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Abstract Rapid influx of modern technology in the past few decades has led to an 
exponential increase in the usage of the electrical and electronic equipment on a 
global level. This unprecedented increase, on one hand, has revolutionized the field 
of communication and information technology, providing a major boost to business 
and economic activities; however, it has also led to the generation of one of the 
fastest-growing waste streams in the world, popularly referred to as E-waste. 
Constituents of E-waste are both hazardous and nonhazardous and valuable, 
comprising of toxic elements (Cd, Cr, Hg, As, Pb, Se), radioactive active substances, 
halogenated compounds (polychlorinated biphenyls, polybrominated biphenyls, 
polybrominated diphenyl ethers, chlorofluorocarbon, etc.), plastics, glass, ceramics, 
rubber, ferrous and non-ferrous metals (Al, Cu) and precious metals like Au, Ag, 
and Pt. With 20–50 million tonnes of global E-waste generation and an anticipated 
growth of 33%, the problem of rapidly growing E-waste is an issue faced by both 
developed and developing countries of the world. Additionally, unscientific and 
crude disposal and recycling practices for management of E-waste have severe 
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implications for the environment and human health resulting from release and 
exposure to toxic emissions and constituents. In view of the above, the present 
chapter attempts to provide a brief insight on the global trends of E-waste generation, 
critical issues and challenges associated with E-waste and its effects on environmental 
and human health, thereby highlighting the need for sustainable environmental 
management of this newer waste stream.

Keywords E-waste · Heavy metal toxicity · Environment · Human health · 
Sustainable waste management

12.1  Introduction

Technological revolution and advancement in the field of the electrical and elec-
tronic equipment are unprecedented in the present twenty-first century. Evidently, 
the developed nations of the world use more than 900 different types of electronic 
and electrical goods and gadgets (Huisman et al. 2012). Tremendous growth in the 
electronics market resulting from higher consumer demand and relatively short 
useful life of equipment/gadgets especially personal computers, laptops, tablets, 
smartphones, television sets, kitchen appliances, etc. has led to generation of a 
newer and bigger waste stream comprising of outdated electronic goods popularly 
referred to as E-waste, i.e. Electronic waste (Wong et al. 2007; Nnorom and Osibanjo 
2008; Dwivedy and Mittal 2010). With the growth rate of 4% per year, the world 
currently generates nearly 50 million tons of E-waste annually, making it one of the 
fastest-growing streams of solid waste (UNEP 2005; Wang et al. 2013). According 
to an estimate, more than 130 million computers and television sets become obsolete 
in the USA on an annual basis. During the years 1997–2007, more than 500 million 
computers in the USA and around 610 million till 2010 in Japan were discarded 
(Bushehri 2010). E-waste is a complex category of solid waste containing both 
valuable and hazardous substances such as plastics, precious and non-precious 
metals (Au, Ag, Pd, Pt, Fe, Cu, Al, etc.), Pb-containing glass, Hg, Cd-containing 
batteries, toxic organics, flame retardants and chlorofluorocarbons (Wang et  al. 
2012). Improper handling and management of E-wastes may result in loss of 
resources and also cause environmental damage (Table 12.1).

Burgeoning amounts of E-waste generation and its hazardous constituents, trans- 
boundary movement and disposal issues have aroused significant environmental 
concerns worldwide and especially in developing countries pertaining to their 
growing consumption rates and imports from developed nations. Nearly 80% of the 
electronic goods or E-waste rejected from the developed countries on account of 
being old and less eco-friendly is carried across the developing nations (Hicks et al. 
2005). Lack of proper legal framework and policies regarding safe disposal of 
imported E-waste in developing countries of Asia and Africa further intensifies the 
problem with serious implications to the environment and human health (Kiddee 
et  al. 2013). Unregulated and primitive techniques of E-waste recycling such as 
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dismantling, burning, roasting, melting and acid bath are hugely popular in the 
illegal workshops and factories in the developing countries because of their 
operational ease and low cost (Ren et al. 2014). These processes/methods, however, 
contribute immensely to the pollution of surrounding aquatic and terrestrial 
ecosystems and atmosphere (Fu et al. 2008). Emission or formation of highly toxic 
metals (Cr, Cd, Pb, Hg, Li, Be, Ba, etc.) and pollutants like polyhalogenated organics 
including polychlorinated biphenyls, polybrominated diphenyl ethers, 
polychlorinated dibenzo-p-dioxins and dibenzo-furans occurs during recycling of 
E-waste and causes pollution of the ambient environment (Wang et al. 2005; Sharma 
et al. 2018). In a study conducted by Liu et al. (2008), soil, biota and plant samples 
from an E-waste recycling site in South China showed contamination with 
significantly higher levels of polychlorinated biphenyls, polybrominated diphenyl 
ethers and polychlorinated dibenzo-p-dioxins and dibenzo-furans as compared to 
control sites. Sjödin et  al. (1999) also found significantly higher levels of 
polybrominated diphenyl ethers in the serum of workers at E-waste recycling 
factories. Adverse effects of E-waste recycling are evident on human health also. 
Constant exposure of workers and local inhabitants to the toxic chemicals at these 

Table 12.1 Comparing E-waste generated and heavy metal concentration between India, China 
and Nigeria

India China Nigeria

E-waste 
generated

1.7 Mt 6.0 Mt 0.22 Mt

Rate of 
recycling

5% 34.6% ND

Air Cr, 18; Mn, 59.6; Cu, 
111; Zn, 191; Mo, 
81.6 ng/m3

Mechanical workshop: Cr, 
0.554; Cu, 27.76; Cd, 0.108; 
Pb, 12.34 mg/g (manual)

