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ABSTRACT 
 

Mountains of e-waste discarded parts of computers, mobile phones and other consumer 
electronics equipment are quietly creating a new environmental problem. E-waste is known 
to contain dangerous chemical pollutants that are released into the atmosphere and 
underground water. The modes of disposal, which include dumping old gadgets into landfills 
or burning in smelters, also expose the environment and humans to a cocktail of toxic 
chemicals and poison. The world is consuming more and more electronic products every 
year. As technology evolves, equipment is retired at alarming rate. This has caused a 
dangerous explosion in electronic scrap containing toxic chemicals and heavy metals that 
cannot be disposed of or recycled safely. A serious challenge we are facing is that 
refurbishing and reuse of computers and televisions, while desirable and encouraged, just 
delays the ultimate disposal problem. The fruits of our high-tech revolution are pure poison 
if these products are improperly disposed of at the end of their useful life. In this paper we 
will discuss various types o substances which are present in electronic scrap and effect of 
these substances on the environment. We will also focus on solutions to reduce electronic 
wastage. 
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INTRODUCTION 
Electronic waste, popularly known as ‘e-

waste’ can be defined as electronic 
equipments / products connects with power 
plug, batteries which have become obsolete  

due to advancement in technology, changes 
in fashion, style and status and nearing the 
end of their useful life.  Electronic waste, "e-
waste" or "Waste Electrical and Electronic 
Equipment"  is a waste type consisting of 
any broken or unwanted electrical or 
electronic  device.   Recyclable   electronic  * Author for correspondence 
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waste is some times further categorized as a 
"commodity" while e-waste which cannot be 
reused is distinguished as "waste". Both 
types of e-waste have raised concern 
considering that many components of such 
equipment are considered toxic and are not 
biodegradable. Due to the difficulty  and  
cost of  recycling  used electronics as  well as 
Lacklustre enforcement of legislation regar-
ding e-waste exports, large amounts of used 
electronics have been sent to countries such 
as China, India, and Kenya, where lower 
environmental standards and working 
conditions make processing e-waste more 
profitable1. 

"Electronic waste" to include all 
secondary computers, entertainment devices 
electronics, mobile phones and other items, 
whether they have been sold, donated, or 
discarded by their original owner. This 
definition includes used electronics which 
are destined for reuse, resale, salvage, 
recycling or disposal. While a protectionist 
may broaden the definition of "waste" 
electronics, the high value of working and  

 

reusable laptops, computers, and components 
(e.g. RAM), can help pay the cost of 
transportation for a large number of 
worthless "commodities". Broken monitors, 
obsolete circuit boards, short circuited 
transistors, and other junk are difficult to 
spot in a container load of used electronics. 
We do not think about the endless stream of 
products such as vacuum cleaners, 
microwaves, hair dryers, electric 
toothbrushes, alarm clocks, lamps, lawn 
mowers and smoke detectors that have come 
in and out of our life.  
Classification of e-waste 

E-waste encompasses ever growing 
range of obsolete electronic devices such as 
computers, servers, main frames, monitors, 
TVs and display devices, telecommunication 
devices such as cellular phones and pagers, 
calculators, audio and video devices, prin-
ters, scanners, copiers and fax machines besi-
des refrigerators, air conditioners, washing 
machines, and microwave ovens, e-waste 
also covers recording devices such as DVDs, 
CDs, floppies, tapes, printing  
 

 
Fig. 1:  Mountains of E-waste 
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cartridges, military electronic waste, auto-
mobile catalytic converters, electronic com-
ponents such as chips, processors, mother 
boards, printed circuit boards, industrial 
electronics such as sensors, alarms, sirens, 
security devices, automobile electronic 
devices. Fig. 1 shows the heaps of different 
types of E-waste. 
Problem area of e-waste 

At the rate at which technological 
changes are taking place, not only in 
computers and cell phones but also in 
domestic appliances such as washing 
machines, refrigerators, microwave ovens 
and TV sets. The problem seems to be 
compounding. The problems posed by e-
waste are becoming more challenging, 
because the increase in the quantity of e-
waste in the system is largely due to the 
speed of technological advancement and 
innovation coupled by a high obsolete rate. 
And because of the very critical role of 
technology in social and economic 
development, the issue of e-waste has 
become a complicated one. Countries of the 
world are racing against each other in 
developing new technology, but technologi-
cal advancement comes at some costs. 

