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------------------------------------------------------ ABSTRACT
Technological advancement and increased awareness on the importance of information technology have caused
enormous generation of electronic wastes throughout the world. This has been prominent particularly in
developing countries where the importation of used electronic gadgets is on the increase in recent times without
proper methods of recycling. These wastes contain toxic metals such as cadmium, arsenic, antimony, chromium,
lead, mercury, selenium, beryllium and brominated flame retardants which pose threats to health and
environment. The effects of these recalcitrant metals on the brain, kidney, respiratory tracts and skin of adults
and children are of major concern .While plants and microorganisms are employed in controlling the menace of
electronic wastes, governments should promulgate laws, create public awareness, privatize wastes management
and import proper waste recycling technologies into developing countries where electronic wastes are
enormous. Electronic companies also have to minimize hazardous wastes by making portable products that use
minimum amounts of these toxic metals or completely use their alternatives which are of less toxic nature than
these heavy metals and retardants.
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l. INTRODUCTION

Electronic waste refers to used and exhausted electronic products that require recycling or other proper
forms of disposal. These include electrical appliances and automobile machines like computers, television, cell
phones, refrigerators, air conditioners, toasters and washing machines that are basically information technology
equipment and home appliances (Susan, 2008). The European Union categorizes such equipment into large and
small home appliances, information technology equipment, consumer equipment, lighting equipment,
electrical/electronic tools, toy/leisure/sport equipment, medical devices, monitoring and control instruments and
automatic dispensers. Technological advancement, increasing awareness on the importance of information
technology and continuous improvement in lifestyle have necessitated increased usage of electronic equipment
(Mandada, et al, 2004). This has caused enormous generation of such wastes throughout the world particularly
in Africa where the importation of used electronic gadgets is on the increase in recent times but the proper
methods of recycling the wastes are insufficient.

These electronic wastes contain recalcitrant and toxic materials which pose distinct challenges that
differ from other types of wastes to the environment (Lincoln et al, 2007). The hazardous materials contained in
electronic wastes include; cadmium, arsenic, antimony, chromium, cobalt, lead, mercury, selenium, beryllium
and brominated flame retardants among others (Mussonet al, 2006). The improper methods of recycling
(disposition on land fields, handpicking of parts and burning) electronic wastes and natural decomposition of
these wastes on our environment are associated with emission of toxic chemicals that contaminate
environmental air and water bodies.

Thus, such poor methods of disposal that are particularly practiced in African countries where obsolete
electronic equipment are dumped coupled with continuous generation of the wastes have become an issue of
concern to environmental safety and waste management (Cui and Forssberg, 2003). According to World Health
Organization (WHO), about 2 million people die prematurely every year throughout the world from illnesses
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caused by indoor air pollution. About 44% of this population are children under five that die due to pneumonia,
while 54% from chronic obstructive pulmonary disease (COPD), and 2% from lung cancer (WHO, 2011).
Unless proper measures are put in place globally and particularly in developing countries against frequent
dumping of electronic wastes these health hazards mentioned above, will be difficult to control.

. UNPRECEDENTED ADVANCEMENT AND GROWTH IN GLOBAL USAGE OF
ELECTRONIC EQUIPMENT

The world experienced a sudden boost in electronic manufacturing industries in recent times due to
technological innovations geared towards replacement of preexisting technology in an attempt to bridge digital
gap(Nnorom and Osibanjo, 2008).This development has brought us to the era of rapid changes in equipment
features and capabilities, decrease in price and growth in internet usage. These reasons coupled with changes in
lifestyle and increased awareness on the importance of information dissemination have succeeded in growing
markets for such equipment globally (Martinet al, 2008).This unprecedented growth of electronic equipment in
developed countries has resulted in the influx of worn-out electronic equipment into developing countries in an
attempt to compete with other developed countries of the world (Christopher, 2007). This has however, resulted
in environmental and health hazards since these near obsolete electronics do not last long before they develop
faults and eventually end up in dumps. For example, mobile phones have been the predominant communication
gadgets in Nigeria and by the end of 2009, she had about 73 million active mobile subscribers (a country with a
total population of 155 million) making it the fastest growing mobile market in Africa (NCC, 2010). This, in no
small measure, makes Nigeria one of the greatest contributors to this global problem. Furthermore, the total
broken down and obsolete electrical/electronic wastes generated in India reckoned to be about 1, 46,000 tonnes
yearly (Sharma et al, 2012) while that generated in Uganda and Senegal are said to be enormous (Mathias et al.,
2009). In fact, it is estimated that developing countries are likely going to receive about 20-50 million tonnes or
even more of the electronic wastes produced annually by developed countries most of which are illegally
shipped to developing countries in dire need of these technologies without considering the adverse health and
environmental impacts (Agyeman and Carmin, 2008). Therefore, it has become paramount for the world to take
adequate measures to curb the rise in electronic waste as they could raise by 50% in the next decade
consequently increasing environmental pollution and health hazards (Martin et al., 2008).