ND

Workshop: Cr, 0.436; Cu, 31.80; 
Cd, 0.398; Pb, 02.043 mg/g

Water Waste leachate: Al, 1315; 
Cd <1; Cu, 185; Ni, 9; 
Pb, 4; Zn, 17 ppm

Well: Cd, 5.60; Cr, 0.058; Cu, 
112; Mn, 138; Ni, 3.07; Pb, 
1.37

Well: Pb, 1.8; Cd, 
0.006; Zn, 0.84; Cr, 
0.25; Ni, 1.23

Soil DS: Cr, 73; Cd, 2.33; Cu, 
592; Mn, 449; Pb, 297; 
Zn, 326

DS: Cd, 52; Cr, 2.51; Cu, 107; 
Mn, 1.01; Ni, 2.52; Pb, 111; Zn, 
5.40

DS: Pb, 502; Cd, 
7.82; Zn, 66.9; Cr, 
32.65; Ni, 84.24

RS: Cr, 54; Cd, 0.47; Pb, 
126; Mn, 619; Zn, 129; 
Cu, 429 μg/g

BS: Cd, 195; Cr, 3.45; Cu, 413; 
Mn, 1.12; Ni, 2.89; Pb, 115; Zn, 
5.40

Human 
health

Cr, 0.29; Mn, 1.16; Cu, 
23; Zn, 141; Mo, 0.041; 
Ag, 2.1 μg/g

As, 0.282; Cd, 0.209; Cr, 1.16; 
Cu, 10.2; Mn, 1.03; Ni, 0.812; 
Pb, 2.98 mg/g

ND

Adapted from: Awasthi et al. (2016)
ND no data, DS dumping site, RS recycling site, BS burning site
(a) Balde et al. (2015), (b) Ha et al. (2009), (c) Jha et al. (2011), (d) Wu et al. (2015), (e) Wang et al. 
(2009), (f) Fang et al. (2013), and (g) Olafisoye et al. (2013)
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sites leads to their bioaccumulation in the body tissues and biomagnification through 
the food chain (Wong et al. 2007).

12.2  Trends in E-waste Generation

With a largely growing competitive global market of electronic and electrical prod-
ucts and their shorter useful life, E-waste has become a worldwide phenomenon 
with a growth rate of 5–10% per year (Zheng et al. 2013; Sthiannopkao and Wong 
2013). Estimates provided by solving the E-waste problem (StEP) initiative 
predicted global production of E-waste in the world to rise from 49 million tonnes 
during 2012 to around 65.4 million tonnes till 2017 (UNU 2013). Higher generation 
rates and potential hazardous impacts on the environment and human health caused 
by associated toxic chemicals during recycling and disposal have made sustainable 
E-waste management a major environmental concern and challenge (Leung et al. 
2007; Wu et al. 2008; Luo et al. 2009). Majority of the E-waste from developed 
world, i.e. the USA, Britain and Europe, is transferred to developing nations like 
China, India and Nigeria (Chi et al. 2011). E-waste management is an issue dealt 
differently in terms of policies and methodologies adopted in both developed and 
developing countries of the world. Developed countries have expensive, fairly 
regulated and well-devised collection systems, clean recovery technologies such as 
disassembly stations, and plasma furnaces installed to prevent toxic emissions from 
E-waste recycling; however still, the majority of the European and North American 
E-waste remains unrecycled (Barba-Gutiérrez et al. 2008). On the other hand, most 
of the developing countries (like China, India, Pakistan, Indonesia, the Philippines, 
Nigeria, etc.) in absence of proper laws, policies and regulatory guidelines resort to 
primitive, cheap and crude recycling practices such as smouldering, acid baths, 
crushing, open incineration, etc. at the informal recycling facilities to manage 
E-waste causing severe damage to the environment and human health (Widmer 
et al. 2005; Zheng et al. 2013; Yoshida et al. 2016). During the year 2010, developed 
countries like Japan and the European Union generated 4 and 8.9 million tonnes of 
domestic E-waste, respectively (Zoeteman et  al. 2010), and around 400 million 
electronic items become obsolete in the USA alone per year. According to Widmer 
et al. (2005), in the developed countries, E-waste may constitute 8% by volume of 
municipal solid waste. Receiving more than 70% of the E-waste in the world and 
also being its second largest producer, China is likely to overtake the USA’s E-waste 
generation by the year 2020 (Hicks et al. 2005; UNEP 2007). It is predicted that by 
2030, developing countries will discard approximately 600 million personal 
computers per year which is twice the number that will be discarded by the developed 
nations, i.e. 300 million (Yu et al. 2010). In economically advanced Southeast Asian 
countries like Malaysia and Thailand, E-waste generation was estimated to be 
6–10 kg per capita during 2012, whereas it ranged from 2 to 3 kg per capita for 
middle-income countries like the Philippines, Vietnam and Indonesia (Yoshida et al. 
2016).
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12.3  Environmental Implication of E-waste

In developing nations, widespread unscientific methods of E-waste recycling have 
caused severe contamination of soil, water, air and adverse health effects as these 
products have a high concentration of harmful materials like heavy metals and 
persistent organic pollutants. E-wastes comprise different materials; most of them 
are toxicant and cause serious environmental problems (Pant et al. 2012; Chatterjee 
2008). Two major kinds of substances are released from E-waste, viz. hazardous 
(heavy metals, polybrominated diphenyl ethers, polycyclic aromatic hydrocarbons 
and polychlorinated dibenzo-p-dioxins and dibenzofurans) and nonhazardous 
(metals like Cu, Zn and Se along with precious metals like Au, Ag, Pt, etc.) (Awasthi 
et al. 2016; Wei et al. 2014; Zeng 2014; Zhang et al. 2013). Both types of E-waste 
cause potential harmful impact on the environment if present beyond their 
permissible limit (Pant 2010). During processing of these E-wastes, a significant 
amount of toxic compounds are released which causes a detrimental effect on 
human well-being and the surrounding environment (Robinson 2009; Shen et al. 
2009).

Additionally, around 80% of E-waste is illegally transported from advanced to 
developing nations like India, China, Ghana, Nigeria, and Pakistan because of 
governmental negligence, lack of stringent policies and lower cost of labour 
(Pradhan and Kumar 2014; Sthiannopkao and Wong 2013). Several scientists have 
investigated that workshop sites for processing/transforming of E-waste release 
toxic substances that contaminate natural surrounding environment (Kwatra et al. 
2014; Wu et al. 2014; Stevels et al. 2013). In continuation, many scientists have 
documented heavy metal contamination in the surrounding environment (water, air 
and soil) near recycling workshops mainly in developing nations (Leung et al. 2006, 
2007, 2008; Wong et al. 2007).