These consequences reverberate in pot-
ential environmental as well as health 
hazards that put the globe at risk. Electronics 
equipment is one of the largest known 
sources of heavy metals, toxic materials and 
organic pollutants in city waste. Due to the 
speed at which technology is changing, 
people change their electronic equipment 
within short periods. Uncontrolled burning, 
disassembly, and disposal are causing 
environmental and health problems, include - 

ing occupational safety and health effects 
among those directly involved, due to the 
methods of processing the waste. 

Until such time as equipment no longer 
contains such hazardous substances, the 
disposal and recycling operations must be 
undertaken with great care to avoid 
damaging pollution and workplace hazards, 
and exports need to be monitored to avoid 
"toxics along for the ride".  
Toxic materials and substances 

Looked at individually, the chemicals 
contained in e-waste are a cocktail of 
dangerous pollutants that kill both the 
environment and humans slowly. In many 
instances, the only visible part of an 
electronic product is its outer shell. Unless 
that casing is broken, we rarely see the 
myriad circuit boards, wiring and electrical 
connections that make the device actually 
function. When these elements are safely 
encased in our refrigerators and laptops,      
e-waste dangers aren't much of an issue. 
Problems can occur when devices break  
intentionally or accidentally. Then they can 
leak and contaminate their immediate 
environment, whether that's in a landfill or 
on the streets within a region full of 
struggling laborers. 

A PC’s central processing unit (CPU), 
the module containing the chip and the hard 
disk, typically contains toxic heavy metals 
such as mercury (in switches), lead (in solder 
on circuit boards), and cadmium (in 
batteries). The plastic casing and wiring of 
computer equipment can also contain 
hazardous materials, such as brominated 
flame retardants. Lead, mercury, cadmium, 
and polybrominated flame retardants are all 
persistent, bio-accumulative toxins (PBTs).  
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PBTs can reach dangerous levels in living 
organisms, even when released in minute 
quantities. PBTs are harmful to human health 
and the environment and have been 
associated with cancer, nerve damage and 
reproductive disorders. 
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 and lead compounds have been 
used as stabilizers in PVC formulations. 
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 to children in a 
neighboring area2. Lead is highly toxic to 
humans as well as many animals and plants. 
A typical computer monitor alone contains 4- 
8 pounds of lead. Lead exposure is cumu-
lative; the effects of exposure are the same 
whether through ingestion or inhalation, and 
some appear to be irreversible3,4. 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. When it accumulates 
in the environment, it has high acute and 
chronic effects on plants, animals and micro-
organisms. 

Cadmium 

Cadmium is used in contacts, switches 
and solders joints. Cadmium occurs in 
certain components such as SMD chip 
resistors, infra-red detectors, and  semicond - 

uctor chips. Many devices contain 
rechargeable nickel-cadmium (Ni-Cd) batt-
eries which contain cadmium oxide. Cad-
mium compounds have also been used as 
stabilizers within PVC formulations, inclu-
ding 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 light5. 

 Cadmium is highly toxic to plants, 
animals and humans, having no known 
biochemical or nutritional function. Expo-
sure can result in bioaccumulation of cadm-
ium in humans. Many animals and plants, 
including those consumed by humans, can 
also accumulate cadmium, providing an add-
itional route of dietary exposure for humans6. 
For the general population and for animals, 
cadmium exposure through diet primarily 
affects kidneys. 

Antimony 

Antimony and its compounds have a 
number of industrial uses. For example, anti-
mony compounds are used in semiconductor 
manufacture (antimony trihydride). Anti-
mony is also used in the manufacture of lead 
acid starter batteries7 and can occur as a 
component of electrical solders. 

Some organic antimony compounds are 
very toxic .Antimony compounds have been 
associated with dermatitis and irritation of 
respiratory tract, as well as interfering with 
normal function of the immune system8. 

Mercury 

Flat screen monitors that are mostly used 
in laptops do not contain high concentrations 
of lead, but most are illuminated with 
fluorescent lights that contain some mercury. 
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Mercury on the other hand, can cause 
damage to various organs including the brain 
and kidneys as well as the fetus. More 
especially, the developing fetus is highly 
susceptible through maternal exposure to 
mercury. 

Copper 
As copper is mostly encased in cables 

and wires coated in plastic, these are burned 
to “free” the copper. This not only releases 
toxic chemicals present in their make-up, but 
the burning itself can create even more 
dangerous chemicals. 
PCBs 

Polychlorinated biphenyls were widely 
used in insulating fluids for electrical 
transformers and capacitors, as well as 
flame-retardant plasticizers in PVC and other 
polymer applications. These chemicals can 
also be produced during the combustion of 
chlorinated organic materials, including 
PVC. They are highly persistent and bio 
accumulative chemicals, which rapidly 
become widespread through the environ-
ment and build up several thousand fold in 
body tissues of wildlife.  