I1l.  THE HEALTH EFFECT OF TOXIC CHEMICALS IN ELECTRONIC WASTES
Electronic devices are sophisticated electrical appliances that are built up with different materials like
plastics, metals and chemicals that work together to produce the desired effects. These chemicals include:
polyvinyl chloride, copper, lead, mercury, arsenic, cadmium, manganese, cobalt, gold and iron (USEPA, 2007).
Between 1994 and 2003, disposal of Personal Computers resulted in the discharge of 718,000, 287 and 1,363
tonnes of lead, mercury and cadmium respectively into the environment (Widmer, 2005).

Mercury

Mercury is an important component of batteries, display screens and switches of electronic equipment.
The elemental form of mercury evaporates into the atmosphere and precipitates into ground water through rain
(Qianruiet al., 2004).Bacteria convert mercury to methyl-mercury in soils which goes to the bottom of aquatic
food chain and accumulates in animal fatty-tissues (Clarkson and Magos, 2006).WHO states that the tolerable
intake of methyl mercury is 1.6pg/kg body weight of a pregnant woman per week in order to protect the
developing foetus against neurotoxic effects (JECFA, 2004).Exposure to methyl mercury could be mild or
severe depending on the level and this could occur through eating contaminated foods. Foetuses and young
children are more susceptible to mercury toxins which affect the nervous system and cause neurological
disorder, cognitive debilities, skin irritation, memory disorder, language, fine motor as well as spatial skills
losses (Richard, 2009). Other symptoms are tumors, emotional changes, insomnia, headaches and disturbances
in sensations while high exposures cause kidney effects, respiratory failure and death (Robin, 2012). Some of
the signs of mild exposure are tremor, impaired memory and coordination while high level of exposure may
produce symptoms like coughing, chest discomfort, difficult breathing, nausea, vomiting, diarrhoea, sore gums,
eye irritation and changes in behavior or vision (WHO, 2012).

Lead: Lead is used as solder to anchor computer and television screens as well as various circuit board
components. It is the most studied chemical component of electronic equipment that has recorded many
hazardous human health effects particularly in children (Rossi, 2008). Exposure to lead could occur through
drinking contaminated water which may result in several damages to the brain and nervous system, growth,
hearing, behaviour and learning problems. It can also cause high blood pressure, reproductive and memory
problems in adults (Elizabeth, 2009). This chemical can remain in bones and blood streams for years. Short time
exposure to high level causes vomiting, diarrhoea, convulsion, coma and even death (Elizabeth, 2009).
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Chromium : Chromium is used for decorative and protective plating of aerospace, vehicle, heavy equipment,
oil field applications (Bor-Shonget al., 2006).People can be exposed to chromium through breathing, eating or
drinking and through skin contact with chromium compounds. When chromium gets into human system, it binds
to protein and triggers a reaction that has damaging effect on the body (Irwin, 1997).Health effects associated
with chromium exposure include skin irritation and ulceration, asthma and respiratory irritation, perforated
eardrums, kidney and liver damage. Others include pulmonary congestion, oedema, epigastria and discoloration
of the teeth. Lungs, kidneys, and intestines are the most vulnerable organs of the body and long term presence of
this metal in tissues may lead to cancerous growths (Stephen, 2013).

Brominated Flame Retardants: These are chemicals that are added to home appliances like television,
computers, furniture, carpets, textiles, foam and plastics to prevent or reduce risks of fire disasters. Brominated
flame retardants (BFR) are released into the environment through landfill leachates obtained from the
incineration of these materials. Thus these retardants accumulate in fatty tissues through foods taken by man and
other animals (Janssen, 2005).Concerns have been shown about the persistence of these chemicals in water, air
and soil across the globe (Elizabeth, 2009). These chemicals may disrupt endocrine system and increase the risk
of cancer to digestive and lymphatic systems (Janssen, 2005). Risks analysts are concerned about the causes,
bioaccumulation and persistence of this chemicals in humans, although, the major pathway for human exposure
is still unknown (Brown, 2004).