Leaching is the process through which harmful contaminants enter aquatic sys-
tems where processed and unprocessed waste may be deposited. Likewise, settling/
dissolution of airborne contaminants or hydrometallurgical processes followed by 
acid disposal penetrate into water or soil thus contaminating soil and aquatic sys-
tems. However, e-waste contaminants enter human body via skin absorption, inha-
lation and ingestion by dust-laden air (Mielke and Reagan 1998). A parallel study 
by Ha et al. (2009) indicated that dust-laden air near E-waste processing workshops 
in Bangalore contains contaminants like Sn, Pb, Sb, Cd, In and Bi at a high level of 
91, 89, 13, 1.5, 1.3 and 1.0 ng m−3, respectively. Most of the E-waste in developing 
nations are dealt with little concern often by acid baths and open burning for recov-
ery of a few valuable materials. Result of these processes are harmful contaminants 
like polybrominated diphenyl ethers, polychlorinated biphenyls, heavy metals, 
dioxins, furans are observed in surrounding environments, workers and nearby resi-
dents. Hence, the environmental impact of the pollutants (polychlorinated biphe-
nyls, polybrominated diphenyl ethers, heavy metals) must be discussed extensively 
regarding the health and safety of workers or the environment.
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12.3.1  Heavy Metal Toxicity

Manufacturing of electronic devices widely uses heavy metals like Cd and Pb in 
circuit boards and computer batteries, Cu in electrical wiring, etc. (Achillas et al. 
2013; Stevels et al. 2013; Zeng et al. 2014). A study done by Morf et al. (2007) 
found that the average fraction of plastic in E-waste has Pb, Ni, Sn, Zn and Sb at a 
concentration > 1000 mg kg−1 and > 100 mg kg−1 for Cd. Primitive processes and 
techniques are extremely popular in developing nations like India and China. 
Therefore, it became a new cause of environmental pollution these decades (Chi 
et  al. 2011; Song and Li 2014). The unregulated processing by using primitive 
techniques like a chemical process, acid baths and burning to procure valuable 
metals cause severe heavy metal pollution in the terrestrial and aquatic ecosystem 
(Deng et al. 2007; Wei and Liu 2012).

Additionally, incineration done prior to landfilling increases the mobility of 
heavy metals, especially Pb (Gullett et al. 2007). In a study by Luo et al. (2011), 
which collected samples of soils and vegetables from prior incineration sites for 
heavy metal analysis, the results demonstrated high doses of Zn, Pb, Cu and Cd with 
values of 3690, 4500, 11,140 and 17.1 mg kg−1, respectively. Also, soils of paddy 
fields and nearby gardens had a comparatively high level of Cu and Cd. Similarly, 
the high level of Cd and Pb was observed in inedible parts of vegetables, which goes 
beyond the maximum permissible limit in China. High doses of Cd, Pb and 
polybrominated biphenyls were found higher in rice and other crops cultivated near 
E-waste recycling units. This is because heavy metals are discharged during 
recovery of precious metals that enter the soils where crops and vegetables are 
grown by polluting irrigation water or through foliar uptake of heavy metals by air 
(Bi et  al. 2009). Oral intake of contaminated food is an important pathway for 
translocation of heavy metals from the environment to the human population.

Developing nations like China and India are a hub for recovery of precious met-
als from E-waste by informal reprocessing of printed circuit boards, batteries and 
cables. The complete step of the process is accomplished by people involved irre-
spective of gender and age who work without using proper protection in a harmful 
environment. In a study by Ha et al. (2009) observed high doses of heavy metal in 
soil at a recycling slum in Bangalore that contained up to 4.6 mg kg−1 In, 180 mg kg−1 
Sb, 2850 mg kg−1 Pb, 39 mg kg−1 Cd, 49 mg kg−1 Hg, 957 mg kg−1 Sn and 2.7 mg kg−1 
Bi. The concentrations recorded were 100 times more than control site. A similar 
study by Pradhan and Kumar (2014) analysed heavy metals in soil, water and plant 
samples collected from recycling sites in Mandoli Industrial Area, Delhi. Results 
revealed that a high level of heavy metals concentration was found in soil samples 
like Cu (115.50  mg  kg−1), As (17.08  mg  kg−1), Pb (2645.31  mg  kg−1), Cd 
(1.29  mg  kg−1), Se (12.67  mg  kg−1), Zn (776.84  mg  kg−1), native plant samples 
(Cynodon dactylon) and water samples.
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12.3.2  Hazardous Chemical Toxicity

E-waste is different from other forms of wastes which comprise composite mixtures 
of probable environmental contaminants. E-waste also contains some uncommon 
potential contaminants even in other polluted sites. In the manufacturing of electrical 
items, some heavy metals contaminants are used, while during combustion of 
E-waste at low temperature, other contaminants such as polycyclic aromatic 
hydrocarbons are produced. Important metals (Cu, platinum group) along with 
potential environmental contaminants, especially Ni, Sb, Hg, Pb, Cd, polybrominated 
diphenyl ethers and polychlorinated biphenyls, are generally present in the E-waste. 
Dioxins, furans, polycyclic aromatic hydrocarbons, polybrominated diphenyl 
ethers, polychlorinated biphenyls and polychlorinated dibenzo-p-dioxins and 
dibenzofurans and hydrogen chloride could be generated due to the burning of 
E-waste that are highly contaminated pollutants (Darnerud et al. 2001; Martin et al. 
2003).

