC formulations, including those used as wire
insulation Cadmium sulphide has been also used in
cathode ray tubes (CRTs) as a phosphor on the interior
surface of the screen to produce light .Cadmium is a rare
metal, found naturally in the environment at very low
concentrations, typically below 2 mg/kg in soils and
sediments. When released to aquatic environments
cadmium is more mobile than most other metals
.Cadmium is highly toxic to plants, animals and humans,
having no known biochemical or nutritional function.
Exposure can result in bioaccumulation of cadmium in
humans. Many animals and plants, including those
consumed by humans, can also accumulate cadmium,
providing an additional route of dietary exposure for
Cadmium exposure can occur occupationally through
inhalation of fumes or dusts containing cadmium and its
compounds, or through environmental exposures,
primarily diet. Cadmium is a cumulative toxicant and
long-term exposure can result in damage to the kidneysand
bone toxicity. Cadmium and its compounds are known to
be human carcinogens, primarily for lung cancer following
inhalation.
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Antimony
Antimony undergo methylation as a result of
microbiological activity (i.e. to form its trimethyl
derivative, often called trimethyl stibine), albeit at slower
rates than for arsenic. It also shows some similarities in its
toxic effects, especially to skin cells. Those studies which
are available indicate that the toxicity of antimony
depends greatly on its particular form (i.e. its oxidation
state). Trivalent antimony, such as is present in antimony
trihydride and antimony trioxide, is the most toxic state
whereas its pentavalent form is far less toxic. Some
organic antimony compounds (including trimethyl stibine)
arevery toxic (Andrewes et al. 2004). Antimony
compounds have been associated with dermatitis and
irritation of respiratory tract, as well as interfering with
normal function of the immune system Antimony
compounds can be detected in human urine samples from
both occupationally and non-occupationally exposed
individuals, with levels in blood and urine correlating with
levels in workplace air for those occupationally exposed.
Chlorinated benzenes and PCBs
Chlorinated benzenes and PCBs are groups of compounds
that, once emitted, will persist (resist breakdown) in the
environment and can bio accumulate (build up in the
body), especially the PCBs. A wide range of toxic effects
have been reported for chlorinated benzenes (particularly
the more highly chlorinated compounds) and for PCBs, in
the latter case even at relatively low doses. PCBs are
regulated as persistent organic pollutants, or Cathode ray
tube (CRT) dismantling site In addition to samples from
the open burning sites, soil from an area in which CRT
glass was disposed of (GH08005) contained some metals
at levels above those typically found in uncontaminated
soils, including copper, lead, yttrium and zinc, though at
levels far lower than those recorded in some of the open
burning site samples. This was, however, the only sample
with a level of yttrium above typical background soil
levels of this metal (Tyler 2004). Compounds of yttrium
have been used in CRTs as ‘phosphor’ coatings, materials
on the inside surface of the glass screen that produce light
when the CRT is in operation (Burstall 1997). While there
is little evidence to suggest that yttrium is toxic, the
elevated level of this metal further demonstrates the
potential for chemicals within e-waste to become
distributed into the environment through disposal. Copper,
lead and zinc have also been used with CRTs, including
the use of lead in electrical solder (Geibig & Socol of
2005) and within the glass as lead oxide (ICER 2003), and
the use of zinc compounds in ‘phosphor’ coatings
(Burstall 1997). Under landfill conditions, metals
including lead and zinc are able to leach in appreciable
amounts from CRT sand other electronic devices (Musson
et al. 2006). Elevated soil levels of yttrium, lead and zinc
have been previously reported at CRT recycling sites in
India

VII. RECOVERY, REUSE AND RECYCLING OF

E-WASTE

The e-waste recycling in the informal sector essentially
involves collection, segregation, dismantling.
Additionally, various investigations have shown that there
are extensive repair and refurbishment activities resulting
in an extended life of the products and a large second hand
market, in particular for IT products. To a large extend the
informal sector in India is also involved in extraction of
precious metals. These generally small units exercise little
or no control over their activities and use highly-polluting
process - in many cases without being aware of the risks of
these (see picture below). With now rising e-waste
quantities on one hand, and with new regulatory
requirement entering into force soon on the other hand,
formal recyclers increasingly enter the e-waste recycling
sector. There is a widespread expectation that these formal
sector recyclers would be able to manage e-waste in an
environmentally sound manner by using Best Available
Technologies (BAT) leading to better environmental
management and enhanced resource recovery. However, it
is not clear whether the advent of formal recycling would
come at the expense of informal sector recyclers or would
complement their activities. Additionally, investment in
machinery and increased working standards are more cost-
intensive and competition with informal sector recyclers is
tough.