Cadmium: Cadmium is predominantly used in rechargeable batteries, plastic cadmium plated steels, solders
and television picture tubes. It is also found in printed Circuit Boards, cadmium chip resistors, infrared detectors
and semiconductors (MECAZ, 2013). The toxicities of this element can lead to kidney, bone and pulmonary
damages. Long time accumulation can occur in kidney. Acute toxicity can lead to nausea, vomiting, weakness,
shortness of breath and lung oedema. Chronic exposure has been linked to kidney and bone damages as well as
hypertension (Elizabeth, 2009).

Beryllium: Beryllium is a component of motherboard of computers that serve as electrical connector or
insulators of microprocessors. People mostly exposed to harmful level of barium effect are those working in the
industries and those living close to electronic waste sites. However, these effects are acquired through inhaling
dust, eating plants or drinking water that is polluted with barium.(Elizabeth, 2009).Barium poisoning is much
more severe when consumed in contaminated water as small amount could cause breathing difficulties,
increased blood pressures, heart rhythm changes, stomach irritation, muscle weakness, changes in nerve
reflexes, swelling of brains and liver, kidney and heart damage depending of the level of exposure(Lim and
Schoenung, 2010 ). Other trace chemicals in electronic wastes that may cause damage to human systems include
Arsenic and selenium. However, the growth of electronic products can directly be linked to growing demands
for energy globally and corresponding growth in air pollution and greenhouse gas production.

V. MANAGEMENT AND CONTROL OF ELECTRONIC WASTES

Wastes management refers to all measures taken to protect human and environment from the dangers
of constituents of electronic and other wastes. It is generally undertaken to reduce their effects on health and
environment and possibly to recover valuable resources from them (Ogbueneet al., 2013). Management of
electronic wastes unlike non-hazardous wastes is the responsibility of the producing industries, marketers, users
and government who are the major stakeholders but this should begin with the producing industries. The
industries should adopt measures that will reduce the sizes of their products and quantities of hazardous
materials used in their production (UNEP, 2010). The hazardous materials could, if possible, be replaced with
non-hazardous ones. Also the avoidance of the purchase of excess production materials will, in no small
measure, aid the control of these hazardous materials. In addition, manufacturers of electronic products should
recover and reuse worn-out electronic equipment as this will reduce the cost of raw materials and serve as job
opportunity to the unemployed.

Furthermore, proper training of all industrial personnel of every sector on the proper handling of
electronic wastes will reduce the effects of these chemical substances (Soraj, 2013). The use of environmentally
friendly policies by manufacturing industries such as the continuous standardization of products for easy
disassembling and use of readily biodegradable materials will tremendously help in the reduction of the risks
posed by the use of these products and their wastes (Ramachandra et al., 2004). Furthermore, users can reduce
the effects of electronic wastes on the environment by donating the used electronic equipment to schools and
nonprofitable organizations that require their services in order to extend their life span rather than disposing of
them. In addition, users should always buy certified products that are energy efficient with few toxic
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constituents (USEA, 2001).Governments on the other hand, are saddled with regulatory policies and setting up

of agencies that will enforce the regulatory functions regarding hazardous substances. Therefore,
governments should provide adequate policies that are easy to enforce but adequately control and check
hazardous wastes disposal into the environment. In this way, government should consider privatization of
electronic waste management as an option for proper control (USEA, 2001).This cannot however, be achieved
without the acquisition of the required technology most especially that these developing countries continue to
experience influx of such wastes without proper management strategies. Therefore, in the importation of a
particular recycling technology, its viability and practicability should properly be considered before committing
the scarce resources to forestall failure. Since high electronic waste generation linked to consumption and
quality of life has become a challenge particularly in developing countries, there is the need by the government
to create greater public awareness on the risks associated with electronic wastes generation (CCK, 2010).

V. ELECTRONIC WASTES TREATMENT TECHNIQUES
There are several techniques employed in the treatment of electronic wastes to clean up the
environment of their hazards. These techniques include:

Incineration: This treatment involves subjecting the electronic wastes to thermal treatment in special
incinerators under high temperature to turn the wastes into gas, steam or ash. It is a practical method of
treatment that reduces the volume of the original wastes to at least 20% (DEGA,2012). The disadvantage
associated with incineration is emission of gaseous pollutants such as dioxins and furans which persist in the
environment and may have serious environmental consequences. Due to the hazards associated with this
method, it is considered as a bad and unacceptable method of electronic wastes disposal and it is the commonest
method employed in Japan and other developing countries (Sharma et al, 2012).