Open burning and labour-intensive treatment are widely used basic methods in 
the recycling of E-waste. In comparison with domestic waste, ignition of insulated 
wire produced 100X more dioxins (Gullett et al. 2007). Flame retardants such as 
polybrominated diphenyl ethers are synthesized into plastics and other components. 
Polybrominated diphenyl ethers and plastics can leach out from the surface of 
E-waste into the atmosphere due to the absence of chemical bonds between them 
(Deng et al. 2007). Lipophilic character of polybrominated diphenyl ethers causes 
bioaccumulation in the organisms and biomagnification in the food chains (Deng 
et  al. 2007). Endocrine disrupting properties are also found in polybrominated 
diphenyl ethers (Tseng et  al. 2008). During the recycling procedures, ignition 
products of polyvinyl chloride in electrical wires can emit or form a number of 
highly lethal pollutants like polychlorinated biphenyls in capacitors/transformers, 
polybrominated diphenyl ethers which are used as brominated flame retardants in 
the circuit board and polychlorinated dibenzo-p-dioxins and dibenzofurans (Wang 
et al. 2005). Soil samples were gathered by Leung et al. (2007) from the site where 
it was usual to liquify circuit boards, incinerate things as cable covering to recover 
copper wire and employ open-pit acid leaching for extraction of valuable metals. 
Their research works concentrated on polybrominated diphenyl ethers and 
polychlorinated dibenzo-p-dioxins along with dibenzofurans, that is, polybrominated 
diphenyl ethers and polychlorinated dibenzo-p-dioxins and dibenzofurans. 
Carcinogens in duck ponds and paddies were 263–604 ng g−1, dry weight and 34.7–
70.9 ng g−1 which exceeded from control sites.

A similar study by Luo et al. (2007b) accounted that carps collected from the 
Nanyang River, near Guiyu, bioaccumulated polybrominated diphenyl ethers to 
high level, i.e. 766 ng g−1 (fresh weight). Expectedly, Luo et al. (2007a) in the 
further study accounted for high polybrominated diphenyl ether levels in the sed-
iments, i.e. up to 16,000 ng g−1 of the Nanyang River. A similar study was done 
by Wu et al. (2008) and found that water snake near (the top predator) an E-waste 
recycling yard had around 1091  ng  g−1 polybrominated diphenyl ethers and 
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16,512 ng g−1 polychlorinated biphenyls on a wet weight basis. Other than poly-
brominated diphenyl ethers, brominated flame retardants like decabromodiphe-
nyl ethane, tetra-bromobisphenol A bis (2, 3-dibromopropyl) ether and 1, 2-bis 
(2, 4, 6-tribromophenoxy) ethane are commonly found in the different ecosystem 
of Pearl River Delta (Shi et al. 2009). All these have caused a high level of toxic 
pollutants in the ambient atmosphere that further degrade the ecosystem and 
human well- being (Wong et al. 2007; Yu et al. 2006; Deng et al. 2006).

12.4  Effect on Human Health

Hazardous waste may adversely affect the health of the local inhabitants and work-
ers that may involve any organ failure depending on the contact of any specific type 
of chemical(s), exposure time, exposed individual’s characteristics like age and sex, 
body weight, immunological status, etc. Exposure routes may differ depending on 
the kind of substance involved and their recycling process. The general route fol-
lowed by the harmful components emerging from E-waste is either via inhalation, 
ingestion or dermal contact. In addition to this, people can come in contact with 
associated pollutants through contaminated air, soil, water or food. Also, additional 
exposure risks are faced by pregnant women, foetuses, children, elderly population, 
disabled persons, workers and local residents (Grant et  al. 2013). Among them, 
children are at a higher risk due to other routes of exposure like placental exposure 
or breastfeeding, their altering physiology like high consumption of water and food 
and low toxin elimination rate and high risk-taking behaviours like hand to mouth 
activity in recent years (Pronczuk de Garbino 2004). Besides, the children of 
E-waste manufacturing and recycling workers get contaminated by their parents’ 
skin or clothes and direct exposure if the recycling process is happening in nearby 
places or homes.

Heavy metals penetrate the human body via oral intake, dermal contact and inha-
lation. Water and food intake are the major sources of oral exposure to heavy metals 
(Zheng et al. 2013; Xu et al. 2006). Food crops bioaccumulate heavy metals via 
wastewater irrigation (Singh et al. 2010), atmospheric deposition (Bi et al. 2009) or 
contaminated soil (Zhuang et al. 2009). Contaminated soil and feeds result in an 
elevated level of heavy metals in meat products (Cang et al. 2004; Gonzalez-Weller 
et  al. 2006). A number of studies revealed that Pb, Cd, Zn and Cu are potential 
human carcinogens that are related to several disorders like the nervous system, 
blood, urine, cardiovascular and bone diseases (Jarup 2003; Brewer 2010; Muyssen 
et al. 2006). A similar study by Thomas et al. (2009) speculated that Cd and other 
heavy metals cause early kidney damage. Several studies have also found that Cu 
leads to liver damage, Pb results in behaviour and learning disabilities and Cd 
increases the risk of kidney damage (Bhutta et al. 2011; Chan et al. 2013; Yan et al. 
2013). These studies emphasize the significance of assessment of heavy metal risk 
and exposure to the local inhabitants and labours in E-waste recycling areas.
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A comparable study by Ha et al. (2009) in recycling sites such as Guiyu in China 
and Bangalore in India speculated that heavy metals and their associated pollutants 
cause severe damage to the environment and human health. This is due to a high 
penetration rate of heavy metals in soil and then to plants where it bio-accumulates 
and further transported to trophic level. They found an elevated level of heavy met-
als like Pb, Bi, Cu, Zn, Bi, In and Sn in the soil near recycling workshops. Hair 
samples of workers have increased the level of Cd, Ag, Cu, Sb and Bi. As compared 
to control, ten times higher level of polybrominated diphenyl ethers was found in 
the serum of workers at recycling workshops (Sjödin et al. 1999). Also, the children 
and neonates have elevated levels of Cr, Ni, Cd and polybrominated diphenyl ethers 
than controls (Guo et al. 2010; Wu et al. 2010). A parallel study by Asante et al. 
(2012) at Agbogbloshie, Accra and Ghana found relatively high traces of heavy 
metals in the urine of workers. These studies indicated that E-waste disposal has a 
serious negative impact on human health and the environment (Table 12.2).