The use of PVC in computers has been 
mainly used in cabling and computer 
housings, although most computer moldings 
are now being made of ABS plastic. PVC 
cabling is used for its fire retardant 
properties, but there are concerns that once 
alight, fumes from PVC cabling can be a 
major contributor to fatalities and hence 
there are pressures to switch to alternatives 
for safety reasons. Such alternatives are low-
density polyethylene and thermoplastic 
olefins. PVC is a difficult plastic to recycle 

and it contaminates other plastics in the 
recycling process. Of more importance, 
however, the production and burning of PVC 
products generates dioxins and furans. This 
plastic commonly used in packaging and 
household products is a major cause of 
dioxin formation in open burning and 
garbage incinerators. Hospitals are now be-
ginning to phase out the use of PVC products 
such as disposal gloves and IV bags because 
of the dangers of incinerating these products. 
PCBs exhibit a wide range of toxic effects 
including suppression of the immune system, 
liver damage, cancer promotion, damage to 
the nervous system, behavioral changes and 
damage to both male and female repro-
ductive systems9. 

Plastics 
Plastics used to house computer equip-

ment and cover wire cables to prevent 
flammability often contain polybrominated 
flame retardants, a class of dangerous chem-
icals. Studies have shown that ingesting 
these substances may increase the risk of 
cancer, liver damage, and immune system 
dysfunction. Plastics constitute about 13.8 
pounds of an average computer. 

The largest volume of plastics, 26% used 
in electronics is PVC. When PVC is burned, 
dioxin can be formed because it contains 
chlorine compounds. 

Barium 
Barium is a soft silvery-white metal that 

is used in computers in the front panel of a 
CRT, to protect users from radiation. Studies 
have shown that short-term exposure to 
barium has caused brain swelling, muscle 
weakness, damage to the liver, heart and 
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spleen. Brominated flame-retardants are a 
class of brominated chemicals commonly 
used in electronic products as a means for 
reducing flammability. In computers, they 
are used mainly in four applications: in 
printed circuit boards, in components such as 
connectors, in plastic covers and in cables. 
They are also used in plastic covers of TV 
sets and in domestic kitchen appliances. 
Personal computer may contain up to 1,000 
toxins including brominated fire retardants, 
lead, mercury, cadmium and other heavy 
metals that are known to cause damage to the 
nervous system, the brain, the kidneys, and 
can cause birth defects and cancer. 
Trends in disposal 

E-waste is land filled, incinerated, reused 
or recycled or exported.  
Landfill 

Many products are filled into land during 
the end period of their life. Toxic chemicals 
in electronics products can leach into the 
land over time or are released into the 
atmosphere, impacting nearby communities 
and the environment. 
Incineration 

This releases heavy metals such as lead, 
cadmium and mercury into the air and ashes. 
The introduction of E-waste into incinerators 
results in high concentrations of metals, 
including heavy metals, in the slag, in the fly 
ash, the flue gas and in the filter cake.  
Reuse 

A good way to increase a product's 
lifespan. Many old products are exported to 
developing countries. Although the benefits 
of reusing electronics in this way are clear, 
the practice is causing serious problems 

because the old products are dumped after a 
short period of use in areas that are unlikely 
to have hazardous waste facilities. 
Recycle 

In Switzerland the first electronic waste 
recycling system was implemented in 1991 
beginning with collection of old refri-
gerators. Over the years, all other electric 
and electronic devices were gradually added 
to the system. Although recycling can be a 
good way to reuse the raw materials in a 
product, the hazardous chemicals in e-waste 
mean that electronics can harm workers in 
the recycling yards, as well as their neigh-
bouring communities and environment. Mo-
nitors and Cathode Ray Tubes, desktop 
computers, keyboards, mice, laptop compu-
ters, mainframe computer systems, modems, 
telephone boards, hard drives, floppy drives, 
CD ROMs, phones, faxes, printers, computer 
boards, CPUs, memory chips, circuit boards, 
connecting wires, and cables. Less than 10% 
of discarded computers are currently rec-
ycled. 