Recycling: This method involves processing electronic wastes into new products by dismantling, sorting and
collecting different materials before they are used in subsequent productions. Unrecovered materials are left for
environmental degradation and the refurbished materials are sold as secondhand goods (John et al., 2010). The
dismantling of the equipment can be done either with automated machines or manually. There are some
disadvantages associated with manual method of dismantling as the workers may be exposed to the risks of the
chemical constituents of the waste during work. Recycling has been described as the best remedy to the growing
electronic waste problems as it recovers metals for future use and conserves natural resources when these metals
are reused. It also reduces the amount of greenhouse gas emissions caused by the manufacturing of new
products (Linda, 2010).

MICROBIAL REMEDIATION OF TOXIC METALS IN THE ENVIRONMENT

Many microorganisms have the potential to degrade and detoxify metals in the environment through
different processes such as adsorption, methylation, demethylation and oxidation/reduction reactions which are
important in controlling the distribution of metal toxicants (Bruins et al., 2000). This is because metal ions are
essential requirements for the physiological and metabolic process of the organisms (Nies, 1999). Metal ions
serve as ionic carriers that take part in electron transport systems of organisms transporting materials across the
cell membrane. Bacteria precipitate metals within their cells into ions (Poddaet al., 2000). They also degrade
metals to produce chemical substances called siderophore in the form of phenols and catechol as their process of
ion uptake (Renshawet al., 2002). Others transform metal toxicants by binding proteins that can subsequently
bind the metal ion. Microorganisms can also degrade metals such as chromium, mercury and selenium by
subjecting them to oxidation/reduction reactions (Ross, 1994). This process is categorized into two: assimilatory
and dessimilatory reactions. Microbial assimilation involves the transformation of metals to obtain proteins
(Brock and Madigan, 1991). In this wise the metal enhances the physiological and metabolic functions of the
microbes by acting as a terminal electron acceptor while in dessimilatory reaction, the metal does not play any
role in the species responsible for the reaction.An oxidation/reduction reaction of a microorganism is associated
with cytochrome system in someof the organisms (Christopher et al., 1995). In this case, enzymes produced by
microorganisms take part in the oxidation/reduction of metals. For example, arsenate reductase is a microbial
enzyme that consists of genes that are resistant to arsenic and can reduce As’ to As"' (Xuet al., 1998). Plastic
eating fungi (Pestalotiopsismicrospora) has been recently discovered and the enzymes (serine hydrolase) have
been isolated for large scale production to breakdown plastics in landfills.

This endophytic fungus found in Ecuador cans completely digestpolymer, polyester polyurethane
aerobically and anaerobically without any other source of energy except the plastics (Jonathan et al., 2011). So
also mediated reduction of As has been reported by membrane — bound genes in Desulfomicrobium strain (Macy
et al., 2000). These genes are wide spread in gram +ve and —ve bacteria and are located in plasmids,
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chromosomes and transposon (Gladyshevaet al., 1994; Carlin, 1995; Summer, 1997). Examples of
microorganisms involved in this activity are Alcaligenesfeacalis, Pseudomonas arsentoxidans,Chlorella and
Chlorococcus. Metal toxicants can also be detoxified through biomethylation activities of microbes by
converting the metal to volatile derivatives that are less toxic to the environment. This is a major process of
volatilization of As, Hg and Se in soils and sediments and it is carried out by trans or cis — methylation to reduce
the metal to methyl group. Bacteria, fungi and algae were reported to be involved in this reaction and they
utilize organic matter as their source of methyl donor in the entire process (Gadd,2004). In aquatic environment,
benthic microbes are capable of methylating metals under aerobic and anaerobic conditions to produce volatile
compounds that are easily lost to the atmosphere (Wood, 1975; Maher, 1995).Biosorption is another process
employed by microbes (bacteria, fungi, algae and yeast) to metabolically or physicochemically pick up heavy
metals from their environment because of the negative charges in their cell walls that have affinity for positively
charged cationic metals. This biosorbent characteristic is as a result of the presence of negatively charged
carboxyl, amines, hydroxyl phosphate, sulfhydryl groups and teichoic acids that bind and regulate the movement
of the toxic cations across the membrane (Shrutiet al., 2012). The efficiency of biosorbent ability of microbes is
influenced by factors such as pH, temperature, environment, physiochemical properties of the target metal and
interaction with other metals. Experimental research has shown that about 84% biosorption of 300mg/L of Pb in
water using Bacillus cereus revealing the potential of Bacillus cereus in remediation of lead in waste water
(Shrutiet al., 2012).