12.5  Conclusion

Already a global concern regarding E-waste management has resulted in many poli-
cies and legislation. The European Union has implemented two such legislations to 
address the concern over the management of E-waste. The first directive is on 
E-waste management, i.e. waste electrical and electronic equipment, which directs 
the manufacturer about their responsibility for management of E-waste; this strat-
egy is called greener electronics (Chen et  al. 2011; Pant et al. 2012). Similarly, 
‘Restriction on the use of Hazardous Substances (RoHS) Directive’ limits the appli-
cation of heavy metals like Cd, Pb, Hg, Cr (VI), polybrominated diphenyl ethers and 
polybrominated biphenyls in the manufacture of new devices (Chen et al. 2011). 

Table 12.2 Health effects and exposure route of different pollutant emitted from E-waste

S. 
no. Pollutant

Exposure 
route Effects

1. Heavy 
metals

Air, dust, 
water, soil, 
food

Human carcinogen; affect neurodevelopmental activity, 
cognition, learning and behaviour; and affect neuromotor 
skills

2. PBDEs Air, dust, food Thyroid hormone disruption, hyperactivity, cognitive deficits 
and impaired memory

3. PCBs Air, dust, 
seafood

Affect neuropsychological functions in children, including 
general cognition, visual-spatial function, memory, attention, 
executive functions and motor function

4. PCDD/
PCDFs

Air, dust, soil, 
food

Reproductive and neurobehavioural development, immune 
development, carcinogenicity

5. PAHs Air, dust, soil, 
food

Carcinogen and mutagen affect child neurodevelopment and 
lead to IQ deficits
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Likewise, India drafted ‘Hazardous Materials Laws and Rules’ in 2007 for address-
ing the same issue (LaDou and Lovegrove 2008).

Non-governmental organizations have played a crucial role by placing pressure 
on manufacturers to eliminate or limit the use of environmental contaminants during 
manufacturing of their products. One such concept is extended producer 
responsibility (EPR) that provides incentives for redesigning and removing toxic 
contaminants from their products (Betts 2008). Many manufacturers of electronic 
goods have started exploring innovative measures to improve recycling and safe 
disposal of E-waste. Developed countries have the self-interest to mitigate the 
harmful environmental effects of E-waste as it will negatively affect the food quality 
and quantity and other goods that are manufactured and imported from developing 
countries. However, there is limited information on environmental effects, risks on 
human health and remediation techniques for most of the E-waste contaminants; 
therefore, it is anticipated that more safe and scientific recycling options of E-waste 
will be adopted to avoid damage of the local environment and human health.

Acknowledgement The authors are thankful to the Dean & Head, Department of Environment 
and Sustainable Development and Director, Institute of Environment and Sustainable Development, 
Banaras Hindu University, for providing necessary facilities. RPS is thankful to the Department of 
Science and Technology for providing financial support (DST-SERB P07-678). BS is thankful to 
the University Grants Commission for awarding Junior and Senior Research Fellowship. BV is 
also thankful to the Council of Scientific and Industrial Research for awarding Senior Research 
Fellowship.

Conflict of Interest On behalf of all authors, the corresponding author states that there is no 
conflict of interest.

References

Achillas C, Aidonis D, Vlachokostas C, Karagiannidis A, Moussiopoulos N, Loulos V (2013) 
Depth of manual dismantling analysis: a cost-benefit approach. Waste Manag 33:948–956

Asante KA, Agusa T, Biney CA, Agyekum WA, Bello M, Otsuka M, Itai T, Takahashi S, Tanabe S 
(2012) Multi-trace element levels and arsenic speciation in urine of e-waste recycling workers 
from Agbogbloshie, Accra in Ghana. Sci Total Environ 424:63–73

Awasthi AK, Zeng X, Li J (2016) Environmental pollution of electronic waste recycling in India: 
a critical review. Environ Pollut 211:259–270

Balde CP, Wang F, Kuehr R, Huisman J (2015) The global E-waste monitor 2014. Quantities flows 
and resources. United Nations University, IAS e SCYCLE, Bonn, Germany, pp 1–41. Institute 
for the Advanced Study of Sustainability. http://i.unu.edu/media/ias.unu.edu-en/news/7916/
Global-E-waste-Monitor-2014-small.pdf

Barba-Gutiérrez Y, Adenso-Diaz B, Hopp M (2008) An analysis of some environmental con-
sequences of European electrical and electronic waste regulation. Resour Conserv Recycl 
52(3):481–495

Betts K (2008) Reducing the global impact of e-waste. Environ Sci Technol 42:1393–1393
Bhutta MKS, Omar A, Yang X (2011) Electronic waste: a growing concern in today’s environment. 

Econ Res Int 2011:1–8

B. Vaish et al.

http://i.unu.edu/media/ias.unu.edu-en/news/7916/Global-E-waste-Monitor-2014-small.pdf
http://i.unu.edu/media/ias.unu.edu-en/news/7916/Global-E-waste-Monitor-2014-small.pdf


229

Bi XY, Feng XB, Yang YG, Li XD, Shin GPY, Li FL, Qiu GL, Li GH, Liu TZ, Fu ZY (2009) 
Allocation and source attribution of lead and cadmium in maize (Zea mays L.) impacted by 
smelting emissions. Environ Pollut 157:834–839

Brewer GJ (2010) Copper toxicity in the general population. Clin Neurophysiol 121:459–460
Bushehri FI (2010) UNEP’s role in promoting environmentally sound management of e-waste. In: 

5th ITU symposium on “ICTs, the environment and climate change”, Cairo, Egypt
Cang L, Wang YJ, Zhou DM, Dong YH (2004) Heavy metals pollution in poultry and live-

stock feeds and manures under intensive farming in Jiangsu Province. China J Environ Sci 
16:371–374

Chan JK, Man YB, Wu SC, Wong MH (2013) Dietary intake of PBDEs of residents at two major 
electronic waste recycling sites in China. Sci Total Environ 463–464:1138–1146