The process typically uses an expensive 
recycling machine, which is fairly common 
in Europe but less so in the U.S. The 
machine smashes the electronics and takes 
them down a conveyor belt. The process uses 
vibrating screens and magnetic fields to 
extract different elements. Another common 
way involves workers (wearing proper 
protective gear) in a disassembly line, who 
take apart the electronics piece by piece and 
sort the contents. Then, different machines 
break the various pieces down to the point 
where they can be reused. Recycling e-waste 
helps recover important natural resources, 
like silver and gold, for reuse and decreases 
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the need for surface mining. Recycling is a 
better, environmentally friendly solution to 
finding these metals in existing products, 
rather than digging up the earth and 
impacting nearby forestry. 

Reasons for recycling 
Obsolete computers are a valuable 

source for secondary raw materials, if treated 
properly, however if not treated properly 
they are a major source of toxins and 
carcinogens. Rapid technology change, low 
initial cost and even planned obsolescence 
have resulted in a fast growing problem 
around the globe. Electronic waste represents 
2 percent of America's trash in landfills, but 
it equals 70 percent of overall toxic waste. 
According to the U.S. Environmental 
Protection Agency, an estimated 30 to 40 
million PCs will be ready for end-of-life 
manage-ment in each of the next few years. 
An estimated 251 million PCs were sold in 
2007. 

Many materials used in the construction 
of computer hardware can be recovered in 
the recycling process for use in future 
production. Reuse of tin, silicon, iron, 
aluminum, and a variety of plastics all 
present in bulk in computers can reduce the 
costs of constructing new systems. In add-
ition, components frequently contain copper, 
gold, and other materials valuable enough to 
reclaim in their own right. 

Electronic devices, including audio-
visual components (televisions, VCRs, stereo 
equipment), mobile phones and other hand-
held devices, and computer components, 
contain valuable elements and substances 
suitable for reclamation, including lead, 
copper, and gold. They also contain a 

plethora of toxic substances, such as dioxins, 
PCBs, cadmium, chromium, radioactive 
isotopes, and mercury. Additionally, the 
processing required to reclaim the precious 
substances (including incineration and acid 
treatments) release, generate and synthesize 
further toxic by-products. 

In the United States, an estimated 70% 
of heavy metals in landfills come from 
discarded electronics. Places like Guiyu, 
China, and Bangalore, India dismantle tons 
of electronics every year, profiting from the 
sale of precious metals, but at the cost of the 
local environment and the health of its 
residents10,11. 

Export 
E-waste is routinely exported by 

developed countries to developing ones, 
often in violation of the international law. 
Inspections of 18 European seaports in 2005 
found as much as 47 percent of waste 
destined for export, including e-waste, was 
illegal. In the UK alone, at least 23,000 
metric tonnes of undeclared or 'grey' market 
electronic waste was illegally shipped in 
2003 to the Far East, India, Africa and 
China. In the US, it is estimated that 50-80 
percent of the waste collected for recycling is 
being exported in this way. This practice is 
legal because the US has not ratified the 
Basel Convention. 

Hazards 
Various hazards caused by land filling, 

recycling or incinerating are given below. 
Hazards of Land filling Electronics Junk 
In many European countries, regulations 
have been introduced to prevent electronic 
waste being dumped in landfills due to its 
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hazardous content. However, the practice 
still continues in many countries. In Hong 
Kong for example, it is estimated that 10-20 
percent of discarded computers go to 
landfill.It has become common knowledge 
that all landfills leak. Even the best "state of 
the art" landfills are not completely tight 
throughout their lifetimes and a certain 
amount of chemical and metal leaching will 
occur. The situation is far worse for older or 
less stringent dump sites. Mercury will leach 
when certain electronic devices, such as 
circuit breakers are destroyed. The same is 
true for PCBs from condensers. When 
brominated flame retarded plastic or 
cadmium containing plastics are landfilled, 
both PBDE and the cadmium may leach into 
the soil and groundwater. It has been found 
that significant amounts of lead ions are 
dissolved from broken lead containing glass, 
such as the cone glass of cathode ray tubes, 
when mixed with acid waters which 
commonly occur in landfills. In addition, 
uncontrolled fires may arise at the landfills 
and this could be a frequent occurrence in 
many countries.  

Hazards of Incinerating Electronics Junk 
Mercury released into the atmosphere 

can bioaccumulate in the food chain, 
particularly in fish the major route of 
exposure for the general public. If the 
products contain PVC plastic, highly toxic 
dioxins and furans are also released. 
Brominated flame retardants generate bro-
minated  dioxins and furans when e-waste is 
burned. The stream of E-waste contributes 
significantly to the heavy metals and 
halogenated substances contained in the 
municipal waste stream. Because of the 

variety of different substances found together 
in electroscrap, incineration is particularly 
dangerous. 