VI. THE USE OF PLANTS TO REMOVE TOXIC METALS FROM THE
ENVIRONMENT

The act of removing toxic metals from the environment by the use of metal accumulating plants is
termed phytoremediation. The plant root has the ability to absorb, translocate, bioacccumulate and store the
toxicant in the entire plant body (Vinita, 2007). This method has advantages over other methods because it is
cheaper in terms of practice and solar driven and the plants possess certain chelating agents that enhance metal
uptake without emitting the metals to the environment. Phytoremediation has advantages over microbial
remediation due to the fact that it is effective in removal of some inorganic metals that cannot be degraded by
microbes particularly in the soil (llyaet al., 1997). While microbial bioremediation leads to accumulation of
some toxic metals in aquatic food chain, phytoremediation helps to remove the metals completely from the
water body by absorbing the toxic metals into parts of its body. Phytoremediation has been effective in the
removal of radioactive metal (Cr) and non-reactive metals (Pb,Zn,Cd,Cr, As and Hg) from soil and water
(Cosioet al., 2004; Turgutet al, 2004). Several plants have been used to remove toxic metals from soil and water
and these include; Arabidopsis thaliana (Zn, Cu, Pb, Mn, P) (Lasat, 2002), Sedum alfredii(Pb, Zn) (Li et al.,
2005) and Salsola kali (Cd) (de la Rosa et al., 2004). There are four basic methods employed in remediation of
soil or water using plants and these are: phytoextraction, phytovolatilization, phytostablization and
rhizofilteration.

Phytoextraction: Plants with high metal absorbing ability are used for phytoextraction. The plants can take up
high amounts of the toxic metalsfrom the soil through the roots and accumulate them on their shoot systems
(stem or leaves) due to high tolerance, high biomass and fast growth. The plants are later harvested and
destroyed by burning in landfills or the metals could be recycled by a process called phytomining(Chaney et al.,
2000).1t is preferable to use non-edible plantsfor phytoremediation, but in a situation where edible plants are
used because of high toxic metal retention ability, they are harvested and subsequently used for nonfood
purposes such as wood or cardboard or disposed in landfills after burning to ashes (Vinita, 2007). Plants of
Brassicaceae family including Arabidopsis species (A. halleri)have been reported to have shown hyper
accumulative ability for As, Cu, Co, Cd, Mn, Ni, Se, Pb and Zn (up to 100 to 1000 levels) better than Indian
mustard and sunflower that are initially used for phytoextraction(Ma et al., 2001). However, due to their slow
growing ability, only Alyssum bertolonii(Ni hyper accumulator) has been used for large scale remediation of
metals in the field (Li et al., 2003).1t is reported that the future is promising on cloning of genes from effective
phytoextraction plants to other plants to explore their characteristics in order to improve the technology and
enhance the viability of the plants (Clistenes and Baoshan, 2006).

Phytovolatilization: Volatilization is the act of transpiration of organic and inorganic metals and evaporation of
the metals to the atmosphere through the stem and leaves of plants. This method is much more effective for
organic metals but can be used for few inorganic metals that can exist in volatile forms(Hansen et al., 1998).1t is
also used in transformation of metals (like Se) to organic volatile forms through assimilation and methylation
(Terry et al., 2000). While in another way, the metals (As and Hg), are dispersed or diluted to forms that do not
pose threat to the environment (Lin et al., 2000).Phytovolatilization is more of an advantage to phytoextraction
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due to the fact that it completely disperses the metal as a gas and there is no need for harvesting the plants after
the activity.

However, the method can be improved by the use of plants with high transpiration capability and can
produce certain enzymes that can mediate volatilization and by gene transfer to impact nano accumulation
ability to other plants (Le Ducet al., 2004).

Phytostabilization: This method employs plants to stabilize or transform metals into less bioavailable forms
that cannot be moved to water bodies or further pollute the soil environment (Kramer and Chardonnens,
2001).The plant uses its root and exudate to prevent leaching and erosion of the metals by stabilizing them in the
soil. It is experimentally observed that combining trees and grasses in this method is much more effective. The
use of fast-transpiring trees prevents downward leaching of metals and grasses prevent wind erosion and lateral
runoff with their thin dense root systems. However, grasses that are known to be feeds to animals do not
accumulate metals in their shoots thereby minimizing exposure of animals to heavy metals (Pilon-Smith, 2005).