Chatterjee P (2008) Health costs of recycling. Br Med J 337:376–377
Chen A, Dietrich KN, Huo X, Ho S-M (2011) Developmental neurotoxicants in e-waste: an emerg-

ing health concern. Environ Health Perspect 119:431–438
Chi X, Streicher-Porte M, Wang MY, Reuter MA (2011) Informal electronic waste recycling: a 

sector review with special focus on China. Waste Manag 31:731–742
Darnerud PO, Eriksen GS, Jóhannesson T, Larsen PB, Viluksela M (2001) Polybrominated diphe-

nyl ethers: occurrence, dietary exposure, and toxicology. Environ Health Perspect 109:49–68
Deng WJ, Louie PKK, Liu WK, Bi XH, Fu JM, Wong MH (2006) Atmospheric levels and cyto-

toxicity of PAHs and heavy metals in TSP and PM2.5 at an electronic waste recycling site in 
southeast China. Atmos Environ 40:6945–6955

Deng WJ, Zheng JS, Bi XH, Fu JM, Wong MH (2007) Distribution of PBDEs in air particles from 
an electronic waste recycling site compared with Guangzhou and Hong Kong, South China. 
Environ Int 33:1063–1069

Dwivedy M, Mittal RK (2010) Estimation of future outflows of e-waste in India. Waste Manag 
30(3):483–491

Fang WX, Yang YC, Xu ZM (2013) PM10 and PM2.5 and health risk assessment for heavy 
metals in a typical factory for cathode ray tube television recycling. Environ Sci Technol 
47(21):12469–12476. https://doi.org/10.1021/es4026613

Fu J, Zhou Q, Liu J, Liu W, Wang T, Zhang Q, Jiang G (2008) High levels of heavy metals in rice 
(Oryza sativa L.) from a typical E-waste recycling area in southeast China and its potential risk 
to human health. Chemosphere 71(7):1269–1275

Gonzalez-Weller D, Karlsson L, Caballero A, Hernandez F, Gutierrez A, Gonzalez-Iglesias T, 
Marino M, Hardisson A (2006) Lead and cadmium in meat and meat products consumed by 
the population in Tenerife Island, Spain. Food Addit Contam 23:757–763

Grant K, Goldizen FC, Sly PD, Brune MN, Neira M, van den Berg M, Norman RE (2013) Health 
consequences of exposure to e-waste: a systematic review. Lancet Glob Health 1(6):e350–e361

Gullett BK, Linak WP, Touati A, Wasson SJ, Gatica S, King CJ (2007) Characterization of air 
emissions and residual ash from open burning of electronic wastes during simulated rudimen-
tary recycling operations. J Mater Cycles Waste Manag 9:69–79

Guo Y, Huo X, Li Y, Wu K, Liu J, Huang J, Zheng G, Xiao Q, Yang H, Wang Y, Chen A, Xu X 
(2010) Monitoring of lead, cadmium, chromium and nickel in placenta from an e-waste recy-
cling town in China. Sci Total Environ 408:3113–3117

Ha NN, Agusa T, Ramu K, Tu NPC, Murata S, Bulbule KA, Parthasaraty P, Takahashi S, 
Subramanian A, Tanabe S (2009) Contamination by trace elements at e-waste recycling sites in 
Bangalore, India. Chemosphere 76(1):9–15

Hicks C, Dietmar R, Eugster M (2005) The recycling and disposal of electrical and electronic 
waste in China—legislative and market responses. Environ Impact Assess Rev 25(5):459–471

Huisman J et al (2012) The Dutch WEEE flows. United Nations University, ISPSCYCLE, Bonn
Jarup L (2003) Hazards of heavy metal contamination. Br Med Bull 68:167–182
Jha MK, Kumar A, Kumar V, Lee JC (2011) Prospective scenario of e-waste recycling in India. In: 

Recycling of electronic waste II: proceedings of the second symposium, pp 73–80. https://doi.
org/10.1002/9781118086391.ch10

12 E-waste and Their Implications on the Environment and Human Health

https://doi.org/10.1021/es4026613
https://doi.org/10.1002/9781118086391.ch10
https://doi.org/10.1002/9781118086391.ch10


230

Kiddee P, Naidu R, Wong MH (2013) Electronic waste management approaches: an overview. 
Waste Manag 33(5):1237–1250

Kwatra S, Pandey S, Sharma S (2014) Understanding public knowledge and awareness on e-waste 
in an urban setting in India. A case study for Delhi. Manag Environ Qual 25(6):752–765

Ladou J, Lovegrove S (2008) Export of electronics equipment waste. Int J Occup Environ Health 
14:1–10

Leung A, Cai ZW, Wong MH (2006) Environmental contamination from electronic waste recy-
cling at Guiyu, southeast China. J Mater Cycles Waste Manag 8(1):21–33

Leung AOW, Luksemburg WJ, Wong AS, Wong MH (2007) Spatial distribution of polybromi-
nated diphenyl ethers and polychlorinated dibenzo-p-dioxins and dibenzofurans in soil and 
combusted residue at Guiyu, an electronic waste recycling site in southeast China. Environ Sci 
Technol 41:2730–2737

Leung AOW, Duzgoren-Aydin NS, Cheung KC, Wong MH (2008) Heavy metals concentrations 
of surface dust from e-waste recycling and its human health implications in southeast China. 
Environ Sci Technol 42(7):2674–2680

Liu H, Zhou Q, Wang Y, Zhang Q, Cai Z, Jiang G (2008) E-waste recycling induced polybro-
minated diphenyl ethers, polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins and 
dibenzo- furans pollution in the ambient environment. Environ Int 34(1):67–72

Luo Q, Cai ZW, Wong MH (2007a) Polybrominated diphenyl ethers in fish and sediment from 
river polluted by electronic waste. Sci Total Environ 383:115–127

Luo Q, Wong MH, Cai ZW (2007b) Determination of polybrominated diphenyl ethers in freshwa-
ter fishes from a river polluted by e-wastes. Talanta 72:1644–1649