VIII. BENEFITS FROM REPAIR AND REUSE OF

E-WASTE

1. We can save up to some extent of the manufacturing
cost of IC’s

2. We can stop some extent digging the earth for mining
purpose

3. We can save our environment from the pollution by
reusing old parts

4. We can help the companies to run there business
smoothly by repairing there old IT products.

5. Cost cutting for companies by repairing there old IT
product

Valuables in E-Waste:
Electronics goods are composed of different materials,

often of high value. Gold, platinum, silver, copper, etc. are
valuable materials which recyclers recover from e-waste.

IX. THE E-WASTE RECYCLING LIFE-CYCLE

Though individual countries might have their own
domestic laws governing specific aspects of e-waste
management, the overall mode of execution of an e-waste
recycling model in developed countries in current times
includes the following three broad stages – collection of
Advance Recycling Fee at the point-of-sale of EEE
components, disposal of WEEE at dedicated collection
points at their end of life and the final recycling/ safe
disposal of e-waste by recyclers. This activity flow can be
pictorially captured as follows:

Stage #1: The first step in e-waste recycling takes place
at the time of buying new electric or electronic products,
when the customers are charged an Advance Recycling
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Fee (“ARF”, or Advance Disposal Fee, “ADF”) which
contributes towards the expense incurred for all processes
required for a safe disposal of the article at the end of its
life. The amount of ARF is defined by the type of the
product and is included in the sales price and is usually
stated separately in the invoice. This introduction of ARF
enables customers to return retired equipment free of
charge at designated collection sites.

Stage #2: The second step in the process is at the time of
returning the various end-of life appliances. Customers are
not allowed to dispose off WEEE through other than
certain dedicated collection points. Retailers, traders and
manufacturers are obliged to take back WEEE free of cost
and independent of any purchase for all types of products
that they deal in. In other words, if a retailer sells only
computers belonging to a certain brand, he would be
obliged to take back computers of all brands, but not
televisions or refrigerators.

Stage #3: The final stage in the process is the recycling
of e-waste material. This broadly involves segregation of
e-waste (e.g., into monitors, keyboards, CPUs, etc.), and
the dismantling of equipments in order to obtain
recyclable material. E-waste is subjected to processes such
as crushing, shredding, and magnetic/ eddy current/ air
separations in order to segregate recyclable material from
the e-waste.

The final step in the recycling process is extraction of
precious materials and safe disposal of hazardous waste.
After subjecting the e-waste to crushing, shredding, etc.
material that contain precious metals such as the printed
circuit boards is usually sent to refineries such as Umicore
in Belgium, Boliden in Sweden, etc. where it is subjected
to refinement and precious materials are extracted. The
hazardous components of e-waste are sent to authorize
waste treatment and disposal facilities for their safe
treatment/disposal.

X. CONCLUSION

Ultimately, however, the manufacturers of electronic
products musttake responsibility for the entire life cycle of
their products, even before it is a global legal requirement.
This includes responsibility at the products’ end of life,
such as through take back and recycling schemes offered
free of charge and globally (wherever their products are
sold). To achieve the necessary goals these schemes must
be highly publicized and accessible, of a high quality, and,
where necessary, offer adequate financial compensation to
support collection and recycling in order to minimise the
transfer of e-waste to the informal recycling and disposal
sector.

Furthermore, manufacturers have a responsibility to
encourage the strengthening of existing legislation and,
where lacking, the development new legislation regulating
electrical and electronic equipment, including control of
the use of hazardous substances during their manufacture,
and also the financial responsibility for end of life
management of products, in part through ensuring that
funds are available to set up and operate the necessary
high quality collection and treatment infrastructures. The

combination of improved regulation and greater
responsibility on the part of producers can not only enable
verification that e-wastes are recycled and disposed of in
the best achievable manner to minimize impacts on human
health and the environment, but can also provide
producers with financial and other incentives that will
encourage the design of products with greater life-spans,
that are safer and easier to repair, upgrade and recycle, and
which avoid the use of hazardous chemicals during their
manufacture
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