Rhizofiltration: In rhizofiltration, plant roots grown in water absorb metals through the roots and precipitate
them to the atmosphere (Schmogeret al., 2000). Plants, sediments and microbe (rhizobium) act as
biogeochemical filters that efficiently remove contaminants from water (Horne, 2000). Constructed wetlands
have been widely used for filtering large volumes of wastewater containing toxic inorganics like Se, nitrate and
phosphate (Nzengung and McCutcheon, 2003). Several aquatic plants have affinity for different toxic metals in
wastewater. These plants include Polygonumamphibium L. (sharp dock), Lemna minor L. (duck weed),
Eichhorniacrassipes(water hyacinth), P. stratiotes(water lettuce), Lepironia articulate(calamus) and
Hydrocotyle umbellate L. (Pennywort). For instance, it has been experimentally found that the roots of Indian
mustard is effective in the phytoremediation of Cd, Cr, Cu, Ni, Pb and Zn while sunflower can remove Pb, U,
Cs-137 and Sr-90 from hydroponic solutions (Mohammed et al., 2008). This method can be used in in-situ or
ex-situ bioremediation of wastewater. Other species apart from hyper accumulators can also be used in
rhizofiltration and this technology has advantages over other methods because it has proven field effective with
the removal of 21 - 874ug/L of Uranium in water (Hosh and Singh, 2005).

VII. CONCLUSION

Electronic wastes have globally been on the increase due to technological advancement, increased
awareness on the importance of information technology and continuous improvement in lifestyle. These have
necessitated increased usage of electronic equipment particularly in developing countries where the importation
of used electronic gadgets is on the increase in recent times without proper methods of recycling the wastes.
These electronic wastes contain recalcitrant and toxic materials which pose distinct challenges that differ from
other types of wastes to the environment. The improper disposal of these wastes on land fields, handpicking of
parts and burning in our environment are associated with emission of toxic chemicals that contaminate the soil,
air and water bodies. Government should therefore, regulate the abundance of these wastes and consider
privatization of electronic wastes management and create awareness on dangers associated with them.
Electronics manufacturing companies should also employ means of minimizing wastes by making portable
products that will reduce the amounts of hazardous metals in them. The use of microorganisms and plants to
remediate these metals discharged into the environment as a result of the disposal of these wastes should be
strongly recommended and employed by government at all levels.

REFERENCE

[1] Bor-Shong L., Hsien-Yu T. and Tung-Chung, C. (2006).Optimized Design of Chrome Plating After Electrogalvanized Under the
RoHS/WEEE Directive.The 36th CIE Conference on Computers & Industrial Engineering (2006).Hosted by National TsingHua
Univ., Taiwan.

[2] Brock, T.D. and M.T. Madigan, (1991).Biology of Microorganisms. 6"Edn., Prentice-Hall Inc., Englewood Cliffs, pp: 874.

[3] Bruins M.R., Kapil S., Oehme F.W.(2000) Microbial resistance to metals in the environment. Ecotoxicology and
Environmental Safety, 45:198-207.

[4] Carlin, A., Shi,W., Dey, S. and Rosen, B. P. (1995). The ars operon of Escherichia coli confers  arsenical and antimonial
resistance. Journal of Bacteriology, 177(4)981 — 986.

[5] Christopher W., Simon, C. W., and Geoffrey, M. G. (1995). The Role of Microorganisms in Biosorption of Toxic Metals and
Radionuclides, International Biodeterioration & Biodegradation, 17 — 40

[6] Christopher Bodeen (2007).In 'e-waste' heartland, a toxic China, available at
http://www.nytimes.com/2007/11/18/world/asia/18iht-waste.1.8374259.html?_r=0

[7] Clarkson, T. W., &Magos, L. (2006).The toxicology of mercury and its chemical compounds. Critical Reviews in
Toxicology, 36(8), 609-662.

[8] Clistenes, W. A. N. and Baoshan, X. (2006). Phytoextraction: A Review on Enhanced Metal Availability and Plant
Accumulation, Science and Agriculture (Piracicaba, Braz.), 63(.3) 299-311

[9] Cui, j., and Forssherg, E., (2003).Mechanical Recycling of Waste Electronic and Electronic Equipment.A Review Journal of

Hazardous Material B99, 243-263.

www.theijes.com The ES Page 40


http://jb.asm.org/search?author1=A+Carlin&sortspec=date&submit=Submit
http://www.nytimes.com/2007/11/18/world/asia/18iht-waste.1.8374259.html?_r=0

The Impact Of Electronic Waste...