Luo XJ, Liu J, Luo Y, Zhang XL, Wu JP, Lin Z, Chen SJ, Mai BX, Yang ZY (2009) Polybrominated 
diphenyl ethers (PBDEs) in free-range domestic fowl from an e-waste recycling site in South 
China: levels, profile and human dietary exposure. Environ Int 35(2):253–258

Luo C, Liu C, Wang Y, Liu X, Li F, Zhang G, Li X (2011) Heavy metal contamination in soils 
and vegetables near an e-waste processing site, south China. J Hazard Mater 186(1):481–490

Martin M, Richardson BJ, Lam PKS (2003) Harmonisation of polychlorinated biphenyl (PCB) 
analyses for ecotoxicological interpretations of Southeast Asian environmental media: what’s 
the problem? Mar Pollut Bull 46:159–170

Mielke HW, Reagan PL (1998) Soil is an important pathway of human lead exposure. Environ 
Health Perspect 106:217–229

Morf LS, Tremp J, Gloor R, Schuppisser F, Stengele M, Taverna R (2007) Metals, non-metals 
and PCB in electrical and electronic waste—actual levels in Switzerland. Waste Manag 
27:1306–1316

Muyssen BTA, De Schamphelaere KAC, Janssen CR (2006) Mechanisms of chronic waterborne 
Zn toxicity in Daphnia magna. Aquat Toxicol 77:393–401

Nnorom IC, Osibanjo O (2008) Electronic waste (e-waste): material flows and management prac-
tices in Nigeria. Waste Manag 28(8):1472–1479

Olafisoye OB, Tejumade A, Otolorin AO (2013) Heavy metals contamination of water, soil and 
plants around an electronic waste dumpsite. Pol J Environ Stud 22(5):1431–1439

Pant D (2010) Electronic waste management. Lambart Academic Publishing, Saarbrücken, 
pp 3–16. ISBN 978-3-8433-8336-3

Pant D, Joshi D, Upreti MK, Kotnala RK (2012) Chemical and biological extraction of metals 
present in E waste: a hybrid technology. Waste Manag 32(5):979–990

Pradhan JK, Kumar S (2014) Informal e-waste recycling: environmental risk assessment of 
heavy metal contamination in Mandoli industrial area, Delhi, India. Environ Sci Pollut Res 
21(13):7913–7928

Pronczuk de Garbino J (2004) In: Pronczuk de Garbino J (ed) Children’s health and the environ-
ment: a global perspective. A resource manual for the health sector. World Health Organization, 
New York

B. Vaish et al.



231

Ren Z, Xiao X, Chen D, Bi X, Huang B, Liu M, Hu J, Peng P, Sheng G, Fu J (2014) Halogenated 
organic pollutants in particulate matters emitted during recycling of waste printed circuit 
boards in a typical e-waste workshop of Southern China. Chemosphere 94:143–150

Robinson BH (2009) E-waste: an assessment of global production and environmental impacts. Sci 
Total Environ 408(2):183–191

Sharma B, Vaish B, Srivastava V, Singh S, Singh P, Singh RP (2018) An insight to atmospheric 
pollution-improper waste management and climate change nexus. In: Modern age environmen-
tal problems and their remediation. Springer, Cham, pp 23–47

Shen C, Tang X, Cheema SA, Zhang C, Khan MI, Liang F et al (2009) Enhanced phytoremedia-
tion potential of polychlorinated biphenyl contaminated soil from e-waste recycling area in the 
presence of randomly methylated-beta-cyclodextrins. J Hazard Mater 172:1671–1676

Shi T, Chen SJ, Luo XJ, Zhang XL, Tang CM, Luo Y et al (2009) Occurrence of brominated flame 
retardants other than polybrominated diphenyl ethers in environmental and biota samples from 
southern China. Chemosphere 74:910–916

Singh A, Sharma RK, Agrawal M, Marshall FM (2010) Health risk assessment of heavy metals via 
dietary intake of foodstuffs from the wastewater irrigated site of a dry tropical area of India. 
Food Chem Toxicol 48:611–619

Sjödin A, Hagmar L, Klasson-Wehler E, Kronholm-Diab K, Jakobsson E, Bergman A (1999) 
Flame retardant exposure: polybrominated diphenyl ethers in blood from Swedish workers. 
Environ Health Perspect 107(8):643–648

Song Q, Li J (2014) Environmental effects of heavy metals derived from the e-waste recycling 
activities in China: a systematic review. Waste Manag 34(12):2587–2594

Stevels A, Huisman J, Wang F, Li J, Li B, Duan H (2013) Take back and treatment of discarded 
electronics: a scientific update. Front Environ Sci Eng 7:475–482

Sthiannopkao S, Wong MH (2013) Handling e-waste in developed and developing countries: ini-
tiatives, practices, and consequences. Sci Total Environ 463:1147–1153

Thomas LDK, Hodgson S, Nieuwenhuijsen M, Jarup L (2009) Early kidney damage in a popula-
tion exposed to cadmium and other heavy metals. Environ Health Perspect 117:181–184

Tseng LH, Li MH, Tsai SS, Lee CW, Pan MH, Yao WJ et al (2008) Developmental exposure to 
decabromodiphenyl ether (PBDE 209): effects on thyroid hormone and hepatic enzyme activ-
ity in male mouse offspring. Chemosphere 70:640–647

UNEP (2007) E-waste volume II: e-waste management manual. Division of Technology, Industry 
and Economics, International Environmental Technology Centre, Osaka. United Nations 
Environment Programme (UNEP)

UNEP DEWA/GRID-Europe (2005) Chapter 5: Early warning on emerging environmental threats. 
In: E-waste, the hidden side of IT equipment’s manufacturing and use. www.grid.unep.ch

United Nations University (UNU) (2013) StEP launches interactive world E-waste map. _http://
unu.edu/media-relations/releases/step-launches-interactive-world-e-waste-map.html#info_

Wang D, Cai Z, Jiang G, Leung A, Wong MH, Wong WK (2005) Determination of polybrominated 
diphenyl ethers in soil and sediment from an electronic waste recycling facility. Chemosphere 
60(6):810–816