 For instance, copper is a catalyst for 
dioxin formation when flame retardants are 
incinerated. This is of particular concern as 
the incineration of brominated flame retard-
ants at a low temperature (600-800°C) may 
lead to the generation of extremely toxic 
polybrominated dioxins (PBDDs) and furans 
(PBDFs). Significant quantities of PVC are 
contained in E-waste which makes the flue 
gas residues and air emissions particularly 
dangerous. Some producers send their 
electroscrap to cement kilns for use as an 
alternative to fuel. Smelting can present 
dangers similar to incineration.  

Hazards of Recycling Electronics Junk 
Recycling of hazardous products has 

little environmental benefit  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. In developed countries, electronics 
recycling takes place in purpose-built 
recycling plants under controlled conditions. 
In many EU states for example, plastics from 
e-waste are not recycled to avoid brominated 
furans and dioxins being released into the 
atmosphere. In developing countries 
however, there are no such controls. 
Recycling is done by hand in scrap yards, 
often by children. 

 Due to the halogenated substances 
found in plastics, both dioxins and furans are 
generated as a consequence of recycling the 
metal content of WEEE. Halogenated 
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substances contained in WEEE, in particular 
brominated flame retardants, are also of 
concern during the extrusion of plastics, 
which is part of plastic recycling. Due to the 
risk of generating dioxins and furans, 
recyclers usually abstain from recycling 
flame-retarded plastics from WEEE. How-
ever, due to the lack of proper identification 
of plastic containing flame retardants, most 
recyclers do not process any plastic from 
WEEE. 

Environmental problems during the 
recycling of WEEE are not only linked to 
halogenated substances. Hazardous emissi-
ons to the air also result from the recycling 
of WEEE containing heavy metals, such as 
lead and cadmium. These emissions could be 
significantly reduced by means of pre-
treatment operations. Another problem with 
heavy metals and halogenated substances in 
untreated WEEE occurs during the shredding 
process. Since most WEEE is shredded with 
-out proper disassembly, hazardous substan-
ces, such as PCB contained in capacitors, 
may be dispersed into the recovered metals 
and the shredder waste. 
Electronic waste recycling act 

The Electronic Waste Recycling Act of 
2003 is a California law to reduce the use 
of certain hazardous substances in certain 
electronic products sold in the state. The 
act was signed into law September 2003. 
All CRT, LCD, and plasma display devices 
contained in televisions, computers, and 
other electronic equipment with a screen 
size over 4 inches (10 cm) measured 
diagonally are covered by the act. After 
January 1, 2007 these devices may not 
contain greater than the allowed concentra-

tions of any of these four materials (by 
weight): 

cadmium : 0.01% 
hexavalent chromium : 0.1% 
lead : 0.1% 
mercury : 0.1% 

The Act also requires retailers to collect an 
Electronic Waste Recycling Fee (effective 
January 1, 2005) from consumers who 
purchase covered devices. 
Responsibility of Manufactures 

Ultimately, however, the manufacturers 
of electronic products must take 
responsibility for the entire life cycle of their 
products, even before it is legally required. 
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. They should take the necessary steps to 
individualize their financial responsibility, 
and internalize their own products end-of-life 
costs . 

CONCLUSION 
The global market for electrical and 

electronic equipment continues to expand, 
while the lifespan of many products becomes 
shorter. E-waste is the fastest growing type 
of waste in the world and is more toxic than 
normal household rubbish. The great need of 
hour is to minimize e-waste. 

The choices made when products are 
designed determine the safety of waste 
management. Even when e-waste is handled 
with the best technologies, the presence of 
toxic and hazardous substances in electronic 
products, means recycling them can be 
dangerous. Impacts from recycling and 
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disposal of e-waste can, therefore, only be 
fully addressed by eliminating the use of all 
chemicals and materials during manufacture 
of new products coming on to the market, 
and eventually entering the waste stream. 
Some countries and regions have introduced 
legislation to restrict the use of certain 
hazardous substances in electronic goods. E-
waste has to be minimized. Unavoidable e-
waste must be recycled and disposed of as 
safely as possible. This can in part be 
achieved through design of products with 
greater life spans, that are safer and easier to 
repair, upgrade and recycle, and which, as far 
as possible, avoid the use of hazardous 
chemicals. 

Electronic waste processing systems 
have matured in recent years following 
increased regulatory, public, and commercial 
scrutiny, and a commensurate increase in 
entrepreneurial interest. Each new generation 
of technical improvements in electronic 
products should include parallel 
improvements in environmental, health and 
safety attributes. 
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