[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[44]

[45]

Department of Environment Government of Nunavut (2012).Environmental Guideline for the Burning and Incineration of
Solid Waste.Pp 11- 12.

Electronics: A New Opportunity for Waste Prevention, Reuse, and Recycling, Solid Waste and Emergency Response
(2001).United State Environmental Agency, available at http://www.epa.gov/epr

E-Waste: Impacts, Challenges and the role of Government, Service Providers and the Consumers Workshop held at ole sereni
hotel, nairobi-kenya 9™ -10"june 2010 organized by Communication Commission of Kenya

Gladysheva, T.B., Oden, K.L., and Rosen, B.P. (1994).Properties of the arsenate reductase of plasmid R773.
Biochemistry 33:7288-7293.

Hosh M.G and Singh S.P. (2005). A Review on Phytoremediation of Heavy Metals and Utilization of It’s by Products, Asian
Journal on Energy and Environment, 6(04), 214-231

JECFA, (2004).Methyl-mercury. In: Safety evaluation of certain food additives and contaminants. Report of the 61 Joint
FAO/WHO Expert Committee on Food Additives. Geneva, World Health Organization, International Programme on Chemical
Safety. WHO Technical Report Series 922 pp 132-139.

Soraj, G. (2013). E — Waste Management: Teaching how to Reduce, Reuse and Recycle For Sustainable Development- Need of

some Educational strategies, Journal of Education and Practice, 2(3)74 — 86.

Kramer, U. and A.N. Chardonnens(2001). The use of transgenic plants in the bioremediation of soils contaminated with trace
elements. Applied Microbiology and Biotechnology, 55, 661-672

Linda, L. (2010). Managing Electronic Waste: Issues with Exporting E-Waste, Congressional Research Service .Pp 11—
12.

Lim, S. R. and Schoenung, J. M. (2010).Human health and ecological toxicity potentials due to heavy metal content in

waste electronic devices with flat panel displays. Journal of Hazard Mater. 15;177(1-3):251-259

Lincoln, J., D., Onuseitan, O., A., Shapino, A., A., and Saphores, J., D., M. (2007).Leaching Assessments of ~ Hazardous
Materials in Cellular Telephones, Environmental Science and Technology.41(7); 2572-2578.

Llya, R., Rober, D.S. and David, D.S. (1997). Phytoremediation of metals: using plants to remove pollutants from the
environment. Current Opinion in Biotechnology, (8)221 — 226.

Macy,J. M., Santin I. J. M., Pauling, B. V., O’Neill, A. H., Sly, L. 1.(2000).Two new arsenate/sulfate-reducing bacteria:
mechanisms of arsenate reduction. Archieves of Microbiology, 173:49 — 57

Mandada, M., N., Kumar, S., and Shekdar, A., V., (2004). E-waste a New Challenge for Waste Management in
India.International Journal of Environmental Studies. (61) 265-279.

Martin Eugster, DuanHuabo, Li Jinhui, OshaniPerera, Jason Potts, Wanhua Yang,(2008). Sustainable Electronics and electrical
Equipment for China and the World, a commodity chain sustainability analysis of key Chinese EEE Product chains.International
Institute for Sustainable Development, Canada.Pp I---I1.

Ministry for the Environment, a Central Agency of the New Zealand Government (2013).A Literature Review on the
Environmental  and Health Impacts of  Waste Electrical  and Electronic Equipment,  available
atwww.mfe.govt.nz/publications/waste/weee-literature...

Mohammad I. L., Zhen-li, H., Peter, J. S., and Xiao-g, Y. (2008). Phytoremediation of heavy metal polluted soils and water:
Progresses and perspectives, Journal of Zhejiang University Science B. 9(3): 210-220.

Musson, S., E., Jang.Y., C., Townsend, T., G., and Chung; L., H., (2006).Characterization of lead Leachability from Cathode
Ray Tubes Using the Toxicity Characterization leaching procedure.Environmental Science and Technology. (34) 4376-4381.
Nies, D. H. (1999). Microbial heavy-metal resistance, Applied Microbiology and Biotechnology,  51: 730 — 750

Nigeria Communications Commission (2010.)Subscriber Data at a Glance (Year 2008-January 2010). WWW.Nncc.gov.ng
Nnorom, I.,C., and Osibanjo, O., (2008). Electronic waste material flows and management practices in Nigeria. Waste
Management (28) 1472-1479.

Ogbuene, E. B., Igwebuike, E. H. and Agusiegbe, U. M. (2013). The Impact of Open Solid Waste Dump Sites on Soil Quality: A
Case Study of Ugwuajiln Enugu, British Journal of Advance Academic Research, 2 (1)43 —53.