Wang T, Fu JJ, Wang YW, Liao CY, Tao YQ, Jiang GB (2009) Use of scalp hair as indicator of 
human exposure to heavy metals in an electronic waste recycling area. Environ Pollut 157(8–
9):2445–2451. https://doi.org/10.1016/j.envpol.2009.03.010

Wang F, Huisman J, Meskers CE, Schluep M, Stevels A, Hagelüken C (2012) The best-of-2-worlds 
philosophy: developing local dismantling and global infrastructure network for sustainable 
e-waste treatment in emerging economies. Waste Manag 32(11):2134–2146

Wang F, Huisman J, Stevels A, Baldé CP (2013) Enhancing e-waste estimates: improving data 
quality by multivariate input–output analysis. Waste Manag 33(11):2397–2407

Wei L, Liu Y (2012) Present status of e-waste disposal and recycling in China. Procedia Environ 
Sci 16:506–514

12 E-waste and Their Implications on the Environment and Human Health

http://www.grid.unep.ch
http://unu.edu/media-relations/releases/step-launches-interactive-world-e-waste-map.html#info_
http://unu.edu/media-relations/releases/step-launches-interactive-world-e-waste-map.html#info_
https://doi.org/10.1016/j.envpol.2009.03.010


232

Wei YL, Bao LJ, Wu CC, He ZC, Zeng EY (2014) Association of soil polycyclic aromatic hydro-
carbon levels and anthropogenic impacts in a rapidly urbanizing region: spatial distribution, 
soil-air exchange and ecological risk. Sci Total Environ 473–474:676–684

Widmer R, Oswald-Krapf H, Sinha-Khetriwal D, Schnellmann M, Böni H (2005) Global perspec-
tives on e-waste. Environ Impact Assess Rev 25(5):436–458

Wong MH, Wu SC, Deng WJ, Yu XZ, Luo Q, Leung AOW, Wong CSC, Luksemburg WJ, Wong 
AS (2007) Export of toxic chemicals – a review of the case of uncontrolled electronic-waste 
recycling. Environ Pollut 149(2):131–140

Wu JP, Luo XJ, Zhang Y, Luo Y, Chen SJ, Mai BX et al (2008) Bioaccumulation of polybrominated 
diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) in wild aquatic species from 
an electronic waste (e-waste) recycling site in South China. Environ Int 34:1109–1113

Wu K, Xu X, Liu J, Guo Y, Li Y, Huo X (2010) Polybrominated diphenyl ethers in umbilical cord 
blood and relevant factors in neonates from Guiyu, China. Environ Sci Technol 44:813–819

Wu C, Luo Y, Deng S, Teng Y, Song J (2014) Spatial characteristics of cadmium in topsoils in a 
typical e-waste recycling area in southeast China and its potential threat to shallow groundwa-
ter. Sci Total Environ 472:556–561. https://doi.org/10.1016/j.scitotenv.2013.11.084

Wu Q, Leung JY, Geng X, Chen S, Huang X, Li H (2015) Heavy metal contamination of soil and 
water in the vicinity of an abandoned e-waste recycling site: implications for dissemination of 
heavy metals. Sci Total Environ 506-507:217–225

Xu P, Huang SB, Wang ZJ, Lagos G (2006) Daily intakes of copper, zinc and arsenic in drinking 
water by population of Shanghai. China Sci Total Environ 362:50–55

Yan CH, Xu J, Shen XM (2013) Childhood lead poisoning in China: challenges and opportunities. 
Environ Health Perspect 121:A294

Yoshida A, Terazono A, Ballesteros FC Jr, Nguyen DQ, Sukandar S, Kojima M, Sakata S (2016) 
E-waste recycling processes in Indonesia, the Philippines, and Vietnam: a case study of cathode 
ray tube TVs and monitors. Resour Conserv Recycl 106:48–58

Yu XZ, Gao Y, Wu SC, Zhang HB, Cheung KC, Wong MH (2006) Distribution of poly-cyclic aro-
matic hydrocarbons in soils at Guiyu area of China, affected by recycling of electronic waste 
using primitive technologies. Chemosphere 65(9):1500–1509

Yu J, Williams E, Ju M, Yang Y (2010) Forecasting global generation of obsolete personal comput-
ers. Environ Sci Technol 44:3232–3237

Zeng EY (2014) Environmental challenges in China. Environ Toxicol Chem 33(8):1690–1691
Zeng X, Li J, Singh N (2014) Recycling of spent lithium-ion battery: a critical review. Crit Rev 

Environ Sci Technol 44:1129–1165
Zhang K, Wei YL, Zeng EY (2013) A review of environmental and human exposure to persistent 

organic pollutants in the Pearl River Delta. South China Sci Total Environ 463–464:1093–1110
Zheng J, Chen KH, Yan X, Chen SJ, Hu GC, Peng XW, Yuan JG, Mai B-X, Yang ZY (2013) Heavy 

metals in food, house dust, and water from an e-waste recycling area in South China and the 
potential risk to human health. Ecotoxicol Environ Saf 96:205–212

Zhuang P, McBride MB, Xia HP, Li NY, Lia ZA (2009) Health risk from heavy metals via con-
sumption of food crops in the vicinity of Dabaoshan mine. South China Sci Total Environ 
407:1551–1561

Zoeteman BC, Krikke HR, Venselaar J (2010) Handling WEEE waste flows: on the effectiveness 
of producer responsibility in a globalizing world. Int J Adv Manuf Technol 47(5–8):415–436

B. Vaish et al.

https://doi.org/10.1016/j.scitotenv.2013.11.084

	Chapter 12: E-waste and Their Implications on the Environment and Human Health
	12.1 Introduction
	12.2 Trends in E-waste Generation
	12.3 Environmental Implication of E-waste
	12.3.1 Heavy Metal Toxicity
	12.3.2 Hazardous Chemical Toxicity

	12.4 Effect on Human Health
	12.5 Conclusion
	References