Pilon-Smits, E.A.(2005). Phytoremediation.Annual Review of Plant Biology.56,15-39.

Podda, F., P. Zuddas, A. Minacci, M. Pepi and F. Baldi, (2000).Heavy metal coprecipitation with hydrozincite [Zns (CO3)*(OH)e]
from mine waters caused by photosynthetic microorganisms. Applied Environmental Microbiology, 11: 5092-5098.

Qianrui, W., Daekeun, K., Dionysios D. D., George A. S. and Dennis, T. (2004).Sources and remediation for mercury
contamination in aquatic systems — a literature review, Environmental Pollution 131 (2004) 323 — 336.

Ramachandra, T.V.,Saira Varghese K. (2004). Environmentally Sound options for E-Wastes Management, Envis Journal of
Human Settlements available at localhost/C:/Users/USER/Documents/E-Waste/E-Waste%20Management.mht

Renshaw, J.C., Robson, G.D. and Trinci, A.P.J.(2002). Fungal siderophores: structures, functions  and applications.
Mycological Reserve, 106:1123-1142.

Richard E. B. (2009). Children’s Exposure to Elemental Mercury: A National Review of Exposure Events Reported by: The
Agency for Toxic Substances and Disease Registry and Centers for Disease Control and Prevention Mercury Workgroup, Pp 15.
Robin A. B. (2012). Mercury Toxicity and Treatment: A Review of the Literature, Journal of Environmental and Public Health,
Volume 2012 (2012), Article ID 460508, 10 pages

Ross, S.M. (1994). Retention, transformation and mobility of toxic metals in soils. In: Toxic Metals in Soil- Plant
Systems, John Wiley and Sons, New York. pp. 63-152.

Rossi, E (2008). Low Level Environmental Lead Exposure — A Continuing Challenge.The Clinical biochemist. Reviews /
Australian Association of Clinical Biochemists29 (2): 63—-70

Sharma, p., Fulekar, M.H., and Pathak, B. (2012). E-Waste- A challenge for Tomorrow, Research Journal of Recent Sciences,
1(3)86 - 93.

Shruti, M., Geetha, B., and Sarangi, S. K. (2012). Biosorption of Lead by Bacillus cereus isolated from industrial effluents,
British Biotechnology Journal, 2(2):73 — 84.

Stephen, J. M. (2013). Comparative Trace Elemental Analysis in Cancerous and Noncancerous Human Tissues Using PIXE,
Journal of BiophysicsVolume 2013 (2013), Article ID 192026, 8 pages

Susan Fredholm, (2008). Evaluating Electronic waste Recycling System: The Influence of Physical Architecture on System
Performance. A Thesis in Partial Fulfillment of the requirement for the Degree of Master of Science in Technology and Policy
submitted to Franklin W. Olin College of Engineering. Pp 9

Xu, C., Zhou, T., Kuroda, M. and Rosen, B. P.(1998).Metalloid resistance mechanisms in prokaryotes. Journal  of
Biochemistry,123, 16-23.

www.theijes.com The IJES Page 41


http://www.epa.gov/epr
http://www.ncbi.nlm.nih.gov/pubmed/20056318
http://www.ncbi.nlm.nih.gov/pubmed/20056318
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lone%20MI%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20Zl%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stoffella%20PJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Xe%5Bauth%5D
http://www.ncc.gov.ng/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2533151

The Impact Of Electronic Waste...

[46]
[47]
[48]

[49]
[50]

Vinita, H. (2007). Phytoremediation of toxic metal from soil and water, Journal of Environmental Biology, 28
(2)367 - 376.

United State Environment Protection Agency (USEPA) (2007), Management of Electronic Waste in the United State Fact sheet.
Available at http://www.epa.gov/recycling/docs fact11-07.pdf

WHO Fact Sheet (2011). Indoor air pollution and health available at http://www.who.int/mediacentre/factsheets/fs292/en/

WHO Fact sheet (2012). Mercury and health, available at http://www.who.int/mediacentre/factsheets/fs361/en/

Waste and Climate Change: Global trends and strategy framework (2010).United Nations Environmental Programme, Division
of Technology, Industry and Economics International Environmental Technology Centre Osaka/Shiga Pp 33 — 35

www.theijes.com The IJES Page 42


http://www.epa.gov/recycling/docs%20fact11-07.pdf
http://www.who.int/mediacentre/factsheets/fs292/en/

